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Comparison between the Provisions of the Egyptian Code of Practice
and the Eurocodes for Reinforced Concrete Structures Design
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Abstract: Concrete is the second most consumed material in the world. However, the concrete
industry has enormous environmental footprint, resulting in high energy consumption and
CO2 emissions. The challenge for the structural designers is to reach optimal dimensions for
structural elements without compromising its saftey. In this paper the goal is to evaluate the
different philosophy between the Egyptian Code of Practice and the Eurocodes. As a case
study a reinforced concrete structure is compared in view of three aspects: sustainability,
economy and reliability. First a finite element model is developed to design the structure
according to both codes. Then a detailed bill of quantities for the structure is conducted to
calculate the environmental footprint and the cost of the building. In addtion, an advanced
probabilistic model is established to provides a framework for the reliability analysis of the
structure. Finally the results of the sustainability and economy comparison are presented.
Keywords: CO2 emissions, codes comparison, economy, reinforced concrete, sustainability.
Introduction
Economically utilizing the materials and forces of nature to the benefit of mankind is the
responsibility of scientists in general and civil engineers in specific. Through the proper
management of the environment we can ensure a sustainable development. For that reason our
aim is to reach the optimum structural design by minimizing the usage of building materials,
without compromising its safety. All over the world building codes are trying to find the
middle ground between these two opposing aims.
The German University in Cairo and the University of Stuttgart initiated a joint research
project to examine, how the respective standards of their countries address this important
topic. As concrete is the most commonly used construction material worldwide (1) and the
majority of the infrastructure and buildings of our modern civilization is using concrete, due
to its durability, adaptability and low cost. Therefore it was decided to perform a case study
on a reinforced concrete residential building. First the selected structure is designed according
to the provisions of the Egyptian Code of Practice (2) and the Eurocodes (3). Thereafter these
buildings are compared considering the aspects of sustainability, economic and safety.
Theoretical Background
The aim of the traditional design codes of concrete buildings is to create a safe structure that
can sustain the loads and deformations it is subjected to. Nowadays modern computational
techniques enable the optimization of the cross sections throughout the design process (4).
Buildings’ construction has a major environmental impact (5). It is the main consumer of land
and raw material. It is also responsible for large amounts of CO2 emissions. For these very
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reasons sustainability was chosen as the first aspect in the current comparison. One tool for
evaluating sustainability is the life cycle assessment (LCA) of the structure. The LCA is a
methodology for evaluating the environmental footprint of products or processes (6). The
inventory of life cycle, one phase of the LCA, enables us to quantify the total embodied
energy of used construction material and their CO2 emissions (7). This assessment allows for
the comparison of different structural alternatives from an environmental point of view.
The construction industry has a different effect on the economy of each country, because of
the different prices of construction materials. Moreover, Germany has much higher labour
rates than Egypt. Therefore the aim of the economic comparison was not only to assess the
total cost of each building, but also to investigate the proportion of labour cost to the materials
costs for each country.
An advanced probablistic model for the structure was created to assess its reliabilty.
Depending on two international documents: fib Model Code (8) for the mechanical models
and Probablistic Model Code (9) for the basic variables.
Methodology
The chosen building is a four storey (12 m height), residential building with a floor area of
97 m2. The structural system of the building is a reinforced concrete skeleton as shown in
Figure 1. It contains all the common types of structural elements; horizontal beams (simple,
continuous and cantilever) and vertical columns (corner, edge and interior), that are required
to sustain the vertical and horizontal loads on the structure. First the investigated building is
designed according to the Egyptian Code of Practice, which will be nominated in the current
paper as the “ECP-building”. Then it’s designed according to the Eurocodes, which will be
nominated in this paper as the “EC-building”. Finally a detailed comparison for both codes is
carried out, in order to examine how they perform with respect to the three different aspects:
sustainability, economic and reliability. In the current paper, the results of the sustainability
and economic comparison are presented. Reliability results are discussed by Boros (10).

Figure 1: Model for the investigated reinforced concrete residential structure

2 2
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Structural Design
In this study the structure was designed using finite element software. First the dimensions of
structural elements were estimated by preliminary conceptual design and then the finite
element model was created. Thereafter the vertical and horizontal loads were defined
according to the provisions of the Egyptian Code of Practice and the Eurocodes separately, as
shown in Table 1. Wind loads were the only parameters influenced by the buildings location.
It was agreed to consider wind loads in Cairo, Egypt for both codes. Linear elastic analysis
using the gross section properties was used. After obtaining the deformations and the
envelope of stress resultants, the structure was designed according to common design rules for
both codes and all the serviceability limit states and ultimate limit states were checked. The
design and geometric parameters of the structure were identical for both codes. The type of
concrete used was C 20/25 (characteristic cylinder/cubic compressive strength after 28 days).
The types of steel used were different for each code, steel 360/520 (characteristic yield stress
of 360 MPa) was chosen for the Egyptian Code of Practice and steel B500A (characteristic
yield stress of 500 MPa) was chosen for the Eurocodes.
Table 1: Actions considered according to the Egyptian Code of Practice and the Eurocodes
Unit

Description
Self weight of concrete
Self weight of masonry
Floor cover
Live loads
Wind loads

kN/m3
kN/m3
kN/m2
kN/m2
kN/m2

Egyptian Code of Practice value
Eurocodes value
Typical floor
Roof floor
Typical floor
Roof floor
25.0
16.0
1.5
3.0
1.5
3.0
2.0
1.0
1.5
1.0
1.0

Sustainability Aspect
The LCA assessments enabled us to quantify the two sustainability indicators. First, the
embodied energy was assessed as defined in equation (1), where ei are the embodied energy
of the construction materials and the mi are the quantities of construction materials. Second,
the CO2 emissions were calculated as defined in equation (2) where ci are the CO2 emissions
of the construction materials. In order to assess the embodied energy and CO2 emissions for
construction materials data from (11) was used. The values of ei ,ci and some other ecoproperties for the construction materials are given in Table 2.
EE = ∑ ei × mi
(1)
i =1, r

CO2 =

∑ c ×m
i

(2)

i

i =1, r

Table 2: Eco properties of concrete, reinforcement steel and bricks
Description
Embodied energy (ei)
CO2 emissions (ci)

Unit
MJ/kg
kg/kg

Concrete
1.19
0.21

Reinforcement steel
45.80
3.46

Bricks
2.60
0.24

3 3
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Cost aspect
Cost analysis was performed to determine the total cost of the structure, which is the sum of
the materials cost and labour cost as defined in equation (3). Materials cost is defined in
equation (4), where mi are the quantities of construction materials and ui are the materials unit
prices. The unit prices of the materials are given in Table 3. Labour cost is defined in
equation (5), where wi are the labour rates (gross hourly cost of the labour including
insurance, statutory, contributions and taxes), pi are the production rate of labour for each
activity in the construction of the building. Production rate of labour for construction
activities are given in Table 4. These values were obtained from a web-based construction
estimating software (12). Materials unit prices and labour rates were obtained from an
International Construction Cost Survey (13), prepared by the worldwide offices of Gardiner
and Theobald.
(3)

Total Cost = Labour Cost + Material Cost
MC =

∑ u ×m
i

(4)

i

i =1, r

LC =

∑ w × p ×m
i

i

(5)

i

i =1, r

Table 3: Unit prices of construction material in Egypt and Germany
Description
Concrete C20/25
Steel 360/520
Steel B500A
Bricks

Unit
m3
t
t
1000 bricks

Egypt cost (€)
43
581
93

Germany cost (€)
65
1,314
447

Table 4: Production rate of labour for construction activities
Activity
Concrete placement
(slabs, beams and columns)
Reinforcement steel
(slabs, beams and columns)
Formwork
(slabs, beams and columns)
Scaffoldings
Brickwork

Unit

Production rate (pi)

h/m3

(2.00, 2.25 and 2.90)

h/t

(20.60, 25.00 and 26.40)

h/m2

(1.25, 0.90 and 0.48)

h/m
h/1000 bricks

0.10
16.00

Results and Discussion
Structural Element Design
In Tables 5, 6, 7 and 8 the main dimensions and reinforcement details of structural elements
are shown (φ is the reinforcement bar diameter in mm). Comparing beams and columns it can
be stated that the ECP-building has bigger dimensions and heavier reinforcement for
4 4
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structural elements than the EC-building. This result is due to the higher values of the
Egyptian Code of Practice for live loads as can be seen in Table 1. The higher values for the
factors of safety used in the ultimate limit state design combinations in the Egyptian Code of
Practice (1.4 for dead and 1.6 for live loads) compared to the Eurocodes (1.35 and 1.5
respectively) also influences the results. Finally it has to be mentioned, that two different
types of reinforcement steel have been used in the two structures, the yield stress of
reinforcement steel used in the ECP-building (360 MPa) is lower than in the EC-building
(500 MPa).
Table 5: Beam dimensions and reinforcement – ECP-building
Dimensions (m)
Beam

Bottom reinforcement

Width

Depth

Base

Additional

0.25
0.25
0.25
0.25

0.60
0.40
0.40
0.40

3 φ 16
2 φ 16

2 φ 16
2 φ 16

B1
B2
B3
CA

Top reinforcement
End
Mid
Interior
support
span
support
2 φ 16
2 φ 12
2 φ 16
4 φ 16
3 φ 12
2 φ 12
2 φ 16
2 φ 16

2 φ 16
2 φ 16

Shear
reinforcement
6 φ 8 /m’
5 φ 8 /m’
5 φ 8 /m’
5 φ 8 /m’

Table 6: Beam dimensions and reinforcement – EC-building
Dimensions (m)
Beam

Bottom reinforcement

Width

Depth

Base

0.24
0.24
0.24
0.24

0.50
0.30
0.30
0.30

3 φ 12
3 φ 12

B1
B2
B3
CA

Additional
3 φ 12
2 φ 12
3 φ 12
3 φ 12

Top reinforcement
End
Mid
Interior
support
span
support
2 φ 12
2 φ 10
2 φ 12
4 φ 12
2 φ 12
2 φ 10
3 φ 12
3 φ 12

Shear
reinforcement
5 φ 8 /m’
4 φ 8 /m’
4 φ 8 /m’
4 φ 8 /m’

Table 7: Column dimensions and reinforcement – ECP-building
Column
Corner (C1)
Edge (C2)
Interior (C3)

Ground and first floor
Dimensions (m)
Reinforcement
0.25 x 0.30
4 φ 16
0.25 x 0.40
6 φ 16
0.25 x 0.60
8 φ 16

Second and third floor
Dimensions (m)
Reinforcement
0.25 x 0.25
4 φ 16
0.25 x 0.30
4 φ 16
0.25 x 0.50
6 φ 16

Reinforcement
ties
5 φ 8 /m’
5 φ 8 /m’
5 φ 8 /m’

Table 8: Column dimensions and reinforcement – EC-building
Column
Corner (C1)
Edge (C2)
Interior (C3)

Ground and first floor
Dimensions (m)
Reinforcement
0.24 x 0.24
4 φ 12
0.24 x 0.35
4 φ 16
0.24 x 0.50
6 φ 16

Second and third floor
Dimensions (m)
Reinforcement
0.24 x 0.24
4 φ 12
0.24 x 0.30
6 φ 12
0.24 x 0.40
4 φ 16

Reinforcement ties
5 φ 8 /m’
5 φ 8 /m’
5 φ 8 /m’

Environmental and Cost Assessment of the Two Buildings
The values of the total embodied energy, CO2 emissions and cost (material and labour) are
presented in Table 9. The environmental parameters (embodied energy and CO2 emissions) of
the ECP-building are greater compared to the EC-building by approximately 11%, as shown
5 5
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in Figures 2 and 3. By examining the results of the cost analysis, it was observed, that the
total cost of the EC-building is approximately six times higher than the ECP-building, as
shown in Figure 4. The labour cost represents 16.67% of the total cost for the ECP-building.
On the other hand the labour cost for the EC-building constitutes a dominate proportion of the
total cost, representing 59.75%. The great difference in the labour cost between the ECPbuilding and the EC-building, can be traced back to the high difference of labours rates
between Germany (28.59 €/h) and Egypt (1.42 €/h) (13). In Figure 5 the overall ratio
comparison between both buildings is presented.
Table 9: Embodied energy, CO2 emissions, material cost and labour cost of the ECP and EC buildings

ECP-building
EC-building

Embodied energy
(GJ)
1,104
981

CO2 emissions (t)
113
103

Total embodied energy (GJ)

1.200
1.000
800
600
400
200
-

ECP-building

EC-building

Figure 2: Total embodied energy of both buildings

Materials cost
(€)
14,065
38,563

ECP-building

Embodied
energy

Millares

Labour
cost
Materials
cost

40
20

EC-building

Figure 3: Total CO2 emissions of both buildings

100

60

Total cost
(€)
16,879
95,818

Total CO2 emissions (t)

120
100
80
60
40
20
-

Total cost (€)
80

Labour cost
(€)
2,813
57,255

ECP-building
EC-building
Materials
cost

Labour cost

ECP-building EC-building
Figure 4: Material and labour cost of both buildings

CO2 emissions
Figure 5: Overall comparison of both buildings

Conclusions
This research compares a reinforced concrete residential building designed by two different
codes, the Egyptian Code of Practice and the Eurocodes in view of sustainability, economy
and reliability. The obtained results show, that the environmental parameters (embodied
energy and CO2 emissions) of the ECP-building are greater that the EC-building by
6 6
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approximately 11%, while the total cost of the EC-building is approximately six times higher
than the ECP-building.
The labour cost represents 16.67% of the total cost for the ECP-building, while for the ECbuilding it constitutes with 59.75% a significantly higher proportion of the total cost. The
great difference in the labour cost between the ECP-building and EC-building is due to the
high difference of labour rates in Germany (28.59 €/h) compared to Egypt (1.42 €/h).
Structural elements of the ECP-building have bigger dimensions and heavier reinforcement
than the EC-building. The reason for this is most likely the higher value of the factored live
loads in the Egyptian Code of Practice and the difference in reinforcement types used. Finally
it can be stated that the design of reinforced concrete structures is a difficult process, which
requires engineering judgement to minimize the usage of building materials and labour,
without compromising the safety of the structure. The present article shows that buildings
designed by the provisions of the Eurocodes are generally more environmentally friendly, yet
also more expensive than their counterparts in Egypt.
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Renovation and improvement of energy efficiency in buildings.
Policies and techniques in the European environment.
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Ibáñez Brugués, Carles1
1

BASF Española S.L., Barcelona, Spain

Abstract:
The main reasons of energy efficiency are based on environmental, social and economic criteria.
Firstly, according to Kyoto, Spain is acting like the defaulter member, besides disbursing 810 million
euros for additional emissions. Regarding social issues, renovation is a major employer in the
construction market and a tool to keep in mind to fight against "energy poverty". With regard to
economic aspects, renovation policies based on incentives carry a pay-back to the public
administration witch is proportional to the degree of insulation required in the building standards.
Meanwhile, energy efficiency is useful for balancing the trade balances.
The main techniques of renovation and insulation of facades consist of ETICS, internal insulation and
cavity wall injection of insulating material into the air chamber of double-leaf facades, techniques in
which the EPS is a reliable, inexpensive and high performance alternative.

ETICS, insulation, EPS, energy

Introduction:
The Spanish construction market has involved in recent decades the production of new
housing, expanding cities with large urban plans. This has led to an imbalance between these
activities and those oriented towards existing urban fabric, i.e. the renewal or upgrading of
existing building stock. Such has been the imbalance that there are 700.000 unsold new and
empty dwellings in Spain. At the same time, Spain currently has enough developable land to
accommodate new urban growth for the next forty- five years. This situation is exacerbated
when considering that much of these soils are located in environments where it is not
expected to have any increase of the demand in the coming years. It is therefore unlikely that
the real estate market can contribute to the growth of the Spanish economy and employment if
this tradition of transformation of virgin soil to developable housing stops and instead of that,
renovation is encouraged in order to improve the energy efficiency of existing housing.
Two facts must be considered: on one hand Spain is at the bottom of Europe in terms of
energy efficiency and on the other hand, renovation is the only alternative to expect some
growth within the construction sector. Therefore, it is necessary and urgent to promote the
renovation of existing buildings in regards to energy efficiency upgrading.
1 8
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Image 1: Trends of the construction market

Despite the current situation, it is encouraging to see the steps that are being made at the
political level in order to allow the conversion and recovery of the construction sector by
promoting the renovation, promoting the quality and sustainability. The development and
adoption of the Urban Regeneration and Renewal Act constitutes a clear indication of the
government's purposes and will allow an approach of the Spanish standards to the European
framework with regard to the objectives of energy efficiency. An important aspect in this law
is that the Certification of Energy Performance of Buildings will not only include the energy
rating of the buildings, but also recommendations for improvements to be made, taking into
account criteria of cost/benefit and classified according to technical, economic and functional
viability and their impact in terms of energy consumption. Besides, the recently created
Energy Efficiency National Fund will introduce a considerable budget for boosting the energy
efficiency solutions in the construction market because 42% of it will be dedicated to increase
the quality and performance standards of the dwellings. This fund will consist in 370 million
euros p.a. and it is estimated that the associated final investment will be 2.450 million euros
p.a.a.

Motivations to promote renovation and upgrading of energy efficiency
The main reasons of energy savings are based on environmental, social and economic criteria.
With regard to environmental issues, the European Union committed to reduce its overall
emissions during the period 2008-2012 by an 8 % compared to 1990. Nevertheless, each
country was granted a distinct margin in various economic and environmental variables.
According to the Kyoto treaty, Spain was pledged to increase emissions up to 15% compared
to 1990 in the period 2008-2012 and because of the repeated fails, Spain has become the
member least likely to fulfill the agreement, and was forced to disburse 810 million euros for
additional allowances. To reduce these emissions is essential to establish policies to support
the renovation of the existing building, with particular emphasis on actions in poor quality
housing - those built during the decades of the 50s, 60s and 70s - and improving energy
efficiency of the overall housing stock.
2 9
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Regarding the social aspects, energy renovation is a major employer, fact that contributes to
improve social cohesion. Moreover, because of the falling rates of income and rising energy
prices, the homes where they suffer "energy poverty" are increasing; households that do not
maintain the minimum temperature of 18ºC. Currently it is estimated that there are 2,5 million
households with “energy poverty” in Spain.
Regarding economic aspects, policies that have taken place in various countries of the
European Union and their results must be considered. In 2011 Germany, with an investment
of 1.000 million euros and a thermal transmittance of 0,24 W/m2K required on facades,
18.600 million euros of business were generated, 250.000 jobs were created and pay-back to
the administration entailed 4.300 million euros. In the UK, 1.300 million euros were invested
with a thermal transmittance of 0,35 W/m2K and the pay-back obtained was 4.250 million
euros. Therefore, public support for renovation has a pay-back to the public institutions and
it’s directly related to the level of requirement established by code. The Spanish Technical
Building Code has recently experienced an improvement towards European standards: until
last year thermal transmittance required on facades was 0,57 to 0,94 W/m2K and from now on
it will range from 0,25 to 0,94 W/m2K. One thing to point out is that the transmittances in the
new code are indicative, not mandatory, which may lead to designs which finally do not meet
the ultimate goal of reducing energy demand in a certain amount.
Anyway, the German case is instructive and can serve as an example for the current situation
in Spain. In the 90s, Germany was undergoing through a crisis of the construction market.
Therefore, new regulations were established towards improving the energy efficiency of the
housing stock. These regulations were checked and improved repeatedly, ending up with the
energy standard Passivhaus (Passive House), which will be mandatory in Europe in 2020. The
Passive House consumes less than 15 kWh/m2y, an 85% less than usual.
In the case of Spain, we must take into account that there is a wide gap between the existing
dwellings and current regulations. More than 58% of the dwellings were built before 1980,
year in which first regulation was introduced with some minimum criteria of insulation. This
means that 25 million dwellings do not have any insulation at all. Moreover, numerous
"mature" tourist destinations suffer a systemic wear which has a lot to do with the physical
deterioration of endowments for which the application of renovation strategies would serve to
promote and revitalize the tourism, a key market in Spain. At the same time, the European
Union has set a number of targets in the Package 20-20-20 Energy and Climate Change,
which provides for the 27 members mandatory targets: 20% reduction in emissions of
greenhouse gases, 20% increase of renewables and 20% improvement in energy efficiency.
These European targets are translated into national targets to be implemented in renovation
strategies to reduce energy consumption, promote renewable energy and consequently reduce
emissions which increase the greenhouse effect. As mentioned above, Spain has had a
construction sector focused primarily on new developments, rather than renovation. For
instance, in 2009 the percentage of renovation within the total construction market was
around 28%, far below the European average which is around 41%. Encouraging extensive
renovations to reduce energy consumption in buildings by significant percentages relative to
levels prior to the renewal would generate employment opportunities in the construction
market, particularly affected by unemployment, it would lead Spain to a path of growth, it
would improve the trade balances, it would contribute to environmental sustainability, it
would improve the social cohesion and the quality of life for users of housing.
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Materials and design:
Materials and solutions for improving energy efficiency exist and are usually used in
countries of the European Union; it is only necessary to implement conventional European
building designs in Spain and promote the renewal of the housing with the ultimate aim of
reducing energy dependency and create jobs.
Before entering to the main isolation techniques implemented for improving the thermal
performancy of existing buildings, it is convenient to focus on so-called passive houses,
which today represent buildings with better thermal performance. The first passive house was
designed by Dr. Wolfgang Feist in 1988 in his doctorate, in which the basis of a building
without conventional heating was sat. In 1991 the first Passive House in Darmstadt was built.
The Passive House is defined as one in which the heating demand of less than or equal to 15
kWh/m2a and will be mandatory from 2020 throughout Europe. To achieve these proposals,
the Passive House is based on five points:
•
•
•
•
•

Outstanding insulation
Windows with high performances
Mechanical ventilation with heat recovery
Air tightness
Elimination of thermal bridges

Brunckviertel neighborhood in Ludwigshafen, Germany,
composes an example of Passive House design, where 46
houses were built with a consumption of 10 kWh/m2y. The
general features of these constructions were:
•
•
•
•
•

Image 2: Principles of Passive
House design

60 cm of Neopor® on the roof
30 cm of Neopor® on the façade
25 cm of Neopor® at the ground floor slab
Mechanical ventilation with 85% of heat
recovery
Triple glazing

A critical point when undertaking a Passive House
design is the windows. To avoid thermal bridges is
desirable to dock the window from the outside of the
façade before applying the insulating material. Then, the
insulating material must cover the window frame so as to
act at least possible thermal bridge.
Image 3: ETICS on window
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On the other hand, when renovating, despite sharing designs of the Passive House, is difficult
to reach the same consumption since the Passive House is designed as a construction project
in which many elements are involved beyond the insulation, for instance the orientation of the
openings, ventilation, floor heating systems with solar panels, etc. However, through
renovation projects significant improvements in comfort and reduction of energy consumption
are obtained. An example of what constitutes the comprehensive renovation project is
Hohenzollernhöfe neighbourhood in Ludwigshafen which took place in 2010. This project
involved performing an ETICS with Neopor® and a reorganization of the apartments. Energy
consumption was reduced from 180 to 45 kWh/m2y per apartment.
Sometimes ETICS is not possible due to aesthetic or architectural heritage issues. In these
cases there are two types of alternatives: either interior insulation with gypsum boards glued
to Neopor® or Neopor® injected in the cavity wall. These techniques tend to be cheaper,
although numerous thermal bridges are normally left untreated. Nevertheless, they are very
competitive techniques since they have a really good pay-back.
As an example of interior renovation is the Brunckviertel project in Ludwigshafen in which
Neopor® glued to gypsum boards were installed in the interior side of the façade and the
upper and lower floors.

Image 4: Brunckviertel Project

Pladur®, the gypsum board manufacturer leader in Spain, is also offering insulation
composites for interior insulation made with Neopor®. The system is called Pladur®Therm
and it enables a high performance insulation which can be made by the householder.

Finally, regarding the injection in the cavity wall, this is a widespread technique in the UK
and has a special potential in Spain due to construction designs involved for decades, thanks
to which a large number of buildings have cavity in the facade. The obtained results amply
justify the investment since it is a technique of very fast installing process, low budget
compared to other alternatives, remarkable thermal performance, resulting in a very short payback. The reduction of the thermal transmittance of the façade depends on the thickness of
existing cavity. So, the greater is the thickness, more improvement is obtained. This technique
is only for façades, where, by the way, 35% of heat loss of the house is produced. The mean
thickness of cavities in façades is between 8 and 12 cm. This system is applied in four steps:
inspection of the cavity with endoscopic camera, closing of the shutters boxes, Neopor®
injection and sealing of the perforations.
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Despite the simplicity of the system, it is necessary to have the right equipment to inject with
the right pressure and with the correct dose of the binder required. In this sense, ThermaBead
has a network of certified applicators all working under the same approval. Finally, this
technique allows treating a single apartment, it is not necessary to treat the entire building if
the homeowners do not reach an agreement for the renovation of the whole building.
A remarkable project with this system is located in Tarragona, where the Cesar August school
was renovated, with cavities thicknesses of 6 cm and resulting heating savings of 35%.

Image 5: César August – Tarragona project

After several decades of actions renovating neighbourhoods and construction of new
buildings with the highest energy efficiency standards, the development of the projects have
followed an evolution in the way of greater performance. In first place were
constructed/renovated houses with the 7l standard which consumption were 7 l/m2y (70
kWh/m2y) until achieving in the recent years the standard 1l house (10KWh/m2y). Various
parameters for the performance of the various types of houses are included in the following
table.

Image 6: Energy consumption in different dwellings standards

Some dwellings with better energy efficiency have a higher value in the real-estate market
and therefore their prices when selling or renting them are significantly higher. Also the
occupancy rate of energy-efficient homes is higher than homes without renovation.
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Conclusions:
As already commented, to improve energy efficiency of the dwellings it is essential to reduce
the thermal transmittance of the façades. Either ETICS, interior insulation or cavity wall
injection (when façades are built with a double leaf are reliable techniques and can be made
with Neopor®, EPS with especially low thermal conductivity. In the case of Spain, the
injection technique has great potential because of its competitiveness and due to construction
designs considered for decades.
Meanwhile, the renovation for energy efficiency improvement in Spain is not comparable to
the rest of Europe. However, the renovation represents nowadays the most plausible tool to
refloat the construction industry. Also, incentivation from the government will have a clear
pay-back and will contribute to social cohesion, will encourage employment and will reduce
greenhouse gases emissions. Therefore, the Rehabilitation Act, Urban Regeneration and
Renewal and the Energy Efficiency National Found – thanks to which 370 million euros will
be invested for reducing the CO2 emissions and great part of the budget will be driven to the
construction sector- are really welcome and a positive impact in the renovation market is
expected in the near future.
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Abstract: Formerly a heavy industrial sector, Kaohsiung City has long been responsible for Taiwan’s
economic development. Consequently, air pollution has become a substantial problem for people
residing in the city. International statistics indicate that the annual CO2 emission in Kaohsiung City
has reached up to 9,613 metric tons, which is higher than the average CO2 emission per person in
other major cities around the world. Therefore, the City government starts to promote the
transformation of cities with high carbon emissions and prevent carbon emissions from increasing
situations, so that industrial sectors have comprehensively enacted energy savings and carbon
reduction policies. The promotion of the action plan for Kaohsiung building environment
transformation is based on the planning of the residential and commercial sector. A periodical
approach was used for plan promotion according to various topographical and cultural environments,
stressing local culture, green buildings, and citizen participation. Relevant laws were established to
ensure the practical implementation of the transformation plan. The action plans include seven subplans, which are “City as Green Roof Gardens”, “City as Solar Power Stations”, “City as Green and
Cooling Corridors”, “Kaohsiung LOHAS Buildings”, “Constructions in Green Buildings”,
“Professional Healthy Building Doctor System”, and “International Collaboration in Sustainable
Development” Strategies are proposed to resolve current problems related to illegal constructions,
metal huts, and disorderly urban environments. Green building environments are established by
integrating the urban climate conditions of Kaohsiung City and corresponding to Kaohsiung’s
building environment issues, thereby creating water and electricity saving, healthy, and
environmentally friendly buildings with local characteristics.

Keywords: building environment transformation, government strategy, action plan,
carbonemission reduction

Preface
In May 2013, the United Nations (UN) News Centre reported that the world’s daily average
atmospheric CO2 concentration has exceeded 400ppm; the highest concentration level in a
million years. These results have consequently raised substantial concern from the UN.
Kaohsiung City, which is located in a topical climate zone south of the Tropic of Cancer,
accommodates a population of approximately 2.77 million, and occupies a regional
governance area of 2,946 square kilometers and an elevation range of over 3,500 meters. As a
result, Kaohsiung features diverse ethnicity and topography, unique local culture, and varying
climate conditions (e.g., hot and sunny with spontaneous heavy rainfall). Formerly a heavy
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industrial sector, Kaohsiung City has long been responsible for Taiwan’s economic
development. Consequently, air pollution has become a substantial problem for people
residing in the city. International statistics indicate that the annual CO2 emission in
Kaohsiung City has reached up to 9,613 metric tons, which is higher than the average CO2
emission per person in other major cities around the world. The city further demonstrates a
dense human population and heavy motorcycle traffic, which causes substantial CO2
emissions. Additionally, sites for new construction projects are increasing at approximately
140,000 square meters per year. This intense development has resulted in the reduction of
natural land. Furthermore, Kaohsiung City, which is prone to the greatest risks of natural
disasters in Taiwan, has lost its flood prevention and stormwater runoff mechanisms, thereby
exhibiting greater damage caused by global warming. Regarding building environment, the
construction of illegal metal housing and other chaotic urban constructions have raised
concerns of public safety, public health, and the urban heat island effect.

Feasibility Study of Policy frameworks
To promote the transformation of cities with high carbon emissions and prevent carbon
emissions from increasing, industrial sectors have comprehensively enacted energy savings
and carbon reduction policies. The carbon emission reduction goal of Kaohsiung City was set
higher than that of international standards (reducing carbon emissions in 2020 and 2030 by
30% and 50% of that for 2005). The promotion of the action plan for Kaohsiung building
environment transformation is based on the planning of the residential and commercial sector.
A periodical approach was used for plan promotion according to various topographical and
cultural environments, stressing local culture, green buildings, and citizen participation.
Relevant laws were established to ensure the practical implementation of the transformation
plan (Table 1). This plan enables a reconsideration of cultural positioning and corrects the
development of built environments. By adopting a core positioning of water and greenery, the
concepts of ecology, economy, livability, creativity, and internationality are used to remold
the living environment of whole Kaohsiung Area. Thus, along with the citizens of Kaohsiung
City, we promote the action plan for sustainable building environment transformation.
The Policy framework was started from 2010, and through 12 expert forums and 24 public
discussion workshops to make the framework of Kaohsiung low-carbon LOHAS city. The
figure 1 shows the structure for the government to make the holistic progress to promote the
LOHAS Kaohsiung, and the urban environmental feature sector is the main action plan for the
Sustainable Building and Environment Forming processes. The Action plan start integrated
with government pilot projects and public participantions to together step forward to the New
Kaohsiung future.
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Table 1. Execution focus for the various subprojects of the action plan for sustainable building environment
transformation

Subproject

Execution concept
3D greenification of urban gardens\community awards and counseling
\benefit analysis disaster prevention and flood detention, temperature
reduction, energy saving and carbon reduction, landscapes for leisurely
activities, psychological healing, space utilization, urban ecological
diversity, social interactions
\the development of public facility
corporation\rain water utilization\ meteorological data analysis and
application\ecological plan for rooftop farms
Constructing a “Solar City”\transforming illegal constructions on
rooftops\developing independent energy to prompt the green industry
\creating architectural characteristics\subsidizing photovoltaic installation in
private buildings the predicted installation amount can reach 1MW and
produce 1.4 million kWh of electricity per year, and is estimated to decrease
880 tons of CO2 emission
Activating community construction and cultural self-evidence\building
branding\increasing the quality and value of life\improving city
appearance\designing environmentally friendly buildings\promoting green
energy\enhancing the disaster prevention function of buildings\designs for
the aging population\constructing “Kaohsiung LOHAS” buildings,
establishing community workshops, and subsidizing and rewarding
academic research
Integrating the urban climate conditions of Kaohsiung City e.g., high heat,
high humidity, and abundant sunlight \corresponding to Kaohsiung’s
building environment issues e.g., thermal insulation, urban heat island
effect, rainstorm and flood prevention
\creating green building
environments that conform to local characteristics \creating water and
electricity saving, healthy, and environmentally friendly buildings\creating a
carbon and disaster reduction and healthy living environment
Indoor air quality diagnosis and improvement for public buildings\diagnostic
verification for green and “Kaohsiung LOHAS” buildings\diagnosis and
improvement of current buildings\improvement plan for “sick” buildings
Improving Kaohsiung City’s appearance\addressing disorderly and dirty
vacant land\eliminating environments that are prone to mosquito
breeding\stimulating land usage frequency\transforming vacant land
connected with communities into green land\subsidy and reward
measures\mitigating urban heat island effect\elevating health and quality of
life
Signing a memorandum of agreement with the International Initiative for a
Sustainable Built Environment and Center for Housing Innovations, the
Chinese University of Hong Kong. A long-term, stable, and effective
industry-research collaborative partnership is established, thereby achieving
complementary advantages of cities, talent cultivation, promoting industries
with green building certifications, and constructing interactions and
collaborations among cities.
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buildings

Green buildings
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Green
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Figure 1 The policy structure of Kaohsiung low-carbon LOHAS city

Community Participations and Empowerment by government
The following points were considered to increase the sense of participation among citizens of
Kaohsiung City, implement a sustainable community transformation, and enhance
government policy development and citizens’ interactions:
(a)The “Kaohsiung LOHAS” creativity competition was conducted with the inclusion of
international innovation in promoting the green building movement.
(b)The competition work was exhibited in various communities and schools to encourage
citizen participation.
(c)“Kaohsiung LOHAS” academic research that conformed to local conditions was
conducted to integrate local characteristics and development.
(d)Seed designers for building transformation projects were cultivated; and these designers
participated in community practices after being certified.
(e)Community workshops were established, and a stationed approach was employed to
attend to the locals’ demands, participation, and operations.
(f)Domestic and international experts and scholars were regularly invited to hold seminars
and practical discussions regarding design operations.
(g)Field visits to special communities in Meinong, Cishan, and Ciaotou Districts
(h)Constructing “Kaohsiung LOHAS No.1” and integrating professional design experience
gained by practice as reference for citizens.
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The Kaohsiung city government also sets the financial subsidy for the citizens who whant to
renovate the house achieves the principles of Kaohsiung LOHAS hosue, and the also to
renovate the illegal extra double roof by iron into photovoltec panel roof. There are two new
evaluation systems by Kaohsiung city government to certify the community and solar house
in Kaohsing, which is benefit to the new housing products for the development company can
get more good market in Kaohsing. Thay also are proud to get the certifications and make a
competitions inbetween. Figure 2 shows some activities of this action plan. There are 6 local
universities joined, 3 international workshops, 26 principle research projects, 82 workshops in
two years, 212 NGO and communities activities in programs, 6 new community groups, 8
Official facebook Forums, 742 students in competitions, More than 12,000 participants in this
two year actions.

Figure 2 the activities of the action plan in Kaohsiung
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Policy promotion and brand and overall mechanism establishment
To effectively plan Kaohsiung’s sustainable building environment transformation, innovative
laws and regulations were stipulated to arouse society to re-contemplate and define building
environments. Thus, the goals of fulfilling building environment construction according to
global environmental change, the introduction of industrial transformation, the coexistence of
disaster and its prevention mechanism, and cultural self-evidence are achieved.
The objectives of carbon and disaster reduction are achieved through stipulating Kaohsiung
City Green Building Self-Governance Regulation that conforms to the City’s needs,
promoting an ecological city, constructing a green building environment, creating a healthy
life quality, and supporting a green economy. In the proposed plan, photovoltaic construction,
the practical construction of “Kaohsiung LOHAS” buildings, local academic research, the
establishment of community workshops, and green roof improvement demonstrations are
subsidized. Consequently, community construction is activated and a platform is available for
collecting the consensus of social groups and community members. This down-to-up
participation movement and the matchmaking mechanism have created a site for verifying
and demonstrating the previously mentioned innovative laws and regulations.

Figure3. Policy promotion and the establishment of building brands and overall mechanisms

Results and Benefits of the action plan
The promotion of Kaohsiung Sustainable Building and Environment Forming now become
the demonstration of Taiwan, and more and more other county govenment try to follow the
concepts of the mechanism and adopt the new policies and framework from local
environmental characteristics. The promotion of the action plan is estimated to increase job
opportunities in building-related industries; thus, elevating the overall market output. For
example, the increase of more than 2000 job opportunities (in the photovoltaic system
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industry) generated a 1.5 billion output. With an estimated growth increase in photovoltaic
installments exceeding 10,000 kWp, additional system manufacturers and relevant industries
may settle in Kaohsiung. By the Kaohsiung LOHAS house labelling system the government
create the trends to encourage the local construction companies to promote more environment
oriental products to the market. (Figure 4) Consequently, the employment rate in Kaohsiung
City is increased and citizens who reside in other parts of Taiwan exhibit greater opportunities
and willingness to return to Kaohsiung for work. We anticipate that Kaohsiung City will
become a livable ecological city, and we endeavor to create a healthy living environment that
is capable of carbon and disaster reduction. The annual carbon reduction goal is set at 12,360
tons, and the estimated carbon reduction amount after a decade is 123,600 tons. (Figure 5)

Figure4. Policy promotion and the establishment of building brands and overall mechanisms
Green industry

The number of increase
in job opportunities per
case (year)

Solar power
services

approximately 350

Green roof
services

approximately 210

Green building
services

approximately 1200

Community
workshops

248

Academic
researchers

53

Total

2061

Figure5. The contributions of the action plan in these two years
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Abstract: This paper analyses the results of the monitoring during 2012 & 2013 of the first student
residences to be constructed to Passivhaus standard in Ireland. The monitoring program included
whole building energy performance and detailed energy and indoor environment parameters for 16
studio-bedrooms. Equipment electricity with circa 450 kWh per year per student is the highest energy
use, followed by hot water with 420 kWh per year, heating with circa 380kWh and lighting with 90
kWh per year. Indoor environment conditions such as temperature and CO2 concentration present a
very large variation between the users, showing the importance and variability of the personal
behavior. Potential improvements on the energy performance should focus on engagement of building
users on energy efficient behavior, as technological aspects on the building are well implemente and
personal plug-in equipment and hot water use represent around 65% of the final energy use.

Keywords: Student accommodation, passive house, occupant behavior, monitoring, energy
performance
Introduction
Heating has traditionally been the major energy use in Ireland, despite the temperate maritime
climate. In 2011, about 69% of the final energy use in Irish housing stock was to provide
space heating, with an average of about 15,000kWh final energy use per standardized
household of 4 persons for heating. Water heating at 16% of the final energy use is the second
largest energy load, followed by plug-in equipment, lighting and cooking [1,2].
The progressive implementation of more stringent building regulations has gone a long way
towards tackleing this issue of building energy performance, particularly through better
insulation standards and more efficient heating appliances. A typical house of 100 square
meters complying with 2008 Building Regulations Part L TDG Conservation of Fuel and
Energy could have as low as 40 kWh per square meter per year, however there is still room
for further reduction of the heating demand.
This paper presents the results of an energy monitoring program during 2012 and 2013 of a
student residence built to PassivHaus Standard, further lowering space heating demand with
the objective to reach values of 15 kWh per square meter per year.
Description of the building
Roebuck Hall 2 is the most recent addition to the student accommodation complexes on the
Belfield Campus of University College Dublin, Ireland´s largest university. The building was
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completed in 2010, and comprises twelve apartments over six floors. Eleven of the apartments
comprise twelve individual rooms, a communal kitchen, a recreation room and two dedicated
study areas. Apartment 2 on the ground floor consists of three individual living spaces plus a
kitchen and recreation space with wheel chair access. Each of the individual rooms contains a
modular bathroom unit of wet room arrangement, a wardrobe/ storage area and a
living/sleeping area with bed, desk and chair.
These units are the principal living areas for students throughout the year. UCD students have
sole access during the academic year. During the months of June, July and August apartments
are rented or leased to foreign exchange students or participants on foreign language courses
in Dublin. Thus the building is occupied almost constantly all year round.
The building is constructed of GGBS concrete cross-wall, stair core and floor structure, with
lightweight unitized metal-framed external wall panels to all student rooms, which create an
airtight façade. All concrete walls are insulated externally with foil-faced and taped PIR
boards and with external laminated cladding boards. The student rooms have triple-glazed
windows, foam sealed and taped under panels. While openable, they have an interlock
control, closing off the local heating circuit when the window is opened. The project makes
extensive use of renewable or recycled materials, such as acetic-acid modified timber,
recycled sorghum strand board, water-based paints, linoleum floor finishes and GGBS cement
based concrete.
Heat recovery ventilation is provided through two central rooftop heat-wheel air handling
units. Domestic hot water demand is partially supplied by two drain-back flat plate solar
water heating systems on the roof. Rainwater is harvested from the building roof and used for
toilet flushing.

Figure 1. Roebuck Student Residence.
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Monitoring Strategy
Fitting of sensors within the building to perform the monitoring was carried during the
construction stages. The measurement instrumentation installed allows the examination of
energy consumption and comfort levels at both individual room and whole building levels.
A total of sixteen individual rooms within the twelve apartments were selected and
instrumented in order to monitor the various energy loads and indoor air quality. These rooms
were selected on the basis of their position and aspect within the building envelope. This
approach was adopted to allow the researchers to assess the impact of room location within a
building envelope on energy consumption for that room, for example, its location along a
corridor or the impact of direct and indirect solar gains, the number of outside walls or the
affects of height above ground.
Each of the monitored rooms is fitted with a ceiling-mounted sensor to measure relative
humidity, ambient temperature and carbon dioxide. Space heating loads are monitored using a
flow meter and two temperature sensors installed in the heating circuit next to the radiator
located behind the headboard. Energy required to provide domestic hot water to each room is
measured using a flow meter and a temperature sensor installed in the hot water service
located in the riser next to the room. The low temperature is measured by a sensor installed in
the cold water supply to the clorifier located in the plant room at roof level. Plug-in
equipment and lighting loads are measured in the corresponding electrical supply panels.
Data from each room is logged every 5 min on a data logger connected to the Ethernet
network and located in the services riser next to the room.
Monitoring results and discussion
Figure 2 shows typical results output for a sample room for a cold winter week. It can be seen
how internal temperature is quite stable between 19 and 21ºC, heating use is fairly constant at
about 200W, and how water use is concentrated in few hours of the week.
Figure 3 shows similar results for a summer week, showing internal temperatures between 21
and 23 degrees for that particular room.

Figure 2. A winter week for one studio-bedroom. Figure 3. A summer week for one studio-bedroom.
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Figure 4 shows the different end-uses in kWh per year for the monitored rooms, with the
average consumption indicated. It can be observed that, the main energy load is plug-in
equipment with 450 kWh per year , quite different to what can be observed in typical housing,
followed by hot water demand, with 450 and 420kWh per year in each case for each studiobedroom. Space heating is only the third largest energy load at around 380kWh per year,
which corresponds to circa 25 kWh per square meter per year. The lighting load is
approximately 90 kWh per year per studio-bedroom. The large variability between the users
can already be observed in figure 4. Although the variability applies to all the energy uses, it
is particularly noticeable in the heating and hot water use where individual habits, preferences
and behavior can account for large differences on the final energy consumption across the
individual studio bedrooms.
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Figure 4. Average yearly energy use in each of the monitored apartment for the different enduses.
Observing the montly energy use for a year (2013), consumption is at the lowest value during
the summer months, and particularly during July. The graph also shows how hot water is the
largest energy demand for most months during 2013, followed closely by plug-in equipment
energy, which is the main electrical use. This trend changes in the winter months when space
heating is generally the energy demand as would be expected.
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Figure 5. Average monthly energy consumption for the monitored studio-bedrooms during
2013
Similar trends can be observed between the final energy uses for hot water, lighting and
electricity. Taking into account the influence of the outdoor environment on these final energy
uses is generally small; it could be argued that the trends on these results can be used as an
indication of occupancy during the different months, for example, students may be on
vacation or remote field work, leaving the studio-bedrooms vacant for a number of days
during these months.
For space heating demand, the correlation with the occupancy rate also exists, but the
influence of the outdoor environment needs also to be taken into account. In Figure 6 it can be
observed there are lower heating energy use values during the summer months, which can be
partly explained with the observation of average outdoor and indoor temperatures. It is
obvious that heating during summer is scarcely used as indoor temperature can already be
maintained at comfortable levels without the need of space heating.
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Figure 6. Average heating use and measured indoor and outdoor temperature during 2013.
Indoor temperatures have been maintained generally at comfortable levels throughout the
monitored bedrooms for the two years. Despite some increase in temperature during daytime
in summer, the number of hours over 28 ºC were not more than 1% of annual hours in any of
the monitored studio-bedrooms, and temperature during nightime were generally reduced
depending on the individual operation of the bedroom windows.
Conclusions
Overall energy use in the monitored student residence shows the building performs well as a
low energy building, with a total energy use of circa 36 kWh of electricity per square meter
per year, and circa 53 kWh of thermal energy per square meter per year. These values are
considerably lower than good practive values for similar buildings using the CIBSE
benchmarks [3], which are set to 45 kWh of electricity and 200 kWh of thermal energy.
The monitored heating demand is much lower than comparable buildings in Ireland, at just 25
kWh per square meter per year. However, the real performance does not match the design
goal of 15 kWh per square meter, likely due to students’ preferences and behavior in
operating the heating sytem and window opening. To ensure a correct operation of the
heating, emphasis has to be put on the introductory briefing to new students moving into the
residence.
The results also show that, in contrast to the typical building energy consumption in Ireland
and due to the large reduction in heating energy requirement, electricity use for plug-in
equipment is the largest energy load, consuming about 450 kWh per year. This is followed by
the hot water demand at about 420 kWh per year. In view of these results it is important to
note that there are currently few technical measures that can be applied to further reduce
building energy load from a building design perspective, as they depend mostly on the
preferences and habits of the building occupant. Potential measures are in the case of this
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building, to engage the students in energy saving behavior through student competitions or
gamification experiences [4]. Simple measures such as displaying energy use information in
real time can also lead to energy savings in university student accommodation [5].
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Abstract: Sustainability seeks to bring together three dimensions: social, environmental and
economic. This paper describes ‘Middelpunt’ where these dimensions of sustainability have
been taken into account. This case provides an answer to the challenges which are posed to
achieve a decent ‘holiday care residence’ in a sustainable way by combining the comfort of a
hotel with the facilities of a care residence, by reducing the environmental impact and with
considerations made for an economic and social sound operational model. Sustainability
aspects are found in the heating and cooling techniques, reducing the energy demand for the
indoor climate. The choice for the materials indoors and outdoors was made with regard to
the perception of the guests and of the maintenance of the building. The financial creativity
and input has led to a social investment partnership. ‘Middelpunt’ is accessible for disabled
residents, and creates jobs for socially vulnerable people.
Holiday residence, care residence, accessibility, energy saving
Pilot Project for a holiday care residence
In general, sustainability seeks to bring together three dimensions: social, environmental and
economic. These three dimensions are often referred to as the three P's: People - Planet Profit. Economic interests define the framework for entrepreneurship and employment,
environmental aspects determine the choices made in sustainable building and the social
dimension influences interactions between institutions/companies and people, objectives and
welfare. The three themes are part of one coherent set with a high mutual integration and
interaction. [1] This paper describes a case, the Pilot Project “Middelpunt”, where an effort
was made to take into account the three dimensions of sustainability.
Along the Belgian coast there are many hotels, expensive and less expensive, some with
beautiful architecture, others terribly ugly. Everyone will find something to their liking,
according to their needs and their own purse. Or almost everyone. One hotel located in the
municipality Middelkerke, stands out: with a wink to the name of the municipality this hotel
was called "Middelpunt" (in English: ‘Midpoint’). And there's more to this name: in this
hotel, a person with a need for care stands in the center, in the midpoint. Thus, guests with an
impairment and/or anyone who requires any level of care, are given the opportunity to fully
enjoy a relaxing and pleasant stay in a worry free way at the Belgian coast. (Figure 1).
Middelpunt is a very 'open' holiday residence that focuses on a lot of different groups, each
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with its own needs and expectations. For each guest, the appropriate accommodation is
provided so that he or she, individually or in group, can spend his or her vacation in an
optimal way.
The holiday residence is divided into two wings which are connected by connecting common
areas such as the restaurant, physiotherapy room, reception, lounge, relaxation room, garden.
In total there are 44 rooms available. There are double rooms, family rooms and group rooms.
One half of the building contains 24 accessible rooms equipped for a wide audience. Here
emphasis is on 'tourism for all', which means that anyone who wishes to come to the Belgian
coast on holiday but for whom the existing holiday offers are not accessible (e.g. due to
having a disability), is welcome in Middelpunt. This can include vacation for couples or
families of which one member has a disability, but can also include groups of people with
disabilities. There is no strict definition of the target group. All rooms are equipped with two
in height adjustable beds and an emergency call system, and features an adapted bathroom
with shower and wheelchair accessible sink. (Figure 2). The rooms are equipped with TV,
free internet and a private balcony. The other wing is provided for tourism for people with a
degenerative disease such as Amyotrophic Lateral Sclerosis (ALS) and Multiple Sclerosis
(MS). On top of the usual equipment, these 20 rooms are equipped with the necessary
technical infrastructure. Five rooms have following extras: a patient lift fixed on the ceiling
and automatic doors. These rooms are equipped to host people with the highest health care
needs. Here too, obviously all hotel comforts is present.

Figure 1: Middelpunt

Figure 2: Guestroom

Figure 3: Lounge

The Social dimension - Guarantees for a carefree holiday
To ensure the proper care Middelpunt works together with partners, such as home nursing
services, therapists, and GPs. But Middelpunt is more than care and support, it is above all
about enjoying a real vacation. It has invested in a wellness area with a Parkerbad, customized
lighting and music for the guests who would otherwise have no chance to go to such wellness
centers. Especially for people with a muscular disease this is important. [1] Nearby there is an
accessible pool and also an easily accessible beach.
Investing in sustainability also means investing in quality of life and freedom of choice of
people. A lot of the target public may otherwise rarely or never go on holiday. For themselves
but also for their families is often heavy to cope. Day in day out throughout the year their
families or carers have to give assistance. In addition to the practical concerns it is not evident
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to cope emotionally. For them Middelpunt is a place where they can forget their daily worries
and fully enjoy vacation. The hotel staff and volunteers assist them so that they can take some
time free for themselves, something which is otherwise rarely possible.
The whole project radiates openness and invites for contact. The hotel is built around a patio
where people can quietly read a book or have a chat. Large windows complete the hallways
and bright areas allow the guests to look beyond their own hallway and room. The corridors
of the complex were designed in order to avoid a 'Hospital feeling'. Thus, the patio is visible
from as many viewpoints as possible. Especially on summer days, the patio becomes the
beating heart of the building. The patio is decorated with some trees, some greenery and a
fountain that contributes to a pleasant atmosphere. This patio connects to both the entrance
and the restaurant, and a covered terrace and a petanque court located behind the restaurant.
The perception in the building is supported by the variation in the finishing of the common
areas. To create different moods, different materials were used. In the lounge, for example,
the feeling of a pub or café was awakened by choosing wooden wall coverings, carpets and
upholstered furniture. (Figure 3). On the east side of the building several multipurpose areas
are provided, which can serve as a classroom or meeting rooms for groups.
The environmental dimension – A sustainable building
All around the building it was the matter to create an enjoyable surrounding. Obviously the
sustainability of the building is a priority. To ensure a basic heating in winter and an excellent
cooling in the summer without need for an energy-consuming air conditioning, a heating
system with concrete core activation (CCA) was installed. (Figure 4 & 5). The outer shell of
the building is well insulated. Because of the maritime climate cleaved concrete blocks were
used on the ground floorlevel and flamed basalt stone on the upper floors. Red brick is
admittedly a cheaper solution, but in these circumstances is not the best choice. Natural stone
requires less maintenance during its lifetime. The aluminum in the construction was provided
with a special coating and subjected to a pre-anodization in order to resist to the aggressive
salts.
Obviously, accessibility is one of the highlight that was taken into account in the architecture
of the holiday residence Middelpunt. Many of the visitors are in fact immobile and move
around in a wheel chair. This fact was to taken into account in different ways: a double lift
was fitted to make sure that many people can exchange floor simultaneously, and each room
features a private terrace with a balustrade height of 55 centimeters, with an additional steel
handrail on top. That way people can enjoy the view while sitting in a wheel chair. The highcare-wing has an ongoing, common terrace with a clear social function. According to the
experts, it is important that patients can meet many fellow patients.
It is not the first time that the architects of “Dertien12 " design a project in the healthcare
sector, but this ‘holiday care residence’ is special in our country. In Belgium, the so-called
‘holiday care residence’ are not yet known, but in the Netherlands [2] [3] [4] and Switzerland
they exist. This is the first experience with such accommodation in Flanders, in Belgium.
3 31

ISBN: 978-84-697-1815-5

Middelpunt in Middelkerke stands therefor as a pilot project for holiday care residences in
Belgium. The demand for these centers begins to rise, and will continue to rise with an
increasing aging population. [5]

Figure 4: Tubing for Concrete Core
Activation

Figure 5: Geothermal
installation

Figure 6: Solar Boiler on the roof

Sustainable energy consumption
The design of the building was to obtain a compact building with a performant outer envelope
to minimize energy losses by transmission The size and position of the windows was
determined in function of thermal losses, daylighting, and overheating in the summer. For the
carpentry was chosen for an aluminum 3-chamber profile. Together with the selection of the
glazing (U-value 1.1 W / m² K), this has a great impact on the final energy efficiency of the
building. The room temperature is 22 ° C when heated at outdoor temperature of - 8 ° C and
the temperature at cooling is 26 ° C at outdoor temperature of + 32 ° C. The relative humidity
in the premises is not specifically controlled. The air quality achieves an acceptable air quality
IDA 3 (22-26 m³ / h / person) according to the European Standard EN 13779, (2007)
“Ventilation for non-residential buildings — Performance requirements for ventilation and
room-conditioning systems”.
Low-temperature heating makes it possible to make use of a heat pump combined with
storage of cold and heat. Geothermal energy was selected with a closed-bottom-water heat
exchanger, with the use of a secondary transport medium, water or glycol, which is cooled or
heated by the subsoil, in combination with a heat pump. The heating is achieved by a
geothermal heat pump with vertical heat exchangers. In winter, heat is retrieved while in
summer especially coolness is extracted from the subsoil. The heating efficiency is similar to
these of the best available techniques currently on the market. The advantage on basis of
cooling is decisive because the cooling is virtually cost-free during two thirds of the cooling
season, this represents considerable cost saving compared to conventional cooling. In winter,
heat pumps are needed, in conjunction with gas-boilers. The efficiency of the heating is
similar to the techniques currently in use. The system is technically set on point, it is
internationally tested and already used system, and has been used in smaller scaled projects.
The system is simple, aesthetically integrated and has an extremely low environmental
impact.
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In rooms with different demand for temperatures or rooms with different cooling and heating
loads, heating with radiators or convectors provide a higher comfort. In this way, any room
can be arranged separately. The additional heat is produced by a condensing gas boiler (HRTOP), fitted with a modulating burner control. This results in energy savings by automatically
adjusting the power to the demand for energy. The heat is provided by a dynamic boiler
temperature which, depending on the calculated temperature load, adjusts the inlettemperature
and/or turns it on and off.
There are several circuits provided, according to orientation, occupation and situation in the
building. The central automatic control of the HVAC system is based on a Direct Digital
Controller so that energy and comfort management can be done in simple manner. The
controller is equipped with an error messenger via modem. Each circuit is equipped with a
weather-dependent control so that the inlettemperature to the radiators is adjusted depending
on the outdoor temperature. The distribution is done at low temperature regime 70/50 °C. In
these weather-dependent circuits the pumps are swithed off with the eco-function, for circuits
with a three-way valve the pumps are additionally switched off with a closed three-way valve.
A general night reduction is applied to the primary control with an indoor sensor. The fine
adjustment is obtained per room by fitting a thermostatic valve. For circuits with variable
flow, the pumps are equipped with a speed control. The main distribution is done via the
cellars, crawl spaces, technical ducts and dividing collectors to the radiators in the rooms.
For room heating a combination of CCA with convectors or steel radiators for fine adjustment
is used. The heating power is determined by a system 70/50 °C according to EN 422-1 (2003),
“Radiators and Convectors – Part 1: Technical specifications and requirements”. The
temperature of the premises is as shown in Table 1.
Table 1: Room temperatures

Room type
Residence room, individual room
Bathrooms
Offices, meeting rooms
Hallways, stairwells, storerooms
Technical facilities, storage facilities

Temperature
[°C]
22
24
20
16
5

The CCA is used both for heating and cooling. The system provides the base for heating in
the winter and cooling in the summer, and is optimally used by means of the use of low
temperatures. The technique with integrated water-pipes in the floor, keeps the rooms in an
active manner in a constant basic temperature. This increases greatly the comfort in winter
and summer time. As the sensed temperature is a combination of radiation and air
temperature, this system can achieve a constant comfort, at a lower air temperature, which has
a favorable effect on the energy consumption. In order for the floors to serve as a heat
radiating surface in the summer, they are not finished with a raised floor or a suspended
ceiling on the places where this CCA is provided.
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Energy saving was also accounted for in the production of hot water. A solar boiler
installation on the roof (Figure 6) preheats the hot water production which is then further
heated by two sealed gas water heaters with a buffertank and with a circulation pipe. To
comply with the Legionella decree, the return temperature of the hot water is never lower than
55 ° C. The lengths of the branches without circulation are limited to the maximum length
allowed.
The solar boiler is calculated for a hot water consumption of 50 liters per day per room. There
are 81 m² solar panels installed oriented to the south. The payback time is expected in about
10 years, taking into account the subsidies from the Flemish Region and the operator and in
function of the hot water consumption. An increase in fuel costs (gas and electricity) of 5%
per year was taken into account.
All rooms are equipped with mechanical ventilation according to the standard EN 13779. The
indoor air quality meets IDA3. With this quality, the difference in concentration of CO2
between the inside and the outside air is kept between 600 and 1000 ppm. The aircirculation
is calculated as 22-26 m³/h/person.In all areas airgroups are provided to supply preheating of
injected air and extract consumed air. Where it is cost effective, heat recovery is applied on
air groups.
The economic dimension – Sustainable exploitation of Middelpunt
The total investment for Middelpunt was € 7,426,800.00. To make this investment financially
viable and sustainable, the non-profit organisation “Dienstencentrum GID(t)S” – “Mariasteen
vzw” who was going to build the holiday care residence, looked for several possibilities and
interested investors. After a long and carefull search, “ADMB Group” was found to be an
important investment partner. “ADMB Group” is an HR services group. “ADMB Group”
supports businesses, entrepreneurs and non-profit organizations in various fields of social
legislation personnel management.The partners of “Dienstencentrum GID(t)S” and “ADMB
Group” worked out a technical concept allowing various non-profit organisations related to
the Dienstencentrum GID(t)S to invest in an attractive project with a social dimension. From
a study by the directors of “ADMB Group” and “Dienstencentrum GID(t)S”, it was decided
that a technical investment structure with real estate certificates could offer a sustainable
economical solution to finance the project. Thanks to this financial construction, the
investment in infrastructure for a social project was interesting enough for the several
investors. For this purpose a partnership “ADMB Social Invest Middelpunt” was formed.
Through their network of investors, the shareholders of this partnership found the amount of
money to provide for the CASCO (wind and waterproof) for Middelpunt. The cost to build
the CASCO was € 4,940,000.00. “ADMB Social Invest Middelpunt” then leased the building
for 27 years to the association“Mariasteen vzw” who is now the operator of the building.
Besides CASCO there are funds necessary to get the Center project completely finished:
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•
•
•
•

Real Estate Certificates CASCO “ADMB Social Invest Middelpunt”: € 4,731,520.00
Capital Subsidy Tourism Flanders: € 500,000.00
Capital Subsidy Province of West Flanders: € 720,000.00
Investment by Mariasteen vzw: € 1,475,280.00

Based on the calculations and the offsetting of subsidies, occupancy parameters and
objectives, the cost and rental price per room were determined. Simulations showed that a
sustainable business is achievable with an occupancy rate of 60% over the entire year. In this
way, the Project “Middelpunt” realized sustainable tourism for people with disabilities by
people with disabilities.
For the operation of Middelpunt a choice was made to divide the holiday residence into two
wings which are connected by joined common areas such as the reception, the restaurant,
physiotherapy room, the lounge, the relaxation room and the garden, as described earlier.
The holiday care residence is run by “Mariasteen vzw”, a leading sheltered workshop in the
heart of West Flanders, a part of “Dienstencentrum GID(t)S”, a center with a diverse and
professional offer for people with disabilities. Since 1963 “Mariasteen vzw” offers sustainable
and remunerative employment to persons with disabilities. In “Middelpunt” people with a
labor restrictions do the reception, do the maintenance, work in the kitchen, in short: they
make sure the guests have a good time in the hotel.
Conclusion
In “Middelpunt” a real effort was been made to bring together the three dimensions of
sustainability: social, environmental and economic. This was done in providing a carefree
holiday for disabled people and providing employment for people who otherwise have trouble
finding a fitting job. The holiday care residence itself was designed to be a sustainable
building and to pay for this a sustainable financial investment plan was developed.
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Abstract: The Spanish Ministry of Economy and Competitiveness is funding the SHERIF
Research Project, which falls under the INNPACTO program. This project aims to increase
the rate of the existing building refurbishment from the energy efficiency point of view by
designing a facade system that must be an economical, flexible and integrated solution1.
Under this project has been performing several tasks regarding the constructive
characterization and energy evaluation of the thermal behaviour of facades on existing
buildings2,3,4. In order to perform the latter task, in which this article will focus, has been
developing a survey of various buildings in the neighbourhood Ciudad de los Angeles, which
has as main objective the comparison between the actual energy and light behaviour of
different buildings, prior and posterior to any refurbishment works have been undertaken.
The evaluation of the actual performance of buildings before and after being refurbished is
aimed to determine the impact of the work developed as well as learn from the work
performed for future interventions.
Keywords: refurbishment, evaluation, methodology, bioclimatic, facade, monitoring.
1. Introduction
The main objective of this study was to acquire the data needed to assess the actual energy
performance of the buildings before and after refurbishment interventions in order to compare
them5. This analysis was carried out in the neighbourhood of Ciudad de los Angeles in the
city of Madrid, a pilot neighbourhood in which it is developing a comprehensive
rehabilitation plan6,7. Four different types of buildings were analyzed in this neighbourhood.
In each, were chosen buildings that have not been refurbished and others of the same type in
which these works have been performed. On the one hand, characteristics related to the
thermal behaviour of the facade were evaluated and on the other hand, natural lighting
characteristics were analyzed.
2. Typologies Selected
To select the types in which the measurements were made, it was considered the most
representative and characteristic facades situated in the neighbourhood. The Municipal
Housing Company of Madrid is a partner in this project and they are developing a
refurbishment plan in this area, so this made it possible to collect information about these
buildings and contact with the occupants, the thing that usually is very complicated. Have
been studied for each typology, one refurbished building and another without refurbishment
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works. Then, we selected 2 different dwellings for each building in different floors. In total, 4
typologies, 8 buildings, 16 dwellings.
Typology C: it is a Multi-Family house. The opaque part of the
facade in solid brick ½ foot thick + air chamber 5cm + 4cm
hollow brick + plastered and painted. There are 30 buildings of
this type, making up a total of 300 dwellings.
Typology A1: it is a Multi-Family house. The opaque part of the
facade in solid concrete wall (30 cm think) + plastered and
painted. There are 48 buildings of this type, making up a total of
480 dwellings.
Typology R: it is a Multi-Family house. The opaque part of the
facade in solid brick one foot think. There are 8 buildings of this
type, making up a total of 240 dwellings.
Typology J: it is a Multi-Family house in H shape. The opaque
part of the facade in solid brick ½ foot thick + air chamber 5cm
+ 4cm hollow brick + plastered and painted. There are 10
buildings of this type, making up a total of 200 dwellings.
Fig. 1 Representative building typologies selected on Ciudad de los Angeles neighbourhood.

3. Measuring Instruments
Previous to performing measurements in buildings a weather station was installed on the roof
of a building in the neighbourhood of Ciudad de los Angeles, which has been collected data
for one year data: air temperature, relative humidity, solar radiation Global, wind speed and
direction. Subsequently these data are going to enable to analyze the microclimate in which
the buildings are and then we can determine the most appropriate actions to improve the
refurbishment interventions.
The following measuring devices have been used to perform measurements:
- The Infrared images were taken with a camera FLIR-E series (pixel resolution 4,800
(80x60).
- The U-value was measured with the multifunction TESTO 435-2 instrument with surface
temperature probe to determine U-value and radio probe of temperature and humidity.
- The illuminance value was taken with 3 photometric sensors Li-Cord 210 and a datalogger that store the data obtained.
- The temperature and humidity indoor was measured with a LOG 32 Data logger.
4. Methods Used For Data Collection And Analysis
The typology A1 was used as an example in order to explain this methodology because all the
typologies follow the same procedure.
Infrared Images
The infrared exterior images were performed between 17 and 19 hours. The infrared interior
images were performed mostly early in the morning. In both cases performing infrared images
were avoided when the facade was getting direct solar radiation to prevent alteration of the
information. Through the observation of images obtained the temperature in different part of
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the facade were evaluated with the camera previously describe, located deficient’s related to
the loss or gain of heat.
Infrared Outdoor Images
The main difference found between the two infrared images is the discontinuity of colours.
This indicates that there are discontinuities in the thermal behaviour of the facade. As, we can
see in the non-refurbished building (left-hand side), specifically in the lower right window,
how the predominant yellow colour indicates that the heating system was turned on inside the
house, and these heat flow is being lost through the facade. By contrast, in the image on the
right-hand side, the facade has a homogeneous behaviour (continuity of colours). Only
vertical lines are observed, which correspond to the union of the facade panels without a
difference in the hue observed.

Nonrefurbished
house

Refurbished
house

Fig. 2. Infrared outdoor images on facade typology A1.

Infrared Indoor Images
In the infrared image (left-hand side) it is possible to see a common problem in this kind of
buildings, where the shutter boxes represent both an important loss of heat and infiltrations as
well, because they are not insulated. However, in the right-hand side, there is no discontinuity
in colour between the wall and the window.

Nonrefurbished
house

Refurbished
house

Fig. 3. Interior Infrared indoor images on facade typology A1.

U-Value
A theoretical study has been made using mathematical calculations. Also "in situ"
measurements have been performed in homes for 23 hours, collecting information every 10
min8. Measurements of 15 dwellings were performed on different days. In the theoretical
study, the thermal transmittance was 1.65 kWh/m2 corresponding to the non-refurbished
building. In refurbished building the thermal transmittance was 0.55 kWh/m2. In the "in situ"

38

ISBN: 978-84-697-1815-5

study the thermal transmittance was 1.67 kWh/m2 in the non-refurbished building. While, in
the refurbished building, the thermal transmittance value was 0.95 kWh/m2. Both theoretical
and in situ measured data showed a large difference between the thermal behaviour of the
refurbished and non-refurbished facades. According to the thermal transmittance measured
"in situ", it can be concluded that the thermal behaviour of the opaque part of the facade
improved by 77% after refurbished.

Fig. 4. U-value (W/m2K) measured for 23 hours on the facade typology A1.

Measuring Temperature And Humidity
Indoor temperature and humidity were measured for one week in 8 dwellings, 4 refurbished
and 4 non-refurbished houses. The houses were selected in different buildings but all of them
were located at the same level. The air temperature and relative humidity were collected each
10 min.
Figure 5 shows the indoor temperature and humidity measured between 9 and 17 of April in
the A1 building typology. In this case, the user’s behaviour (switching on and off the heating,
opening and closing the windows for ventilation, etc.) will be one of the most important
influences on this data. One of the differences that could be observed was that the average air
temperature in the non-refurbished house was 19.5 ºC while in the refurbished house was 21.7
ºC. The temperature in the non-refurbish house was quite constant, possibly because the
measuring instrument was placed in a room that is not often used by the occupants.

5.a. Non-refurbished house.
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5.b. House refurbished.
Fig. 5. Temperature and humidity Measured in typology A1.

Natural Lighting
In order to study the lighting conditions of the houses the following measurements were
made. Firstly, the reflectance of the surfaces of the room was measured: walls, floor,
wardrobe and desk, this allowed the calculated of the average reflectance of the room was.
The luminous transmittance of the windows was also measured. Secondly, natural lighting
(illuminance) of the room was measured in one day by using these three sensors: one (S1) was
placed in the window, another (S2) was located 80cm away from the window, and the last one
(S3) was located 80cm away from the back wall of the room. Thirdly, the data of illuminance
measured by the weather station (SE) were taken. Then, the measurements were selected
when the sun was at its highest point (at 3 o’clock) in order to conduct the analysis. The
results have been summarized in the following table:
House Type
Refurbished house (Rh)
Level
3th.
Room activity
Bedroom Study area
Illuminance on exterior sensor SE (lux)*
56,605
Illuminance on S1 (lux)*
44,156
Illuminance on S2 (lux)*
1,486
Illuminance on S3 (lux)*
208
Window-to-floor area ratio (%)
13
Average reflectance (%)
49
Luminous transmittance (%)
75

Non-refurbished house (N-rh)
2nd.
Bedroom Study area
53,671
3,353
93
19
13
59
94

Tabla 1. Summary of data collected in the homes of A1 typology (south orientation).
(*)Measurement taken at 3 o’clock.

Table 1 shows that although the window opening percentage with respect to the area of the
room is 13%, the average reflectance varies between 49% and 59%. This is can be explained
because the furniture this non-presents the same predominant colours. The luminous
transmittance shows a difference between 75% and 94% due to the type of glass in the
windows is not the same.
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Fig. 6. Illuminance taken in the typology A1 at 3 o’clock.

Figure 6 shows the illuminance of each dwelling decreasing drastically in the second sensor
(S2), which created a glare area between the first and second sensor. Also, it shows that the
illuminance on the third sensor (S3) for both cases fails to get 300 lux, the minimum value to
make any activity that does not require visual effort.
5. Results And Conclusions
This study has shown the procedure followed to acquire data related to the thermal and
lighting behaviour of 16 homes in the neighbourhood of Ciudad de los Angeles. The various
steps-taken to deal with this task have been detailed by selecting the types of buildings,
describing the measurement equipment used, and showing the analysis in each subject. Table
2 summarizes the most important results:
Building Typology
Typology R
Typology J
Typology C
Typology A1
House type
Rh N-rh
Rh
N-rh
Rh N-rh
Rh N-rh
U-value theoretical (kWh/m2) 0.59 2.07
0.46
1.03 0.36 1.03
0.55 1.65
U-value measured (kWh/m2)
0.60
0.18
0.74
036 1.20
0.95 1.65
Temperature indoor (ºC)
21.8 19.7
- 21.0 19.1
21.7 19.5
1,815
70,656
26,696
5,891
5,159
44,156
3,353
1,541
Illuminance on S1 (lux)*
56
55
151
112
205
37
208
19
Illuminance on S3 (lux)*
Tabla 2. Summary results, Refurbished house (Rh), Non- refurbished house (N-rh).
(*)Measurement taken at 3 o’clock.

-

-

-

Infrared images in the refurbished house (inside or outside images) showed a good
behaviour while in the non-refurbished house these images showed different problems:
losses of heat in the area below the window when the heating was on in the outside
images, and infiltrations between the shutter box and the facade wall in the inside images.
Theoretical U-value in some cases coincided with the thermal transmittance measure "in
situ". This allowed to verifying the veracity of the layers that made up the facades of
selected typologies.
Measured U- value showed how the thermal behaviour of the opaque part of the facade
has improved over 70% in every refurbished home. The improvement by typology has
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been: R 251% improvement, J 311% improvement, C 233% improvement and A1 77%
improvement.
Indoor temperature measurements performed in winter showed that the average measured
temperature at the refurbished dwellings were over 21ºC. On the other hand, the
temperature in non-refurbished homes was around 19ºC. Therefore this temperature was
below the values of thermal comfort. It is also important to emphasize that user’s
behaviour (switching on and off the heating, opening and closing the windows for
ventilation, etc.) has an important influence on these data.
The illuminance received in all dwellings (refurbished and non-refurbished) in the S1 was
at least 1,541lux and 70,656lux maximum. However, the illuminance received at the S3 in
any of the cases surpassed the 300lux, the minimum required for any activity that does not
demand visual effort. These measurements are very difficult to compare in each typology
because it implies both environmental factors (external illuminance, cloud cover) and
physical factors (room level/floor, predominant colours in decorating, etc.).

The procedure followed allows the acquisition of the data needed to evaluate different
situations in the pre- and post-refurbished buildings in order to compare them in simulation
models.
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Abstract: Energy consumption is one of the most important environmental issues facing
contemporary society. The energy used in buildings comes mainly from burning fossil fuels
(oil, natural gas and coal) which contribute significantly to air pollution.
The construction industry worldwide is responsible for 50 % of natural resources and 40 % of
energy consumption, considering the same in the Lifecycle Building.
The challenge ahead for the construction industry is the use of appropriate materials, energy
saving both in the stage of manufacturing materials and construction of buildings.
The main objective of this research was to identify, using energy consumption data, the best
option for building constructive isolated dwellings.
It was estimated the embodied energy in three domestically produced materials: brick, steel
and cement, and then, functional units composite with the construction materials studied were
analysed.
Keywords: embodied energy, environmental impacts, construction systems
Introduction
Buildings significantly disturb the environment in all stages of life, therefore a
multidimensional approach that considers all stages of life cycle is required, for decision
making (1). This involves an analysis of all the processes involved in the production, use and
disposal of products, such as resource extraction, manufacturing, transportation, installation,
use and maintenance, recycling and waste management.
The complete lifecycle of products from construction industry is highly complex (2). This
responds to the many aspects and actors involved as well as the structure of the sector, which
makes it difficult to develop a comprehensive analysis of the product, from the environmental
point of view. The main focus the present work, the extraction and production lifecycle of
some materials and in the construction phase of some building components, then performing
an assessment of the results.
The building is one of the social purposes for which we allocate our energy resources; on one
side, making the materials we build buildings and on the other, keeping the living conditions
that these buildings provide.
1 43

ISBN: 978-84-697-1815-5

The impact of the building in the emission of pollutants is determined by two sources, the
manufacture of materials and the use of the buildings. The manufacture of materials for a
house in Spain in 2005, according Cuchí (3), involves the emission of more than 50 tonnes of
CO2.
In Uruguay, there are no data on energy production per m2 of standard construction, nor have
data on the relative incidence of each of the materials in the total. Nevertheless, to study these
materials responds to the higher relative incidence they have in 1 m2 of construction, as they
are the most energy-intensive in their manufacture, according to local business consultations.
This paper explores the embodied energy of three materials: brick, steel and cement, produced
in Uruguay, whose characteristics are shown in Table 1
COMPONENTE

CARACTERÍSTICAS

PLANTA

PRODUCCIÓN ANUAL

CLAY BRICK

Brick are used for 50% of building in Uruguay (fuente:
MOTMA)

100.000 tonnes

STEEL

Production from recycled ferrous scrap in Uruguay

Brickyard ROSUAR
Brickyard BORGES
GERDAU LAISA

CEMENT

Cement consumption in Uruguay 100% domestically
produced

Factory ANCAP
Factory Cementera
Artigas

75.000 tonnes
380.000 tonnes
500.555 tonnes

Table 1: Features of materials in their production factories Uruguay

Embodied Energy
In this section, the calculation of embodied energy will be explored.
Brick: Brick is the redware most produced in the country, and is usually known as ladrillo de
campo. It is a parallelepiped solid element, constituted by organic matter and clay ground,
baked in a kiln until hard, whose dimensions are typically 240 mm (L) x 120mm (W) x 50mm
(H). Sawdust and rice husk are the major constituents of the league.
In the calculation of embodied energy were considered all the energy costs involved in the
production process of brick manufacturing: a) the electrical energy used in the factory in
general, b) the costs of extraction and transport of clay and other raw materials used in the
mixture, c) the energy used in the preparation phase mix with tractor, d) the energy used in
pumping equipment, e) the energy used in transporting firewood.
The resulting embodied energy was 3.7 MJ. Biomass is the main source of energy when
analyzing the total energy consumed for the manufacture of bricks. CO2 emissions resulting
from the combustion of biomass are assumed zero, based on the fact that the gas emitted
during the burning phase was previously sequestered from the atmosphere by living biomass,
and will be later reabsorbed, closing the cycle (4).
The activity of the brick factory impacts the air quality and the site landscape. In the first case,
mainly due to emissions from kilns in the baking step, which cause direct and indirect effects
on human health, flora, fauna, and water, and contribute to global climate change. In the
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second case, the quarrying, without proper management, affects the landscape, the structure
and configuration of the soil, also leads to the loss of productive layer and erosion.
Steel: Steel can be obtained from mineral (full cycle) or starting from ferrous scrap (steel
electro cycle) in electric arc furnace. Even though the recycling process has a very high
energy consumption, one ton of steel produced from scrap consumes a third of the energy
used to generate the same amount of steel from iron minerals. The factory Gerdau Laisa SA
(GL), one of the world's leading manufacturers of steel and the only steel producer in
Uruguay will be analyzed as case study.
GL is a Uruguayan company steel industry dedicated to the production of steel, starting from
scrap as raw material and transforming it into various types of merchant bars. GL production
is responsible of the 65% of the steel used in the construction industry in Uruguay. The
remainder is imported, mainly from Brazil (2010).
In the calculation of embodied energy were considered all the energy costs involved in the
production process of steel manufacturing: a) the transport of the scrap processing location, b)
the energy of moving presses, c) the energy of the press with magnet separating impurities, d)
Power cranes, e) the energy of the electric furnace, f) transportation of ferro alloys, O2, lime
and coal, g) the energy supplied by O2 and coal, h) power reheating furnace, and i) the
electrical energy used in the factory in general.
The embodied energy value obtained for the steel is 14.58 MJ/kg, similar to that obtained in
other countries for recycled steel.
Analyzing the total energy consumed for 1 ton of steel, the use of electric power is
highlighted as the main source of energy in the manufacturing process, with 32%, and
transportation becomes an important component, reaching 60%. This is because the transport
of inputs required in the process: carbon, oxygen and iron alloy, provide high energy
consumption, since the distances traveled for transfer are important.
Cement: Cement is a commodity in the domestic construction industry, and its central
element for concrete production, to the extent that their per capita consumption is one of the
indicators used for human development assessment. Practically 100% of the raw materials
used are national, the only imported inputs is fuel.
Uruguay produces 95% of the annual cement demand in two state owned factories (ANCAP
and Cementos Artigas).
In the process of calculating the embodied energy were considered: a) the quarrying,
considering the explosive, b) the tractor used in the quarry, c) the transport of limestone, in a
truck, d) the energy used in whole process of clinker production, e) the general energy of both
plants, f) transport clinker to plant Sayago, on a train, g) the energy mill of Sayago plants.
The value obtained for 1kg Portland cement is shown in Table 2.
3 45

ISBN: 978-84-697-1815-5

1 kg Portland I
Cement

E thermal
(MJ/kg)
4,17
86 %

CLINKER
Electricity
(MJ/kg)
0,26
5,4 %

CEMENT
E thermal
(MJ/kg)
0,124
2,6 %

Total

Electricity
(MJ/kg)
0,29
6%

4,85
100 %

Table 2: Emboidied energy of cement

Higher consumption corresponds to the production of clinker, reaching 91.4% of the total
energy consumed in the system.
Gas emissions are produced basically by the energy consumed in the process, fuel used in the
production of clinker, and chemical reactions in the oven who suffer raw materials and coal,
mainly for the production of clinker. During this process, gases and particulate matter are
released into the air, water and soil, causing environmental impacts to a greater or lesser
degree, depending on the amount issued. The most significant emissions in the process are
emitted by CO2, NOx, SO2 and particulate gases.
Energy as an indicator of sustainability
The environmental impacts analyzed during along the life cycle of the materials were energy
consumption and CO2 emissions during the manufacture of materials, the transportation and
execution of the different construction systems.
For the study, we have considered only the materials used as the envelope of an isolated
housing: foundation and wall; excluding cover, doors, windows and electrical and sanitary
installations. Given the list of basic materials, the quantities of each material used in each
building were calculated to 1 meter system, organizing the information to different yardages
kilograms. The impacts considered in this study and the values that allow quantification are:
GHG gases, measured by global warming potential (GWP) of various gases emitted into the
atmosphere by weighing kilograms of gas emitted and transforming them into kilograms of
CO2 equivalent; primary energy consumed in the various building systems, expressed in MJ.
As there are no country databases regarding the environmental impacts and building materils
used in contruction, the database of the Instituto de Tecnología de la Construcción de
Cataluña (ITeC) was used (5).
Emission kg materials

CO2

NOx (g)

SO2 (g)

Cement***
Aggregates
Diesel
Concrete*
Steel**
Brick

0,410-0,355
0,007
0,003
0,012
1,950 t/t
0,2

0,96

0,43

0,55
0,003

0,14
0,004

Table 3: Emissions materials (*fuente: MEDINA ROMERO, 2007; **fuente: LAWSON, B.; 1996; ***
CARDIM, A.; 2001)
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From a functional unit basic,
3 Functional units UF01/UF02/UF03 developed, the construction system used in the building
Uruguay. Each functional unit corresponds to 1 meter (39 inches) of vertical surface of wall
and foundation, figure 1.

UF01

UF02

UF03

Figure 1: Constructive functional units

UF01: double brick wall, with air space, on concrete foundation.
UF02: double brick wall on concrete foundation.
UF03: concrete wall on concrete foundation.
For the analysis we consider the embodied energy of the materials obtained in the research
and the transfer of the same factory to work.
FOUNDATION AND WALLS FOR 1 METRO
UF01
UF02
UF03
kg
%
kg
%
kg
%
Steel
4
0,3
4
0,6
18
1,2
Water
27
2,2
23
3,73
134
8,9
Sand
536
43,8
109
17,72
410
27,3
Portland Cement
75
6,1
55
8,95
260
17,3
Brick
528
43
387
63
Aggregate
56
4,6
37
6
678
45,3
SUB TOTAL
1.226
100 %
615
100 %
1.500
100 %
Diesel cement 140
0,35 litres
0,4 litres
0,6
km
litres
Diesel brick 17 km 0,32 litres
0,24
litres
Embodied Energy
0,25
0,25
0,5
MATERIALS

5 47

ISBN: 978-84-697-1815-5

(kWh)
Table 4: Amounts of heavy construction system used by foundations and walls materials

MATERIALS
Embodied Energy MJ / kg

Stell
Water
Sand
Cement
Brick
Aggregate
Diesel cement
Diesel brick
TOTAL CO2
Embodied energy
TOTAL MJ
MJ/ m2 WALL

MJ/kg
14,58
0,050
0,1
4,85
3,7
0,1

UF01
Embodied
energy
MJ
58,3
1,35
53,6
364,7
1954
5,6
15,75
14,40
0,9
2.468
1.122

UF02
CO2
kg
7,8
3,75
30,75
0,4
0,06
0,06
42,8

Embodied
energy
MJ
58,3
1,15
10,9
266,8
1432
3,7
18
10,8
0,9
1.803
819

UF03
CO2
kg
7,8
0,76
22,6
0,26
0,07
0,04
31,5

Embodied
energy
MJ
262,4
6,7
41
1.261
67,8
27
-

CO2
kg
35,1
2,87
106,6
4,7
0,11
149,4

1,8
1.668
758

Table 5: Environmental impacts associated with the production of building materials used for each building
system and foundation wall.

Of all functional units UF01 presents the higher energy content, represented by wall 1122
MJ/m2, including foundation, due to the large amount of ceramic used in the wall,
representing 79% of the value. The construction system involves more than that of the other
functional units foundation, a concrete base of 300mm x 300mm, the amount of cement and
steel are significant, in the concrete structure, in the mortar of the brick and layer waterproof
sand and cement.
This functional unit has better thermal transmittance, and without complying with Thermal
Regulation (TR), is very close to the maximum value. If placed in the air chamber plate 2cm
polystyrene, happens to have a thermal transmittance of 0.807 W (m2K).
The UF02 functional unit has an average energy content of 819 MJ/m2, with the same
characteristics as the unit UF01. The thermal transmittance of this unit is 2.21 W (m2K), far to
the value of 0.85 W (m2K). By placing a plate of 3cm polystyrene, happens to have a
transmittance U = 0.83 W (m2K).
The functional unit analyzed, UF03, has the lowest energy value 758 MJ/m2 but has the worst
thermal transmittance of 2.82 W (m2K). To reduce the thermal transmittance of the unit UF03
must add more layers to the construction system: for example a plate of 35mm polystyrene
plus plasterboard, 12mm in order to achieve a thermal transmittance of 0.82 W (m2K).
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The two functional units composed of bricks, have more energy, better thermal performance
and offer less heat input into the ambient air of the houses. The functional unit concrete has
higher heat gains into the housing, increasing indoor air overheating in the summer and
cooling in winter, which influences the welfare users and operational energy house.

Conclusions
The results allowed the evaluation of the energy consumption in building elements, of
different functional units, that were built with materials previously evaluated. The
environmental assessment of three building functional units, based on energy consumption
and CO2 emissions, allowed identifying the best solutions, and their impact on the local
environment.
Functional units composed of bricks (UF01, UF02) have higher energy content; but CO2
emissions are higher for the functional unit UF03 concrete. Analysis of the functional units
confirms that construction materials responsible for higher energy contents are cement and
steel, concrete.
The choices of materials and construction components have an impact on the energy
performance of a building. In the analysis of the functional units, in addition to considering
the embodied energy per square meter, must be taken into account their ability to harness
passive solar heating and cooling, as this will influence the energy efficiency of housing, and
offset any impact resulting from the manufacture. We consider in analyzing the ability of the
component to limit the heat loss through the wall. The single application of the TR does not
imply energy efficiency, but also, we analyze the orientation and sunlight of the building.
This will allow a better assessment from the environmental point of view, of the studied
functional units.
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Abstract: The environmental focus has first been done on the energy performance of buildings. But
now, with a better insulation and good heating device, the larger part of the energy consumed during
building’s life is embedded in building materials. In this study we focus on one of the major
contributor to the embodied energy which is the reinforced concrete. We show that reinforcing steel
products have a lower environmental impact than calculation which could have been done with
generic European database. It is due to the fact that reinforcing steel is mainly made with recycled
steel. Using appropriate data rather than generic one could actually reduces the environmental
impact of building’s embodied energy by 10% without changing the design. This study opens the
discussion on the urgent need of reliable assessment to compare with confidence different building
projects.

Keywords: LCA, building materials, steel, recycling

1. Introduction
One of the major characteristic of the early twenty-first century is the intensification of
transcontinental products exchanges. As noticed by Frischknecht [1], a Swiss watch may
contain lithium from Chile; can be packed in brushed aluminium boxes made in China with
bauxite from Australia and sold via a Hong Kong dealer. In this economy, steel is a product
that seems to be representative of this global market. 1.4 Gt of steel has been produced in
2010, 50% of this was used in the construction [2]. Since metal markets are global, datasets
available in LCA database are most of the time representatives of the world or of the
European situation (e.g. Worldsteel, ELCD, Ecoinvent). Among the most commonly used
LCA database for steel, Worldsteel is providing data at the world and the European scale [2]
and Ecoinvent as well as the ELCD are providing data at the European [3]. In this study, the
question we are interested in is: “does the fact that steel is a global market necessary
induces the fact that the environmental impact of one steel product will be the same in
every country?”. Actually does the facts that steel has similar properties in every country and
that iron ore is extracted in a few countries and then exported all over the world, necessary
means that the same environmental data should be used everywhere?
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2. Method
In this study, we focus on the French context and a comparison is made between European
data from Ecoinvent and Worldsteel with specific data representative of reinforcing steel bars
sold in France. The system studied is one kilogram of reinforcing steel from B500A and
B500B grade. In this nomenclature 500 is specifying a yield stress of 500 MPa, the capital
letter B preceding the yield strength denotes reinforcing steel and the capital letters A & B
following the yield strength denotes the ductility class, with A being the lowest. These two
steel grades are the most commonly used for reinforcing bars and correspond to various
standards (e.g. [4]). The boundaries of the study are limited to the production and delivery on
site of one kilogram of steel bars (Figure 1). The part of the life cycle considered is then from
cradle to construction site. Steel of both B500A & B500B are produced through two
fundamentally different routes: Blast Furnace (BF) or Electric Arc Furnace (EAF). In this
study we have considered that the Blast Furnace (BF) route uses mainly iron ore and 19 % of
recycled steel introduced as scrap in the Basic Oxygen Furnace. This ratio is the one used in
the Ecoinvent report for “steel, converter, unalloyed, at plant” [5] and is coherent with other
data such as the World Steel Association methodology report which evaluates the recycled
content between 10 to 35 % [2]. For the Electric Arc Furnace (EAF) route, we considered that
most of the steel introduced is recycled steel. After the steel production, treatments are done
to confer to steel its required mechanical properties. Both products are hot rolled after the
furnace. The main difference between the two studied products (B500A & B500B) lies in the
fact that the B500A production includes an additional cold rolling process that can be
operated in a factory independent from the hot rolling plant. An additional transportation
phase has then to be potentially included. B500B are only submitted to quenching and selftempering or stretching after hot rolling, which are much less energy consuming than cold
rolling and are done in the same plant as the hot rolling process. This difference in production
route while function is often similar, justifies the fact that we have studied both products. To
build an environmental inventory specific to the reinforcing steel sold in France, the
Ecoinvent database has been adapted to the French context. This has been done with the help
of steel experts by adding or removing processes and by modifying input/output data from the
remaining processes detailed in the Ecoinvent report [6]. Experts are mainly from AFCAB
(French association for concrete’s reinforcing steel certification) which is an independent
association settled in 1990 to deliver certificates of conformity to companies that manufacture
or fix on site concrete reinforcing steels or their accessories and sell them in France [7].
Concerning the steel production process, close to 100% of the reinforcing steel consumed in
France nowadays is produced from unalloyed steel billets [8] produced by electric route
(EAF) [9]. The Ecoinvent process “steel, electric, un-low-alloyed, at plant / RER” used as the
chemical composition of steel is similar to the chemical composition required in the EN
standard [10] for steel used in reinforcing bars production.
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Fig 1: System boundary of the products studied.

Finally, the inventory of the steel production is dependent on the electricity used for the
electric furnace, which is country specific. As steel sold on the French market is not only
produced in France, we simulated a mean value of the electricity mix, called “reference mix”,
with the relative production volume of reinforcing steel coming from the different producing
countries, available through AFCAB [9] and the electricity specific inventory of this country
which is given in Ecoinvent database (Electricity medium voltage + import, at grid, by
country). This reference mix is presented in table 2. French and German electricity
productions are used as a proxy to minimum and maximum values for electricity mix. Further
details of the data used can be found in Gomes et al. [11].

Table 1: Distribution of steel produced between countries for French consumption (Sce:[9]).
Country France
Relative
contribution

66.5%

Germany

Spain

Italy

Luxemburg

Switzerland

Belgium

United
Kingdom

Turkey

Netherlands

13.0%

9.3%

6.0%

3.9%

0.7%

0.2%

0.2%

0.1%

0.1%
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Table 2: Parameters used to build LCI of B500A reinforcing steel.
Parameters

Origin of data

Mean

Minimum

Maximum

98%

95%

100%

Ecoinvent process :
"steel, converter, unalloyed, at plant/RER"

2%

5%

0%

Ecoinvent process :
"electricity, medium voltage, at grid"

Reference
mix

French
electricity

German
electricity

hot rolling

Adapted Ecoinvent process (see table 4):
"hot rolling, steel/RER"

---

---

---

cold rolling

Industrial data

---

---

---

to the cold rolling plant

Ecoinvent process :
"transport, lorry > 32t, EURO 4 / RER"

300 km

0 km

1000 km

to the construction site

Ecoinvent process :
"transport, lorry > 32t, EURO 4 / RER"

686 km

0 km

1445 km

Steel production process
Direct Reduced Iron /
Ecoinvent process :
Electric furnace (%) "steel, electric, un- and low-alloyed, at plant/RER"
Blast Furnace /
Basic Oxygen Furnace (%)

Electricity used
Electricity by country
(production + importation)

Treatment

Transport distance

3. Results
3.1 Contribution of the different processes
The relative contribution of the different processes involved in the environmental impacts of
B500A reinforcing steel is shown in Figure 2. Our results show that all transport phases
represent less than 20% for all impact categories except ozone layer depletion, even when
transport from the factory gate to the site work is included. The steel production process is the
major contributor for impact categories related to ecotoxicity, while it represents 50% of the
impacts for the other ones. The contribution of the hot rolling process is not negligible.
Comparing B500A and B500B, very similar results can be observed.

Fig 2: Relative contribution of the different processes involved in the production and transport of B500A type
reinforcing steel for CML environmental impact categories.
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3.2 Comparison with European databases
We used a Monte Carlo simulation with a triangle distribution between minimum and
maximum value presented in table 2. Mean values for B500A and B500B as well as standard
deviation are then compared with other database and presented in fugure 3. It is clear that the
global warming potential for the reinforcing steel sold on the French market is lower than
European data calculated with both database (Ecoinvent & Worldsteel). If results from our
study are compared with Ecoinvent data, the reinforcing steel consumed in France has a lower
impact than the generic European value for all impact categories except terrestrial ecotoxicity,
where our results are significantly higher. The profile is different when the results are
compared with Worldsteel values. Actually, our results are considerably higher for
eutrophication, stratospheric ozone depletion and ecotoxicity. Finally, it has to be noted that
the uncertainties that have been introduced (transport, electricity, steel production process) do
not induces large variation when a Monte Carlo simulation is done. Variations for B500A and
B500B are estimated around 10%. These ±10% of variations confirm also the fact that no
significant difference can be made between B500A and B500B steel products.

Fig 3: Comparison between Worldsteel, Ecoinvent data and results from this study for the different impact
categories

4. Discussion
4.1 Differences between Worldsteel and Ecoinvent data
The difference between Worldsteel, Ecoinvent and our study for acidification, global warming
potential and photochemical oxidation can be explained by the fact that EAF is used at more
than 95% in our study. Actually, Ecoinvent generic European value considers that only 37%
5 55

ISBN: 978-84-697-1815-5

of reinforcing steel is produced throughout EAF and it is known that EAF is less energy and
fossil resources intensive than BF [12]. For Worldsteel LCA data, the exact proportion
between EAF and BF is not specified in the ELCD website [13]. However, it can be
reasonably estimated that the BF/EAF ratio is higher than in our results as the global warming
impact is higher. The fact that European ratio between EAF and BF is lower than the one
observed in France, for ELCD as well as for Ecoinvent urge us to decide between two
answers. Either the European ratio between EAF and BF chosen by Ecoinvent and ELCD are
not appropriate for the specific reinforcing steel products and an urgent need to change has to
be done; or there is a discrepancy between European countries and it will be necessary to have
specific ratio between EAF and BF used for reinforcing steel in each country. Our results and
further recent publications [14] are more in favour on the fact that steel products for
construction are very different between reinforcing steel or sections which have a very high
percentage of recycled products and other steel products such as plates which are mainly
produced with BF. It means that rather than a specific database for each European country, it
is more important to have specific data for each steel product, and particulary for reinforcing
steel.
4.2 Consequences at the building level
At the building level, using a generic data for steel used in concrete rather than a more
specific for reinforcing steel can have consequences. Actually looking at one typical new
building [15], one can see that in term of Global Warming Potential, the reinforcing steel
represents 10% of the impact when the generic data from Ecoinvent is used. As a
consequence, using the data proposed in this study would reduce the environmental impact of
the steel by more than half, inducing a reduction of the environmental impact of the whole
building by 5% without changing the design.
Table 3: Materials and Globasl warming potential associated with a typical new building.

Structural concrete
Other concrete
Reinforcing steel
Insulation material
Gypsum
Plastic
Bitumen
Mineral covering
Window
Door
Masonery
TOTAL

Building materials
used for construction

Global Warming
potential

Relative contribution of
building materials to
climate change

(k g)

(k g CO 2 eq. )

(%)

17'421'735
2'280'870
534'417
238'538
512'503
7'376
21'447
205'870
159'791
1'668
1'850'717
23'234'932

1'850'998
430'215
379'436
501'252
89'633
17'653
17'720
374'781
373'184
3'770
232'726
4'271'369

43%
10%
9%
12%
2%
0.4%
0.4%
9%
9%
0.1%
5%
100%
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5. Conclusion
Our study shows that reinforcing steel products have a different environmental impact than
calculation which could have been done with generic European database. It is due to the fact
that reinforcing steel is mainly made with recycled steel and to the fact that the market growth
for construction products in Europe is limited allowing a very high recycled content.
Furthermore, the present study advocates for an adaptation of global database to local context
defined by a specific industrial sector and a geographic region even for products such as steel
that seem to be sold, as a first approximation, on a global market. National legislations on
country specific EPDs might engage this adaptation.
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Abstract: Despite being an essential part of the Mediterranean facade, the balcony has been relegated
to a background in the recent technological evolution of the envelope of buildings built in Spain since
the end of the 20th century.In the same way that the facade is taken as an ally in the search for
sustainable solutions and is treated as a dynamic skin capable of adapting to climatic changes,
balconies, as being architectural spaces in direct relation with the outside are disclosed as elements
potentially suitable to meet this objective.
The current trend toward the industrialization of construction shall address soon the functional and
constructive redesign of the balcony to optimize and integrate the entire process of demand, design,
manufacturing and execution. This opportunity should be used to incorporate environmental vectors
in its design, production and use. We must also respond to refurbishment of balconies in the
framework of the renovation of the facade.
Balconies, Industrialization, Environmental strategies, Refurbishment

Introduction
The balcony has been, and still is, an essential architectural element in the configuration of
residential buildings in the Mediterranean tradition, with a strong representativeness for users
and architects. However, it is not apparently perceived an innovative concern of the same
intensity that has characterized the recent technological research of the facade. Over the last
years in Spain, the constructive development of the architectural envelope has focused mainly
on the evolution of the typology of the lightweight ventilated facade, which seems
incompatible with the current relationship with balconies, breaking this new protective and
filtering skin.
However, the balcony cannot be left behind, because in addition to the inherent contributions
of the element itself and its compositional load, it incorporates a remarkable potential that
should be specially considered in the upcoming years for a more sustainable architecture: it
allows life on the outside of the building, produces shadows on itself, minimizes the action of
rain and wind, it is a good vegetal container, etc. Thus, it seems that its use is being
reassumed and will be necessary, therefore, to merge its incorporation with the technological
advances of the facade.
Moreover, there is a large fleet of buildings with balconies that, due to his condition of item
continuously exposed to the weather (changes of temperature, presence of water, etc.), have
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experienced over time obvious damages, undermining its durability (corrosion, leakage of
water, landslides, stains, degradation of the coating, etc.) that need to be refurbished.
Everything indicates that the current trend of the construction sector, with most of the agents
involved in this process, leads to industrialization. In the same way technical solutions for
roofing, walls and voids have been intensively developed, the balcony seems destined to an
industrialization of its construction.
Current situation
A first glance shows the strong rooting in Spain of cantilever reinforced concrete
construction. However, this solution so apparently consolidated has no more than 100 years,
since the structural beginning of the balcony was based on metal parts embedded in the façade
wall. It is not until the mid-20th century that the structural capacity of the steel and concrete
lead the projection cantilever from the interior beams in continuity with the outside. This
method ensured a high-rigid embedment of the balcony with the main structure, as it is the
outward extension of the inner slab, but, on the other hand, this practice involved problems
such as thermal bridges, leaks, deficiencies in the sealing, etc. In addition, from a functional
constructive point of view, it makes no sense when one considers that the requirements and
demands for the exterior slab, subjected throughout his lifetime to a rigorous outdoor, and the
inner slab between floors, are completely different.
We recently began to detect emerging solutions and architects’ concerns to approaches of
balconies executed independently of the general building’s structure and connected to it via
different mechanisms, seeking new formal wills linked to technical and conceptual
innovations. In addition, the growing concern in recent years by issues related to
sustainability and the environment has made clear the need to resolve, through its own
architecture mechanisms, efficient energy exchanges and climate control strategies.
To concerns at formal, constructive and technological level of the designers we must add a
manifest functional evolution by the user. The fieldwork, carried out at street, has also
unveiled spontaneous samples of dissatisfaction by the user in relation to the new emerging
requirements.

Image 1: The customization interventions make appear concerns and requirements not covered by the user.
The phenomenon of customization that generally detracts from the initial planning of the project and clutters
the façade.
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The gradual abandonment of these traditional functions has led to the increase of other
functions such as storage of disused objects, accommodation of new technical devices (e.g. air
conditioning) or as communicative support.
In the graph shown below are ordered according to the different agents the requirements who
has to face the balcony, as any other constructive element. The formal requirements are found
in the centre of the frame, since they are common, necessarily, to all stakeholders. The aspects
related to hygrothermal comfort, leakage and evacuation, and also the ones related with
structural safety, fire safety and safety of use are particularly relevant in the case of the
balcony.
On the other hand, the informal requirements that can be shared, different or even
contradictory from the point of view of each of the agents involved. What we might call
“smart balcony" should satisfy the needs of users, accepting and integrating a controlled
customization that adapts to changing needs over time and to the variability of each user; as
of the architect, with finishes and requirements depending on the project; and at the same
time, the constructor and promoter, with the reduction of costs and the possibility of
reusability.
It will also have a common profit: environmental improvement. The very nature of industrial
systems is directly linked to the environmental advantages such as minimizing energy
consumption, recycling, maintenance throughout the lifetime of the building, the perfectibility
and deconstruction.

Image 2: Summary table of the main requirements grouped by formal and informal.Most of the specific
requirements of each of the different agents involved in the construction process are more peripheral and of
each particular environment.

Opportunities detected
For establishing mechanisms for a further industrial development is adequate to make an
analysis of the industrialization of the balconies using the SWOT method, detecting strengths
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that must be boosted and weaknesses to be transformed in strengths. For example, the
industrialization of the balconies would lead to an optimization of resources and reduction of
waste generation, resolve outstanding requirements such as the thermal bridge, it can be
improved and/or replaceable, optimization of time on site, removable and reusable, greater
guarantee of quality, greater safety at work, etc.
Also, threats could be transformed into allies and create synergies between industrialists. And,
of course, to seize the opportunities that arise to evolve and adapt to new requirements.

Image 3: Analysis through SWOT method about the balcony.

The construction sector is showing a growing concern about finding solutions based on
prefabricated elements that fit costs, contingencies, works on site, and improve the final
quality of the finishes and, ultimately, efficiency. However, there has not been implemented
an industrialized system for balconies, at least not as a whole. Surely the main handicap to the
balcony in addressing their immediate technological evolution is that don't seem to be
companies specializing in this field, i.e., expressed in language of work, the figure of the
"balconist" is not recognized. The constructive element balcony, to be at a point of technical
border inside the building, seems that it is also in "no man's land" within the market. A double
opportunity is presented to us.
On the one hand, the balcony is in a privileged position of liaison between the interior of the
house and the outside, so it offers many possibilities that we are not currently taking
advantage of: can work as an energy exchanger, solar energy collector, water collector, even
might consider its function as facilities coalesce. In addition, a new constructive language of
the balcony, more in keeping with the growing trend toward the industrialization of
construction, would allow with mecano type mechanisms to introduce sustainability criteria
such as recycling, reuse, perfectibility along the time, etc.
On the other hand, in the absence of a definite industrial profile, we must consider several
options: to create a new industrial profile, or an existing sector incorporates it in its
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production, or a consortium of companies to develop the balcony as element to industrialize is
generated. The strategy of creating synergies between different industrials, so that each
contributes its infrastructure and its knowhow, would generate new solutions more evolved
technically that respond to outstanding requirements. Alliances could occur, for example,
between the prefabrication industries, whether in concrete, wood or metal; joining systems;
sustainable systems as green roof, solar protection, captation systems, urban garden;
installation as electrical, telecommunications, etc.
In this sense, have been conducted real experiences we can see in the document
"Photovoltaics in architectures - lessons learned in PV Nord". One of these experiments was
made in a building of collective housing in Copenhagen where acted on the façade to solve
acoustic problem transforming the balconies in acoustic screens that simultaneously
incorporated photovoltaic cells. Inside of these there was a sliding coloured glass panel. So,
the sliding glass panel had a dual function - it reduced heat when opened, and provided
warmth in the wintertime.
One of the most important conclusions drawn is that, in a collaboration between industrials,
one of the main difficulties is to determine the plots of responsibility of each and that
cooperation should be done from the beginning.

Image 4: Case of alliance between industrial .
.
Image 5: Although few, there are some examples
of technology available on the market: TMSSYSTEME (France).

Another plot of opportunity lies in the field of refurbishment. Up to the present moment we
have analysed these issues above all in order to prevent future diseases and new products and
systems have been introduced to solve specific problems, but a comprehensive solution of the
balcony which satisfies all outstanding requirements has not been addressed.
Thus, there is an unexplored potential in its full renovation. On the one hand, the possibility
of correction of this element later to his execution would suit the real needs that are detected
during the phase of use of the building, already out for obsolescence (aesthetic, functional,
economic, regulations, etc) of the element or adaptability to the user. And on the other hand,
the revaluation associated with the incorporation of balconies to existing construction.
The future rehabilitation has to be understood broadly including the improvement of the
conditions of the element, restitution of their parties, adaptation to new requirements, adding
this element to an existing building with lack of balconies and its maintenance over time. The
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use of reusable, removable and perfectible systems also involve aspects linked to
sustainability and to a more comprehensive vision of the life cycle of the building component.
Innovative proposals
The development of these ideas has been conducted in a university environment within the
Lita (laboratory of innovation and technology of architecture) group and the TOSCA
workshop.
The Lita UPC group is a team of emerging research that brings together experts from various
ages, training and experience, held together by an interest in technology applied to
architecture.
On the basis of the premises established so far, have been generated different profiles of
industrialized balconies that can be taken as a starting point to reflect on how the future of
industrialized balconies could be. Some of them are as follows.
One of them, we might call balcony XS, would correspond to the urban balcony, with a small
size, suitable for an urban context of narrow streets and high density. The solution is
presented as an object, an integral component designed "made-to-measure". The anchoring of
the subframe element would be using reversible joints in order to be able to recycle and reuse
and the inside of the frame could accommodate facilities.
Another type of profile to develop would correspond to a balcony of higher dimensions which
would constructively be an open system, customizable from semi-components that allows an
optimized transport and an assembly at the worksite. It includes aspects of perfectibility, as it
would be feasible to incorporate functions over the useful life of the balcony, expand it,
exchange elements, etc. This model could incorporate features programme as a clothesline, a
small store, a small reservoir of water, a "technical" railing, etc. as well as installations, both
which supplied to the main building (devices of air conditioning, step, etc).

Image 6: Profile 1. Component balcony

Image 7: Profile 2. Parcial component balcony

In the same way as Lita group but in an academic level, the intensive workshop of TOSCA
aims to initiate the architect during their training in an underexplored area as a designer of
innovative construction. It means rethinking from the standpoint of product innovation, the
role of new building materials, construction systems that answer questions that are unsolved
nowadays. During the 2013 the TOSCA workshop arose the industrialization of balconies as
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subject to develop. Below are some of the emerging proposals and that gather ideas to
develop in the future.
Proposal 1: illustrates the idea of how the industrial partnerships can lead to solutions that
integrate caption and reuse. In this case, starting from of a reinforced concrete base on which
are incorporated bioclimatic systems such as solar panels, solar protection, urban garden and
water collector which, moreover, are interrelated between them.
Proposal 2: mobile mechanisms that allow the space to be adapted to the user's needs, has the
possibility of adding accessories, easy maintenance with interchangeable parts if any of them
become obsolete. This proposal addresses the issue of maintenance over time, the recycling
and reuse an item exposed to the weather. A balcony with moving mechanisms to suit
different uses a balcony might have (space to be, to store, to grow, etc..).
Proposal 3: this paper works on the stage of refurbishment. An intervention is proposed from
the interior of the building thus avoiding the need for cranes and occupation of public space.
The system is intended as an assemble-able and disassemble-able kit by appropriate human
scale light pieces to be easily manageable and optimize transport. Is achieved in this way, a
customizable system, adaptable, light, fast and cheap work, with few materials, cheap and
sustainable.
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Image 8. Proposal of integration of differents industries . Team:De nova, C.; Leal, S.; Llorens, R.;Rovira, E.
Image 9. Proposal of mobile mechanisms. Team: Gabarró, S.; González, J.; Sabatés, N.;Osete, G; Serra, O.

Image 10. Proposal of a balcony kit. Team: Marco, G; Marrasé; A. Perales, J; Valdés, A.

Conclusions
Soon the balcony, as has happened with other building elements shall meet the technical
adequacy consistent with the evolution that has suffered the facade. It is appropriate,
therefore, to outline the basis for the technological evolutions of this element with the double
aim of optimize its production and upgrade its adjustment to recent expectations and needs.
So reducing environmental impact: understanding the balcony as a caption and protective
element, ease of maintenance, reuse and recycle, etc.
Industrialization is presented as the most appropriate tool to optimize resources, both
economic and environmental.
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Abstract: One of the mile stones for the success of construction projects is the project
management triangle (time, cost and quality). During the past decade, a lot of construction
systems have been developed to this triangle. Rapid walls system was one of these systems
(for example that was established in Australia), it fulfilled LEED certificate for construction
materials. When it is compared with traditional systems in Egypt, rapid walls system superior
to traditional systems in time, cost in case of repetitive projects and quality. The world
awareness for sustainability have increased lately in different aspects, thermal comfort is one
of the main sustainable aspects that influence users. This paper aims to study thermal comfort
for rapid walls system in Egypt and comparing with traditional systems, it also aims to study
the nanotechnology to develop this construction material in order to increase thermal comfort
performance.
Keywords, Aerogel, Nanotechnology, Rapid wall, thermal comfort, Egypt
Rapid wall Definition
GFRG is the abbreviation for glass fibre reinforced gypsum. It is the name of a new building
panel product, made essentially of gypsum plaster, reinforced with glass fibres, and is also
known in the industry as Rapid wall. This product, suitable for rapid mass-scale building
construction, was originally developed and used since 1990 in Australia. GFRG is of
particular relevance to India, where there is a tremendous need for cost-effective mass-scale
affordable housing, and where gypsum is abundantly available as an industrial by-product
waste. The product is not only eco-friendly or green, but also resistant to water and fire.
GFRG panels are presently manufactured to a thickness of 124 mm, a length of 12m and a
height of 3m, under carefully controlled conditions. The panel can be cut to required size.
Although its main application is in the construction of walls, it can also be used in floor and
roof slabs in combination with reinforced concrete. The panel contains cavities that may be
filled with concrete and reinforced with steel bars to impart additional strength and provide
ductility. The panels may be unfilled, partially filled or fully filled with reinforced concrete as
per the structural requirement.
GFRG building panels are
presently manufactured as Rapid
wall, for the typical dimensions
and material properties described
in
the
manual.
Typical
dimensions of a GFRG building
panel are 12.0m
3.0m
0.124 m, as shown in Fig.1.

Figure 1: Typical Cross Section of GFRG Panel

Source: GFRG/RAPIDWALL BUILDING STRUCTURAL DESIGN
MANUAL
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Each 1.0 m segment of the panel contains four ‘cells’. Each cell is 250 mm wide and 124 mm
thick, containing a cavity 230mm
94 mm, as shown in Fig. 2. The various cells are interconnected by solid ‘ribs’ (20 mm thick) and ‘flanges’ (15 mm thick), comprising gypsum
plaster, reinforced with 300 - 350 mm glass fibre roving, located randomly but centrally. The
skin thickness is 15 mm and rib thickness is 20 mm.
Figure 2: Enlarged View of a
Typical Cell
Source: GFRG/RAPIDWALL
BUILDING STRUCTURAL DESIGN
MANUAL

Rapid wall Uses
In
typical
multistoried
constructions
involving the use of GFRG as load bearing
structural walling, the connections between
cross walls and with the foundations and
floor/roof are achieved through reinforced
concrete filling or R.C beams. All GFRG wall
panels at the ground floor are to be erected
over a network of RC plinth beams supported
on suitable foundation.
GFRG panel can also be used for intermediate
floor slab/roof slab in combination with RC
(Refer Figs 4.4). The strength of GFRG slabs
can be significantly enhanced by embedding Figure 3: Erection of GFRG panels over plinth
reinforced concrete micro beams. For beam at site
providing embedded micro beams, top flange
of the respective cavity is cut and removed in such a way that minimum 25 mm flange on
both end is protruded as shown in Fig. 4.4. RC concrete screed of minimum 50 mm thickness
is provided above the GFRG floor panel, which is reinforced with weld mesh of minimum
size of 10 gauge 100 mm × 100 mm. This RC screed and micro beam act together as series of
embedded Tbeams. The thickness of the RC screed, reinforcement and interval of embedded
RC micro beams depends on the span and intensity of imposed load. The connectivity
between the horizontal tie beam, embedded RC micro beams, concrete screed and vertical
rods in GFRG wall, and ensures perfect connection between floor/roof slab and walling
system.
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Figure 4: GFRG floor slab with micro beam and screed
Installation

Figure 5: Rapid Floor

Thermal Comparison between traditional work and Rapid wall
Traditional system is meant to be masonry work (Hollow brick units) in addition to concrete
slabs, covered with plaster (Cement plaster). The dimensions for bricks and plaster will be
considered as schedule below. This paper will study thermal performance for different cases
for traditional system as schedule below, using the following U-Value equations. This study
was applied upon base model using software "Design Builder"; the dimension for this base
model is 3m width, 3m length and 3m height.
U-Value Calculations:
U = 1/ Rt
U = U-Value (W/m2.C)
Rt = Overall Thermal Resistance
(m2.C/W)

Rt = Ro + Σ R + Ri
Ro = Outer Air-Film Resistance = 0.055
m2.C/W
Ri = Inner Air-Film
Resistance = 0.123 m2.C/W

R=L/K
L = Material Width (m)
K = Thermal Conductivity (W/m.C)

Rt = Ro + ∑ R + Ri
= 0.055 + L1/K1 +
Ln/Kn + 0.123

d
wall
Syst

Traditional
System (25 cm)

Traditioanl
System (12 cm)

Wall

Material Layers
Outer air-film
Cement plaster
Hollow brick units
Cement plaster
Inner air-film
Outer air-film
Cement plaster
Hollow brick units
Cement plaster
Inner air-film
Outer air-film
Gypsum plaster

L (m)

K (W/m.C)

0.02
0.12
0.02

0.95
0.60
0.95

0.02
0.25
0.02

0.95
0.60
0.95

0.0145

0.42

R=L/K
0.055
0.021
0.20
0.021
0.123
0.055
0.021
0.416
0.021
0.123
0.055
0.0345

L2/K2 +

……

+

Rt
(m2.C/W)

U-Value
(W/m2.C)

0.42

2.38

0.636

1.57

0.312

3.20
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Concrete
Gypsum plaster
Inner air-film

0.094
0.0145

1.44
0.42

0.065
0.0345
0.123

Traditional System (12 cm)

Traditional System (25 cm)

Rapid wall System
Graph 1 shows that there
is no remarkable difference
between different systems
studied above, so it is
required to have additional
input to have remarkable
impact
upon
thermal
comfort zone for the base
model.

Traditional System
(12 cm)
Traditional System
(25 cm)
Rapid Wall system

January
0,8
February
0,6
March
0,4
0,2
April
0
May

December
November
October
September

June

August
July

Graph 1: Thermal Comfort Analysis
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Nanotechnology materials
Nano technology materials are now have great impact upon construction and design phase,
Aerogel is considered one of the nanotechnology materials that participated in construction
industry. Aerogels are highly porous solid materials which can consist of 99% air.
Comparable to an ultra-fine sponge, this miracle material has its origin – like many other
inventions – in space technology. As highly efficient insulators and extremely fine filters,
aerogels have made important contributions to space research for years. Aerogel material can
be used as aerogel tiles and aerogel granulate.

Aerogel
granulate

Aerogel tiles

Wall

Material Layers
Outer air-film
Aerogel tiles
Gypsum plaster
Concrete
Gypsum plaster
Inner air-film
Outer air-film
Aerogel granulate
Gypsum plaster
Concrete
Gypsum plaster
Inner air-film

L (m)

K (W/m.C)

R=L/K

0.0254

0.021

1.21

0.0145

0.42

0.0345

0.094

1.44

0.065

0.0145

0.42

0.0345

Rt
(m2.C/W)

U-Value
(W/m2.C)

0.65

1.522

0.532

1.87

0.055

0.123
0.055
0.004

0.018

0.22

0.0145

0.42

0.0345

0.094

1.44

0.065

0.0145

0.42

0.0345
0.123

Aerogel tiles

Aerogel granulate

5 70

ISBN: 978-84-697-1815-5

February

January
0,8

December

0,6
Traditional System (12 cm)

March

Traditional System (25 cm)
Rapid Wall system

November

0,4
0,2

April

October

0

Aerogel tiles
Aerogel granulate

May

September
June

August
July

Graph 2: Thermal comfort performance

Conclusion:
1. After adding aerogel materials (tiles and granulate), the thermal comfort performance
is slightly improved during the period from November to April. This improvement
was below our expectations for thermal comfort performance.
2. When we compared traditional system with rapid walls system, the thermal comfort
performance was almost the same;
3. Thermal conductivity factor in rapidwall was higer than expected due to filling of
concrete to the cavity of rapid wall system in external walls especially.
4. Structural analysis need to be considered in next studies in this field, in order to
minimize the usage of concrete filling in differnent walls in Rapidwall system.
5. Despite the usage of nanotechnology materials to adapt themal comfort performance
for materials, we must not ignore the sustainable treatments for themal comfort.
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Abstract: This study provides a detailed investigation of numerical differences in existing
databases related to building LCAs. Selected six databases were compared in terms of
greenhouse gas emission values in the material production phase of three reference buildings.
The results demonstrated that the databases show similar trends in the assessment results and
the same order of magnitude differences between the reference buildings are shown by all the
databases. On the other hand, quite large numerical differences were found between the
databases at some points. The reasons for the differences were discussed according to several
data elements. The findings indicate the importance of the number of data and a clear
statement of the bases of the values for comparative assessment. An optimization of open
information is significant for further development of LCA databases.

Key words: Life cycle assessment, LCA databases, Greenhouse gas emission, Building,
Cradle to Gate, Open information

1.
Introduction
Life cycle assessment (LCA) includes several parameter values and scenarios (e.g. reference
service life, functional unit, system boundary, background data, allocation of environmental
impacts and benefits), which are defined by the goal and scope of the study [1]. Thus the
results are case specific and comparability of those can be an issue in LCAs [2]. Especially
the availability of adequate and reliable data is a fundamental issue for the comprehensive and
comparable assessment, since LCA is a data-intensive method [3, 4]. Several researchers have
conducted a comparison of LCA databases and the results commonly indicate fundamental
gaps in the methodologies used, which sometimes result in significant differences in the
assessment results [4-8]. Yokoo et al. [9] investigated the numerical differences in building
LCA results arising from different database use. The numerical differences were shown
clearly, although the number of building materials studied was limited and the reasons for the
differences were not discussed. Buildings are complex products consisting of many materials,
so that building LCAs might be more sensitive to background data selection.
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The objective of this study was to investigate numerical and methodological differences in
existing databases related to building LCAs. Six LCA databases were compared by
calculating greenhouse gas (GHG) emission values with their datasets in the material
production phase (Cradle-to-Gate) of three reference buildings. Numerical differences in the
building assessment results arising from the different databases used were observed and
reasons for the variations were investigated from the database’s methodological background
point of view.
2.
2.1.

Methodology
Reference buildings

The studied objects were three small buildings with different frame materials, light weight
timber frame (Building A), cross-laminated timber (CLT) frame (Building B) and precast
reinforced concrete panel (Building C). The three buildings had the same interior floor area
(10.14m2) and the same U-values (Wall and Floor=0.1W/m2K Roof=0.09W/m2K). The total
mass of each component used in the buildings are summarised in Table 1. Building service
equipment, interior finishing, window and door were excluded from the calculation because
they were the same in all buildings.
Table 1 Total mass and density of each building component in the three reference buildings
Used mass (kg)
Density
(kg/m3)
LVL
Cross laminated timber (Spruce)
OSB
Cement bonded particleboard
Plywood
Sawn timber (Spruce)
Wood cladding (Pine board)
Wood fibre board
Concrete
Galvanised steel plate
Reinforcing rod
Steel fixing
Cellulose fibre
EPS
Plaster
Gypsum board
Vapour barrier sheet
PVC roofing
Others

2.2.

510
470
615
1000
450
482
549
300
2400
7850
7850
7850
40
30
850
930
-

Moisture
contents
(%)
10
12
9
12
12
-

Building A

Building B

Building C

2194
0
210
428
201
1114
504
576
0
78
0
28
1045
0
0
817
5
43
30

2036
3125
196
457
480
1055
544
681
0
82
0
33
1002
0
0
0
0
44
2

813
0
61
0
194
0
0
0
18373
214
672
38
0
971
281
0
0
42
14

Compared life cycle assessment databases

The six databases compared in this study were: ‘GaBi’ (GaBi 6 professional and construction
database), ‘ecoinvent’ (ecoinvent database V3.0), ‘IBO’ (the reference database published by
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the Austrian Institute for Healthy and Ecological Building GmbH), ‘CFP’ (the database for
the carbon footprint of products Japan), ‘Synergia’ (the datasets in SYNERGIA carbon
footprint calculation tool developed by the Finnish Environment Institute) and ‘ICE’
(Inventory of carbon & Energy, Version 2.0) [10-15]. At the time the research was carried
out, the latest versions of all the databases were used.
2.3.

Statistical analysis

The ecoinvent database was set as the reference database and the percentage of relative
differences (PRD) in the result to the other databases were determined using equation 1. The
choice of reference database does not imply a value judgement. This method can indicate a
positive or negative difference compared with the reference database and facilitates a
comparison as an index. For instance, PRDs of 200%, 100%, 50% and 0% mean that the
results from the database is three times as large, twice as large, 1.5 times as large and equally
as large as the result from the reference database, respectively. When PRD is negative, for
instance -66.6% and -50%, the results from the database are, respectively, one third or one
half of the results given by the reference database [4].
  .

.

/ .

 100

(1)

Where PRD is Percentage relative differences (%)
GHG.x is GHG emission calculated by database x (kg CO2 -eq.)
GHG.ref is GHG emission calculated by ecoinvent database (kg CO2 -eq.)

3.
3.1.

Results and discussion
Comparison on building assessment level

Figure 1 shows the GHG emission values for the material production phase of the reference
buildings calculated with the six databases. All databases show the same trend in the GHG
emission values, namely that the PC box displays the highest value and the light-weight box
the lowest. This result is line with a previous study [9]. They compared concrete frame and
steel frame building with three LCIA databases in terms of primary energy consumption and
CO2 emission during the material production phase of the buildings. Each database naturally
showed different numerical results, but the concrete building always exhibited higher value
than the steel building.
Additionally, similar differences between the results of the three buildings are found in the
case of each database, except for CFP, where the difference between the building C and the
other two is smaller. The difference between the highest result and the lowest result in
building A, B and C are 1.6, 1.5 and 1.4 times respectively. In the case of the wooden
buildings (A and B), CFP yields the highest GHG emission values and Synergia the lowest
value at all times. GaBi, ecoinvent and ICE show similar values in the case of the wooden
buildings. IBO and ecoinvent yield relatively higher values to the building C, whilst the other
three databases are quite similar.
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Figure 1 GHG emission value (Cradle to Gate) of the reference buildings calculated with the six databases

3.2.

Comparison on building component level

Figure 2 shows the assessment results of the reference buildings according to the main
material groups. Wood and insulation products are the main GHG emitters in the wooden
buildings, and insulation and concrete product are dominant in the building C. Large variation
can be seen in the case of insulation material. On the other hand, the difference is relatively
small in the wood products and concrete.

Figure 2 GHG emission value of main material groups in the reference buildings calculated with the six databases

The effect of differences in the databases on the GHG emission values of the main building
materials used was also examined. Figure 3 shows the PRD of the main materials used in the
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reference buildings. As shown in the figure, major differences can be found in the values of
wood fibre board and cellulose fibre insulation. This is the main reason for the disparity in the
results of the wooden buildings. Although the differences in the values of the three main
wood products: LVL, CLT and sawn timber, are relatively small, they also contribute to the
differences in the building assessment results because of the large quantities used. On the
other hand, the value for concrete does not differ very much between the databases, so that
concrete only gives rise to small differences in the results despite the large quantity used.
Thus the discrepancy in the results arising from the different databases observed in the
building C originates mainly from variation in the unit value of EPS (Expanded polystyrene)
and the reinforcing rods.

Figure 3 Percentage of relative differences in the GHG emission value of main building components shown by
the different databases (reference database is ecoinvent)

3.3.

Data elements contributing to the differences

The reasons for the differences illustrated above would originate in several data elements. At
first, a gap between the databases with regard to the amount of construction materials data
seems to be critical. In this study, for instance, there is a particular data shortage in the case of
wood products in CFP and Synergia, and in insulation products in the case of CFP. As a
result, several building materials had to be calculated with data from similar products. This
data substitution could have a significant influence on the building assessment results. In
particular the relatively high GHG emission values obtained using the CFP database in the
case of the wooden buildings can mainly be explained by this aspect. Since there was no
specific data for wood fibre board and cellulose fibre insulation in the CFP database, data for
insulation board was used. This substitution, especially for cellulose fibre, would influence to
the results significantly, since the unit value of insulation board in CFP is much larger than
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the value of cellulose fibre in the other databases as displayed in figure 3. The substitution
obviously lowers the accuracy of the assessment.
As reported in a previous study [4], technical and geographical representativeness of the
material production process should be a significant data element. For instance, the energy
profile of wood product manufacturing can be divided into two categories, electricity and
thermal energy. Electricity is mainly used for machine operations. Thermal energy is used in
the drying process (e.g. timber, veneer, and particles) and the pressing process in engineering
wood products such as plywood and OSB. In general, the thermal energy for the drying and
pressing processes account for approximately 70-90% of total energy consumption during
wood product manufacturing [16, 17]. Thus the thermal energy resource could be regarded as
the main factor influencing GHG emissions in the manufacturing process. Often biomass fuel
is used alongside fossil-based fuels to generate this thermal energy, but the ratio between the
two naturally varies depending on country, region and mills. On the other hand, production
system and energy profile of the concrete production process seems to be rather unified [18,
19]. In fact, there is no biofuel used in concrete production according to the inventories of
GaBi, ecoinvent and CFP. In other words, an absence of biofuel use in concrete production
would cause little difference between the databases.
The electricity production mix differs depending on time and place. In addition, the reference
year for the calculation varies from database to database and data by data. This variation
naturally affects the environmental impact of the material production processes. Peereboom et
al. [4] demonstrated that the PRD in the environmental impacts caused by different
geographical representativeness of the electricity production data were approximately -30 to
+50%, whilst different temporal representativeness yielded the PRD of less than 5%.
Although electricity is not a major energy source in construction material production in many
cases, minor differences between the databases would originate from this point.
There should also be an influence of other elements (e.g. primary data source, accuracy and
aggregation level of the data, system boundary, allocation, impact assessment method). Those
are not discussed in this paper due to lack of information and page limitation. The different
LCA approaches, whether it be process-based or EIO-based, is not considered in this study
neither.
4.
Conclusion
Comparability of LCA results based on different background data is one of the main issues in
building LCAs since buildings are complex products, which require multiple material data for
the assessment. In order to investigate this question, six LCA databases were compared by
conducting LCAs for the Cradle-to-Gate phase of three reference buildings.
This study demonstrated that the databases show similar trends in the assessment results and
the same order of magnitude differences between the three buildings are shown by the all
databases. The results also revealed that the numerical differences between the databases are
quite large at some points and the differences originate from multiple data elements.
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The findings lead to the following general conclusions to further develop LCA databases: 1)
to enrich the number of data, 2) transparent indication of the bases of the values used. For
instance, IBO provides a relatively large number of data, but the bases are not explicitly
stated. On the other hand, CFP includes few construction material data, but detailed
background information is attached to each data. These two points should be compatible.
Simple and transparent generic databases will lead to further popularization of LCAs at a
practical level.
The findings of the current study are subject to the limitation of sample size. In addition, only
GHG emission value for the Cradle-to-Gate phase of the buildings was discussed in this
study. Thus future research could include other LCA databases, life cycle stages and
environmental impact.
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Abstract: It has been a few decades for the conflicting argument between the economic
development and environmental protection in Taiwan. Excluding the political standpoints, the
main argument would be the allocation of the regional resources, including the spatial plan
of industrial development, and area of sensitive environment where need to be protected. The
scientific approaches to build up a comprehensive database of geographic and demographic
data embodies a spatial plan brings the argument to the stage of the regional planning with a
whole vision of regional development. On the other hand, the fast progress of the renewable
energy technology would also play an important role in the regional planning and carbon
minus. In this study, we focus on the living energy consumption, instead of the discussion of
industrial energy saving. We select the area of Taijing, a seaside area in Tainan City,
currently having rich ecological resources, high technology industries, and local fish farms.
Thus, the energy saving assessment based on the LCCM approaches is conducted. This study
assumes a PV panel installation site first, and then estimates the carbon dioxide emissions of
product manufacturing stage and delivery stage, respectively. Then numerical simulations are
conducted to predict the carbon dioxide emissions in building operations and
decommissioning stage. Finally, the life cycle assessment of BIPV applied to the building is
completed. The evaluated result indicates that CO2 emissions from PV roof decrease with the
surplus energy for operation and fall below zero after 2.5 years. This result implies that this
PV roof can become a carbon minus a facility after 2.5 years-old of building and contributes
to the decrease of carbon emissions of the whole building.
Keywords：
：LCCM (Life cycle Carbon Minus), Living Culture, Green Energy Building ,
BIPV
1. INTRODUCTION
Emissions of greenhouse gases (GHG), such as carbon dioxide, nitrogen sulfide, and
fluorine carbonate, which are related to the burning of fossil fuels, are adversely affecting the
environment and leading to a rise in global temperature. Therefore, many researches devoted
to investigate the optimal energy policy or strategy to resolve the issue of the climate change.
According to the statistics from NOAA ESRL Global Monitoring Division, the trend of the
global CO2 emission is increased, the global CO2 emission is 396.16 ppm in 2013, and the
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global CO2 emission is increased 398.72 ppm in 2014 (as shown in Imagen 1). On the other
hand, according to the statistics from the IPCC [1, 2], the building sector consumes 40%
global energy and discharges CO2 to 36% (as shown in Imagen 2). GHG emissions from
buildings can be decreased by three major ways: by reducing energy consumption in
buildings, by switching to low-carbon fuels including a higher share of renewable energy, and
by controlling the emissions of non-CO2 GHG gases.

Imagen 1 Recent Global Monthly Mean CO2

Imagen 2 The building sector offers the largest lowcost potential in all world regions by 2030.

The Tainan area contains not only a wealth of ecological, geographical conditions and
historical culture, but also rich in a diversity of renewable energies. That includes the more
than 2,400 hours of annual sunshine, especially in the south part of Taiwan, to provide the
sufficient source of solar power, and strong offshore wind fields around the west coast, and
also ocean energy and other natural resources. All of the above conditions are conducive to
the development of ecological building. In order to achieve the long-term target of sustainable
green building and low-carbon city in Taiwan, it is critical to reduce energy consumption
from the residential sector through promoting the further energy conservation and renewable
energy in houses. However, it has been a few decades for the conflicting argument between
the economic development and environmental protection in Taiwan. Excluding the political
standpoints, the main argument would be the allocation of the regional resources, including
the spatial plan of industrial development, and area of sensitive environment where need to be
protected. The scientific approaches to build up a comprehensive database of geographic and
demographic data embodies a spatial plan via GIS mapping of development areas and
environmentally protected areas, together with some necessary infrastructure construction.
That would bring the argument to the stage of the regional planning with a whole vision of
regional development.
According to the analysis of climatic parameters in Tainan, following building tactics are
proposed in our previous study [3]. These proposed tactics are described as follows in detail:
(1) Building mass layout: We design the south faced building with the extension of east-towest direction in order to increase ventilation ability; (2) Natural ventilation: In order to
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enhance the ventilation efficiency, it is proposed to increase the length of the Taijiang House
in the east - west direction and to narrow its length in the south-north direction. In addition,
the interior partitions parallel to the wind direction can also enhance the efficiency of natural
ventilation; (3) Photovoitaic roof: In Taiwan, the optimum roof pitch is at an angle of 23°
above horizontal, facing due South. It is proposed to extend the roof area of Taijiang Building
for generating the largest amount of electric power by Photovoitaic panels; (4) Hi-thermal
capacity building material: For decreasing the indoor temperature variation and improving the
thermal comfort in a building, it is proposed to install the hi-thermal capacity building
materials, which absorbs and retains the heat at day and then release it slowly at night; (5)
Rainwater storage tank: If the rain is collected through the roof and transported by pipeline to
underground rainwater storage tank, 400L rainwater is expected to be installed in
underground storage tanks. And, the rainwater collected can be used for cleaning and the use
of the toilet flush.; (6) Sunshading board design: The proper angle and depth of the
sunshading board can be found in the solar projection. And the angle and depth of the shading
board change with the seasons and sunlight directions; (7) Mobilization: We conduct a
concept of mobilization into construction with the experimental example “Taijiang House”.
And, this concept helps to make a revolution and turns modularized building components into
industrial production through the implementation of “Taijiang House”; (8) Local culture of
Taijiang: A semi-outdoor space is designed beside the entrance of Taijiang House in order to
imitate Taijiang local squatter huts and provide residents a comfortable open space to
communicate and take a rest. [3]

Imagen 3 The illustration of Taijiang House

The concept of a Net Zero Energy Building (NZEB), one which produces as much
energy as it uses over the course of a year, recently has been evolving from research to reality.
As a result of advances in construction technologies, renewable energy systems, and energy
efficient systems, creating Net Zero Energy buildings is becoming more and more feasible. In
order to design the Taijiang House as a net zero energy building, the LCCM (Life cycle
Carbon Minus) assessment of BIPV roof installed on the Taijiang House Is proposed in this
study.
2. RESARCH METHODS
The concept of LCCM (Life cycle Carbon Minus) House was proposed by Building
Research Institute, Japan [4], in order to achieve the long-term CO2 emission target. LCCM
method is used to evaluate a house which has a long service life, emits the least amount of
CO2 for constructing the house, using the house and disposing of the wastes, creates
recyclable energy by using solar power generation, etc., and results in a negative life-cycle
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CO2 emission balance even with the CO2 emission during the construction included. Imagen 4
indicates that CO2 emissions from conventional houses continue to increase the longer they
are operated. In contrast, CO2 emissions from LCCM houses decrease with the surplus energy
for operation and fall below zero after a period of years, although they rose slightly at the time
of renovation.
The following methods are reducing the CO2 emission to being negative progressively:
A. During planning, constructional period, reducing the amount of the CO2 emission until the
building is finished; B. During using period, to use energy efficient facilities for saving
energy to reduce the CO2 emission; C. During using period of LCCM House, the CO2
emission will be negative because of the building generates the renewable energy by itself; D.
Increasing the useful life of the building and reducing the time of the renovations to reach the
purpose of reducing CO2 emissions (as shown in Imagen 5).

Imagen 4 LCCM House

B

C

A

D
Imagen 5 Carbon Negative by LCCM Housing

Specifically, considerable reduction of energy consumption in the stage of operation and
introduction of solar power generation exceeding the consumption make it possible to
counterbalance the CO2 emissions from construction. As well known, computer simulations
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have been shown to be an effective way to evaluate the energy performance of buildings. The
computer simulation assessment by the “Autodesk Ecotect Analysis” simulation software
carried out in this work analyzes the energy and electrical generation performance of whole
demonstration house integrated with the BIPV roof system. In order to find the annual
electrical power generation of the BIPV roof system, we build a BIPV simulation model to
simulate the performance of electrical power generation in this study. The simulation model is
then used to compile and throughput each electrical power generation conditions for the
Taijiang Green Energy Building design.
The simulation model is based on the average weather data for Tainan over the last 10
years (2002-2012; Central Weather Bureau, Taiwan). The computational simulation control
factors include the solar azimuth, the building location, distribution of solar irradiation,
temperature variation, and shading of the Taijiang Green Energy Building.
3. RESULS AND DISCUSSION
The CO2 emission of two types of poly-crystalline PV module during the material and
manufacturing period are obtained based on ISO 14067. The basic information and CO2
emission of these two products are shown in Table 1. The size and weight of these products
are similar, but the amount of CO2 emission is different. Table 1 also indicated that the
amount of CO2 emission during the material period is higher than that during the
manufacturing period. Furthermore, in order to evaluate the CO2 emission during the
transportation period, we chose two transportation routes from the location of the company
cargo storage place to the location of Taijiang House, and compute the CO2 emissions of the
BIPV distribution by following data from the Bureau of Energy in Taiwan: 1. The 3.5 tons of
container trucks with its average fuel consumption of 3.7km / L; 2. The per liter of diesel
discharge 2.6kg- CO2. [5, 6] Thus, the CO2 emissions of the BIPV module during the
transportation period are 96.05 kg- CO2 (LINE A) and 112.55 kg- CO2 (LINE B), respectively.
Table 1 BIPV specification and CO2 emission during manufacturing period
L
W
Weight
Type
Photo
Solar cells
(cm)
(cm)
(kg)

CO2 emissions (kg-CO2e)
Materials Manufacturing Total

PM240P00

166.8

100

20

60 tablets /
15.6 x15. 6 (cm2)

206.47

77.43

284.9

PM250M00

165.1

99.2

19.3

60 tablets /
15.6 x15. 6 (cm2)

266.14

60.36

326.5

Table 2 The CO2 emissions of BIPV during the transportation period

A

B

Line

Distance (km)

CO2 emissions (kg-CO2e)

A

157

96.05

B

184

112.55
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Table 3 lists the annual electrical power generation results for a whole year, with these
being 9344.461 kWh for the south-facing roof. In addition, according to the information from
Bureau of Energy in Taiwan, BIPV discharges 0. 085 kg- CO2/kWh when it is operating, and
The CO2 emission factor used is 0.612kg- CO2/kWh. [7, 8] Then, the amount of annual CO2
emissions for different type’s BIPV roofs can be estimated in Table 3.
In this study, the CO2 emission evaluation during the using period, the lifetime of BIPV
is assumed as 20 years, Thus, the CO2 emissions of BIPV roof installed on the Taijiang House
from the raw material conversion period to operating period are calculated in Table 4.
Because the CO2 emissions of Line A is lower than Line B, so we just use the data of the CO2
emissions of Line A to describe the carbon footprint of BIPV roof (as shown in Imagen 6).
The estimation results in Imagen 6 show that the BIPV roof could be a carbon minus a facility
over 2.5 years.
Table 3 Annual CO2 emissions and electricity generation of BIPV roof
BIPV Area
Producing energy in CO2 emissions in a
(m2)
a year (kWh)
year (kg-CO2e)
61.026

9344.461

Reduction of CO2 emissions
in a year (kg-CO2e)

794.28

-5718.81

Table 4 Life cycle assessment of CO2 emissions for BIPV roof installed on Taijiang House
CO2 emissions (kg-CO2)

Type

Amount
of
BIPV
(piece)

Transportation
Materials

Manufacturing

PM240P00

36

7432.92

2787.48

PM250M00

37

9847.18

2233.32

CO2
emissions

Line A

Line B

during 20
years using
period

96.05

112.55

15885.6

Reduction of
CO2
emissions
during 20
years using
period (kgCO2)
-114376.2

PM240P00
PM250M00
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Imagen 6 The carbon footprint of BIPV during BIPV’s the lifetime

CONCLUSIONS
The objective of this study is to evaluate the GHG emission of a BIPV roof applied in
“Taijing Green Energy Building” (TGEB) by the LCCM method. Based on the evaluation
results obtained, the following conclusions can be drawn up.
(1) Through a few investigations to the GHG emissions of PV module during material
and the manufacturing period in this study, the GHG emission of two types of polycrystalline PV module are 284.9 kg- CO2e (PM240P00) and 326.5 kg- CO2e
(PM250M00) during material and manufacturing period, respectively.
(2) The PV panels installed on the roof of “Taijiang House” can generate 9344.46 kWh
annual electricity power by using computer simulation.
(3) Based on LCCM method, the carbon payback period of PV roof is about 2.5 years.
It in worth noting that the carbon payback period of PV roof is less than the cost
payback period of PV.
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Future of Sustainable Architecture and its relationship with
currents of Globalization
Speakers:
Selim, Haitham S(1).
1
Al-Azhar University, Cairo, Egypt
Abstract: World during the last three decades, have realized that the model of globalization
is no longer sustainable, having been associated with the lifestyle which caused a serious
environmental problems, like depletion of natural resources and increasing rates of pollution,
which became a major challenge for architects today. The objectives of this paper are to
assess the new trends of architecture in Egypt, monitor the effects of these trends with respect
to the phenomenon of globalization, examine how the architects and practitioners understand
the idea of sustainability in design ,and the implications of concentration by architects in the
current period to give priority to the idea of achievement and attractive forms (Formalism) in
both of thought and architectural practices.
A preliminary investigation and field observation have been carried out for set of
administration buildings in new Cairo (el-tagammu' el-khames) during 2014, focused on
analyzing materials which were used in the main façades, and how both owners and
architects respect the site conditions and the sustainability considerations.
Finally, the paper suggests a model based on critical regionalism to create balances between
globalization wide effects and how to use the advantages of both technical aspects and
technological accompanying with sustainability and the conditions of place .
Keywords, Sustainabilit, Place Condition, Global Architecture, Critical Regionalism

1. Introduction
Our crisis start century ago! Since the 1920’s Internationalism has dictated form, where
architects have designed and invented a series of architectural styles. Now a global view of
the world dominated architectural style because of IT revolution which transform the
architecture into (digital image) which flow from one place to the other in the same second.
As a result of such IT revolution and due to other several reasons; the regional perspective in
architectural style is totally lost, and there is an obvious lack of locally based design thinking.
It is essential for us (the new architects) to absorb what we need from new technologies that
have sprouted from globalization, and to learn to keep the best of our own traditional forms.
Today synchronously, with the globalization paradigm, architects are suffering huge pressures
which push many architects to be part of the global architecture trends which primarily
springs from two sources: the culture of commerce and the consumer culture and the global
culture of commerce driven by changing consumer expectations, market opportunities, and
business agendas followed by a new perception of the architecture concept.
Above of all, globalization phenomena contributed very deeply in amplification of Largescale projects have been exported to many Arab countries where they are implemented as
complete packages without recognizing the fact that the physical forms of these projects have
grown out of an alien ideological matrix and imply different codes of behavior and different
environmental conditions. To catch up with modernity, the Arab city started, whether
intentionally or unintentionally, to lose its local image, uniqueness, and ability to meet its
particular needs. It has experienced dramatic changes in cultural arenas where architecture has
been characterized as culturally alienated and westernized image. This happened under
nonverbal slogan named by advancement and
progress characterizations as if we are
“copying“ the civilized world architecture we will avoid the gap of progress. This crisis have
a majority on the agenda of many conferences in the architectural community, looking for
methods and concepts that could lead to better and more equitable cities. In recent years,
global cities and globalization issues have become of the most important interest of social
scientists, architects, and economic geographers observing, experiencing, and describing the
profound changes that new technologies have been causing for worldwide economic and
spatial development, however; this was at the academic level only. Therefore, the growth of
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the global economy carries with it an enormous range of products around the world and the
tendency for them to be used uncritically, within the last few years, globalization has become
the secret word in architecture beside the debate of losing place identity, with a clear
confession that identity plays a significant role for the continuity of human culture. The rapid
growth of global urbanization and the substantial technological advances in construction and
building technology contributed to the phenomenon of “modelling architecture”, that means
dealing with building as an architectural unit, has the potential to be repeated, neglecting
factors that related to time, place, or culture identity.
With the growth of awareness of the importance of sustainability issues and energy crisis;
both of planners and architects followed the academic interest and tried to explore ways and
means of promoting cities and city regions to world cities, followed in turn by architects
analyzing and criticizing the negative local and regional impacts of such globalization. It’s not
only about the identity or culture replacement issues but also about the danger of using
Unsustainable treatments just to produce the required image .(2) under the stresses of rapid
urbanism and liquidity of communications we have architectural era include iconic, skyscraping bank- towers, series big names hotels, franchise restaurants, in addition to malls
full of familiar name, brand stores(3)….etc. In conjunction with this; the global culture of
design is supported by architects who study what other architects are creating, disregarding
the place , with fabulous photographs in slick magazines and professional journals, trendconscious designers can scan and span the globe, sharing high-style concepts rendered in
stylish materials like glass walls, composed aluminum sheets ( known by alkomat), stainless
sheets, copper panels ,all of mentioned materials configure the new language of architecture.
Local architects now believe that if architectural evolution could not be acquired locally, it
can be imported. We can symbolize the acceleration of globalization in architecture by the
glossy and glassy facades of capital, which have changed the skylines of major cities around
the world. (4) All the above reasons confirmed a new architecture perception considering the
value of shape while the other considerations like the place conditions (climate -orientationlocal materials -etc.) or sustainable devices is coming latterly or totally missing, architect
now have a tendency to depending on artificial and mechanical solutions …. Which became
the easy way to compromise with the environment…. .Although there is a possibility to
integrate with the site conditions by using very simple solutions, and that studies appropriate
guidance of the building and the proportions of the open of the blocks and the nature of the
materials façade, and track it neglected architectural use compatibility with the environment,
using natural energies, and is relying on air-conditioning mechanic a guarantee of comfort
heat for a person without psychological comfort him (5)

Fig 01 Under The Rapid Urbanism There Are Widespread Usage of
Glass Walls Without Using of Any Techniques or Materials In Order
To Increasing The Thermal Insulation (New Cairo Buildings)

Fig 02 this floor of down town mall is
full of cooling towers and air
conditioning machines, which reflect
the weakness of sustainability culture.

2. Overview At The Case Study Area
The case study area is located in the new Cairo community. The vast majority of the urban
mass are residential buildings, secondly the commercial, and services and activities buildings
which form the core of the community. The study will concentrated on the administrative area
located in 90th. Street. The wide spread of this type of office buildings was not due to
building performance or any environmental aspects but other factors such as keeping the

2 88

ISBN: 978-84-697-1815-5

identify of multi-national companies, exchanging ideas between local and international
designers, rapid growth of trade exchange movement, in addition to the revolution of software
that produces rendering masses and geometries.
3. The Image of New Cairo Community
This paper is investigating one of the new urban settlements that have been developed around
Cairo, “El-Tagammu' El-Khames”, which is considered to be the new premium residential
district of Greater Cairo. It is one of the third generation cities built in Egypt to solve the
housing problems and re-direct urbanization out of the Nile Valley towards the desert lands.
Unfortunately, most of the properties in this development were poorly adapted to the
prevailing climate, and the misunderstanding of what constitutes a sustainable community is
still one of the missing links in the Egyptian planning process.
This study focuses on contemporary administrative buildings in 90th Street as they represent
the main sector of this community. Cairo's climate is a desert climate, which remains mostly
dry and arid year round. The hot weather in Cairo means that the humidity can rise at times,
particularly during winter (December to February). At this time precipitation is more likely,
and temperatures drop to 13 to 19 °C. Cairo weather in the summertime (May to August) sees
temperatures of 45 to 47 °.Therefore our study area is located under
conditions
of
intensity of solar radiation and the clarity of the sky are the main reasons for the extreme
levels of heat encountered in Cairo. Measurements show that there is a significant amount of
heat gain into contemporary residential buildings that causes discomfort among the users,
especially in the summer season. (6)

Fig 03 Morphology Analysis for New Cairo Architecture
Attitudes…Emphasis of the Classic Image for the Residential
Buildings opposite the Administrative Area

Fig No 04 New Cairo Map And The
Administrative Area (90th) Street
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Despite this, the glass facades are common buildings envelope utilized in many administrative
and commercial buildings, they are installed as a physical and visual connection to outsiders
as well as to make the appearance of buildings look more pleasing. When approaching this
community one can find many of contemporary residential buildings are influenced by the
wide spread of office buildings that have glass facades as can be seen in (Figure 01), the glass
facades admitting large amount of solar radiation into buildings and converting it into heat
gain. The heat gain is then converted into building cooling loads. Therefore, many strategic
decisions can be taken to reduce the heat gain when a façade is designed. The façade can play
the role of environmental filter not only as an image of the building. This means great care
must be taken in the choice of the wall materials with respect to their physical properties.
4. Methodology
The method which adopted for this study is based on examining office buildings located at
administrative area. Twelve new adjoined buildings were selected to evaluate its capability
with the site conditions, how the architects adapted with the climate, and whether they
respected the sustainability approaches in their designs or not …the examination method is
based on three levels extracted into nine points. The three levels are; sustainability level,
environmental level and finally the morphological level (see Fig. 05 & 07). This table is
designed to examine the way of construction , cladding materials, and its relation with the
heat gain, sustainable dimensions in the architects though. To fill the table points, site visits
were conducted to study and monitor the installation methods of the glass surfaces, and
investigated whether any of the selected buildings are using any sustainable devices or
respecting the site conditions.

Environmental level

3

Step three: design the analytical
model to test the chosen samples ThreeStep two: site survey to monitor the way of Dimensional
construction and investigate if the architect
Analytical Model
concern about the site conditions

2

1

Step one: selection and documentation
of the study area …the administrative
sector in the new Cairo town.

Morphological level
Sustainable level

Fig 05 Illustration For Search Methodology

B1 B.N.P Paribas Bank

B2 Blom Bank

B3 El-Ahly Bank

B5 Ahly United Bank B6 Wady Degla Office B7 Abu Dabi Bank

B4 Gastec Company

B8 Madina Mall
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5. Results and Discussion
By implementation of the analytical model, we can get the next conclusion followed by the
results table. At the sustainable level; there is no building in the sample is applying any
sustainable devices! The main concern was concentrated on producing fantastic shape to catch
the client. All of buildings we have examined are totally depending on air conditioning
machines which are extremely costly in addition to their detrimental impact on the ozone
layer. There was no attempt to use any cladding materials which may decrease the heat gain
inside the buildings. At the environmental level the sample proved that there is no
consideration of the climate or site conditions; in addition to disregarding of suitable
orientation. The majority of the buildings are depending on artificial solutions to deal with
ventilation or lighting, they have almost neglected any natural potential. Considering the
morphologic level; it is the author’s opinion that architects were mainly concentrating on
producing “nice forms”! Because of their willing to follow universal architecture and this is
historically was the big weakness in the modernism era, as if we are repeat the same mistake
with the same methods.

Sustainable
level

Morphological
level

Environmental
level

Evaluation points

B1

B2

B3

B4

B5

B6

B7

B8

B9

B10 B11 B12

Design compatibility
with climate
Considering the
Suitable orientation
Usage of natural
ventilation
Emphases of the
modern architecture
appearance
Disregarding
modernism weaknesses
Building image and site
characteristics
Integration
Usage of sustainable
technology devices
Usage Of Recycling
Materials
Building cladding
materials and heat gain

INDICATOR

Positive

Negative

Uncertain
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Fig 08

Column Charts Conclude the Study Results

We can obviously observe that there is a complete absence of sustainability issues. The
previous investigation proved the architect, under pressures of producing shapes which
satisfying clients for marketing purposes, disregarded any considerations about the site
conditions or the adaptation with climate. We can easily find huge glass walls facing the south
direction without any façade treatments in order to decrease the heat gain. Moreover; they
didn’t use any advanced technology to convert solar energy to electrical energy like (BIPV)(7)
systems. Add to this, there is a full following to the currents of modern architecture and the
application of forms which may be suitable for environments suffering from lack of sun
which is totally different
Fig 07 Table of the Evolution Points and Its Results
compared to environment in
Egypt. The absence of identity
which emphasis by using the concept of nowhere architecture, there is no attempt to use the
advantage of modern technologies in improving the climate or any sustainable techniques
which could generate or save energy inside buildings environment. The Evaluation Table Is
Almost Red!
6. Conclusion
Finally, the study suggests a new strategy in architectural professions in Egypt, this strategy
as if it’s a design criterion based on critical regionalism (see fig 07). Critical regionalism is an
architecture attitude which developed theoretically by Kenneth Frampton, in his article
“prospects for a critical regionalism” he argued this central paradox between tradition,
modernity, and global movement. Regionalism promotes the revival and reinterpretation of
tradition as an oppositional strategy toward the concept of globalization, for Frampton, critical
regionalism offers “the sole possibility” of resisting that constant spreading of a place-less,
alienating consumerism.(8) It is “an architecture of resistance” seeking to mediate the impact
of universal civilization with elements derived indirectly from the peculiarities of a particular
place,” thus aiming “to reflect and serve the limited constituencies in which it was grounded”
.The fundamental strategy of critical regionalism is to mediate the impact of universal
civilization with elements derived indirectly from the peculiarities of a particular place. (9) In
the same time, critical regionalism’s fragmentary nature serves to distance it both from the
utopianism of the early modern movement. One of the main characteristics of critical
regionalism is the way it attempts to revive and reinterpret local building traditions to achieve
a synthesis with modern architectural form(10)Frampton’s resistance of the place-form is
addressed specifically to architecture where modernity’s concern with optimization of
resources constructed a utilitarian monotony denuding places of their particular histories. The
incorporation of particular features of natural spaces in the construction of built spaces is an
attempt to reply to the instrument rationality underlying principles of modernist construction.
Frampton’s emphasis on the tectonic and the tactile in defining Critical Regionalism is
premised on an isomorphism between region, place and site conditions.
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regionalism values particularity it is therefore diverse and differentiated, the characteristics of
a region are dependent upon culture, climate, and the nature of available building materials,
the crisis of energy shortage and pollution; in addition to the issue of cultural uniformity
which emphasis by the globalization tools, refers adopt and develops a new trends to deal
seriously with the issues of sustainability, i mean the complete vision of sustainability which
include (technological -environmental- social- culture). In the next illustration, the study
concluded the main points which mentioned in many architectural writings, and developed by
the author. I believe this model is very useful in guiding the profession of architecture in
Egypt to achieve balance between the requirements of globalization and the sustainability
crisis; on all levels. It is a critique analytical model carries the capability to cover the aspects
which should be avoided or considered in the architecture process...
The model goes through four integrated levels (environmental/physical–technologicalsocial-cultural) contains the points which must be considered to achieve the sustainability
purpose and maintaining the regional architecture against phenomenon of architectural
uniformity, it’s an attempt to understand the crisis of architecture in the globalization era. The
model is oriented to emphasis the concept of sustainable design and sustainable society. The
future of sustainability in Egypt depends on prudence in the use of materials which reflect the
modern form .... and deal with the effects of globalization from regional perspective which
respects the conditions of the place and the environment, and this is the integrated approach
for sustainability future.

Strategy model to immediate between globalization and place conditions
based on critical regionalism
Local consecrations

Toward sustainable architecture
considering the site conditions Global architecture

Technological Aspects
A. Dealing with new technology
B. Cooperate positively with
global expertise
C. Usage of sustainable design
techniques
D. Neglect the disadvantage of
modern architecture
E. Integration between the form
and function

Cultural Aspects

A. Accommodate the cognitive
ability of the recipient
B. The impact of phenotypic
culture
C. Social Participation and
development of the architect
role.
D. The impact of the owner
awareness in the architectural
Fig 09 product
Column Charts Conclude the Study Results

Morphological Aspects
A. Perceptual expression for the
local architecture.
B. Building form reflects the
nature of the construction.
C. Dealing with heritage in a
modern way
D. avoid international
architecture weaknesses (the
concept of nowhere

Physical/environmental
Aspects
A. Design response to the
environmental
determinants.
B. Dealing with the nature of
site topographic.
C. How to deal with the sources
of nature
D. Use solutions improve
environmental performance
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Good built examples: Implementation of sustainable building in a
ten years perspective in the city of Gothenburg
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Abstract: In order to understand the implementation of sustainable building in practice, the
characteristics of sustainable building are identified and discussed in a local perspective and
over a ten years period. Results from two studies, that compile good built examples of
sustainable building in the region of Gothenburg, Sweden, are compared. The studies, carried
out in 2004 and 2014, include ten examples each and the empirical material for the individual
examples consists of results from literature studies, project documents, management data,
interviews with key stakeholders, and visits to the buildings. The main characteristics of the
built examples are described by a framework in relation to interpretations of sustainable
building. The implementation of sustainable building is discussed in terms of transformation,
the kind and complexity of issues dealt with in a project, and the role of different
stakeholders. The results indicate tendencies of the development of the implementation
frontline of sustainable building.
Keywords: Follow-up, Good built examples, Implementation, Sustainable Building
Introduction and aim
The concept of sustainable building is constantly under development and the meaning of the
concept today is not the same as it was ten years ago. Building regulations change, building
assessment methods develop further and building projects that were demonstration projects or
innovative projects transform into mainstream. The question is: What has happened in the
sustainable building practice in Gothenburg in Sweden in the recent years? In order to
understand the implementation of sustainable building in practice, the aim of this paper is to
identify and discuss the characteristics of sustainable building in a local perspective and over
a ten years period.
Approach
Two studies that compile good built examples of sustainable building at different times in the
region of Gothenburg, Sweden, are compared. The studies were carried out in 2004 and 2014
and represent the state-of-the art of sustainable building at that time. In both studies ten
examples (cases) are included and the empirical material for the examples consists of results
from literature studies, project documents, management data, interviews with key
stakeholders, and study visits to the buildings. For all the projects the following data has been
collected: general facts, resource consumption data, economic figures, details of the actors
involved and the process, ambitions, findings, lessons learnt, and a list of evaluations and
literature. The cases include new construction and refurbishment projects and for each
category residential and non-residential buildings. Sometimes it is the building as a product
that is interesting, sometimes it is the implementation process that has generated lessons to be
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learnt from. The cases illustrate a range of ambitions and goals, and approaches and solutions.
In both studies the main characteristics of the cases were describe by a framework in relation
to current interpretations of sustainable building. Most of the projects were at the forefront
regarding degree of ambition at the time of construction/refurbishment.
The cases of the 2004 study
The 2004 study was commissioned by the city of Gothenburg with the main purpose to
identify the local frontline of sustainable building as a basis for a land allocation competition
with a focus on sustainability. The 10 cases, 5 new construction and 5 refurbishment, were
compiled in an illustrative book and written in a popular language to introduce the topic to a
broader public [1]. Table 1 gives a summary of the 10 cases. A framework for description was
developed in order to show which aspects each case gave special focus to, see Table 4.
Table 1.Short description and main characteristics of the sustainable building cases included in the 2004 study.i
Name of case, year of
construction, type
Bågskytten, 1994,
association-run
meeting hall
Lindholmen, 1997,
apartment block

Rydebacke village,
1997,
single family houses

Lindås, 2001,
row houses

Universeum, 2001,
science centre

Järnbrott, 1986 (1952),
apartment block

LFF, 1996 (1800s),
from grain store to
office building
Kyrkbyn, 1997 (1954),

Technical key figures

Comment

NEW CONSTRUCTION
• 12 m2 roof solar collectors for hot water supply.
• 2002: district heating energy, energy use: 79kWh/m2

Sweden’s first ecological
meeting hall.

• 50 m2 façade-integrated solar collectors.
• 3 urine tanks of 6 000 l (not used anymore)
• District heating: temperature adjusted utilisation of
heating for central heating and hot water supply.
Energy use 2002: 164 kWh/m2
• Consumption of woodlogs, for example Villa
Veabacken: for 112 m2: 8-10 m3 logs/year
• Solar collectors: Veabacken: 7,2 m2, Ecce Logi: 10,8
m2, Villa Frej: 7,2 m2
• Urine tank for the area: 2 of 10 000 litres (20 m3)
• 5 m2 roof-integrated solar collector/flat for hot water
supply. Up to 50% coverage.
Total purchased electricity kWh/year and flat:
Calculated: 5400 (~45 kWh/m2 year)
2002: 6500 for middle flat( ~54 kWh/m2 year)and 8000
for gable flat (~65 kWh/m2 year)
• Solar collectors: 18 m2 on the fan room roof.
• PV-cells: 100 m2 on saw-tooth roof (of the approx.
1 200 m2 that the roof surface can accommodate).
• Rock-heat collector, 21 bore holes of 160m depth.
REFURBISHMENT
2
• Air-solar collector: 347 m on-site built/roof
integrated.
1990: Heating energy (purchased): 66 kWh/m2 year
(average year corrected)
Emphasis on materials, good indoor environment,
recycling and reutilization.
Eco-cycle adaptation of water & sewage systems,

Built as a demonstration
project for an
international housing fair
in Gothenburg.
Demonstrates the desire
to experiment and it is
allowed to develop slowly.

First house without
traditional heating system
in Sweden.

Educational purpose.
Environmental brief for
architectural competition.

Demonstration project
with technical, social &
educational objectives.
Recycling of materials has
come a long way.
Originally experimental
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apartment block
Gårdsten, 2000
(1969-72),
apartment blocks

Vasa, 2003 (1890),
from hospital wards to
exhibition hall and
offices

reduction of energy and choice of environmentally
sound insulation materials.
• Solar collector area: 785 m2, of which 80m2 air-solar
collector.
Heating (incl. hot water):Before refurbishment 270
kWh/m2
Year 2001/2002: energy use 170 kWh/m2
• Solar collector: ~5 m2
• Planned solution: Energy use (purchased) 93 kWh/m2
year. Of which: Lighting, electrical equipment 18
kWh/m2, radiators and ventilation 75 kWh/m2.

building. Refurbishment
also experimental.
“Solar houses”. Synergy:
social renewal and energytechnology/physical
renewal.
Environmental profile as
point of departure, both
for building and activities.

The cases focused on varying aspects and technical solutions, and most of the solutions work.
Few projects fully combined multiple system solutions and there were a lack of good built
housing examples located centrally. Besides energy and material issues in general, solar
collectors and systems for urine separation were popular in both new construction and
refurbishment projects. Creative thinking with regard to systematic solutions for water and
sewage were asked for. Several of the cases were demonstration projects to enhance learning
about sustainable building having additional financial resources.
Future challenges from 2004 were indicated for the process and the building as a product: a
need for more experimental/demonstration projects as a planned component in the workday
routines of the developers and real-estate organisations; systematic documentation and
evaluation of the project/process to facilitate access to information, comparison and
assessment of the environmental impact of buildings, and spreading of knowledge. For the
process, environmental adaptation should be included from the onset and concise objectives
should be formulated and monitored and followed up. All stakeholders should be involved
early in the process and aware of the objectives, the client should demand environmental
competence, such as an environmental control supervisor that monitors the project right
through. The study resulted in a land allocation competition with focus on environmental
management aspects in central Gothenburg [2] which in turn was a basis for the development
of a local sustainable building program [3, 4].
The cases of the 2014 study
The 2014 study was initiated by the researchers. The aim was to measure the “effects” of
Gothenburg’s activities in sustainable building over a period of ten years, to give input for
revision of the local sustainable building program, and to update the local frontline
knowledge. Again, 10 cases were compiled in an illustrative book [5]. Table 2 describes the
cases, out of which 6 were new constructions and 4 were refurbishments. Similar to the 2004
study, a framework for description was applied to show which aspects each project gave
special focus to, see Table 4.
In the last ten years a broad range of aspects have been worked with, not only with technical
solutions in order to minimize the environmental impact but also with social and to some
extend economic issues. Still, main efforts can be found among energy saving measurements.
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Different certification systems and guidelines, both Swedish (Svanen, P-certification) and
international (BREEAM), are used. Passive house technology is applied to single family
houses in new construction as well as to apartment blocks, kindergardens and refurbishment
projects. In some projects a long-term perspective is addressed in economic terms, i.e. life
cycle costs are considered. Aspects such as waste water and nutritive salts are very little dealt
with. Cooperative tenancy can be found in urban locations.
Table 2. Short description and main characteristics of the sustainable building cases included in the 2014 study.i
Case
BiG/Kornet, 2006
apartment block
Hamnhuset, 2008
apartment block

Utsikten Hus 07, 2009
single family house in
eco village

Trekantsgatan, 2011
apartment blocks

Riksdalersgatan, 2012
apartment blocks

Transistorgatan, 2013
kindergarden

Brogården, 2009(1971-73)
apartment blocks
Katjas Gata, 2009
(1971)
apartment block

Clean Green, 2011
(1971)
from industrial estate

Technical key figures
NEW CONSTRUCTION
• residents initiators of the project
• reasonable rents
• 201 m2 solar collectors on the roof
• Energy (purchased) for heating, hot water, operation:
Calculated: 60 kWh/m2 heated area
2009-2012: energy use 57 - 85 kWh/m2
• LCC
• strawbales, clay, and timber
• Alternative financing (cooperative bank loan)
• solar collector and wood heating
• urine separation
• energy use 29 kWh/m2 for electricity
• Solar collectors on half of the roofs
• Energy use (heating, hot water, operation)
Calculated: 84 kWh/m2. Measured 2013: 89 kWh/m2
• allotments for tenants
• locally produced materials
• focus on selection of healthy materials
• 12 Smoking free apartments
• Energy use (heating hot water, m2 heated area)
Calculated: 44 kWh/m2 + 15 kWh/m2 operation
Measured 2012: 54 kWh/m2 + 16 kWh/m2 operation
• calculated to produce as much energy as needed for
operation of the building during one year
• PV on the roof, no solar collectors
• LCC
REFURBISHMENT
• Energy (heated area) heating/hot water/operation
Before: 115 kWh/m2 /42 kWh/m2/ 20 kWh/m2
Goal: 27 kWh/m2 /25 kWh/m2/ 13 kWh/m2
2010: 19 kWh/m2 /18 kWh/m2/ 11 kWh/m2
• Energy heated area
Before refurbishment: 178 kWh/m2
Goal: 60 kWh/m2
2010: 52 kWh/m2 (corrected)
• improved indoor environment (questionnaire)
• Re-use of building and material
• Energy (heating, hot water, electricity)
Before: 400 000 kWh (107 kWh/m2)

Comment, main issues
Cooperative tenancy with
everyday life share.
First apartment block in
Sweden without
conventional heating
system. Passive house
technology. Educational
project.
Ecological and low-cost
housing.

Winning design proposal
of land allocation
competition (year 2005)
with focus on sustainable
building.
First “Swan” certified
tenancy apartment blocks
in Sweden.

Ambition: Zero-energy
building. Education of
kids. High low-level for all
new constructions.
Demonstration process,
passive house
P-certified indoor
environment.
Pilot project.
Refurbishment to low
energy house.

First BREEAM certified
refurbishment project in
Sweden. Rating “Very
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to office/shop/storage
17 sqm, 2013 (1875)
apartment

Measured 2013: 222 000 kWh (~59 kWh/m2)
• Re-used and recycled material
• Efficient use of space for all activities on 17 m2

Good”.
Focus on resource
efficiency and beauty.

Several cases have been evaluated and are well documented during the whole process. Data
for energy use in operation are available for all projects. Some of the cases were
demonstration projects to enhance learning and to spread knowledge internally within the
client/management companies and externally to other organizations. With energy efficient
technology the undertakings of the operational managers of the buildings has changed to
some extent. In order to manage those buildings and to take care of the systems in an
appropriate way, the competence of the operational managers has become crucial.
Comparison of the studies
One of the criterions for the selection of the ten cases both in 2004 and 2014 was to have a
balance between new construction and refurbishment projects as well as between residential
and non-residential projects. In both studies it was difficult to find interesting cases for
refurbishment. In the 2004 study, one of the cases is more than 15 years old and in the 2014
study the majority of cases are residential buildings and new construction. Even if the time
frame for selection was 2003-2013 in the 2014 study, most of the selected cases were
completed during the last five years, Table 3. In both studies emerging issues can be found. In
the 2004 study, environmental briefs and environmental consultants are new features. In the
2014 study, optional certification systems are increasingly applied, which indirectly leads to a
better documentation of the projects and requires involvement of environmental consultants
and assessors. The 2014 study also indicate a future need, a competent operational manager
who can operate the energy efficient buildings in an appropriate way.
Table 3.Comparison of the 2004 and 2014 study for selected aspects.
Aspects
Included
buildings
Time span
Energy use
(heating + hw)
Emerging issues

New construction
Refurbishment
New construction
Refurbishment
New construction
Refurbishment

Study 2004
5 buildings (3 residential)
5 buildings (3 residential)
1994–2001
1986–2003
2
Range 54–164 kWh/m
2
Range 66–170 kWh/m
Environmental brief,
environmental consultants

Study 2014
6 (5 residential)
4 (3 residential)
2006–2013
2009–2013
2
57–89 kWh/m (incl. appliances)
2
48–107 kWh/m (incl. appliances)
Certification systems, operational
management competence

Implementation over time
In order to discuss the implementation of sustainable building in more general, the frameworks for descriptions of the cases are compared. The comparison indicates a development of
how the concept of sustainable building is considered and handled in practice in a ten years
perspective. In both studies the starting point was sustainable building, however the outcomes
differ. The 2004 study resulted in a framework comprising mainly of environmental
adaptation and learning/process aspects. The 2014 study resulted in a need of a broader
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framework, based on categories within the three pillars of sustainable development addressing
social, economic and environmental issues, Table 4.
Table 4. The framework for description of the cases in the 2004 study and 2014 study respectively.
Framework for description study 2004
Design expression
Educational project
Process
User participation
Design/construction process
Symbol

Physical
environmental
adaption

Treatment of land/place
Energy
Material
Health and indoor environment
Water & sewage incl. nutritive salts
Eco-cycle

Framework for description study 2014
Beauty
Social
Communication
Diversity and integration
Qualities of use
Security and safety
Life style and health
Accessibility
Strong relation people-nature
Land-use
Green structures
Energy
Material
Healthy environment
Water
Waste
Transport
Economic long-term view
Reasonable cost
Efficient resource economy
Local economy
Societal gains

Environment

Economy

The content of the environmental category is almost the same. In 2014 only the sub-category
transport has been added and treatment of land/place from 2004 has been split into green
structures and land-use. Water and sewage has been merged into water, indicating that sewage
aspects are less considered. Social aspects are more explicitly addressed in 2014 and more
diverse than 2004 where they were described in the categories symbol and process. Among
others, in 2014 not only user participation (process) but also the qualities of use are explicitly
addressed (use of “product”). On the other hand, process and educational aspects have been
merged into one category, communication. This may indicate, that the importance of the
process and the knowledge transfer aspects are acknowledged. Possibly, in management we
might also see more consultants to take care of the social issues and dialogue processes
between different stakeholder groups. In both frameworks, the architectural expression is seen
as important, termed design expression in 2004 and beauty in the 2014. Economic aspects are
not explicitly addressed in the 2004 framework but to a certain extent included in 2014.
Discussion and conclusion
By looking back and following-up the local experiences through the cases and putting them
into the context of regulations, the transformation of the definition of sustainable building is
identified as well as a shift of the mechanisms of implementation. Sustainable building is
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implemented and discussed in terms of transformation, the kind and complexity of issues
dealt with in a project, the role of different stakeholders. Most good built examples are found
among new construction project. We can see an increase of activities in the field of
sustainable building during the last years; a lot of projects are under construction and many of
the cases in the 2014 study are from recent years, especially for refurbishment. This may
indicate that we hopefully see more interesting refurbishment projects in the future. These
considerations are in line with that in the last years’ environmental activities of the Swedish
building sector intensified and became more diverse [6]. The cases in 2014 and the
development of the framework for description (Table 4) suggest that environmental aspects,
and especially energy efficiency, are dealt with comprehensively and sustainability is handled
in a broader sense including social and economic aspects. With energy efficient buildings, in
the future we might see a larger focus on materials and the construction phase [7]. New
stakeholders and professional roles develop. In 2004 environmental consultants emerged and
today, competent operational managers for the technical systems of the energy efficient
buildings are needed. Most of the cases perform better than regulations and show what efforts
could be made towards a more sustainable built environment. The frontline of implementation
of sustainable building practices keep developing but not only in the region.
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Abstract: In accordance with the requirements of EU Directive 2010/31/EU on Energy
Performance of buildings, the biggest challenge of construction industry currently is related
to energy conservation. It is achieved mostly by insulating and tightening building envelope.
However, equally important task involves indoor air quality maintenance systems.
Mechanical ventilation in energy efficient buildings must meet specific energy saving and
efficient management requirements maintaining the required indoor air quality parameters.
Building materials, furnishing and various household chemicals are main sources of organic
and inorganic pollutants in indoor air. There are many methods to improve indoor air
quality, yet more research is needed in order to outline effective application and integration
of these methods. The objective of this study was to find the trends of particle movement in
mechanically ventilated rooms with different air distribution methods. Particle dispersion in
rooms is also related to risk of cross-infection in buildings. The results showed that air
distribution method is important parameter influencing indoor air quality.
Keywords, indoor air quality, mechanical ventilation, air distribution, mixing ventilation,
displacement ventilation, dispersion of aerosol particles, numerical simulation
Introduction
Global interest in climate change, Greenhouse gas emissions reduction and energy
performance of buildings raised requirements for sustainable buildings design. To achieve
sustainable development goals, the smallest details become important in different fields. The
main goal of ventilation systems in sustainable energy efficient buildings is to maintain the
required indoor air quality parameters using as less energy as possible.
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Adequate air change rates and various air distribution methods are the main factors
influencing indoor air quality.
Villafruela et al. (2012) analysed the influence of the position of the air inlets and outlets in
isolation rooms for infectious patients. Studied room contained one bed with two bedside
tables and simulation of a patient mouth. They presented the case where the air was supplied
in the middle of the ceiling using three different types of diffusers (grille, swirl and square)
and the air was extracted with the diffusers in the lower part of the wall at the head of the bed.
They demonstrated that the grille diffuser provided a descendant vertical flow in the centre of
the room and an ascendant flow at the perimeter of the room. The concentration of
contaminant around the patient was quite uniform. The square and swirl diffusers produce an
almost horizontal flow, stuck to the ceiling due to the Coanda effect. The air descended when
reaching the walls and ascended towards the diffuser in the centre of the room. The
distribution of contaminant in the horizontal plane was more heterogeneous, especially with
the rotational diffuser.
Kang et al. (2011) simulations showed that the supply temperature can affect the airflow
pattern in rooms with displacement ventilation and can thus significantly influence the air
quality in the room with contaminant sources located at lower levels, such as particles from
office work. The lower the supply air temperature is, the higher the particle concentration in
the breathing zone is and also the relative ventilation efficiency is, because decreasing supply
air temperature tends to increase airflow rate due to buoyant plumes. Earlier study of
Holmberg et al. (2003) also presented that displacement ventilation systems can decrease
particle concentrations in the breathing zone also when settling (re-suspended) particles occur
in the room they can easily be brought into the breathing zone by the strong convective heat
plumes around persons.
Numerical simulations by Zhao B. et al. (2004) showed that the movement of particles in
ventilated areas is strongly influenced by airflow pattern even for the same air supply volume
and particle properties, the particle concentration and deposition rate may differ largely
between different ventilation types.
Particle dispersion in rooms is also related to risk of cross-infection in buildings. After such
virus outbreaks as severe acute respiratory syndrome (SARS) at hotel in Hong Kong in 2003
(Li Y. et al, 2004), H1N1 pandemic influenza at New York City high school in 2009 (Lesser
J. et al, 2009) indoor air quality problems related with airflow patterns became more
considered in different field of studies.
There are many methods to improve indoor air quality, yet more research is needed in order to
outline effective application and integration of these methods. The objective of this study was
to find the trends of particle movement in mechanically ventilated rooms with different air
distribution methods.
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Methodology
1. Experiment
Experiments were carried out in 36 m³ full scale insulated test chamber with fixed pollutants
emission point. The chamber is in the laboratory, where the temperature of the air is
approximately +22°C. The chamber was equipped with air handling unit (Swegon Gold04,
Sweden), ceiling diffusers for mixing air supply and semicircular perforated diffuser for
displacement ventilation. For pollutants emission two injection ports in the different sides of
the chamber were installed. For particles concentration measurements six particles counters
were placed in the same cross-section as particles injection ports. Three dimensional drawing
of the chamber representing locations of the diffusers, particles counters and pollutants
emission points is shown in Fig.1.

Figure 1 The three dimensional drawing of the chamber representing locations of the diffusers, particles
counters and pollutants emission points (1), data scanning process from particles counters in full scale test
chamber (2).

Two distribution methods of mixing ventilation with one-way and four-way air supply as well
as one displacement ventilation method were tested. Experiments were carried out through air
change rates of 3 ach. Velocity of the air in occupied zone was below 0.2 m/s.
Aerosol particles were generated by nebulizing a 10% solution of sodium chloride (NaCl) via
3-jet nebulizer (MRE CN24, BGI Inc., USA). The solution was agitated for 20 minutes in an
ultrasonic bath before pouring it into a nebulizer. The nebulizer was fed with the compressed
HEPA (class 11) filtered air at a pressure of ~2.8 bar, thus producing aerosol flow of 6 l/min.
The aerosol was diluted and dried with a 30 l/min of HEPA filtered dry air. The produced
aerosol was directed to the corona aerosol charge neutralizer and then to the injection port in
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the chamber. The injection ports were located at the height of 1.10 m in two different sides of
the chamber (see Fig 1 (1)).
Particle size distribution (PSD) measurements were performed using Optical Particle
Counters (OPC) (Handheld 3016 IAQ, Lighthouse worldwide solutions, USA). OPC measure
particles in a range of 6 channels: 0.3-0.5, 0.5-1.0, 1.0-2.5, 2.5-5.0, 5.0-10.0 and 10.0-20.0
µm. Six OPCs were located in two height levels. The first height level was at 1.10 m above
the ground, similarly to the model contaminant injection height. The second height level was
chosen according to human breathing zone and was equal to 1.80 m. Each OPC was located in
the same cross-section at a distance of approximately 0.9 meters from each other. Distance
between contaminant injection tube and the nearest OPC was equal to 0.9 m. The sampling
resolution was set to 1 sec. The concentration of particles was measured in one section of the
room for 10 minutes after the injection using six optical particle counters.
The measured particles concentrations were normalized to the particle size. The size of most
of generated particle aerosol by number was below 2.5µm. The results are presented by the
cumulative number concentration of all channels up to 2.5µm.
2. Numerical model
Using the real data, a test chamber with pollutants dispersion and mechanical ventilation was
modelled with COMSOL Multiphysics 4.4. The model was made as simple as possible, to
make calculations faster. An automatic generation of the mesh using a tetrahedral network
was used. A finer mesh was used at air inlets and outlets and particles injection ports.
For the air-flow simulating the models of turbulent and non-isothermal flow (Turbulent flow
k-ε and Non Isothermal Flow k-ω) were used. The equations solved by the Turbulent Flow, kε interface are the Navier-Stokes equations. Non Isothermal Flow, k-ω turbulence effects are
modeled using the Wilcox revised two-equation k-ω model with realizability constraints.
For pollutants modeling Transport of Diluted species module was selected. The calculated air
flow was used as input for calculating the pollutants trajectory. Initial velocity of pollutants
emission was set to 5m/s when leaving the injection port. The selected study type was
Stationary.
Results and discussion
Results of experiment and numerical simulation are presented in Fig 2 and Fig 3. Normalized
aerosol concentrations are presented in the first 2 minutes of each experiment and simulation.
Experiment results are presented as normalized twenty seconds average around highest
concentration value. Comparison of experimental and simulation results are given for 2.5 µm
particle size.
During displacement ventilation, the heating device was installed in the middle of the room to
create a vertical temperature gradient. In the simulations, heat source was also designed. In
the displacement ventilation highest concentrations of particles were registered with N2, N4
and N6 particles counters in the first minute of experiment. Particles concentrations during
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displacement ventilation are higher in the breathing zone and these results are similar to
Holmberg et al. (2003).
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c) Mixing ventilation 4-way, pollutant injection side A
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Figure 2 Particle concentration (normalized units) under different airflow patterns. Numerical simulations
results (Column 1) and experiment results (Column 2).
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f) Mixing ventilation 4-way, pollutant injection side B
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Figure 3 Particle concentration (normalized units) under different airflow patterns. Numerical simulations
results (Column 1) and experiment results (Column 2).

Experiment results show that particles were efficiently carried towards exhaust diffuser
during one-way mixing ventilation. This type of airflow pattern prevents pollutant distribution
in whole room. Numerical simulations in the same cross-section did not show the same result.
In case of four-way mixing ventilation particles have dispersed in the whole volume of the
room.
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Conclusions
Different airflow patterns (one-way, four-way mixing and displacement ventilation) in the
room showed that particles dispersion depend on ventilation strategies. Displacement
ventilation and four-way mixing ventilation do not prevent particles dispersion in the room.
Mixing one way ventilation prevent dispersion of particles. The results confirmed that the
particle diffusion studies depending on the method of air distribution and air exchange can be
used for indoor air quality management.
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Abstract: INSULAtE-project aims to demonstrate how energy efficiency improvements affect
indoor environmental quality parameters and occupant health and to develop a
comprehensive protocol for assessment of these impacts. So far, field measurements and
questionnaires have been conducted in two European countries, Finland and Lithuania. Most
of the measured values before renovation fulfilled existing limit values. Moreover, most of the
occupants responding to the questionnaire were satisfield with their apartment and indoor air
quality. It appears that in addition to energy audits and certificates that have become
mandatory in EU member states, a parallel indoor environmental quality related assessment
can be beneficial both before and after large-scale renovations and for quality control
purposes. From the point of view of developing national policies to meet GHG emission
targets, it appears useful to develop a routine monitoring scheme including assessment of
energy consumption as well as other co-benefits (e.g. health).
Keywords, Assessment protocol, energy efficiency, occupant health, renovation
Introduction
The Energy Performance of Buildings Directive (EPBD) requires EU member states to
reduce the energy consumption of new and existing residential buildings [1], where currently
approximately 40% of the total primary energy is used. The importance of buildings
in environment and health policy is also evident [2, 3].
INSULAtE project (http://www.insulateproject.eu/) focuses on assessment of certain national
policies and programs targeting to improve energy efficiency (EE) of the housing stock. The
project aims to demonstrate the effects of improving EE on indoor environmental
quality (IEQ), occupant health and wellbeing in multi-family buildings. In this paper we
report preliminary results of measured IEQ and occupant satisfaction in two countries. Based
on these results, a comprehensivie IEQ assessment protocol is being developed. We also
introduce some ideas on how this protocol could be used to complement energy audits.
A set of Key Indoor Performance Indicators were developed as a part of a FP7 project
Perfection: Performance indicators for health, comfort and safety of the indoor environment
(2009-2011) [4]. So-called KIPI-framework contains four main categories: 1) Health and
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Comfort, 2) Safety and Security, 3) Usability and Positive stimulation, and 4) Adaptability
and Serviceability (each with two subcategories), and a total of 31 performance indicators.
From these four categories, health and safety are areas which are subjected to regulations and
standards. Comfort is less covered by regulations, but is addressed in standards. The other
sub-categories draw less attention from policy makers, industry and the public. Perfection
project developed indicators for new building design, hence there were not validated with
measurements. The validity, relevance, and applicability of KIPI-framework indicators may
be further evaluated in INSULAtE project.
Materials and methods
The assessment protocol consists of three main categories: 1) Building-related; 2) Indoor
environment; and 3) Health.
The protocol and measurement parameters has been described more detailed by Leivo et al.
2011 and Martuzevicius et al 2013 [5, 6]. We anticipate that the final assessment protocol will
include parameters, which are of concern regarding IEQ and occupant health and wellbeing
(for example frequently exceeding the guideline values). A special emphasis will be on
parameters, which may be expected to change as a result of improved EE (e.g. significant
difference between pre- and post-renovation measurements observed). The current list
includes about 37 individual indicators that are being developed, adjusted, and modified based
on existing standards and analysis of the data (Figure 1). The final list will be reduced and
simplified as much as possible.
Field studies
So far, field studies have been conducted in two European countries. Analyzed measurement
data before renovation are available from 16 Finnish buildings (94 apartments) and 20
Lithuanian buildings (96 apartments). In addition, after renovation data are available from a 5
buildings (34 apartments) in Finland and 9 buildings (43 apartments) in Lithuania.
Most of the measured values before renovation fulfilled existing guideline values. Moreover,
most of the occupants responding to the questionnaire were satisfield with their apartment and
indoor air quality. The most divergent parameters measured were indoor temperature and
CO2. A large part of apartments in Finland appeared to be overheated during winter, whereas
the situation was opposite in Lithuania (Figure 2). Five percent of the Finnish apartments and
47% of the Lithuanian apartments had CO2 levels exceeding 1000 ppm, which could be
attributed to that some 88% of the Finnish apartments were equipped with mechanical
ventilation (none in Lithuania). In both countries, there were several apartments (7 and 8 in
Finland, 5 and 5 in Lithuania) with indoor PM2.5 and PM10 exceeding the recommended
values. Three apartments in Finland and twenty one in Lithunia had formaldehyde levels
higher than 30 ug m-3. After renovation (only case buildings), average CO2 levels in Finland
didn’t change, but increased by13% in Lithuania. Indoor PM2.5 concentrations slightly
decreased in both countires, while PM10 showed opposite trends. Marjory of the apartments
met the guideline values.
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1. Buildingrelated

2.

Indoor
environment

1. Exterior thermal insulation
2. Thermal properties-windows/doors
3. Air tightness
Energy
4. Heating system
efficiency
5. Heating control system
6. Ventilation system
7. Renewable energy sources
8. External shadowing
9. Temperature (measurement)
10. Relative humidity(measurement)
Structure 11. Thermal index (TI)
12. Moisture/water damage
13. Ventilation
14. Particulate matter
15. CO2
16. CO
17. NO2
Exposure 18. Formaldehyde
19. VOCs
20. Radon
21. Settled dust
22. Odour

Comfort

23. Typical indoor temperature
24. Light of living environment
25. Dwelling space
26. Noise nuisance

27. Related to ventilation, e.g, kitchen vent
Occupant 28. Adjust the thermostat of the radiator valves
behaviour 29. Opening/keeping open windows/balcony door
for ventilation purposes
30. Dwelling
Satisfaction 31. Indoor air
32. Quality of life
33. Health symptoms
Status
34. Missing days/work

3.

Health

35. Smoking
Confounding
36. Physical exercise
factors
37. Pets
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Figure 2

Average indoor temperatures during heating season in Finland (FIN) and Lithuania (LI).

Energy audit and IEQ assessment
Albeit IEQ and occupant satisfaction are high in an individual case study building, it is
important to ascertain that it will remain so after renovation. In fact, the ultimate goal should
be to improve IEQ. On a larger (national) scale, even smaller changes in the measurement
parameters may be important in terms of occupant health and wellbeing. In addition, occupant
satisfaction is important in terms of modifying the public opinion more favourable towards
increasing the volume of improving EE of the building stock as is necessary to meet the
national and EU level targets set for GHG emission reduction.
It appears that in addition to energy audits and certificates which have become mandatory in
EU member states, an IEQ assessment can be beneficial both before and after large-scale
renovations and for quality control purposes. For further development, the results could be
used to present the IEQ status in both new and existing buildings, leading to more correct and
effective actions regarding buildings’ design, construction, operation, and maintenance.
For example, IEQ assessment results could presented parallel to energy certificate (Figure 3).
In this example, four major IEQ factors include thermal comfort, indoor air quality (IAQ),
lighting, and acoustics. It should be noted that these four factors do not necessarily have equal
weights. For instance, thermal comfort has been suggested as the most important factor for
overall environmental satisfaction, whereas IAQ has been suggested as the toughest issue as it
is difficult to convince the occupants to solve and it could last for a long time.
Based on the practical experiences from the case study buildings, it is important to develop
communication with building owners and occupants about the assessment and the results.
This communication will help to understand the key issues that may be hindering the
development of energy efficient buildings.
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Figure 3

An example of an IEQ assessment report / rating.

Due to the large capacity EU member states are investing in improving energy efficiency of
the building stock, it should be useful to develop a routine monitoring scheme, including
assessment of energy consumption as well as other co-benefits (e.g. health).
Conclusions
Some case study buildings / apartments are exceeding the recommended guildeline values for
IEQ before renovation and the situation may change as a result of the renovation. Parallel to
energy audits and certificates, an IEQ assessment should be beneficial both before and after
large-scale renovatios. More studies and analyses are needed in order to conclude which
parameters should be included in the assessment protocol. Assessment including occupant
health and satisfaction may be useful on a population level, for example to be included in the
assessment of national programmes, and ways to increase volume needed to fulfill the targets
set for GHG emission reduction.
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Abstract: Flow elements combined with a building energy simulation tool can be used to
indicate areas and periods when there is a risk of draught in a room. The study tests this
concept by making a tool for post-processing of data from building energy simulations. The
objective is to show indications of draught risk during a whole year, giving building designers
a tool for the design stage of a building.
The tool uses simple one-at-a-time calculations of flow elements and assesses the uncertainty
of the result by counting the number of overlapping flow elements. The calculation time is
low, making it usable in the early design stage to optimise the building layout. The tool
provides an overview of the general draught pattern over a period, e.g. a whole year, and of
how often there is a draught risk.
Flow elements, thermal comfort, environment, design phase
Introduction
Draught is one of the main causes of complaints about the indoor environment in buildings
(1). When people experience draught, they take action to avoid it. This may lead to higher
energy consumption, e.g. by turning up the heat to compensate. By predicting the draught risk
in the early design stage, the building design can be optimised for both low energy use and
low draught risk. In naturally ventilated buildings, this is especially important, as the
ventilation is integrated in the building envelope and is closely linked to the current outdoor
climate.
Draught risk can be simulated by CFD, but this is time consuming and therefore not used. On
the other hand, building energy simulation tools are available that are faster but lack
information on airflows. The two tools have been linked (2) to supplement each other for
thermal comfort simulation, but the CFD is slowing the process down.
Another way of estimating draught risk is to use flow elements. Flow elements describe the
airflow in a room by equations for velocity distribution and flow patterns. Flow elements are
derived for a number of standard situations and can be divided into categories depending on
e.g. isothermal / nonisothermal, 2D plane flow / 3D flow, flow close to a wall or ceiling / free
flow. Flow elements also describe flow by a cold down draught from a cold wall like a fully
glassed wall (3,4).
By using flow elements, velocities can be calculated in any affected point in the room and the
accuracy in each point is not dependent on a grid or grid density. Using flow elements
combined with building energy simulation tools, the draught in the room can be estimated for
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a whole year for each time step. This makes it possible to evaluate not only worst-case
scenarios, but also any other situation, giving an overview of the draught risk and a picture of
how robust the chosen building design is against draught e.g. under different weather
conditions.
Flow elements for inlets
Equations for calculating air velocity decays and flow patterns by flow elements constituted
the basis of the method. Inputs were needed on room geometry, air temperature, and
furthermore the inlet geometry, location, air velocity, air temperature outside and/or surface
temperature (depending on the type of flow) were needed for each flow to be evaluated. These
data are typically available from building energy simulation tools.
For some typical inlets, the velocity in the centre of a jet at a given distance x can be
calculated by:

Wall jet
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⋅

⋅

The velocities outside the centre of the jet are calculated
from the universal velocity profiles shown in Figure 1.
The flow pattern of a jet mainly depends on the Archimedes
number and the location of the inlet. The air will be
accelerated downward by gravitational forces if the supply
air is cool. Koestel (5) found that a free horizontal jet
follows a trajectory given by:
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Where ux is the velocity in the center of the jet, a0 is the area
and h0 is the height of the opening, x0 is the distance to the
virtual origin of the flow at the opening; Ka and Kp are
constants depending on the inlet opening.
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Figure 1 Universal velocity profiles
for a free jet and a wall jet, the
latter found by Verhoff (6) .

5

Where y is the vertical displacement of the flow at distance x, Ar is the Archimedes number.
If the inlet is close to the ceiling (wall jet), the coanda effect will prevent the air jet from
following the trajectory in Equation 5. Instead the jet will be attracted to the nearby ceiling
until gravitational forces become greater than the pressure forces from the coanda effect. The
distance from the inlet to this point is called the penetration length and (7–9) derived the
equations for the calculation of the penetration lenght:
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3D jet:
Plane flow (2D):
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Where xs is the penetration length, Ksa and Ksp are constants depending on the room and
heating distribution.
When the jet detaches from the ceiling, it will not follow the trajectory given for a free jet
(Equation 5). The results in (10) show that the flow can be approximated with a straight line
at an angle of 45° to the ceiling. However, the air will fall directly down if the inlet
temperature is so low that the jet is not attracted to the ceilling.
The four trajectories that a wall jet can follow depending on the penetration length are shown
in Figure 2.

Figure 2 A wall jet comming into a room is assumed to follow one of four trajectories, depending on the
penetration length. The dashed lines represents the parts of the flow that still need to be implemented in the
draught risk index tool.

Flow elements for a glassed wall
A fully glassed wall can induce a cold down draught that will continue at the floor similar to
displacement ventilation. The velocity at the floor depends on the distance to the wall and the
height of the wall (11):
&0.055 ⋅ ( ⋅ )*+, ! *-./0+- 1
$
( ⋅ )*+, ! *-./0+- 1
  0.095 ⋅
%
 1.32
$
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5 0.4 m

for 0.4 m 9
for 2 m 5

92m

8

Where H is the height of the cold wall, Toc is the air temperature in the occupied zone, Twindow
is the inside surface temperature of the window and x is the distance to the wall.
Draught risk index tool
A tool for calculating the draught risk was made for post-proccesing of data from a building
simulation tool.
By using flow elements, velocities can be calculated in any affected point in the room and the
accuracy in each point is not dependent on a grid or grid density. To get a picture of the
velocity distribution in the room, a grid was used and velocities were calculated in each node.

If more flow elements were present in the room, each flow was calculated individually, not
taking into consideration the effect of the other flows in the room. The velocities in each node
were compared and the highest used to estimate the draught risk. In each node, the number of
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flow elements was counted, if the velocities were above a certain threshold limit. This was
used as a measure of the uncertainty of the calculations.
Presentation of the results
For each time step, the results can be visualised as a plot on the floor plan. At each node on
the floor, the maximum velocity was found in the column from the floor to the top of the
occupied zone; the principle is shown in Figure 3. Depending on the maximum velocity, the
draught risk in each area was ranked as no (white), low (green), medium (yellow) or high
(red).
The same was done for the number of flow elements meeting where the maximum number of
flow elements in a node was shown on a floor plot. The more flows that meet, the more
uncertain both the calculated risk of draught and the areas in the room, where the flows causes
risk of draught.
For longer periods, the results were summed showing the draught risk index and number of
meeting flow elements as percentages of the floor area. These plots can be used to point out
periods of interest.
Example: Office with natural ventilation
An office with natural ventilation was modelled in the building energy simulation tool BSim
(12) using a Danish weather datafile. The room is shown in Figure 4 together with a brief
description.

Figure 3 Draught risk is estimated in the
nodes of a grid structure and the highest
value in each column is plotted on the floor
plan.

Figure 4 The room as simulated in BSim. Inside dimensions of
room: height 3 m, length 8 m, width 5 m. There are two
openable windows, each with a controlled opening area at the
top of up to 0.33 m2. The end wall is fully glassed.

From BSim, data were extracted for the draught-risk index tool. These were: indoor and
outdoor air temperatures, interior window surface temperatures, airflow velocities through the
window openings and opening area of the windows, all extracted for each time step. For the
openanble windows Ka was set to 5 (Equations 3, 5, 6) corresponding to a poor inlet device
for mixing ventilation. Ksa was set to 1.5 (Equation 6), which corresponds to heat release in
the floor area. The height of the occupied zone is set to 1.8 m.
4118

ISBN: 978-84-697-1815-5

For an hour in May the following parameters were found by BSim: tin = 21.4°C, tout = 11.8°C,
u0 = 0.28 m/s, a0 = 0.073 m2, twindow = 19.7°C.
The velocity distribution generated by each of the openable windows was calculated by the
flow element of a 3D wall jet. In Figure 5 velocities in a vertical cross-section through a
window are shown together with the maximum velocity in the occupied zone projected onto
the floor plane. Velocities below 0.05 m/s are plotted with white colour (no risk), velocities of
0.05 – 0.1 m/s are shown in green (low risk), velocities of 0.1 – 0.2 m/s are shown in yellow
(medium risk) and velocities above 0.2 m/s are shown in red (high risk). The flow from the
other openable window is identical.
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Figure 5 The left figure shows the velocity distribution calculated in the central plane of one of the openable
windows. The flow enters in the top corner of the room and attaches to the ceiling for approximately 2 meters
before it drops into the occupied zone. The middle figure shows the room seen from above with a marking of
maximum velocities in the occupied zone of the flow element from one of the openable windows. The right figure
shows the velocity distribution in the room created by down draught from the glassed wall, projected down onto
the floor plan.

The incoming airflows from the windows create velocities in the occupied zone resulting in
medium risk of draught in two small areas of the room and low risk in areas that are slightly
larger.
In Figure 5 on the right, the draught risk created by the cold glassed wall is shown. The
glassed wall creates a down draught due to temperature difference, and the flow continues at
floor level, with the highest velocities closest to the wall.
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Figure 6 The left shows the maximum velocities in the occupied zone from all of the three flow elements,
projected down onto the floor plan. The right shows the number of flow elements meeting in each area.

5119

ISBN: 978-84-697-1815-5

The results for all three flows were given in one plot, Figure 6 left. This plot shows the
maximum risk of draught in each area, as calculated by flow elements one at a time. There is
a low risk in most of the room and a medium risk close to the glassed wall and in two areas
inside the room caused by airflows from the windows.
The estimated uncertainty of the flow element calculations was evaluated by counting the
number of velocities above a threshhold of 0.05 m/s in each node, and for each column the
maximum number is projected down onto the floor, Figure 6 right.
In the two small areas of the room, shown in yellow in the right plot of Figure 6, both the
openable windows and the glassed wall generates risk of draught in the same nodes. This is
because the flow from the windows reaches the floor in these areas. Actually the areas could
be bigger, as the tool at the moment does not handle how the flow from the windows
continues after it reaches the floor.
As a summary of the draught risk over a longer period, the areas of the risk intervals (Figure 6
left) were found for each time step and can be shown, e.g. over a week in May as seen in
Figure 7. The same is done for the uncertainties as seen in the right part of Figure 7.
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Figure 7 Summaryof the draught risk over a longer period of the velocity distribution (left) and meeting flow
elements (right) in the room. The room areas divided into risk intervals in each time step, here one hour.

During this week in May, most of the time there was a low risk of draught in about 90% of
the room area and medium risk in the remaining area of the simulated room. Only in a short
period does more flow elements meet.
Discussion and conclusion
The developed tool uses inputs generated by building energy simulation software to give an
overview of how often and where there is a risk of draught in a room. The tool is simple in the
sense that it handles one flow element at a time and when flow elements meet, and the one
generating the highest velocity is used to estimate the draught risk.
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Flow elements are developed for simple geometries and when using them on more complex
inlets and room geometries, the calculated velocities and flow patterns will only be estimates,
even with just one element present. If flow elements are oppositely directed or have co-flow,
there is no description of what occurs and the uncertainty is therefore higher. In the tool, this
is handled by plotting the number of meeting flow elements, so that the user can realise that
the calculations are uncertain. The idea of the tool is not to make highly precise estimates for
any time step, but to give an overview of when and where draught may be a problem.
From the plots produced by the tool, it should be possible to conclude one of three: (Green)
There is a low risk of draught and the uncertainty is low – the design is acceptable, (Red)
There is a high risk of draught – the design should be changed, or (Yellow) There is a risk of
draught or the uncertainty is high – either change the design or make further investigation e.g.
by CFD.
Further work needs to be put into the tool to cover more flow elements and for calculating the
parts of the flow market with dashed lines in Figure 2.
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Acoustic comfort understood as basic for social sustainability.
Towards sustainable building: The experience of the Catalan
Land Institute, the Urban Planning organization of the
Government of Catalonia.
Speakers:
Vidal, Jordi 1
1

INCASÒL, Catalonia, Spain

Abstract:
The Catalan Land Institute (Institut Català del Sol – INCASOL) is a public company of the
Government of Catalonia, focused in Urban Planning and Social Housing. As the most
important social housing promotion entity in Catalonia, it has always intended to have a deep
awareness of the market and related knowledge to create and define the details of the
building process in every occasion. This Paper is meant to share some studies that are not
obvious when we see the image of a recently delivered Real Estate project, but that are
consubstantial of its quality.
The acoustic isolation is determinant for the comfort of the housing units. It is a comfort
aspect that has an effect on the health of the inhabitants of the housing units and an influence
on correct cohabitation. It affects not only the users of each housing unit, but also the housing
lots, which are the most usual residence frame. Thus, it is most important that it shows a
reflection on the inner isolation of the housing and coexistence units, as well as on the
isolation from the noises from the exterior.
This includes the noises from inside the building in which the housing unit is (noise related to
community elements or to other neighbouring housing units...) and the noises from outside the
building.
It is convenient to isolate the housing unit from the noises that have become usual and
common on our daily life, but that they are not advisable not for the health or for the comfort
of the users. This is one basic item for social sustainability.
For this reason, some specific requirements were incorporated on the development of the
Spanish rules, as some habitual and current sectorial norms were implemented on the
“Código Técnico de la Edificación” (Technical Building code).
As per tradition, buildings were designed first and the acoustic norms were justified
afterwards, which caused some acoustic imbalances that nobody cares to solve. The
justification was made according to the details on the catalogue database and so, from
laboratory testing. Regularly, on-site verification (once the works were over) was made,
receiving poor credibility. The reasons were clear: the circumstances were not suitable for
the tests and in many cases, the tests were conducted by “interested parties”.
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On the other hand, we need to give a thought on the subjective perception of the noises.
Nowadays, society is used to set the “volume” of noise that it generates according to their
personal needs and comfort. It is absolutely necessary to think on what noise level is
admissible for our coexistence and we have to push it into cultural learning. Furthermore, we
have to be completely conscious that the perceived noise level is very different in relation to
the background noise in which it is produced: the perception is not the same when the noise is
generated during the night, than when it is produced during the day, even if the decibels are
identical. We have to take into account this fact, even if this study has to be certified with a
sound level meter.
The circumstances are now different and the interest for the acoustics issues in relation to
social sustainability has become more and more important.
Building materials
One of the most important elements on building development during the last years has been
the evolution of the materials. Even if in most of the cases it has promoted their development
to improve their benefits, it is also true that their economic benefits have also been revised to
both facilitate that the operators use them, and to attain reduction of manufacturing costs. The
reduction of density on some cases and the excessive building speed in some other, has
supposed a decrease on the isolating capacity for noise in many building solutions that were
common in the past.
We can speak pages on the acoustic problems of the poor walls isolation: on the walls of brick
between the buildings and that have decreased in size and density; on the light cavitated walls
doubled with plasterboard on the inner walls; on the lack of criteria on the placement of
successive layers; on the reticular framework finished with tile flooring...

Legal aspects
On this section current applicable norms will be specified and commented; both the previous
rules, and the ones on the Technical Code (currently in use). There will be examples of the
building use criteria at the initial steps, both for INCASÒL standards as per the generalised
criteria on use at that time, so we can check and compare with the proposals on the rest of
sections.

Testing aspects. General thoughts about sound generation.
First of all, we will comment traditional techniques:
The acoustic data of the solutions included on the projects are taken from catalogues and from
materials suppliers, whose laboratory tests are taken on elements in perfect conditions.
Completing building solutions acoustic data sheet according to the data obtained away from
real building site, have been common during long years. Those conditions are not maintained
when building the housing units, and the materials do not even reach the site on the same
conditions in which the laboratory tests were conducted.
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We need to explain that the on-site use makes it difficult to reach the isolation requirements
for the housing units, as the process makes it difficult: the materials increase and reduce their
moisture during the process, there are damages on the usage on-site or it is degraded by the
placement on-site due to wrong use and customs: oversized irrigation channels that damage
the facing, wall sockets or light points that decrease the mass of the materials, low quality
carpentry or glass too thin... (Images and graphs will be added).
Second, perspectives of new materials and new ways of house building:
Note that as material and building process manufacturing or industrialisation have evolved,
the gap between on-site test and laboratory tests has decreased. Even though, in the present
Real State crisis environment has produced and stagnation of the development of these
process and it will take a long time to restart it as part of the industrial network which
supported it, has been destroyed.
Those new building systems are highly technical, and applied by specialists whose work on
segmented aspects and details of the works, which ensures a better application on-site.

Usual constructive solutions must be tested in real situations to be admitted
This Paper is based on the results considered essential for the knowledge and suitable building
process which takes into account the acoustic control as an inherent part of the design.
Contrasting with all the previous uses, it is to be based on on-site tests, conducted on standard
building situations, which qualify and certify the acoustic suitability which has to be applied
on the building works.
In order to start the study, some test have been conducted on built sites, so they are based on
usual building solutions and are acoustically tested once they have been built.
The same solution has been tested in different sites, trying to assimilate background
circumstances and WITH the obtained results; they are redesigned in order to attain a solution
that reaches legality WITH SECURITY. This redesign process, and in many cases, adjusting
the building process, is qualified as suitable once the adequate tests are carried out ON SITE
and turns to be part of the solutions catalogue with the associate acoustic results.
Level tests finally made.

We have made acoustic level tests over 32 finished promotions of our own building
procedure. Three were built based in the recent Normative. There have been tested 173
different built acoustic solutions on vertical separations, façades and horizontal structural
elements.
With the basis of the tests held over real construction and knowing the real results of every
solution, new building solutions have been projected so as to be applied to every building
element. In total, 11 building solutions have been defined which can be adapted to different
situations. The graphs and data presented are based on these tests.
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Alternative solutions design and new verifications on-site. Each situation with new
materials and solutions.
According to the verification of common solutions which reach the admissible acoustic
results, some variations and alternatives on other materials are prepared or with the same
materials, but, with different thickness and qualities. Basing on these new designs, some
applications on site are used from theoretical acoustics models and finally are verified on-site.
If the statistical and real results are correct, these new solutions and alternatives are also
included on catalogue.

Vertical facing. Building criteria.

4125

ISBN: 978-84-697-1815-5

5126

ISBN: 978-84-697-1815-5

Vertical separations between housing units. Datasheet, graphics, images.
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Vertical separations between housing units and common zones. Datasheet, graphics, images.

Facilities conducts. Datasheet, graphics, images.

Economic conclusions based on the analysis. Economic analysis based in the building
solutions proposed.

The relation between useful and build surface has to be commented, as it encourages that the
solutions reduce thickness.
When building sponsored public social housing the aim is the maximum profit of the relation
between useful and built surface. That is the reason why the real cost of a constructive
solution depends not only on the cost that the built solution represents but on the cost of the
built surface (at modulated sponsored selling price of the useful surface) it is taking from the
useful one. Taking special care of those two economic factors the solutions have been studied
in terms of economic repercussion in homes of one and three bedrooms.
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Material suitability proposals and solutions to use recyclable, recycled and/or low
environmental impact, with similar results both in economic and acoustic terms.
Reconverted “green” design detail solutions
The first phases of this analysis were based in finished buildings made in the “usual and traditional”
construction materials. The last phase of the study is an intensive effort to redesign and redefine the
solutions from the line on which we had arrived aiming to “social sustainability” to a new aim which
include “green/energy sustainability” using recycled materials and trying nearly zero CO2 generated
materials.
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The Impact of LCCM on Developing Taiwan’s Urban & Rural
Sustainable Environments
Speakers:
Chang, Kuei-Feng Daphne 1; Chou, Po-Cheng2
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National Pingtung University, Pingtung, Taiwan
Shu-Te University, Kaohsiung, Taiwan

Abstract: Taiwan has suffered from extreme weather recently as well. To cope with the floods

and urban heat island effect resulting from global climate changes, both urban and rural built
environments of Taiwan have undertaken some disaster-prevention-oriented transformations.
Based on ISO21931, the concept of Life Cycle Carbon-negative Emissions has been
introduced to reduce CO2 emissions, with the case studies of urban and rural environments in
Pingtung County being applied for the discussions of environmental issues at different stages.
Through a Delphi Survey of professional experts, the LCCM Environmental Evaluation and
Development Model has been employed to provide guidance to the local government for the
systematic improvement of Eco-Sustainability in important locations. It is hoped that this
research can provide a common reference basis for public departments, general citizens,
planners and designers, as well as construction workers, for the containment of minimum loss
amongst future climate changes in Taiwan.
Environmental Performance, Assessment, Urban And Rural Sustainable Environments, Life Cycle

1.Introduction
The United Nations Framework Convention on Climate Change (UNFCCC) 18th conference
of contracting states (COP10) was held November 26, 2012 to December 7, 2012 in Doha,
Qatar. The conference was to review the effectiveness of carbon reduction, how to help
emerging countries switch to environmentally friendly energy resources, and planning the
development of a new treaty to replace the Kyoto Protocol Process. At the conference,
Secretary-General of the U.N., Ban Ki-moon, stated that extreme weather has become the new
norm, and it threatens the survival of the human race. He said: “Whether rich or poor, no one
is immune from the effects of climate change; it is a challenge for all human beings - our way
of life and the future”. Therefore, how to mitigate the exacerbating climate change, the
development of new energy sources, improve total carbon reduction, and various other issues,
has become an important challenge to development strategies of countries, businesses,
industries, and regions.
In recent years, Taiwan has been often affected by climate change. For example, Typhoon
Morakot in 2009 caused serious mudslide, and 919 flood disaster occurred in Kaohsiung in
2010, as rain flooded southern Taiwan overnight. To cope with the floods and urban heat
island effect resulting from global climate changes, discussions on the transformation of
urban and rural environments have been conducted regarding disaster-prevention-orientation,
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rather than the beautiful landscape. Moreover, key projects have been set and the urban and
rural environments are shaped in principle, including “carbon reduction”, “ecology”,
“environment rectifying”, and “simple green beautification”. However, how to guide local
governments to systematically and gradually improve major spatial environments according
to the ideal of Eco-Sustainability? How to concentrate resources for effective use to provide a
common basis for the public sector, the general public, plan developers, and constructors?
German scholar Thomas Lützkendorf (1)mentioned that, mankind needs to use a fair and
efficient model to meet the demand of sustainable development, and sustainable development
processes have been established as a model or concept evolution in line with environmental,
economic, social, and human needs. Such model descriptions have a direct impact on
sustainable development. Thus, in the international process of sustainable development,
developing effective environmental performance improvement strategies and evaluation
criteria have become indispensable and important methods.
Therefore, based on 2010 ISO21931 “Framework for methods of assessment of the
environmental performance of construction works” and 2011 ISO14006 “Environmental
management systems -- Guidelines for incorporating ecodesign”, we introduced the concept
of life cycle. In a life cycle, from design, construction, and operation to waste abandonment,
on the premise of energy-saving and carbon reduction, this study proposed green ecological
engineering methods to reduce environmental impact, use renewable energy, and strive to
radically reduce CO2 emissions. Through survey and verification of the participants in the
renovation of urban and rural environments in Pingtung County, this study expects to propose
key influential factors for consideration and strengthening of the development of certain types
of environmental landscapes in order to provide verifiable common guidelines and objectives.
It is expected that the resources and environmental losses under the impact of climatic
changes can be minimized.
2.Literature Review
2.1 ISO 21931-1 and ISO14006
ISO 21931-1(2)is intended to set applicable environmental performance assessment principles
and framework for new and existing buildings, consider the various environmental impacts
that may arise in such buildings, and provide a common framework to reduce regional and
national differences, achieved by methods of assessment of the environmental performance of
construction works. The eco-design aims to integrate design and development processes,
reduce the impact on the environment, and continuously improve the environmental
performance of products in the various stages of their life cycles, from material acquisition to
waste recycling. Therefore, ISO 14006(3) is designed to encourage businesses to
spontaneously establish their own applicable integrated environmental management systems,
including choosing materials of low environmental hazards, adoption of cleaner production
technologies, continuous improvement of organizational environments by pollution
prevention, and reduced resource use to maintain the quality of the environment, thus,
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reducing the impact on the environment, protect the global environment, and achieve the goal
of sustainable development of enterprises.
2.2 LCCM (life cycle carbon minus)
In 2010, the Japanese government announced a new low-carbon society development strategy
and set long-term goals, which intends to cut greenhouse gas emissions by 25% of the 1990
level by 2020. The so-called life cycle carbon minus (LCCM) house refers to: During product
life cycle, including production, construction, operation, and waste of the housing materials,
as based on the premise of energy-saving, various technologies will be introduced to reduce
CO2 emissions, as possible; moreover, renewable resources such as solar thermal energy will
be used to achieve negative growth in overall CO2 emissions. As shown in Figure 1, for
conventional housing, CO2 emissions will increase over time; on the contrary, for LCCM
housing, although CO2 emissions will slightly increase during the renovation stage, the
overall CO2 emissions can be reduced, and may even fall below zero after a period of use
(LCCM design method-to demonstrate building case studies of LCCM housing research and
Development Committee, architecture, and technology, 2012.03). (4)

CO2 emissions

Construction Renovation Renovation

Traditional house
LCCM house

Figure 1 LCCM housing conceptual diagram

2.3 Taiwan’s urban and rural (town) environment plan
Taiwan’s urban and rural (town) style plan was launched and developed in November 1997
by the Architecture and Construction Agency of the Ministry of Interior. The urban and rural
environmental implementation scope is specifically defined as “artificial environmental
landscape”, “natural environmental landscape”, and “living cultural landscape”. The
plan is the medium and long range plan of the central government. Since 2013, in response to
global climate change and urban competition trends, the overall urban landscape shaping plan
was implemented (2013 to 2016), which focuses on various dimensions including: in response
to climate change environmental adaptation, green infrastructure, green transportation, local
specialty industries, and friendly-use space creation(5). Through overall planning and the
combination of the construction planning resources of various departments, it is expected to
result in overall investment effectiveness. Therefore, regarding the content of building urban
and rural environments for more than10 years, the focus has been to create new rural and
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urban living environments of “cultural and green, beauty”, “with city and public
participation”, build numerous small and beautiful parks, green spaces, and green sites in
communities, as well as the urban green axial renovations along river corridors and roads.
Pingtung County applied for the support programs in 2010 to 2011, which can be summarized
as “public living space”, “park and square green space”, “human history living space”, “river
and waterfront beautification”, “natural ecology”, “integrated landscape, and others”.
3. Research Design
3.1 Hypotheses setting
In this study, the evaluation content of ISO21931 “Framework for methods of assessment of
the environmental performance of construction works” is used as the basis for the assessment
of the urban and rural environments. We introduced LCCM and environmental management
system (EMS), coupled with the theory of ecodesign, in order to discuss the relationship
between urban and rural environment assessment and landscape renovation programs, as well
as the relationship between life cycle and urban and rural landscape renovation programs.
Moreover, this study used the samples to verify the rationality of the model. Therefore, this
study proposed the research hypotheses for empirical testing, detailed as follows:
H1: The assessment of urban and rural environments has a positive and significant impact on
the urban and rural overall landscape renovation program.
ISO 21931 (2010) consists of environmental performance assessment principles and
framework, as applicable to new and existing buildings. By considering the various
environmental impacts that may arise in these buildings, it also provides a common
framework to reduce regional and national differences in methods of assessment of the
environmental performance of construction works. Levin (1997) and Bourdeau (1999) found
that the principles for performance evaluation have great influence and impact on
environmental degradation and sustainable development. When building environmental
performance is appropriately assessed, the overall environmental hazards can be significantly
reduced, meaning that considering sustainable development can avoid potential damage.
Therefore, the above hypothesis is confirmed as true.
H2: The assessment of urban and rural environments has a positive and significant impact on
life cycle.
ISO 14006 (2011) ecodesign aims at integrating design and development processes, reducing
the impact on the environment, and continuously improving the environmental performance
of products at the various stages of life cycle from raw material acquisition to waste recycling.
Chang (2005) found that a complete sustainable building measuring assessment system can
provide quantitative comprehensive information regarding a building, reflect the impact of
different environments on life cycle, raise alarms in the case of problems, and help confirm
and solve the problems. Therefore, the above hypothesis is confirmed as true.
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H3: Life cycle has a positive and significant impact on urban and rural overall landscape
renovation programs.
Chang (2002) pointed out that the cumulative CO2 emissions in the life cycle of a building
represent the environmental impact of building development and use, namely, the
environmental load. Lower building CO2 emissions means lower environmental load and
harm to the global environment. Peng (2003) studied buildings at the different stages of life
cycle, and learned about the energy consumption of building at different stages by
quantitative assessment in order to realize the effective use of resources and energy saving.
Therefore, the above hypothesis is confirmed as true.
3.2 Questionnaire design and test implementation
The questionnaire design divides the theoretical conceptual framework into four sections.
Section 1: urban and rural environment assessment framework consists of the assessment
content of ISO21931-1 and ISO14006 as the basis for 20 questionnaire items including:
environmental impact, environmental dimension, management dimension, and social
dimension; Section 2: “intervening variable” life cycle, including: production, construction,
use, and demolition phases, with 17 questions. Section 3: urban and rural overall landscape
renovation program; this section mainly uses the types of urban and rural environments
renovation programs of the recent 10 years as the measurement variables, including: human
environment, parks and squares, natural ecology, carbon reduction, and disaster prevention,
with 15 question items; Section 4: there are 6 question items regarding the basic data,
including gender, age, education, occupation, work experience, and types of implemented
programs, with the questionnaire content as shown in Figure 2.
Reference data

Concept

 Based on a sustainable evaluation framework to measure the Influence of
Intelligent Living Technology on the Development Potential of Rural

6

Communities in Taiwan. (2013)( )
 ISO 21931(2010) ISO 14006(2011)
 An Assessment on Carbon Dioxide Reduction in the Life Cycle of Buildings
(2002)
 LCCM House Thinking Models (2012)
 A Preliminary Discussion on Building Life Cycle (2002)
 A Study on the Survey of Life Cycle of Buildings in Taiwan (2001)
 A Preliminary Study on Ecology Community Principles and Framework of
Urban and Rural New Landscape (2004)
 A Study on Smart Life Technology on Rural Communities in Pingtung
(2011)
 2012 Pingtung County Landscape Program Achievement Report (2012)(7)
 2013 Pingtung County Landscape Program Achievement Report (2013)(7)

Urban and rural environment
assessment
(20 questions)

Life cycle introduced into urban
and rural overall landscape
(17 questions)

Urban and rural overall
landscape renovation program
(15 questions)
Demographic statistics questions
(6 questions)

Evaluation
Environmental impact (5 questions)
Environmental dimension (6 questions)
Management dimension (6 questions)
Social dimension (3 questions)
Production stage (3 questions)
Construction stage (2 questions)
Use stage (8 questions)
Demolition stage 4 questions)
Humanity environment (6 questions)
Parks and squares (3 questions)
Natural ecology (3 questions)
Carbon reduction and disaster prevention (3 questions)
Gender, age, education, work history, occupation,
types of implemented plans

Figure 2 Questionnaire design

Babakus and Mangold (1992) considered that it is the most appropriate to use a Likert fivepoint scale in questionnaire design projects. In this study, the survey respondents were
divided into two groups, including a group of experts and scholars and a group of the general
public. The expert respondents include experts from governmental agencies and industries
(design, monitoring and construction units) implementing or participating in the urban and
rural environment shaping programs of Pingtung County, scholars, and owners (proprietors).
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The general public group consists of respondents participating in the Pingtung County
landscape education and training seminar. This study distributed 50 questionnaires to each
group during the period from February 1, 2014 to March 31, 2014. There were 90
questionnaires recovered, for a recovery rate of 90%. After deleting invalid questionnaires,
this study recovered 83 invalid questionnaires, for a rate of 92.22%.
4. Empirical Analysis
4.1Descriptive statistics
In each dimension, the average values are high, with the highest value of 4.29 for “urban and
rural overall landscape renovation program (C)” and the lowest value of 4.23 for “life cycle
(B)”. The difference of the two is 0.06, suggesting that both are important. Therefore, this
study further explored the differences in various dimensions, and found that the average
values in dimension A are all above 4. The highest average value of “management dimension
(A3)” is 4.40, followed by “social dimension (A2)”, “A1 environmental impact”, and the
lowest average value of “environmental dimension (A4)” at 4.06, the average value difference
is 0.34. In dimension B, the average values are above 4, with the highest average value of
“use stage (B3)” at 4.37, followed by “construction stage (B2)”, “B4 demolition stage”, and
the lowest average value of “production stage (B1)” at 4.10, the difference between the
highest and the lowest average values is 0.27. In dimension C, the average values are above 4,
with the highest average value of “(carbon reduction and disaster prevention C4)” is 4.44,
followed by “human environment (C1)”, “C2 park and square”, and the lowest average value
of “natural ecology (C3)” at 4.19, the difference between the highest and the lowest average
values is 0.25.
4.2 Path Analysis
According to path analysis results, “life cycle” and “urban and rural overall landscape
renovation program” can be effectively interpreted, with explanatory variances of: urban and
rural overall landscape renovation program at 0.468 (F=35.131, p=0.000), and life cycle at
0.488 (F=79.104, p=0.000); therefore, urban and rural environment assessment has direct
impact on the urban and rural overall landscape renovation program, and an indirect impact
on the urban and rural overall landscape renovation program through the intervening variable
of life cycle. According to the variable effect analysis results, “urban and rural environment
assessment” has a direct effect on “urban and rural overall landscape renovation program” and
“life cycle” at a 1% significance level, and standardized coefficient values are 0.54 and 0.703.
This suggests that “urban and rural environment assessment” has a positive and significant
impact on “urban and rural overall landscape renovation program” and “life cycle”, thus, H1
and H2 are confirmed. In addition, “life cycle” has a positive and significant impact on “urban
and rural overall landscape renovation program” at a 1% significance level, and the
standardized coefficient value is 0.678. This confirms H3. Overall, “urban and rural
environment assessment” can have indirect impact on “urban and rural overall landscape
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renovation program” through the intervening variable, and the βeta coefficient is 0.480
(0.703×0.678).
5. Conclusion and Suggestions
Overall, the respondents of this survey had high acceptance regarding the “urban and rural
environment assessment” and “life cycle” constructs, as established by ISO 14006, ISO
21931-1, and LCCM; and they are highly consistent regarding the second layer “management
stage” and “use stage” dimensions. This suggests that respondents are concerned about
construction processes, operations, and management. In addition, in the urban and rural
overall landscape renovation program, “carbon reduction and disaster prevention” are the
priority, suggesting that both experts and the general public accept the “disaster-preventionoriented” renovation of urban and rural built environments of Taiwan, as proposed by the
Ministry of the Interior. Second, the hypotheses of this research, upon empirical test, were
duly established. Variables including “urban and rural environment assessment”, “life cycle”,
and “urban and rural overall landscape renovation program” have significant and positive
impact, indicating that “urban and rural environment assessment” has a certain degree of
impact on “urban and rural overall landscape renovation program”. The findings are
consistent with relevant previous articles. Moreover, it has a positive impact on “urban and
rural overall landscape renovation program” through “life cycle”. This means that the
consideration of life cycle can contribute to the renovation of urban and rural environments.
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Abstract: In the research of zero- emission building design, façade solutions like ventilated panels,
photovoltaic panels and phase change materials (PCM) are used in order to reduce the energy
demand and the environmental impact of the façade during operational phase. However, considering
all phases of the life cycle of a façade, some solutions being energy- efficient in the operational phase,
may have a significant environmental impact on the production or disposal phase. Therefore, the Life
Cycle Assessment (LCA) is needed in order to measure the sustainability of selected configuration of
the façade. In this work, LCA was calculated for three different façade solutions: opaque insulating
panel with glass finish, opaque insulating panel with photovoltaic finish and opaque insulating panel
with glass finish and PCM in the insulation. The panels are to be included in an experimental façade
which will be constructed within the framework of German- Polish Energy Efficiency Project. The
energy gains from different façade solutions were obtained from ESP-r software (a modeling tool for
the simulation of building energy performance). The LCA calculations were performed applying two
tools: Material Input per Service Unit (MIPS) and Ecopoints 99 (using SimaPro software). The LCA
scores, proportional to the panel surface- were used in optimization process of façade configuration to
find out the most sustainable solutions and point out the environmental loads of each façade design.
The results- LCA scores, show that although the panels with photovoltaic finish have 25% higher
environmental impact in the production phase, the energy gains in the operational phase compensate
environmental impact generated in production and disposal phase.
Key words: LCA, façade, PV,PCM, energy

Introduction
Reduction of general energy consumption is doubtlessly one of the greatest challenges of
sustainable development. In Poland, the energy consumption in buildings is responsible for
about 40% (1) of energy use and a similar relation is observed on a global level. Therefore, a
special attention should be paid to improvement of energy efficiency of buildings,
commercial and residential ones. The high energy demand of buildings comes mainly from
the need for maintain the thermal indoor comfort (temperature between 200C-260C). The
reduction of energy consumption for heating or cooling is expressed in the concept of zeroenergy building, also known as zero- emission building (2). The terms stand for the buildings
which has zero (or close to zero) energy demand. One of the major parts of ZE building is the
façade, since it is the major surface by which the building loses the energy. A plenty of
innovative solutions were studied for façade design, enabling the signification reduction of
heat loses. However, considering all phases of the life cycle of a façade, some solutions being
energy- efficient in the operational phase, may have a significant environmental impact on the
production or disposal phase. Therefore, the Life Cycle Assessment (LCA) is needed in order
to measure the sustainability of any configuration of the façade. The result of LCA should be
equally considered with energy performance of the façade in the design processes.
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Analyzed systems and major assumptions
In the frame of this paper, three different façade solutions were considered: opaque insulating
panel with opaque glass finish, opaque insulating panel with photovoltaic finish and opaque
insulating panel with glass finish and PCM in the insulation. The panels are to be included in
an experimental façade which will be constructed within the framework of German- Polish
Energy Efficiency Project (3). The data on façade panels was supplied by the producer- Stoispo company (4). The detailed data on LCA of the CIS photovoltaic panel was taken from
the literature (5). The panel 3-D schemes of panels are presented in the figure 1.

Fig. 1. 3-D schemes of analyzed panels solutions.MW stands for mineral wool insulation, PCM- phase change
material, PV- photovoltaic finish.

All the panels are based on the same insulation layer (20 cm of mineral wool,
λ=0.033 W/mK) and equipped with the same alumina- stainless steel support system. The
external part of the façade solution is separated from the insulation with an air gap, enabling
the ventilation of the façade system. The main difference in the construction of three panels is
the finish and insulation layer (the external layer of panel exposed to the outer environment
conditions). The first panel is finished with a layer of opaque glass, whereas the second one is
finished with a layer of CIS photovoltaic (nominal power 80Wp). The third panel has exactly
the same construction and finish as the first one, but in its structure a layer of 6 mm of phasechange material (PCM) was integrated. The PCM, based on caprylic acid (melting point
16.70C) is added in order to minimize heat loses in winter or undesired heat gains in the
summer by active insulation. An alternative solution for PCM shape stabilization is proposed
within this analysis. Instead of microencapsulation of PCM, the PCM will simply be placed
between two layers of polyethylene foil, creating a structure similar to 3D ice cube bags.
The goal of the LCA analysis in to express and compare the environmental impact expressed
for a functional unit- panel of dimensions of 120 cm per 60 cm. The façade lifetime is
estimated to be 25 years. The building façade containing the analyzed panel is supposed to be
orientated to west and well exposed to the sunlight radiation. Due to the lack of exact data on
every stage of the life cycle of the façade, the crucial life stages were identified in
collaboration with industrial partner. According to the analysis, the most important
environmental impacts are related to the panel production stage and its maintenance. The use
of materials on the production and maintenance stage is presented for the glass finish panel in
the simplified process tree (fig. 2) obtained from SimaPro software.
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Fig. 2. Simplified process tree for glass finish façade panel.

Since the role of the façade panel is to prevent the heat loses/ gains, the energy that is
transferred by the façade is a loss from the point of view of analyzed system. Therefore, the
energy that is needed to recompense the heat loses via façade is responsible for the
environmental impact of the panel. In order to include this important term in the LCA
analysis, ESP-r simulation engine for building energy performance was used. Basing on the
software, a model of different façade solutions were developed. The internal temperature for
the simulations was 200C in winter and 260C in summer, and the CIS photovoltaic nominal
conversion efficiency was assumed to be 12%. The simulation results enabled to estimate the
energy flow via the façade in the winter and summer season (for climate data for Poland,
Lodz Region). The energy flow was recalculated on electrical energy demand assuming 98%
system efficiency for electric heating (no need for cooling was required according to the
simulation results). The electric energy demand was integrated in LCA analysis, considering
the European Union electricity mix for the co-ordination of production and transmission of
Electricity (UCPTE), Medium Voltage. This electrical energy demand was further considered
in LCA analysis (table 1). The energy obtained from the photovoltaic panel in winter was
subtracted from the energy demand for heating. In summer period, the energy from
photovoltaic is supposed to be used on site for other purposes than heating and to be an extra
product of the façade, therefore this energy in included in the data inventory as negative value
(-141 kWh of energy consumed by façade in summer).
Table 1. Energy loses via different façade solutions and electrical energy demand for heating.

Energy (kWh/ year)
Loses in winter
Energy gains from PV
Electric energy demand
for heating

finish+
Glass finish CIS PV finish panel Glass
PCM panel
panel
5.30
5.30
5.28
48.74
5.41
extra 43.33 available
5.39
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No other impacts of the façade were recognized on the maintenance stage of façade lifetime,
since according to the industrial partner data no extra washing, replacement or painting is
needed. On the disposal phase, the façade needs to be decomposed to the recyclable elements
(aluminum, steel, etc.) and the environmental impact related to the recycling or disposal of
those elements is already considered in the LCA coefficients used in the data inventory in for
the production stage. The energy demand for the reconstruction of the façade is supposed to
be equal for every panel solution, therefore is not considered in this comparative analysis.
Impact assessment
The LCA analysis was carried out in accordance to International Standardization Office (EN
ISO 14040 and updates) recommendations. The assessment was performed in four stages:
goal and scope definition, inventory analysis, impact assessment, and interpretation. The
choice of LCA tool applied for the assessment is generally left to the analyst. Since there is no
obligatory LCA tool on the legal level, the industrial partners or costumers may be exposed to
certain inaccuracies coming from estimating of LCA with different methods. Therefore, in the
frame of this project, two LCA tools were compared in order to prove if significant
differences comes from the method selection.
MIPS (Material Input per Service Unit)
MIPS is a concept originally developed at Wuppertal Institute for Climate, Environment and
Energy (Germany). The method bases on assumption that every material-input becomes an
output (waste, emissions) and therefore measuring the inputs enables an approximation of the
overall environmental impact of a analyzed unit. The analysis is based on adjusting to every
input in the lifetime of a product a factor of Material Intensity. The Material Intensity factors
express how many kilograms of natural resources are consumed within the whole lifetime of
given material (6). Material Intensity Factors were elaborated by experts, are available online
and constantly updated. The factors database cover the majority of building materials.
Eco-points 99 (egalitarian version)
The Eco-points enable to express the LCA of a product or service by expressing the
assessment of damage to the environmental that is caused by the life cycle of a product.
There are three damage categories considered: Human Health (unit: DALY= Disability
adjusted life years), Ecosystem Quality (unit: PDF*m2yr; PDF= Potentially Disappeared
Fraction of plant species) and Resources (unit: MJ surplus energy Additional energy
requirement to compensate lower future) (7). The SimaPro software was used for LCA
calculation applying this method. The data inventory of the inputs related to the façade panel
life cycle was introduced to the software and on the basis of the SimaPro databases the
environmental damage was calculated and expressed as points.
Results and interpretation
The values of LCA scores obtained with Ecopoints 99 and MIPS tool are presented in the
figure 3, separately for production phase, operational phase and whole life cycle.
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b)

Fig. 3. LCA scores for three façade solutions: a)MIPS values, b)Ecopoints 99 values.
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Since the values for each method are expressed in different units (kilograms of natural
resources/ points of environmental damage), they were further presented in a relative way
(each value divided by the highest score obtained with the method), to make them easily
comparable. The normalized LCA scores for three façade solutions considered is presented in
the figure 4.
2

Relative LCA score

1
0
PV finish

Glass finish+PCM

Glass finish

-1

Ecopoints 99
MIPS

-2
-3
-4

Fig. 4. Normalized LCA scores for three façade solutions.

However the panel with photovoltaic finish has higher impact on production stage, the
energy gains from the panel in the whole life cycle recompense this impact totally, leading to
negative value of environmental impact- what means that this product allows a great
environmental saving. This concept is only valid if LCA as a comparative tool is considered,
aiming to choose the best façade design among the possible solutions. The photovoltaic panel
itself cannot be claimed to have a zero or negative environmental impact. However, being
analyzed in comparison to other façade solutions, the advantage of energy production makes
it highly environmentally friendly in comparison to a solution that does not produce any extra
energy. The energy aspect has doubtlessly the higher impact on the final LCA score, since the
greater part of environmental damage is attributed to fossil fuel consumption (figure 3b). Due
to this fact, the operational phase of the façade contributes mostly to environmental impact
and therefore should be carefully optimized. Considering the economic aspect of applying the
photovoltaic panels instead of glass finish panels, the simple payback period of extra
investments cost is assumed to be about 6 years, without considering the possible rise of
energy price and assuming that all electricity produced on site will be consumed on site.
Considering the panel with PCM layer, the energy saving achieved was very low, therefore
hardly recompensed the extra materials use on the production stage. The difference of LCA
for a panel with and without PCM addition was small enough to be neglected at it may be
assumed that the LCA for the panel with PCM is almost equal to the impact of the panel
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without it. In order to make the PCM addition environmentally justified, the better energy
performance of the material should be achieved.
The LCA results obtained with different tools- MIPS and Ecopoints gave similar results only
for the panel with glass finish and glass finish with PCM inside. Environmental impact of PV
panel is significantly different according to the method used, however it has a negative value
in both cases. The most important part of LCA for photovoltaic façade is related to the
operational phase and electricity production. Therefore, the use of different environmental
impact coefficients for electricity production in the LCA tools considered has a decisive
impact on final LCA score.
Conclusions
Resuming, due to energy gains in the lifetime of façade, the panel with photovoltaic finish
proves to be the most suitable opaque solution from the environmental point of view, as far as
the façade is well exposed to the sunlight radiation. Application of this façade solution allows
not only to reach the goal of zero- emission building in the terms of energy consumption, but
also in terms of general, long- term environmental impacts. Due to the long life cycle of a
building, the decisive factor is energy demand for heating (even for very efficient insulating
systems), related to the maintenance phase. Therefore, improving the energy performance of
any façade solution is the most efficient way to reduce the environmental impact.
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Comparative LCA of Air Duct systems ISO 14040 and 14044
Abstract summary: Environmental characteristics and environmental performance of products are
becoming an essential aspect of communication and marketing in particular for the building sector.
The concept of Life Cycle Assessment (LCA), defined by ISO 14040 and ISO 14044 standards, has
grown to be the reference methodology in this kind of communication, in particular through the use of
ISO 14025 standard (providing aggregated Environmental Product Declarations - EPD), and national
derivative standards.
Moreover, both in public and private sector, EPD are more and more used to assign tender. Hence, it
becomes major for any company to be able to perform a Life Cycle Assessment of their products and
services.In that context, Saint-Gobain has carried out many LCA studies of its products. Moreover,
Saint-Gobain has set its own LCA team and written its EPD Methodological Guide) in accordance
with ISO 14025, which is used as the reference document within the Group for all products EDP.
In order to enhance its knowledge about its products and the systems they are part of, Saint-Gobain
has decided to go further and to carry out a comparative LCA of the following air duct system
solutions, that include Saint-Gobain products :




Metal air-duct with outside-insulation (metal duct with CLIMCOVER)
Metal air-duct with inside-insulation (metal duct with CLIMLINER),
Self-supporting air-duct made with glass-wool (CLIMAVER neto)

First considerations on the self-supporting solution of Saint-Gobain, CLIMAVER; lead to think that
this solution may be less harmful for the environment. However, only a complete life cycle assessment
can ensure an accurate and robust comparison of the CLIMAVER solution with other solutions
involving metal ducts and insulation products from Saint-Gobain.
This study is made in accordance with the ISO 14040 and 14044 standards (LCA methodology
standards: Principles & framework, Requirement & guidelines).
Its verifiable and quantitative results will be used in both internal and external communication. They
will be used in particular for supporting the marketing communication on CLIMAVER and confirming
the continuous environmental improvement of Saint-Gobain solutions. The intended audience will be
all building project managers and specifiers (architects, mechanical and HVAC engineers, etc.).
LCA, air duct, ISO 14040, ISO 14044, ISOVER, life cycle assessment.

Life cycle inventory analysis
This part presents the data collection approaches used of this project. Since Saint-Gobain
Group is thoroughly involved in the evaluation of environmental product declarations of their
products, main data as well as LCI concerning Saint-Gobain products and their packaging
elements were provided by the corporate environmental team of Saint-Gobain Group.
Indeed, process data were collected in 2011 by Saint-Gobain Group from Saint-Gobain
Cristaleria Azuqueca production site through an Excel questionnaire. Process data for
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insulating products are 2010 production data and were modelled by Saint-Gobain to prepare
the EPD of Climaver, CLIMCOVER and CLIMLINER products.
After a phase of review of the coherence of the assumptions of this project with parameters
considered in the modelling of the studied products made by Saint-Gobain with the LCA tool
TEAMTM, new LCI were calculated by Saint-Gobain. Detail of this part of the modelling as
well as data sources are presented in the following part of the report.
Description of process phases:
1) Production: Saint-Gobain products: Glasswool and facings are manufactured on
Azuqueca site. The detailed process is described in the figure below.

Figure 1: Insulated products production at Saint-Gobain plant

This step takes into account: the extraction and production of the raw materials, the transport
of raw materials, the extraction, production and transport of all energy sources (fuels, natural
gas, electricity…) used on site, the production of mineral wool, and the production of
packaging.
Galvanized Steel ducts .The steel duct production step includes: the production of
intermediary steel product (hot-dip galvanized steel) on a cradle-to-gate approach and the
transport from the steel production site to the duct manufacture site.The manufacture duct
phase is excluded, no data being available.Density of galvanised steel considered is 7 775 kg/
m3 (density being between 7700 and 7850 kg/m3).
2) Transport on construction site
CLIMAVER is transported as board and cut on the construction site. CLIMAVER is
transported by pack of 7 boards with 12 packs per pallet (299, 98 m2/pallet). 8 pallets (2399
m2 of board) can be transported by one truck.There are three packaging options used to
transport the CLIMAVER product. This study considers the solution named “en caja” which
is the most conservative one since it required more packaging elements for the same quantity
of boards. This solution consists in having 7 boards packed in one carton box. 12 boxes are
grouped on one wood pallet and wrapped with PE ribbon. A specific wood pallet with
dimensions adapted to CLIMAVER board is used.
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The retained packaging solution consists in: Carton box (5 kg each); PE Ribbon to wrap the
boxes together (200 g to wrap 12 boxes); specific pallet, designed for CLIMAVER products
(45 kg each)
CLIMCOVER is transported by rolls (19, 44 m2/roll). The roll is wrapped with a PE ribbon
(0, 193 kg/roll) and transported on classical wood pallets (14 kg each). 20 rolls can be
transported on one pallet. A truck can contain 18 pallets (i.e. 6998 m2 of Isoair
product/truck).
CLIMLINER is provided by roll (24 m2 /roll) wrapped with a PE ribbon (0,193 kg/roll) and
transported on classical wood pallets (14 kg each). 12 rolls can be transported on one pallet. A
truck can contain 18 pallets (i.e. 5184 m2 of Intraver product/truck).
Galvanised steel duct: The duct manufacture site produces 1, 2 metre-long ducts that are
transported vertically in a truck to the construction site.
3) Assembly.This step considers the specific consumptions and ancillary products for
assembly.
CLIMAVER neto:
There are two different methods to manufacture duct assemblies:
• Straight Duct Method (recommended by Isover)
• Separate Module/ flat pieces method (traditional method).

Figure 2: Extract of CLIMAVER installation manual

The assumption of the project considers the straight duct method. The length of contour
required to make a 1, 19 long metre duct is: C = P + e + l with
P = inner perimeter of the required duct, in this case: 2*(0, 2 m + 0,4 m)
e = 0,2 m, considering the thickness of the product (8*25 mm)
l = 4 cm, which is the overlap to fasten the duct.
In this case, to make a duct with a section of 0,2 m x 0,4 m, the width required should be :
C = (2*0, 2) + (2*0,4) + 0,2 + 0,04 = 1,44 m
With this approach and considering the format of CLIMAVER neto board (3 m x 1, 19 m i.e.
3,57 m²), it is possible to make two 1,19 metre-long duct per board of CLIMAVER. In order
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to make the reference flux which is a 20 metre-long duct, the quantity needed is 16,8 sheets of
1,19 m x 1,44 m dimensions
Based on information provided by Saint-Gobain, the maximum loss rate at the
implementation phase of CLIMAVER product is 5 %. On a conservative approach, the study
considers 5%.
So, the quantity of products will be: 16, 8 (1 + 5%) = 17, 64 boards of 1, 19 m x 1, 44 m or
30,23 m². In order to obtain this surface, the required quantity of CLIMAVER board is
30, 23 m² / 3, 57 m² = 8, 47 CLIMAVER boards of 3mx1, 19m
The product is delivered in box of 7 CLIMAVER board equivalent to 24, 99 m² per box so,
the necessary quantity is 1, 2 box.
For its assembly, CLIMAVER requires the following tools and auxiliary materials:
 Tools: CLIMAVER tools such as square rulers, (with steel blades easy to be replaced),
knife. The impacts for the tools will be neglected.
 Auxiliary products :
 Perfiver H profiling (used to protect the edge of glass wool ducts in grid,
machinery connections and inspections doors.) - not considered in the studied
solution.
 CLIMAVER neto tape: self-adhesive aluminium tape for sealing joints externally
(pure aluminium tape 50 µm thick with resin-based acrylic adhesive). The
adhesive has a nominal width of 65 mm. Presented in 50 metre long rolls in boxes
of 12 rolls.
 Staples (14 mm staples transported in 5000 staple box.)
 CLIMAVER glue for non straight duct.
The quantities of auxiliary materials for the reference flow (20 metre-long straight HVAC
CLIMAVER neto system) are: Tape: 44m, glue: 101g, staples: 538units
CLIMCOVER, in the case of CLIMCOVER, the formulae to calculate the length of contour
to cut is: C = P + 8 x e + l with
P = inner perimeter of the required duct, in this case: 2 x (0, 2 m + 0,4 m)
e = 30, 6 mm, considering the thickness of the 30mm of ISOAIR and the 0,6mm of metal.
l = 5 cm, which is the overlap to fix the duct.
In this study case : C=2x(0,2+0,4)+8x0,0306+0,05 = 1,4948 m .Consequently, to insulate the
reference flux of 20 metre-long, 16,67 CLIMCOVER sheets of dimensions 1,20 mx1,4948 m
are needed
On a conservative approach, the loss rate considered in the study at the implementation phase
is 5%. The quantity of CLIMCOVER becomes 16,67x (1+ 5%) = 17,5 sheets of 1,2 m x
4147

ISBN: 978-84-697-1815-5

1,4948 m = 31,39 m². The product is delivered in roll of 19, 44 m² so, the necessary quantity
is : 1,6 roll
As for galvanised steel, the solution requires 16,7 ducts of 1,2 meter long with inner
dimensions of 0,2 m x 0,4 m (total volume will be 0,0144 m3 and mass will be 111,6kg).
The only auxiliary products required for the implementation of CLIMCOVER product are the
same tape as for Climaver neto. The quantity necessary for a 20 metre-long duct is 44 m.
CLIMCLINER: There is no specific formula to calculate CLIMLINER length of contour to
cut since there is no need of overlap.
C = P with P = inner perimeter = 2x(0,2+0,4)=1,2 m. So the length of contour is C = 1,2 m
To insulate the reference flux of 20 metre-long.16, 67 CLIMLINER neto sheets of dimensions
1,20 m x 1,20 m are needed. A loss rate of 5% will be also considered to ensure an equivalent
and conservative approach.
The quantity of CLIMLINER becomes 16,67 x (1 + 5% )= 17,5 sheets of 1,20 m * 1,20 m =
24 m².The product is delivered in roll of 24 m² so, the necessary quantity is : 1 roll
As for galvanised steel, the solution requires 16,7 ducts of 1,2 meter long with inner
dimensions of 25 cmx 45 cm (total volume will be 0,0168 m3 and mass will be 130 kg).
The only auxiliary product required for the implementation of CLIMLINER product are
adhesive pins (composition : 19 to 203 long and 2,7 mm of diameter nails in galvanised steel
with adhesive 50 mmx50mm base made with polyethylene foam and resin-based adhesive
closed by a 30 mm diameter clip in galvanised steel and a nylon protective cap). Based on the
insulation product characteristics, 4 pins per m2 of CLIMLINER to product are required.So,
(4*24)= 96 pins are needed.

Table 1: Weight of the three solutions studied

4) Life in use and Maintenance
This step can be neglected. Indeed, there is no specific repair or maintenance required and the
cleaning process can be manual (the methods are air sweep method, mechanical brush
method, contact vacuum method).In this step, additional energy consumption due to energy
loss for solutions with lower performance will be considered (basis will be CLIMAVER
solution).
5) End-of-life
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The insulating products (CLIMAVER, CLIMCOVER and CLIMLINER) will be dismantled
and put into landfills. The distance from the demolition site to the landfill considered is 30
km. As for metal ducts, they will be recycled. The impact of steel recycling is already
included in the steel production step since the Worldsteel Association took into account in the
LCI of steel a recovery rate estimated at 85% based on average recycling rate from building
sites. Distance to storage site before recycling has been considered to be 30 km as well.
Life cycle for CLIMAVER

Life cycle For CLIMCOVER and CLIMLINER

Calculation procedures
LCA tools: For the modelling as well as calculation of the LCI, Saint-Gobain environmental
team used the LCA tool TEAMTM for the calculation of the LCI of the SG products.
Indicators and Environmental impact assessment methods
To assess the environmental performance of the studied solutions, the project will use the
following environmental indicators, including impacts mid-point indicators recommended by
ILCD. Midpoint indicators represent environmental issues, for example acidification, whereas
the fate of the substances causing the environmental problems is not taken into account.
Indicators are the following:
 Climate change
Climate change is the impact of emissions from human activities on the radiation forcing of
the atmosphere.The characterization factors applied here are based on the Global Warming
Potential for a 100-year time horizon [IPCC, 2007].
 Depletion of the stratospheric ozone layer
The polar ozone hole formation consists in catalytic destruction of ozone by atomic halogens.
Characterisation factors for ozone-depleting substances (ODS) which contribute to both
climate change and ozone depletion impact categories, were implemented from the World
Meteorological Organisation [WMO,1999].
 Photochemical Ozone formation
Photo-oxidant formation is the photochemical creation of reactive substances (mainly ozone)
which affect human health and ecosystems. The characterisation factors applied here is the
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“photochemical Ozone Creation Potential” (POPC) [Van Zelm et al 2008 as applied in
ReCiPe2008].
 Air Acidification
Acidification is mainly caused by air emissions of NH3, NO2 and SOX.The characterisation
factors applied here are based on the Accumulated Exceedance (AE) indicator [Seppala et al
2006, Posh et al 2008].
 Eutrophication
Eutrophication includes all impacts due to excessive levels of macro-nutrient in ecosystems.
Characterisation factors applied here are based on the Accumulated Exceedance (AE)
indicator [Seppala et al 2006, Posh et al 2008] for terrestrial Eutrophication and concentration
in P eq. and N eq. [Recipe 2008] for Aquatic Eutrophication.
 Depletion of abiotic resources (ADP)
For mineral and fossil resources depletion at midpoint, van Oers et al 2002 in the source of
characterisation factors based on methods of Guinée et al 2002. Indicator is Abiotic Depletion
potential, quantified in kg of antimony-equivalent per kg extraction, or kg of antimonyequivalent per MJ for energy carriers.
Validation of data
The general requirements regarding data quality are the following:
− Geographic scope: In term of geographic scope, the project focuses first on the
production, implementation and dismantling of solutions in Spain. Indeed, data on
Saint-Gobain production come exclusively from the site manufacturing the products in
Spain.
− Time scope: The most recent available data have been used for all main products.
− Technical scope: The process technology underlying the datasets in the study reflects
process as well as technical and environmental levels which are typical for process
operation in the reference period.
Conclusion:
With this complete life cycle assessment we can assure that CLIMAVER solution is the
solution less harmful for the environment in comparation with other solutions involving metal
ducts and insulation products from Saint-Gobain.
References:
• ISO 14040:2006-Environmental anagement-Life cycle assessment-Principles and
frame work
• ISO 14044:2006- Environmental anagement-Life cycle assessment-Requiremens and
guideleines
• “Methodoly report: life cycle inventory study for steel products” from de wordsteel
association.
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Environmental Impact Classification Utilizing Activity-based
LCA Model of XPS Insulation System Manufacturing Phase
Abstract: In response to worldwide efforts to reduce global warming gases, the construction
industry has endeavored to diminish carbon dioxide emission. Especially, by introducing the
LCA methodology to the industry, a variety of studies related to measuring of emission of
carbon dioxide have been conducted. When the conventional LCA methodology is applied to
the construction project, however, some limitations have been reported. To overcome the
restrictions derived from the characteristics of this industry, this research suggested the
Activity-based LCA model by applying the Activity-based Costing(ABC), which breaks down
the whole life cycles into more detailed stages. By implementing the newly developed model,
forecasting accuracy of CO2 emission was elevated and the critical control point on carbon
dioxide were established. Through the reviewing of XPS insulation system at manufacturing
phase, this research verified the usefulness of the Activity-based LCA.
Key words: Activity-based LCA, Activity-based Costing, Environmental Cost, CO2 Emmision
1. Introduction
Recently, people’s understanding and concern about rapid global warming has been on the
rise. As a result, there have been strenuous efforts to reduce environmental impact factors (ex:
CO2, etc.) which accelerate global warming in construction industry as well. In particular,
studies relating to the development of Life Cycle Inventory (LCI) database and evaluation
programs have been actively performed in order to introduce LCA methodology which
investigates the emissions of environmental impact factors from the life cycle perspective to
construction industry. At application of the current LCA to construction industry, however,
there are limitations in handling a large number of construction materials. Furthermore, it is
not easy to use the analysis results as an environmental impact management tool from the life
cycle perspective in construction industry. In addition, because the existing LCI database
contains raw material-related database only such as electricity, concrete and steel, there is not
enough time to develop LCI database to assess the LCA in construction projects in which a
wide variety of materials are used. To overcome these barriers, this study reduced the
necessity to specify the life cycle in construction industry with a goal of improving the
usefulness of LCA methodology and assessing composite materials by combining the already
existing database. In this study, therefore, an activity-based LCA model in which cost is
specified using the activity-based cost management method was proposed. This model
classifies the activity-based life cycle into specific processes and enables the monitoring of
the results of the environmental impact assessment by stage. Then, the conventional raw
material-based LCI database was combined with the materials which are supplied by activity
to make the environmental impact assessment of the analysis subject easy. This study aims to
identify problems of LCA methodology applied in construction area through review on
existing studies and to point out the limitation of introduction and utilization. As it is deemed
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necessary to have subdivided LCA methodology for application in construction area in the
future, this study presents Activity-based LCA model, deriving from ABC cost management
skill.
2. Consideration on Existing Study
2-1. LCA methodology-related studies in construction industry
Unlike the manufacturing industry in which an LCA is commonly introduced for an
environment impact assessment, construction industry has a significant long life cycle with a
huge amount of input and output. Therefore, there have been difficulties in developing and
analyzing the LCI database. Korea Institute of Construction Technology developed LCI
database on construction materials and developed the related assessment program titled
‘KLCA’ [1]. However, because the database failed to handle all materials used in the
construction project, there has been a doubt on its effectiveness.
The results of the LCA analysis would be used for comparison of alternative. Weiland
performed an LCA to compare Portland Cement Concrete (PCC) and Hot Mix Asphalt
(HMA) for replacement of road pavement of I-5 in the U.S[2]. In addition, Lee compared
alternatives in management methods to reduce the level of environment impact in the
maintenance stage by carrying out the LCA of sewage treatment recycling facilities[3]. As
mentioned above, there is a high possibility that current LA-based studies in construction
industry in which a great number of materials are used would be available as just a tool for
numerical comparison of alternatives. Therefore, it appears that they would not be used as a
management tool to reduce the emission of environment impact factors.
2-2. ABC Cost Management System
Conventional cost management system allocates the cost based on production output or
working hours and is a suitable type when direct labor cost takes high percentage in total
production. However, in the today’s production system that is represented as mechanization,
automation, production process innovation and small quantity batch production, the
percentage of direct labor cost reduced and indirect cost including fixed cost related to
equipment considerably increased. Accordingly, it was pointed out that dependence on
traditional cost management type might result in distortion of price and further, establishment
of wrong management strategy [4]. Cost management system for this purpose is ABC cost
management system.
ABC cost management system separates function of company into ‘Activity’ per feature for
calculation of accurate cost, collects the costs per activity using this as the target of basic cost
management, applies resource driver and activity driver which are the criteria of allocation
and allocates the costs to the products.
Here, ‘Activity’ is the work of creating value using resources and is defined as the basic
analysis unit of generating cost and concrete case or transaction that consumes resources in
the process of product production of company. Activity is largely divided into 1) Unit-level
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activity, 2) Batch-level activity, 3) Product-level activity, and 4) Facility-level activity. Unit
level activity is performed whenever one unit of product is produced in proportion to product
production. Batch-level activity is the activity performed in the unit of batch and includes
purchase, procurement activity, sample quality examination activity and work preparation
activity. Product level activity is the activity that is performed to keep the product line and
includes maintenance activity, environment cleaning activity and safety management
activity[5].To distribute the ‘activity’ into the unit cost of product in ABC, it passes through 5
stages from ‘Resource – Resource Driver – Activity- Activity Driver – Object’. Through this
process, it became possible to accurately identify the cost generated in activity, to distribute
this to cost and to perform reasonable cost estimation.
2-3. Studies relating to the allocation of ABC cost management method-based
environmental cost and environmental management
ABC Cost Management System is the type that subdivides the environmental factors and
imposes environment cost to production cost and is utilized as the tool of environment
management[6].
The reason why ABC cost management system is utilized in environment cost analysis can be
summarized into 2. It is because ABC identifies the activity, resource consumed for that
activity, resource driver showing casual relationship of resource consumption, product from
consumption of activity, and activity driver, which is the casual relationship for activity
consumption. In addition, it is because ABC enables to perform cost analysis even if analysis
is not performed since it classifies for analysis of activity related to environment among
various activities generated in the production of products[7].
In addition, ABC cost management system was not only used for estimating environment
cost, but also utilized as the tools for environment management. Chen stratified the
management system and constructed activity based management system by relating this to
environment activity[8], and Emblemsvag constructed environment management model
focusing on resource and energy cost utilizing ABC and identified the activity with excessive
environment costs through simulation[6].
In this regard, this study recognized the necessary of stages subdivided than life cycle so as to
represent the complicated structure of construction industry. For this purpose, this study
utilized the activity of ABC cost management type as the plan for estimating environment
cost in order to subdivided the life cycle, and aims to construct Activity-based LCA model
using the system of classifying the activity into the process of subdividing the life cycle of
LCA.
3. Activity-based LCA Model
3-1. Concept of Activity-based LCA Model
Products from construction area have the life cycle stages of 1) Material collection and
processing, 2) Material production, 3) Construction, 4) Maintenance and 5) Removal and
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Dismantling. In addition, transportation stage occurs as it passes through each life cycle stage.
Activity-based LCA model applies and analyzes ‘Activity’ concept focusing on life cycle
stage of construction area. It identifies the emission and factors per activity by classifying the
‘activity’ per type through process analysis of each stage of life cycle and analyzing the CO2
emission of activity. That is, by performing LCA analysis per activity unit and measuring
emission of CO2 based on this, it identifies the causes through analysis of emission point and
utilize this to allocation of environment cost (Image 1) [4].

Imagen 1 Activity-based LCA Model Diagram[4]

3-2. Features of Activity
One of feature that differentiates activity-based LCA model from existing LCA model is that
it prepares the inventory in the activity unit. Construction industry is based on the process and
the boundary of process is clear so that there are clear criteria for designating the process as
activity. Accordingly, it seems easy to apply activity-based LCA model that focuses on
process.
The data for utilization and classification of stage performed in inventory analysis of LCA
methodology are detailed inventory such as resource and energy input and output (level 3)
and life cycle (level 1). However, this study analyzed the detailed process of life cycle stage
and designated the activity (level 2) for analysis of CO2 emission, and based on this, aims to
draw up input and output inventory. Like the definition on ‘activity’ of ABC above, ‘Activity’
of Activity-based LCA model can classify the process that performs the similar works into
same activity through detailed process analysis. At this point, the value in environment
management perspective, the standard of activity classification, means the environmental
value, the data that can be used for environmental impact analysis including output materials
in LCA analysis or input like resource or energy(Jam Emblemsvag, 2001).
In this regard, this study merged the processes which have similar environmental impact
emission factor of similar process and classified them into same activity in order to satisfy the
goal of constructing management system of Activity-based LCA in construction area. It is
possible to classify activity by applying the criteria which are deemed easy to perform
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including selection of management point and establishment of management instruction
according to purpose of utilization, in addition to classification standard of activity presented
in this study.
3-3. Criteria for Classification of Activity
Activity established by environmental impact factor in the construction area focusing on
feature of activity analyzed above can be deduced in consideration of 1) resource input, 2)
energy use and 3) degree and type of environmental impact. In this study, activity will be
classified and named 1) Direct Activity (DA), 2) Indirect Activity (IA), 3)Changeable
Activity (CA), 4) Non-Impact Activity (NA), according to the emission type of substance that
affects the environment. ‘Direct Activity’ is the activity that has direct environmental impact
due to use of energy or input of resource in the area of construction. ‘Indirect Activity’ refers
to the output of substance that has indirect impact on environment through activities such as
design, order, reception and quality inspection. That is, if there is energy or resource that are
used for maintenance aspect of factory, while there is no input of resource of energy, that
activity can be selected as indirect activity. ‘Changeable Activity’ refers to the activity in
which the amount of input/output material in function unit according to the project, such as
transportation. In this regard, Changeable Activity should calculate the input/output for each
project by tracing the transportation process of materials even if products are produced in
same factory. ‘Non-impact Activity’ is the activity that does not emit any factor that affects
the environment through activity and includes rest time and standby time.
3-4. Activity Designation of XPS Insulation System at Manufacturing Phase
To designate the activity of XPS insulation system, detailed process was analyzed throughout
the life cycle of manufacturing phase. Activity was classified according to the environmental
effect, the activity driver focusing on the detailed process analyzed. Classified activity are
designated as 4 types of activity and impact ratio, and, the impact ratio comes from experts
investigation(Table 1).
Table 1 XPS Insulation System Activity of Manufacturing Phase
Level 1 (Life Cycle)

Manufacturing

Level 2 (Activity)

Activity Type

Impact Ratio

Mixing

Direct Activity

0.03

Melting

Direct Activity

0.15

Extruding

Direct Activity

0.23

Cooling

Direct Activity

0.10

Forming

Direct Activity

0.12

st

Direct Activity

0.10

nd

2 Cutting

Direct Activity

0.12

Packing

Indirect Activity
Direct Activity /
Indirect Activity
Changeable Activity

0.04

1 Cutting

Loading and
Transportation

Loading
Transportation

0.08
0.03
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4. Conclusion
The introduction of an LCA in construction industry follows a global trend to reduce the
emission of environmental impact substances. Because of high demands for the introduction
of the LCA, therefore, there have been a lot of studies such as construction material LCI
database development & assessment program, and many of them have been actually
developed and implemented. Even so, use of a lot of materials and equipment and long life
cycle have been obstacles in the promotion of the LCA in construction industry. Therefore,
it’s been necessary to adjust the LCA analysis method to facilitate the introduction of LCA
and use it as a management tool. With this perspective, this study proposed activity-based
LCA under the ABC cost management method for the environmental impact assessment and
analysis focusing on life cycle in the conventional LCA.
This study conducted an activity-based LCA analysis on the activities in the XPS insulation
system of manufacturing phase only. In further studies, therefore, it is required to expand the
scope of analysis to cover all activities and perform a study based on empirical data in all lifecycle stages.
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High rise buildings: is it wise to continue to explore such building
typology?
Sattler, M.
Universidade Federal do Rio Grande do Sul (UFRGS), Porto Alegre, Brazil
Abstract: NORIE (Núcleo Orientado para a Inovação da Edificação), the Construction
Sector of the Postgraduate Program on Civil Engineering, at UFRGS, Brazil, has been
studying, for nearly twenty year, a broad spectrum of topics related to buildings and
communities sustainability. This paper aims at discussing some of the challenges related to
tall buildings, particularly of those already built and that are nearly to reach the end of their
life cycle expectancy. The study makes a literature review and discusses some case studies
associated to the Brazilian reality. The analysis of future scenarios and of the stock of existing
buildings that are approaching the end of their life expectancy points to the necessity of
taking steps towards the search for solutions to what is being forecast as inevitable (end of
fossil fuels availability; the growing degradation of urban spaces; etc.), so to offer a less
blight perspective to our children.
Keywords: Sustainability; life expectancy of buildings; high rise buildings.
Introduction
The world population has been growing and the rate of this growth has increased considerably
in the last fifty years. Following this growth, urban population represents today more than
50% of the total world population. The way humans allocate their different activities in urban
areas varies, and has resulted, mostly in its sprawl over large areas, but also in its vertical
growth, sometimes in an impressive way. One could say that is of upmost importance to limit
sprawling and increase density. No doubt about that, but should we worry about the hight of
building or that does not matter? In this paper some considerations will be made that are
important to the process of decision making when forecasting the future of cities some 30
years ahead.
Firstly, one must recognize that, in both cases – sprawling or growing in height – those who
support one or other usually only consider some specific aspects related to the issue, not
realizing that the city performs like a “complex system” and, as a result, being innumerous the
factors that contribute, or not, to its sustainability, health, security, resilience, …
It is common, thus, to find supporters of the thesis that, when concerning to urban
settletments, “the larger, the better” [1]. Thus, with basis on economical arguments, mostly,
some point out that some megaregions contribute with more than 66% of all economic
activity and with more than 85% of the technological and cientific innovation, and as being so
they announce the potencials for the consolidation and diffusion of this model of land use in
the future. They also add that some city plans results in higher or lower costs, in accordance
to favorable relations of use and to land use; adequation to topography; mobility and other
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infrastructure components that are vital as design constrains and determinants. According to
those in support to these arguments, paving and drainage are the more costly urban
infrastructures, being responsible for 55% to 60% of the cost of all urban infrastructures. As
such, being urban density determinant of infrastructure costs, the multifamily housing model
is more advantageous than the single family model, for being denser [2].
It is undeniable the necessity of densifying urban areas, due to its associated social, cultural
and economic benefits and to avoid, for example, the American model of suburbia, that
determine an extreme scenery of sprawl cities. Nevertheless, even aligned with this option,
many much more sensible models of densification exist [3], that have been proposing, since
the 80’s, new alternatives for urban dinamics; diversification and intensification of uses and
functions for urban land; density increase and social cohesion, among other aspects.
The second remark is that in the analysis found and arguments presented favorable to denser
cities, rarely future scenarios are discussed, as recommended by Sustainable Cities
International [4]. This institution is used to work with future scenarios and makes use of the
concepts of forecasting and backcasting. Forecasting is a method that allows translating past
and present tendencies in future estimates. Instead SCI prefers using the concept of
backcasting, that departs from the definition of a desired future (often referred as a vision) and
then assess what is necessary to get to this future. They explain the problem associated with
forecasting by asking the following question: “But if the present tendencies are part of the
problem”? They explain that urban sprawl is an example that illustrates well this tendency of
urban growth, where, if forecasting is applied, it will predict a larger urban sprawl! They
further add that as tool for understanding what will be possible in the future, forecasting
allows little divergence in perspective, when talking about the future of each city, and that
backcasting allows to planners the introduction of new and creative ideas – broadening the
dialogue on the future we intend to create, versus another one, that is purely predictive and
based on past tendencies and behaviour.
At NORIE [5], we aim at creating guidelines for the development of small municipalities
(identified as those with less than 20 thousand inhabitants), analyzing both urban and rural
areas, with the aid of a systemic approach and in such a way of contributing to the
construction of a more sustainable and healthy future. In the search for models of resilience
for such communities, we try to identify complex systems that are oriented by the principles
of sustainability in its broad sense (environmental, economic, social, cultural, political etc),
under the lenses of a technical focus, trying to harmonize issues like: energy; land use; urban
morphology; waste water treatment; solid wastes management; urban mobility and
accessibility; water and air quality preservation and local production of food.
This work makes a reflection on some challenges identified by NORIE, to be faced by the
several actors in the civil construction production chain, in special by those associated to the
production of buildings and, in particular, to urban morphology, questioning the option
increasingly adopted, of tall buildings, in the face of the present challenges and of those that
can be anticipated when analysing future scenarios.
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Critical aspects associated to tall buildings
• Energy
A number of experts in the área of energy point out to the problems that are expected to occur
simultaneously to the depletion of fossil energy resources. Richard Heinberg is a well known
expert with several published books in the area. Among them, The Party´s Over: Oil, War and
the Fate of Industrial Societies [6] points out: the total dependence of modern industrial
societies in fossil energy resources; the worrying lack of resilience of these societies in face of
even minimal reductions in energy resources; the inevitability of fossil fuels depletion, among
other topics. In a more recent book [7], the author reinforces many of his assertions, including
that of our continued depence on fossil resources, but also points out to the descendent curve
of its availability, as well as to the depletion of mineral resources and, also, to the decline of
global economic activity, on several aspects.
Other authors [8] also remind us that lifts consume a lot of electricity and have an expensive
maintenance and have a high cost of acquisition and substitution. They, alone, might represent
between 5% and 15% of the current costs of a building and, the taller the building, the higher
these costs will be.
As the depletion of energy should not occurr sudenly, the population as a whole will not be
deprived at the same time. With the gradual reduction of energy resources, the estimates are
such that its price also will increase gradually, in such a manner that the poorer fraction of the
population will be the one to miss it most for their comfort.
Solar energy should become the main source of energy in the future and its use should grow
gradually, being that both for water and air heating and electricity generation, at the same time
that the efficiency of equipments for such uses should grow. This will be required as the
density of energy in sun rays reaching the planet is relatively low and solar energy can only
supply the energy required by those inhabitants living in the just under the roof of a building.
This is reinforced by [8] that explain that the geometrical characteristics of tall buildings
make not viable the use of solar systems for water heating, energy generation or air heating
for autosufficiency, as their surfaces are not enough to supply the needs of all users of such
buildings.
Furthermore, glazed tall buildings, mainly in the tropics, also suffer from huge solar gains.
Skyscrapers, as a rule, require air cooling, as they have a large floor area, a requirement to
make them economically viable, and that makes natural ventilation very difficult to be
obtained. Mechanical heating and cooling, on their own, multiply by four the expenses on
energy in these buildings [8].

•

Durability and maintenance
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In a study developed at NORIE [9], a review of the international literature on life expectancy
of the different layers of a building (structure, services, partitions and internal spaces) found
no consensus with regard to the longevity associated to each one of the layes, although the
average estimate for the life expectancy of the structure of reinforced concrete point out to
something around 50 years and to a life expectancy considerably shorter for the other
components, what also is in agreement with the estimates in NBR 15755-1 [10].
According to [10], the life expectancy is the period of time in which the building, service or
component can be used, under satisfactory conditions of security, health and hygine and
maintenance is the set of activities to be performed for the conservation or to restore the
functional capacity of a building and its constituent parts in order to supply the necessities and
security of the users of the building.
It is well known that the performance of a building decreases with time. In the same way one
could wonder about the income profile of the users of such buildings and how it may vary
with time. Would not such profile follow the tendency of decrease shown by the performance
of the building if this were shown on a graphic, thus making difficult the maintenance
operations? And, in addition, if we were to draw on the same graphic showing the decaying
line of performance another line, identifying the costs of maintenance, would this no be,
differently from the previous two lines, an ascendant one? Thus, in face of such a situation,
where maintenance costs would be requiring increasing financial resources and the users of
such building would become more and poorer along the lifetime of the building, would not
the users of such building be facing an accelerated process of degradation of the building?
In order to ilustrate such a reality and to deepen such a line of discussion, Figure 1 shows two
moments associated to life cycle of a building: the first one, showing the end of the life cycle
of Edificio São Vito, in São Paulo, a residential building with 27 floors and 600 apartments.
The second, shows its demolition residues, together with those of 36 other buildings (not as
tall as São Vito) also demolished at the same time.
One might ask: how many tall buildings around the planet, either existent or to be
constructed, will count with the financial resources required for their demolition, as was the
case of São Vito? No doubt that the demolition process requires a considera’ble amount of
money. One could wonder that the users of such a type of building, either due to a lack of
resources or two a lack of interest, or even due to a lack of agreement among its owners will
not be able to afford its demolition or dismantling. Even because the total value obtained with
the sale of the plot where the building stands added to value of the sale of the residues
resulting from the demolition, in most cases, would not be enough to cover the costs of
demolition (or dismantling) plus the cost associated to the transportation of the resulting
residues. In the same way, the public and private sector, for the same reason (cost), hardly
would be willing to cover the cost of demolition. So, without such willingness, what will
happen with tall buildings and the urban areas where they are located today?
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Such a worry is expressed by [11], when they remind us that some of the taller, stronger and
even more beautiful buildings from the beginning o the twentieth century, only now are
approaching the end of their life cycle. And they ask: “What will be the destiny of such
buildings”?

(a)

(b)

Figure 1: São Vito Building, in São Paulo: (a) Abandonned building. Source: (12); (b) Residues, at the end of
the demolition process of buildings São Vito, Mercúrio e Herreras. Source: (13).

On a similar way of thinking [8] refer, that many tall buildings deteriorate in a deplorable way
as their owner cannot pay for their maintenance. They add that are many examples that show
us that often it is easier do implode them, than to regenerate them. And they conclude that this
alternative has cost implications in addition to environmental impacts.
This situation certainly will be even more critical when one considers that the two panoramas
above describe will coincide and that an enormous quantity of energy, not easily available in
the future, also will be necessary for the demolition and residues transportation processes.
•

Health and quality of life

Some social and psychological issues also should be included in considerations about the
height of buildings. Studies performed in tall buildings in the United Kingdom, pointed out to
frequent cronic problems occurring with users of tall buildings, such as the delay of motor
development in children that did not have the opportunity to descend to the ground level,
without the presence and supervision of their parents [8].
Another study at NORIE [14] assessed the impact of the verticalization and densification
process on the quality of residential space in a neighborhood of the city of Porto Alegre,
Brazil. When the authors analised the impact determined by a 18 floor residential building, in
a neighborhood occupied mainly by two and three storey buildings, they concluded that the
tall building modifies not only the streetscape of the neighborhood. It reduces (or completely
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obstructs) the whole of the solar energy formerly incident on the plot; besides reducing or
eliminating privacy; it adds considerably to population density and increases the demand for
services and infrastructure, besides increasing traffic. It affects even the neighborhood
relationships – in the new buildings, life in gated communities are previledged and the
resident rarely walks on the streets; neighbors do not know each other. One can ask, thus, how
far, under such conditions, the cultural identity of the neighborhood can be sustained? How
profoundly modified are such aspects that qualify the place of living of its inhabitants?
Conclusion
If we want to leave a more sustainable planet to our children there is no doubt that we have no
alternative than reconsidering our way of living and to rethink the planet we are leaving to
them. Forecasts with basis on our present actions, particularly on the way we have been
intervening on nature to produce the built environment, is very worrying. One such worry has
to do with the growing number of high rise buildings being produced, mainly those produced
to become residential buildings.
This paper briefly addressed a few of the issues (several others could be added) related to the
life cycle of high rise buildings, including: energy; durability and maintenance; life
expectancy; demolition costs; health and quality of life.
With basis on a literature review and supported by adicional reflexions, considering the
Brazilian reality, the following conclusions were considered to be pertinent, that,
fundamentally, point out to some critical aspects associated to the production and living
conditions in high rise buildings:
•

•

•

•

With the gradual depletion of fossil energy resources, as pointed out by Heinberg,
several aspects associated to our present comfort will become critical, among them:
the vertical mobility of those living in tal buildings, as well as the vertical transport of
heavy materials of any sort;
Differently from old buildings, mainly in Europe, structure is growing in importance
in tall buildings, both in terms of space and of materials and they have a relatively
short life expectancy;
With the end of the life cycle of this type of buildings, that can be shortened by the
lack of resources of its users in their maintenance (simply because they cannot afford
it), added to the difficulties inherent to the demolition process, a very worrying
situation can be forecasted, that is the emergence of a growing number of
dysfunctional and abandoned tall buildings (what happens to be already a reality in
many cities in a number of countries);
In addition to the above, several experts point out to the unhealthiness (mostly
emotional) of living in tall buildings, mostly for those (elderly and children) that most
are impacted by the problem of confinement in tall buildings.

So, it becomes reinforced the importance of deepening and intensifying the practice of
backcasting, as a way of contributing to the creation of a desired future, as far as the planning
of urban areas is concerned, in the search of a more sustainable urban environment.
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Abstract: The cities of Chile’s Central Valley face a serious problem regarding airborne pollution
with many already declared saturated in terms of PM10. This pollution is directly related to the
thermally inadequate housing stock and the use of inefficient wood burning appliances. This paper
presents the initial stages of research for the project "Environmentally Efficient Dwellings: Design
Guide for the Construction and Management of Sustainable Mixed Use Residential Buildings for
Southern Central Chile." To gain an understanding of the current situation, post occupancy evaluation
and a study of occupants’ behaviour was undertaken of dwellings in the city of Temuco, a city
declared saturated by airborne pollution PM10 and PM2.5. This evaluation helps to build a picture of
the reality of daily life both in winter and summer months, a picture that will enable the resulting
guide to closely fit the needs and realities of the population of Chile’s Central Valley.
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Introduction
In Chile the architectural design of all types of residential developments, and their related
services, occurs with no significant consideration of sustainability or energy efficiency. This
lack of consideration not only results in low standards of habitability (IC 2006) but also in the
associated, ever increasing operational costs. These problems are compounded in Chile’s
Central Valley, home to over 50% of the country’s population (INE 2012), where the
topography traps the airborne pollution and most cities have been officially declared saturated
by airborne contamination PM10 by the Ministry of the Environment. These emissions are
principally from the burning of firewood for heating and cooking, with poor quality firewood,
inefficient stoves and a housing stock lacking sufficient thermal insulation being the principal
contributing factors. Studies show that the application of current Thermal Regulations and
improve air tightness could reduce emissions of particular matter by 53% (Ulloa et al. 2010).
A programme to implement these measures is currently being applied in the city of Temuco.
At the same time research by the authors of international case studies show that there exists
the necessary technology and knowledge needed to design, build and inhabit sustainable
mixed use residential buildings; a housing typology that the authors believe could help solve
many of the problems faced by cities in Chile’s Central Valley (Whitman et al. 2013).
Objectives
As part of the research project "Environmentally Efficient Dwellings: Design Guide for the
Construction and Management of Sustainable Mixed Use Residential Buildings for Southern
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Central Chile," funded by the Dirrección de Investigación y Postgrado of the Universidad
Central de Chile, post occupancy evaluation and a study of occupants’ behaviour was
undertaken in order to give an insight into the current situation in dwellings in the city of
Temuco-Padre Las Casas, a city declared saturated by airborne contamination PM10 in 2005
(Minsegpres 2005) and PM2.5 (MMA 2013) in 2013. This evaluation and study was
specifically requested by the regional office of the Ministry of Housing and Urbanism to help
build a picture of the reality of daily life both in winter and summer months. With the
knowledge obtained from this study it is hoped that the resulting design guide will closely fit
the needs and realities of the population of Chile’s Central Valley, promoting the design of
energy efficient dwellings, the impact of which will contribute, along with other measures, to
help to build a sustainable future for those cities declared saturated by airborne pollution.
Methodology
Selection of case studies
The case studies were selected with the help of the regional office of the Ministry of Housing.
Three criteria were used for their selection, firstly their representation of the main existing
housing typologies in Temuco, secondly the different ways in which a government subsidy
for thermal refurbishment had been applied, (this subsidy aims to reduce firewood
consumption and resulting airborne contamination) and thirdly the inclusion of projects in
neighbourhood improvement programmes, addressing the problem from residential to urban
scale. The dwellings selected were as follows: Barros Arana: A ground floor apartment in
one of two social housing blocks built in 1959 and refurbished in 2012. The thermal
refurbishment consisted of 20cm Externally Insulated Façade System (EIFS) achieving a
thermal conductivity of U=0.56 W/m²K. The cast iron windows were replaced with
aluminium frames improving air-tightness but double glazing was not installed due to cost
constraints. La Haya: A third floor apartment in a new-build private residential building built
in 2011. This building is one of a series of buildings by the developers Schiele y Werth Ltda
that specifically include their energy efficiency in their marketing. The building has EIFS
which exceed the building regulation requirements, uPVC double glazed windows, controlled
ventilation and air-to-air heat pump heating. Población Temuco: Three terraced houses in a
social housing estate built in 1960, at different stages of refurbishment. One of the three
remains un-insulated as built; the second has been refurbished with insulation to external
walls and loft but with no change to the single glazed timber framed windows, whilst the third
has had only one of its two external walls insulated but all windows have been replaced with
uPVC double glazed units. All three are of the same plan-type and enable a clear comparison
between the applications of the subsidy.
Measurements
The post occupancy evaluation consisted of the following elements; a visual inspection of the
dwelling noting dimensions, materiality, orientation and installations; structured recorded
interviews with occupants; discrete in situ measurements of hygrothermal variables (dry-bulb
temperature, relative humidity, radiant surface temperatures and thermal imaging) and nonhygrothermal variables (sound pressure, daylighting and concentration of carbon dioxide);
2166

ISBN: 978-84-697-1815-5

continuous hygrothermal measurements (dry-bulb temperature and relative humidity) with
wireless hygrothermic sensors (ibutton Hydrocron) suspended at a height 1.7m above floor
level; and logbooks of daily ventilation and heating habits recorded by the occupants during
the period of continuous hygrothermal measurements. The logbooks also recorded the number
of guests at the house as this affects the internal gains and may possibly affect the occupant
behaviour. This information was then analysed with the hope of finding clues and highlight
environmental conflicts or assets to be taken into account with new dwellings design.
Results
Winter Higrothermal Measurements
The results of the measurements in the two apartments from the 14th until 24th September
2013 show that in both cases the temperatures and relative humidity levels are within the
hygrothermal comfort zone during the measurement period. In the case of the apartment
reconditioned with the government subsidy, Barros Arana, on the 14th August 2013, 17°C was
measured internally without heating with an external temperature of 13.6°C. Relative
humidity levels were however consistently over 60% suggesting a lack of sufficient
ventilation. This is confirmed by the CO2 concentrations recorded which were over 1000
PPM (table 1). It would appear that as a result of the thermal reconditioning the air tightness
has been improved, however sufficient background ventilation has not been provided.
Superficial condensation problems were also detected at the base of the external walls, with
some mould growth. Thermographic imaging confirmed that the external insulation stopped
short of the ground, exposing the ground slab, thereby creating a thermal bridge at this point.
The results of the measurements of the three dwellings in Población Temuco, 15th August
2013 until 24th September 2014, show that those with thermal reconditioning provide better
levels of hygrothermal comfort (Figs. 1-3). They also show that the replacement of the single
glazed windows with double glazing in conjunction with thermal insulation of the walls is
more effective than only insulating the walls. Thermographic imaging clearly showed the heat
losses through the single glazed windows and poor quality un-insulated timber door.

Figure 1: Población Temuco house without insulation. Figure 2: house with insulated walls. Figure 3: house
with insulated walls and double glazing (Austral winter)
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Summer Hygrothermal Measurements
The results of the summer measurements show that both apartments suffer from overheating
during the summer period, 17th January 2014 until 12th March 2014 (figs 4-7), with over half
the measurements in Barros Arana falling above the higher limits of the thermal comfort zone
and temperatures in La Haya reaching 30°C. In both cases however the internal temperatures
remain 5°C below external temperatures that reach 35°C. Overheating is not as evident in the
case of the terraced houses and in the case of the un-insulated house temperature are often
below the lower limits of thermal comfort. Interviews with the occupants did however report
some overheating in the thermally reconditioned house and it should be considered that the
terraced houses were measured at the end of summer 20th March until 12th April, later than the
apartments, and that during this period external temperatures did not exceed the upper limits
of thermal comfort.

Figures 4-7.- Psychrometric Charts of Barros Arana, La Haya, un-insulated house and insulated house.
16/01/2014-01/04/2014 (summer)

Measurements of indoor Carbon Dioxide (CO2) Concentrations
The in situ measurements of CO2 concentrations (table 1.) show that there is insufficient
ventilation in the apartment in Barros Arana and also in the house with double glazing. In the
house, the concentration is only just above 1000 ppm however the apartment has much higher
levels. These results confirm the lack of ventilation suggested by the previously discussed
high levels of relative humidity.
Table 1- Measurements of indoor Carbon Dioxide (CO2) Concentrations (PPM) in living rooms of dwellings,
August 2012 (winter) & January 2013(summer)
Building
Barros Arana. Apartment.
La Haya. Apartment.
Población Temuco. Un-insulated house.
Población Temuco. Insulated house.
Población Temuco. Insulated house with double glazing

Concentration CO2 (PPM) Winter
Exterior
Interior
466
1098-1700
470
670
478
642-802
480
660-796
470
1065

Concentration CO2 (PPM) Summer
Exterior
Interior
440
650
440
530
484
640
484
655

Occupant behaviour study
Semi-structured interviews
The results of the semi-structured interviews with the occupants show that the thermal
refurbishment provides improved perceived comfort, with the occupants wearing fewer
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clothes indoors in winter (table 2). The occupants also reported that the reconditioning has
reduced their heating demand. In the case of Barros Arana they have halved their use of
firewood; in the insulated terraced house their monthly bill for of paraffin reduced from
approximately €93 to approximately €66; whilst in the insulated house with double glazing
their use of firewood reduced to one third of that of the previous year. In addition to these
achievements the interviews highlighted the enthusiasm of the occupants for the
reconditioning program and their extensive knowledge of its scope and aims. In order to
achieve the reconditioning of the two blocks at Barros Arana the organization and community
participation required (180 owners) is impressive. One occupant of Barros Arana had bought
a thermometer to monitor the indoor temperature and many commented on how more
schemes like theirs were necessary for the city. This shows that the program has not only
improved the energy efficiency and comfort of the homes but also increased the
environmental consciousness of the users. This is even more impressive when you consider
that thermal refurbishment is in many ways invisible and does not at first glance, to the
general public, appear obviously related to improving the air quality of the city.
Table 2- Results of interviews with occupant’s (W-winter, S-summer)
Thermal
sensation 1
W
Barros Arana Flat

4

S

Clothing2

Opening
windows3

W

S

W

S

W

0,9

0,9
Mi

T

Mo

Af

Un-insulated house
3
7
1,2 0,6
Insulated house
4
0,9 0,6
Insulated house + double glazing
4
5
0,9 0,6
1. Range 1= cold; 4= comfortable; 7= hot
2. Clo
3. Mo=Morning; Mi=Midday; Af=Afternoon: C= Constantly

Sufficient
daylight

Problems
with glare

S

W

S

W

S

sí

no

no

sí

no

no

sí

no

no

sí

sí

no

no

no

Drafts

Problems
with noise

Heating season

April-August
7 hours daily
April-Sept.
April-Dec. 8-10hrs

Results of occupants’ ventilation and heating logbooks
Table 3- Ventilation habits
Dwelling
Un-insulated house winter
Un-insulated house summer
Insulated house winter
Insulated + double glazing winter
Insulated + double glazing summer
La Haya apartment winter

Hours
5,0
8,8
0,5
4,2
3,7
0,2

General ventilation
When
Frequency
Morning
Daily
Morning
Daily
Afternoon
Dry days
Afternoon
Daily
Afternoon
Daily
Midday
Daily

Hours
8,9
14,5
-

Wet areas ventilation
When
Frequency
Midday
Daily
Morning
Daily
-

The summary of the ventilation logbooks (Table 3) shows that habits vary considerably from
one household to another. The most ventilated dwelling is the un-insulated house. This could
possibly be due to a lack of knowledge of the heat losses inherent in over-ventilation or it
could be that with no insulation and little heating there is little difference in temperature
between internal and external spaces and therefore there is no reason not to ventilate. The
dwelling with least active ventilation is the apartment in La Haya building. One explication
could be that the apartment is the show-flat and being unoccupied is only ventilated by the
sales staff once a day. However it could also be that additional ventilation is not necessary as
there exists a fixed controlled background ventilation via tubes that pass through the walls.
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The results of the heating and visitor logbooks (table 4) also show a variety of habits,
however all but the new apartment in La Haya use sporadic rather than continual heating. The
infrequency in the un-insulated house is in part due to the low occupation of this dwelling
where its occupant spends much of the day at work; it is however likely that it also shows an
example of fuel poverty. In the case of the La Haya apartment the heating is via an air-to-air
heat pump with a thermostat. The system is therefore turned on all the time but is not always
functioning.
Table 4- Heating habits and number of visitors.
Dwelling
Hour
Un-insulated house winter
0,3
Un-insulated house summer
Insulated house Winter
5,6
Insulated + double glazing Winter
4,1
Insulated + double glazing summer
0,0
La Haya winter
24,0

Heating
When
Frequency
Night
Infrequent
Night
Daily
Night
Daily
Never
Always Daily

Wood burning cooker
Hours When
Frequency
0,8 Afternoon Infrequent
8,2 Midday
Daily
5,4 Midday
Daily
-

N°
5,6
3,6
-

Visitors
When
Frequency
Afternoon Daily
Daily
-

These results start to form a picture of the varied behaviour of the occupants of dwellings in
Temuco-Padre Las Casas, however it is clear that a greater number of owners and dwellings
need to be included in a larger-scale project in order to really draw conclusions with a
statistical value. The varying degree of success of gather data through the occupants’ logbook
also highlights the problems of voluntary participation with no direct reward, financial or
otherwise. To obtain high quality results a large sample size is needed and some incentive
should be offered.
Conclusions
The study clearly shows the positive impacts of improving the thermal proprieties of the
building envelope, these being; reduced use of firewood and resulting emissions; improved
hygrothermal comfort; and a greater environmental consciousness of the occupants. The latter
should not be underestimated. The positive impacts of building refurbishment or the design
of zero emission buildings, influence the community in a way that goes far beyond that
possible through advertising campaigns or restrictions. When the surrounding neighbourhood
is designed to an equally high standard, with quality circulation, meeting and play spaces, and
sustainable landscaping, this effect can be enhanced. The refurbishment of existing dwellings
also avoids the relocation of the occupants, allowing them to stay in central locations and
maintain the local community. The embodied energy of the buildings is also reused.
In order for both refurbishment and new build low energy projects to achieve their aims
training is also needed. Occupants must learn how to manage indoor temperature and
humidity for achieving comfort (some of the owners had bought a thermometer for doing so).
If new technologies or concepts such as mechanical ventilation, car-sharing or community
stores are to be incorporated induction course must also be offered. Most importantly the
occupants should be informed as to how, when and who to ask for help and take decisions
together. For successful projects social organization is essential and has to be in place prior to
embarking on the design process.
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Some technical issues must also be addressed. Heating use is sporadic and not continual. If
dwellings are to reduce infiltration rates through improve air-tightness, alternative ventilations
must be considered to assure air quality and avoid high relative humidity. The study showed a
wide variety of ventilation behaviour ranging from over-ventilation to insufficient. It would
therefore appear that controlled ventilation with heat recovery must be designed, installed and
verified in addition to training for occupants in its operation. At the same time indoor
humidity production rates need to be substantially diminished. Kitchen and bathrooms have to
be designed with special ventilation control. Drying space for laundry has to be considered in
the design, with additional ventilation. These can be as either private or public spaces. As
external temperatures can rise to over 35º C in summer months it is crucial to avoid
overheating. Solar protection of glazed areas must therefore be designed to provide shade in
summer months in order to minimize the greenhouse effect of double glazing and high
insulation. Sufficient thermal mass must also be incorporated to mitigate high summer
temperatures. It is better to have double aspect departments in order to have enhanced cross
ventilation during summer months, better daylighting and avoid poorly orientated single
aspect dwellings.
Armed with these conclusions, together with previously published work on the mixed use
residential sustainable building (Whitman et al 2013) the authors have the basis for a design
guide for energy efficient dwellings for Temuco-Padre Las Casas. Further funding is currently
being sought to complete the guide and put it into practice. One step towards the construction
of a sustainable future for Chile’s contaminated cities.
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Abstract: In Poland around 78% of produced electricity comes from coal and lignite, non-renewable
energy sources which affect the most on carbon footprint emission and environment. The households
use nearly 20% of produced energy and the share is constantly increasing. The paper presents the
effect of the applied technical solutions, energy sources and user profile of existing residential
buildings on energy consumption and carbon footprint in the use phase. The methodology is based on
actual measured data on energy consumption in operated buildings. A comparative study of different
types of buildings located around Warsaw includes an analysis of technical data, the analysis of
building materials and interview on the usage profile, in accordance to regional climate parameters of
Warsaw. Calculation methodt is helpful in accurate determination of the quantity of the carbon
footprint of the use stage of the building, depending on its energy performance and user profile.

Key words: building carbon footprint, use phase, calculation methodologies, energyeffective construction
Introduction
Buildings contribute to one third of global greenhouse gas (GHG) emission and to be more
specific, carbon footprint. Due to the high share of construction industry to the global
emission, it has an social obligation to make efforts to reduce carbon footprint. In this context,
measurement and reporting of emission from existing buildings is crucial for significant and
cost-effective reduction[1]. There is no agreement upon a consistent and comparable
measurement, reporting and verification of carbon footprint reductions from existing
buildings. In principle, accurate and precise reporting can be achieved only if the greenhouse
gas emissions from all stages of buildings life cycle are measured. However, not all countries
have sufficient capacity and resources to estimate and use life cycle assessment (LCA)
methodology. The biggest problem is limited number of experts and the lack of available and
reliable database of construction products , which enable reliable ecological assessment of
building.
Full life cycle assessment, due to the amount of materials used, is difficult to develop at the
level of the building. Operator of the building has no influence on its materials or
technologies and in most cases has also no influence on impact of its demolition. What
however, may be affected by the user of the building is its use phase. Operational use of
energy in buildings is usually 70-80 % of whole energy consumption in the building life
cycle[2][3]. Therefore, it is a crucial step to measure and report of greenhouse gas emission.
This paper aims to estimate the actual carbon footprint of existing buildings based on energy
consumption during the use phase . So far in polish regulation carbon dioxide appeared on the
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occasion of the preparation of energy performance certificates by the regulation of the
Minister of Transport, Construction and Maritime Economy from January 3rd 2013, but it was
only the additional information to the calculation of end and primary energy use for the
purpose of verification and compliance of the project with the provisions of the Technical
Requirements. Performance certificates reflect designed and acceptable energy consumption
calculated on the basis of the requirements and regulations. The proposed method for
calculating the carbon footprint is based on actual use and need does not to be consistent with
the procedure of energy performance certificate preparation.
Selection and analysis of a model of a residential building to determine the carbon
footprint
Preliminary analysis of the scope, availability of materials and objects to study have led to
choose single family housing to conduct the research. In order to carry out the works existing
single family houses located in the Warsaw agglomeration were selected and analyzed.
Objects differed by construction origin and energy performance, as well with a source of
energy supply. Some are also powered by electricity from renewable energy sources (RES).
Typical single family house from 90’s
As a representative of Polish residential construction single family house from early 90's has
been selected located in Izabelin near Warsaw. Some of the operating parameters are
presented in Table 1
Table 1. Building characteristics

Building type
Nr of floors
Floor area
Floor area with regulated temperature
Normal exploitation temperatures (winter/summer)
Floor area division (residential/nonresidential)
Building volume
Number of users

residential
2
187,5 m2
187,5 m2
20ºC/ 185,5 m2/ 0,0 m2
507,9 m3
2

According to the description of the energy performance certificate is a one storey building
that meets the technical requirements. Load-bearing walls made of brick and EPS with a
thickness of 43 cm and the heat transfer coefficient U = 0,463 W/m2K. On the ground floor
insulated with polystyrene foam with a thickness of 10 cm. Windows and doors of Uw = 1,3
W/m2K. The building has a heating system based on condensing boiler VITODENS with
automatic correction to weather conditions. Heating installation runs inside the building. The
building has natural ventilation realized by micro openings, without cooling system. Air outlet
is via chimney . Installation of domestic hot water based on a combi boiler VITODENS with
circulation. Building is powered by electricity and methane gas type E ( former GZ -50) . Due
to site surrounded by trees, solar gains are negligible. The energy performance of the
building, which has been assessed at 213,02 kWh/m2/y, was determined by comparing the
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unit amount of non-renewable primary energy EP necessary to meet the energy needs of the
building for heating, cooling, ventilation and hot water (total efficiency) with the
corresponding reference value. In addition, the building must comply with the provisions
under the Ordinance of the Minister of Infrastructure dated 12 April 2002 on the technical
conditions[4]. Compliance with the conditions is required only for the building of a new or
rebuilt. Energy performance has been set for the climatic conditions of Warsaw Okecie station
and for the normal operation of the building.
Single-family energy-effective building with RES support
Another object of the research is the single-family detached house. The building is located on
the Jara in Warsaw. For the purpose of work will be marked as Jara I. It is a two-storey
building, with a basement and attic. Some of the operating parameters are presented in Table
2. It is supplied by electricity, gas and solar collectors, which support the DHW system.
Table 2. Building Jara I characteristics

Building type
Nr of floors
Floor area
Floor area with regulated temperature
Normal exploitation temperatures (winter/summer)
Building volume
Number of users

residential
2
291,8 m2
291,8 m2
20 st. C/ 756,4 m3
2

The exterior walls on the north side of the building are made from small- wall elements with
heat-insulating liner patented by the Patent Office System "R". It is a combination of three
commonly used building materials such as reinforced concrete, plaster, Styrofoam. The outer
walls on the south side are made of the elements formed on the basis of lightweight concrete ,
wherein polystyrene granules are filled - according to principle that the less water used, the
more uniform and resistant the concrete is. The basic elements of wall system are blocks with
dimensions of 50x20x30cm. They are laid in horizontal joints with a thickness of 6 mm.
Thermal conductivity of such concrete is λ = 0,18 ÷ 0,21 W/m2K. Ventilation is supported
with heat recovery unit Flexit VGS 400 W heat exchanger module. As a result, about 60% of
heat from the exhausted air is recycled and supplies fresh air. In addition, thermostatically
controlled heating element ensures that the supply air temperature was desired. In the
southern part of the roof of the object are located 3 solar collectors Vitosol 100 type with the
surface of 1,7 m2 each. Annually, it covers the 50% demand for domestic hot water water[5].
Single-family and energy efficient building without RES support
The house was built exactly the same technology and the same location as the previous one –
Jara I. It is a similar building, but without solar collectors and not heated by gas, only by
electricity. Electricity comes from CHP Siekierki. For the purpose of distinguishing the
buildings it was named Jara II.
3174

ISBN: 978-84-697-1815-5

Analysis of building carbon footprint
As mentioned, unlike a full analysis of the LCA aim of this study is to determine the carbon
footprint derived from the phase of a building, carried out on the basis of the actual, and not
on the basis of the calculated energy performance parameters. The calculations were carried
out according to the following formula (1)

Every energy carrier has been converted to primary energy with conversion factors from
Table 3, and then multiplied by the CO2 emission coefficients (Table 4). Actual, measured
carbon footprint is calculated for a given year, based on energy consuption data.
Table 3. Primary energy conversion factors for Poland
End energy carrier
#

Conversion factor wi

1

Diesel

1,1

2

Gas

1,1

3
4

1,1
Fuel/energy
cource

Coal

1,1

5

Lignite

1,1

6

Biomass

0,2

7

Solar collector

8
9

Heat from
cogeneration 1

10
11

0,8

Renewable energy sources (biogas, biomas)

0,15

Heat from coal

1,3

Heat from biomass
2

13
Electricity

0,0

Coal, gas

Local heat system Heat from oil/gas

12
14

3

1,2
0,2

Energy mix

3,0

4

0,7

PV system

1) cogenerated electricity and heat production
2) electricity from grid
3) in case of no information about parameters of system heat
from heat and power plant (cogeneration) =1,2
4) PV (electricity from solar system)

4175

ISBN: 978-84-697-1815-5

Table 4. Carbon dioxide emission coefficients.[6]
Energy carrier
Electricity
Rich gas

Emission coefficient CO2 (WE)
kgCO2/GJ
kg CO2/kWh
93,97
0,338
55,82
0,201

Determination of system boundaries
It was assumed that assessed is only the object, and media consumption is measured within its
plot. Annual energy consumption includes profits and losses of the systems. The system also
includes energy associated with the user. It is the energy used in household products, such as
electronics, washing machines, refrigerators, stoves, computers. Figure 2 shows a graphical
solution of system boundaries.

Fig.2 System boundaries for carbon footprint from use phase

Climate conditions
The costs of heating and ventilation are dependent on the ambient air temperature. This study
also involved correlation with the average temperature for Warsaw - Okecie meteorological
station in 2010-2012 (Table 5)[7]
Table 5. Average air temperatures for Warsaw 2010-2012

Weather data from
Average yearly temperature vaue

2010
8,4 °C

2011
9,2 °C

2012
8,7 °C

Results
In Figure 3 there is shown direct relationship between ambient air temperature and carbon
footprint coming from energy consumption in single-family home in Izabelin. There is a
strong correlation in temperature increase and decrease of the carbon footprint resulting from
the reduction of energy demand for heating. Energy consumption for other purposes remained
more or less at the same level. Surprising is obtained and based on actual measurements and
calculations, the result of primary energy demand of the building. Its score 166,01 kWh/m2/y
is 22% lower than the rate calculated in the energy certification audit.
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Figure 4 reflects a similar relationship, but for energy-efficient home Jara II. There is a
noticeable decrease in energy consumption and limitation of carbon footprint in 2011 and
2012 compared to 2010.

Fig.3 Temperature and carbon footrpint correlation for house Izabelin

Fig.4 Temperature and carbon footrpint correlation for house Jara II

The obtained carbon footprint was estimated in 1 m2 of usable space. Table 6 and Figure 5
contains a summary of the three buldings regarding energy consumption. In each of the years
analyzed building in Izabelin, considered as typical Polish construction, had the lowest rate of
CO2 emission. Building - Jara I, which was supposed to have the lowest carbon footprint,
"earned" their emissions by almost 9% higher than the house in Izabelin , however, proved to
be less emitting from his immediate - structural competitor by 20%. The result is surprising,
because of energy-saving technology and materials, from which Jara I and II were constructed
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of. In addition energy solutions were supported by solar collectors for heating the domestic
hot water. One factor that may affect the carbon dioxide emission is user and his activity in
the building. Accurate measurement with division into separate energy-consuming processes
could verify the results. For comparative purposes, an energy audit should be carried out in
the building Jara I and II to demonstrate a measurable value calculations determined by the
energy performance Regulations .

Fig.5 Carbon footprint comparison
Table 6. Results of carbon footrpint in analyzd buildings

year
2010
2011
2012

Carbon footprint [kg CO2/m2/year]
Izabelin
Jara I
Jara II
47,85
60,70
41,69
54,92
40,59
45,61
56,59
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Abstract: An optimal control method for office HVAC and lighting devices is developed. The
idea is to integrally control all relevant devices to obtain the best overall building
performance of an office. A control system based on the control method is implemented for an
open-plan office to give optimal control suggestions hourly for occupants’ reference. An
experiment is designed to evaluate the benefits of the control method. Two groups of data are
taken and compared: the optimal group and the conventional group. The device operations of
the optimal group follow the hourly optimal control suggestions, while the operations of the
conventional group are based on occupants’ intuition. Current data show that the optimal
group does have a significantly better overall performance concerning both the indoor
environment quality and the device power consumption.
Keywords: optimal control, HVAC, lighting, environment quality, energy saving
Introduction
Maintaining building environment quality and reducing building power consumptions are
both important issues in the sustainable building research. And the performances concerning
these two issues depend on the equipment and the way it’s operated. Improving the daily
operations can enhance the building performances whether or not the building is to be
remodeled. Many smart devices, such as AC systems, already have very advanced control
algorithms and can operate quite efficiently by themselves. But each device works
independently without coordinating with one another. For example, an AC controller can’t tell
when the window curtains should be closed to block the exceeding amount of sunlight. As an
attempt to improve the situation, the idea of this study is to consider a building space as one
single system, and to integrally control all its relevant devices to squeeze out the best overall
performance of it. An open-plan office and its HVAC and lighting devices are considered as a
test case in this study. Some simulations in a previous work of the authors verified that this
idea is effective [1], and the objective of this study is to further validate the control method
with an experiment.
Concepts of the Control Method
Based on the real-time weather variables (W), the controller evaluates all possible ways the
devices can be operated (each way is represented by a set of device variables X), calculates
the corresponding performances (Y, including the indoor environment quality and the device
power consumption), and finds the one combination (X*) that gives a satisfactory indoor
environment and consumes the least amount of power. The controller then shows the optimal
combination (X*) to the occupants for their references, or sends it to the actuators for direct
control. This process is repeated regularly (for example, hourly) to give updated suggestions.
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Definition of Parameters
The control method is being tested in an open-plan office located in North Taiwan (121.05oE,
24.77oN). It is 9.5 m wide, 8.5 m long, and 3.0 m high with 8 cubicles (labeled A~H). A
picture and the floor plan of the office are shown in Figure 1. In order to proceed with
quantitative analysis, the relevant parameters are defined first. They are categorized into four
groups: The constants (C), the weather variables (W), the device variables (X), and the
performance variables (Y). A functional relationship exists among the variables: Y=Y(W, X).
A list of the parameters is shown in Table 1.
The constants (C) include the properties of materials, building geometry, specifications of
devices, and the preset comfort ranges. The comfort ranges are defined for two aspects as the
following: for thermal comfort, the comfort range is “-0.8≦[Predicted Mean Vote [2] (PMV)]
≦0.8”; for lighting quality, the comfort range is “[ambient illuminance]≧300 lux”.
The weather variables (W) have a more generalized meaning here and include the outdoor
weather condition and the building structure temperatures. In a usual building physics
analysis, such as the analysis in some popular building simulation programs [3], [4], the whole
building (including the structures and the indoor air) is considered. In this study, however, the
structure temperatures are measured and treated as known independent variables. Therefore
the scope of the building physics analysis is reduced to the indoor air status only. And thus the
analysis is greatly simplified.

Figure 1 A picture (left) and the floor plan (right) of the open-plan office

The office uses the central AC system of the building, the AC set-point temperature is fixed at
25oC, the air flow rate is automatically controlled, and thus the only manual control of AC is
on/off. The office has five windows (labeled A~E) facing north; all of them are hopper
windows and are equipped with blinds. There are 16 ceiling lights (labeled A~P), and each of
them can be independently controlled. The device variables (X) are to describe the status of
these devices. Discrete possible values are assigned for each device variable, so that the total
number of possible combinations is finite. For example, any of the hopper windows is either
fully closed or fully open, and the status in between is not considered in the model.
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The performance variables (Y) include the device power consumptions and the indoor
environment qualities. As a typical way to handle a multi-variable optimal control problem, a
cost function is defined to measure the overall performance of the office [5]. The lower the
value of the cost function, the better the performance. The cost function (Y10) is defined as a
sum of the HVAC power consumption (Y1), the lighting power consumption (Y2), the thermal
penalty function (Y8), and the lighting penalty function (Y9). That is, Y10=Y1+Y2+Y8+Y9.
When the thermal environment quality is within the comfort range, the thermal penalty
function is zero; otherwise the thermal penalty function value is positive and proportional to
how severely the environment deviates from the comfort range. Same thing can be said for the
lighting penalty function. For an operation X* leading to a minimal cost function value, it is
very likely that its corresponding penalty functions equal zero, and the total power
consumption has a minimal value. In other words, X* leads to a satisfactory indoor
environment with a minimal amount of device power consumption.

Constants
(C)
Properties of
materials,
building
geometry,
specs of
devices, and
the preset
comfort
ranges.

Table 1 Parameters of the control problem
Weather Variables
Device Variables
(W)
(X)
X1: AC status
W1: Outdoor air temperature (oC)
(0: off; 1:on)
W2: Outdoor air humidity ratio
(kg H2O / kg dry air)
X2A~X2E: The status of
the five windows
W3: Diffuse sunlight flux on the
2
window surface (W/m )
(0: closed; 1: open)
X3A~X3E: The status of
W4: Direct sunlight flux on the
window surface (W/m2)
the blinds of the five
W5P: (outdoor pressure)
windows
- (indoor pressure) (Pa)
(0: closed; 1: open)
W6W: Window inner surface
X4A~X4P: The status of
temperature (oC)
the 16 ceiling lights
o
W6C: Ceiling temperature ( C)
(0:off; 1:on)
W6F: Floor temperature (oC)
X5: Clothing level
W6R: Concrete wall temperature
(0.5 or 1.0 clo)
o
( C)
W6D: Wood wall temperature (oC)
W7: Hallway air temperature (oC)
W8: Hallway air humidity ratio
(kg H2O / kg dry air)

Performance Variables
(Y)
Y1: HVAC power
consumption (Watt);
Y2: Lighting power
consumption (Watt)
Y3: Indoor air temperature (oC)
Y4: Indoor air humidity ratio
(kg H2O / kg dry air)
Y5O: The air flow rate from
outdoors to the office (m3/s)
Y5H: The air flow rate from the
hallway to the office (m3/s)

Y6A~Y6H: The illuminances at
the desks of the 8 cubicles
(lux)
Y7A~Y7H: The PMV values at
the 8 cubicles
Y8: Thermal penalty function
Y9: Lighting penalty function
Y10: Cost function,
Y10= Y1+Y2+Y8+Y9

Building Physics Model
In order to evaluate the performances Y for different device variable combinations X at given
weather conditions W, the functional relationship Y=Y(W, X) needs to be obtained first.
Therefore a building physics model is developed in this study. Although readily available
building simulation programs can serve the same purpose [3], [4], they include building
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structure status calculations, need more computational time, and are not adopted in this study.
On the other hand, the building physics model in this study focuses on the indoor air status
only, the building structure temperatures are measured and treated as known independent
variables, and thus the computational time is greatly reduced compared to those building
simulation programs. At this stage, the relevant physical quantities in the office are
considered to be in quasi-equilibrium states during work hours. The rate of change is not
considered, and Y=Y(W, X) is a static functional relationship.
The derivation of Y=Y(W, X) includes a few parts. Firstly a fluid dynamic analysis is done to
obtain the ventilation rates (Y5O, Y5H) as functions of W and X [6]. Secondly the energy
conservation and mass conservation principles are applied in order to obtain the indoor
temperature (Y3), humidity (Y4), and HVAC power consumption (Y1) as functions of W and
X. Thirdly some measurement is done to obtain the lighting power consumption (Y2), and the
indoor illuminances (Y6A~Y6H) as functions of W and X. And finally the definitions of PMV
[2]
, the penalty functions, and the cost function are used to obtain Y7~Y10 as functions of W
and X. The above is a brief description of the building physics model of this study. The
detailed math is not shown here for brevity.
Implementation of the Control System
Sensors and cameras are installed to hourly measure the weather variables W and to record
the actual operations X of the devices. (The actual operation may not follow the optimal
control suggestion X* exactly.) Software was developed in a previous work for the authors’
previous office [1], and it is now modified to fit the authors’ current office. This process is also
an example of copying the control system from one space to another. Basically the software
reads in the weather variables W, calculates Y=Y(W, X) for all possible combinations X,
finds the one X (denoted by X*) leading to the minimal cost function value Y10, and then send
the X* to a website for occupants’ reference. This process is repeated every hour during the
work hours. All parameters are recorded in the system for later analysis. All the devices are
still operated manually by the occupants. The control system is currently running. In practice,
this system is intended more for offering information than for obligating the occupants to
follow the operation instructions.
Accuracy of the Building Physics Model
Before the effectiveness of the control method is measured, the accuracy of the physics model
Y=Y(W, X) needs to be verified. Firstly the cost function calculation Y10=Y10(W, X) is to be
examined. The accuracy of the cost function calculation is important because the calculated
value determines the selection of the optimal device variables. A two-day data set is collected
during 05/05/2014~05/06/2014. The variables W, X, and Y are measured and recorded hourly
from 9am till 5pm (except for the lunch break from 12 noon till 1 pm). The hourly cost
function values Y10 are calculated using the recorded W, X and the relationship Y10=Y10(W,
X). The calculated values are denoted by Y10’ to be distinguished from the recorded values
Y10. Figure 2 shows the correlation between Y10’ and Y10. The correlation coefficient is 0.94,
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the regression line has a slope of 0.96, the average value calculation error is 4%, and the result
is considered acceptable.

Figure 2 Correlation between the calculation and the measurement.

Figure 3 Comparison between the calculation and the measurement for the indoor air temperature (left) and
relative humidity (right)

A closer look into the cost function shows that Y1 and Y8 are not present under the weather
conditions of the two-day period. Therefore the next attempt is to confirm the accuracy of the
calculations of Y1 and Y8. These two components basically concern the thermal physics
model of the office environment. In order to verify the accuracy of the thermal physics model,
the variables W, X, and Y are measured and recorded hourly from 9am till 5pm on a selected
day. Then the indoor air temperature Y3 and humidity ratio Y4 are calculated using the
relationship Y=Y(W, X). The calculated values are denoted by Y3’ and Y4’ to be
distinguished from the recorded values Y3 and Y4. A comparison between the calculated
values and the recorded values is shown in Figure 3. The root-mean-square error of the
temperature calculation is 0.5oC, and the root-mean-square error of the relative humidity
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calculation is 6%RH, and both are considered acceptable. The results suggest that the thermal
physics model works reasonably well.
Experiment Design
Two groups of data are taken in the experiment: the optimal group and the conventional group.
For the optimal group, the occupants follow the hourly suggestions of the optimal control
system to operate the devices. For the conventional group, the suggestions are not shown to
the occupants, and the occupants operate the devices intuitively. The data of the two groups
are taken alternately. For example, the optimal group data are taken on Tuesdays and
Thursdays, and the conventional group data are taken on Wednesdays and Fridays. The
experiment lasts for two months, and the weather variables W, device variables X, and
performance variables Y are recorded hourly during work hours. Then the recorded weather
data W are analyzed to confirm that the differences of the average weather conditions
between the two groups are minor and negligible, and thus performance comparisons between
the two groups are meaningful. Secondly the device variables X are analyzed to show how
closely the suggestions X* are followed. The difference between the actual operation X and
the optimal operation X* are measured by the term DX =[Y10’(W, X) - Y10’(W, X*)]. (Again
the prime symbol ’ means the value is a calculated value.) The optimal group should have a
much smaller difference than the conventional group. Finally the performance variables Y are
analyzed to evaluate the benefit of the optimal control method. The optimal group is expected
to have a better performance (The average of the recorded cost function values should be
significantly smaller). And the components of the cost function will be analyzed to confirm
that the optimal control method does reduce the device power consumption and maintain the
environment quality.
Analysis Based on the Current Data
Currently long-term data are not available yet. The 05/05 and 05/06 data are analyzed here
again to illustrate the benefit of the control method. The two days had similar weather patterns,
and the effects caused by weather differences are ignored for now. The 05/05 data is viewed
as the optimal group (though the suggestions X* were not 100% followed), and the 05/06 data
is viewed as the conventional group. The root-mean-squared value of DX is 1970 for 05/05,
and 8050 for 05/06. That means the operations of the optimal group did have a much smaller
discrepancy from the optimal control suggestions X*.
Figure 4 shows the cost function values of the two-day period. The average of the recorded
measured cost function values is 4110 for 05/05, and 10050 for 05/06. The 05/05 cost
function value is about 41% of that of 05/06. In other words, the operations followed the
optimal control suggestions more closely on 05/05 (the DX value is smaller), and the overall
building performance is indeed better (the cost function value is smaller). The experiment is
still running and long-term data will be analyzed to give stronger argument.
On the other hand, the benefit of the optimal control method can be illustrated from another
perspective. Please refer to Figure 4 again. Compare the actual operation X and the optimal
6184

ISBN: 978-84-697-1815-5

operation X* for the two days. Based on the calculated values for the two-day period, the
actual operations lead to an average cost function value of 6820, and the optimal operations
lead to an average cost function value of 2160, which is reduced by 68%. As shown
previously, the average value calculation error is about 4%. And thus the estimated benefit
(68%) is much greater than the calculation uncertainty (4%).

Figure 4 Cost function values based on the two-day data set.

Conclusions
An optimal control method is developed and a control system based on the method is
implemented for an open-plan office. The system gives optimal control suggestions hourly for
occupants’ reference. The physics model of the control method is examined and considered
accurate. A cost function is defined to measure the overall building performance of the office.
The smaller the value of the cost function, the better the performance. An experiment is
designed to evaluate the benefits of the control method. Two groups of data are taken: the
optimal group and the conventional group. For the optimal group the operations of devices
follow the optimal control suggestions; for the conventional group, the occupants operate the
devices intuitively. A two-day data set is analyzed, and the optimal group cost function value
is about 41% of the conventional group cost function value. In other words, the operations
following the optimal control suggestions do lead to a better overall performance concerning
both the indoor environment quality and the device power consumption.
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Abstract: Sustainable building is a means to pursue sustainability; however, it cannot really
ensure energy savings and carbon reduction throughout the building’s life cycle. The critical
factor is whether inhabitants’ lifestyles are sustainable or not. It is particularly important that
their lifestyles have digitization elements. To realize digital life in sustainable building, this
research proposes four dimensions and ten strategies for government policy making based on
Taiwan’s experiences. These strategies must be combined with the resources from public and
private sectors to improve the infrastructure of digital life. Four dimensions are hardware,
software, digital content, and people. Ten strategies consist of extending wireless network,
upgrading e-commerce infrastructure, reinforcing digital rights management, integrating
identity authentication mechanism, developing digital content industry, strengthening
omniscient learning mechanisms, eliminating digital divide, popularizing computer skill
training, preventing computer crime, and organizing reliable virtual community. Through
practicing aforementioned strategies, there is higher possibility to realize sustainable life.
Keywords: digitization strategies, sustainable life, digital life, symbiosis, public policy
Introduction
Green building (GB) refers to a structure and using process that is environmentally
responsible and resource-efficient throughout a building’s life cycle: from siting to design,
construction, operation, maintenance, renovation, and demolition. However, sustainable
building (SB) is not just a green building. New elements should be added into green building,
and those can make green building truly sustainable. Based on the concept of green building,
Archilife Research Foundation (ARF) proposed a solution for the transformation from green
building to sustainable building at SB2002 Conference. This innovative approach combined
“green building” with “symbiosis” to form a sustainable formula, SB = GB + Symbiosis,
which provided a practicable method to realize sustainable building [1], and it has been
experimentally from 2002 to 2011 at Archilife Symbiosphere One Center (ASOC). Through
the symbiotic cycling including vertical planting system, nucleic acid meal, dry toilet, and
compost, ASOC can reduce, reuse, and recycle resources.
ASOC mainly focused on symbiosis during its experiment period. Although the inhabitants of
ASOC have equipped with digital devices and the Internet; however, their digital living
capacities must be enhanced according to their living experiences. Owing to the importance of
digitization Liu and Lin proposed an advanced formula for sustainable life (SL), SL=SB+DL,
to strengthen ARF’s formula at SB2011 conference [2]. The advanced formula means that
sustainable life is equal to sustainable building plus digital life (DL). The preliminary concept
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of combining digitization with symbiosis had been discussed in Liu and Lin’s paper. This
research will proposes digitization strategies for realizing sustainable life.
The remainder of this paper is organized as follows. Section 2 discusses the relationship
between digital life and sustainability. Section 3 discusses the role and value of digital life.
Section 4 constructs the framework of digital life. Section 5 proposes digitization strategies
for achieving sustainable life. Finally, conclusions are given in section 6.
Digital life and sustainability
Sustainability is not only the goal of many researchers, but also the direction of humankind
efforts. From the industrial revolution in the eighteenth century to date, industrialization and
urbanization has shaped today’s urban environment. Millions of people are gathered in the
metropolitan areas. These phenomena make human’s living environments unsustainable. To
make urban sustainability, “Melbourne Principles for Sustainable Cities” had been proposed
on April, 2002. Subsequently, it had been incorporated into the Agenda 21 of Earth Summit
2002 in Johannesburg. There are ten principles in Melbourne principles which declared the
functionalities of sustainable city and provided a strategic framework for thinking and action;
however, they did not consider the importance of introducing digitization.
The rise of digitalization that has occurred in past decades is having a direct impact on cities.
Cities should recognize that information and communications technology (ICT) is essential to
a vibrant social, economic and cultural life. Cities should invest in ICT infrastructure so as to
strengthen services across multiple sectors, and to build an intelligent digital nervous system
supporting urban operations. They should strengthen the use of information technology in
education, reduce the digital divide, and increase the access of inhabitants to information.
Through the utilization of digital technology, it is possible to achieve lower carbon emissions
from land-use planning, infrastructure, buildings and transportation. For better city and better
life, Shanghai Manual listed its policy options for ICT, and that included six strategies: enable
executive decision-making support, shift toward e-governance, support e-learning
programmes, reduce the digital divide, utilize ICT for transport management practices, and
use ICT to strengthen urban management, monitoring and emergency services [3].
For sustainability, ARF has proposed seven steps which are tree planting, ecological surveys,
resource recycling, environmental indicators monitoring, urban planning, symbiotic building
and symbiotic life. In these steps, symbiotic life is the final step in which digitization and
symbiosis are complementary roles. In symbiotic life, digitization can support the operation of
symbiosis. It also makes people communication efficiently, exchanging information easily,
and obtaining resources conveniently.
Digitization can create a kind of new living mode. Digital life is based on information
technologies, and it can change our social environments, lifestyles, and work models
tremendously. Mitchell (1993) has mentioned that the new living mode in the 21 century will
be the type of combining dwelling and office, closed social neighborhood, a vibrant regional
community life, equipped with electronic conference facilities, and distributed production,
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marketing and distribution. In network community, information exchange gradually replaces
material exchange through unseen information flows. Virtual city will release the cultural and
geographic restrictions [4]. The boundaries between work and leisure will gradually disappear.
Due to more time at home, community development becomes more important. Community
will become a self-sufficient unit which covers the work, leisure, entertainment, procurement,
culture, education and other activities. All activities will be linked with other communities
through the Internet. Digital life is indispensable in the future lifestyle. Digitization allows
inhabitants to access information and obtains resources from the world faster than before. It is
also able to convey inhabitant’s digital products to the world, and improve their quality of life.
The role and value of digital life
Digitization can support the operation of symbiosis from the following four perspectives.
Firstly, digitization can create network linkage among symbiotic villages in which inhabitants
adopt self-sufficient living model. Digital content exchange is the main transactions and
material exchange is secondary. Secondly, digitization can share internal information. Digital
life and symbiotic life is knowledge-intensive. Therefore, inhabitants access knowledge and
share experiences must be facilitate. Digitization can construct an efficient knowledge sharing
mechanism which can record and share inhabitants’ living experiences and related knowledge.
Thirdly, digitization can establish digital living platform. Digital contents are the main output
in digital and symbiotic life. By the output of digital contents, inhabitants can make a living or
obtain digital contents from outside. Finally, digitization is an indispensable tool and the
essential capability in symbiotic villages. People with digital capabilities will have the
opportunity to make a living in cyberspace and no longer depend on traditional city functions.
Symbiotic villages are different from existing urban residences. Different villages can utilize
digitization to create the linkage between them. In digital life, people use the Internet to
obtain and convey information or knowledge, work at home, and produce or sell digital
products and services. People located in different villages can process most matters through
the Internet. Therefore, civil engineering budget can be controlled. Besides, digitization
provides rich digital contents which can satisfy the well-being of inhabitants, enhance the
spiritual civilization, and thus reduce material and energy consumption. Combining digital
life and symbiosis will led people with these abilities to choose their suitable residences and
to establish selfsufficient living mode. The values of digital life allow people who are
gathered in the city because of industrialization gradually leave the city due to they have
digitization capabilities.
Digitization is a part of sustainability. Combining digital life with sustainable building is the
path to achieve sustainable life. Sustainable building unify both inside and outside of a
building including ecology, green, and health concepts for achieving overall integration with
environment. However, sustainable building can not fully achieve the goal of sustainable life.
Sustainable life was created to be a vehicle and an advocate for sustainable practice,
ecological design, and compassionate action. When building toward sustainable architecture,
the inhabitant’s lifestyle must also be sustainable.
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ASOC sets more rigorous standards than Nordic eco-villages and hope using symbiosis and
digitization to construct a sustainable living mode. It means that living not only be operated
by symbiotic skills, but also be operated by digitization skills. This concept will increase
inhabitant’s advantages when they are facing global competition. Therefore, digital life is
inhabitant’s living mode in sustainable building when they would like to achieve sustainable
life. Symbiosis is a method of transforming green building to sustainable building, and
digitization is a critical factor for achieving sustainable life. Digitization provides inhabitants
to realize sustainable life which is the real goal to be pursued.
The framework of digital life
There are four dimensions for constructing digital life which are hardware, software, digital
content, and people (Fig. 1).

Fig. 1 The framework of digital life

1. Hardware is the essential devices of digital life. Digital networks are the backbone of
digitization which can link internal and external people. Digital devices with high-speed
computation capability should be provided for inhabitants, which include computer
workstations, handheld devices, video conferencing facilities, and so on. Effective
communication tools are necessary when inhabitants would like to do synchronous or
asynchronous communication with inhabitants located in other villages.
2. Software can support the operations of digital life. Integrated digital creation platforms are
importation tools to support digital creation in daily life. Convenient knowledge storage and
sharing mechanisms must be established because digital and symbiotic life is knowledgeintensive. Complete e-commerce platforms with electronic payment mechanisms can ensure
the creators of digital contents obtaining their benefits during e-commerce transactions.
Information and network security mechanisms can prevent malicious behaviors from
external and internal networks.
3. Digital contents are the main output of digital life and the necessities of life, for example
creations and knowledge. Therefore, suitable learning and sharing mechanisms must be
provided. These mechanisms include knowledge-intensive learning environments and
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establishing Internet communities. The former allows inhabitants to learn knowledge from
diversity fields for living needs. The latter can organize virtual communities which are the
communication platforms among inhabitants located in different villages.
4. People are the main part of digital life. They must have information literacy, and possess
moral and law-abiding spirit. To identify the users in the Internet, network identity
authentication mechanisms are necessary. Furthermore, high-quality network specialists
play an important role in the operation of digital life, and they not only have the technical
ability, but must have high ethical standards.
With enough hardware, software, and digital content, people who have information literacy
can use digitization to do their living in symbiotic villages. In this living mode, inhabitants
use digital devices to record, storage, and share knowledge and experience of symbiotic living.
Furthermore, the inhabitants through the digital network can handle most of external affairs,
they can obtain needed information and knowledge from the Internet, and then they can create
digital contents through digital creation platforms and use e-commerce to exchange digital
contents or required materials. Finally, inhabitants can achieve truly sustainable lifestyle.
Strategy suggestions on digital life for achieving sustainable life
Strategy suggestions on digital life are mainly based on the experimental experience of ASOC.
In addition, the digitization status of Taiwan is also consideration. In the past, Taiwan had
invested a lot of resources in ICT. Compared with most countries, Taiwan has many
advantages in the construction of digital life which include: (1) cheap supply of information
products, (2) more complete information infrastructures, (3) continued expansion of network
resources, (4) gradually complete e-commerce environments, (5) equitable distribution on
digital opportunities, and (6) higher information advantages. However, there are several
challenges remain to be overcame which include: (1) the Internet penetration is still to be
improved, (2) there is still a gap on digital divide between urban and rural, (3) computer crime
is increasing, (4) e-commerce mechanisms still need to be strengthened, (5) digital rights
management (DRM) technology must be established, (6) digital content industry is still to be
transformed, (7) network identity authentication mechanism is still to be integrated, and (8)
the knowledge base for storing life wisdom is still to be established. In order to create digital
life in symbiotic living, Taiwan must make efforts to improve the defects on digitization. In
the meantime, this research proposes ten strategies based on four dimensions for government
policy on digitization (Table 1).
1. Extending wireless networks. Wireless networks can enhance the stability of the network
connection due to the wired network is vulnerable to natural disasters or man-made
accidents. Combining satellite communication, mobile phone, and WIFI, a seamless
communication platform will be constructed which can ensure information transmission.
2. Upgrading e-commerce infrastructure. E-commerce mechanisms in Taiwan are not mature,
such as third-party payment, Internet taxation, cross-border transactions, and transaction
arbitrations. These mechanisms must be established as soon as possible.
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Table 1 The dimensions and strategies for constructing digital life
Dimensions
Strategies
Hardware
Extending wireless networks
Software
Upgrading e-commerce infrastructure
Reinforcing DRM mechanisms
Integrating identity authentication mechanisms
Digital Content
Developing digital content industry
Strengthening omniscient learning mechanisms
People
Eliminating digital divide
Popularizing computer skill training
Preventing computer crimes
Organizing reliable virtual community

3. Reinforcing DRM mechanisms. DRM is a basic method to ensure that creators of digital
contents can obtain their benefits. Related standards and regulations must be developed in
order to encourage the creation of digital contents.
4. Integrating identity authentication mechanisms. Currently, the network identity
authentication mechanisms in Taiwan are not fully integrated. Therefore, the government
should lead integration activities for correctness and efficiency on identity authentication.
The integrated mechanism is very useful to carry out e-commerce.
5. Developing digital content industry. The future items of digital content industry should
focus on establishing the knowledge base of sustainable life. Teaching materials about
symbiosis and digitization should be published and stored continually.
6. Strengthening omniscient learning mechanisms. Knowledge is competitive. If a person has
multi-faceted knowledge, she/he will be able to deal with various life affairs appropriately.
However, it is deficient in existing education system that how to make a person with
comprehensive knowledge. Thus, omniscient learning mechanisms must be established.
These mechanisms are based on digital technology and combined with lifelong learning.
7. Eliminating digital divide. The digital divide between urban and rural areas must be
removed so that the people who would like to engage in digital life can obtain digital
resources.
8. Popularizing computer skill training. Information Technology (IT) training can quickly
foster people with digital capabilities which are required for entering digital life. If IT
training can be started early even in their childhood, people will have better
competitiveness in the long term. In addition to basic digital skills, IT education must
emphasize information literacy, morality, and especially on law-abiding spirit.
9. Preventing computer crime. Laws are the bottom line of crime prevention. In addition to
continued upgrading of computer crime prevention and forensic technologies, laws must
make progress and conform to social situations. Therefore, the laws for the requirements of
digital life must legislated by government.
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10. Organizing reliable virtual community. The interpersonal contact in digital life is no
longer limited to geographical scope. People will mutual communication via the Internet
with familiar or unfamiliar people. Therefore, reliable community platforms must be
provided which allow people to organize their virtual communities.
Conclusions
Sustainable building combines symbiosis with green building. After injecting digitization, the
inhabitants of sustainable building will have the opportunity to achieve sustainable life.
Therefore, digitization is an indispensable tool and capability in sustainable life and it is also
essential in symbiotic living. Digital life can reduce material demands and energy
consumptions. It also can gradually replace the people, logistics, and cash flows with
information flow. Inhabitants get digital contents and physical materials from all over the
world through e-commerce. These virtual and physical products can rich their life and
enhance their competition advantages on survivability.
Through ASOC’s experimental experience and understanding Taiwan’s advantages and
challenges in digital life, Taiwan government must extend wireless networks, upgrade ecommerce infrastructure, reinforce DRM mechanisms, integrate identity authentication
mechanisms, develope digital content industry, strengthen omniscience learning mechanisms,
eliminate digital divide, popularize computer skill training, prevent computer crimes, and
organize reliable virtual community for sustainable life. The competitive advantages resulted
from digital life will be critical success factors to realize sustainable life.
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Eco-innovation based on Quick-Life Cycle Assessment in designing and
manufacturing a Living Wall System
Abstract: Green-design of a product means reducing its impact in terms of environmental resources
(e.g. materials, energy etc.) over its life cycle. Some constraints are ascribable to those building
systems extremely heterogeneous in terms of materials and products, such as the Living Wall Systems
(LWSs). Although several ecological benefits are recognized to LWSs they are built up through a large
number of materials, intermediate goods, etc. Every material needs to be investigated to characterize
as truly “green” a LWS. The environmental issues related to LWSs were tackled in a research project
named GREen Envelope System. The paper deals with some Life Cycle Assessment (LCA) outcomes
with regards to those activities expected in the project defined as: material sorting and selection;
detailed design and prototyping workshopsl. Furthermore the LCA outcomes were helpful in
establishing the premise of a novel enterprise within a spin-off initiative.
Key-words: Living Wall Systems, Quick-Life Cycle Assessment, Embodied Energy, Recycled Material

Living Wall Systems: an advanced technology with some open issues
Nature provides several solutions of vegetative species that grow vertically such as climbers
and vines. Some of them require little soil and some other do not require soil at all. Plants can
thrive throughout a mix of moisture, light and nutrients (1). Different Living Wall Systems
(LWSs) were developed in last decade. Omitting climbing systems, usually planted in the soil
at the ground level, nowadays there are basically two types of LWSs (2). The former is the
hydroponic system; the latter is the modular box system. Within modular system a couple of
technologies needed to be mentioned (3): the “true” box system, where an empty container
commonly made of plastic or metal is filled with a growing medium and it is planted with
species varying in a range from six to twenty; the multiple cells system where metal or plastic
trays contain several cells filled with the growing medium and then planted.
In hydroponic and modular box systems growing medium – substrate – plays a strategic role
in order to enhance a proper growing. It is a balanced mixture of engineered soil, coco-coir,
peat (vegetable and organic matter), Super Absorbent Polymers (SAP) aimed at improving the
water retention and at reducing the irrigation incidence.
The interest raised on LWS is certainly because it is a cutting edge building solution;
nevertheless there are many ecological benefits ascribed to LWSs both quantitative and
qualitative. Such benefits can be listed as follows: heat island effect mitigation, noise
pollution insulation, heating and cooling energy demand reduction, absorption of particulate
matters as well as of Volatile Organic Compounds (VOCs), enhancement of urban
biodiversity (3). Recently to green façades have been recognized other functions: LWSs may
have a positive impact on both physical and mental health and wellbeing (4).
The benefits ascribed to LWSs technologies are obviously related to material properties and
to their placement as layers in the wall-systems. At the present the scientific literature has
focused its attention principally on thermal performances while there are relatively few
researches concerning the LWS’s materials featuring (1). Further - as pointed out in some
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studies (2) - the ecology depends on an assessment of environmental impacts affecting a LWS
over its life cycle. Such premises show the importance to take into account the environmental
burdens of materials and components attributable to production stage and – possibly – to life
span and final disposal.
How to make effective the Life Cycle Assessment in the construction sector
On the whole, the environmental impact assessment of a building over its life cycle – known
as Life Cycle Approach – can be assumed as a part of general scientific and cultural
framework able to turn the building design in green building design (5). Thus besides
mandatory requirements, such as those related to building energy efficiency, the green
building design encompasses a larger number of eco-requirements, including those one
related to materials and building systems. Within the mentioned Life Cycle Approach, Life
Cycle Assessment (LCA) is often reckoned as one of the main reference technical standard
(ISO 14040:2006) and as one of a very effective assessment tool. Despite this avowal, LCA
can not be considered as truly reliable to assess the environmental impacts of a building. Two
aspects lessen its broad use. The former is strictly related to LCA itself. It is supposed as a
highly data–demanding and work intensive method. The latter is related to the difficulties –
ascribable to assessment systems – to create a correlation between the design stages (from
concept to detailed) and between design and manufacturing or building construction stages.
Additionally LCA requires lot of efforts regarding: the data collection, the interpretation of
results as well as the expertise in specific software. As consequence a full LCA of a building
is not yet a straightforward process as occurred in other sectors.
Despite the constraints pointed out the construction sector should address its attempts toward
an implementation of LCA as tool to supporting the decision-making process. Generally
speaking it necessary: developing its potentiality in the design stages by a broad use of
generic or secondary data and free or low-cost database; encouraging a closer cooperation
among stakeholders in order to get a comprehensive evaluation able to match up the
material’s physical and chemical properties to its environmental impact.
Next paragraphs describe the experience carried out in a research project in which some LCA
outcomes influenced the materials choice and they supported the design options.
GRE_EN_S a LWS designed to be truly green
GRE_EN_S is the acronym of GREen_ENvelope_System: an EU funded research project
aimed at designing, manufacturing and monitoring an advanced LWS, shaped by modular
boxes, covered with vegetation and made up of ecological materials.
The research project was essentially based on the following phases: a) Material sorting and
selection; b) Detailed design and prototyping workshop; c) Agronomical and thermal
monitoring (6). The paper focuses essentially on phases a) and b).
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Material sorting and selection
Materials sorting and selection was based on a twofold approach. On the one hand it was
necessary taking into account several properties such as mechanical (e.g. compressive
strength or elongation), physical (e.g. thermal conductivity) as well as durability (e.g. UV
resistance). On the one other it was required an environmental materials characterization
based on a proper set of indicators.
Concerning the materials selection, in a preliminary step several “material cards” were
developed in order to allow a materials and components comparison, bearing in mind that
reverse assembling, lightweight and self-standing solutions were to be included in the project.
Environmental information were added up in the second step. Thus cards included
information about: origin country and availability on local market, aimed at assessing
transportation impact; Embodied Energy (EE), aimed at evaluating the non-renewable energy
sources depletion; Embodied Carbon (EC), aimed at assessing the global warming effects;
end of life scenarios, aimed at assessing the recycling potential; environmental labelling (if
available and applicable to material analysed).
EE is the primary energy contents obtained as sum of: 1) fuels production and delivery; 2)
energy content of delivered fuels; 3) energy use in transport; 4) feedstock energy. EC is a
measure of CO2 equivalent emissions related to energy production and delivery. EE and EC
values, deduced by Quick-LCA studies, were assumed as the more noteworthy ecological
indicators.
Assumptions and data inventory
Quick-LCA studies were achieved on a proper numbers of background assumptions. In order
to work within the LCA framework a Functional Unit (F.U.) was required. A F.U. is defined
as the reference unit to which all the inputs (materials and energy sources) and the outputs
(releases in water, soil and atmosphere) of the system will be referred. The F.U. used for
material sorting and selection was 1kg of product potentially suitable as LWS layer (e.g.
external cladding). According to principles established in the ISO 14040 standard a simplified
assessment procedure was set up. In order to features the EE and EC an analysis was
performed using basically secondary data (generic data from the literature or from databases
and software: Boustead Model 4.4, SimaPro 7.1.8 and Cambridge Engineering Selector 4).
Such generalization can affect the accuracy and applicability of LCA results, nevertheless it
allows-for the identification of environmental potential effects very “quickly” according to
time-to-market needs.
The following boundary-settings were significant for the purposes of the research project.
Boundary in time: the EC emissions were accounted on 100 years target (Global Warming
Potential 100).
Boundary towards geography: the EE and the EC were accounted assuming the Italy electric
energy mix as reference. If it was not possible the accounting was based on the Western
Europe Countries energy mix.
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Boundaries in the life cycle: the EE and the EC were accounted including the raw material
extraction, the raw material refining, the components manufacturing as well as the buildingsystem assembly.
Boundary towards nature: the EC credits were accounted by including the CO2eq content in
shrub biomass and in cellulose based fibres.
Some cut-off rules were set up in the data inventory.Water consumption and nutrients needs
were not taken into account, because the analysis was carried out on upstream and
manufacturing processes. Even transportation was not included due to the fact that the
material selection was carried out at regional scale. Its environmental impact was considered
as negligible.
On the whole 35 material cards were developed summarising the physical, mechanical
properties and environmental data.
Detailed design and prototyping workshops
Detailed design focused its attention both to thermal and agronomical monitoring results (6),
and to information collected concerning materials. To get an interdisciplinary technological
assessment a couple of design and prototyping workshops were arranged. Materials originally
selected were evaluated from enterprises, on the one hand in terms of availability on the local
market, on the one other in term of manufacturability in accordance with their production
technologies. The meet of workability and environmental requirements leaded to limited
number of materials, finally picked-up and tested on prototypes. On the whole the number of
LWS prototypes manufactured was three.
Assumptions and data inventory
While the material cards refer basically to 1 kg of finished materials, the prototypes require
thickness and size – according to layers performances – that change the weight of materials to
be used in the LWS. Thus the F.U assumed in the Quick-LCA study needed to be upgraded.
One square meter (1 m2) of LWS was assumed as new F.U.. Four modular boxes (sized 50x50
cm) make one square meter. Six pockets are hand-cut on the outer layer of every modular
box. Potting soil (filled in the pockets), vegetation planted (Honeysuckle) as well as the
materials flow required to product system were considered in the data inventory as described
afterwards.
Consistent with the upgraded F.U. two LCA’s scenarios were set up. The reference scenario
was taken into account only raw materials.The recycling scenario was taken into account a
quantity of secondary raw materials. The analysis was even focused on the comparison
between a standard potting soil mixture and an experimental potting soil based on a
percentage of recovered felts.
The following boundaries were included in the analysis.
Boundaries in the life cycle: the comparison was carried out bearing in mind that a limited
number of the total amount of LWS’s materials can be replaced with recycled materials.
Furthermore the comparison was carried out by taking into account a theoretical LWS life
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span in order to assess the input flow over 50 years.
Boundary towards technology: the recycling rate (30%) was defined with regards to recycling
mean value available on database and software. Such reference rate is lower than the recycled
content of some materials nowadays available with equivalent physical and chemical
performances of those made up entirely with raw materials. Nonetheless it was taken-up a
precautionary approach with regards to recycling rate, consistency to mentioned available
manufacturing technologies.
Finally regarding to cut-off rules no variations in LCA study were established with the
exception of materials used to hold in place the LWS (fastening components) that were not
included in the analysis due the negligible weight (less than 130 grams per F.U.).
Reference scenario. The following materials are necessary to building-up a square meter of
LWS: 5,9 kg of polypropylene (PP) fibre; 0,40 kg of viscose (VI) fabric; 1,70 kg of potting
soil (moisture content < 15%); 1,3 kg of PP monofilament geomat-grid; 5 kg of aluminium
(Al) alloy. Potting soil was a blend of: 50% of raw soil; 30% of SAP; 15% of coco-coir; 5%
of peat moss.
Recycling scenario. The data inventory assumed a recycling rate (30%) for Al alloy and PP
both fibre and geomat. The recycled (REC) potting soil was developed reducing ½ the total
SAP amount. The REC blend was the following: 50% of raw soil; 15% of SAP; 15% of REC
felt nylon based; 15% of coco-coir; 5% of peat moss.
The difference in weight (kg/m2) for raw materials and recycled materials referred to F.U. was
not meaningful (< 0,05 kg per F.U.). For both scenarios harvesting honeysuckle and its
nursering were included in EE and EC accounting.
Results
The paper deal with the EENR calculated for upstream and manufacturing processes. In
reference scenario (Table 1) the total EENR was calculated as 1.666,60 MJ/m2. Aluminium
alloy has the highest impact on energy sources (1.017,15 MJ/m2). Since the viscose fabric is
cellulose based materials and since the primary energy content due to wood in cellulose is
noteworthy it accounted one of the lower EENR (34,28 MJ/m2).
Table 2 shows the EENR for recycling scenario. The total EE is 927,08 MJ/m2 about ⅔ of
value determined in reference scenario. Recycled aluminium alloy has still the highest impact
on EENR (459,70 MJ/m2) but it reduces its effect on resources depletion than 50% compared
to aluminium alloy manufactured with raw materials. As a general rule a reduction
characterizes even the recycled fibre and geomat-grid polypropylene based (the difference
accounts about 28%). Such reduction is however less remarkable than EENR decrease for
aluminium. As shown in Table 1 and 2 the amount of potting soil for both scenarios analyzed
does not affect significantly on EENR. Nevertheless the comparison between two blends
proves the importance of replacing SAP with recycled felts. Growing medium manufactured
with SAP has more than a double EENR value (28,51 MJ/m2) than the one recycled (14,38
MJ/m2). Both scenarios plants harvesting and nursering have no relevance in terms of EE.
5197

ISBN: 978-84-697-1815-5

Finally the tables show the EE effect over the LWS life cycle. The material replacement was
supposed consistently with information available (database and durability-test carried out on
materials by enterprises). The aluminium alloy impact decreases because it does not require a
replacement. Its impact is significantly lower than polymers especially when manufactured
with a recycled content. The polypropylene fibre has the highest impact both in the reference
scenario and in recycling scenario. The fastening system based on reverse assembling
technology allows to recycle the polymers (both scenarios) and to reduce their impact as
wastes.
LWS Layer

Material

Vegetation
External cladding
Filter and water retention fabric
Dry growing medium
Roots holder layer
LWS Framework

Honeysuckle
PP fibre
VI fabric
Potting soil
PP geomat
Al alloy

F.U.
[kg/m2]
5,88
0,392
1,68
1,3
5
14,25

Initial EENR
[Mj/m2]
5,00
476,34
34,28
28,51
105,31
1017,15
1666,59

E.S.L.
10
10
10
10
20
50

EENR
[Mj/m2]
25,00
2381,69
171,42
142,55
263,28
1017,15
4001,09

Table 1 - GRE_EN_S Reference scenario (E.S.L. = Expected Service Life).
LWS Layer

Material

Vegetation
External cladding
Filter and water retention fabric
Dry growing medium

Honeysuckle
30% REC PP fiber
VI fabric
Potting soil - REC
felts
30% REC PP geomat
30% REC Al alloy

Roots holder layer
LWS Framework

F.U.
[kg/m2]

Initial EENR
[Mj/m2]

E.S.L.

EENR
[Mj/m2]

5,88
0,392
1,68

5,00
338,81
34,28
14,38

10
10
10
10

25,00
1694,03
171,42
71,90

1,3
5
14,25

74,91
459,70
927,08

20
50

187,27
459,70
2609,32

Table 2 - GRE_EN_S Recycling scenario (E.S.L. = Expected Service Life).

Conclusions and outlooks
In the project LCA was essential for the materials selection although it is still a time
consuming methods and it still requires expertises in the data interpretation. It was shown the
EE affecting significantly upstream and manufacturing processes. As expected, recycling
materials play a strategic role in reducing resource depletion. Analysis on durability and
recycling potential to correlate the materials’EE might be considered in forthcoming research
and development activities. In general LCA approach applied in GRE_EN_S activities have
brought significant results and impacts in Building Technology sector and Know-how field.
Building Technology sector. Material sorting, detailed design and monitoring as well have
made possible to reliably characterize the GRE_EN_S technical, physical, agronomical
performances; the project has set up the development of a new product that has not yet similar
on the market.
Know-how field. The synergy and cooperation among research and entrepreneurs has allowed
to systematizing and enhancing the experiences and the know-how. Thus the professional
skill of each partner was improved and an economic growth was expected. Both results were
addressed in establishing the premise of a novel enterprise within a spin-off initiative. The
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spin-off will carry on several activities where LCA outcomes are crucial: definition of
environmental and economical targets as well as criteria to be included in Public Procurement
and Private Demand; definition of a framework of technical and environmental requirements
to be included in a potential standard concerning LWS; industrial development of ecoinnovative indoor LWS; patent development of advanced LWS in order to implement the
target market.
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Figure 1 – Modular installation with GRE_EN_S LWS.
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Building Environmental Assessment – a useful tool in the future
delivery of holistic sustainability?
Brophy, V., UCD Energy Research Group, University College Dublin, Dublin, Ireland
Abstract: A study undertaken by University College Dublin (UCD) Energy Research Group
for the Irish Green Building Council (IGBC) highlighted that the application of
environmental assessment methods to a project does not guarantee the delivery of a
sustainable project, and could in some instances, if used inappropriately, hinder the
achievement of appropriate holistic sustainability strategies.
The majority of existing environmental assessment methods, while often considered and
referred to as ‘design tools’, were developed, and still largely function as voluntary, marketled certification mechanisms, and should only be used as such. If the intent is only to achieve
certification, without a genuine commitment to sustainability, optimization may be diminished
and the delivered project is likely to be less successful in reaching its potential.
Environmental assessment methods, and the context in which they operate, are changing
rapidly - do they have the potential to address future challenges and deliver true
sustainability?
Keywords; Environmental Assesssment Methods (EAMs), environmental design tools,
Integrated Design Process, Irish Green Building Council.
Context
The IGBC wished to provide its members with guidance on the use of building environmental
assessment methods in Ireland. The guidance provided was developed through the findings of
the IGBC study, ‘Building Environmental Assessment Method for Ireland’, prepared by the
UCD Energy Research Group (1), and the IGBC workshop ‘Applying Building
Environmental Assessment Methods’. Both the study and workshop reviewed the application
of current environmental assessment methods appropriate to commercial office buildings
only.

Development of environmental assessment methods
While traditionally, legislation was viewed as the most appropriate means of dealing with
environmental concerns, more innovative solutions, cooperative measures and voluntary
agreements between industry and regulation bodies are increasingly employed to address
emerging, and broader, environmental issues (2).
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Building environmental assessment methods were initially conceived as voluntary, market
place mechanisms by which owners seeking better environmental performance of their
buildings would have an objective method for communicating the achievement.
Their initial success (as measured by the large number of buildings assessed and of
practitioner acceptance) can be seen to be either as indicitive of a proactive building industry,
or response of systems to market demand. Either way, it is recognised that building
environmental assessment has achieved the following:
provided guidance to design teams in a structured and organised manner which gives
focus to improved environmental building practice
• encouraged the formulation of performance based indicators
• redefined the design process to assist in the delivery of high performing buildings on
time and cost effectively
• contributed to promotion of higher environmental expectations and both directly, and
indirectly, influenced the performance of buildings (3, 4).
Assessment methods provide quantitative performance indicators for design alternatives and a
rating for the whole building performance. They offer a structure for environmental issues; a
straightforward declaration of performance measures; a means to demonstrate commitment to
environmental policy and an opportunity to brand innovative materials and products (5).
They have assisted in shifting industry emphasis from conventional practice towards high
performance, environmentally focussed building; and the introduction of Building Research
Establishment Environmental Assessment Method (BREEAM), Leadership in Energy and
Emnvironmental design (LEED) and other methods resulted in noticeable change. Furthering
sustainable building practice requires the development of information exchange and increased
cooperation between stakeholders, and building environmental assessment methods have been
proven to be very valuable in this regard (6). While primarily assessment tools, they can act as
a roadmap for the integration of environmental issues in the design and construction process
(7). They are often referred to as building design tools and building rating tools.
•

Their early success has led to the development of a broad range of systems for differing
countries, community infrastructure, differing building scales and functions, structures,
restoration and interiors. More recently developed systems, or ‘second generation’ systems,
while still employing the scoring systems of earlier methods, collectively suggest a transition
towards methods that may enable assessment of economic and social aspects of building and
the extent to which they can contribute to supporting sustainable patterns of living.
Environmental assessment methods today
In more recent years, the growing general acceptance of building environmental assessment
methods has moved them beyond voluntary market place mechanisms to adoption by public
agencies and other bodies as performance specification requirements. Increasingly, the
financial sector (banks and insurance companies) and the real estate sector (institutional
investors, fund managers and project developers) are recognising them as indicators of
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desireable performance and risk mitigation (8). The perceived long-term economic benefits,
based on reduced life cycle costs and increased workplace productivity and health have been
well documented. A Royal Institute of Chartered Surveyors (RICS) Research Report in 2012
documents a study undertaken at Maastricht University which indicates that in the developing
market of BREEAM certified commercial buildings in London there are substantial premiums
to be commanded for certified buildings over non-certified properties with similar basic
building charistics. Rental rates attract at best a 28% and transactions a 26% premium;
however, building clustering, location, size, storey height, can all reduce these premia.
Significant decrease is possible as the market for certified buildings and national standards
increases (9). The RICS study results are supported by a recent examination of the impact of
LEED and Energy Star certification in the US commercial markets (10). While the premiums
documented were lower, 6% and 16% respectively, this was investigated and accounted for
by the inclusion of Building Owner and Managers Association (BOMA) building quality
control class definitions. The RICS study tested the Eichholtz analyses with the removal of
the building quality controls and compared the results with those of New York, Chicago and
Washington DC using the Eichholtz data. The results for these three cities indicate that when
control for building quality is removed the results are comparable with the London
specifications, suggesting that standardization of building quality measures is required to
provide more comparable data, which may in the future find substantially lower premiums for
“green” buildings in London. While real estate agents continue to debate about the level of
premiums, if any, it is fair to say that some level of premium is currently evident in the rental
and sale of BREEAM and LEED certified buildings. However, it is the high performance and
low risk aspect of certified buildings that is driving assessment today, as property investors
seek to reduce risk by lending to those that are perceived to be socially responsible.
As yet, there is little understanding about the equivalence of the methods being used
internationally and with increasingly global financial and property markets, assessment
methods need to be benchmarked in a clear and transparent manner (11). There is a growing
practice of environmental assessment methods aligning themselves with particular corporate
targets, addressing regional commitments, using locally defined benchmarks and assessment
criteria, applying differing weightings, providing little transparency and with all of these
systems vying for market share. The main emphasis of the four methods reviewed in the
IGBC study: BREEAM 2009 Europe Commercial; DGNB 2009 New Construction for
Offices and Administration Buildings and LEED 2009 New Construction and Major
Renovation and LBC 2011 Building, is on evaluation of environmental aspects, although all
address societal aspects to some extent, and DGNB also addresses economical value. The
complexity of comparing methods, the knowledge needed of the development context,
varying baseline assumptions, assessment criteria and weightings combine to result in many
research-based and commercial studies being of limited value. Image 1 illustrates the depth of
consideration of defined topics, based on assessment criteria and weightings, in the four
systems reviewed.
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Image 1: Source: based on Alinghizadeh, Khezri, 20011, (amended to include LBC).

It is not surprising that the International Organisation for Standardisation (ISO) and the
European Committee for Standardisation (CEN) have focussed attention on the harmonisation
of assessment methodologies (8), (12). A set of ‘core’ criteria were developed suitable for use
by contracting bodies with minimal additional verification effort or cost increases, and a set of
‘comprehensive’ criteria were developed for those who wish to purchase the best products on
the market, which may require additional verification or a slight increase in cost (13). The
criteria are based on scientific assessment of the environmental impacts of the building for
each part of the life-cycle and consider environmental aspects consistent with commercial
environmental assessment methods, incorporating emerging CEN standards and
encompassing existing legislation, including the EU Directive on the Energy Performance of
Buildings (EPBD) (2002/91/EC) (14) and its recast in 2010 (2010/31/EU) (15). The criteria
are the basis for EC Green Public Procurement requirements and the EU ‘Ecolabel’ for
buildings.
Environmental assessment methods of the future
A survey undertaken by the International Real Estate Business School, University of
Regensburg, of thirty national Green Building Councils worldwide found that 66% of GBCs
saw the potential of creating a global assessment system and 75% of those saw the framework
of that system coming from a system already in the market, within five years (16). An
important advantage of an agreed approach would be the comparability of assessment results
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due to the standardised assessment procedures and world wide availability, and the benefits of
objective assessment for property and financial markets. This would suggest that the focus
should be on incorporating the standards that are under development into existing
methodologies, making the performance baseline for evaluation more consistent and
providing greater transparency to facilitate comparability.
However, in harmonising the approach, if not internationally at least Europe-wide, variation
and flexibility is required to allow for regional and local differences that reflect stakeholder
values (17). UK GBC Members recommended to BRE Global, as part of a consultation
process on the update of BREEAM 2011, that BREEAM should be aligned with European
and International standards, but that care should be taken to ensure flexibility of approach and
reference to local context (18). Engagement with industry stakeholders was seen as integral to
the process.
Stakeholders with an interest in sustainable development principles, both on the supply and
demand sides, whose decisions and actions determine the quality of the built environment and
influence its contribution to sustainable development, are growing in number and becoming
more diverse (19). Sustainable development achievement depends on the interaction of
public policy in the form of regulation; incentives and disincentives; involvement of the real
estate, finance and insurance industries; the influence of education and training institutions,
professional institutes and construction industry bodies and including the wide range of
stakeholders in this complex sector of the built environment (20).
Some environmental assessment methods are perceioved to have become too prescriptive, and
often strategies are selected because associated credits are inexpensive and easy to apply,
rather than developing appropriate design solutions. A study by Wallhagen and Glaugmann
concluded that differences between assessment methods can influence the design direction of
a sustainable building, and in promoting differing strategies, it is relevant to question the
extent of their contributions to decreasing substantially the overall environmental impact of
buildings and the shift towards more sustainable architecture (21). Happio and Viitaniemi
question what the impact would be if all new buildings were “sustainable buildings”
according to the requirements of building assessment methods (22).
Stakeholder influence on the evolution of building assessment may see the development of
integrated building performance assessment methodologies that are transparent and
accessible, include stakeholders’ values and knowledge, consider not only environmental
issues but also social and economic matters in the complete lifecycle of buildings, and a move
from predictive and analytical data to actual building performance (23), (24). The
communication of economic advantages and reduced risks of high performance buildings into
mainstream investment analysis will effect transformation and growth in the usage of
environmental assessment.
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Role for environmental assessment?
Cole has written extensively about the role of building environmental assessment methods (3,
4, 5, 25, 6). He has compared and contrasted the initial intention and current focus with the
increasing emphasis on the wider ‘sustainability’, and in particular social and economic
sustainability. He questions the extent to which methods can address complex issues while
remaining simple and practical, and their capacity to enhance dialogue among stakeholders
and frame sustainability within the political and social debate. He draws distinctions between
the ‘product’ (the recognizable technical assessment framework within the method) and the
‘process’ (issues related to the use of assessment methods) to emphasize that an assessment
framework is ‘only a means to an end and not an end in itself’.
The development of the Integrated Design Process (IDP), bringing together client, design and
technical services professionals, building team and occupants, has assisted in the delivery of
high performance, quality architecture; and has increased pressure on building developers and
designers to deliver buildings that achieve measurable high levels of performance over their
lifecycle, in a cost effective and environmentally friendly manner (26). IDP is based on the
well-proven observation that a whole-system approach must be applied by a knowledgeable,
integrated design team; backed by robust commissioning, effective management and
collaboration between building managers and occupants, if optimised building performance is
to be delivered.
The IGBC Workshop, in which an integrated design team applied a number of environmental
assessment methods to a large urban commercial office project with significant environmental
targets at design stage, had as its main objective to see how the differing assessment methods
might be used as tools to influence the design and to assess their impact on the integrated
design decision-making process. The team comprised client, architect, structural, mechanical
and electrical engineers, quantity surveyor, waste and water consultant and qualified
environmental assessors for each system applied.
BREEAM was the most easily applied by the design team, mainly because Irish construction
methods, building regulation standards and energy assessment methods are similar to those in
the UK. DGNB was the most thorough system and included Life Cycle Assessment and Life
Cycle Costing; however, these mandatory requirements were seen as difficult and costly when
not required by national regulation and unfamiliar to a current design team. The client,
however, was impressed with the method and considered that the application of life cycle
analysis and costing provided a route to better decision making from the client perspective.
DGNB is best aligned with EU CEN standards, which reflect the recast Energy Performance
of Buildings Directive (EPBD). LEED is not aligned with EU standards, and falls well behind
the energy standards required for compliance with the recast EPBD. While alternative
compliance paths for Europe are being developed for the future, including the use of metric
units and European standards, currently its value lies mainly in facilitating the international
comparison of US corporate LEED certified buildings. LBC, which was included in the
6205

ISBN: 978-84-697-1815-5

exploratory study but not applied to the workshop project, was alluded to in discussion on
post occupancy evaluation. LBC is recognized as an ambitious framework for achieving
holistic sustainability and is the only method based on achieving operational performance
standards (following a twelve month operational period) for certification, rather than design
and construction standards.
The participants agreed that environmental assessment methods offer a good framework for a
design team, particularly if unfamiliar with the principles of sustainable design, and could
assist in encouraging better performance in poorer performing buildings. They highlighted
that the application of an environmental assessement method to a project could in some
instances, if used inappropriately, hinder the achievement of appropriate holistic sustainability
strategies, and if misused could provide a mask of sustainability for a poorly performing
building. They concluded that none of the methods could guarantee the delivery of a
sustainable building and it depended on the commitment and expertise of the design team to
derive appropriate sustainable design solutions.
Conclusions
Environmental assessment methods have in the past been seen as a driver for sustainability,
however, both the methods and the context in which they operate, are changing rapidly. The
drive in Europe to achieve near zero energy or carbon neutral buildings within this decade,
and the growing emphasis on the production of low environmental impact products and the
impact of construction practices on national policy and the construction industry supply chain,
may suggest that some methods are more future proofed and appropriate than others for wide
application in the future and have greater potential to deliver future requirements and to assist
in the delivery of life cycle evaluated environmental, social and economical sustainability.
However, it is the understanding by the client and design team of the principles and practice
of sustainable architectural design that is imperative to the achievement of cost-effective,
high-performance, architectural quality. If the intent is only to achieve building certification,
without a genuine commitment to sustainability, optimization may be diminished and the
delivered project is likely to be less successful in reaching its true potential.
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Abstract:Serbia is currently among European countries that do not have established system
for environmental assessment of buildings of any type. Evaluation is carried out on individual
initiative and with utilization of international systems that are not adapted to national
conditions. Not just in Serbia, residential buildings are characterized both by significant
impact and the potential for improvement. Residential sector has the largest share in overall
national building stock and multi-family residential buildings comprise the major part in
urban areas.
The main objectives of this paper are to analyze current situation, identify key assessment
boundaries, issues and stakeholders, and to develop approach which joints both assessment
criteria and the implementation concept. Methodology for hierarchical assessment system
development is introduced. Simultaneously, decision-makers' necessary accompanying
actions are defined. Expected sustainability outcomes are described for every proposed
assessment issue; the benefits of proposed concept are seen as multiple, raising levels in all
segments of sustainability.
Assessment criteria, decision-makers, retrofitting, sustainability
Introduction
Most of the internationally developed systems for overall assessement of buildings at the
basis relate to the environmental impact [1]. The environmental dimension of sustainability,
therefore, plays the dominant role in such systems. Numerous and proved facts on
responsibility and share of built structures in overall ecological picture account for the main
reasons in prioritizing. On the other hand, social and economic segments of sustainability
should also be taken into account, especially in today's complex situation when they are often
neglected, as criticized by numerous authors [2].
Study on Serbian national construction market regarding multi-family residential sector shows
slow development rate since the beginning of economic crisis, with still no real
competitiveness, and resulting in poor housing development [3]. All over the country, but
mostly in capital Belgrade, there exist many newly built residential buildings, in which all or
some of the units are unsold. According to the current population growth, changes in age
structure, decreasing number of members of households and future predictions, there will not
be a significant need for new construction development in near future. For which type of
multi-family residential builings, scientifically known by their significant negative
enviromental impact in various life cycle phases, should assessment system then be made?
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The paper attempts to address present conditions in national multi-family residential sector
and to, by proposing framework consisting of evaluation criteria and linked development
strategies, overcome the state and enhance positive movement. Assessment system, therefore,
is intended for major retrofittingof existing residential units and multi-family buildings
(communities with more than four residenital units). In the bottom line, there lays the strive to
"capture both human and ecosystem time scales responding to the needs of future generations
as well as those current short-term decision-making requirements" [4].
Methodological Framework
Main factors that should be studied in order to create an assessment system are characteristics
of the defined building type and characteristics relevant for the territory for which system is
being developed [1].
According to the existing examined conditions on the territory of Serbia and found subnational differences, it is concluded that the assessment needs to be adapted to local level,
where geographic regions of the country would be more valid for such a division. Assessment
conducted on a local level generally offers more precise results, as all of the natural and made
specifities are taken into consideration: regulation; climate, climate change and its
manifestations; vegetation and wildlife; availability of renewable energy resources;
availability of fresh water; public transportation; socio-economic conditions, etc. The
development of such a system also is in line with the popular sustainability motto: "Think
globally, act locally". Some authors argue that the local level is the best and most effective
point to start working with sustainability assessment, since the methodology of sustainability
assessment is still in its infacy and needs further development, and at the local level,
sustainable development can be translated into tangible, action-oriented and smaller scale
initiatives [5, p.19].
Wordwide, and so in Serbia, multi-residential buildings make significant negative
enviromental impact on the enviroment. However, national studies to exactly measure these
impacts have not been conducted to-date, which is a reason more for employing an
assessment system. The most precise way to study impact is to use LCA methodology. In
accordance with this paper subject, phases use and mainatenance and retrofitting itself will be
of the major importance for the criteria development, whereas for the assessment of building
materials their whole life cycle, including end-of-cycle scenario, need to be examined [6].
Identification of all (potential and actual, mostly negative) environmental impact and possible
mode for their change leads to the definition of environmental items that should be embodied
in the assessment system [1].
In previous years, a vast study on national residential building stock has been conducted,
resulting in definition of the National typology [7]. Classification, based on characteristics
related to energy efficiency, also defines refurbishment measures and potentials. Part of the
research was focused on multi-family buildings, during which this segment of built stock has
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been analyzed in detail [8], giving a good basis for further research of refurbishment
potentials.
National regulation in the field of sustainability in general to-date is very modest.
Enviromental assessment is regulated for certain built types [9], but multi-residential
buildings are not included. The best regulated segment in legislation is energy efficiency, in
which energy performance certificates (energy passports) were introduced, together with
much stringent requirements for levels of energy consumtion for heating [10]. The content of
local master plans in terms of sustinability inclusion varies from one area to another.
However, local regulations in some narrow environmental fields are best developed in the
capital, while in other, significantly smaller urban areas of the country, are minimal.
The use of renewable energy resorces for in citu energy generation is not typical. However,
studies point at significant renewable potential, even in dense urban tissue. There exist just
few newly built structures supplied from local renewable sources. Measures to reduce water
use and energy use are being promoted through supplying companies, but the results are
unknown.
The lack of national regulation in subject field consequently influences on the system
development without strong legal base; on another, equaly important side, it calls for
redefining at very beggining and integration with the proposing framework. Therefore,
parallel with the system development, the supporting decision-making concept for its
implementation needs to be developed, too. Devuyst notes: " While studying the link between
instruments for impact assessment and sustainable development, it soon becomes clear that
impact assessment on its own will not lead us to a sustainable society. There is clearly a need
to study a variety of other instruments for environmental management (such as auditing and
life cycle analysis), instruments to measure progress towards sustainability goals, and the link
between these instruments and the planning, policy-making, and decision-making
processes"[5, p.9].
Results
Proposed model for sustainability assessment of multi-residential buildings in Serbia is
designed as a strategy; it represents the integration of active participation of decision-makers
and other stakeholders with common organizational hierarchy (from general to specific
assessment topics) and spatial hirearchy of assessment subjects (from unit - apartment to
community - building level). The proposed model is shown in Table 1. It is believed that the
positive achieved results in the two spatial levels can further spread to upper levels. Devuyst
claims: "Sustainable neighbourhoods should enhance the quality of social end economic life
of their citizens and be a joy to live in, to work in, or to visit. Places that are popular will
attract people and investment and will be constantly renewed... In the end, a more sustainable
society will only become a reality when each and everyone of us participates" [5].
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Practical focus in line with well known Bellagio Principles led to the definition of an explicit
set of categories and organizing framework that links vision and goals to the assessment
criteria and limited number of key issues for analysis [4].
Assessment Issue

Unit level

Building level

Objectives

ENERGY

Heat energy demand
Electrical energy demand
Daylight
Transport
Habits / Behaviour
Sanitary equipment
Reduction of water
Pollution
Habits /Behaviour
Construction waste
Materials for retrofitting
Scope of works
Work plan
Stability

Envelope characteristics
Renewable energy on-site

Energy efficiency; Public
transportation use; Bicycle
use;Positive lifestyle
changes; Health
promotion.
Water conservation;Water
pollution reduction;
Positive lifestyle changes;
Health promotion.
Sustainable
(re)construction practices;
Environmentally friendly
materials; Durability; Reuse; Recycling; Structure
stability
Positive lifestyle changes;
Enhanced quality of life

WATER

RETROFITTING
WORKS

INDOOR SPACE
QUALITY

Alternative water sources
use

Construction waste
Materials for Retrofitting
Scope of Works
Work plan
Stability

Comfort
Functionality and
adaptability
Cleaning and
maintenance
Habits / Behaviour
Comfort for others
Reduced generation at
source (in household)
Balconies
Windows

Installation maintenance
Comfort
Hygiene
Cleaning and maintenance
Access to all
Habits / Behaviour

OPEN SPACE
(semi-private)

-

Materialization
Social function
Parking space

ARCHITECTURAL/
AESTHETIC
ISSUES
SAFETY AND
SECURITY
RESILIENCE AND
ADAPTATION

Preservation of
architectural/aesthetic
values
-

Preservation of
architectural/aesthetic
values
Measures against crime

-

Structure resilience
Alternative energy and
water supply
(common potential
sources)

ECONOMIC ISSUES

Performance
Affordability

Performance
Affordability

MANAGEMENT

Active participation in
management system

Building community
representative

ADVANCED

Benefit for building

Benefit for

HOUSEHOLD
WASTE
GREENING

Common composting

Positive lifestyle changes

Envelope
Garden

Enhanced quality of living
environment; Bringing
back urban citizens to
ecosystems
Enhancing the common
social activities for childer
and adults, and the social
sustainability
Respect for the recognized
values
Safe and secure living
environment
Resilience to natural
disasters and extreme
weather events that come
as a climate change
consequence;
Adaptation to acute
negative conditions
Economic sustainability;
Pay-back investment
promotion
Promotion of both
individual rights and
common interests
Socio-psychological
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EVALUATION

community through
individual action

neighbourhood
through building
community action

sustainability;Contribution
to healthy spaces and
communities;
"Healing" the wider
community
Table 1: Proposed model for assessment of multi-family residential buildings in Serbia

Proposed criteria"have the important function of encouraging decision-makers to give the
appropriate attention to the sustainability characteristics of their policy, plan, program, and
project intentions... Ideally, sustainability assessment should be fully integrated into the
decision-making process" [5, p.17]. Therefore, decision-makers (municipalities and other
local stakeholders, but authorities on the upper level, as well) need to make a lot of effort to
take actions to regulate, stimulate and support the application of the system in following
domains:
− regulating the assessment application with adaption to local specificities; defining the
issues of relevance and urgency, and setting the required mandatory minimum of
sustainability when retrofitting multi-family residential buildings;
− regulating the retrofitting activities; finding the instruments to promote and stimulate
private space retrofitting in line with sustainability and shortening the long bireucratic
procedures, among other measures by giving them the priority;
− developing the policies for efficient use of natural resources: energy, water, land and
materials; for pollution reduction and for enviromental protection; performing auditing and
use controls;
− switching from flat rates to actual spent quantity of water and heat energy;
− adding up and putting into practice the existing legal documents [11] by creating realistic
conditions for domestic and construction waste sustainable management;
− developing the greening policies at all levels, from individual balconies to public spaces;
− creating conditions for pedestrians, bicycles and public transport networks within the
neighbourhood, and for pedestrian-dominated public realm in order to: "faciliate healthy
social life and provide an attractive, safe, human-scaled environment" [12];
− reducing health inequalities, improving health and well-being for all [13] and promoting
healthy built environment [14];
− defining the aestethic identity which reflects the characteristics valued and respected by
local community [12];
− enhancing(stimulating) both individual and building community participation in
contribution to wider sustainable community;
− acting in line with local and national tradition, culture and values, as sustainability calls for
diversity;
− and, finnaly, developing the strategy for education on sustainability and sustainable
development, as knowledge and understanding allow more sustainable actions in all
segements and on all levels [15].
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Described assessment concept allows in the further work the quantitative determination of
environmental weight for every proposed criterion and of threshold and levels of ecological
quality. As prioritizing of certain containing issues may to the large extent depend on who is
carrying out the evaluation [16], it is necesarry to make unified, standardized application
strategy before the system is in use. This way the evaluation results become comparable.
Debate on comparison of different aspects of sustainability within the same evaluation
concept remains opened; while there exist a range of available approaches and developed
examples to assign evironmental weight and consequently number of eco points to certain
aspect of techical (environmental) sustainability, the measurement of social and economic
sustainability is still at the beginning. Descriptive instead of measurement-based aproach
therefore could be considered as temporary solution.
Conclusion
Proposed system for evaluation of multi-residential buildings in Serbia is the initiative which
joins both decision-making and sustainability assesment concepts. While the criteria are
mostly enviromentally based, their acomplishment has wider implication on all aspects of
sustainablity: ecological, economical and social. Selected built type especially allows social
dimension of sustainablity to develop and then to traspass to other built spaces where these
same users will spend their time as well.
There is a benefit from system application for different stakeholders: flat residents (owners)
will live in socially and ecologically improved environment and will own an estate which is
competetive in the market; local authorities will know the direction of their future actions;
architects, designers and landscape architects will be able to use the created tool, starting from
early design phase, etc.
Existing division on private and common property in multi-residential sector adds complexity
to the assessment system development. This spatial-economic boundary represents a critical
line at which both individuals (including households) and local authorities must make the
biggest effort towards the development of sustainable communities through social dimension
growht. Therefore, common actions which enhance human values of trust, empathy, sense for
others, communication and cooperation, organization, finally learning for better and more
sustainable tommorow, must be supported by all means.
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Abstract: This paper aims to explore the various building assessment systems in Malaysia;
how do they work to define sustainability, how far the achievement is and what barriers are
involved. The intent is to initiate a critical comparison among the approaches taken by
different authorities and to see how far a ‘life cycle’ based assessment can be adopted for the
Malaysian context. To achieve this, the study investigates the organizations involved, the
assessment structures, the sustainability indicators and the challenges involved.
The results illustrate the room for evidence-based improvement in the Malaysian built
environment domain. With the multiple approaches taken locally and internationally, this
research becomes the critical first step to develop a robust sustainability assessment tool
underpinned by the ‘life cycle’ approach to help achieve a more sustainable built
environment in Malaysia.
Keywords: sustainability indicators, building’s life cycle, green building rating tools,
Malaysia.

Introduction
Building assessment and certification tools are now becoming a norm worldwide and
contribute positively to environmental performance in many developing countries. On the
one hand, Cole [1] have argued that the development of building environmental assessment
methods has largely been an exercise in structuring a broad range of existing knowledge and
considerations into a practical framework, rather than requiring or demanding new research.
On the other hand, Kohler and Hassler [2] have claimed that research can be organized either
along environmental assessment methodologies which privilege impacts in a defined time and
space, or life cycle approaches which privilege global impacts over a longer period for
products or services. Kohler and Moffatt [3] further suggested that the first step is the
definition of a certain number of indicators of sustainability, in which indicator systems are
scaled at the macroeconomic level, at regional and town planning levels and at the level of the
building and its life cycle.
With the rising demand to achieve more sustainable buildings and cities globally, the ‘life
cycle’ concept has become more significant. The notion of Life Cycle Assessment (LCA) has
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been generally accepted within the environmental research community as the only legitimate
basis on which to compare alternative materials, components, elements, services and whole
buildings [1]. Well-established green building rating tools such as BREEAM-UK and LEEDUSA have recently addressed the life cycle approach as the basis for one or more criteria
related to materials. In contrast, DGNB-Germany and CASBEE-Japan have already
embedded the life cycle approach into their systems [4]. In addition, there are less familiar but
increasingly important tools such as ‘One Planet Living’ and ‘Living Building Challenge’
which have adopted life cycle thinking.
This paper describes a comprehensive review of selected green building initiatives in
Malaysia which investigates the methods used in these assessment systems, how they work to
define sustainability, how well they achieve sustainability and what barriers are involved. The
intent is to initiate a critical comparison among the approaches taken by different authorities
and to see how far a ‘life cycle’ based assessment can be adopted for the Malaysian context.
To achieve this, the study investigates the organizations involved, the assessment structures,
sustainability indicators and the challenges involved.
Malaysia as a case study: Green initiatives in the building industry
Since independence, Malaysia has generally registered continuous economic growth and this
development has brought numerous benefits including improved social amenities and a trend
towards greater urbanization of the population. However, economic development in Malaysia
has contributed to environmental degradation and uncontrolled development. Protection of the
environment has become a necessity rather than a luxury in order to maintain public health
and well-being as well as to sustain the economic growth [5]. In Malaysia, building
assessment systems emerged at a time when interest in environmental and sustainability
issues was on the rise and developers, architects and government agencies were seeking new
methods to integrate those concerns into their work. Todd, Crawley [6] also noted that several
innovations that consider local and regional context within green building assessment match
the particularities of local practice.
There have been many initiatives towards the development of ‘green’ buildings and cities in
Malaysia in recent years. The most established building rating tool in Malaysia as widely
recognised in the literature is the Green Building Index (GBI). Since its launch in 2009 it has
enjoyed a rapid take-up, with the goal of reducing carbon emission intensity by up to 40% by
2020 compared to 2005. A number of additional building assessment systems and policies
have evolved alongside the GBI, for example the Green Performance Assessment System
(GreenPASS), Green Assessment System in Construction (GASSIC), Green Real Estate
(GreenRE) and Public Work Department (PWD) Green Rating Scheme. These assessments
are among the outcomes from the Low Carbon Cities Framework and Assessment System
(LCCF) under the Ministry of Energy, Green Technology and Water of Malaysia.
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i. Green Building Index (GBI)
The Malaysian GBI was launched in 2009 and is a joint project of the Malaysian Institute of
Architects and the Association of Consulting Engineers Malaysia. It was the first
environmental rating system for buildings in Malaysia. The GBI has been modelled on
internationally recognized green building rating systems such as USA’s LEED (Leadership in
Energy and Environmental Design) and UK’s BREEAM (Building Research Establishment
Environmental Assessment Method) [7]. The GBI also draws fundamental ideas from existing
systems including Australia’s GREENSTAR and Singapore’s GREENMARK, but it has been
modified to cater for local environmental, economic and social needs (Greenbuildingindex,
2013).
GBI evaluates the environmental design and performance of Malaysian buildings based on six
independent criteria including Energy Efficiency, Indoor Environmental Quality, Sustainable
Site Planning and Management, Materials and Resources, Water Efficiency, and Innovation.
Each criterion has a different weighting depending on the building category namely, Nonresidential New Construction, Residential New Construction, Non-residential Existing,
Industrial New Construction and Township. In May 2013, GBI launched the GBI- Retail tool
for New and Existing Construction (Greenbuildingindex, 2013) and in February 2014, it
launched GBI-Hotel and Resort (Greenbuildingindex, 2014).

Figure 1: Criteria in GBI

An encouraging sign is that, according to Greenbuildingindex (2013), as of 15th June 2013, 4
years since the launch of GBI, Malaysia has attained almost 58 million square foot gross floor
area of GBI certified buildings and reduced carbon emissions by nearly 225 thousand tonnes
(tCO2e/annum, based on electricity energy reduction @1kWh=0.69 kg CO2).
ii. Green Performance Assessment System (GreenPASS)
GreenPASS was developed by the Construction Industry Development Board (CIDB). It is an
evaluation system that measures the impact of building construction works and building
operations on the environment. It applies to new and existing buildings and is based on the
evaluation of embodied carbon and operational carbon, including quantitative measurement
covering five elements: site, energy, indoor environmental quality, water and waste. This
value is then compared with the carbon footprint based on proposed carbon reduction
strategies and the improvement is rewarded by a designated diamond rating. GreenPASS was
initially based on two reference models, NABERS (National Australian Built Environment
Rating Australia) and Green Globe USA. Unfortunately, to date, this assessment has not been
materialised due to some internal issues.
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Figure 2: Criteria in GreenPASS

iii. Green Assessment System in Construction (GASSIC)
The Construction Industry Development Board (CIDB) is also developing GASSIC [8]. It is a
system or method to measure and evaluate the green attributes of a construction project from
design to construction stage based on developed standards. This assessment system will be
used together with GBI as a measure to certify green buildings in Malaysia. GASSIC will be
made mandatory for all public projects in the future to facilitate broad adoption of green
technologies and sustainable development [8]. But to date, there is insufficient information
about GASSIC in the literature.
iv. Public Work Department (PWD) Green Rating Scheme
According to Rashid, Sulaiman [9], PWD has produced its Green Rating scheme to achieve
the goals on green government building initiatives for new and existing buildings. Currently,
the research focus is on developing a ‘Comfortable and Energy Efficient Government Office
Building Design’ and the outcome will be used as a guideline for the designers. For new
buildings, the rating criteria are energy efficiency through passive and active design,
sustainable site planning and management that complies with JKR 14001:2008 Environmental
Management Systems and also water efficiency.

Figure 3: Criteria in PWD Green Rating

v. Green Real Estate (GreenRE)
GreenRE is a project of the Real Estate and Housing Development Association of Malaysia.
GreenRE is a not-for-profit initiative and is committed to promoting a sustainable Real Estate
Industry by encouraging voluntary adoption of green building practices. It offers a practical
and efficient solution to green certification. The tool was developed in close collaboration
with relevant stakeholders from both the public and private sectors including industry
professionals. This system evaluates building’s carbon emissions, water and energy efficiency
and also indoor environmental quality. A GreenRE framework is to achieve minimum
environmental sustainability standard, including a minimum energy standard that yields about
10%-15% energy saving above the Malaysian Energy Efficiency Standard MS 1525:2007
(GreenRE, 2014). GreenRE offers 2 types of certification, GreenRE Criteria for NonResidential Buildings and GreenRE Criteria for Residential Buildings.

4219

ISBN: 978-84-697-1815-5

Figure 4: Criteria in GreenRE

Barriers and Opportunities
This paper reviews the various building assessment systems that currently are practised in the
Malaysian building industry. These initiatives are driven by both government and private
agencies. However, most of the assessments focus mainly on environmental aspects, and the
other two dimensions of sustainability (social and economic) are not directly considered in the
assessment systems. In terms of environmental criteria, almost all assessments adopt similar
criteria for example, energy and water efficiency and site planning.
These assessment tools are still fragmented across the building lifecycle, for example, GBI
relates mostly to the design and construction phases, while GreenPASS and GreenRE are
focused on the construction and operation phases. Table 1 shows the overview of the
sustainability indicators in each assessment system, as well as to what extent these
assessments cover the whole of building life.
Assessment
tool
GBI

Year

GreenPASS

2012

x

2011

x

2012

x

2009

Sustainability Indicator
Env.
Social
Economic
x

Design
x

-

Building Life
Construction Operation
x
x
x

x

-

-

x

x

Decommission

-

GASSIC
PWD
Green
Rating
2013
x
x
x
GreenRE
Table 1: Selected building assessments across sustainability indicators and stage of building life

In terms of economic dimension, several issues arise regarding green buildings in Malaysia.
According to Halim [10], the economic issues are the incremental construction cost, rental
benefit, operating cost saving and increase in value on sale. In addition, Isa, Rahman [11]
identified the factors affecting green building investment, in which the economic aspects have
been classified as risks and returns. Each green property investment decision should take into
account the risk factors which affect not only the investment decision but also the return on
investment. Other studies (e.g. Papargyropoulou, Padfield [7] have identified other barriers
and constraints to Malaysian sustainable development that includes limited local expertise,
skills and maintenance culture, and also lack of awareness among building end-users.
Papargyropoulou, Padfield [7] also concluded, however, considering the developing nature of
Malaysia’s sustainability market, that there were many opportunities if various factors were
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taken into consideration, for example legislation and policy reform, financial incentives and
disincentives, emphasis on environmental and business opportunities, knowledge transfer and
capacity building and also, education and engagement of end-users.
Conclusion: Envisioning ‘Life Cycle’ assessment for buildings in Malaysia
Indicators have an important role to play in assisting countries to make informed policy
decisions concerning sustainable development. The development and implementation of
sustainability indicators at the national level could be significantly enhanced through the
establishment of national programmes, improved communication and cooperation through the
establishment of coordinating mechanisms, further methodological development and training
and also improved data and statistics to underpin the indicators. Partnerships between relevant
national, regional and international institutions and organizations would contribute to
achieving more reliable and timely indicators to measure progress made in achieving
sustainable development.
With the support of the Low Carbon Cities Framework (LCCF), which comes under the
umbrella of the Ministry of Energy, Green Technology and Water, the quality of building
assessment in Malaysia is likely to be expanded and enhanced. This approach is in line with
Lützkendorf, Hájek [12], who recommend a top-down approach which establishes the system
structure and indicators, considers all dimensions of sustainability and capture the technical
and functional qualities to ensure integration. From this perspective the present research aims
to develop an assessment framework with two-fold dimensions; the triple bottom line of
sustainability and whole of building life cycle, based on the barriers and opportunities
discussed earlier in this paper. The outcome of this research is intended to be of practical
value to build environment stakeholders in Malaysia to support decision-making and to
improve the quality of information on the impacts of buildings on the environment, society
and economy at different stage of a building’s life.
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Abstract: Sustainability rating tools can be analysed in a productivity perspective. Government
regulations, including taxes and fees that make firms internalize negative environmental externalities,
reduce the gap between sustainability and productivity. Productivity measurement methods for new
construction are difficult to apply to refurbishment projects, and there is no consensus on measuring
the sustainability of refurbishment processes. The purpose here is to investigate how sustainability
concepts in building certification schemes for refurbishment are related to productivity, using
BREEAM Refurbishment Domestic Buildings and LEED for New Construction and Major Renovations
as examples. A set of criteria for analysis is developed here. While this BREEAM scheme has its focus
specifically on refurbishment, the LEED version has less that is specific to refurbishment processes.
These schemes mainly focus on post-refurbishment assessment. Long-term productivity is related to
economic sustainability, and recent refurbishment versions of certification schemes in Germany and
Japan recognize more than environmental sustainability.

Building certification schemes, productivity, sustainability, refurbishment
Introduction
In general, the successive development of stricter government regulations intended to secure
environmental sustainability, including taxes and fees, is expected to reduce the gap between
sustainability and productivity on the level of firms. Furthermore, the diffusion of
sustainability rating tools influence market prices of goods and services. Apart from the
construction industry, studies from other fields show how negative environmental
externalities are internalized by firms, which realize immediate or delayed effects on their
productivity [1-3]. The relation between sustainability and economic growth is a major policy
issue in most countries, and this is reflected by policies for raising sustainability and
productivity at a firm and project level in the construction industry.
While there are well-established productivity measurement methods for new construction [4],
refurbishment projects are different, primarily because they share quality measurement
problems that are commonly found within the service sector [5]. There is a complicated
relation between sustainability rating tools and property valuation use [6], which is interesting
for understanding the mechanisms of how ratings affect market prices, which in their turn
form the basis for productivity estimates. Another linkage where there is a greater lack of
knowledge is how ratings interact with internal company systems for environmental
management, aligned with ISO 14 000 standards or otherwise, which focus on processes more
than products. The aim of this paper is to investigate how sustainability concepts in building
certification schemes for refurbishment are related to productivity, using BREEAM and
LEED as examples.
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Earlier studies provide information on limitations of sustainability and environmental
assessment tools. Berardi [7] notes that sustainability rating systems tend to ignore economic
aspects and focus mainly on the environment. Energy performance is highlighted in these
schemes as the most important criterion for assessing building sustainability although the
predicted energy performance of certified buildings falls below what is defined as optimal
levels in the schemes. Also, environmental assessment tools have shifted from objective
evaluation of resource use, ecological loadings and indoor environmental quality, to assessing
market transformation [8]. Ding [9] identifies eight categories where current environmental
assessment tools present limitations: usability as a design guideline, usability for selecting
optimum project options, financial aspects, recognizing regional variations, complexity
(input), evaluation of qualitative and quantitative data, weighting and measurement scales. In
addition, use of a single criterion, such as economic efficiency or energy efficiency, for
decision making, has been criticized. Instead, a sustainability index or a multi criteria
approach has been proposed for environmental assessment.
Obviously, environmental assessment tools can be used for different purposes, in different
phases of building and refurbishment projects, and by different actors. Kaatz et al. [10]
propose that instead of using sustainability assessment methods solely to evaluate building
performance, they should be integrated in earlier phases of the project, particularly during
decision-making, allowing sustainable development principles to be incorporated in building
projects. In a recent study, Schweber and Haroglu [11] draw an interesting relation between
level of commitment to sustainability and use of the Building Research Establishment
Environmental Assessment Methodology (BREEAM). Professionals committed to
sustainability use BREEAM in their design decisions, but others apply it only to assessment.
In an analysis of the effects of BREEAM on construction professionals and clients, Schweber
[12] notes that, for the project team, it serves as a communication tool and sets discrete
technical standards for their design decisions, and for clients, provides the opportunity to
demonstrate commitment to the sustainability, which enhances the client’s reputation and
provides a framework that gives the client a sense of being in control.
As is well known, some environmental assessment tools are in international use. Cole and
Valdebenito [13] analyse the importation of BREEAM and LEED (Leadership in Energy and
Environmental Design) in six countries, including Sweden, and note that certain countries,
such as Australia and Japan, apply domestic standards.
Linking productivity to sustainability
Productivity is defined as ‘a ratio of volume measure of output to a volume measure of input
use’ [15, p.11], inputs and outputs valued at market prices. The Brundtland report defined
sustainable development anthropocentrically as ‘development that meets the needs of the
present without compromising the ability of future generations to meet their own needs’ [16,
p.54], leaving the question open of it is related to market phenomena. Sustainability has come
to be understood as having three dimensions: environmental, economic and social.
2224

ISBN: 978-84-697-1815-5

The financial community’s understanding of sustainability is understandably often related to
economic sustainability. However, linking other sustainability features of buildings and
properties to economic performance shifts this community’s perspective towards
environmental and social aspects [16]. This can be achieved simply by informing financial
decision makers of the potential for environmental and social performance to generate cash
flow, add value and reduce investment risks [17].
One way to link sustainability to productivity is thus by determining the increase in the
market value of property that includes sustainability features. Increased market value of an
output improves productivity, ceteris paribus. A study using hedonic regression modelling of
data collected in Switzerland identifies a relationship between the environmental performance
of residential buildings and their rental levels. Among the 36 sustainability indicators, water
efficiency, health and comfort, and building safety and security, are shown to have significant
positive price effects [18]. Also, sustainable building features, such as energy efficiency, lead
to lower operating and maintenance costs [17].
A barrier to linking the sustainability of properties to economic performance is data
availability [17]. Several studies consider these barriers as linked to environmental assessment
tools. Firstly, sustainable building labelling is not fully compatible with the tools and methods
used by the financial community for risk analysis and property rating [16]. Secondly, it is
difficult to reflect a sustainability performance score from a sustainable assessment tool in a
valuation because traditional methods of valuation may cover the same building features,
resulting in double-counting. Therefore, whether to treat sustainability features as an
additional bonus or integrate them in the traditional valuation methods is an issue [6]. Thirdly,
there are numerous sustainability assessment tools. Lützkendorf and Lorenz [19] discuss
aspects of the development of sustainability assessment tools, including standardization or
not, complex or simple tools, mandatory and voluntary tools, and applicability for risk
analysis and property evaluation.
The effects of regulation on the gap between environmental sustainability and productivity is
analysed in a number of studies from other sectors of the economy. Majumdar and Marcus [1]
provide two opposing views. Economists claim that high levels of environmental spending
can lead to a decline in productivity, while business strategists maintain that well-designed
environmental rules and regulations would increase firm competitiveness and enhance
productivity. Their study is based on electricity utilities and compares the effect on
productivity of two types of regulation that either restrict choice or provide flexibility. They
conclude that flexible regulations increase productivity while also encouraging
entrepeneurship, creativity, risk taking and internalization. Asche et al. [2] in their study of
salmon farms note the positive relation between environmental regulation and productivity.
Compared to other industries, environmental effects are internalized in salmon farming
decision-making since the negative environmental externalities have immediate or delayed
negative effects on the farm’s production. Telle and Larsson [3] note that studies claiming
negative relations between environmental regulations and productivity are based on industry
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level data. Based on plant level data instead, traditional methods of determining productivity
growth are found to be problematic.
Productivity in refurbishment
Refurbishment is not pure production of goods; therefore physical measures of productivity
such as [concrete laid]/m3, typical of new construction are insufficient. Refurbishment
productivity should take into account building user productivity.
For office refurbishment projects, Feige et al. [20] provide insights into employee
productivity. Although they do not identify a direct relation between sustainability and
productivity, they note that higher levels of comfort result in improved employee
productivity. Also, a comfortable working environment reduces employee turnover and makes
the company more attractive to potential employees. In a study of office conversions, Holm
and Bröchner [21] analyse the effects of employee-craftsmen interactions. They highlight the
local negative effects of refurbishment processes, namely dust and noise, which disrupt office
work and further decrease employee satisfaction, influencing their productivity. Customer
satisfaction surveys can be used as output indicators of these effects.
In housing refurbishment, buildings might be occupied by tenants during the process, which
has consequences for labour productivity. The willingness of tenants to collaborate is
important; issues such as limited storage space and space for collecting waste can be
particularly challenging in refurbishment schemes and have negative impacts on process
productivity. Client contributions are an important input, particularly in refurbishment
projects where owners are heavily involved, something which also affects productivity.
Furthermore, uncertainties associated with existing structures, out-of-date and inaccurate
drawings, and discovery of hazardous substances can require changes to refurbishment project
plans and negatively affect productivity [22].
Methodology
The empirical part of this paper is the analysis of two building assessment tools for a range of
building types: BREEAM Refurbishment Domestic Buildings and LEED for New
Construction and Major Renovations. These tools were chosen because both cover at least
some aspects of refurbishment. For each criterion derived from earlier literature, schemes
have been searched to see whether there is a category related to refurbishment productivity.
For each criterion several keywords have been developed (see Table 1), used for searches in
both schemes and then relevant passages have been read.
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Table 1. Keywords used for each criterion
Criterion

Keywords

Efforts to inform tenants about the costs and
benefits of sustainable refurbishment

Users, occupants, tenants

Aims at goal-setting and internalization rather
than forcing strict solutions

(not applicable)

Negative effects of local disruptions to client’s
employee productivity

Office, employee, satisfaction, productivity

Effects of tenant-labour interactions on
refurbishment process productivity

Occupants, tenants, workers, operatives

Effects of space limitations (material storage,
waste separation) on process productivity

Storage, material storage, space

Client role in process productivity

Client, productivity, owner, developer

Effects of unexpected situations (e.g. discovery
of hazardous substances) on process productivity

Unexpected, hazardous, structural, drawings

Effects of sustainable features on employee
productivity

Occupants, productivity, employee

Economic effects of sustainable features

Cost, benefit, economic

Compatibility with financial community’s
internal methods (risk analysis and property
rating)

Compatibility, compatible, financial, property,
valuation, risk analysis

Analysis
The two schemes are analysed here according to the ten criteria of Table 1.
Efforts to inform tenants about the costs and benefits of sustainable refurbishment
One of the objectives of BREEAM is to increase awareness among stakeholders of the
benefits of environmental buildings. The tool’s management category includes a home users
guide; however, this information is related more to how users can benefit from the refurbished
building. It does not provide a cost-benefit analysis for tenants. Several categories of LEED
relate to building occupants; however, LEED is not process oriented and apparently does not
require that tenants receive cost-benefit information.
Aims at goal-setting and internalization rather than forcing strict solutions
BREEAM includes detailed assessment criteria, procedure, compliance notes and schedules
of evidence for each category. These provide a detailed guide to how the assessment should
be carried out. However, no particular technology is prescribed to achieve these goals. LEED
explains the requirements as well as the potential technologies and strategies related to each
category. Compared to BREEAM, LEED provides more suggestions about environmental
solutions but its explanations are not binding and serve only as recommendations.
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Negative effects of local disruptions to client’s employee productivity
The criterion is not applicable to the analysed tools. BREEAM aims to assess only domestic
buildings, while the LEED tool does not cover the refurbishment process effects, although it
concerns office renovation.
Efforts of tenant-labour interactions on refurbishment process productivity
Neither tool covers potential decline in productivity due to tenant-labour interactions.
BREEAM clearly pays attention to the management and more particularly project
management such as requiring project meetings. However, there is no requirement for tenants
to be included in these meetings. LEED does not require information on the refurbishment
process, and thus does not take account of tenant-labour interactions during the refurbishment
process.
Effects of space limitations (material storage, waste separation) on process productivity
The BREEAM tool provides clear recommendations for compliance in cases of limited site
space for segregation and storage of waste. However, it does not include impacts on
productivity and the difficulties related to materials storage space. LEED provides
information about need for space to store waste, but only in the post-refurbishment phase and
in relation to occupants’ waste. LEED provides no information about how refurbishment site
waste should be handled.
Client’s role in process productivity
The client is mentioned frequently in the BREEAM tool; however, the client’s role is mainly
limited to service consumers. The tool acknowledges the importance of key design team
meetings where both contractors and clients participate. Responsibilities are assigned to
developers (clients) in both the design and post-refurbishment phases. However, the client’s
role timely decision making - particularly in relation to unexpected changes during
refurbishment – which is valuable, is not included in the tool. LEED assigns responsibilities
to owners (clients), mostly focused on appointing qualified individuals to facilitate the
assessment process. It provides recommendations to owners to make their environmental
choices, linked to achievement of financial savings.
Effects of unexpected situations (e.g. discovery of hazardous substances) on process
productivity
Uncertainties associated with the existing building are not considered in the BREEAM tool.
Use of less hazardous materials and ways to deal with non-hazardous materials in the
refurbishment process and demolition are mentioned in BREEAM, but discovery of
hazardous substances and the potential influence on productivity are not acknowledged. Other
unexpected situations that may occur during refurbishment, such as the need for structural
changes, are not covered by BREEAM. In dealing with the comfort of occupants and building
reuse, the LEED tool acknowledges the importance of minimizing exposure to hazardous
gases and chemicals, and removal of hazardous substances. However, it provides no
information on other unexpected situations that may occur. The LEED tool links the existence
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of hazardous substances to the comfort of occupants, but omits any effects on refurbishment
process productivity.
Effects of sustainable features on employee productivity
The criterion of employee productivity is irrelevant for the BREEAM tool since it only
assesses domestic refurbishment. However, it includes tenants’ comfort and wellbeing,
although it does not link these aspects to productivity. Several categories of the LEED tool
refer to the intention of improving occupant productivity, such as maintenance of a
comfortable air temperature. The tool does not directly refer to employees, but it does
mention that it can be used for office refurbishment and thus refers to occupants more
generally.
Economic effects of sustainable features
Reduction of costs and low cost sustainable solutions are stated as objectives in the BREEAM
tool, although only in the category of energy are energy savings linked to costs. The tool does
not demand a cost-benefit analysis for sustainable actions taken during the refurbishment
process. In the LEED tool, maximizing environmental and economic performance is given as
one of the objectives. However, and similar to the BREEAM tool, costs and benefits are only
mentioned in the energy and athmosphere category, where lower operating costs are
acknowledged.
Compatibility with financial community’s internal methods (risk analysis and property rating)
The internal methods of the financial community or the property industry as concerns
property valuation after refurbishment are not covered in either the BREEAM or the LEED
tool.
Conclusions
To conclude, it is obvious that sustainability rating tools can be analysed in a productivity
perspective. The purpose here has been to investigate how sustainability concepts in building
certification schemes for refurbishment are related to productivity, using BREEAM
Refurbishment Domestic Buildings and LEED for New Construction and Major Renovations
as examples.
Ten criteria were derived to analyse BREEAM and LEED. A fundamental observation is that
building users are important stakeholders in refurbishment projects, both influencing and
being influenced by a project. Particularly, in office refurbishment, employee productivity
might be reduced by local, negative effects of an ongoing project. Process productivity during
refurbishment is subject to space limitations, client inputs and additional activities and
resource use due to unexpected discoveries.
The analysis shows that both tools focus mainly on the post-refurbishment assessment,
although some aspects of design phase are covered by both tools, and the process itself is
partly included by BREEAM, particularly in its management category. Productivity translated
into costs and benefits is only acknowledged in the energy categories of these tools, and they
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do not reflect the process of refurbishment. This understates the sustainability effects of
disruptions on process productivity due to tenants’ involvement and space limitations, effects
of clients’ decisions during the process and disruptions due to unexpected situations. More
recent advances in the development of sustainable rating schemes show that there is both a
need and a potential for more comprehensive assessment, catching aspects of productivity and
adopting a wider sustainability definition covering all three dimensions. Recent refurbishment
versions of certification schemes in Germany and Japan recognize more than environmental
sustainability.
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Abstract: Brick veneer is the most dominant construction type in Australia; however it is not
necessarily the most advantageous for the climate. Mass wall types, where massing is evident
on the interior of the building, can help to achieve greater thermal performance. Monomur
thermal blocks are a thermal mass system, based on single leaf construction. They are
resistant to compression, transfer of heat, and are made from natural clay. Monomur has
shown to benefit construction in Europe, most predominantly France, where the push for low
energy buildings is high on the national agenda. This study aimed to determine the life cycle
energy performance of the use of the monomur system in Australian residential construction.
A life cycle energy analysis (LCEA) was used to quantify and compare the life cycle energy
performance of two case study houses, one built from monomur and one from brick veneer. It
was shown that there is minimal difference in the performance of these two construction
approaches, paving the way for the potential use of monomur in the Australian context.
Keywords: life cycle energy analysis; monomur thermal blocks; Australian residential
construction
Introduction
The construction industry uses significant volumes of material resources and energy.
Lowering a building’s energy profile is an integral part of achieving more sustainable
societies and reducing the global dependency on non-renewable energy and material
resources. Increased stringency in building standards in relation to energy performance has
resulted in an increased demand for sustainable or ‘eco’ building designs and components.
In Australian residential construction, clay brickwork is the most widely used external
cladding and structural wall medium. Australia wide, brick veneer (BV) represents 45% of the
domestic market, followed by double brick at 24%, timber cladding at 13% and fibre-cement
at 8%. In Victoria and the ACT the use of BV is higher than the national average, at 61% and
74%, respectively [1]. Framed and clad buildings however are not always optimal in terms of
climate responsive design. In particular, brick veneer places the mass of brickwork on the
external face of a building where its thermal inertia contributes little to the thermal
performance of a building. Additional insulation must be added to bring it to the minimum
building regulation requirement of R2.8 [2]. While innovative performance cladding
alternatives exist (to replace the BV skin), they are usually highly processed and often plasticor polymer-based.
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Monomur thermal blocks are a single walled tectonic structure, which are highly resistant
under compression and have inherently high insulating properties, due to the nature of the
material (natural clay), their structure and the firing process during manufacturing. The blocks
are resilient, inert, insusceptible to fire, condensation and mould.
The monomur system is a complete catalogue of prefabricated building components; all made
using moulded fired clay, which due to their low-tech materiality can be easily modified on
site using hand saws and other hand held tools. The monomur thermal block market has
become heavily competitive, especially across Europe, and most producers have developed
and trademarked their own products. This study considers data relating to one brand, the
Calibric® 37.5, as it represents the benchmark for its class of product (Figures 1-4).
Monomur thermal blocks meet the requirements of the Building Code of Australia (BCA) and
Australian Standards. One of the most crucial performance factors for building materials in
Australia is fire resistance (AS3700-2011) and monomur has a resistance of 240 minutes
(single leaf wall un-rendered) which is double the accepted minimum standard.

Figure 1 Monomur block

Figure 3 Monomur wall design diagram

Figure 2 Monomur wall components

Figure 4 Monomur wall detail

There is a lack of knowledge in terms of the application of the monomur system in Australian
conditions, as well as a lack of test or comparative data for the monomur system versus the
single most utilised Australian system, brick veneer. One of most critical areas lacking
knowledge is in relation to how this system performs from a life cycle energy perspective.
The aim of this study is therefore to determine the life cycle energy performance of the
monomur system within Australian residential construction, as compared to traditional BV.
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Background
France is one example where efforts have been made to improve the market for low-energy
domestic buildings. In 2009, the Grenelle 1 package [3] set new targets and legislation for the
construction industry. Under the Grenelle standards, housing must have a maximum primary
energy demand of 50 kWh/m2/annum (modulated for region and altitude) [4].
In the Australian context, the government has set similar goals, and new houses must reach
specific energy performance targets which are defined through a star rating system outlined
by the Nationwide Housing Energy Rating Scheme (NaTHERS). The star rating depends on
the predicted thermal energy demand of a house [5]. While the star rating system is a step in
the right direction it does not consider full life cycle energy performance.
Life cycle energy analysis (LCEA)
LCEA, a streamlined version of a life cycle assessment (LCA), is used in order to facilitate
decision making processes concerning energy efficiency, as it considers environmental impact
solely in terms of energy. A LCEA considers initial embodied energy (IEE), recurrent
embodied energy (REE), operational energy (OPE – thermal and non-thermal) and demolition
and disposal energy (D&DE) throughout a building’s life. This life cycle perspective is
necessary as it helps to avoid shifting energy use across the various stages of a building’s life.
Embodied energy
Initial embodied energy is the energy required in the production of materials or products used
in the initial construction of a building. Recurrent embodied energy is the energy associated
with manufacturing the building materials and products used in the maintenance of a house
over its life. Of the methods available for quantifying embodied energy, hybrid analysis is
considered to be the most comprehensive, despite a margin of error of ±30% [6].
Operational energy
Operational energy includes the mechanical heating and cooling-related demands (thermal
operational energy - OPET) as well as non-thermal operational energy (OPENT), for lighting,
cooking and appliances. Due to the recognised benefits of passive thermal performance,
Australia, like many countries has a requirement for new houses to achieve a minimum Rvalue of 2.8 (R = W/m2.K) in an effort to lower thermal operational energy. This R-value
relates to thermal inertia or the degree of slowness with which the temperature of a body
approaches that of its surroundings. Monomur has an R-value of 2.95 (unclad) and a thermal
dephasing time of 15 hours (for a 375 mm wide block). A standard clay brick has an R-value
of 0.54, with a thermal dephasing time of 3 hours. For a BV wall to meet the minimum
Australian standard, it must have insulation added to slow the conductivity of heat. Previous
studies of monomur show that it has the potential (even in colder climates) to assist in
minimising thermal operational energy demand [7].
The main questions to be answered in this study are whether the potential thermal benefits of
the monomur system are outweighed by an increase in the embodied energy demand
associated with its production and how it compares with the performance of BV construction.
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Method
This section describes the approach used to determine the life cycle energy performance of
the monomur and BV construction methods for a case study house.
The case study house
To generate comparative data for both monomur and BV, a case study approach was used.
The case study house selected was a three bedroom single storey BV dwelling with a total
habitable floor area of 201.93 m2 (not including garage and decking), located in Melbourne,
Australia (Lat. 37°47’S, Long. 144°58’E). The scope of the building elements and materials
stayed the same during the comparative analysis, in all aspects except for the wall structure,
where BV was substituted for monomur. The functional unit chosen for comparative purposes
was one square metre (m2) of floor area. The case study house floor plans are shown in
Figures 5 and 6, for monomur and BV, respectively.

Figure 5 Floor plan of case study house in monomur

Figure 6 Floor plan of case study house in BV

Life cycle energy analysis (LCEA)
The LCEA of the case study house included both initial and recurrent embodied energy,
thermal and non-thermal operational energy and demolition and disposal energy (Equ.1). The
analysis was performed for a period of 50 years, the average life of a house in Australia.
LCE = IEE + REE + (OPE x building lifespan) + D&DE

(1)

Where LCE is the life cycle energy of the house; IEE is the initial embodied energy of the
house; REE is the recurrent embodied energy of the house; OPE is the total annual operational
energy (thermal and non-thermal) of the house; and D&DE is the end-of-life energy
associated with the demolition and disposal of the house.
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Initial embodied energy (IEE)
An input-output-based hybrid approach [8] was used to calculate IEE using the quantities of
the materials in each house. Each material quantity was multiplied by its respective hybrid
embodied energy coefficient [8] and then summed to determine the total IEE of the house.
As the monomur system has not yet been used in the Australian context and therefore an
embodied energy coefficient for monomur not available, one had to be determined for the use
of monomur in Australia. European process data was used as the basis for this value, which
was determined to be 1.0764 GJ/m2 [9]. However, this value carries certain complications as
the approach used to arrive at it is not completely transparent, so the completeness of the
system boundary is unknown. However, when compared to the Australian energy coefficient
for a standard clay brick (0.56 GJ/m2), the monomur value is roughly double, and was
considered realistic considering that one monomur block is just over double the volume of
clay used within a standard clay brick. Furthermore, monomur blocks undergo virtually the
same manufacturing processes as bricks.
Recurrent embodied energy (REE)
Recurrent embodied energy was calculated as per the IEE and based on average material
service life figures [10]. This considered the number of replacements required for each
material within the 50 year life of each house.
Non-thermal operational energy (OPENT)
The non-thermal energy requirements were assumed to be identical for each house and were
based on data for the average household in Melbourne, Australia [11].
Thermal operational energy (OPET)
The thermal energy requirement depends on the individual house’s thermal effectiveness, as
well as parameters such as geographic location, orientation, position of thermal mass,
placement and size of doors and windows, and efficacy of ventilation. IES-VE was used to
model the predicted thermal operational energy demands for each house. The R-values
assumed for each house were R8 and R2.95 for BV and monomur, respectively. HERS values
such as temperatures and occupancy patterns were taken from standardised data sets,
reflective of local conditions and user patterns.
Demolition & disposal energy (D&DE)
While there is little reliable information available on the amounts of energy associated with
the demolition and disposal of materials at the end of a buildings service life, what is
available shows that the amount is likely to be very low, when compared to the total energy
demand of a house over its life. A study by Crowther [12] estimates that the D&DE is likely
to be less than 1% of a building’s total LCE. The D&DE figure used in this study is thus 1%
of the total LCE of each house.
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All energy figures used are in primary energy terms, with operational delivered energy figures
from IES-VE multiplied by a factor of 3.4 for cooling components (electricity assumed) and
1.4 for heating components (natural gas assumed).
Results
This section presents and compares the results of the LCEA of monomur and BV.
Initial embodied energy (IEE)
The total embodied energy value for the monomur house was 2620.84 GJ (12.97 GJ/m2)
compared to 2619 GJ (12.9 GJ/m2) for the BV house. The difference is negligible considering
the potential errors of up to ±30%. The data shows that monomur has a higher energy intensity
(1.0764 GJ/m2) compared to standard bricks (0.560 GJ/m2). Therefore, even though the
timber-framed structure and wall insulation was removed for the monomur house, the higher
energy intensity of monomur meant that it still had an equivalent initial embodied energy to
the BV house.
The element level breakdown in Figure 7 shows that monomur has a higher masonry value at
123.25 GJ, while BV showed a value of 73.38 GJ. Carpentry (including hardwood and
softwood) was reduced for the monomur system by 28.81 GJ, from 151.19 GJ to 122.38 GJ.
Similarly, monomur had a 19.15 GJ lower insulation value than BV (from 51.54 GJ down to
32.39 GJ). The remaining elements, which were considered identical for both houses,
remained the same. Similarly, the breakdown by material group (Figure 8), shows that the
benefits derived from lowering the amount of ‘other metals’ (i.e. reflective foil insulation)
and ‘timber products’ (i.e. softwood framing), was offset by an increase in the value for
‘ceramics’, the category which includes masonry (monomur blocks).

Figure 7 Initial embodied energy, by element

Figure 8 Initial embodied energy, by material
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Recurrent embodied energy (REE)
Recurrent embodied energy for both houses was found to be 1,373.12 GJ (6.8 GJ/m2) over 50
years, as there was no difference in the replacement rates for materials that differed between
houses.
Non-thermal operational energy (OPENT)
The average Melbourne household uses 76 GJ/annum of delivered energy [11], 55% of this
energy is non-thermal. Therefore, the average Melbourne household uses 41.8 GJ/annum of
non-thermal energy. Assuming an average primary energy factor, to take into account a fuel
mix of coal-fired electricity and natural gas, of 2.4, this equates to 100.32 GJ/m2 or
0.37 GJ/m2/annum. This equates to 74.71 GJ/annum for each entire house.
Thermal operational energy (OPET)
Based on the IES-VE model, the energy required for heating and cooling the BV house in the
Melbourne climate was found to be 0.17 GJ/m2 in primary energy terms. The energy demand
for the monomur house was found to be slightly lower at 0.16 GJ/m2. Heating makes up the
largest proportion of thermal energy demand for both houses at 18% and 17% for the BV and
monomur houses, respectively.
Life cycle energy
The combination of the various energy demands for each house (Figure 9) shows that the life
cycle energy of the monomur house is marginally lower than for the BV house (2 GJ/annum
or 0.5 GJ/m2/annum). Non-thermal operational energy represents the largest single proportion
of life cycle energy demand for both houses (39-40%), however, the combined total embodied
energy accounted for 42% in each case.

Figure 9 Life cycle energy breakdown of brick veneer and monomur over 50 years
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Discussion
This study has shown that for the Melbourne climate there was only a very small difference in
the life cycle energy performance of monomur and traditional BV construction (when
insulated to R2.8). The study revealed that in terms of life cycle energy performance,
embodied energy is a critical component. However, despite this, non-thermal operational
energy still dominates the energy demand through the operational phase of the houses. This
can be further minimised by addressing user behaviours, appliances efficiencies and by
considering the energy source. The heating and cooling requirements in both case study
houses remained similar based on IES-VE modelling, with the main heat loss occurring
through the roof of the house. The monomur house showed a slightly lower range of
temperature fluctuations throughout the year. The slower thermal lag of the monomur meant
that its more sustained dephasing period (between 12 to 15 hours) allowed a longer
intermission between the occurrence of low exterior temperatures and the amplification of
mechanical heating, when compared to BV. Greater thermal efficacy could be achieved in
both instances by controlling the placement and size of windows and the orientation of the
house, as well as improving the roof structure.
Another consideration for optimising energy performance is the orientation and placement of
thermal mass, as this affects where the heat is collected and then dumped when the thermal
storage capacity of the mass is affected by surface temperature changes. As such, thermal
mass cannot be adequately expressed with an R-value alone. If a wall has less thermal lag and
mass, even though it meets the minimum thermal resistance of R2.8, heat may transfer
through the wall mass (or the brick skin with an R-value of 0.54) and be dumped in the
internal environment. It is then a question of whether or not the insulation layer can stop that
amount of accumulated heat passing through it. Again, while the insulation element may meet
R-value specifications, the reality is that these specifications may not be sufficient. As
lightweight structures tend to be less durable than massive structures, elements such as
insulation cannot perform optimally forever. At some stage during the life of the house, the
insulation will probably have to be replaced. This will augment the REE of the building. Such
augmentations have not been included in the modelling of this study, as wall structures have
an assumed service life of 50 years.
Conclusion
The main findings of this study show that while the difference between monomur and BV was
negligible in terms of life cycle energy performance, there is potential for the use of monomur
within Australian residential construction. It is critical that the life cycle energy performance
of materials are assessed, especially considering that the embodied energy component of a
building’s life cycle energy demand is becoming more significant with the advent of lowenergy buildings. The use of a life cycle energy analysis approach to compare the
performance of monomur and traditional BV construction has enabled a better understanding
of how a more advanced material such as monomur may benefit construction industries
outside of where they are currently used.
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It is also worth noting that other factors play a large part in the viability and use of particular
materials in specific construction contexts, including cost, labour availability and skills and
market demands and these too should form part of any analysis into the transferability of
materials and construction techniques across countries.
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Abstract: In this paper we focus on incremental decision-making during the planning phase of a
renovation process. The aim is to analyse how time and timing influence how energy efficiency is
discussed and which energy efficiency measures that are included or excluded in the planning phase.
We have followed three energy-efficient housing renovation processes of a municipal housing
company called Stånågstaden. Stångåstaden has decided to reduce the amount of purchased energy by
25 % to 2025.
We have done participatory observation and interviewed all involved actors, including consultants
and co-workers at Stångåstaden. The results show that limited time contributes to both lack of
introduction of new consultants in the process and that Stångåstaden’s energy goals never were
discussed in the planning phase. The same issues are on the agenda in all three renovation processes
and innovative ideas are not introduced. Lack of time contributes to that all experts involved during
the planning phase are not used as much as they could.

Key words: Energy efficiency, renovation, time, apartment building
Introduction
Energy efficiency is a central political objective in the EU. The EU member states have
agreed that they must achieve a 20% reduction in their primary energy consumption by 2020.
Sweden has the objective of reducing its total energy consumption per heated area unit in
homes and premises by 20% by 2020 and by 50% by 2050 relative to consumption in 1995
(SOU 2008:10). The domestic and service sectors represent approximately 40% of total
energy use in Sweden (SEA, 2013). Thus, there is substantial potential for energy savings,
particularly in the housing sector (SOU 2008:10; Palm 2013a). When discussing energy
efficiency in the housing sector, it is important to look at the existing buildings as, in most
western countries, they will continue in coming decades to represent most of the buildings
people live in. (Palm 2013a).
In Sweden there are 2,5 millions apartments in multi-dwellings and 2 millions single family
homes. In 2011 there were 6085 new apartments completed and ready to be rented (SCB
2013, pp 161-62). This small amount of new buildings makes it necessary to include energy
efficiency in the renovation of the existing stock. The Swedish national strategy for energy
efficient renovation in buildings (a result of EU’s energy efficiency directive) states that 75 %
of the existing buildings will need to face comprehensive measures until 2050, i.e. 1.875.000
apartments will have to be renovated (The Swedish National Board of Housing, Building and
Planning (Boverket) and the Swedish Energy Agency (SEA), 2013). This means that every
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year 52.000 apartments will have to be renovated in Sweden. Statistics over what kind of
energy efficient measures that have been implemented in the existing building stock are hard
to find. But when it comes to multi-dwellings 44 % have done some kind of measures
according to Boverket and SEA (2013). Adjustment and optimization of control system as
well as improvement of electricity efficiency have been the dominated measures.
This escalating need for mass renovation of these buildings gives an exceptional window of
opportunity to improve energy efficiency and approach the national energy and climate goals
as well as to create and sustain a modern, comfortable accommodation.
Sweden has a large share of public managed and built houses. Public housing companies are
mainly owned by local municipalities or public utilities. One in five people do rent such a
housing unit. The principle behind the public housing units is to provide access for everyone
without profit. There is no upper limit in income for those who rent an accommodation.
In this article we will analyse the renovation process of the public housing company
Stångåstaden in Linköping, Sweden. Linköping is Sweden’s fifth biggest municipality with
around 150 000 inhabitants. Stångåstaden is owned by the municipality Linköping and has a
dominant market position with about 60% owning about 18 600 apartments (about 14 000
apartments and the rest student accommodations).
Aim
In this study we have a process perspective, meaning that focus is on how the work should be
done rather than on what will be done. The main interest is not on the result, but on the
activities preceding the results. Our focus is on incremental decision-making during the
planning phase of a renovation process. The planning phase in the renovation process is like
an action plan where goals are broken down to sub-goals and details are clarified or just
deleted from the agenda. It is that prioritizing process that we are interested in studying and
understanding why in the end a procurement document is designed as it is. The idea is that
when the understanding of the process increase, it is possible to also improve the outcome.
Our research interest concerns how energy efficient renovations are planned and framed. In
this paper we have chosen to focus on the design and planning phase of renovation processes.
We have also chosen to focus on how time and timing influence how energy efficiency is
discussed and what energy efficiency measures are included or excluded.
We have followed three energy-efficient housing renovation processes of Stångåstaden, who
have the goal to reduce their energy use in the entire housing stock, namely by 25% of
purchased energy to 2025 (compared with 2011 figures). A renovation process is
characterised of the involvement of many diverse actors. There are a lot of consultants
involved from the initiation of a renovation to the realisation. By participatory observations
and interviews with actors involved in the planning phase we can study which energy efficient
goals that are entering the agenda, how these goals are negotiated and interpreted and which
measures that is put forward as solutions and why.
2242

ISBN: 978-84-697-1815-5

Method and material
The analytical approach we apply is based on a bottom-up actor oriented interpretative
method. We have done participatory observation of all project meetings during the planning
phase of three renovation processes, until the start of the public procurement of a building
contractor. All together we have observed 25 meetings.
We have also interviewed all involved actors, including consultants and co-workers at
Stångåstaden. We have labeled all actors participating in the projects but not employed by
Stångåstaden “consultants” when discussing them as a group. The folloing consultants have
been involved in the projects: Architects, Fire consultants, Construction consultants, VVSconsultants, Building engineers, Energy audit consultants and Electricity controller.
All together we have interviewed 28 people. Three of these we have interviewed twice. All
interviews have been recorded and transcribed.
The renovation process – a general overview of different phases
The simple model of a renovation process looks like:
PLANNING AND DESIGN



PROCUREMENT



RECONSTRUCTION

In this project we have focused on the planning and design phase of the renovation which
ends with a public procurement. The planning phase is performed by the property developer
and the consultants and decisions about the renovation measures are made in this phase.
Stångåstaden’s planning and design phase is divided in:
i. Preliminary investigation is done before the first project meeting. Inspections are
conducted where data concerning the outdoor environment, the building's context, technical
status and maintenance status is gathered. Documents are collected such as property data,
drawings and photographs.
ii.Working meetings are held where documents and drawings are negiotiated which are
produced and prepared for the procurement process
iii.Decisions in the investment group comprise two major steps. The first time the group
decides on a strategic level what to do and not do in the building. The second time the group
decides on the budget for the whole renovation in relation to a more or less finished
suggestion plan for the renovation measures put forward by the working group.
Institutions frame the renovation processes
Institutions make interaction between people possible, but also restrict or constrain how a
person can act in a given situation (March and Olsen 1995). Institutions can be both formal
(e.g., rules and laws) or informal (e.g., conventions and behavioural norms, such as routines
and roles). Institutional identity and standard procedures determine what is seen as acceptable
and reasonable behaviour (March and Olsen 1995). Further, institutions influence individual
modes of thought. “Institutions are collections of interrelated rules and routines that define
appropriate actions in terms of relationships between roles and situations. The process
involves determining what the situation is, what role is being fulfilled, and what the
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obligations of that role in that situation are” (March and Olsen 1989, p. 160). This means, for
example, that goals are not exogenously given, but can be discovered during a decision or
renovation process.
Institutions are at the same time also socially constructed and shaped by us (Brunsson 1998).
They are a set of imaginations and ideas that we share with other people; in that way, they
both create conditions for and set restrictions on our actions and interactions.
Although individuals might try to behave rationally, they are not always aware of all the
alternatives on the market. They may be unable to collect and process all the relevant
information (March 1994), so they focus on a smaller number of alternatives and
consequences while ignoring others. They construct simplified “frames” that help them
delineate the situation and come to decisions. Rationality is limited and framing is a device or
technique used to simplify reality when one is confronted with complex choices (Simon
1957). The goal is often to achieve a result that is satisfactory, rather than to calculate the
expected results and risks and thereafter make the most rational and optimal choice (March
1994).
Time in the renovation process
Timing is of great importance for the achievement of energy efficiency goals in the
renovation process. All requirements need to be included in the procurement document,
otherwise it will not be implemented. There are very limited opportunities for the property
owner to involve new suggestions when the procurement process has started. Time is also
important in another aspect. Involved actors need to make decision regarding their time
efforts and how much to engage and how much to engage actors in Stångåstaden’s energy
goal. Research on decision-making is established and rather well-developed and researchers
have analyzed decision-making in relation to communication, democracy, networking,
organizational cultures, institutions etc. But to use time as an analytical variable is not so
common (Schelder and Santiso 1998). Hansson (2008) find in her study that time is present in
many studies but time is not problematized or made a relevant analytic perspective.
The case: Stångåstaden and the ongoing renovation processes
We have participated in the planning meetings and have also been members of the projects
meeting place on the web, where documents and information are shared between involved
actors. Furthermore, we followed to the first site-visit to get a better understanding of the
building.
The planning meetings are organized in similar ways. The project leader from Stångåstaden is
chairing the meetings and follows more or less the same agenda, where the following issues
are included: Administration; Authority issues (building permits etc); Documents (e.g.
drawings); Quality/Environment and work environment; Time-plan; Architect; HVAC;
Electricity; Other installation issues; Economy; Energy; Other issues. This agenda structure
the meetings and very much decides how the discussions are formed. Most of the time is
spent on three issues: architect, HVAC and, Electricity.
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Below we will give examples on how time frames how energy efficiency is discussed and
what measures that are introduced into the process.

Lack of time frames the process
In our project the time-plan has been that the design phase will take around 3 months then the
procurement process should start. This gives time for around 4-5 meeting, each taking 3
hours. The structure is built on that everyone is familiar with this process, know each other
and suggested measures. By that the process as such has an inertia to change and to include
new ideas.
One of the architects was new and had not cooperated with Stångåstaden earlier. He also
entered one of the projects late. He said that he really lacked an introduction to the process, to
the other actors in the process and also information about in what phase they were in when he
became involved. He said “I would have needed that to function properly, because I did some
design work in the project. But their work just kept on and they just assumed that I was
informed by my consultant company. And it doesn’t work like that”.
Stångåstaden is a big company that has internal employed project leaders. One problem with
that might be that they are so involved in the company’s structure that everything becomes so
obvious. If they had hired a project leader he/she would have asked for more documents and
investigation. Now the project leaders have a lot of tacit knowledge and just expect that their
consultants will have the same knowledge as they have. They never set off time to really
introduce everyone to Stångåstaden and their processes and goals.
We quickly noticed that not in any of the three projects Stångåstaden introduced their energy
goal and initiated a discussion about posible strategies to reach it. Their energy goal came up
from time to time at the meetings, but without relation to the individual renovation project and
information about the idea of the goal. When we asked the representatives from Stångåstaden
about this, they meant that their consultants knew about the goal already and worked with it
and that they informed about this all the time. We asked the involved consultants about
Stångåstaden’s energy goal during the interviews. Around half of them knew that a goal exists
and around half of them were not aware of the goal.
“No, I have not heard about it /…/ I have no idea what it is” (Fire consultant)
Interviewer: Have you heard about Stångåstaden’s 25-25 goal?
Construction consultant: No, I don’t think so.
Interviewer: [Explains the goal] But they haven’t told you about this on the meetings?
Construction consultant: I don’t know. It…it is possible
Interviewer: /…/ But you don’t work with this goal in the building project. The project leader
hasn’t told you that you need to look into 25 % or something like that?
Construction consultant: No, it is more like you try to do as much as possible in relation to the
preconditions
5245

ISBN: 978-84-697-1815-5

Two consultants working with HVAC, the electricity consultant and one architect knew about
the goal. Further, they talked a about the goal and its importance – for them it was a sort of
obvious implicitness. However, they had time to learn about it as they worked with
Stångåstaden for many years.
Does it matter then, if not all know and work with Stångåstaden’s goals? Yes, it does matter,
because it benefits existing structures and established routines. The consultants familiar with
the energy goals had their expertise in technologies obvious influencing energy consumption
in buildings. As mentioned above most of the time on the meetings was spend on discussions
related to the architect, HVAC and electricity. Architectural issues only concerned how the
drawings were made, positioning of doors, basin dimensions and their relations to shafts in
the building. To a large extent HVAC discussions focused on the positioning of the shafts.
Also ventilation was discussed, whether to install a supply air ventialtion or not. In one of the
projects the heating system became a major issue, because what started as an obvious
replacement of the system, ended with a decision on relining. Discussions around electricity
were quite practical, e.g. where to put the sockets or if the cables should be visible.
Missing in these discussions are other relevant issues such as how you design a room to best
make use of solar radiation or how to design an apartment for an optimal airflow. These
would be typical architectural questions. The resident perspective was also very seldom on the
agenda. For example how to design an apartment in a way that encourage tenants to use less
energy?
The process was not designed for brainstorming or developing new solutions. It was made for
developing a base for a public procurement document where issues as requirements of energy
classified appliances, number of socklets, thickness of insulation etc. The time pressure also
benefit suggestions of established and well-known technology.
Conclusions
Time and timing is one factor framing the planning and design phase. The actors have limited
time to decide on all the issues that will be included in the procurement document and what
measures that should be prioritized. The limited time probably contribute to the lack of
introduction of new consultants in the process.
The project leaders have been in this role for several years and for them this design phase is
more or less carried out in routine, which benefit actors that have been involved before and
issues that have been tried out and suggested in earlier processes. The building sector is often
described as conservative and the time pressure in these processes contribute to conservatism.
The same issues are on the agenda in all three renovation processes that we have studied and
similar measures and solutions are discussed. Innovations and alternative ways to do a
renovation are difficult to raise when the time is limited.
There was also a lack of discussion about the energy efficiency goal that Stångåstaden has
decided on and how that should be dealt with in the individual projects. The renovation could
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be an opportunity to try out new ideas and benefit from the different expertises that are
gathered to develop a suitable procurement document.
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Abstract: Abstract: The paper presents life cycle assessment (LCA) of two detailed scenarios
for complete replacement of a single family house. The first scenario describes a complete
demolition of the original house and its replacement by a new building. The second scenario
decribes building deconstruction with reuse of selected materials for a new construction.
The first objective of the paper was to compare results of two simplified LCAs. The analysis
discovered that the reduction of impacts due to reuse of old materials was minor because
some additional structures had to be added to meet the functional requirements.
The second objective was to compare one simplified and one complex LCA to show their
differences and deviations. The results showed that the influence of detailed input data is
highly significant.
Keywords: Life Cycle Assessment of Buildings, simplified LCA, complex LCA, input data
quality, building refurbishment, building materials reuse
Introduction
Along with the stabilization of population in Europe the research focus is on renovation of the
existing building sotck in a sustianable way. One of very relevant reserach topics is
optimization of reuse of old materials and structures in renovations. There are available plenty
of life cycle assessment (LCA) studies of new buildings, however there are only few relevant
examples of LCAs for refurbishments
Life cycle assessment (LCA) (1) is generally considered as an appropriate method for
evaluating environmental impacts of human activities and products, including buildings. It
can be performed at various levels of detail, depending on different life cycle stages, materials
and processes included in the assessment, defined system boundaries, relevance of used
environmental data for selected building case and conditions, etc. It is common to use a very
simplified version of LCA, which assess only environmental impacts induced by production
of building materials (cradle-to-gate data) and operation of buildings. Such LCA is part of
many certification tools like SBToolCZ, BREEAM , LEED, etc.
To elaborate a really complex LCA according to EN 15978 (2), it is necessary to take into
account all life cycle stages and focus on scenarios development, assessment of data quality
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and its representativeness (3). Such approach is very time-consuming and requires a large
amount of data that is difficult to get or not available at all.
Nowadays, a strong emphasis is put on reducing energy efficiency of buildings as well as the
utilization of renewable, recycled or reused materials. Therefore, significance of the
environmental impact of life cycle stages such as the transport of materials, construction,
maintenance and end of life of the building in relation to the overall impact is increasing.
Another area of concern is the assessment of refurbishments of existing buildings and their
impacts compared to new construction. This paper aims to fill the gap in such assessments
and provide LCA calculations of building renovation in two detailed life cycle scenarios. First
objective of the work was to compare two simplified LCAs of a building, according to two
pre-defined scenarios (see Methods), to show the influence of reuse of old materials on the
environmental profile of building. Second objective was to compare one simplified and one
detailed LCA of the same building to show differences and deviations of results. The version
of building with reused materials was considered for this case.
Methods
Basic methodology
For the simplified LCAs the methodology of SBToolCZ (4) was followed and Envimat
database was used (5) as a source of data on buidling materials. For the detailed LCA
modelling, EN 15978 Sustainability of construction works – Assessment of environmental
performance of buildings (2) was followed and SimaPro (6) software was used.
Specification of the object of assessment
The object of assessment was specified as follows:
• Functional equivalent: family house for 4 persons, low-energy requirements;
• Reference study period: 60 years;
• System boundary: Cradle to grave (modules A1-C4) , boundaries specific to individual
modules and building elements were defined separately for each particular case;
• The building model – including the quantification of mass and energy flows and
description of the physical characteristics of the building.
Scenarios
The two detailed scenarios of the whole life cycle of the building were modelled as a basis for
all calculations. Both scenarios fulfilled the same layout and quality of the envelope strucutres
of the building:
1) Demolition of the original house and its replacement by completely new building with
using new materials;
2) New building reusing some of the materials from demolition of the original building.
The reuse included use of existing foundations and full burned bricks for new walls
(14 tons of bricks reused, which was about 10% of total building mass).
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Scenarios were modelled for all building parts and were divided in life cycle modules
according to EN 15978: A1-A5, B1-B5, B6-B7, C1-C4. Module D was excluded but will be
part of the future work.
Simplified calculation model
The simplified LCA models included only the main building elements according to available
bill of quantities and used only cradle to gate data for materials and service lives pre-defined
by SBToolCZ. Regarding the operation stage, the energy consumption of buildings and
related emissions were included. The designed quality of the building envelopes and resulting
energy consumtion for both scenarios were also considered.
SimaPro calculation model description
The complex LCA model was created in SimaPro software, which uses Ecoinvent database, it
means generi environmantal data. Detailed LCA requires specific environmental data, but
such a data are not available in Czech conditions. The building was divided into individual
building parts according to Czech national building practice and according to this special case
(p.e. ceiling and partitions are in one group, because the same systeme is used for both), see
Figure 2.

Figure 2 Building parts defined for the complex LCA model

Scenarios were defined for each building part and modules A-C. They were modeled in
SimaPro as individual life cycles (LC), e.g. LC of Frame. According to (2), when performing
LCA, all modules from A1 to C4 should be considered. Some LC stages were re-grouped:
• Module A was composed of parts A1-A3 (cradle-to-gate) and parts A4-A5 (transport
and construction phases);
• Module B was composed of parts B1-B5 and parts B6-B7;
• Module C was considered as one single module including parts C1-C4, which were all
modeled (if relevant for the building part), but finally they were assessed as one single
module.
• Module D was not part of the model. It means that benefits from recycling or reuse
were not taken into account. Materials and structures, which go to recycling or reuse,
left the system when they have a positive economic value (2).
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All these individual life cycles were combined into one complete life cycle, adding also the
operational stage of the building (modules B6 and B7). An example of the individual LC
model is shown in Figure 3.

Figure 3 Example of the structure of complex LC model for foundations elaborated in SimaPro

Results
1. Comparison of simplified LCAs for completely new building and building with reused
Results in Figure 4 show, that according to the simplified LCA, the reuse of existing materials
and structures has no positive effect on the environmental impact of the building – the
reduction of considered impacts is in most of the cases negative.

Figure 4 Total value of environmental indicators for both scenarios and simplified LCAs of the building,

4251

ISBN: 978-84-697-1815-5

Figure 5 illustrates the impacts of individual building parts on the complete building LC. In
scenario 2, the reused materials (e.g. bricks) are considered as to have no environmental
impact. But new bricks, used in scenario 1, have quiet small impact regarding the use of non
renewable primary energy.

Figure 5 The distribution of non-renewable primary energy use between different materials

2. Comparison of simplified and complex LCA of one building scenario
Complex LCA was performed for every building part. Figure 6 shows example of results for
three most important building parts – foundations, load bearing frame and insulation of
walls), and two indicators (global warning potential and acidification potential). It is obvious
that for all parts and both indicators the values resulting from complex LCA are much higher.
It is due to the fact, that simplified LCA includes only modules A1-A3 (cradle to gate data)
and modul B4 (replacement).
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By performing complex LCA it was proved that life cycle stages, which are not included in
simplified LCA have significant influence on environmental impact of building within its
whole life cycle. Figure 7 shows the contribution of different life cycle stages on global
warming potential of three buildings parts. Apparently, the production stage (A1-A3) has the
biggest influence, but the use stage (mainly B3-B4) and end-of-life stage (C1-4) is also quite
important.

Figure 7 Influence of individual life cycle stages on total life cycle impact (GWP) of several building parts

Discussion
The main critical issues disclosed by the work emerged during the modeling of complex LCA
and include the following:
• It is not possible to meet the requirements for the quality and relevance of data
recommended by EN 15978, as there are almost no EPDs available in Czech Republic.
Generic data must be used instead.
• Scenarios are often based on assumptions, regarding e.g. maintenance or renovation
processes.
• The end of the life stage should be, as recommended, modelled using scenarios
considering the currently used technology situation. However, the developement in the
waste management field can be a very significant factor that we have not taken into
account. For example plastic windows are used only since the nineties and the vast
majority of them still works. Even if the PVC is easily recyclable material, there is so
little plastic windows waste that no recyclation can be considered yet.
• It is often not possible to get sufficient information about individual materials and
elements and connected processes (e.g. transport distances, transport vehicle, amount
of construction waste, etc.)
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Conclusion
The simplified LCA results showed that the impacts of material reuse can be marginal. This
finding was unexpected and thus very important for future work, where more case studies
should be done in this field, comparing also the third scenario – complete refurbishement of
old building without its demolition.
On the other hand, the comparison of simplified and complex LCA of one building scenario
pointed out the importance of scenarios developement, included life cycle stages, which are
usually neglected, and amount of data sets that are needed to get good quality results.
Nevertheless, further research in the field of comaparisons of complex and simplified LCAs
and building refurbishements against new constudtions is needed to confirm the results to be a
rule.
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Abstract: A number of studies and surveys at the EU level and Eurostat data show that the
existing European building stock requires urgent adaptation to current and future needs. The
renewal of this stock to meet energy standards and face climate issues will be one of the most
important challenge in Europe to be considered in the next decades. This paper provides a
description of some findings related to a current research line of a Department of
Architecture research group. A focus area of the on-going analysis consists in developing an
integrated system for building regeneration through smart grids upgrading process with the
aim of increasing the quality of the built environment and well being of the end users. One of
possible results is an Interoperable Platform, in which an “ID card” for a specific building is
provided, and it could be implemented and tested to acquire, contain and manage data
related to consistence, function and consumption of buildings and grids.
Keywords: Retrofitting, smart cities, existing buildings renovation, ICT platform
New challenges and emerging needs for the built environment
The perspective of a post-carbon society, based on more efficient processes and zero or nearly
zero emission cities is nowadays no more a vision of few enlighted minds, but a concrete
challenge for governments, associations, stakeholders and policy makers at all level. The
impacts deriving by gas emission produced on the natural and built environment are currently
a priority for G20, World Bank and OECD agenda and it is undisputed that by 2050 CO2
emission should be strongly reduced. However, most of the expected results and ambitious
goals have to be achieved before 2020 in order to obtain a remarkable correction of the
current trend. Buildings represent 40% of global anthropogenic greenhouse gases and approx.
10% of global gross domestic product and 8% of all global jobs. As most of EU population is
concentrated in urban contexts, cities have today a key role in meeting sustainable targets and
emerging needs across Europe. Almost 75% of European habitants live in cities and one of
the major challenges is to face the growing urban population and the foreseen increasing in
energy consumption per capita [1,2,3,6].
Another challenge is the age of the European building stock in itself: a recent study carried
out by BPIE [4] highlight that most of existing building stock in EU was built predominantly
between the 60’s and the 90’s when building insulation was not a common requirement and
sustainable living was not a main concern. In addition, a wide part of policy makers are not
fully aware of all existing technologies and their real performance in energy efficiency in
buildings. On the other hand, industries, designers and solution providers are developing
green technologies that are not always fully fitted to the reality of today’s cities. In the cities
of tomorrow, existing and new infrastructure as well as technologies will be integrated into
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urban ecosystems (citizens, transport, buildings and green areas). For citizens, comfort and
health may be even more important objectives than sustainability.
As estimated by experts of the ECTP (European Construction Technology Platform) [5], only
65.000 are currently estimated to be “Passive House buildings” on the 160 million buildings
across Europe, representing just a 0,04% of the total stock. New buildings represent about 1%
per year (that means 1,6 million buildings in the EU27 member states), while renovations
(including from minor to deep ones) are 1,7% per year. The EU Directives and related studies
put the required refurbishment rate at 3% of building stock, which would mean doubling the
current trend. This is the reason why a number of Horizon 2020 calls are focused to define
innovative strategies for developing more effective and coordinated renovation actions as well
as to address these initiatives towards more sustainable cities and clusters, inside urban
context. To significantly boost the transitions to low carbon, sustainable and healthy cities, a
number of supporting initiatives were put in place: from the Covenant of Mayors to the Green
Council, from research actions to evaluation protocols (such as LEED for Neighbourhood and
others). As reported by the Smart Cities Stakeholders Platform [5,6], 4.418 cities have
committed to meet the 20-20-20 objectives (20% reduction in emissions, 20% renewable
energies and 20% improvement in energy efficiency) by 2020. Actually, the majority of cities
have committed to increase energy efficiency by improving buildings, equipment and
facilities performance and by working with citizens and related stakeholders.
A number of innovative experiences are growing around the concept of “smart cities”, whose
definition can’t be merely related to the energy issue, but involves several topics in a complex
framework. For instance, in the last years the city of Bologna developed a number of projects
in this field with the aim to improve the quality of the built environment and to boost
innovative initiatives. The Technology Research Unit of the Department of Architecture of
the University of Bologna is involved in projects aimed at developing innovative and efficient
solutions for smart buildings and grids, specifically focused on the renovation of the existing
stock. The approach to these research fields and some interesting outputs are reported below.
Methodological approach and the research focused areas
This current research line foresees a multi-scale approach: cities can be studied as layered
structures in which buildings, neighbourhood and districts represent constitutive units,
organized spaces and specific portions of urban fabric. This suggests to analyse the built
environment according to a number of parameters at building scale and to link the results in
the same way networks providing a connection among buildings in order to create maps,
which represents visualizations, data set and models to evaluate the phenomena involving the
built environment from different perspectives. This methodological approach follows – as
figure 1 synthesizes – a circular investigation process in which maps are applied to planning
actions aimed at driving interventions on the existing stock, improving energy efficiency and
pursuing smart connections and grids. This allows to strengthen the contribution of design and
technology in defining the most effective solutions to achieve very high standards of quality
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and sustainability and to have a direct or indirect impact on two key-targeted groups as the
end users and the stakeholders.
The involvement of the research program in these projects envisages a method of approach
articulated in different steps, i.e.: the first one consists in the definition of an inventory of
technological solutions and design options aimed at increasing the energy efficiency at
building scale and – at the same time –strongly increasing the integration of devices for real
time monitoring; the second one deals with the finalisation and the development of an ICT
platform which starting from the definition of an ID building card for each building to be
analyzed to provide aggregated data according to focused area and key topics; the third one
provides the testing phase of technologies, design solutions and ICT platform implementation.

01.CITY

02.BUILDINGS

03.NETWORKS

04.MAPS

services, retail, housing, public
buildings
- smart building monitoring
- diagnostic actions
- technological solutions & design
options
- cost-benefit analysis
- Building ID Card
-…
water supply, electric, heating,
lighting
- network monitoring
- smart metering
- optimization & rationalization
- data transmission
- LCA analysis of water supply
networks
-…
simulated & real conditions
- energy consumption
- CO2 emissions
- LCA envelope
- energy grid
- water supply
- urban comfort
-…

Building and
urban scale
scenario
planning
- new urban
planning
criteria
- renovation
interventions
- incentives
- use of RES
- Smart grid
and micro
smart grid

05.PLANNING
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Image 1: Visualization of one of the research projects structure and framework.

During the first stage, evaluation and analysis are to be carried out at the building scale in
order to match effective renovation measures and strategies with innovative technological
solutions capable of providing a remarkable increasing of the general performance and
integrating smart metering devices to have feedback on the behaviour of the building as whole
in real conditions. A wide number of new products and components are currently available
providing very specific contributions to implement the performance of the building envelope
as well as of many other key elements of constructions.
During its very early stage the research activity provides an inventory of technical solutions
and innovative components collected according to focused areas (insulation, cladding,
windows, air tightens, equipment, sensors, etc.) and organized into thematic blocks to be used
as source of information and features while defining the renovation strategy. The inventory
provides data concerning the level of integration of each component in ITC technology in
order to define strategy for high level of control both in the performance in use and real time
metering. This concept allows to combine the findings of the diagnostic activities with the
prediction of the expected performance level pursuing an optimization of the design phase.
According to these principles, renovations can be developed following alternative pathways
with a cross check of available technological solutions and components. Each product
included in the inventory is labelled with smart keys aiming to provide a clear and quick
vision of its main features (smart integration, recycling, smart design, nanotechnologies, etc.).
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building
inventory
components

smart keys

systems

data set

thematic
bloks

design solution

smart integration

Image 2: Visualization of the inventory structure.

Each selected technological solution or component can be described according to a template
providing a common and standardized level of information in order to allow a comparison
among different options for renovation. The methodology proposed is developed and tested in
several research actions carried out on the refurbishment and retrofitting of the existing stock
[7, 8]; this foresees the implementation of the strategies with more performing solutions and
with a general smart metering vision.
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Image 3: An example of inventory data set.

The integration of devices and components for smart metering aims not only at having a clear
picture of the behaviour of the building compared to the expected performance, but also at
involving end users in energy savings initiatives. The aim is to increase their awareness
concerning the impacts of their behaviour in t everyday life providing real time data on their
smartphones or tablets, so that they can check the results of their action along the daytime or a
defined time range.
The other relevant targeted group of the project is the one including administrators, suppliers,
decision and policy makers who can use aggregated data for defining adequate measures
(including incentives, discounted rates, etc.) to address positive energy management scenarios
at district or urban scale.
ICT for sustainable cities: the building ID card
All the information obtained by sensors and devices can be collected and organized in the so
called ID building card which is thought as a useful tool to help a number of different actors
at urban scale in developing more awarded renovation initiatives based on concrete and
tangible findings. The ID card will provide a portable archive of the building in which data
history, technological and static information, real time energy demand, etc. are recorded.
The following step could be the definition of a design solutions kit in order to apply and test
the tools on real case studies as well as to define the application of the ID card. The final goal
is to replicate the experience in different context in order to operate a general evaluation at
urban scale. The idea is to integrate the envisaged methodology with the most used
certification protocols, such as LEED Neighbourhood, to which the ID card would be strictly
related.
This ID card can also be applied in lighthouse cities (or districts of different cities), in order to
define the adaptability and the scalability of the methodology.
The Interoperable Platform for Sustainable Cities can be a tool for managing both ID building
cards and the inventory, providing a “design kit” at the same time. This can be considered as
an interactive platform for collecting data and putting in relation different information blocks
to match retrofitting needs and possible solutions. This will be made possible thought a
multitasking system in which each retrofitting problem, related to single case study, will be
linked to different tasks and label offering alternative options with a feedback on the building
behaviour as a whole.
Final remarks
This approach and methodology represents a possible answer to the need of effective
strategies to make cities and infrastructures resilient and adaptive to climate changes,
particularly with reference to energy management, building retrofitting and tools creation.
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Several research programs carried out in the field of building and urban renovation at national
and international level constitutes an interesting background.
The methodological structure could be implemented and revised according to emerging needs
and technological and scientific developments. As clearly expressed in several Horizon 2020
calls, there is an increasing need to fill the gap between the huge amount of data we are able
to collect through tools and sensors and the awareness of end users, decision makers and
designers. Therefore, the proposed platform represents a possible answer, which provide an
interactive tool to access information blocks, select them thematically and link needs to
possible technical answers, including design solutions, supporting measures and reliable
assessment methods to compare expected results with real performances.
These studies represent a great opportunity to encourage debate and generate innovative
experimental approaches to be more and more effective for answering to the real needs: the
renovation of existing building stock with an integrated approach to the sustainable
development of cities, considering the strategic importance of microclimate, buildings impact
and mitigation strategies.
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Abstract: The goal of significantly increasing the energetic performance of multifamily buildings
through effective retrofit measures has been proven to be feasible in three pilot sites in the
Netherlands, Sweden and France in the BEEM-UP project. Further development of the project would
naturally be to seek ways towards implementation of the gained experience on an even bigger scale,
namely Eastern European countries with a large energetic refurbishment potential. However, the
European Union comprises of countries of various stages of economic development, social-cultural
values and environmental framework conditions so that the strategies discovered need to be translated
to the specific national context.
The goal of this paper is to evaluate seven countries from Eastern Europe by collecting and
condensing information to great levels of abstraction, divided into seven major categories. The paper
concludes on the major barriers towards energy efficiency and proposed a concrete strategy on how
to overcome them.

Refurbishment, Eastern Europe, strategies, energy efficiency
1. Introduction and Scope
The potential to which the European building stock has to contribute to the reduction of CO2
emissions is considerable, which is even more obvious when compared to the other continents
(Table1).
Population 2010

Land area (km)

Building Floor Space

EU27

501 million

4,324,782

24 billion m²

US

309 million

9,826,675

25 billion m²

China

1338 million

9,598,080

35 billion m²

Table1: Building gross floor space in the EU27, United States and China [1]

Although conforming to same legislation and comprising a unified market, European
countries widely differ among each other and so do their building stocks. Therefore
researches in the field of energy efficiency (EE) divide the European Union (EU) into three
regions- North/West, South, Central/East. Within the BEEM-UP project [2], funded within
1263

ISBN: 978-84-697-1815-5

the FP7 Research Framework of the EC, it has been demonstrated that through coordinated
and ambitious EE measures the final energy demand of multifamily buildings for heating,
warm water and electricity could be reduced by 75%. This has been shown in three case
studies in the Netherlands, France and Sweden, all situated in the Northern/Western part of
Europe. It is obvious that the countries in Central/Eastern Europe, a region with ca. 3566 Mio.
m² have a lot in common – linguistically, historically, economically but the question remains
what the replication potential of the three BEEM-UP case studies would be if they would be
applied to the Eastern European building stock. Thus, the goal of the paper presented is to
evaluate seven countries from the region (Bulgaria, Czech Republic, Hungary, Poland,
Romania, Slovak Republic, and Slovenia) by collecting and condensing to great levels of
abstraction an extensive amount of information, divided into seven major categories (General
information, Hardware, Softtware, Orgware, Finware, Ecoware, Polware) and to clearly
conclude on the major barriers towards energy efficiency in these countries. Finally the paper
proposes a concrete strategy on how to overcome the barriers identified.
2. Methodological approach
The methodological approach focuses on extracting and generalizing to a high degree of
abstraction the most essential statements found in an extensive amount of documents,
gathered through vast collaboration with various specialists form the target countries in
various fields and an intensive desk research.
A valuable method to evaluate both the expert statements and the various text materials are
the Qualitative-Content Analysis QCA [3] and the Strength, Weakness Analysis (SWA).
Main feature of the adapted QCA from Mayring in this paper is the hexagonal model
describing requirements for refurbishment through six categories: Hardware, Software,
Orgware, Polware, Finware, Ecoware (Figure 1).

Figure 1 The Qualitative-Content Analysis according to [3]. Hexagonal typology for the analysis of
requirements and constraints of indicator development/ implementation [4, p. 73]). These characteristics
included, for example, detailed descriptions of accomplished refurbishment measures in combination with
statements why an expert considers this process to be an asset or a disadvantage.

2264

ISBN: 978-84-697-1815-5

Two QCA have been conducted - the first one developed good - practices' factors, further
used for a Strength- Weakness Analysis (SWA) and the second one aimed to reduce the
material, concerning the characteristics of the country refurbishment activities.
3. Findings by Countries
Introduction data
Each country is introduced first with data on population, population density, heated floor area
per m², state of the electricity and heat production mix, in order to provide the general
framework of the country to be assessed. The population in the seven countries varies
between ~2'000'000 ( Slovenia) and ~ 38'500'000 (Poland).The total population of the seven
target countries sums up to 93'732'505 inhabitants, which represents roughly 18,5 % of the
EU28 population (505'665'739). The density (in people per km² is between 93.18 (Romania)
and 135.89(Czech Republic) with the exception of Bulgaria - 69.40. For comparison, the
average EU28 population density is appr. 112 [5]. The CO2 emission per useful floor area is
shown on Figure 2 [6]. The energy mix for heating consumption in Central /East Europe
consists of 41% coal 29% district heating, 20% biomass, 7% gas, 3% oil and 1% electricity
[1, p. 46]. In other words 51% of the energy mix is based on fossil fuels. Poland, as being the
largest country to be studied has the highest coal consumption (265734 TJ). Heating accounts
for 66% of the energy consumption in the region [7].
Hardware
The housing stock in the project countries is assessed as being of a relatively low quality. This
is mostly true in Hungary - where 10-12 % of the housing stock consists of housing units
qualified as ” dwellings without comfort” and Poland - where households spend 12% of their
budget on energy, compared to an average 4% across the EU. Exceptions from the general
trend are Slovenia, Slovakian Republic and most of all Czech Republic, where the quality of
the housing stock is assessed as good [6]. The age profile of the building stock in Central
/East EU characterizes by 48% build between 1961-1990, 35% before 1960 and 17% between
1991-2010 [1], p. 36. A common feature is the problematic panel buildings housing stock,
inherited by the Socialistic era.

Figure 2: CO2 emission per useful area in the seven target countries [1], p. 44.
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Further common topic is the ownership - there is a high percentage of privately owned
dwellings- between 60% (Slovak Republic) and 97% - Bulgaria, which is a considerable
obstacle to a common housing strategy.
Software
Overall there is a lack of awareness on the topic of EE and the popular perception of it is of a
rather exotic domain, irrelevant to the concerns of the day. No official information strategy
exists in any of the countries. The most coherent campaign concerning EE, conducted in the
project countries is EPBD [8]. Formally Certificates for the Energy Performance (CEP) are
overall introduced and are partly required for new buildings, however no penalties exist in
general if CEP requirements are not met and therefore monitoring is rather insufficient.
Generally a need for a capacity building is detected as well. Special education for quality
experts concerning CEP exists, however there is lack of experts both among high qualified
professions- engineers, architects and among construction workers.
Orgware
There are many institutions - organizations and government structures involved in EE and
especially EPBD [5, 8]. However, as lower the authority level is as worse the coordination
and the actual implementations of the directives becomes. Naturally, EE related structures,
even though existing from relatively short period of time automatically inherits the country's
society system's weak and strong features. A positive trend is the forming of Housing
association as legal bodies, acting in the housing market, which is an already advanced
process in some of the countries- Bulgaria, Romania.
Finware
The lack of interest and awareness hampers the developing of efficient financial network.
Though many financial incentives exist, the overall assessment is of their implementation to
be rather isolated. Banks are still rather reluctant to cooperate because usually projects are
small and risky. Busyness is as well reluctant to invest because pay-back horizon usually
extends over 5 years which is the reasonable investment border. The individual consumer
often prefers the social benefits of a new kitchen instead of taking advantage of some abstract
saving opportunity which needs a life-cycle to be implemented. Slovenia is the only country
where adequacy of funding schemes is assessed as good.
Ecoware
Surprisingly enough only Slovenia – the country with the most positive feedback in the
different topics is not likely to meet its Kyoto and Non -ETC targets. However, the country
can take advantage of the allocation system. All of the countries retain high rates of energy
intensity, compared to the rest of EU with Bulgaria holding the highest. However, the project
countries used to be even more energy intensive before the political changes of the90s which
led to collapse of economy and industry and consequently to shrinking of energy intensity.
Unfortunately the project countries report gradual rise in energy intensity after the changes
until nowadays when some of them are close to the levels of 1990. Rather problematic topic
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remains transport, where the amount of cars has multiplied in the last decades. Slovenia is an
exception again - reforms in the transport sector in Slovenia have progressed.
Polware
Political commitment remains a strong barrier towards EE. None of the project countries has a
long term political strategy on EE. With the exception of Slovenia the topic of EE receives
overall not only minor interest, but even a negative connotation in Czech Republic, Hungary
and Poland. There are two main reasons behind this disappointing attitude- the high cost of
EE and concerns for energy security. If EE investments are generally assessed in EU as rather
expensive, even more is this true for Central/ East Europe, where standard of living remains
still much behind of that of South Europe and much more - of North/West Europe. Especially
in the case of Bulgaria and Romania which still have a Gross domestic product (GDP) way
below the world's average. Not surprisingly, the highest GDP among the project countries
belongs to Slovenia. As for the second major reason – fear for stability of the grid – it stems
most of all from the common Socialistic past and dependence from Russia. The project
countries, especially Poland, prefer to put effort into securing energy supplies, most often by
developing coal and nuclear power plants. Romania has the largest amount of natural
resources (mainly coal) and therefore it is the country, the least concerned about its energy
security. This, alongside with the urgent need of renovation of a large amount of the housing
stock could provide conditions for leap- frogging. Slovenia is the only project country which
has received positive feedback from experts of EE of making good use of environmental and
energy taxation policy.
Discussion and proposal of a replication strategy
Themes the project countries have in common:
•
•
•
•

an urgent need of investments in energy efficiency and renewable energy sources
socialistic past of similar length (40-50 years), impact and consequences
challenges of sustainable development receive similar level of attention in the
project countries
political activities aiming to conform to the European Union sustainable
development directive

The identified common themes described above help to define certain barriers to investments
in EE projects. These barriers can be divided into three main categories: institutional,
economic, and capacitive.
Institutional barriers
The lack of transparent and trustworthy organizational system is a major issue in the project
countries. Cooperation is lacking among the different ministries and agencies involved in
energy policies at both the national and local level. This is the result of stronger involvement
with and allegiance to the policies of parties they belong to, rather than to the national
policies. Research shows that there exists a lack of secondary legislation and operational
instructions, tools, standards, and procedures necessary to implement primary legislation.
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Even more burdening are the numerous bureaucratic obstacles placed on new projects, such as
non-transparent administrative and authorization procedures. There is lack of public
procurement guidelines for the acquisition of energy efficient equipment and the request of
provision of energy services to public entities, and there is inefficient or limited use of public
tendering processes for energy efficiency and renewable energy projects. In addition,
unresolved property issues in multi-residential apartment buildings and the significant
fragmentation of land property limit profoundly the feasibility of energy efficiency
investments in the housing sector at the scale of the individual resident.
Economic barriers
A number of economic policy approaches currently used in project countries need to be
reviewed and improved. Traditional routes of state intervention in price formation have been
through creating artificially low tariffs for final customers and cross subsidies between
customer segments. Such incentives limit the profitability of energy efficiency projects and
create an unfavorable investment climate. Environmental costs of the energy supply are often
not taken into account, and this inhibits evolution towards more responsible behaviour of the
final customer. Most of the major energy companies are public owned, causing an
unresolvable conflict of interest between profitability and pursuit of political benefits through
popular, social pricing policy. The funding system also still requires a lot of elaboration.
Availability of public funds is insufficient, and the developed premium tariffs are often not
operational and of a limited extent since they apply only to certain technologies or have
restrictive requirements. EE funds, if they are operational, have limited resources. Alternative
measures such as dedicated credit lines providing soft loans, tax exemptions, or support
schemes for third-party financing are often not in place. Banks themselves do not contribute
to mitigating the problem - they apply high interest rates to medium and long term loans and
restrictive requirements for collaterals. As a consequence of all these economic barriers, the
size of the energy efficiency and renewable energy projects remains rather small. This results
in high evaluation and transaction costs per project.
Capacitive barriers
Inefficiency in policy and the economy results in a lack of awareness and interest in energy
efficiency issues in the societies of the project countries. Sustainable development is still
regarded as a rather exotic domain, foreign to the very initial concerns of everyday life.
Consequently, a societal lack of interest diminishes the value of sustainable development as
an issue in political strategies. A lack of professional skills is reported with all stakeholders
involved in identification, development, financing and implementation of energy efficiency
and renewable energy projects:
•

Policy level: insufficient political commitment to implement the necessary policy
reforms and lack of qualified human resources among local authorities who are to
realize the identified projects [9, 10].
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•

•
•
•

Economic level: Lack of experience within commercial banks in financing energy
efficiency andd renewable energy projects and lack of knowledge for possible
economic benefits arising from energy efficiency and renewable energy projects.
Societal level: Lack of training and educational opportunities for conducting
energy audits.
Failure to identify attractive project opportunities and preparing bankable project
proposals.
Consumer level: Energy is regarded more as a public service than a valuable good,
which is difficult to change unless this implies a tangible improvement of the
living standard.
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Abstract summary: This paper differentiates the sustainability application and measurements
in Palestine from its application in other countries due to the unique culture and political
situation.
Global Communities (GC) is an NGO that operates in development sector at Palestine. It
seeks to enable the vulnerable communities through involving them in assessing their current
situation and their future needs, to produce projects help the society to be on the path of
development. The involvement procedure enforce the community sense of ownership toward
the implemented projects. GC/NGO adopts another development sectors as women
empowerment, youth engagement.
The paper argues the community perceived sense of ownership, engagement, and
empowerment as a possible associated with sustainability indicators. The paper analyzes
case studies from implemented projects and sectors by GC/NGO and funded by USAID. It
provides evidence that the argued concepts are contributing in improving the Palestinians
life, female, youth, special needs population and the whole country.
Keywords: "Sustainability, NGO, Ownership, Engagement, Empowerment".
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Introduction:
The World Commission on Environment and Development’s (1987), our common future
report; defined sustainability development as “development which meets the needs of the
present without compromising the ability of future generations to meet their own needs”
Sustainability has become the main objective which the most nations in the world are seeking
to reach and achieve whatever the ways of implementing are different. Diversity and
differences in the used methods may be due to the financial capacity, political conditions or
culture.
Sustainability development aims to verify the efficient use of the human need resources so to
enhance the living condition for present and future generations. It links the different aspects
of life from environment, economic and social aspects through solid and real links to build
solid and sustainable societies.
Sustainability development can be measured through qualitative or quantitative measures,
one of the most known measurement is the triple bottom line which use a framework of
accountability with three indicators social, economic and environmental. (1)
The TBL is an accountability framework that incorporates three dimensions of performance:
social, environmental and financial. This differs from traditional reporting frameworks as it
includes ecological (or environmental) and social measures that can be difficult to assign
appropriate means of measurement. The TBL dimensions are also commonly called the three
Ps: people, planet and profits. (2)
Indicators provide data to guide policy-making and allow for comparisons to be made across
municipalities and regions. The impacts and challenges of sustainability policies and plans on
the urban environment can also be shown through indicators. (3)
Professor Alyson Warhurst, defined indicators as "a means devised to reduce a large quantity
of data down to its simplest form, retaining essential meaning for the questions that are being
asked of the data.....if the indicator is designed properly, lost information will not seriously
distort the answer to the question". (4)
Sustainability and Community ownership:

The goal is to move countries along the country ownership continuum, from parallel systems
developed during the emergency response to fully integrated systems managed by the local
government in partnership with civil society and the private sector.
Whether a community is defined as a “family”, a “neighborhood”, a “municipality”, an “ecoregion”, or by some other configuration, the people who fall within that boundary need to feel
a sense of belonging -- an attachment to a place and other sense of personal identity. (5)
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Community Engagement:
Community Engagement is more than just holding a public meeting. It is an ongoing
interactive process characterized by commitment to ever-changing community needs and
interests. The outcomes of community engagement are sometimes surprising, since by
bringing together community members for a common purpose, new relationships are formed
within the community, as community members learn how to collaborate.
Community engagement is based on partnerships with community organizations, business, as
well as local government, formal and informal leaders. (6)
Women`s empowerment:
Women have a vital role in environmental management and development. Their full
participation is therefore essential to achieve sustainable development” (7)
One of the central application of sustainability development is women`s empowerment,
which includes dealing with women as beneficiaries as education, training, and employment.
Sustainability development aims to ensure equal opportunities in decision making for both
women and men, besides it supports women in their rights to access to the life needed
resources.
Since women make up half the world, their role in achieving sustainability objectives can`t be
over-emphasized. Empowering women is necessary to empower the earth. (8)
As we can imagine the world as a small family; Females are fundamental pillar in their
families, their communities and the whole creation. While the community has a well educated
women their skills and knowledge will reflect on their children and the future generations.
Development could reach it`s forefront aim to reach sustainable communities by enable their
human resources including females in managing their own small world and so on the large
whole world.
To reach a success sustainable community that required a joint effort of governments, civil
society, NGOs.
This paper aims to measure the sustainability development through assessing the intersection
of community perceived sense of ownership, youth engagement, and women empowerment
with sustainability indicators; environment, economic and social. That will be by assessing
the impact of GC/NGO implemented infrastructure projects and the different adopted
strategies and sectors on achieving the optimal possible sustainable Palestinians communities.
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Methodology:
The selection of case studies based on population size, geographical location (Area C), living
conditions (Central Bureau of Statistics).
The selected case studies represent a good evidence of small and large communities which
seeking to maintain its capacity through cooperated planning between local municipalities
and private sector.
Theses case studies represent implemented projects by GC/NGO, and provide specific details
of each location`s behavior towards sustainability indicators.
Each case study includes location overview, link the outcomes of the implemented projects
and find where these outcomes set in sustainability trip.
For implemented infrastructure projects two case studies were selected in North West bank,
Daher Al `Abed village/ Jenin Governorate and Illar Town / Tulkarem Governorate.
Analysis tools:
The paper based on desk review analysis to analyze the already methodology used by
GC/NGO, through review the impact and sustainability reports for infrastructure projects, and
the strategies and sectors the GC adopted to empower youth and women. In order to make
evidence from the field, the researcher used the key informant interviews (KII) which
including interviews with municipalities` Mayors, project managers, and beneficiaries.
Desk Review analysis:
GC/NGO included in its used procedure to ensure effectively measuring of sustainability;
contribution, operation and maintenance plans, in addition to ownership with its legal and
morale meanings, and finally it considers the durability and the impact of the project. In order
to implement this, GC used several tools like focus groups and surveys to target the key
persons of administrators in the implemented projects and beneficiaries.
In the following, the paper will discuss tow case studies in infrastructure projects to show
how GC addressed the sustainability measurements.
Case study number one:
Construction of Dhaher al ‘Abed Primary Coeducational School / Jenin Governorate.
Daher Al Abed village Background:
Daher Al Abed village is located 30 km southwest of Jenin City. It is surrounded by Zabda,
Barta’a villages, and Qiffen town, and located near the Israeli separation barrier which means
all the village lands located under area “C” classification; as Palestine is suffering from a
political conflicts, the Palestinian authority is not controlling the majority of the lands(Area
C).
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In addition to that it is bordered by the Israeli settlements of Reehan, Shaiked, Hananeet,
Dothan, and Hirmish who controlled around 1,870 dunums from Dhaher al’ Abed lands. And
a military checkpoint is situated on the eastern side of the village as a result of the barrier and
settlements, most farmers residents don’t have regular access to their lands behind the Israeli
separation wall, and the citizens face many difficulties in providing basic services and issuing
permits for constructing new facilities because of Israeli’s restrictions on area ”C” which
caused negative impact on all aspects of living conditions of whole community; there is no
health clinic, no sewage system, and no sidewalks available, but most citizens receive water
and electrical services.
Project Background:
Back to GC/NGO assessment, before the targeted project, the village has only one
educational primary school, which contains of two classrooms (their property back to school)
and the rest of classrooms were in rented facility near the school. The existing old school was
unhealthy and did not have the essential facilities like, laboratory, safe playground which is
near the street and without boundary walls, teachers room ( in which library used as double
function to be teacher room).

The photo to the right shows the old school and the photo to the left shows the GC implemented school.

The needs assessment was joint effort of GC team, Ministry of Education and High
Education (MoEHE) and village council members, because the village suffered from bad
educational conditions; village council members emphasized that the need for a new school is
priority.
The new school has eight additional classrooms, science laboratory, computer laboratory,
library, two teacher’s room and canteen and toilets including one for disabled students, also it
included playground (2 dunum space), construction of boundary walls and a room and two
toilets for the kindergarten, the project was handed over on April, 2012.
Referring to GC sustainability analysis which was conducted on June 2013, the number of
beneficiaries 132 beneficiaries (63 females and 69 males). 80% of the community agreed that
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the community and village council members participated in maintenance and operating
process.
The village council participated in all project’s phases from assessment, preparing
contribution and maintenance and operating plans, survey works, project supervision during
implementation by hiring efficient technical engineer to follow up, and after the
implementation they provided furniture for classrooms and kindergarten, and supported
school with financial expenses like water and electrical bills, and hired a Guard with monthly
salary.
According to the focus group, 80% of the project operation and maintenance plans has been
executed. 90% of the school functionally operated in which it supplied and equipped.
The legal ownership document and Israeli license are available in project’s files. According
to survey 100% of beneficiaries agreed that they were very proud of having this project in
their village. They felt that this project is belonging to them.
The community of Daher Al Abed are satisfied with the material used in construction and
they agreed on the durability of the project by 88.57% of all community.
In order to measure the impact of the project, GC conducted face to face interviews with
representative beneficiaries. This project touched one of the basic needs of any human being;
it touched the safety issue which is according to Maslow's hierarchy of human needs comes
as second priority after feeding that we must satisfy to make sure the educational process is
done in great environment so by implementing this project to contain all necessary facilities
inside safe wall away from dangerous street made the most targeted beneficiaries the students
feeling safe and secured.
Case Study Number two:
Citizen Service Center for Illar Municipality/Tulkarem Governorate. (Illar CSC)
Illar Town Background:
Illar is a Palestinian town located 17 kilometers northeast of Tulkarem town, in Tulkarem
Governorate. The population of Illar, according to Illar Municipality records in 2013, is 7,500
inhabitants. The built-up area of the town is 2530 dunums. There are six governmental
schools, and one private elementary school. There is one health clinic in the town operated by
Ministry of Health (MOH).
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Project Background:
A field assessment was conduct as a team work of Illar Municipality, community
representatives and GC team. The town has a small municipality building with no enough
capacity to receive citizens whose need to perform their services. In addition to no access to
people with disabilities.
The implemented project was handed over on May, 2013, with total area of approximately
357 m2 of which 100 m2 used for the citizen service center. The center is consisting of
customer information and waiting room, accountant room, administration room, IT and
server room, and a lobby. It constructed to serve 1550 households from Illar town.
Back to GC analysis which conducted on February, 2014, 100% of males administrators and
75% of females administrators agreed that the maintenance and operation plans were
implemented.100% of both female and male administrators agreed that the project was
equipped and furnished and 90% of all administrators agreed that the needed staff was hired.
Based on survey; 100% of administrators and users are proud of their project. 90% of
administrators and 82.15% of users agreed that the condition of project is as they expected.
The legal ownership document and license are clear and documented in the project file.
100% of administrators and %67.86 of users agreed on the durability of the project and
satisfied with the quality and the condition of the project.
The intended impact was improving the quality of services provided for the local residents,
improving the working atmosphere for the municipality staff by moving into new suitable
and comfortable place with high technology equipment which will improve their working
capacity and output. The new location will enhance services provided encouraging women
and youth to visit the CSC for attending meetings and receiving services.
Key development sectors in GC/NGO toward sustainability:
Youth Engagement:
Within GC/NGO programs including the last program Local Government and Infrastructure
Program (LGIP) funded by USAID and as February 2014, GC contributed to create 19 Youth
Local Councils (YLC`s). YLC’s are democratically elected bodies made up of 11-15
members aged 15-22.Working in partnership with the municipality, YLC`s help youth to
participate effectively on identify their community needs and priorities. And to take
leadership role in their community.
Basha’er Othman, Youth Local Council former President from Illar/Tulkarem Governorate,
served as Minister of Local Government for one day on 22 August, 2013 following her recent
appointment by Minister Sa’ed Al-Koni. Basha`er said that her top leadership practices were
to continue the work she has done in her role as YLC President as support youth activities
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and engagement them in the democratic process, addressing youth unemployment problem,
encouraging increased investment in Area C, and learning more about the structure of
government and its regulations.

Youth Employment:
Under initiative program, "Engineering Fellows Program", in partnership with Engineering
Association, GC/NGO provides the new graduated engineers a paid work opportunities to
enhance their work skills, by participate in supervision of implementing infrastructure
projects, which impact positively the local economic conditions. As February 2014, nearly
200 engineers have completed the program and about 90% of participants have secured longterm employment.
Women Empowerment:
Under all its components, GC strongly seeking to enhance women engagement in their
community, by working with municipalities to ensure a basic level of women participation in
identify their communities needs and priorities for infrastructure projects, and implementing
targeted awareness campaigns for women like women in leadership campaign which aims to
awareness the school girls how to reach a leadership positions. Women employment also is a
part of GC efforts in women empowerment as in Engineering Fellows Program.
Engineer Nadine Rishmawi, 25 years old, worked with Global Communities through the
2011 Engineering Fellows Program, the program provided her with paid work experience to
develop professional skills and to prepare for the job market.
Nadine worked on project sites that included schools, roads and youth clubs, before being
chosen as a Green Fellow, another Global Communities initiative. As part of her green
engineering internship, Nadine traveled to the UAE to work with the well-known engineering
firm Khatib & Alami.
Says Nadine, "I had a blank CV before I came here but when I finished the program my CV
was full. It made me feel good that I had real work experience. On the technical level I
learned about project design and supervision. We also went to seminars...and training
workshops."
Following her internships, Nadine found a position with the Centre for Cultural Heritage
Preservation in Bethlehem Governorate, specialized in protecting, restoring and managing
heritage resources.
Another GC initiative, the Policies and Opportunities for Women Entrepreneurs Readiness
program (POWER) which was helped more than 100 women to increase their income, longterm employment by engaging them in handicraft businesses.
Economic Development:
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All the adopted sectors under GC, impact positively the economic conditions in Palestine, by
Job creation whether in implementing projects (skilled and unskilled workers in construction
sites), or by building human resource capacity like in Engineering Fellows program.

Environment Development:
"The world we have created is a product of our thinking; it cannot be changed without
changing our thinking" Albert Einstein.
As green building considered being more expensive than Non-Green building, GC/NGO
adopts some effective practices of Green Building in order to construct a sustainable projects
and to minimize and reduce the quantity of waste materials which reflect a positive impact on
the surrounding environment with a reasonable budget in which GC can perform a large
number of projects.
Some effective green practices are like: using isolation materials, walls isolation, roof
isolation, using effective design elements; skylight, angled sunshades, solar heaters
installation, Rain Water harvesting System and re-use of Gray Water by constructing a
treatment Plant.
GC implemented rehabilitation projects like: rehabilitation the tourism rout in SabastyaNablus Governorate and rehabilitation of Jabal an Nar Youth club-Nablus Governorate (old
building since 1930)
Also GC implemented Stone Gabions projects in four villages in Jordan valley. These
projects had great, initiative and economic impacts on the local residence of villages in the
Jordan Valley.
Stone Gabions projects are sustainable and durable projects; where, they were constructed to
resist water floods, prevent soil erosion and protect the properties of the local residence.
By collecting the natural stones needed to fill the gabions from the neighboring lands, it
become more suitable for agriculture, this process also reduced the transportation costs. In
addition, these projects created temporarily job opportunities for unskilled labors in that local
communities.
KII Analysis:
In interview with Mrs. Ghada Qabaha- The principal of Dhaher al ‘Abed School, she

emphasized that, the implemented school has a positive impact on all Daher Al Abed
residents, where the healthy and full operation project increase the students’ attendance
number, the percentage of absenteeism was reduced. The presence of kindergarten encourage
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parents to send their children to school. She said:" the computer laboratory was equipped
from parents’ council and mothers are allowed to borrow books from the school library, the
students in the new school become involved in activities at the governorate level".

And Mr. Omar Amarneh- The head of Dhaher Al Abed village council emphasized that the
school was a priority, and all the residents are proud to have such a typical school. And all of
them are feeling like to be the owners of the school. He said:" prior the new school, the
parents bear the costs of transportation in which the students need to go outside the village to
complete their education, the new school cancel these costs".
Mr. Tahseen Abdul Dayem, director of Anabta Municipality-Tulkarem Governorate, Anabta
CSC - the same project type as Illar CSC- emphasized that representatives and experts from
local residents participate and agreed that the project is priority. He said that "the design take
into consideration facilities to serve the disabilities people". CSC provide electricity, water
and building license services to local residents.
Conclusion:
In Palestinian communities, we can`t envision similar type of sustainability as in other parts
of the world, because of the context of Palestinian communities impacted by political, culture
and financial constraints.
Under the circumstances of Palestine, sustainability practices should start from the needed
awareness, building the needed facilities to help people to be educated and to be served better
and empowering people. These practices shape a bridge to form long-term development and
after accomplishment of these efforts, the sustainability application in Palestine can be used
as the sustainability concept and applications in other parts in the world.
GC works to make sustainable changes to improve the life conditions of Palestinian people,
strengthen their possibilities to build communities able to continue with its tangible and
intangible resources.
This paper can be considered as a basic one, it can be developed to several papers in which
each of them focus on addressing specific sustainability issue by using wide analytical case
studies.
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Role of participatory process in the rehabilitation of an Ayyoubid
public bath in Damascus, Syria
Aboukhater Roula
Faculty of Architecture – Damascus University – Damascus - Syria
Institut français du Proche-Orient – Damascus/Beirut
Abstract Summary: In 2005 a multidisciplinary research project on public baths in the
Mediterranean region was launched with a grant from the European Union. The HAMMAM
project "Hammam, Aspects and Multidisciplinary Methods of Analysis for the Mediterranean
region" is based on participatory process to encourage local dwellers and hammam mangers
to take an interest in their heritage.
First visits to the Ayyoubid public bath, hammam Ammuna, have shown lots of deterioration.
The hammam was rejected by local dwellers because of bad reputation. In 2007, as a result of
the HAMMAM project and the work of the Syrian team, a new manager of the hammam
started a rehabilitation work. Hammam Ammuna nowadays is open for local dwellers and
could be considered as a starting point of a sustainable future of the neighborhood while
reviving an historical building of social and economic function.
Keywords: Participation Tools, Heritage Rehabilitation, Damascus, Sustainability, EU
Project.
1. An Overview
In 2005 a multidisciplinary research project on public baths in the Mediterranean region is
launched for the period (2005-2008). The HAMMAM project is coordinated by "The Vienna
Institute for Urban Sustainability – OIKODROM", working with 18 participating scientific
institutions from 12 different countries. The partner institution in Syria is the (Institut français
du Proche-Orient) (Ifpo), and in particular the (Atelier du Vieux Damas), one of the research
unites at the institute.
1.1 The Hammam, Tangible and Intangible Cultural Heritage
Most of the Mediterranean Islamic cities represent examples in regions with a tradition of
Roman thermae. This tradition did not vanish with the decline of Roman civilization. In the
Byzantine period a new typology of bathing came into being with the balneae, and they
influenced the architecture of the Islamic bathhouses or hammams, (3).
The transformations of public baths developed slowly in the first centuries of Islam; they were
modified in a process of assimilation. "In this process those features which correspond with
the needs of the new society were retained, and those which did not, were allowed to
disappear", (4).
1.2 The HAMMAM Project, Objectives and Approach:
A principal goal of the HAMMAM project is to understand and evaluate the function, the
concept, the technology and the rules for the running of a hammam. It follows an
interdisciplinary approach, giving attention to the tangible, architectural and technical aspects
related to the building conservation and operation, and to the intangible social issues related
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to societal norms and management (5).The project is based on an interdisciplinary and transdisciplinary approach that assures the mutual collaboration between researchers and a
participatory process with local dwellers and stakeholders.
2 The Hammam as a Case Study in Damascus
Hammam Ammuna is a Small Neighbourhood Hammam, it is located at al Uqayba
neighbourhood, to the north of the Old City, and close to the modern centre (Fig. 1). This
residential neighbourhood is one of the earliest historic neighbourhoods to grow and expand
outside the City Walls. Built up areas in this neighbourhood is still forming a harmonic fabric
and relating some important historical monuments.

Fig. 1 The hammam in Uqayba

Fig. 2 Plan of hammam Ammuna, by Ecochard et
Le Coeur 1942

Hammam Ammuna has been selected to conduct a model study in Damascus for many
reasons. It is an important historic monument that is still conserving some authentic features,
(Fig. 2). It goes back to the end of the twelfth century but its registration in the antiquities list
is undergoing. It is the only hammam in Damascus working with traditional heating system
by using wood shavings.
2.1 Hammam Ammuna and the neighborhood, integration or rejection
Hammam Ammuna is under the endowment ministry (Awqaf) and its owners pay annual rent
to invest it. In 2005, the hammam was in bad physical and social situations. It has weak
economic and social connection with the neighborhood. Most clients are not from the quarter.
Some locals come only in feast days or to benefit of warm places and hot water in winter.
The bad management, the bad reputation associating it to male prostitution and the lack of
cleanness has excluded dwellers to use it. Women were even excluded a long time ago. The
economic affordability which corresponds with the low and middle economic level of the
dwellers is opposite to the social rejection by the community because of the bad reputation.
3.
Major Steps of the Participatory Process in Damascus
Participatory process helps to get deeper information the hammam. It helps to identify
concerns and establish a communication network with dwellers. In each local team a person is
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assigned as a (case study contact person)1. He/she leads the participatory processes during the
whole project period. Its major role is to prepare the local community to be partner of the
project, by establishing a critical reference group of local residents to collaborate with
researchers during the study visits of the project consortium.
3.1 First Contact with the Community and Trust Building:
At the beginning of the project, the team started visiting the hammam to meet the staff and the
manager. During first investigations of the neighborhood, it was necessary to inform the
representative of the local authority in the quarter (al Mukhtar) about the aim of the project.
The good relation with him has facilitated the work later in the neighborhood.
The bad reputation of hammam Ammuna has complicated the task to establish good
connection with the staff and the local dwellers. But in the opposite this situation make it a
good choice, because the project could give the opportunity to enhance the hammam
management, and be therefore of good benefit to the community. Several meetings with shop
owners, school teachers, and hammam mangers were conducted (1). After that 28 persons
(men and women) were chosen as a critical reference group including representatives of local
authorities. Two focus groups were formed one for men and another for women and two
community managers were selected to be the contact person from the community (1).
3.2 Intensive Contact
Women’s group meeting: As empowering the disadvantaged groups of the community is
one of the goals of a participatory process, meeting with women who were excluded from
using hammam Ammuna for a long period was a major step of the process.
The intensive meeting with women focus group has taken place in the house of the
community manager. Women from different categories came to this meeting upon invitation.
After an informal introduction, the HAMMAM project was introduced. Then the objective
was to know the reasons to go or not to go to the hammam. For those non users, the reasons of
non going were religious reason, lack of privacy inside the hammam, unnecessary to go to
public bath while having bath in the houses and finally the fear of disease transmission. For
users, they go because of curiosity, for trying new things, for health benefit, having fun, an
occasion to go out (1). When asked about what an ideal hammam is and what would enhance
the hammam in general, the answers were: better cleaning, special places for unhealthy
people, price suitable to the local economic level, adding other beautification services, health
control, presence of private washing rooms, and finally well trained workers (1).
Men’s group meeting: The men’s meeting was held in a house in the neighbourhood. Same
questions were discussed. The reasons for those who go to the hammam were: taking a bath in
feast days, meeting friends, enjoy playing with water, enjoy the heat in winter and the steam
and trying traditional way of bathing, for non goers: having private bath in the house, users'
clothes do not conform to religious codes and fear of exposure to harassment (1).
The recommendations for an ideal hammam are: provide private bathing spaces, good
management, workers of good reputation, decent behaviour of users and staff, clean hammam,

1

The author is the Case Study Contact Person of the Syrian team in Damascus.
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good services, keep traditional way of functioning, using clean energy, to preserve stones as
building materials, good conservation of building and beautiful and spacious inner spaces (1).
Hammam mangers’ meeting: Most of the managers are coming from families known as
hammam manager or owner for generation (Tinawi, Mardini, Kubab, Hammami,..), they are
still holding the business. They have inherited the work form their grandfather or father. The
HAMMAM project was introduced to the participants, as a multidisciplinary project. They
were interested to meet technical team working on heating, water supply, water safety and
ventilation. The discussion was later about two questions: What are the criteria of an Ideal
Hammam? What a good management means to you? (1).
3.3. The Field Study Visit:
To coordinate the field work and facilitate the work of different researchers during the field
study, the local team has set up a field study office close to the hammam. It is also used as a
place for meetings with the local residents. Group visits according to research interests and
interviews with stakeholders were organized. The plenary sessions during the field study were
established to inform others about general findings and collected data. Later teams were
formed to conduct SWOT analysis and Cross matrix interdisciplinary assessment (8).
3.4 The Public Presentation: An Interactive Participation
The public presentation is the first visible step of raising awareness activity and a starting
point for further collaboration in the neighbourhood. For the visitors, attending the public
presentation allowed to check whether they have been understood correctly so far and how
their situation has been perceived by the researchers. On the other hand, the public
presentation were of great help for the progress of the process, people have met the foreign
researchers and they have realized that there is a real interest and a real engagement from the
project team on the subject (8).
To prepare the public presentation physically the participants had to condense results, so the
visitors could actively take part in discussion and give feedback. Posters were bilingual,
contained photos, diagrams, graphs, sketches and citations from interviews, were exhibited
and discussed with the audience (Fig.4). Interactive elements were meant to encourage for
feedback and comments by visitors, as the poster that encourage visitors to recommend
actions in the open public place in front of hammam Ammuna (Fig.3) (7c).
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Fig. 3 Proposition for public place design

Fig. 4 Poster in the public presentation

The public presentation in Damascus took place in the courtyard of the site office building
and attracted about 120 people, from the neighborhood, representatives from the municipality
and the antiquities, professors and students of the faculty of architecture, several hammams
managers, representatives of NGOs, representatives of European commission,.. There was
great interest of the media, TV programs and several newspapers were reporting on it (7c).
4 The Rehabilitation of Hammam Ammuna
Through the focus groups meetings people get more interested in the hammam. The public
presentation and the active participation of the media helped to highlight the hammam as a
valuable cultural heritage that is in danger, but it also opened the way for new possibilities to
regain its role in the society. An added value to the hammam in general was the main positive
aspect of the participatory activities of the project.
As for hammam Ammuna a new owner was interested in it due to the attention drawn to the
hammam. The Kubab family known for their good management of hammams for many
generations took the decision to rent it and to do renovation work. Later on, many meetings
with the new manger were organized by the Syrian team to discuss maintenance and
restoration issues and to inform him of the researchers’ recommendations and especially the
technical, social and managerial ones. The new owners started the restoration work on June
2007, few months after the Damascus meeting and the public presentation. The work was
based mainly on their earlier experience in renovation of another hammam with only primary
consultation of an architect. The Syrian team has had the possibility to advice the new manger
on certain points. The resulted recommendations served as a guideline for future scenarios of
the case study hammam. The table below compares the rehabilitation work with the
recommendations resulted of the work conducted by several groups of experts working on
different topics: restoration, socio economy with hammam focus, built environment,
architectural typology, socio economy with neighbourhood focus (2a&b) & (7a&b).
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 This symbol signals an action that threatens the authenticity of the hammamm or is
incompatible with the recommendations.
SWOT analysis - Recommendations:

Rehabilitation work of Hammam Ammuna

Socio-Economic group – Hammam focus
Open for women (daily and at the evening).

-Open to women seven days a week in the morning,
and only for men at the evening.
Well trained female staff from the district is hired to
run the hammam.
Establishing rules for usage.
-Respect of moral codes and behaviour and follow
the traditional rituals.
Improving cleanliness and sanitary services. -The interior halls walls were covered with marble
up to 120 cm high for easy cleaning.
-The sanitary services were improved and
mechanical ventilation systems were installed.
Develop the reception hall as a relaxing and -New wooden benches and providing indirect
social place.
lighting.
-Lantern in the main dome is replaced by an
octagonal one with openings for ventilation.
-Two doors at the entrance are present.
Hammam operations should be in the
-Many users are from the neighbourhood.
interest of the neighbourhood.
Keep the steam.
 Natural steam from hot water is canceled.
 Forced steam is added in a small room.
Add new services for beautification,
-New buffet counter for serving hot beverages and
smoking,..
"hubble-bubbles".
-The new mezzanine in the reception hall allows for
the provision of some private spaces and
beautification services.
Reconciliation between demands of various  New modern facilities are introduced such as a
groups.
Jacuzzi bathtub, a steam room, a sauna room and
a shower bath.
-Users respect moral codes
Sustain the economic equilibrium and good Different services are offered to clients and women
management.
can choose between low price and VIP services
offered in different time space.
Built Environment Group
Architecturally sensitive overall of the
-Water and electricity installations are completely
technical service systems (water tank,
changed and hidden within the building walls in
wiring, piping, taps,...).
PVC pipes.
Waste water reuse
-No action is concerned.
Improve hygiene, cleanness and
 Removal of traditional surface drainage system
maintenance.
and reliance on floor inclination towards specific
points for drainage.
Restoration group
Remove all incompatible recent repairs and -Removing all new cement additions as well as
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harmful additions without harming historic
fabric.
Highlight and conserve architecture and
decoration elements.

Prevent water seepage from water tanks.
Monitor the preservation of surrounding
fabric.

removing all the plaster and external coating to
reveal the original stone.
-The decoration stripe on the eastern façade was
revealed. Missing parts are replaced using the same
traditional technique.
-The north blind façade is covered with stone.
-The water tanks are replaced.
-Facades of the buildings on the open place are
renovated with the participation of the local
dwellers and the fund of the project.
The southern wall is restored completely.
-Oil painting on the main façade is removed.

Oil paint should be cleaned. The original
stones and decorations should be visible.
The original heating system should be well  Replacement of the traditional heating system
maintained.
with a fuel heating system.
-Maintaining both the old chimney and the ground
Develop an adapted technology to maintain channel (hypocaust) and the possibility to use wood
the furnace.
shavings for heating
Garbage on roof surfaces prevents the
-Additional rooms are built on the rooftop over the
rainwater discharge.
furnace using wood as construction material and
connected to the reception room.
Previous repairs with incompatible
materials like cement, trees and biological
-The trees and plants are cleaned from the roof.
growth on roof surfaces cause cracks and
-The roof and domes were restored.
dampness.
-Colored glazed apertures are reinstalled to provide
Heat loss and water penetration through
natural lighting inside.
deteriorated apertures and openings.
Table 1. Comparison of recommendations of groups and the rehabilitation work

Looking at the table (1) shows that almost all the recommendations were respected only some
alteration in the typology of the building and some inappropriate functions are present. The
restoration has included the exterior and all the interior parts thus returning the glamour of the
huge space of the reception area (Fig. 5-8). But some results were not conform with the
recommendations such as using a mortar mixed with cement for the domes and the walls,
which will probably crack because of the humidity inside, most of the stone walls were left
bare in the reception hall and this is not conventional in most traditional hammam (2b).
Hammam Ammuna Before Rehabilitation

Hammam Ammuna After Rehabilitation
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Fig. 5 Main façade, oil painted

Fig. 6 Main Façade, revealing ornaments

Fig. 7 The reception hall (al barrani)

Fig. 8 The reception hall with new mezzanine

The restoration of hammam Ammuna and the surrounding areas helped to encourage the
locals start using it again. The new owners relied on their skill in hammam management to
provide the best services in a clean place where moral codes are respected (Fig.9). They hired
trained women living nearby, thus contributing in developing new jobs for women. The new
leaflets highlighting new services and the “word of mouth” had the role to announce the new
modification. The hammam’s negative image has vanished. It is a real success story now.
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5 Conclusion
Hammam Ammuna became a good example of a well functioning hammam. The main issue
that has been revealed is that improvement of the image and the reputation of the hammam
and raising awareness on its health benefits would increase the demand.
The raising awareness about several local experiences concerning energy saving and water
recycling, addressed to hammam managers has a direct result, the installation of solar panels
on the roof of hammam Ammuna. Hammam Ammuna is now the first hammam in Damascus
to use solar panels for heating (Fig. 10).
A number of people have been engaged in efforts to revive traditional hammams may well
benefit from the results of this project.

Fig. 9 Plan of the hammam with new services
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Fig. 10 Solar energy installation on the roof

The important issue of the HAMMAM project is that it is not just a research project where
researchers tend to collect their data and produce scientific output with no real return to the
community subject of the study. The rehabilitation work, the activities and the realized small
projects in the neighbourhood are tangible and sustainable results of successful participation.
Hammam Ammuna became more integrated in the historic urban fabric and it corresponds to
the local people’s wishes. People are now proud of having it as a valuable cultural heritage in
their neighbourhood. What happens in Damascus through the HAMMAM project was a first
step and many lessons were learned concerning community participation in development
projects. It is a good example on the effective role of participatory approach on rehabilitation
of cultural heritage.
6
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Abstract: An “In-depth dialogue with residents” has been applied in the pre-study of a
renovation of a housing area from 1950s with about 500 rental flats. The paper presents the
result from this dialogue process and discusses the potential of the methodology to achieve a
more integrated, sustainable renovation. The process was carried out by a transdisciplinary
team with representatives from the housing manager, an architect firm with competences in
sociology, the tenant organization, and researchers from architecture and environmental
psychology. The dialogue process comprised four main activities: design of process and
selection of tools, data collection, compilation of material and feedback to residents and
housing company, and a following-up. Data about the residents view were collected by
intercept interviews, a questionnaire survey, a walking tour, and a focus group interview. The
dialogue process identified values appreciated by the residents and had impact on alternative
renovation option for the flats.
Keywords: Dialogue process, Housing qualities, Stakeholder involvement, Sustainable renovation
Background and aim
One of the housing stocks in urgent need of renovation is the housing stock from the period
1940s-60s. Housing owners face a task which is urgent from a technical point of view and
complex in terms of meeting regulations, economic return of investment, safeguarding
architectural, cultural and social values and creating long-term sustainability. Strengthened
energy objectives or un-sufficient knowledge about the social aspects, housing qualities etc.
can lead to the replacement of still functioning components but also to irrevocable losses of
cultural and social qualities. Thus, there is a need to find integrated solutions for renovation.
In order to address social issues, to reach different sustainability goals, and to involve more
stakeholder groups and make use of their influence beyond regulations, participatory
processes are increasingly integrated into urban planning processes and transformation
processes of neighbourhoods [1, 2]. Stakeholders who might be able to have impact on or be
affected of a transformation process, have insight into the process and have possibility to
actually influence the process are involved. In renovation the focus is often on housing
districts with social problems constructed during the period of the 1960-70s. It is of interest to
1292

ISBN: 978-84-697-1815-5

study how such a dialogue process could be integrated and contribute to an ordinary
renovation process in housing districts from the 1950s.
The aim of this paper is to a) present the result from a participatory process started in the prestudy phase of a renovation of blocks of flats from the peoples’ home period and b) to discuss
the potential of the methodology to achieve an integrated, sustainable renovation. The
intention with the process was to make residents more conscious about the renovation, to
build consensus around it and influence how it should be carried out. A further intention was
to identify crucial issues early in the process and, from the housing companies’ view, to
minimize the risk that important questions are forgotten.
The district Långängen
The housing area, district Långängen in Gothenburg, is in need of renovation. The area is
situated close to the city centre (Figure 1) and neighbour to a development area. The buildings
were constructed in the beginning of the 1950s with a typical architectural expression from
that period. The district comprises about 870 flats; most of the flats, about 501, are managed
by a municipally owned housing company. Half of the flats have a combined living
room/bedroom, a kitchen and a bathroom, and the remainder have 1 or 2 bedrooms, a living
room, a kitchen and a bathroom. The district has no social problems. A long-term goal of the
housing company is to develop Långängen to an attractive and safe housing environment seen
from different stakeholders’ interests and prerequisites.

Figure 1. Site plan and location of the housing district Långängen in Gothenburg. (Images from housing
company and openstreetmap.org)

The district was partly renovated in 1985–95 without architectural considerations. Today, the
district is in need of new and more holistic renovation works. The housing manager had good
knowledge about the technical needs but felt insecure about the social aspects of a renovation.
In order to understand the place that the housing company wants to develop together with all
the people acting in the area, and to understand how the people use the area today and might
use in the future, a mapping of the area was planned. Important question were: what qualities,
values, needs and what potentials are there, and how can they be translated into physical
designs? With a starting point in the situation today, the question was: what are the potentials
and challenges for the development of Långängen? A dialogue process was proposed to
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formulate and visualize a common vision so that all stakeholders feel involved, to identify
constructive solutions for challenges that occur besides the actual renovation process, such as
increased costs for the housing manager and the residents. Another important aspect was to
understand housing qualities of the district and the perception of architectural values.
Method
A dialogue process in form of an In-depth dialogue with residents has been carried out in the
housing district Långängen. The dialogue process was performed by a transdisciplinary team
consisting of representatives from the housing owner and manager, an architect firm with
competences in sociology, the tenant organization in Western Sweden, and researchers with a
background from architecture and environmental psychology. The process comprised several
activities: design of the consultation process and selection of tools, gathering of information,
compilation of material, feedback to the residents and housing company, and following-up. In
order to gather information about the area today and about current users, we employed a
series of different methods: project meetings within the team and the housing company,
literature studies, and data collection from the residents by intercept interviews, a
questionnaire survey, and a walking tour with different stakeholders, see Table 1. In our
study, mainly results from the extensive data collection part will be presented and discussed.
Table 1. Activities of the In-depth dialogue. Note: a) marks the responsible stakeholder
Activity
Design of a
consultation
process and
selection of tools
Information
retrieval

Compilation of
material and
feedback to
stakeholders

Aim
To identify
stakeholders of the
project (to be
informed/involved)
To collect data about
the housing district
and its users

Housing company: To
give early feedback to
residents, include
critical issues

Methods
Stakeholder analysis
- Meetings
- Visit of district
Intercept interviews
- 20 interviews + short
questionnaire
- at 3 occasions
- duration: 3 to 15 min
Status quo description
- Local statistics
- Literature studies
Questionnaire survey
- Total survey
- 475 households
- Response rate 46,5 %
Walking tour
- 1 hour
- 7 different places, 4
outdoor/3 indoor
Focus group interview
- 5 persons, age 27 to 31
- Meetings
- Letter to residents
- Feedback workshop

Participants
- Housing company
a
- Architect firm
- Tenant organization
- Researchers
- Researchers

Period
May –
October
2012

- Researchers

September
- October
2012
November
2012

-

Housing company
Architect firm
Tenant organization
a
Researchers
Residents
Housing company
Architect firm
Tenant organization
a
Researchers
Residents
a
Researchers
Residents
Housing company
a
Architect firm
Tenant organization

May 2012

December
2012

June 2013
November
2012 –
May 2013
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Following-up

Residents: To
communicate results
and adjust content
To collect feedback
from the residents
about the process

a

- Researchers

- Mail to the residents,
- Questionnaires

- Researchers

On-going

The challenges – results from the In-depth dialogue
Status quo description
In the status quo description of the district Långängen a variety of local statistical data (age
distribution, level of education, average income, unemployment rate, rents, etc.) and results
from prior studies conducted in the area with focus on social aspects (safety tours, attitude
studies, architectural pre-studies) are presented in order to describe the district and its
population today. Results revealed, among other things, that the population of the area was
lower than expected, with nearly half of the residents in the 25-44 year age group. In 2012,
the level of education, the average income but also the average rent for the flats was below the
average of the city of Gothenburg. The unemployment was almost 5 percent units higher than
the city´s average, i.e. 11,5 percent. The residents appreciate the closeness to greenery and
public transport. At the same, the residents have feels somewhat unsafety despite the crime
rate is the same as the Swedish average and the actual crime has decreased during the last
years. None of the previous studies has investigated the flats as such. [3]
Intercept interviews
The intercept interviews, i.e. short interviews conducted on the streets of the district with
respondents selected out of passing-by people, aimed at getting an overall picture about the
outer residential qualities. The interviews covered three main questions: 1) what aspects the
respondents appreciated in the district Långängen, 2) what they thought of to live in an area
with older buildings and 3) aspects they didn’t like or wanted to see changed. On the miniquestionnaire the respondents marked on a 5-grade Likert scale the importance of green
spaces, playgrounds, trees, clean and tidy, nice buildings, and meeting places to thrive.
Results indicate that the residents generally have a positive attitude to the housing
environment. Two qualities are particularly important from the residents’ perspective:
proximity to green areas and the charming character of the older buildings. Also, the
proximity to the city centre and the ease to go there (by public transport) is appreciated. The
feeling of safety seems to have increased the last years but the respondents had difficulties to
point at what has been improved. Possibly it can be related to the neighbouring development
area. Two other positive aspects, not directly connected to the outdoor environment, were
highlighted by the respondents: cheap rents and qualities in the kitchen. [4]
Questionnaire survey
The questionnaire about housing qualities gives an increased knowledge about the todays’
residents regarding their way of life, outdoor qualities of the housing district and indoor
qualities of the flats, and their thoughts and attitudes about future renovations. Results show
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that the residents are quite satisfied with their living situation. Regarding the district as a
whole, the respondents are most satisfied with access to the public transport, squares and open
spaces and the possibility to go by bicycle or to walk. Least satisfied are they with the
management of the properties in the area, access to different types of meeting places as well
as the feeling of safety at evenings and nights. Regarding their own flats the respondents are
most satisfied with the natural lighting. Insulation, temperature and ventilation are considered
as important aspects to be improved. Both kitchen and bathroom are rooms a majority sees
important to invest in. The questionnaire also revealed that the most important factors in
determining residents’ overall satisfaction with their flats were how satisfied they were with
the kitchen, the quality of daylight, and the sound insulation.
The questionnaire showed that in preparing for renovations, it is important to provide
residents with information about and influence over the process, especially the increase in
rent, the time schedule and priorities. Choosing the right standard for the renovation was
considered important by the respondents, as was giving residents influence over aesthetic
aspects (colour, material, quality, appearance). Several respondents wish to conserve the time
typical expression of the buildings. [5]
Walking tour with different stakeholders
During the walking tour, a number of affected stakeholders (personnel from the housing
company, a local organization of real-estate managers, residents, etc.) together walked
through the area and discussed the problems/challenges and the opportunities/positive aspects
of seven different places. The places were selected based on results from the questionnaire
were respondents marked on a map places they like respectively dislike. Regarding the three
outdoor places perceived problems/challenges are un-personal backsides with monotonous
and indistinct spaces. They also lack identity for those not living in the area. Cars drive fast
and it is difficult to distinguish between public and private spaces. The indicated positive
aspects/opportunities of the places are potentials to make the area more welcoming with
allotment and meeting places. The places could be more “alive” daytime and should have
front sides. Mentioned problems/challenges for the indoor places are the need of alteration
and well thought through renovations and the limited accessibility with a certain
considerations that this belongs to historical charm. Positive aspects/opportunities described
by the participants were the housing qualities with the fine details reminding about the history
of the buildings. The flats were perceived as well-planned. [6]
Focus group interview
A focus group interview was conducted in order to get a deeper understanding of the younger
residents view about the housing district. The group consisted of residents who had expressed
their interest to participate in either the questionnaire or the feedback meeting. Themes
touched the outdoor living environment, the architecture and the flats. The participants
reasoned in what way they think about these themes, conservation or renewal of the buildings
and flats, and aspects that can influence the rent setting. Generally, the individuals have
different views and wishes. Some find it very important that the facades are renovated and
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freshened up whilst other find it rather charming when it is a little bit worn. However, none of
the interviewees wanted a total renovation that turns the area into a new, modernized version
but they wish to keep it at least in the same style, i.e. they want a renovation that conserves
the look. [7]
Feedback and follow-up
Feedback to the housing company was given at project meetings with the purpose to support
the company early in the process to respond to the residents’ critical questions but also to
secure that no important issues were forgotten. Feedback to the residents was given at a
particular follow-up meeting in order to communicate results and to adjust content. All
residents and stakeholders in the housing district were invited. At that meeting results from
the survey and the walking tour were presented which was appreciated by the residents. The
housing company introduced first thoughts for the coming renovation and the main part of the
discussion revolved around the renovation process and the potential economic consequences.
For a future dialogue between the housing company and the residents the form of reference
groups were chosen. The dialogue process goes on and a gradual renovation process has
started. A follow-up of the process will be carried out later. [8]
Discussion and conclusion
The dialogue process increased the knowledge about what is perceived as important from
residents’ perspective and what could be experienced as problematic in the coming renovation
process. The intercept interviews indicated for example two qualities which are important
from a resident perspective; the value of and proximity to green areas and the charm of the
older buildings. The questionnaire survey revealed that most influential for how satisfied the
residents are with their flat is the kitchen followed by natural light and sound insulation. The
questionnaire also showed the importance of information about and influence on rent increase
before the renovation starts. It has been seen as important to have different levels for the
renovation as well as to have some influence on aesthetic aspects. The walking tour enhanced
the meeting of different stakeholders and established an integrated view.
For the housing company the dialogue process means that questions are handled in an ethic
way; they can make well-informed decision and integrate necessary technical and indoor
climate renovation measures with knowledge about social, cultural historical and architectural
aspects to arrive at integrated and sustainable long-term decisions. For the residents the dialog
process means improved possibilities to understand the renovation project and its
consequences, at the same time they can influence, participate and follow the process.
The dialogue process had direct impact on the renovation process. For example, the housing
manager provided two alternative solutions for renovation of the kitchen where the residents
can choose between a kitchen in the style of the 1950s, i.e. renovation with care, and a
modern kitchen. Even if many wanted to keep the kitchen in the style of the 50s, there were
not so many residents who actually selected this kitchen when the renovation came closer.
This indicates a gap between what the user states and what he/she actually selects. This also
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indicates the importance of keeping the dialogue alive through the whole process and the
necessity of trust between the involved stakeholders. First feedback results from the residents’
perspective indicate that the residents are not very happy with the dialogue, they feel “run
over” and they consider that there was no dialogue. This doesn´t mean that the dialogue
process as such was wrong, but it is difficult for people in general to assimilate information.
The In-depth dialogue with the residents has contributed with knowledge to support decision
making in the specific renovation project Långängen and with practical experience how to
organize a dialogue process. The dialogue included social questions and integrated more
stakeholders than usual to express their opinion and to identify problem areas. In a broader
perspective, experiences from the dialogue process can contribute with a methodology and
knowledge valuable for larger renovations of rental flat house from this period and contribute
to achieve an integrated, sustainable renovation. A conscious work with dialogue processes is
means also responsibility. Involving people demands respecting their time, commitment and
comments, following-up and feedback are keywords here. Finally, a dialogue process should
rather be seen as the backbone of the process - always present and alive - and not only as a
part of the renovation process.
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Abstract: This paper presents preliminary research into community empowerment via children and
youth participation towards generating sustainable building outcomes within two low income,
predominantly Pacifica and Māori communities in New Zealand. In these case studies, a combination
of working with regulatory frameworks alongside commitment by key stakeholders to empower
communities is leading to environmentally sustainable outcomes on two levels. The first is the
resulting buildings, which function as sustainable best practice examples within the community. The
second is the learning that occurs, which has the transformative potential to engender permanent
change in environmental attitudes and values of those involved.
The paper focuses on relating the processes within these case studies to the theoretical frameworks of
ESD, participatory learning, co-design and community empowerment, especially relating to children
and youth. It concludes that involving communities in a meaningful way with sustainable buildings
would be a move in the right direction for permanent sustainable outcomes. This is particularly the
case in cities that are fast growing and within communities that are frequently marginalised.

Keywords: community empowerment, participatory learning, ESD, children and youth
Introduction
The underlying premise of environmental learning for children and youth is that teaching
them knowledge, skills, attitudes/values of environmental sustainability (called education for
sustainable development or ESD) will lead to them living more sustainably. This is relevant
in the context of this World Sustainable Building Conference since 2014 is the final year of
the UN Decade of Education for Sustainable Development (DESD), which has the goal of
mobilizing world educational resources in creating a more sustainable future (1). The decade,
under-pinned by the aphorism ‘think global, act local’ that emerged, via Agenda 21, from the
Rio Earth Summit in 1992 (2), resonates well with the global nature of this conference and the
rhetorical question it poses – ‘Are we moving quickly enough, it’s up to us.’
The term ‘sustainability’ is highly contested, with multiple interpretations and potential
conflicts according to situations, values and points of view. Morgan (3) suggests this
ambiguity has paved the way for unique ‘local’ solutions that have relevance to place and
people, and the DESD has provided a learning framework for encouraging this. The two
sustainable building (SB) case studies discussed here both focus on ‘local’ responses to
sustainable development issues. In the first case study, the design of a music and arts centre
for youth was borne out of a long history of broken promises to a predominantly low-income
community, which had led to local government setting up a policy of community
collaboration that had to be followed by architects working on the project. Part of this was
inclusion of local youths, who were studying architecture, in the design team. This gave
reciprocal benefits of experiential learning for the fledgling professionals and a youth voice to
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the design of the centre. In the second case study, the community is a junior school (5-12 year
olds) in a relatively poor neighbourhood. This community is transforming their playing fields
into an ecological island and science centre, all conducted as learning within the teaching
curriculum required by the New Zealand government. A local park will be used for sports.
This paper outlines the structure of the two case studies and relates this to the theory of
transformative and participatory learning, co-design, ESD and community empowerment,
especially concerning inclusion of children and youth in design decision-making within their
environments. Building on the established importance of ‘local’ projects that focus on
community empowerment through democratic participation and transformative learning (2,4,
5), the case studies demonstrate that valuing people’s knowledge and contributions can lead to
creative and sustainable outcomes. These go beyond traditional or transmissive approaches to
ESD (3) by integrating scientific and technological solutions into values-driven community
initiatives. The paper concludes that while more detailed research via data collection on these
case studies is needed, empowering, especially marginalised, community groups such as lowincome and children and youth, offers offers a way forward towards a more transformed way
of living in our rapidly urbanising world.
Literature Review
In the process of transformative learning all three types of learning are engaged. Based on
direct experiences and role modeling, new knowledge is absorbed (cognitive), skills are
developed (phychomotor), and attitudes and behavior is adopted (affective) – possibly leading
to forming new values longer-term (3). Transformation, therefore, implies a fundamental
change in the way we think and live. Flowers and Chodkiewicz (4) investigated possibilities
for schools to work more closely with their communities as ‘change agents’ in ESD that
functioned transformatively at two levels – through deeper student learning, and influence
within the community. In this model schools act as a social agent and these authors
emphasise the importance of ESD projects including social, cultural and political factors, not
just nature, science and environmental factors. This inclusion of social-cultural aspects
implies ‘participation’.
Participation of children in matters that affect them is a democratic right and a regulatory
requirement in signatory countries to CRC, the UN Convention on Rights of the Child (6).
Emerging alongside this in the 1990s, the sociology of childhood, or the new social studies of
childhood, positioned children as active citizens, and childhood as a state of being rather than
becoming (7). This rehetoric has combined to result in children and youth participation in
design and construction of their built environment becoming more mainstream over the last
ten years. This was aided in large part by the significance of the United Kingdom
government’s Building Schools for the Future (BSF) programme (cancelled in 2010), which
served to legitimise involvement of students in school design, with a sustainability focus (8).
Despite this, according to Percy-Smith and Burns (5) many ESD projects in schools are still
oriented towards equipping children for the future rather than giving them a role to play now.
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Like sustainability, the term ‘participation’ is often overused and sometimes mis-interpreted.
Participation is defined as active involvement in a process of decision-making and the
fundamental requirement is for power sharing to occur, leading to opportunities for
transformational learning, while avoiding ‘tokenistic’ responses (9). With regard to ESD it is
widely agreed projects should be ‘action-oriented’ and involve ‘social learning’ (3,5). This
preferences collaborative multi-disciplinary ESD projects with benefits across a spectrum of
learners/community members, for example those including co-design.
Although co-design is not a term reserved exclusively for children and youth participation in
design, Parnell, Patsarika, Proctor and Cave (10, p9) offer a useful school-based definition:
“As co-designers the users take an active, hands-on role in the design of the school
building/grounds, working directly and collaboratively with the design team to develop
designs through models, for example.” Uttke (11) describes a transformative process
whereby youth in Germany designed and constructed their own public spaces, evidenced
through the breadth of resulting learning, which included development of soft skills such as
public speaking and presentations. This can equally be applied to participatory ESD projects.
Parnell (12) also points out that there is potential for learning transformations through the
reciprocity of learning that occurs between practitioners and children/youth.
In both case studies presented in this paper there was an intention to power share with
children and youth participants, leading to experiential and transformative learning about
environmental sustainability through design of their built environment. These outcomes are
grounded in relevance and authenticity by the projects being both ‘local’ and ‘real’.
SB Case study 1 – Community and youth involvement in a music & arts centre for youth
Due to a long history of consultation ending in cancelled projects within this community
comprising 40% Pacific Island and 20% Māori people, local government had devised an
engagement strategy that had to be followed. The architecture firm appointed to the project
found this way of working to be a good fit with their company philosophy – responding to the
requirement for face to face consultation with an innovative plan to engage with community
on several levels. Firstly, they opened their practice up to the community one day per week
during the concept development phase, inviting them to come and watch or contribute ideas
and stories. Secondly, they ended this day by moving to the local library, that adjoined the
site for the proposed music and arts centre. Members of the multi-disciplinary design team
spent several hours there working within the intellectual and cultural hub of the community.
By doing this, locals felt more at ease and therefore contributed more freely. The architect felt
this was the most fertile time for gathering local stories and relevant material to inform the
design. In this spirit of openness and trust the community felt listened to, and this respected
the importance of interaction within Māori culture, which determines the success or not of the
outcome.
Thirdly, local government called for expressions of interest from local youth (under 25 year
olds make up 35% of this community), to join the art group within the design team. The
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design team comprised the architects, who were responsible for site analysis and building
organisation and regulations, and the art group, who worked on the theme of the building and
the stories it would visually tell. The two youths selected were locals of Pacifica ethnicity
and students of architecture. Their contribution to concept development was significant as
they embraced both the sustainability and cultural aspects that were at the heart of the project.
The wider site already included a library and community centre with marae (Māori meeting
house), and it backed onto a nature reserve with stream. They saw the proposed music centre
as a visual extension of the stream through the massed solar panels on the roof and the
rainwater collection devices it would have. In this way it sought to represent the area’s rich
history of settlement and cultivation, local youth, the connection between the other buildings,
and the diversity of cultures within the community.
The art team’s response to this matrix of significances was to generate artwork to be
incorporated into the fabric of the building that referenced significant trees within the cultures
represented within the community. Although inevitable budget cuts caused earlier, more
literal, iterations to be reduced, the concept of ‘uru’ or ‘grove of trees’ has persisted within the
fabric of the building’s design and therefore signficance within this community, connecting
the natural world with the tectonic nature of the built structure (see Figure 1). It fits well with
both the sustainability mandate of the build (high international sustainability standard was
sought and it will reach 50% net zero energy with further gains possible over time) and the
earlier-expressed community desire for an organic shaped building that would connect and
strengthen the roles of the other community buildings on the site. The way of working and
the significance behind the developed concept is also empathetic with Māori culture, where
interaction and encounters are pivotal, buildings are organic and meaningful in a connected
and hierarchical way, and sustainability or guardianship of the land is paramount (reflected in
the Māori term Kaitiakitanga).

Figure 1
Perspective showing the uru (grove of trees) concept within the music and arts centre building design.
(Archimedia, used with permission)

SB Case study 2 – School children involved in an ecological island and science centre
Working with a New Zealand (NZ) NGO-designed Programme called Enviroschools, the
school in this case study has instigated a number of environmental projects over the last seven
years including gardens, cooking, recycled materials into art, re-purposing structures and
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buildings. The school neighbourhood is relatively low socio-economic with a dominant
population of Māori and Pacific Island families, many of whom rent rather than own their
houses, making them somewhat transient by New Zealand standards. As a result the local
primary school, which teaches students from ages 5-12, has taken on an important nurturing
and holistic education role within the community. Enviroschools advocates a process of
‘whole school’ involvement in decision-making and encourages active participation of
children in projects that have been democratically determined via a school vision-mapping
process (see www.enviroschools.org).
For the last four years the school as a community has embarked on a more ambitious project
to convert their grass sports-field into an ecological island that will create a habitat for
endangered native species of birds, reptiles, insects and fish, in the middle of suburbia within
a medium-size NZ city. As part of this they are establishing a science centre on the tiny
island, as a learning resource (see Figure 2). The original idea for the island came from a
student, while on a field trip to a much larger-scale ecological island, so this is an example of
school acting as a social agent (4). From approximately ages 8-12 students are encouraged to
join the school ‘Green Team’ and commit to meet weekly (eg at lunchtimes and after school)
and work on projects they have decided on (such as the ecological island), under the
facilitation of the head environmental teacher.
All learning that occurs is matched to the NZ national curriculum. However, led by the vision
of the school’s principal, learning is authentically contexualised to encourage students to learn
experientially about ecology and sustainable building processes and products. The project
weaves in other layers of meaning and learning such as choosing shipping containers to
convert into the science centre, due to recent NZ significant events involving them. For
example their use as temporary shops & modular houses following the 2011 Christchurch

Figure 2

View of ecological island and science centre showing two of three containers, moat and
planting. (Author’s photo)
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earthquake and the oil spill and container contents pollution from the grounding of the
container ship Rena on the Astrolabe Reef, near Tauranga, the same year.
Commensurate with the importance of keeping the project ‘local’, which is recommended
both for increased meaning (1,3) and for sustainability (2), goods and services are sourced
locally and are often donated (eg the shipping containers, soil to create the island, machinery
to dig the exterior moat). So far students are researching species and planting the site to
create longterm canopy cover for wildlife, although none can be released until a predatorproof electrified fence is constructed round the perimeter. The containers making up the
science centre are being converted into a bird hide, visitor centre with art and information, and
laboratory with eel breeding tanks and microscopes for exploring. Students are working on
challenging mini-projects such as how to generate power for the electric fence and the best
way to insulate the containers. They are working in conjunction with architects and
ecologists and there is a strong focus on incorporating electronic technology within the
project, eg for telling stories, sourcing information and managing resources on the island.

Discussion and Conclusion
The literature reviewed is consistent on the need for environmentally sustainable learning to
be transformative in order to lead to changes in behaviour (2,4,5). Transformative learning is
linked to empowerment (3) and participatory and social learning are recommended processes
for facilitating this (2,4,5,9). Inclusion of community within projects is an obvious way for
this to occur (4,5,11). Therefore, while more primary data is needed, the two case studies
presented in this paper provide early evidence of the ESD value of building community
empowerment through participatory learning.
In the music and arts centre project, earlier attempts to engage the community in a tokenistic
way had led to withdrawal from the process. This persisted until the development of an
engagement strategy by loval government combined with the positivity of the architecture
firm appointed. This led to rich processes of folding local stories and meaning into the fabric
of the sustainability-driven building. A key aspect of this was designers basing themselves
within the community via workshops and conversations in the library and including local
youths to help make artistic connections between the building, the people and the wider
environment.
In the ecological island and science centre project, the school forms a community of eager
learners that is reaching out further into the wider community for ideas and expertise – acting
as a social agent (4). The strong process of participatory learning that is being applied to
curriculum-linked topics means that children are learning experientially about sustainability
as it applies both to building construction and creation of a safe, natural habitat for
endangered wildlife. In turn, their learning reaches into their families and wider
neighbourhood.
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Both projects enable reciprocation of learning, as proposed by Parnell (12). Architects of the
music centre and staff at the school maintain that their knowledge and awareness has
increased and their behaviour changed as a result of community participation (including
children and youth). Also noted, in agreement with Uttke (11), was that the projects
encouraged development of ‘soft skills’ in participants such as leadership, working in teams
and communication of ideas (eg giving presentations). This highlights the added currency
due to projects being relevant and authentic. In conclusion, this paper makes a strong case for
the value of investigating social examples of sustainable building. In particular to see if
projects that are action-oriented and participatory lead to community empowerment through
learning transformations that promote sustainability as a way of life and socialisation. One
that integrates nature, science and technology. It is suggested these examples may be future
best practice for creating enduring sustainable buildings and landscapes, especially as cities
expand and infill, and communities become more diverse and incoherent. In answer to the
conference theme question - are we moving as fast as we should? Maybe not, but it is up to
us to take time to involve people and communities with sustainable building in a fundamental
way, in the knowledge that these outcomes may have a permanent effect, since good things
take time.
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Abstract
The recent crisis revealed certain failures in the way to plan and manage the public spaces of the
cities. In addition to the excesses that a too vertical, "technical", and guided by essentially economic
expectations planning has revealed in many Spanish cities, the same cities have been constructed
during this time , in contrast to how they were historically built on the past, as a reality designed from
planning and technique, but practically without any intervention of its citizens.
The crisis context however has been positive to enliven the critical spirit among the population,
promoting that various groups and associations demand a more active role in shaping their vital
environment and, in particular, in the design and use of public space. The paper presents the project
“Madrid Urban Stewardship” (MUS), as a part of this global trend. MUS is an initiative of a group
of technicians that pretend to give a formal runway, -via digital and web platforms, and conclusion of
meetings between the parts- to the proposals and demands of the associations of citizens for
developing several activities of public interest over vacant or unused urban spaces.
Urban Stewardship intends therefore to serve as a meeting point between the demands of citizens, on
one hand, and the potential of the urban environment that Public Administration has not been able to
develop yet, on the other.
Keywords: urban stewardship, sustainable planning, collective mapping, temporary projects, citizen
empowerment
Context and problem

The current crisis situation has revealed certain failures in the previous urban planning model;
two remarkable of these failures are the problems of many municipalities for the maintenance
of public spaces, gardens etc., as well as a great disconnection between citizenship in respect
to the construction of their living environment in the cities (MUÑOZ, F. 2008).
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In those current urban dynamics, vacant spaces are a permanent reality: even though they
periodically change their status, it remains a constant significant proportion of them in urban
areas, particularly in the outskirts of the cities (BELLET S., 2013). In addition, there are
certain activities and unmet aspirations in an increasingly static citizenship, requiring spaces
and favorable circumstances for its realization. For example, pedestrian areas, bicycle
services, playgrounds for children and third age, urban agriculture, cultural and group
activities etc. (MORÁN N., 2009).
Both aspects constitute together an opportunity for the renewal of our cities. But it is
necessary to formalize concrete proposals which involve citizens, as real active agents in the
construction and management of public space, and vacant places related to the public space of
the cities.
In this context it is precisely that many civic groups, architects etc. have retaken with intensity
a more spontaneous, collective and even temporary way of act in the neighbourhoods and
empty urban places, activity that in fact is part of a long tradition of collaborative urban
management proposals. Some of the most significant in recent times are the proposals of
“autobarrios” by Basurama collective for Villaverde, Madrid; or the Plan of urban local
developing of the municipality of El Haltillo, Caracas, Venezuela, called "From urban
planning policy to communication planning" (LÓPEZ, 2012).
Urban Stewardship, the project presented in this article, pretends to serve, in the same
direction, as a technical link between the population and their aspirations, and the spaces and
heritage under public administration control, necessary to carry them out. Therefore, it seeks
to give that small but essential step that makes the proposals of the citizenship real and
feasible, and that guarantees the demands of legality, fairness and security of the city
councils.
What Urban Stewardship is, an how it was born
Madrid urban stewardship is an initiative that intends to involve the population in the
conformation of the public space. It aims to assemble a network of ideas and proposals that
will become projects of intervention through a technical process (OCHOA y GÓMEZ, 2013).
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Fig. 1. Main issues of Urban Stewardship

Urban Stewardship project is promoted by a group of geography, architecture and
environmental-sciences professionals.
It came out when the situation of crisis was identified as an area of opportunities, in which the
collaboration and agreements, as well as a real, physical, participation of involved individuals,
are what really promotes a more committed and sustainable city, that can even save on
resources. The idea of custody agreements, in turn, comes largely from the concept, already
with a long-travel, of land stewardship (PRIORE, 2004).
Madrid Urban Stewardship, as has been said, essentially works over two components: first,
urban wilderness, close-to-infrastructure vacant urban spaces, abandoned heritage; and
second, activities demanded by the population of the cities.
Methods
What the process is
First, the objective is to generate an intersection between available spaces and popular
demanded activities, estimating the most suitable activity for each space. Therefore the
technical process relates spaces with activities through the generation of proposals such as
urban gardens, parks, temporary events, bike use services, routes, heritage and degradedspaces recovery.
The best proposals become drafts with an estimated budget, from which funding will be seek
from sources such as the town councils, private foundations, or well, if possible, they will be
self-constructed.
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How is it involved
In two main ways: online, through a web platform, in which the citizen provides images,
description, and location of his proposal, or on-site in the neighborhoods, through formal
meetings, with both associations or individuals.
In addition, a mobile application is being developed, with the intention of allow the
introduction of information on hand of own workers and citizens, and the consultation of
these data by the citizens or the Administration responsible of planning (CUmapp).

Fig 2. “Spaces plus activities”, the two main elements to work with in the project

How this could benefit to the Councils and citizenship
Giving them facilities to regenerate the urban environment through participation, and
relieving maintenance costs, as well as providing an operational urban viewer as a tool in real
time An objective too is to make the citizens responsible of the care of their environment, and
to allow them to participate and have a more responsible and creative way on the construction
of urban space.
Get to work, 1: urban stewardship in Villaverde, Madrid. (References1)
With the support of the Think Big Foundation for youth entrepreneurship, the project was
launched during 2013 in two locations in the city of Madrid: the districts of Villaverde and
Tetuán. In the first case, the location was the neighborhood of Los Rosales, Villaverde, in the
South of the city. Processes followed to date were the next ones:
Social mapping of the district
The process began with the identification of social associations in the district and its location
on a map, as well as their contact details. An inventory of public or underutilized assets was
made too during this phase.
1

To see the references to background work and planning context to which the proposal is associated to, see
paragraph: References, at the end.

4309

ISBN: 978-84-697-1815-5

Fig 3. A list with the different phases of the work in Villaverde

Meetings presenting the association and initiative
Calls and visits to the different groups and relevant stakeholders came next, presenting the
initiative and exposing the objectives and the role of the citizens to the main involved
stakeholders.
Inventory of vacant spaces
Development of a digital mapping of the vacant spaces. This effort required a technical
process supported by GIS digital tools, combined with a detailed field work.

Fig. 4. Mapping the district. Los Rosales, Villaverde

Workshops and participatory mapping
It was the most important part: two sessions of two hours each, the first aimed to the
elaboration of a common map of the neighborhood. The results have led to differentiated
landscapes units, supported in most of the cases in the roads that constitute the main barriers,
and to identify the different episodes of urbanization, manifested in the sets of blocks in
which these urban landscape units are grouped.
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Fig. 5. Mapping the district. Los Rosales, Villaverde

Brainstorming of proposals for the neighborhood.
All the analysis carried out through the mapping was an intermediate step toward the real
goal: “what can we do, as neighbors, to improve our neighborhood?” This question eliminated
many of the problems identified and focused attention to those whose solution depended not
on the public administration but on the own neighbors.
Contact with the owners of the spaces.
At this point the project stands currently, in the absence of a strong-enough neighborhood
movement to move forward with the projects. A series of external-to-the-project phenomena
have hindered the continuity of it. So the focus gets now on continuing working in the
network of contacts within the district and the rest of the city.
Get to work 2: Urban Stewardship in Tetuan, Madrid
The development of the project in the District of Almenara in Tetuan, Madrid, has followed
similar ways as the one of Villaverde. The associations were identified through a digital
mapping, but in this case a special emphasis -given by the configuration of the neighborhood's
strong transition between old buildings and new urban projects, leaving many empty lots- was
given to the identification of urban gaps and to a series of citizen movements that already
were taking place in a very active neighborhood, popular but especially aware with its
environment, respect to what is usual in the rest of the districts of the city.
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Fig.6. Interactive map of the project in Almenara, Tetuán district, Madrid.

In this sense, Urban Stewardship has joined the collective initiative "Tetuan Urban
Landscape", together with some associations and groups, that altogether seek the formulation
of proposals for temporary activities involving the residents, on several empty lots in the
district.
Get to work 3: MUS application for mobiles: CU Mapp
Within the “Build” phase of the “Think Big” program, as a selected project, Urban
Stewardship is currently developing a project for a mobile application. CU Mapp in essence
consists in an interactive application of mapping that allows the user to know urban proposals
from its surroundings, and at the same time to be a shareholder through his personal
contribution, generating thus an interactive map collectively built between all users of the
application.

Fig. 7. Screen capture of CU Mapp

The objective is the creation of an urban observatory that collects on interactive maps the
activities and projects of the neighborhoods, so that any person or professional can have realtime information from those, of great value for planners and an opportunity to report and
interact with neighborhoods.
Get to work 4: Laboratory of urban projects
In parallel, urban stewardship professionals have been developing several projects related to
main MUS urban issues of action, which can be considered as pilot projects for future
proposals.
The genesis of the projects is related to past works or proposals presented to promoters,
associations or councils, as initiatives of the members of Urban Stewardship that are currently
in process or just didn’t go forward at their time.
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Fig. 8. “Cultural center in the open air”, and urban and leisure gardens in Fuencarral. Madrid

Some of these projects are: a "cultural center in the open air", in which the concept of culture
extends to the works of agriculture, urban gardening, renewable energies or self-management
of resources and waste. The proposal of "temporary gardens" to occupy vacancy urban spaces,
in which a low impact and maintenance gardening it’s promoted, using the flora of the place
itself. And a project of a space for urban orchards, developed for public administration in the
Fuencarral district, in Madrid. These projects are handled as a background available to be
applied in the future.

Fig. 9. "Temporary gardens", developed for Madrid Think Tank

Conclusions. (Results and outcomes)
Urban Stewardship is part of a current trend of several groups and initiatives that pretend a
more participatory and “alive” city. For this purpose it is necessary to develop new channels
for the generation of the city, that do not exclusively depend on administration and its too
"technical" planning -for example reflected in the recent urban developments in Spain:
oversized, cold, "closed", with a few intervention of the citizens in their construction.
Urban Stewardship aims therefore, ultimately, to “revive” these public spaces, through an
active, not merely instrumental, public participation.
In a year and a half of life, MUS has developed a series of activities leading to this object on
several fronts:
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-

-

Development of methodological work in two neighbourhoods of Madrid, leading to the
formalization of proposals and achievement of custody agreements. They both are in the try to
complete this latest phase.
Development of a mobile phone application that aims to gather information relating to
neighbourhoods, for individuals and public administrations use (CUMapp).
Development of pilot projects, and collaboration in collective mapping with other associations
and groups of architects.
Disclosure through publications, conferences, and participation in tenders. Urban Stewardship
has been finalist of the competitions “The world you like” and “E-clic”, both promoted by the
European Union. As well as is currently a proposed finalist of Think Big contest, by the
Fundación Telefónica.
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Abstract: The understanding and assessement of urban complexity from the approach of Urban
Quality of Life is essential in order to achieve more sustainable cities, as the perception of citizens is
incorporated in urban analysis. This new form of urban study must rely on ICT and GIT technologies,
since they enable the gathering and managing of a considerable amount of data that will help
characterize urban reality, and more specifically on GIS, due to their potential as a comunication and
dissemination tool for the results and the new forms of public participation they can encourage.
The article reflects on the (necessary) evolution of urban analysis methodologies: several examples of
urban studies accomplished through GIS implementation are presented and some interesting
applications of ICT in urban management are identified. Hence, the way of understanding cities is
changing and analysis, decision-making and management processes must adapt to these changes.
Key words: Urban Quality of Life, Urban Management, ICT, GIS.

Introduction
The urban sustainability approach and the growing recognition of public participation
processes, which serve as the basis for an appropriate urban management, call for the
development of new urban analysis tools that will help turn the citizen into the core of the
management of cities, understood as a combination of interrelated and dependent elements (a
complex system).
Quality of Urban Life represents an inclusive concept of that complexity; it makes possible to
integrate qualitative aspects into the analysis and features citizens as key components of it. On
the other hand, the development of Geographic Information Systems and other technologies
are leading to changes in urban understanding, representation and analysis, close to this
approach.
In the article new technologies for urban management emerged over the last years are
discussed, in addition to their enormous potential to develop new urban analysis
methodologies that consider cities as complex and dynamic spaces and add public
participation throughout the analysis process.
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Urban analysis in the information age
Although the idea of Smart-City as a synonym of sustainable city may be questionable (the
widespread use of technologies into the city is unclear) it is a very interesting concept as it
aims to maximize the potential of new technologies in order to mitigate urban issues and
ensure livability in cities.
Smart-Cities are based on the idea that urban strategies require deep environmental
knowledge and this can only be achieved by means of computer technologies. Some of the
key principles include the need for monitoring urban infrastructures in real time (transport,
water, energy) and to combine ICT and web 2.0 technology in order to optimize management
and decision-making processes and provide innovative solutions, adapted to urban
complexity, with ease. Therefore the key component of this iniciative is the use of smart
computer technologies for urban management improvement by intensive monitoring of urban
environment.
This idea about the need for monitoring urban reality is not a new concept (urban indicators
have a long history of use in order to characterize the most relevant urban factors and to
evaluate their evolution throughout time) but until recently it was inconceivable that such a
large amount of information would be avaliable.
From an interdisciplinary approach, cities are complex and dynamic entities and thus new
analysis tools, that are able to generate the data needed to characterize urban reality as optimal
as possible, are required. Accordingly, real time monitoring as proposed in Smart Cities offers
an interesting reference, even if it does not resolve how to integrate qualitative aspects into
the monitoring process.
On the other hand, that information must be integrated and combinated for quality urban
knowledge generation. In this respect, it is worth mentioning the importance of new
Geographic Information Technologies (GIT) in the efficient management of the enormous
volume of data to cope with. GIT are a set of specialized ICT (Information and
Communication Technologies) used as a support tool to collect, manage and analyze
georreferenced data that enable spatial information visualization and facilitate their
communication, dissemination and exchange. The most prominent technologies among GIT
nowadays are remote-sensing technologies (RS), the Global Positioning Systems (GPS) and
Geographic Information Systems (GIS). GIS, in particular, present an enormous potential for
urban analysis due to their capacity to combine information in different layers and study the
relation between them.
Urban studies using GIS technologies
GIS technologies are currently used in any discipline that requires the combination of
cartographic maps and databases: cadastral management, urban transport modeling,
infrastructure planning, study of natural hazards... The following examples illustrate some of
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the utilities of GIS for managing and interpreting information (objective and / or subjective)
in different urban studies.
Assessment of the quality of the housing stock by multicriteria evaluation techniques and
geographic information systems (2011). Garcia-Almirall, M. P., & García Vaquero, P. [1]:
The aim is to identify the level of degradation of the living conditions in Barcelona,
conducted by indicators obtained from the INE and the cadastre which were spatially
represented by GIS. Among the data provided by the INE the following parameters are
considered: accessibility to buildings, lack of running water, age of the building, conservation,
the existence of sink inside the house ... Residential land plots with over 40 m² dedicated to
industrial uses, existence of below-ground residential use and substandard housing indicator,
were some of the data, among others, provided by the cadastre. Combining techniques of
Multi Criteria Evaluation and GIS technology the results for each indicator are calculated and
represented by thematic maps and the areas with the highest proportion of substandard
housing are identified (by weighting indicators).
The salzburg quality of urban life study with GIS support. (2011). Keul, A. G., & Prinz, T.
[2]: It relies on a bottom-up strategy. Through door to door interviews, data were obtained on
the perception of the quality of urban life in several districts of Salzburg that were obtained,
such as housing satisfaction, the sense of security or perception quality of life. Responses
from neighbors were geolocated and analyzed using a geographic information system, which
enabled to establish relationships between the subjective aspects analyzed; for example, the
feeling of safety increased with familiarity with neighbors, and housing satisfaction increased
in relation to the years that they had been living in the area. These subjective aspects were
also related to objective aspects: people living in apartment blocks were less satisfied with
their quality of life than those living in townhouses. In terms of gender and age, women
perceived a better quality of urban life than men, and older people were more satisfied than
younger ones.
Using GIS to derive region-wide patterns of quality of urban life dimensions: Illustrated with
data from the brisbane-SEQ region. (2011). Chhetri, P., Stimson, R., & Western, J. [3]: This
study aimed to analyze the attractiveness of the neighborhoods in the vicinity of Brisbane, to
try to establish a pattern when choosing the location of housing. Surveys to neighbors about
quality of life are combined with objective measures of environmental characteristics, and
then implemented by SIG. The indicators (or subjective variables) selected included:
proximity to family and friends, short distances to parks, schools, shopping and work and
feeling familiar with the area. Subsequently objective indicators that reflect these subjective
aspects were sought. Some indicators refering proximity to services were readily determined
using GIS. Others, such as "proximity to friends and family" were replaced with available
data taken from official surveys (in this case, the percentage of people visiting others in the
same suburb). Through GIS, thematic maps of the distribution of each variable considered
were obtained and a pattern on how the residents of Brisbane chose the location of housing
was set.
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The above examples show that GIS is a useful tool to manage large amount of data and
facilitate the integrated analysis of them, but do not pose a substantial contribution from a
methodological point of view. The form of data collection and consideration of public
perceptions respond to conventional approaches. However, the enormous potential of GIS for
urban analysis and the ICT revolution raises the need for an evolution also in urban analysis
methodologies, that must adapt to the possibilities these technologies offer.
Towards a new use of GIS
The widespread use of ICT has changed our lifestyle, the places we live and how we relate to
people; it has changed the emotional, spatial and temporal dimension in which we live and
work. The influence of the Internet and online culture is undeniable in many areas of society.
Over the years, the sophistication of the technology has increased just as it has the way we use
them in our daily lives. The evolution of new technologies and the spread of its use has also
brought about an evolution in SIG applications, thanks mainly to the widespread use of GPS
and Internet technologies, and the development of tools that have facilitated interoperability
between technologies, that is, "the ability to use various applications and data together so
that they can "understand" each other and there are no difficulties resulting from the use of
different formats or structures". (Olaya, V.,2011). [4]
It is essential to know the possible innovative uses of these technologies to understand the
potential that GIS can have for urban analysis. Some of the current trends in this field are
named below.
The third dimension (3D GIS).
The addition of the third dimension in the representation of urban models reflects a
recognizable environment for everyone (not just experts) and converts that representation in a
communication and dissemination tool. It also facilitates the understanding of the relationship
between the non-geometric data associated with urban objects. From a systemic approach this
consideration of urban reality (also in height) is essential.
The use of 3D GIS technology is now extending to analyze urban issues such as sun exposure
of facades, visual quality (visibility of close and remote objects), analysis of wind flows in
urban environments or the study of air quality and human exposure.
The study "Assessment of visual landscape for large areas using GIS, internet surveys and
statistical methodologies" (Roth, M., & Gruehn, D., 2012) [5] is based on an assessment of
landscape quality in large areas from Germany, by using internet surveys, GIS and statistical
methodologies. The process followed was: photos of the area were taken with physical
components that could evoke scenic quality (relief, vegetation, water bodies...). These images
were integrated into a GIS in 3D together with other geo-data, which enabled to build a model
that could reproduce the elements in each photo viewed from the exact point where it had
been taken. The study participants visualized models and performed an online survey
regarding quality components of the landscape that had perceived, such as visual diversity,
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distinctive elements, beauty etc . The results allowed to relate the objective components of the
landscape with the sensations they produce in people, and conduct a statistical model for the
development of a map of scenic quality of the landscape on a larger scale.
Data inventory
Data or urban information collection is one of the most important aspects for the
implementation of these technologies and often supposes the main problem in the
implementation of projects using GIS. Data quality is essential, thus the information must be
current, trustworthy and available in a user-friendly format. Most existing geographic data are
generated by state agencies, although it is also possible to obtain data locally for a specific
project.
The systemic and dynamic approach to the city requires a large amount of urban information;
it involves the shift to detailing urban environment, to give rise to new levels of complexity.
While aerial images can determine quite accurately the shape of the ground and height of the
decks and facilitates extrusion of the 2D model generated, it is the land and panoramic images
that provide more reliable details about soil, vegetation, details facades, urban furniture...
In this regard, a number of technologies have been developed for urban detailed inventorying,
alternative to traditional media (based on surveying with GPS and characterization of urban
elements in the field phase), such as Mobile Mapping.
The Mobile mapping involves carrying inventory by capturing reality with 3D scanners and
panoramic photographs. In a single output a massive catch of information is done, which will
allow the geometric positioning and subsequent characterization of the elements from the
office; indeed, infinite inventories can be perform with this one data collection.
Real-time urban monitoring
Today, thanks to the Internet virtually any kind of information can be shared and exchanged.
We have acces to a large amount of information, from tourist information to the so-called
voluntareered geographic information or other user-created content. From this interaction
between the urban environment and new technologies, new alternative forms for urban
knowledge creation appear. The internet devices allow to produce information in different
formats: images, video, text... In this context, an emerging concept is the so-called "Internet of
Things" (IoT).
The concept "Internet of Things" involves the extension of Internet to the real world of
physical objects. It suggests that in a future scenario, any device or object (any lamppost,
building, ...) will have a unique identifier on the Internet that will allow them to communicate
and transmit information in real time. For this reason, IoT is considered to have an enormous
capacity to improve the lives of citizens in many areas such as health, education, innovation ,
transport, security... The billions of sensors, devices and objects interconnected that make up
the network of the Internet of Things can radically transform urban management processes.
5319

ISBN: 978-84-697-1815-5

With minimal power consumption, these devices (integrated into the urban furniture, for
example) may have multiple applications: Citizens can view the current and past state, for
example, of levels of CO₂, noise or any other incident in the pollution through some official
website and / or public media in the city. They could also learn about the weather, traffic or
other services with the useful information generated.
The neocartography: Participatory Mapping and Gis 2.0
An alternative way of creating urban knowledge has emerged. The internet devices allow to
produce information in the form of images, video, text... thus users become not only
consumers but also creators of information. Social and technological innovations have led to
changes in these practices, and at present, non-expert users can perform mapping activities
through the use of various technological devices and simple applications of Web-based
mapping, printing on the representation of the urban space their own vision of it. Thanks to
the Internet new ways to generate information about the land have been created on the land,
these data being voluntary and based on the co-production between users (crowdsourcing) .
These iniciatives are called mapping or participatory mapping. A clear example of this type of
initiative is the Open Street Map project, based on a collaborative model and the geopositioning data collected by GPS .
Other interesting examples: "FixMyStreet" (Great Britain) and its Spanish counterpart
"Arreglamicalle" provide a space in which citizens inform and exchange information on the
state of the city, specifically of the streets and public spaces. Reviews and photos can be
shared and positioned on a map.
There are also projects that integrate GIS technology with these concepts of collaborative
online; they are called 2.0 GIS or GIS "wikification". These projects are based on the
integration of expert knowledge and the one coming from the voluntary and mass
collaboration, with the aim to decentralize and democratize the construction of urban
knowledge.
Conclusions
An evolution in the use of GIS for urban reality analysis is occurring thanks to the
development of ICT and TIG technologies and the massive use of the Internet. Technologies
for the inventory of urban elements that allow to emerge a greater degree of detail. This
increase in the level of detail is also favored by the use of 3D cartography, which becomes a
legible communication and dissemination tool of urban knowledge. The term "Internet of
Things" and intensive monitoring of urban phenomena allow the development of strategies for
more effective management of city and accelerate response times. Door to door surveys and
online questionnaires to ascertain the perception of citizens are complemented by
collaborative mapping initiatives. All this turns GIS technologies into a very interesting tool
for achieving urban management processes based on sustainability, urban quality of life and a
better and greater public participation.
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Abstract: The Comprehensive Assessment System for Built Environment Efficiency (CASBEECity) is a tool specifically designed for comprehensive city-scale assessment. CASBEE-City
was first published in Japan in 2011 and a revised version was published in 2012. This study
examines the effectiveness of the CASBEE-City tool by statistically examining the relation
between results of an objective CASBEE-City assessment, which was based on public
statistical information, and a subjective assessment, which was carried out by a nationwide
questionnaire survey of citizen satisfaction. Regression analysis reveals clear relations
between the subjective and objective assessment results. Scatter plots, with objective data on
the horizontal axis and subjective data on the vertical axis, were produced for each CASBEECity indicator. Most of the results showed a high coefficient of determination (between 0.5
and 0.8), which shows the tool’s effectiveness.
Keywords, CASBEE, sustainability assessment of cities, questionnaire survey, public
statistical information, citizen satisfaction
1. Introduction
Assessing the performance of municipalities is important for local governments in order to
understand the actual conditions of their cities, towns, and villages (hereinafter,
municipalities) and to assist in determining effective measures for sustainable development.
Many assessment indicators and tools for municipalities have been developed to support these
goals. The International Organization for Standardization (ISO) has also established a
technical committee to gather information about tools for urban sustainable development [1].
These assessment indicators and tools provide valuable information and facilitate
understanding of the actual local conditions. However, most of these indicators and tools are
published without confirming their effectiveness or comparing their actual and projected
performance. It is essential to verify these tools from an academic perspective to accelerate
sustainable development at the city level. Therefore, this study aims to examine the
effectiveness of one city-scale assessment tool and to judge whether it is of practical use.
2. Study method
This study focuses on the Comprehensive Assessment System for Built Environment
Efficiency (CASBEE) tool, also known as “CASBEE for Cities” (hereinafter referred to as
CASBEE-City). The tool was designed specifically for city assessment and developed in
close cooperation with the central government and local governments in Japan. The tool
supports local governments and other stakeholders in identifying environmental, social, and
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economic characteristics of their cities and in quantifying the effectiveness of city policies.
Development of the initial version of the tool began in 2008 and it was released in 2011 after
extensive discussion among experts in the field [2][3]. A second, revised version was released
in 2012 offering improvements developed by incorporating suggested revisions [4]. One
result of these improvements is the organization of the assessment items as shown in Table 1.
Table 1. Assessment items of CASBEE-City
Major and minor categories

Sub-categories

Assessment indicators

Unit

Q1. Environmental aspects
Q1.1 Nature conservation

Q1.1.1 Ratio of green and water spaces
Q1.2.1 Atmosphere quality

Q1.2 Local environment
Q1.2.2 Water quality
Q1.3 Resource recycling

Q1.3.1 Recycling rate of general waste

Q1.4 CO2 sinks

Q1.4.1 CO2 absorption by forests

(Forest areas + major lake areas)/
total land area
Number of days in which the hourly
concentration of photochemicals during
the day is 0.12 ppm or higher (average)
75% of average daily biochemical oxygen
demand (BOD) in rivers
Recycling rate of general waste
(Current forest area ·unit of absorption)/
adjusted population

%
day
mg/l
%
t-CO2/person

Q2. Social aspects
Q2.1.1 Quality of housing
Q2.1.2 Traffic safety
Q2.1 Living environment

Q2.1.3 Crime prevention

Quality (Q)

Q2.1.4 Disaster preparedness
Q2.2.1 Adequacy of education services
Q2.2.2 Adequacy of cultural services
Q2.2 Social services

Q2.2.3 Adequacy of medical services
Q2.2.4 Adequacy of childcare services

Q2.3 Social vitality

Q2.2.5 Adequacy of services for the
elderly
Q2.3.1 Rate of population change due to
births & deaths
Q2.3.2 Rate of population change due to
migration

Total floor area per dwelling unit
m2
Number of traffic accidents/
number/
adjusted population
1,000 people
Number of crimes recorded/
number/
adjusted population
1,000 people
Number of disaster response hospitals per
number/
100,000 persons
100,000 people
(Number of students/number of teachers)
at elementary and junior high schools
(Number of community centres + number
number/10 km2
of libraries)/land area of municipality
number/
Number of doctors/adjusted population
1,000 people
Number of childcare facilities/
number/
pre-school population (aged 0– 4 years)
100 people
Number of senior care facilities/
number/
senior population (aged ≥65 years)
1,000 people
(Number of births – number of
%
deaths)/total population
(Number of move-ins – number of move%
outs)/total population

Q3. Economic aspects
Q3.1 Industrial vitality

Q3.2 Financial viability

Q3.1.1 Amount equivalent to
gross regional product
Q3.2.1 Tax revenue
Q3.2.2 Outstanding local bonds

Q3.3 Emissions trading

Q3.3.1 Emissions trading

(Agricultural output + value of
manufactured goods shipments + sales of
commercial goods)/adjusted population
Tax revenues of the local
government/adjusted population
Real debt service ratio
Presence or absence of an
emissions trading scheme

Environmental load (L)

L1. CO2 emissions from energy sources
L1.1 Industrial sector
CO2 emissions from industrial sector/adjusted population
L1.2 Residential sector
CO2 emissions from residential sector/adjusted population
L1.3 Commercial sector
CO2 emissions from commercial sector/adjusted population
L1.4 Transportation sector CO2 emissions from transportation sector/adjusted population
L2. CO2 emissions from non-energy sources
L2.1 Waste disposal sector
CO2 emissions from waste disposal sector and others/adjusted population
and others
Note: Adjusted population is calculated as (nighttime population + daytime population) / 2

1,000,000
Yen/person
10,000
Yen/person
%
t-CO2/person
t-CO2/person
t-CO2/person
t-CO2/person
t-CO2/person
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A feasibility study on CASBEE-City was conducted by applying the tool to a nationwide
municipality assessment in Japan [5]. Figure 1 shows the results of the assessment in terms of
the objective environmental, social, and economic conditions of whole municipalities in
Japan. Municipalities with darker shading have better assessment results compared with
municipalities with lighter shading. The questions that are likely to arise here are as follows.
Do citizens in cities with good assessment results feel comfortable about their cities? Do
citizens in cities with bad assessment results demand improvements in city performance? To
answer these questions, a questionnaire survey targeting citizens throughout Japan was
conducted and the collected subjective data were compared with the objective assessment
results delivered by the tool.

Results for Q1
Good

90-100% (0.75 ≤ x < 0.92)
80-90% (0.67 ≤ x < 0.75)
70-80% (0.61 ≤ x < 0.67)
60-70% (0.54 ≤ x < 0.61)
50-60% (0.49 ≤ x < 0.54)
40-50% (0.43 ≤ x < 0.49)
30-40% (0.38 ≤ x < 0.43)
20-30% (0.31 ≤ x < 0.38)
10-20% (0.24 ≤ x < 0.31)

Poor

0-10%

(0.06 ≤ x < 0.24)

Results for Q2
Good

90-100% (0.59 ≤ x < 0.72)
80-90% (0.55 ≤ x < 0.59)
70-80% (0.53 ≤ x < 0.55)
60-70% (0.51 ≤ x < 0.53)
50-60% (0.49 ≤ x < 0.51)
40-50% (0.47 ≤ x < 0.49)
30-40% (0.44 ≤ x < 0.47)
20-30% (0.42 ≤ x < 0.44)
10-20% (0.39 ≤ x < 0.42)

Poor

0-10%

(0.25 ≤ x < 0.39)

Results for Q3
Good

90-100% (0.80 ≤ x < 0.99)
80-90% (0.72 ≤ x < 0.80)
70-80% (0.65 ≤ x < 0.72)
60-70% (0.59 ≤ x < 0.65)
50-60% (0.51 ≤ x < 0.59)
40-50% (0.44 ≤ x < 0.51)
30-40% (0.38 ≤ x < 0.44)
20-30% (0.31 ≤ x < 0.38)
10-20% (0.23 ≤ x < 0.31)

Poor

0-10%

(0.02 ≤ x < 0.23)

Figure 1. Assessment results of all local governments in Japan. Top: Q1(environmental aspects); middle: Q2
(social aspects); bottom: Q3(economic aspects).
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An online questionnaire survey was conducted during 20–26 November 2012. The
questionnaire was widely distributed across Japan to residents who were at least 15 years old.
To prevent data bias, the questionnaire was carefully distributed to males and females in a
wide age range. Individuals were divided into six groups by gender and age. The
questionnaire was also carefully distributed to municipalities of all different sizes across
Japan. Municipalities were divided into three groups by taking their administration level
(determined by the local autonomy law of Japan) into account. Large cities include
government ordinance cities and the 23 special wards of Tokyo. Medium cities include core
cities and special cities. Small municipalities include other small towns and villages.
Respondents were asked to list their satisfaction level with their municipality for each aspect
(based on the subcategory items of the CASBEE-City tool). Satisfaction level was provided
on a 100-point scale with 0 points representing extreme dissatisfaction, 50 points representing
a neutral option, and 100 points representing complete satisfaction.
Approximately 100 responses were collected from each municipality so that the results for
average citizen satisfaction obtained on the survey would be representative. In total, 12,630
valid responses were collected from the survey, as shown in Table 2.
Table 2. Overview of collected response
Number of respondents (%)
Age (years)
Male / Female

Size of municipalities

Number of respondents (%)

15-29

1,180 / 1,260
(9.3%) (10.0%)

Large

2,261 (17.9%)

30-49

2,517 / 2,556
(19.9%) (20.2%)

Medium

8,101 (64.1%)

≥50

2,552 / 2,565
(20.2%) (20.3%)

Small

2,268 (18.0%)

Total

12,630 (100%)

Total

12,630 (100%)

Regression analysis was conducted to quantify the relation between citizen satisfaction level
and the actual performance of municipalities. The average satisfaction level was also
calculated for each assessment item for each municipality so that we can identify which
municipalities have succeeded or failed in satisfying their citizens. Scatter plots, with
objective data on the horizontal axis and subjective data on the vertical axis, were also
produced for each CASBEE-City indicator to visualize those relations.
3. Results
By regression analysis, clear relations were found between the subjective data (level of citizen
satisfaction with their municipalities) and the objective assessment results from the CASBEECity tool. Table 3 shows the results of the regression analysis for each assessment item. Most
of the results showed a high coefficient of determination (between 0.5 and 0.8), which
verified the tool’s effectiveness. Figure 2 shows examples of scatter plots produced. It is
clearly demonstrated that citizens who live in better circumstances, as measured on the
CASBEE-City tool, tend to have higher satisfaction levels with their municipalities.
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Table 3. Results of regression analysis by each assessment item
Q1.
Environmen
tal aspects

Major
category

Minor category

Sub-category

Q1.1 Nature conservation

Q1.1.1 Ratio of green and water spaces
Q1.2.1 Atmosphere quality
Q1.2.2 Water quality
Q1.3.1 Recycling rate of general waste
Q1.4.1 CO2 absorption by forests
Q2.1.1 Quality of housing
Q2.1.2 Traffic safety
Q2.1.3 Crime prevention
Q2.1.4 Disaster preparedness
Q2.2.1 Adequacy of education services
Q2.2.2 Adequacy of cultural services
Q2.2.3 Adequacy of medical services
Q2.2.4 Adequacy of childcare services
Q2.2.5 Adequacy of services for the elderly
Q2.3.1 Rate of population change due to
births & deaths
Q2.3.2 Rate of population change due to
migration
Q3.1.1 Amount equivalent to GRP
Q3.2.1 Tax revenue
Q3.2.2 Outstanding local bonds
Q3.3.1 Emissions trading

Q1.2 Local environment
Q1.3 Resource recycling
Q1.4 CO2 sinks

Quality (Q)

Q2. Social aspects

Q2.1 Living environment

Q2.2 Social services

Q3.
Economic
aspects

Q2.3 Social vitality
Q3.1 Industrial vitality
Q3.2 Financial viability

Q3.3 Emissions trading
Total Quality Score

A single plot represents a municipality

80

80

70

70

60
50
40
30

y = 19.5x + 46.0

0.636

y = -4.38x2 + 9.03x + 49.9

0.530

y = 15.6ln(x) + 20.1
y = -0.0211x2+2.57x+11.8
y = -23.5ln(x) + 103
－
y = 0.952x - 2.76

0.680
0.633
0.705
－
0.554

60
50
40
30
20

20
10

y = 0.245x + 44.9
R² = 0.681

0
0

Poor

20

40

60

80

Value of indicator (Objective data)

y = -22.7ln(x) + 94.3
R² = 0.776

10

Poor

0
0

100

5

Good

Good

10

15

20

25

30

35

Value of indicator (Objective data)

Poor

(Number of crimes recorded / adjusted population) [number / 1,000 people]
Good 100

((Forest areas + major lake areas) / Total land area) [%]

Good 100
90

90

80

80

70

70

Citizen satisfaction
(Subjective data)

Citizen satisfaction
(Subjective data)

0.681
0.626
0.610
0.741
0.479
0.744
0.753
0.776
0.621
0.274
0.724
0.587
0.576
0.608

90

Citizen satisfaction
(Subjective data)

Citizen satisfaction
(Subjective data)

90

60
50
40
30
20

60
50
40
y = 0.9518x - 2.756
R² = 0.5539

30
20

y = 15.6ln(x) + 20.1
R² = 0.680

10

Poor

y = 0.245x + 44.9
y = 64.7e-0.108x
y = -10.8ln(x) + 61.8
y = 0.951x + 25.6
y = -1.31x2 + 11.8x + 37.2
y = 0.387x + 9.49
y = -21.6ln(x) + 75.6
y = -22.7ln(x) + 94.3
y = 9.28ln(x) + 45.9
y = -20.4ln(x) + 95.5
y = 7.42ln(x) + 45.0
y = 16.4ln(x) + 37.9
y = 27.4x + 27.4
y = 15.0ln(x) + 53.7

Good 100

Good 100

Poor

R2
value

Estimated regression equation

10

Poor

0
0

Poor

10

20

30

Value of indicator (Objective data)

40

Good

(Amount equivalent to gross regional products) [1,000,000 Yen / person]

0
0

Poor

10

20

30

40

50

60

70

80

Value of indicator (Objective data)

90

100

Good

(Total Q score of CASBEE-City) [-]

Figure 2. Relation between CASBEE-City assessment result and citizen satisfaction (top left: survey result vs.
ratio of green and water spaces; top right: survey result vs. crime prevention; bottom left: survey result vs.
amount equivalent to gross regional product; bottom right: survey result vs. total Q score from CASBEE-City)
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4. Conclusions
The study examined the effectiveness of the CASBEE-City tool by collecting citizen
satisfaction data and conducting regression analysis to quanity the relation between citizen
satisfaction and the objective performance of municipalities in Japan. The results show that
there is a high corelation between the subjective assessment (the level of citizen satisfaction
with their municipalities) and the objective assessment (the assessment indicator values of
CASBEE-City), which provides evidence of the tool’s effectiveness. This is the main finding
of the study.
The next step for this line of study is to quantify the influence rate (i.e., the weights) of each
assessment item on the overall citizen satisfaction level to further accerelate the transitions to
a sustainable society. There may be other background factors that affect the citizen
satisfaction level but are not included in the tool at this moment, and it is highly important to
identify those factors. These are future challenges to be solved in the next steps of the study.
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Abstract: This paper presents and discusses a methodology for modelling energy and resource use of
urban building stocks. The methodology integrates and further develops methodologies for energy,
carbon and resource use analysis on building stocks with the aim of applying these to a case study of
the City of Gothenburg, Sweden. Integrating geographical information systems (GIS) in the
methodology for modeling of the building stock, allows assessment of the contribution and effect of
various strategies to meet environmental goals for municipalities, portfolio owners, such as housing
associations and institutional investors. The methodology identifies different development strategies
including various options for refurbishment, add-on and new construction, which are evaluated with
respect to their potential environmental impacts related to the life-cycle of the building, including
construction and end-of-life options.

Building stock modelling, LCA, EPC, GIS, carbon emissions, strategies
Background
The building sector is responsible for significant use of resources and energy and in many
regions this sector also contribute significantly to climate impact since the energy carriers
used for heating and cooling are often provided from fossil fuels (e.g. natural gas based
electricity for heating). The European Energy Performance of Buildings Directive adopted a
set of efficiency standards for both new and existing residential and commercial buildings [1,
2] and Swedish governmental policy aims at considerable reductions in energy use by 2020
and 2050 [3, 4]. However, it is not clear what robust options for transforming the building
stock towards meeting the energy and carbon goals are, i.e options which do not result in
lock-in effects. In addition, a thorough analysis of such options should take into account
environmental impacts considering the entire life-cycle of the buildings to avoid suboptimized development strategies when only emissions during the operation of buildings are
considered. Thus, the aim of the work presented in this paper is to develop a methodology,
which can analyse possibilities and potential for reducing the environmental impact of urban
building stocks. This is done by linking building stock modeling (BSM), Life cycle
assessment (LCA) and Geographical Information Systems (GIS) so as to form an integrated
methodology which take into account direct energy use and emissions together with life cycle
effects of the building materials as well as providing a spatial description and illustration of
the impact of various scenarios for (energetic) refurbishment, densification and replacement
in the building stock.
Building stock modeling (BSM) refers to the different modeling techniques used to model the
energy demand for parts of, or the entire building-stock in a specified area. BSM is applicable
for the existing building stock but can be applied to assess the impacts resulting from future
development options of the future building stock as well, considering various scenarios for
refurbishment, densification and replacement. The different modeling techniques commonly
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employed to assess the energy use of buildings are described in [5]. According to the
classification in [5], so-called bottom-up engineering models are the only ones suited to
evaluate the impact of new technologies and model interaction between end uses. Such
models are based on representative buildings, i.e. heat transfer and thermodynamic
relationships are used to explicitly account for the energy use of individual buildings that are
then extrapolated to represent the entire building stock by means of weighting coefficients.
Data used as input for bottom-up models include building properties such as geometry, Uvalues of individual components, climate data, indoor temperature requirements and
equipment use. In addition to the modelling of the energy use, when assessing development
options the inclusion of a life-cycle assessment is important and has been identified as lacking
in exiting analysis tools [6]. A recent development is spatial building stock modelling
(SBSM) where GIS data is included which has been used for analyzing of energy policy
scenarios in an urban context [7], assessing the heat island effect on energy demand [8] and
identifying and testing sustainable energy targets for building stocks [9].
The aim is to develope a methodology focusing on urban areas and to incorporating GIS data
to account for the distribution of buildings in specified areas within the urban setting as well
as to facilitate illustration of the results. The methodology is also expanded with a life-cycle
perspective through LCA to account for environmental impacts of the development strategies.
The main advantage of incorporating GIS in BSM is that not only can the model be used to
evaluate different technological solutions to improve energy efficiency and reduce
greenhouse-gas (GHG) emissions associated with the building stock but also to provide a link
between the building statistics and the spatial location of the different building types within
the urban setting. The inclusion of a life-cycle assessment when evaluating the environmental
impacts of refurbishment options is important as it obviously otherwise leads to an
overestimation of the environmental gains and lead to sub-optimized development strategies.
Methodology
This work takes departure in a previously developed building stock model (ECCABS [10])
which was successfully applied to evaluate the potentials and costs of different Energy
Conservation Measures (ECMs) applied to building stocks of different European countries
[11].The ECCABS building stock model represents a framework that allows a combination
(or choice) of different assessments at a reference-building level to be extrapolated to the
building-stock level for a different combination (or choice) of outputs. The assessment at the
building level currently includes energy use, indoor air environment, technical building
systems, and some on-site generation based on renewable energy systems. The variety of
outputs is presently tailored for investigations of indoor environment, energy system issues,
climate change mitigation, and policy targets. The ECCABS building stock model applies
archetype buildings for representing the existing building stock. The archetypes are obtained
from four steps [12]: segmentation (in which the number of archetypes building is decided),
characterization (in which the physical and technical properties of each archetype are
described), quantification (in which so-called weighting coefficients are calculated, that
2329

ISBN: 978-84-697-1815-5

represent the amount of buildings in the stock equal to each archetype) and validation of the
final energy demand in the building stock for a reference year. To validate the building stock
aggregation, the final energy demand is modelled using defined archetype buildings as input
to the model and comparing the results with corresponding values of energy use found in
national and international statistics for a particular reference year.
Spatial distribution
The quantification used in the above mentioned methodology is adapted to GIS data instead
of using weighting based on statistical data. In the methodology developed the archetypes are
spatially distributed by matching them to actual buildings. This requires data regarding the
spatial distribution of buildings within an area with adequate information so as to link the
buildings to an archetype building previously created. The ambiguous term “area” can refer to
different spatial resolutions ranging from individual neighborhoods to entire countries or
larger regions such as the European Union (EU). The information needed includes spatially
referenced floor area, building type and construction period. It is necessary to utilize multiple
data sources to distribute the buildings according to the archetype buildings created for which
GIS is used. The most basic form of geometry available in GIS-maps at a building level is the
footprint. As the total heated floor area (HFA) is needed for simulations, the height of the
building or the number of floors needs to be specified. For the case of Gothenburg, building
geometry, including the height of each individual building is provided from the City planning
office of Gothenburg [13] while building age and type is obtained from the property register.
A previously developed spatial BSM within the Smart Urban Adapt (SUA) project uses a
method where building geometry is specified for the archetype buildings using GIS-maps to
specify output area specific archetypes [7]. This reduces the computational time as each
building is represented by an average geometry based on its archetype while still retaining the
correct geometry and HFA of the total amount for each arhcetype within the desired output
level. The reduction in accuracy of using an average geometry compared to using each
individual building’s geometry been calculated and shows large deviations on a building level
[14]. To ensure the robustness of the results and to enable an evaluation of which
development strategies are suitable for specific buildings, the geometry of each individual
building is modeled.
Model validation and adjustment
As data may not be available regarding all parameters of the archetypes, the assumptions done
to overcome this issue need to be verified and adjusted. This is carried out by comparing
measured data to results from the simulated energy demand. For this purpose several
datasources are available. Data from energy performance certificates (EPC), which for
Sweden is based on measured energy use, is used to adjust assumptions in the model. The
EPCs are provided by the Swedish National Board of Housing, Building and Planning [15].
The EPC data contains spatially referenced information regarding measured energy use for
heating, hot water and property electricity as well as heated floor area, technical systems and
number of stories [15]. A second datasource for the measured energy use can be retrieved
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directly from the energy supply company with the consent from the property owner. This
information is used to validate that the archetype used to represent a particular building is
reasonable and to make adjustments where needed. The need to adjust the initial assumptions
regarding the technical state of a building stems from the fact that the current status of the
building is often not known. That is, past refurbishment may not be known as no official data
has been collected. Figure 1 below shows a simplified flowchart of the modeling procedure
and what data is included in the different parts as well as the iterative role of measured data. A
sensitivity analysis is performed as to determine to which degree the assumptions regarding
the technical state of the archetypes influence the model and its outcome, and especially in
connection to the with LCA analysis (see below).

Figure 1 Simplified modeling flowchart

Life-cycle assessment
The goal of the LCA component is to:
a) Convey that energy optimisation of the operation during the lifetime of a building might have an
"environmental cost" that has to be payed in terms of the use of natural resources, emissions, and waste
due to the production of a construction material or the shift towards another energy carrier.
b) Show environmental impacts over the entire life-cycle considering a spectrum of impact categories and
not only GHG emissions or a reduced final or primary energy demand for different development
strategies.
c) Show large property owners how to make priorities from a more extensive environmental point of view
within their specific building portfolio in order to develop this further with regards to what buildings to
target and what measures to take (refurbishment, new buildings, replacement buildings, additional top
units, change of energy supply system).

To achieve this, the starting point is an accounting type LCA for the baseline model of the
building stock. Development scenarios for refurbishment, add-ons and new construction are
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evaluated with respect to their environmental impact over the life-time of the buildings. As
one aim of the LCA is to to avoid-suboptimizing in the development strategies, the
environmental impact not only during the operation of the building but also the construction
and end-of-life including the manufacturing and transport of building material is considered.
Avoiding sub-optimization provides a possibility to do more with less which may also result
in a more economicly feasible solution. For existing buildings the geometry is known and as
such the amount of material needed for development strategies such as added wall insulation
can be calculated (in our case with the ECCABS model). Using a spatial component for all
buidlings enables the modelling of local energy supply mixes. Information regarding energy
and resource use as well as emissions in material manufacturing processes and the amount of
material needed for development strategies together with knowledge regarding emissions
resulting from the energy supply mix and waste management options forms the foundation for
the LCA. The functional unit is HFA and geographic boundaries are limited to those of the
City of Gothenburg. All processes regarding construction materials is considered, i.e from
extraction of raw materials over manufacturing to on-site assembly and lastly end of life
options, including all transport occurring between the different life cycle phases. As the
geographic boundaries are set to the City of Gothenburg, the local mix for district heating is
applied while electricity is based on a national production mix with regards to emissions.
Initially the following impact categories are considered in the LCA, although this will be
developed in collaboration with stakeholders:
•
•
•
•
•
•
•

Global warming potential (GWP)
Abiotic depletion potential (ADP)
Acidification
Eutrofication
Ozone depletion potential (ODP)
Human toxicity potential (HTP)
Ecotoxicity

To continue from impact categories to a weighting index has both advantages and
disadvantages. It is easier to convey the results of a LCA as an aggregated index, and
depending on the target audience it may be preferable to do so. On the other hand, weighting
methods are to some degree based on value-choices and are not scientifically based [15]. If a
weighting method is used, it is important to compare results from several methods to ascertain
the robustness of the modelling results. As both the energy demand side calculations as well
as parts in the LCA are subject to uncertainty, a Monte-Carlo based sensitivity analysis is
performed to distinguish what parameters have a large influence on results and to assess the
statistical likelyhood of development strategies having a positive environmental impact. At
present, there is a lack of consensus regarding how the choice of energy mix for the energy
carriers used in the building sector should be handled and as such, the impact of using a
marginal as well as an average approach is determined in the sensitivity analysis to ensure the
robustness of the results. A dominance analysis where the environmental impact of each
building in the stock is compared is conducted to distinguish what buildings have the largest
environmental impacts as to make priorities for refurbishment options.
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One possibility from applying the LCA in connection with GIS is that it makes possible a
local impact assessment. As the modelling is performed on a local scale with a local dataset,
the impact of emissions can be evaluated on a local level. To further enhance this possibility,
GIS can be used to visualize the local impact of different development strategies which may
help in conveying the results to stakeholders.
Conclusions
We have presented an initial modeling work with the aim to develop a methodological
framework for spatial modelling of energy and resource use of buildings in urbanized areas.
The methodology is based on integration of LCA and GIS analysis with anexisting building
stock modelling framework (ECCABS).
The next step is to complete the development of the modeling and apply it to a case study for
the City of Gothenburg (Sweden). We then expect to identify key issues in the steps required
for building stock aggregation, especially with respect to providing a building stock
aggregation which facilitates a relevant LCA analysis.
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Climate analysis of future scenarios for sustainable buildingsVisualizing climate data for architects and planners with
interactive ClimateTool
Speakers:
Liedl, Petra
The University of Texas at Austin, School of Architecture, Austin, USA
Abstract: Climatic and demographic changes characterize the 21st century. Proposed
climatic changes will influence building and room conditioning concepts of future building
and buildings built today have to consider different climate scenarios. Easy-to-use
ClimateTool has been further developed to provide climate analysis for measured data and
climate scenarios, based on the latest IPCC report 2013. Based on these scenarios users of
ClimateTool can visualize predicted climate change worldwide with world maps or for every
single location in terms of temperature, humidity and global radiation. Preliminary studies
related to passive room conditioning strategies and energy concepts can compare current and
future climate conditions. This paper presents how climate scenarios are embedded within the
tool and its general outcomes without interpreting future scenarios of regions or single
locations and their impact on building or urban concepts. This will be the topic of an
additionl publication.
Keywords: planning tool, climate analysis, climate change, building concept, early
planning phases, competitions, education
Introduction
The architecture of the future will need to be based on detailed climatic analysis, taking into
account the impact of solar radiation, temperature, humidity and wind on buildings and how
they might change. Maximum temperatures as well as hotter days in almost all land areas will
increase, heavy rainfalls in central and northerly latitudes, higher minimal temperatures and
less cold days as well as continental dry summers in certain areas are be expected (1).
Only close attention to the climate and climate scenarios as well as the local architectural
tradition can produce fully adequate buildings and optimal energy concepts.
Climate scenarios serve as important scientific basis to discuss measurements how to reduce
impacts of global climate change. In climate research socio-economic and emission scenarios
are used to describe how the future may evolve depending to a range of variables. These
variables are used as input for climate model runs and as a basis to assess possible climate
impacts and mitigation options as well as associated costs (2). Current climate comparisons in
ClimateTool are based on scenarios of the Intergovernmenatl Panel of Climate Change
(IPCC) of 2013, related to future emissions.
The interactive ClimateTool (3) was further developed for this purpose. ClimateTool is built
around a global climate database that allows information from any given location on earth to
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be read in. It analyses aspects of the climate relevant in planning, namely temperature,
humidity, solar radiation, light and wind for more than 14.400 locations. The tool enables the
analysis regarding courses, extreme values, degree days, psychrometric chart, solar radiation
for any inclination and orientation for daily, monthly or annual considerations. Furthermore
basic questions in urban planning with regard to the orientation, height and distance between
buildings as well as their influence on mutual shading could be clarified with the analysis of
irradiated solar energy amount on the facades. World maps using and combining the
necessary parameters show differences in climate caused by geographical specifics like height
or proximity to the sea (4).
Tools that act as a guide for developing building, room conditioning and energy concepts are
essential, particular at the concept phase in building design. In-depth knowledge of climatic
challenges and potentials is often lacking in building projects for other climate zones,
especially when it comes to consider climate change scenarios. Therfore tools are needed that
analyze not only current climate data but also allow the comparison with different future
scenarios in a way, that users can immediately work with the data. Compared to other climate
analysis tools or tools that are integrated in existing simulation software ClimateTool is the
only tool, according to the user’s knowledge, that analyzes any location worldwide and allows
the comparison of different climate scenarios in a graphic based way. In addition to that the
tool enables the qualitative assessment of potentials and challenges of the local climate for
facade, passive room conditioning and energy concepts.
Embedding future scenarios in ClimateTool
ClimateTool offers the chance to compare four climate scenarios within the years 2020, 2040,
2060, 2080 and 2100. The daily mean data in the tool are based on the following model (5):
Experiment: rcp26, rcp45, rcp60, rcp85
Model: MPI-ESM-MR
Institute: Max Planck Institute- Munich (MPI-M)
Long Name: MPI Earth System Model running on medium resolution grid
Time frequency: day
Version: 20120503
Project: CMIP5
The four climate scenarios are based on emissions scenarios called Representative
Concentration Pathways (RPCs). RCPs are four pathways developed for the climate modeling
community as a basis for long-term and near-term modeling experiments. They combine
socio-economic change and technological development, energy and land use as well as
emissions of greenhouse gases and air pollutants. Additional climate initiatives are not
considered.The four RCPs together span the range of year 2100 radiative forcing values found
2
in the open literature, i.e. from 2.6 to 8.5 W/m . The data set with high spatial resolution is the
result of collaboration between integrated assessment and climate modelers, terrestrial
ecosystem modelers and emission inventory experts. (4)
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Short description of the four RCP families:
RCP 8.5: Rising radiative forcing pathway leading to 8.5 W/m2 in 2100. (6). Using
MESSAGE model and the IIASA Integrated Assessment Framework developed by
International Institute for Applied Systems Analysis (IIASA), Austria
RCP6: Stabilization without overshoot pathway to 6 W/m2 at stabilization after 2100 (7), (8).
Developed by the AIM modeling team at the National Institute for Environmental Studies
(NIES) in Japan.
RCP4.5: Stabilization without overshoot pathway to 4.5 W/m2 at stabilization after 2100 (9,
(10), (11). Developed by the GCAM modeling team at the Pacific Northwest National
Laboratory’s Joint Global Change Research Institute (JGCRI) in the United States.
RCP2.6: Peak in radiative forcing at around 3 W/m2 before 2100 and decline (4), (12).
Characteristics quoted from van Vuuren et.al. 2011). Developed by the IMAGE modeling
team of the PBL Netherlands Environmental Assessment Agency.
ClimateTool is based on hourly data, the data from the MPI-ESM-MR however are daily
mean values. ClimateTool’s analyses are supplied with data from the global climate database
Meteonorm (13) using a 8,760 hour format. Meteonorm is a global climate database. To get
hourly data out of these future data the measured data (time period 1960 to 1990) are scaled
for each day with a factor so that the caled mean daily values are exactly fit to the data from
the MPI-ESM-MR model (example, Fig.1) The humidity of the MPI-ESM-MR is based on
1bar. ClimateTool calculates the humidity for every single location based on its pressure.

Fig.1: Example of a comparison between measured and future climate data (ClimateTool, 2014).
Blue: measured and interpolated data from weather stations, time period 1960 to 1990. The daily mean values
are calculated from hourly data. Green: daily mean values from model MPI-ESM-MR, year 2020. Red: daily
mean values scaled from measured hourly data, time period 1960 to 1990.
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Examples
In addition to reading 14.400 locations between 60° south and 60° north by inputting the
longitued and latitude, analysis can also be based on a city name selection for hundreds of
locations in ClimateTool. Results are rendered into charts due to the fact that graphic-based
outputs will be more planning appropriate. Charts can be saved in any image format.
The tool allows to examine the potential of various passive roomconditioning concepts and
energy strategies for different climate change scenarios and years depending on the following
factors:
Natural ventilation and night cooling: Outdoor air temperature [°C] and absolute humidity
[g/kg]
Radiant cooling systems: Dewpoint temperature [°C]
Evaporative cooling: Wetbulb temperature [°C]
Passive solar heating: Outdoor air temperature [°C] and global radiation on north/south facade
[kWh/d]
Passive solar cooling: Outdoor air temperature [°C] and global radiation on a horizontal
surface [kWh/d]
Default values for all factors can be easily changed according to the users’ need. Results are
shown for each month.
The following charts present as an example the potential of natural ventilation for Austin,
Texas for the climate 1960 to 1990 compared to future scenario rcp45 in 2100. Due to the fact
that Austin gets warmer and more humid in this scenario the potential of natural ventilation
decreases, in particular during the spring and fall, e.g. in February by more than 20% and in
and November by more than 30% (Fig. 2 and 3).
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Fig. 2: Potential of natural ventilation in Austin Texas, climate 1960-1990.
The red line shows the air temperature within a range of 5 to 25 °C, the blue line the absolute humidity <12g/kg
and the green bars the potential of natural ventilation for each month in %.
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Fig. 3: Potential of natural ventilation in Austin Texas, climate scenario rcp45, year 2100
The red line shows the air temperature within a range of 5 to 25 °C, the blue line the absolute humidity <12g/kg
and the green bars the potential of natural ventilation for each month in %.
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Furthermore world maps using and combining climate elements like temperature, humidity,
solar radiation, rainfall and wind enable a global view of climate change. It is possible to
analyze the minimum, mean and maximum values for each climate element seperately or in
combination, e.g. to examine potential of ventilation strategies according to temperature and
humidity or potential of solar cooling depending on temperaturen and global radiation. The
following worldmaps present anual mean temperatures for different climate scenarios (Fig. 4
and Fig. 5).

Fig. 4: Annual mean temperature in °C , climate 1960 to 1990.

Fig. 5: Annual mean temperature in °C, climate scenario rcp45, year 2100

Discussion
Considering future scenarios is key for architects, engineers and planners who are involved in
developing concepts for building and urban areas, especially in the concept phase. Easy-touse ClimateTool was further developed by integrating four climate scenarios for five different
years, 2020, 2040, 2060, 2080 and 2100. The tool is used in competitions to explore, at the
very early stages of design, the interactions between climate and building concepts for future
scenarios. It is also used in classes to teach and visualize interdependencies of climatic
elements and their change in the future as well as their impact on buildings.
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Regeneration of the Mithi River: a knowledge transfer based
design approach to increase resilience in metropolitan areas
Abstract: Since the second half of the twentieth century Mumbai has been characterized by an
extremely high density of population. Due to the alterations of the soil and to climate tropical
condition, today, when heavy rain occurs during high tide in the Mithi River basin area, most of the
banks of the river are under sea level. Concrete flood walls are continuously built by the local
government whereas in the past awareness of the risk of flooding led to the development of practices
for risk management. Traditional elements like “maidans” (typical squares) and “talaos” (water
holding tanks), usually looked upon as lacking urbanity, can be part of a new strategy to rethink
design. Reestablishing a closed water cycle to keep the balance of the ecosystem by a multi-

scale design approach is today priority for the improvement of resilience. The proposal
focuses on both“natural areas” and “urbanized areas”, buildings and open spaces.
Flooding, water management, resilience, public space
Background
Today the increased frequency of disasters such as floods is heavily affecting urban contexts
worldwide with serious consequences on economies and population. In the last decades
western countries started investigating possible solutions to the urgent need to develop a
strategy to face climate change and global warming consequences. In 1988 the
Intergovernmental Panel on Climate Change (IPCC) established by the World Meteorological
Organization (WMO) and the United Nations Environment Program (UNEP), produced
thorough assessments on all aspects of climate change and its impacts, aimed at formulating
realistic preparedness, mitigation, adaptation and response strategies. The fifth assessment
report released in 2014, focuses on adaptation in order to reduce damage from impacts that
cannot be avoided in a short-term view and mid to long-term mitigation strategies to decrease
the global warming threats. Int the field of urban regeneration and buildings retrofitting, the
report highlights the linkage between the development of resilient societies and the main
topics of sustainabile design. The challenge is to recognize and implement positive and timely
decisions in a domain where a complete knowledge is impossible (1). Furthermore, starting
from the recognition of the limits of an approach purely based on resources preservation, and
following the concepts of a resilience-based urban and environmental regeneration, a
widespread holistic and multi-scale vision has taken place, incorporating the environmental
issues into every decision and action concerning the transformation and management of the
built environment, from strategic policies implementation, to urban and territorial planning, to
construction technologies and process innovation. The need for such a different approach is
evident in Mumbai, where the huge and fast increase in population density stressed the
territorial and urban system until a crash point. It is hard to identify this point in the timeline,
but recent events showed all the limits and risks of the conventional approach. In 2005 a
destructive flooding caused in Mumbai the death of 500 people, with 250.000 houses
damaged and a total estimated loss for two billion USD particularly concentrated in the Mithi
River catchment basin which constitutes 16% of the total city area (2). Even in a context
where economic growth aspirations guide the physical and societal transformation processes,
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every planned and unplanned action aimed at reshaping the urban environment must start to
consider the carrying capacity of the ecological system. Each human-environment interaction
has to be rethought in a resilience based perspective, where “resilience” means the capacity of
a system to recover from any occasional perturbation and the measure of the ability of that
system to balance ecological and human functions (3).
Mumbai case study
The fragmented landscape of contemporary Mumbai is the progressive result of 300 years of
human actions aimed at transforming and adapting the local natural environment to the people
needs. Unfortunately, the lacking of a long time vision and the absence of awareness about
the negative consequences of an uncontrolled urban growth has produced dramatically
negative effects. In XVIII century the British colonial government started to transform the
territorial geography and landscape morphology to optimize resources deployment and
commercial exchanges of Mumbai, which was only populated by coastal fisheries villages
before. Planned operation to improve the north-south connections within the original system
of islands caused the reclamation of swamplands and deeply altered the hydrological path,
expecially in the Mithi River basin area where artificial lakes where built in the north side for
water collection and channels were created to drain the excess of water from the inland areas
to the sea. Furthermore huge amounts of water were being collected and distributed by
surface pipes (used until today and still part of the Mumbai landscape) within a large net
substantially different from the traditional water management based on on-site rainwater
collection and reuse and aquifer exploitation by a well system. In the XIX century the water
request has impressively grown as a consequence to the massive immigration from rural areas
due to environmental, economic and political issues. In few decades the Mithi river was
inglobated in a continuos urbanized path, as seen in image 1, where the informal sector
represent a huge percentage.

Image 1: Reconstructions of morphological transformation in Mumbai based on previous studies, historical
maps and aereal views: a) original configuration; b) XVII century; c) early XX century; d) present day.

As a consequence of the urban population increase and of both planned and unplanned
transformations, the water body lost its original role as part of the natural ecosystem
becoming an open drain. After the 2005 flood the emergency due to the high pollution levels,
the risk of flooding and the risks connected to sanitation problems became central in the local
and international debate. One of the main issues is related to the tropical climate of Mumbai
which determines high rainfall concentrated in a very short period of the year. Flood risk is
constantly increasing due to population growth and the consequent reduction of natural
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draining surfaces, as well as to the local effects of climate change, with a significant increase
of precipitation extremes in the monsoon season. The drainage system has become
insufficient and the ongoing reclamation actions constantly reduce the size of the river,
altering its natural course. The constant expansion of informal settlements and land
reclamation processes dramatically increase the potential impact of seasonal floods. Besides
flood risk, this condition determines negative effects on the inhabitants of Mithi River area,
such as serious health diseases due to contaminants and transport problems due to the extreme
urban density. Many studies have been published, aimed at facing both flood and pollution
issues. After the 2005 flood, based on Chitale Committee report recommendations (4) and
other studies carried out since 1975, MMRDA (Mumbai Metropolitan region Development
Authority) and MCGM (Municipal Corporation of Greater Mumbai) were instructed to
undertake decisive actions along the Mithi River shores. Some structural measures were
carried out on the river course like widening, deepening, rock removal, construction of
concrete retaining walls and gabion walls (for the area where mangroves still exist). Those
actions have been implemented only to increase the carrying capacity of the river during the
rainy season and to define certain boundaries all along the river course. Other
recommendations, concerning the recovery of the urban ecosystem, the preservation and
restoration of the hydrological system of small rivers, ponds and soaking areas, have been
completely ignored up to the present day (5). In addition, relocation measures have been
undertaken only in informal settlements, thus exacerbating the conflict related to the right of
access to basic needs. Physical and non-physical barriers between formal and informal areas,
infrastructures and urban space have not been removed, and in most cases have been
strengthened. Nothing has been done to create continuity in public space and to restore
ecological paths. Over the last decades there has been a widespread research effort on how to
support the hydrological homeostasis of an ecosystem, meaning the state of dynamic selfregulation of the essential hydrologic processes and functions to sustain its viability and avoid
changes that would destroy it. Decentralized management of water resources based on
rainwater reuse and infiltration through impervious surfaces reduction have become major
keywords also in extremely densely populated and urbanized areas of the western world (6).
This interest has grown due to the ever-increasing demand and the economic, social and
environmental conflicts connected to water use, to natural hazards and the rising risks
connected to the global warming and climate change. Some researches have been conducted
about water infiltration benefits and water reuse also in the Mumbai surroundings, as in case
of Seawood Estate in Navi Mumbai where a pilot project was successfully undertaken in a
private residential area (7).
The study presented in this paper aims to explore new possibilities for urban landscape
renovation in the Mithi River estuary area, developing a strategy that connect the
decentralized management of water resource with public space regeneration actions. Recent
European studies on resilient landscapes and the Indian traditional water management
approach are combined to propose a strategy to recreate a metabolic cycle for water to reduce
flood risk and other connected hazards. From one side it is essential to re-establish a list of
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priorities for the official redevelopment of the formal city, while on the other the informality
has to be taken into account as a component of the city landscape, investigating its potential to
contribute in building-up a new and resilient scenario. In this perspective, existing elements of
the Mumbai landscape which are usually looked upon as informal or lacking of urbanity can
be part of a new strategy to rethink design (8). Talaos (traditional water harvesting tanks) and
maidans (public squares introduced in the colonial period) but also separation walls, water
pipes and more recent skywalks (elevated pedestrian paths) can be read as segments of a blue
and green network. At the same time they can be source of inspiration to define design
principles for the new elements of the resilient public space. The design proposal starts from
the assumption that planning actions in Mumbai must take into account the stratification
generated over time through additional and not systematic actions.

Image 2: Proposed strategy steps: a) improvement of the ecological function and of the accessibility of the
existing vegetated areas; b) recovery/introducion of wetland areas to increase the river clean-up process; c)
introduction of soft engineering measures and integration with public spaces; d) introduction of soft engineering
measures to preserve mangroves areas and reconnection with the public space system; e) rehabilitation/
delocalization of informal communities located in high risk areas; f) interconnection of public spaces integrating
measures for water infiltration/collection/reuse.

The design approach is structured into complementary sections, involving underground,
ground and over ground existing elements that need to be interconnected or rethought to work
as a system to improve the overall urban quality. The project is developed according two
complementary strategies: the ecological restoration of the river banks that includes residual
natural areas and the urban retrofitting at the district scale of the areas surrounding the Mithi
River estuary, from Mahim bay to the city airport (image 2). The approach for the residual
natural areas (characterized by the prevalence of pervious surfaces) deals with the daily tidal
variation of water level in the estuarine region that today is perceived as cause of discomfort.
During the monsoon season the expected water level may rises up to more than five meters
above sea level and concrete protection walls are ineffective or even dangerous. Moreover
inaccessibility of the river banks emphasizes the misperception of the river as a separate entity
in the city landscape. The proposal for these zones supports the principle of protection and
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ecological restoration of the existing green areas with the aim to absorb and balance the
seasonal river variations. Ecological restoration, as defined by Society for Ecological
Restoration, aims to recreate a previous state of the natural ecosystem that was lost or an
expected condition that would have been developed naturally (9). In such a compromised
scenario like the Mithi River basin, the original state of the hydrographic system is very hard
to recover because of the massive presence of infrastructures and built areas. Nevertheless, a
restoration strategy for the river edges is suggested here to recover the original function of the
existing humid areas to support the physical environment and ecological processes.
Constructed wetlands introduction contributes to improve the self capacity of the river in
removing pollutants, as already successfully demonstrated by many projects realized in
compromised areas all over the world (10). In the Mithi River case compatible functions are
investigated (image 3) combining constructed wetlands with the insertion of public spaces for
different uses. Guidelines provide also design criteria and construction principles for special
buildings (non residential) to be realized in the proposed buffer zone.

Image 3: overall redevelopment plan (left) and schematic sections of the suggested adaptive river bank design
for natural areas (right, a) and urbanized areas (right, b).

For the urbanized areas a different strategy is suggested, mainly based on small-scale
retrofitting measures. Today the water distribution service is discontinuous and insufficient all
over the city and the increasing number of people requesting a daily water supply is
worsening the situation. In addition, clean and potable water entering the urban system is
discharged after usage contaminated by different kind of pollutants (organic or chemicals
depending on the function it was used for). Unlike western cities, where most of that water is
depurated in centralized systems before to be discharged, in Mumbai the sewer system is not
adequate in size and distribution of the channels and lacking of centralized depuration
systems. During the monsoon season the rainwater entering the sewer overload the system
and affect the river water level. During the rest of the year the insufficiency and inadequacy of
the sewer system causes severe sanitation risks connected to the open-air channels. Therefore
decentralized water management systems introduction could improve the life condition for
many reasons. From June to September, the rainy season, rain could be an efficient source of
water for compatible uses with reduction in request of water from centralized distribution
system. Then also the river level will benefit of a less amount of water coming from
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urbanized areas and from sewers. Local storage elements will also extend the rainwater uses
through time after the end of monsoon. During the dry season the decentralized management
of water mainly concerns the depuration of wastewater (grey-water) for possible reuse. In
these areas redevelopment strategies would necessarily include both buildings (existing and
planned) and open spaces taking into consideration the runoff reduction through the
interconnection of pervious surfaces. In the river basin, specific measures to improve the
absorption of water, to collect rainwater and to integrate technologies for decentralized water
purification and reuse are introduced with benefits also on the quality improvement of public
spaces. A strategy based on the interconnection of ecologically efficient surfaces and on the
logics of metabolic interaction among open space and buildings brings together many positive
effects, dramatically changing the point of view in designing the city. The interdependence
among built areas and open spaces aimed at improving life conditions in terms of better and
wider access to water resources and quality of the urban environment would increase the
general awareness about open spaces protection and maintenance, involving also “informal
city members”. Furthermore in Mumbai a clear separation between areas depending on
property and land use is usually emphasized and also public spaces are in many cases not
inclusive (11). The introduction of mixed and compatible land uses could promote social
interaction and even in case of drastic redevelopment or removal actions for slum areas
imposed by the local government, the identified planning and design principles could guide
the transformation and contribute to reduce conflicts.
Conclusions and research perspectives
Mumbai is a specific site in which the conflict between the logics of the natural environment
and the requests of the society reached the highest level because of external forces deriving
from global phenomena. The concentration of population in urban areas, the confluence of
pollution sources and the increased request of resources deeply influenced the whole city
territory. The presence of combined risks that have reached an extremely high level and the
condition of rain concentration typical of tropical climate characterizes a scenario which is
becoming more and more diffused also in countries of the temperate zone as consequence of
climate change, worst affecting areas like the Italian peninsula, due to its own territorial
conformation, to the localization of urban areas and the uncontrolled urban growth of the last
60 years. In Italy 81,9% of the municipalities are affected by high hydrogeological risk,
meaning 9,8% of the total national territories with 4,1% of flood-prone areas (12). A
National research on stormwater resilience of urban open spaces conducted by University of
Naples Federico II deeply investigated the application of ecological restoration principles to
increase resilience in urban environments of Campania, the third region of Italy for presence
of high hydrogeological risk surfaces (19% of regional territory), especially in the eastern
Neapolitan plain characterized by massive wetlands reclamation (13). Similarly to the Mithi
River basin case, the introduction of constructed wetlands for the eastern Neapolitan plain
was investigated as device for water purification, flood control, and conservation functions.
The approach was directed to separate rainwater drainage systems from common sewers
culverts, using green infrastructures also to give back quality to the dismantled areas derived
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from the contraction of industrial activities in the plain. The vast wetland system suggested by
the National research team, aimed at creating a network of green public spaces, is integrated
within a system of canals and basins for the sustainable management of water flowing from
Vesuvius in order to mitigate effects of rain peak, showing how a multilevel and multiscale
strategy focused on green and blue layers can be effective for risk reduction and for redefining
a local identity also in an monetary perspective. The parallel bewteen the Mithi River and
East Naples cases, and the recognition of possible common approaches even in such distant
territorial contexts, show how global strategies deriving from transmigration of knowledge
can be effective if adapted to local values, defining planning and design solutions based on
the specific potential of the site for building a resilient landscape in which green and public
spaces have a primary role in redefining a sustainable approach to the management of
strategic resources as water and soil, thus leading to a resilient-based retrofitting of the urban
system as a whole.
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Abstract: Increasing policy requirements for building energy performance, and industry demand for
cost effective low energy solutions can no longer rely on first principle design and basic load
calculations. In Australia, simplified simulation tools are used to complete heating and cooling load
assessments of a building for regulatory approval. These tools have received criticism for their lack of
correlation to actual energy performance. From a building approvals perspective, lower accuracy is
usually acceptable due to the inherent variation in occupancy patterns and weather. However there
are some situations, such as zero energy or “off grid” houses, that require a greater degree of
accuracy in the design stage. This study assesses the suitability and limitations of simple and complex
modelling for predicting off-grid housing performance.
This paper reports on 3 sources of data used for analysis 1) a study of energy consumption data
collected across a 6 month period from an off-grid house 2) heating and cooling load outputs from the
regulatory HERS tool and 3) complex energy modeling. Manipulation of the complex modeling
parameters to correlate the monitored results with the HERS load data demonstrates the sources of
inaccuracy of the HERS data and informs the development of modelling requirements of specialised
buildings. These results are significant to the Australian building regulation policy makers and
designers of off-grid or low energy housing.
Keywords, Building Simulation, Energy Modelling, off-grid housing, Calibration

Introduction
Off-grid housing design is well placed to make use of building energy simulations ability to
run iterations in design in order to minimize the energy footprint in occupation. The iterative
design process using complex building energy simulation has been defined by others
(Papamichael and Protzen, 1993; Papamichael, 2000), and the significance of the uncertainty
analysis by Lee et al (2012) previously. The design process for off-grid and low energy
buildings is improved by the knowledge developed by using a building simulation program
for an existing building and “tuning” or calibrating the various inputs to the program so that
predictions match closely with observed energy use (Reddy et al 2007). Bridging the gap
between predicted and measured performance is crucial if the design is to provide serious
input to the delivery of buildings that meet their ambitions. (De Wilde 2014). Despite this
imperative there is extensive evidence to suggest that buildings usually do not perform as well
as predicted (Bordas et al 2004, Demanuale 2010).
Studies that investigate the sources of innaccuracies identify the effect of the weather file (de
Wilde 2014) and the behaviour of the occupants (Ryan etal 2012) as the significant source of
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innaccuracy. Gill et al (2010) found that occupant behaviour accounted for 51%, 37%, and
11% of the variance in heat, electricity, and water consumption, respectively, between
dwellings. Other studies highlight meteorological variability as having an influential impact
on building performance (Bhandari et al 2012, Hassan 2009).

House Energy Rating Scheme (HERS) software in Australia
FirstRate5, BERS pro and AccuRate are the three 2nd generation House Energy Rating
Scheme (HERS) approved tools that can be used to demonstrate compliance with the
Building Code of Australia (BCA) for residential buildings (BCA 2011). FirstRate5 is the
predominant program that is used in Victoria, however the three programs use the same
calculation engine (Chenath), and only differ in the data entry. These programs are
deliberately simplistic by necessity, as they are primarily used for mass housing designs to
quickly demonstrate a minimum level of heating and cooling loads measured in MJ/m2.
Climate data is chosen by the assessor from 69 files around Australia, whilst construction
types, building geometry, insulation levels, and other energy load relevant factors are
incorporated in the calculation by the assessor. Occupancy data is not editable is order to
provide a basis for comparison of building fabric performance. The end result is a heating and
cooling load prediction, consequently converted into a “star” rating (0 – 10 stars). This result
is achievable within 2 hours of beginning the assessment. A 6 star rating is required for
compliance, which broadly equates to 115mj/m2/pa for heating and cooling energy in the
Melbourne Climate.
In the Australian context Williamson et al (2010) studied 5 AIA award winning houses to
compare actual performance against the HERS tool. The research found a lack of correlation
between the two results and defines the external factors such as climate, occupancy patterns
and socio-cultural factors as being responsible for the failure of the regulatory tool to predict
comfort and energy. Another Williamson et al (2006) study notes the errors in results of the
simplified regulatory tools can also be due to the inaccurate calculation algorithms, and
assumptions about the physical building properties – effectively calculation errors, as well as
the assumptions and data entry mistakes made by the assessor. Studies on the performance of
the HERS cooling methodology found that it was underestimating the amount of cooling
measured in a small adelaide sample, but by altering the cooling setpoints the data was more
representative of the monitored data (Saman 2008).
It is evident that the HERS tools in Australia are limited by weather data, occupant settings,
and cooling setpoints, which contribute to innaccurate predictions of actual heating and
cooling outcomes. From a residential design perspective, lower accuracy is acceptable.
However there are some situations, such as zero energy or “off grid” houses that require a
greater degree of accuracy. The question asked is, “Can the HERS tool be used for design
where the accuracy of the prediction is critical? What are the sources of inaccuracy and
implications to the industry?
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Method
The test dwelling is located in on the outskirts of Tolmie, a regional Victorian town 213 km
north east of Melbourne (-36.935536, 146.239507, elevation 781m) in the foothills of the
Victorian Alps, and recieves occasional snowfall in the Winter months. The dwelling has
been carefully designed for solar optimisation and uses a structural insulated panel (SIP) for
the walls (R4.3) and ceiling (R8.3) on an insulated concrete slab (R3.0) with timber framed
doublé glazing (U 2.7). Construction was completed in May 2013 and occupied shortly after.
Monitoring of Environmental Conditions
The dwelling was monitored for internal dry bulb temperature and relative humidity in the
main rooms as well as external dry bulb using onsolution logtags (6 sensors total). The
monitoring equipment was installed on 25 July 2013 and took 1 hourly measurements for the
7 month duration of the study untill the 22 February 2014. This period represented the winter
and summer performance. The calibration and analysis was conducted using the period 25th
July – 31st December due to the fact that the simulation can only run a calendar year.
House Energy Rating (HERS) model
The modelling of the dwelling was completed using the HERS regulatory assessment tool
(FirstRate5) according to the protocol for the use of this software, by an accredtied thermal
performance assessor. Data for the assessment is taken from the plans and associated
information provided by the design team, such as insulation levels, glazing properties,
construction materials. Certain parameters are built into the software and are not editable,
such as the occupancy patterns, window operation profile and internal loads.
Cimate data used in the HERS assessment is restricted to 69 files created for the HERS
software. By entering the postcode of the project, the program auto selects the weather file
deemed to be the most appropriate. In this case, the Ballarat location was used, which is
representative of the real weather data (figure 2). The house achieved a 7.8 Star rating in the
Ballarat climate zone using the HERS tool, with a predicted heating load of 82.9MJ/m2 and
cooling load of 14.7 MJ/m2.
Building Energy Simulation
Integrated Environmental Solutions (IES) VE-Pro was used for calibration of the HERS tool
by using the same assumptions and inputs, and where necessary adjusting the model to
achieve the same predicted heating and cooling loads. The purpose of this step is to exactly
replicate the predictions that are made by the assessment tool in VE-Pro. This calibration
resulted in a building energy simulation model that used the same inputs as the HERS tool to
assess its accuracy. A second calibration was completed of the simulation model to the actual
results, allowing comparison between the two calibrated models.
Study test

FirstRate5 HERS
Results

VE-Pro (calibrated
to HERS tool)

Actual measured
Results

VE-Pro (calibrated
to actual results)
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Heating Load
Cooling Load
STUDY
COMPARISON
Monitored data
Figure 1 – Diagrammatic explanation of calibration strategy

Weather Files
The HERS tools are limited to the 69 weather files that are built into the program,
standardised for assessment purposes, as such the Ballarat file was used as it was chosen by
the program according to the postcode. VE-PRO is limited to a similar number of .epw files
that are available within the software, however a weatherfile can be created from data
obtained from the bureau of Meteorology for any site or year. For the purposes of this study,
the closest weather station - Eildon fire tower (Eildon FT) was used to créate a weather file
for 2013 for the simulation.

Figure 2 – Climate comparison between Ballarat and Eildon Fire Tower weather data showing the Ballarat data to be
representative of the weather at the site – sourced from Bureau of Meteorology

Results – Simulation and measured calibration
The following graphs show the outcome of the simulation calibration with measured data
across two test periods, summer (18/12 – 31/12) and winter (26/07 – 09/08).
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Figure 3(a-d) Simulated and measured internal dry bulb temperatures

Figures 3a & 3b demonstrate the close calibration between the simulation and the measured
data under free-running mode (no thermal intervention). This period highlights the importance
of the settings used for window opening (which raises the indoor temperature on the 18 – 20th
and lowers it on the 21st and 22nd compared to the measurements). It is noted that control of
windows is not posible in the HERS tool and it is not clear exactly what the window opening
settings are. This represents a significant impact on the ability to use the HERS tool for
calibration and detailed design analysis of houses with ventilation strategies and an energy
imperative.
Figures 3c & 3d show the calibration across a winter period with a typical temperature range
of 5 – 10° Celsius. The difference between the simulation and actual data represents the use
of the wood fire (based on occupancy records) and the cloud level, which are not accurately
included in the model. The use of wood fire as a heat source presenst significant
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complications in the modelling process as it represents a departure of the heating and cooling
being an ‘automated’ control that can be easily modelled, to one that is highly variable and
under the control of the occupants. The calibration process for the winter period highlights the
significance of weather variables and the difficulty in modelling for wood fire use.
Calibrated simulation comparison with HERS tool
The previous section outlines the calibration of the building simulation with the actual data.
The next step is to calibrate the simulation to match the HERS tool settings, which clearly
identifies the differences between the measured data and the HERS settings. Primarily, this
indicates the HERS tool is underestimating the heating and cooling loads. Finally, the
simulation is calibrated with the HERS results. This was achieved by widening the thermostat
setpoints to reduce heating and cooling demand.
Simulation
Engine

Climate Zone

Heating
Setpoint

Cooling
setpoint

Comparison

Total
MJ/m2

Heating
MJ/m2

Cooling
MJ/m2

FirstRate 5

Ballarat TMY

20/18/15

23.5

Base case

97.2

82.9

14.7

Tolmie Data
Matched to
20/18/15
23.5
163.35
135.28
2013
HERS settings
Tolmie Data
Matched to
IES VE-PRO
18/15
26
115.05
102.66
2013
HERS results
Table 1: Heating and cooling loads predicted by HERS tool and a HERS calibrated simulation
IES VE-PRO

28.07
12.39

Table 1 shows that the simulation with HERS settings has a predicted heating and cooling
load of 68% more that the HERS tool, which is consistent with previous studies. Changing the
settings of the simulation to match the HERS results required a significant widening of the
heating and cooling thermal setpoints.
Conclusion
The following conclusions are made about this study:
Ventilation– It was possible to calibrate the model closely with the measured data during the
summer period when the windows and ventilation was active. The simulation slightly over
estimated the use of windows. Window settings were found to be significant in the calibration
process.
Weather file – The weather file is critical to the accuracy of the model. The ability to enter
real weather data makes it possible to calibrate the simulation with measured data. The
inability to do this in the HERS tool means calibration is not possible.
Wood fire use - The use of the fire as the heating system means that the heating setpoint and
control is by the occupants – and therefore less predictable. A more detailed understanding of
the energy content of fire wood in would have been useful in quantifying the records of use
kept by the occupants.
The following conclusions are relevant to the field:
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This study demonstrates the significant gap between the ability of the HERS tool as a design
tool for an off grid dwelling in Victoria due to the following limitations, 1) The HERS tool
does not have an adequate representation of climate data to model at the levels of accuracy
required, 2) HERS appear to underestimate loads, this is consistent with previous studies, and
presents a risk to the designers of off – grid housing, 3) HERS is also limited by its inability
to vary occupancy data which limits its use in design, 4) HERS has no capability to allow for
changes to the ventilation setting
As a result of this process, the HERS software is not easily adapted to the needs of specialized
buildings, including off-grid buildings, buildings of abnormal occupancy, and buildings in
geographically isolated locations for which a relevant weather file is not available.
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Abstract: The main goal of the cofounded by the European Commission LIFE Project, New4Old
(LIFE10 ENV/ES/439), is to define the most appropriate method and the best available practice in
social housing rehabilitation with energy and environmental sustainability criteria, as well as to apply
innovative technologies in the fight against climate change through an efficient use of resources and
energy. The institutions involved in the Project are the Technological Centre AITEMIN, Madrid
Polytechnic University (UPM), Portugal Technological Centre for Ceramics and Glass (CTCV) and
the Zaragoza City Housing Society (SMZV).
The demonstrator project consists in the energy rehabilitation of a rental social housing building
located in Zaragoza’s historic quarter, according to the conclusions and strategies developed for the
LIFE project. In actions taken in households of this nature passive design strategies are essential due
to the limited income of owners, who often cannot afford energy bills. Therefore, the proposed actions
will help improve the building’s passive performance and reach a higher thermal comfort, without
increasing the economic cost linked to energy consumption.
Keywords: Energy retrofitting, Energy Efficiency, Passive Design, Social Housing, Climate Change

Background and building characteristics
The LIFE Project New4Old (LIFE10 ENV/ES/439) intends to prove that it is possible to
design an energy retrofitting methodology for the most inefficient dwellings, from the energy
point of view, in order to reduce the effects of climate change. The case study is a building
block owned by the Zaragoza City Housing Society, built in the early 90’s. It is a block
between two buildings located in Zaragoza’s historic quarter, with two façades. The main one
faces north and the south façade is oriented to a large courtyard, which separates this block
from another of the same development set, and it contains three light wells of around 3 x 4 m.
It is a four storey building, with dwellings in the upper three floors and commercial spaces in
the ground floor. The dwellings face north or south and many of the rooms open up to the
light wells.
Figure 1. Location, main north façade and building general ground plan
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Social dwellings for rent means that users have a low income profile, and thus the working
method to define the improvement measures to apply in the building pays particular attention
to the existing terms of use of the dwellings and to the possibility of incorporating passive
design strategies, which improve inside comfort without increasing the cost associated to
energy consumption. Due to the condition of rental housing, with continuous change of users,
the selected solutions are self-regulating, so that successive neighbours do not need to learn
how to use any device.
Environment conditions. Climate change projections
Actions taken with energy and environmental sustainability criteria, intended to obtain long
term results, ought to take into account the modifications of climate conditions in a relatively
near future, due to the effect of climate change. In the case of Spain, the impact of these
modifications can be significant if forecasts made are met. Studies of the phenomenon of
climate change (Olcina Cantos, 2009) predict that summer conditions for inland cities, such as
Zaragoza1, will be modified by the increase of temperatures and reduction of precipitations.
Both issues, especially the first one, involve changes in energy interchange between the
building and its outside, and thus, in its inside comfort conditions. Differences in today’s
climate conditions and those expected for 2050 for Zaragoza may be observed in the
following climograms:
Figure 2. Comparative Olgyay bioclimatic chart for
Zaragoza. Period 1971-2050

Figure 3. Comparative Givoni bioclimatic chart for
Zaragoza. Period 1971-2050

Annual areas have been represented in these charts with average temperature and humidity
data of maximum and minimum records. The blue line represents 1971 data and the orange
one corresponds with expectations for 2050.

1

With a continentalized Mediterranean climate, of warm summers and a strong thermal oscillation, which occurs
not only between seasons, but also throughout the day.
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Projections of temperature changes expected for Zaragoza until 2050 show a tendency in the
increase of maximum temperatures in most months. This means that ventilation needs and
moisture contribution will increase, reaching extreme situations during the warmest times.
Those months entering comfort areas in their central hours will expand and solar radiation
contribution will still be necessary during the coldest months.
In the relatively near term, the number of days in which it is necessary to consider summer
strategies gradually increases. Regarding the measures to apply on existing buildings, it will
be necessary to consider that, although energy consumption on heating will get reduced, those
related to cooling will increase. Therefore summer strategies become particularly important in
order to reach comfort and reduce energy consumption through passive systems, such as solar
protection, high thermic mass and night ventilation.
In addition to the climate change phenomenon, any urban intervention should consider the
heat island phenomenon. In the case of Zaragoza it is particularly worth highlighting the study
made by Cuadrat Prats, Vicente-Serrano & Saz Sánchez (2005), where its conclusions point
out the importance of considering adjustment actions to the overheating conditions, due to the
fact that they are already necessary and will be even more significant in the near future, not
only because of the climate forecast evolution, but also because of the heat island
phenomenon. In our case study, due to the location of the building in the historic quarter, with
high urban density, the increase of the temperatures will be higher than in other less dense
areas. During the summer season, this situation will get even worse, due to the SE prevailing
wind. On the other hand, the usual overheating and traffic pollution effect in the nearest
streets of the building will not be so significant, because of traffic restrictions in the location
area, although it will be important for the city as a whole.
The climate analysis and the will to raise passive design measures on the building, make
necessary a study of the solar incidence and the ventilation, as well as of the conditioning
factors due to its particular location in the historic quarter of Zaragoza’s urban fabric. The
good dimensions of the courtyard and the height of the opposite building at the other side of
it, guarantee four hours of solar incidence in the south façade, even in January, the most
extreme month. However, the north façade will always be in shadow. Natural ventilation
possibilities may be reduced because of the orientation and the high density of the urban
fabric, but eased because of the dimensions, orientation and shape of the courtyard and the
chimney effect of the light wells in the building.
Involvement of users in the building’s characterization
Household users answered a survey created together with SMZV social services, in order to
evaluate their comfort conditions throughout the year, as well as to get to know which
improvement measures they considered a priority and their particular economic situation to
cope with the building’s heating and air conditioning costs. The aim was to identify users’
perception of inside comfort and habitability conditions, as well as the economic capacity to
cope with associated energy costs.
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Survey results show that there are some differences between users of north facing dwellings
and those of south oriented homes. Many of them, especially those north oriented dwellings,
show an underheating problem during the winter season. In the summer season all south
facing dwellings show an overheating situation. 74% of respondents consider they spend too
much in energy and 86% use some strategy to try to save energy. 43% of users do not turn on
the heating, because they cannot afford it. 71% of south facing dwellings have some cooling
system (mostly ventilators) versus 37% of dwellings facing north. In general, users found that
getting warmer in winter and cooler in summer are the most important measures.
Proposed measures for the building’s energy rehabilitation
According to the characterization of the building and the conclusions of a previous research
(Luxán, Vázquez, Gómez, Román, Barbero 2009) the following improvement measures were
proposed2:
1. Thermal envelope improvements
The thermal performance of the building’s envelope was improved in order to reduce energy
demand, although, unlike other buildings of the historic quarter, the construction of this
building took place under CT-79 building thermal regulations. In addition, the heating
performance was higher as the requirements, because of the radiant electric floor heating
system, that improved the element’s transmittance, according to the electricity company
regulations when contracting the service.
2. Solar shading in south façade
In order to improve inside comfort conditions during the warmest months, an outside solar
shading system was proposed. This strategy was necessary according to the Zaragoza climatic
study and 2050 projection climograms. This is a horizontal fixed sunscreen along the whole
façade, with tilted blades that act as sun control, allowing sunlight radiation during the coldest
months, but protecting the façade during the warmest ones.
Figure 4. South façade after intervention. Noon June

2

Figure 5. South façade after intervention. Noon
December

The budget limit for the working construction was up to 358.000 €
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3. Hybrid solar system for DHW and electricity production
Currently these dwellings use boilers for hot water production. In order to reduce energy
consumption a solar system will be installed for DHW production. The kind of selected solar
panels is a hybrid one, in order to produce hot water as well as electricity.
4. Courtyard environmental conditioning
The existing courtyard is an interesting space as an open air common area for the neighbours’
enjoyment, as well as to help dwellings’ conditioning. Currently, the lack of shadow and the
distribution of furniture, make both difficult. A pergola was designed in order to provide solar
protection, minimizing ground and air overheating during the warmest months. In addition,
the benches have been rearranged in more comfortable spots of the courtyard throughout the
year, and plants have been placed to raise relative humidity.
5. Lighting
70% of dwellings’ rooms and building’s common spaces get light through the light wells. In
order to improve the natural lighting of the lower areas and stays open to them, a solar conduit
will be installed in each one of them, bringing natural light to rooms where it is currently
inadequate. In addition, presence detectors will be installed in all common spaces of the
building.
6. Heating system
In order to raise passive heating possibilities, a prototype device has been developed to be
installed in the south façade. It is a small mechanism consisting of a flat steel plate recruiter
placed horizontally under the blades. Inside this recruiter flows an antifreeze fluid, which gets
warm during winter months, due to incident solar radiation on the tilted blades. During
summer, blades shade the device. This element is connected to a transmitter inside, designed
to warm up one of the dwelling’s rooms.
The cost of this intervention has been 15.516 euros per dwelling to 157 euros per square
meter.

Energy evaluation before and after the intervention
As can be seen, all measures proposed act on passive aspects of the building, without
interfering in the heating installation itself. The reason is that, for those users who currently
cannot afford the heating system, the fact that it is an electric one does not mean any extra
monthly cost. Any other heating system, although more efficient, would mean a new contract
with a fixed monthly cost. However, improvements in the building’s envelope involve an
important reduction of energy demand, as can be seen in the following charts:
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Figure 6. Distribution of losses through the building’s envelope before and after the intervention
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Finally, consumption evaluation was carried out through the energy performance certificate of
the building with the Ce3 software. The letter obtained was E and the corresponding values
are shown in the following charts, showing that the highest consumption comes from heating
needs.
Table 1. Building’s energy performance qualification before the intervention
Heating
Cooling
2
Energy demand (kWh/m )
86,49
10,38
Final energy consumption (kWh/m2)
142,18
5,28
2
Primary energy consumption (kWh/m )
143,60
13,78
2
CO2 emissions (kgCO2/m )
29,00
3,43

DHW
13,08
16,35
42,68
10,61

Total
109,95
163,81
200,06
43,04

Considering the proposed measures for the building’s rehabilitation, the qualification obtained
would be C, with the following demand and consumption values:
Table 2. Building’s energy performance qualification after the intervention
2

Energy demand (kWh/m )
Reduction in demand percentage regarding
initial situation (%)
Primary energy consumption (kWh/m2)
Savings in primary energy percentage
regarding initial situation (%)

Heating

Cooling

DHW

Total

23,97

7,66

13,08

44,71

72,29

26,20

0,00

59,34

34,51

11,76

10,90

57,18

75,97

14,66

74,46

71,42

Reduction in demand after applying the proposed measures reach a value of more than 70%
on heating and around 25% on cooling. For DHW, reduction in energy consumption can go
up to 75%.
Conclusions
The initial conditions study of the housing building in Zaragoza and its surrounding has
allowed the definition of various rehabilitation measures, according to the characteristics and
need of users. These measures intend to reach a higher thermal comfort for the neighbours,
without increasing consumption economic cost. For this reason, actions proposed on the
building will help improve its passive performance, avoiding complex active systems with
high maintenance costs. The only action on the envelope, improving insulation and solar
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protection of windows in the south façade, allows a consumption reduction of up to 70%,
regarding the initial situation. These savings allow the building to step from an E energy
qualification up to a C.
As we have seen, passive strategies are very important when acting on social housing,
especially that on social dwellings for rent, where some tenants living with very limited
incomes are suffering a fuel poverty situation. In this regard, the intervention on the
building’s envelope is longer lasting and more economic to maintain, with less consumption
costs for the user as changing air conditioning systems in the dwellings, and consequently,
more adequate in situations such as the one described.
Neighbours taking part in the characterization phase of the project brought to light the amount
of users who cannot afford either heating or cooling. Hence the relevance of this work, which
intends to adapt the rehabilitation proposals to the existing urban, climatic and social
conditions of this sort of buildings.
Currently the LIFE New4Old project is underway. The document was finished on July 2013,
working construction has already begun and is expected to be finished during the second
semester of 2014. Monitoring the building before and after the intervention will allow the
evaluation of the effectiveness and the scope of the embraced measures.
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Abstract: The development of energy-efficient buildings in the Gulf region is a timely and
relevant task given the challenges of a very high demographic pressure, accelerating energy
demands, and a hot climate. This paper is a report of the design and construction process of
making the Eco House, a net-zero-energy building currently being built on the campus of the
German University of Technology in Oman. The project aims at prolonging the passive
operation period without the need for mechanical cooling through maximizing so-called
passive design strategies; reducing the energy demand for the mechanical cooling period
through maximizing so-called active design strategies; using the building to demonstrate
cyclical processes for the use of water, materials, local products, native plants, and for the
education of students and the wider public on sustainability in building. It is assumed that a
net-zero-energy balance can be reached. Furthermore, market viability and policy
conclusions are discussed.
Keywords: passive and active design strategies, net-zero-energy building, solar exposure,
high performance envelope, hydronic cooling, dedicated outdoor air system, grid-connected
photovoltaic system, natural and local materials, Oman
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1. SETTINGS
Until one generation ago the housing stock in the Sultanate of Oman consisted of climateadapted zero-energy vernacular buildings. After the discovery of oil and gas resources and the
modern development of the country since the 1970s, the population's lifestyle and thus
comfort expectations have changed. Today, the housing stock consists of "modern"-looking
but poorly designed and constructed buildings, which are inappropriate to the climate and
consume electricity to such an extent that the government subsidies for electricity are
becoming a real challenge for the country's budget and ability to invest in future-oriented
projects (1). Oman is experiencing rapid urbanization in the form of suburbian settlement
patterns with single-family houses; 40% of the country's housing stock was built after 2006
(1). Since every adult citizen in Oman is eligible to receive a plot of land to build a house, this
trend will accelerate. Developing energy-efficient buildings, and prooving their technical
feasibility and market viability are therefore timely and relevant tasks for the country and the
Gulf region as a whole, which is facing a similar situation.
1.1. Competition
In order to promote scientific research on and public awareness of energy-efficient buildings,
The Research Council of the Sultanate of Oman (TRC) launched the “Oman Eco-Friendly
House Competition” in 2011. It grants university-led teams of academics, students, and
practitioners, as well as consultants, contractors and companies a budget to design, build,
operate, and monitor an energy-efficient building for residential use on their campuses. The
overall aim is to achieve a net-zero energy balance whilst providing a comfortable indoor
environment with the cooling set points being 25-27°C operative temperature and 50-70%
relative humidity.
The Eco House built on the campus of the German University of Technology in Oman is a
two-storey university guesthouse for visiting faculty with a net indoor area of 210m2. A
round wall embraces a rectilinear structure of four parallel walls containing all rooms. On the
ground floor are two entrances, one leading to the living room, and the other to the dining
room, in-between are the kitchen, a technical room and a restroom. On the upper floor are
three bedrooms, each with an attached bathroom. The basic layout could be translated into a
house to be occupied by a family of four people. Since every building should be specific to its
site and purpose the focus is not so much on the actual form, but rather on the performance of
the building, which is enabled through a set of passive and active strategies for energyefficiency. These can be translated from this project to any other building planned and
constructed in Oman.
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figure 01: site photo from April 2014

1.2. Climate
The climate at the location of the Eco House in Halban/Muscat, Oman is classified as a hot,
dry desert climate (2). The typical weather conditions can be roughly divided into two periods
changing over around the two days of equinox in March and September. In summer, the
monthly mean temperatures vary from 29.6°C to 35.0°C, but the maximum daily temperatures
can rise up to 49.2 °C. Even night hours can be as hot as 35°C, which is far beyond the
comfort range. During summer the humidity ratio is always above the comfort threshold of
11.5 g/kg for conditioned indoor spaces. In winter, the temperature is pleasant with monthly
mean temperatures between 21.1°C and 29.3°C. Temperatures might occasionally rise, but
never to extreme levels. In this period the humidity ratio typically varies between 7 and
13g/kg with temporary peaks of 15g/kg. For naturally conditioned spaces such humidity ratios
are still in an acceptable range. Rain events in Muscat are rare and of short duration. The data
shows that the climate at the Eco House site differs from the typical desert climate as it has a
generally higher humidity, and lower diurnal temperature variations due to the proximity to
the coast. (3)
1.3. Design
The conclusions from these settings for the design of the Eco Houseas a net-zero-energy
building are: a) prolonging the passive operation period without the need for mechanical
cooling through maximizing so-called passive design strategies; b) reducing the energy
demand for the mechanical cooling period through maximizing so-called active design
strategies; c) using the building to demonstrate cyclical processes for the use of water,
materials, local products, native plants, and for the education of students and the wider public
on sustainability in building.
2. PASSIVE STRATEGIES
The set of passive strategies aims at prolonging the passive operation period without the need
for mechanical cooling through maximizing so-called passive design strategies
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2.1. Compact Volume
The form of a building affects the amount of heat gained from insolation. The Eco House’s
form is based on a cylinderical volume. Compared to a cubic volume of the same size - a
shape that is widely used for a standard villa in Oman - two advantages are apparent. First, the
surface-to-volume ratio of the cylinder is only 92% of that of the cube. Furthermore, the solar
‘stress‘ on the building‘s envelope is not only factored by its size, but also by its form. A
round facade receives less solar radiation than a rectangular facade since only a minimal area
is directly exposed to the full impact of the sun, while all other areas are at a steeper angle and
thus yield less insolation. A study of the total annual solar exposure of the two building
volumes with the simulation programme Ecotect shows that a cubic building volume with the
dimensions of a standard villa located in Muscat receives 483,214 kWh/a on its surface, while
under the same circumstances the same volume but in a cylindrical form with the dimensions
of the Eco House receives only 336,160 kWh/a (figure 02). Due to its form alone, the Eco
House receives 30% less solar radiation compared to a standard villa in Oman. (4)

figure 02: solar exposure of the cylindrical volume of the Eco House, view north-west

2.2. High-performance Envelope
The opaque and glazed facades of the Eco House are designed for high-performance
regarding heat transmission, solar gains and air-tightness.
The selection of materials to construct the opaque walls is based on a study of the cooling
demand in relation to the envelope's performance through a one-zone thermal model of the
building with the programme WUFI (5). A comparison of the performance of the standard
wall construction in Oman (200mm concrete blocks) as a benchmark to the traditional wall
assembly (600mm mud-bricks) and an insulated cavity wall (200mm concrete blocks, 200mm
insulation, 200mm mud-bricks) shows that the insulated cavity wall can reduce the cooling
demand by 90% versus standard wall construction. The opaque walls of the Eco House are
now constructed from outside to inside of a 190mm lightweight concrete-pumice block, a
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200mm loose infill of perlite, and a 210mm sun-dried compressed earth brick. The heat
transfer coeficient is at U(wall) = 0.13 W/(m2*K), which is below the Passivhaus standard.
For the glazed walls a thermal single zone simulation with TRNSYS (6) was carried out. It
shows that the use of triple (ug=0.7 W/m²K) versus double glazing (ug = 1.1 W/(m2*K)) with
the same SHGC of 0.44 does actually not reduce annual electric energy use significantly
(figure 03). However, the aim for the glazing performance is to maximize daylight
transmission (Tvis) and minimize solar gains (SHGC) which is provided by high-selective
glazings. Finally the selected facade system is a curtain wall system with a ug=1.1 W/(m2*K),
Tvis, North=0.73, Tvis, South=0.52 SHGCNorth=0.41 / SHGCSouth=0.27, and a frame performance of
uf=0.8. Shading for the south façade is provided by fixed horizontal louvers with a cut-off
angle of 45°.

figure 03: Energy assessment of central bedroom

Air-tightness is another important factor for the high-performance envelope. The summer in
Muscat is hot and humid and infiltration has to be limited to reduce latent and sensible
cooling demand. The performance requirement for envelope air tightness is 0.1 ACH. A
vapour barrier is applied on the inner side of the outer block of the cavity wall and connected
seamlessly to the window frames of the curtain wall system.
2.3. Optimal Orientation
Not only the façade performance but also the orientation of the openings impacts the energy
balance. Based on the sun path on site, the openings in the façade were placed such that no
direct sunlight reaches the glazed walls. The circlular opaque wall is cut open along the lines
of sunrise and sunset on the longest day of the year. Within this cut, all large openings are
located facing north. Small shaded vertical opening to the south are necessary for daylight,
view connection and natural cross ventilation. The east and west facades are fully opaque.
Figure 04 shows the sun view study for an hourly sequence viewing the building from sun
position on the 12/21, 3/21 and 06/21. Everything that is visible receives direct solar
exposure, while everything not visible in the graph is in the shade.
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figure 04: sun view study of the ECO HAUS

The goal of the building’s design is to create a well-balanced use of daylight throughout the
building while reducing solar gains to a minimum and allowing a visual indoor-outdoor
connection. Figure 05 shows the daylight factor distribution at working height at the ground
and first floor of the building, indicating a homogeneously well daylit environment, achieving
illuminance targets even at sky conditions with 10 000 lux on the horizontal plane.

figure 05: daylight study of the ECO HAUS

2.4. Natural Ventilation
The main openings of the Eco House are exposed to the prevailing wind direction from north
north-east. The north facade is equipped with manually operated windows while the south
windows which reach all the way to the top of the double height facade are motorized so that
natural cross ventilation can be allowed for without compromising on safety.
2.5. Thermal Zoning
The guestrooms, dining and living room are situated at the north façade. The space between
the round opaque wall facing south and north conditioned unit is double-height and is used as
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a circulation space buffer zone where higher room temperatures are allowed. The ventilation
path also follows this strategy, where fresh air is supplied to the bedrooms and transferred into
the circulation spaces.
3. ACTIVE STRATEGIES
The set of active strategies aims at reducing energy demand for the mechanical cooling period
through maximizing so-called active design strategies.
3.1. Hydronic Cooling
Typical cooling systems in Oman are based on air-conditioning, with the downside of draft,
subcooling and high-energy intensity. In contrast the approach taken in the Eco House
separates the systems of providing air quality and room temperature control. All rooms are
cooled by water based radiant panels as part of the suspended ceilings. This shift from air to
water as a cooling medium (hydronic system) makes the system more energy-efficient and
provides a highly comfortable, draft free cooled environment. In total an active cooling area
of 100m2 is installed in the Eco House with a total cooling power of 6.0 kW. The system
operates with a supply temperature of max. 18°C, a return temperature of 21.5°C and a
surface temperature of ~22.5°C. Zones of individual temperature control are divided
according to the use: individual bedrooms, living/dining, kitchen, double-height common
space), allowing occupancy controlled operation of the system. It is important to note that the
proposed system is not a standard in this region and requires additional effort in instructing
installation and operation, even though the components are off-the shelf technology. This
makes the system potentially more expensive.
3.2. Energy Recovery
A radiant cooling system requires room dew point temperatures below water supply
temperature to avoid risk of condensation. Thus outdoor air supply has to be dehumidified to
ensure cooling operation. A dedicated outdoor air system (DOAS) provides a dehumidified
outdoor air rate of 600 m³/h distributed to the bedrooms and living room.. From there room
air passively transfers to the common space (second use of air) and finally is pulled from the
kitchen back to the air handling unit. The air-handling unit is equipped with a total energy
wheel for sensible and latent heat recovery. The wheel transfers the cooling potential of the
kitchen return air (25°C°, 10.11g/kg) passively to the entering outdoor air (46°C°, 20.7g/kg)
which after the wheel is at 30°C, 13.2 g/kg and thus significantly reduces sensible and latent
cooling load and energy demand. This is especially energy efficient during times where the
coefficient of performance (COP) of the chiller is lowest due to high outdoor temperatures.
Behind the cooling coil the supply air leaves the air handling unit with 12°C°and 8.73g/kg. It
is imperative to note that the limited dehumidification potential of a DOAS system providing
hygienic ventilation rates only in combination with a radiant cooling system requires a high
performance air-tight building envelope. This requires a precise and on-going quality
management process during the construction phase. Furthermore, since cooling loads
provided by this system are limited to surface area, the building loads (solar, internal,
transmission) need to be reduced first by passive strategies.
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3.3. Efficient Equipment
The household appliances for the Eco House such as fridge, freezer, cooker, dishwasher, and
washing machine as well as lighting, and also the chiller were selected on the criteria of
maximizing energy-efficiency. Because cooling is the main driver of energy consumption
(figure 03), special effort was taken to optimize chilled water production. The chilled water
supply temperature is increased to 10°C to improve the COP of the 15 KW chiller. The Air
handling units cooling coil is supersized to work with 10/18°C chilled water temperature.
Water returníng at 18°C directly feeds into the chilled ceiling system, returning at 21°C back
to the chiller. By increasing chilled water supply temperatures from 6/12°C to 10/21°C at
outdoor design conditions (46°C°, 20.7g/kg) the COP of the chiller is increased by 66% from
1.5 to 2.5. Additonally the use of two chilled water storage tanks of 1m³ each allows for the
operation of the chiller during the cooler night hours to increase its COP and thus decrease the
electricity demand of chilled water production.
3.4. Building Management System
The building management system ensures a proper control and operation of the active
building components to maintaining a high comfort indoor climate at minimized energy
demand. . In addition to monitoring energy use and production as well as indoor climate
conditions, the building management system optimizes the energy efficient operation of the
chiller-storage-system. Furthermore, the chilled water supply temperature to the radiant
systems is controlled to 2K above the monitored dew point conditions within the building to
reduce the risk of condensation.
3.5. Solar Power
In Oman solar power as a renewable source of energy is not yet widely used, despite the very
high potential for such technologies. The annual average insolation on a horizontal surface in
Halban, Oman (Latitude N 20° 23‘, Longitude E 55° 96‘) is at 2,241.1 kWh/m2/year and
among the highest in the world (3). On the roof of the Eco House a photovoltaic system with
38 modules of 327 Wp each has been installed at a tilt angle of 25°. The total array capacity
of 12.42 kWp has the potential to generate 20 MWh/a electricity based on the available
climate data. In addition, a roof installed solar thermal system with 4m2 panel area will cover
100% of domestic hot water demands with 55- 60°C hot water from a 200l tank. The Eco
House will be connected to the campus grid, and as long the university grid consumes more
electricity than the PV system can generate, it can feed into the grid. The Eco House is the
first residential building in Oman to receive permission from the Authority for Electricity
Regulation to feed in PV generated electricity and even receives a feed-in tariff that is equal
to the market price.
4. CONCLUSIONS
The Eco House project is a starting point in the development of energy-efficient buildings in
Oman. The focus of the evaluation should be, firstly, on monitoring the impact of the design-,
construction-, and technology-related strategies on the overall performance of the house, and
secondly, on weighing the economic viability of introducing such strategies on a wider range.
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4.1. Net-Zero-Balance
Based on simulations during the design phase and indoor temperature measurements during
the construction phase it is assumed that a net-zero-energy balance can be achieved for the
Eco House. An estimated electricity production of 20,000 kWh/a by the PV system represents
the upper limits of the Eco House’s annual energy consumption. Through the impact of the
passive strategies the cooling period can probably be shortened to five months per year (MaySeptember). Thermal simulations show that through the effecitiveness of the active strategies
a mean monthy electricity consumption of less than 4,000 kWh is a realistic expectation.
4.2. Market Viability
From an economic perspective, the Eco House is not competitive under the current market
conditions in Oman, which has distorted prices. Extremely high subsidies for electricity
encourage consumption and discourage conservation of energy. This in turn reduces the
availability of materials and products to improve energy-efficiency and increases their costs.
However, it can be argued that the passive strategies, which already have a high impact, are
within feasible economic limits. To implement them certain agility in design (volume,
orientation, ventilation, zoning) is needed, which would raise design costs. Additionally more
attention to construction methods (insulation, air-tightness) is necessary, which would raise
the building costs. The set of active strategies requires far more sophisticated technologies
and skills, which are not yet available in the local market, and thus are probably too costly for
the time being to be used on a larger scale.
4.3. Evidence-Based Policy Recommendations
In sum, the design and energy performance of the Eco House is promising and once the
operation has been monitored and evaluated, it will certainly be possible to improve and
simplify the components even further. However, the key to competitiveness lies on the
economic side. Only if the distortion of market prices is changed from subsidising inefficient
energy consumption caused by low-quality buildings and ineffective technologies, to
supporting energy conservation through effective design and construction quality, can the
costs for the Eco House or similar projects become competitive. Such policy changes need to
be evidence-based to precisely know, which measures will be most effective. The Eco House
project can serve as a starting point to gather such evidence as a step towards change.
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Energy efficiency, industrialising and cost control in a Housing
Project
De Diego, Mariano, Arquitectura Racional, Valencia, Spain
Coloma, Alberto, SAINT-GOBAIN, Madrid, Spain

Abstract:
We present a real success case of a collective building of 176 apartments, energy
performance rated “A” built in Xativa (Valencia-Spain) by Arquitectura Racional (AR). The
original project had started in 2005, before the approval of the first Spanish Building
Technical Code (CTE2006) and was stopped from 2008 to 2012 as many others involved in
new housing business “crash”.
Interrupted building has then passed to bank property in that conditions (60% of structure
built) and was bought by AR in 2012.
AR have redefined then the project from both commercial and technical side to produce
sustainable and efficient dwellings at very affordable prices, 20% lower compared to current
market average prices for public housings.
But beyond the project itself, a process of strategic planning of a building project and its
construction is presented, based on the objective of maximum energy efficiency and
sustainability performances and by means cost efficiency and innovative and industrialized
solutions.
Key words: Buildings industrialization, Energy efficiency, Cost efficiency, Comfort,
Arquitectura Racional, SAINT-GOBAIN
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Project schedule

Photo1 & 2 : Original project launched in 2005 and stopped from 2008 to 2012 when 60% of the structure has
been built and others 9.000 m2 haven’t started yet

Photo 3 :New Project, 2012

Photo 4 :Construction, 2014

Commercial developer project
New dwellings demand in Spain remains even today very low due to economic situation but
also to the big stock of empty houses built during over-production finished in 2007.
This situation is not homogenous all around our national geography: stock and lack of
demand are even more important in the Mediterranean area while North and main cities like
Madrid and Barcelona are showing some signs of increasing demand.
AR received in 2012 a proposal from the bank owning the interrupted building to buy this
unfinished structure and develop a new concept. Bank offer included some financial coresponsibility but AR had to redefine the original project, not only at technical but also at
commercial side. Dwellings demands in Xativa were very low at that time and potential
customers had several finished and almost empty buildings to choose for their homes.
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AR has defined a new orientation for the building based in several clear concepts:
-

-

Main target: young single people or couples looking for their first home. This kind of
customer demands low prices and appreciates high sustainability performances.
A very efficient cost control by reducing as much as possible number of steps at the
production chain and by involving all the technicians, arquitects and external
companies on the whole project from the beginning to control that everybody pushes
always in the planned direction.
Industrialized concepts and dry prefab solutions. Every dwelling is organized by
placing in the central area a wet-module (kitchen+bathroom) which would be also
used to separate two different day and night living spaces. A minimum use of vertical
partitions and doors produces an interesting cost reduction. Even the largest 3 room’s
dwellings are delivered with just one of these rooms independent and the rest of the
housing remains opened and ready to build new partitions when the number of
occupants will grow. This design offers very attractive open living areas for these
targeted young customers.

Fig1 :Red squares represent wet modules (bathroom + kitchen). Then just one room by
dwelling is delivered independent. Rest of the housing remains open space with two different
and separated areas for day and night living
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Photo5: Wet modules (bathroom + kitchen)

Photo6: all the pipes disposed in the same wall

Technical concepts
High thermal efficiency of the building is reached first of all by designing an optimal
insulated and air tightened envelop:
- Walls are composed by cellular concrete blocks 20cm thick and ETICS system with graphite
polystyrene insulation and inner finishing with plaster board. U value stands at 0,26W/m2K.
PVC window frames (U 1,3W/m2K) and solar control insulating glasses (g value 0,58)

Photo7 : Sate installation

and

Photo8 : Wall & windows detail
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-

Roof with 80mm thick XPS and Filtron on site plate (U value 0,31 W/m2K)
Heating&cooling floor installed on a polystyrene block 28mm thickness. Forced
renovating air system with heat recovery
8 Gas heat pumps and 2 heating burners with total power of 786,40kWh for heating
and 564 kWh for cooling. Big part of the energy produced by this equipment is
recovered to supply up to 70% of heat water ACS needs.

Photo 9 : Heating&cooling floor

Photo 11 : Installations room at floor level

-

Photo 10 : 8 gas pumps at the roof

Photo 12 : heating recovery system at ventilation circuits

Building layout permits natural crossed ventilation by means of a central open patio
500m2 who will be kept wet during summer to supply fresh air.

Energy performances and other certificates
The building is rated A class at EPC producing 3 kg/m2/year of CO2 emissions and with an
energy consumption of 14 kWh/m2/year.
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Photos 13 to 16 : EDP certified products, water control systems, sustainable solutions for a sustainable
building and at the same time solutions demanded by targeted young customers

Building has been recognized with provisional certification “Perfil de Calidad” given by
Valencia Building Institute (IVE) in two categories HE.- Energy Savings and US.Sustainable Use of natural resources
o HE.- Energy savings Calificación muy alta
o US.- Sustainable use of natural resources Calificación alta.

Fig2 : Label “Perfil de Calidad”

6378

ISBN: 978-84-697-1815-5

Finances
Material execution Budget (PREM) stands at 7.570.059,25 €, while contractor budget stands
at 8.651.459 € (around 1/3 corresponding to installations)
It represents a unit cost per square meter of 397 €/m2. This cost doesn’t include cost of 60%
of structure built. We estimate that cost for this project starting from empty land would result
around 435€/m2.
This so low cost is reached by a very cost efficient process based on reducing as much as
possible length of the chain (same team dealing project definition, developer project and
construction activity) and on involving every external or internal agent in the whole process in
order to be sure that no deviation from objective appears
This so small construction costs has permitted a selling price on average of 935€/m2, 20%
lower of average price for public housings in the city of Xativa
Main figures:
• Total surface
• Housings surface
• Contractor budget (without TVA)
• Production rate at central period
• Number of companies involved

21.774,62 m2
16.771,24 m2
8.651.459 €
21.000 €/day
28

Conclusion
This experience shows that sustainable buildings are possible at very affordable construction
cost and competitive selling prices if the right concepts are defined at the beginning of the
process and are shared by a quite reduced team participating in almost every step of the
project.
Sustainability, innovating and as industrialized as possible solutions, well oriented developer
project and cost efficiency compose a powerful proposal for new buildings sector in Spain
after big crash of recent years
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Australia fighting against the tide to create a sustainable built
environment.
Speakers:
Russell, A1
1

Dynamic Composite Technologies & Proctor Group Australia, Sydney, Australia

Abstract: Blessed with ample renewable resources, Australia’s urban population is centred in
large coastal cities located in temperate and sub-tropical climates. One could be forgiven for
thinking Australia would be leading the way in adoption of zero carbon buildings.
Although research shows Australia faces significant environmental and economic impacts
from climate change, Australia were awarded in 2013 by the Climate Action Network with the
“Colossal Fossil” of the year award, presented to the country that has done most to block
progress on climate change.
In spite of the background of climate change scepticism from the current government, it is
hoped that the construction industry has sufficient momentum to improve the sustainability of
the built environment. Through a combination of drivers, including relatively lightweight
regulatory change, market forces and ambitious, foresighted individuals, Australia has
successfully completed and continues to design exceptional sustainable buildings. This paper
introduces some shining examples of Australian sustainable design.
Keywords, Australia, Sustainable design, Green Star, Case Studies, Passive Solar
Introduction

When I first visited Australia in 1990 I had in my mind the image of a sun blessed country. I
barely noticed the transition from the typically cool Scottish summer to the warm winter of
Sydney’s eastern coastal suburbs. Considering the key climate indicators in table 1, the
temperate climates of the major cities of Perth, Adelaide, Melbourne and Sydney and subtropical Brisbane would be the envy of those designing sustainable buildings elsewhere
around the globe. 63% of Australia’s 23million population live in these 5 urban coastal
centres. (Australian Bureau of Statistics, 2013)
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State / Territory
Capital
Latitude
VSN*
HDD18*
South Australia
Adelaide
34.9°S
11.8
1,007
Queensland
Brisbane
27.5°S
11.0
232
Australian Capital
Canberra
35.3°S
12.0
2,160
Territory
Northern Territory Darwin
12.4°S
10.4
Tasmania
Hobart
42.9°S
10.5
2,062
Victoria
Melbourne
37.8°S
9.9
1,423
Western Australia Perth
31.9°S
11.6
665
New South Wales Sydney
33.5°S
11.1
743
VSN represents the average annual solar irradiation, MJ/m²day
HDD18 Heating Degree Days per year with a base temperature of 18°C
CDD18 represents the Cooling Degree Days per year with a base temperature of 18°C

CDD18*
584
1,228
241
3,450
37
244
811
556

Table 1 Climate indicators for the capital cities in Australia (Bell, 2005)

Many recent arrivals from Europe express dismay regarding poor levels of energy efficiency
in Australia’s residential and commercial building stock. Typical comments in the winter,
when temperatures may dip below just 10°C overnight are that they have never felt so cold,
now forced to live in overpriced, uninsulated and draughty homes.
Energy source and consumption
Despite rich gas deposits and natural renewable resources, in 2011-12 coal remained the
largest source of electricity generation at 69%. Natural gas accounted for 20% per cent and
renewables at 11% dominated by hydro. (BREE, 2013) Of fossil fuel resources, much of
which is shipped overseas, Australia is left burning higher moisture content and polluting
brown coal, paying increasingly high prices for electricity.
A report from Deloitte Access Economics (Deloitte, 2014) found that, “Electricity prices in
the state of New South Wales (NSW) have doubled since 2007-08. The average household
electricity bill in 2013-14 is AUD2073, compared to just AUD1013 in 2007-08. Network
costs have accounted for more than half (AUD580) of this increase, despite demand for
energy declining in recent years.”
In Germany with a much higher proportion of electricity generation from renewables,
customers object to an average annual household bill equivalent to AUD1060. (Wright, 2012)
However despite paying very similar rates, Australian average household bills are almost
twice those in Germany demonstrating that electricity usage, rather than pricing accounts for
such high bills. Even when taking into account that German households burns on average 35
per cent more gas than those in Australia’s southern temperate state of Victoria, it is clear that
Australian households are consuming comparatively more energy in our their homes. Given
the significantly lower combines heating and cooling degree days, this is surprising.
The Policy Response
In 2013 Australia were awarded by the Climate Action Network with the Colossal Fossil of
the year award, presented to the country that has done the most to block progress on climate
2381

ISBN: 978-84-697-1815-5

change. Australia has one of the world's largest ecological footprints at 25 tonnes CO2-e per
person (DCCEE, 2012) of which half is due to greenhouse gas emissions.
Back in October 2009, Australia’s current Prime Minister Tony Abbott let slip his sceptical
leaning views on climate change. “The argument [on climate change] is absolute crap...
however, the politics of this are tough for us. 80 per cent of people believe climate change is a
real and present danger." (Rintoul, 2009)
Since the election of the current government in September 2013, Australia has seen
significant winding back of environmental policy. Alexander White wrote in the Guardian
newspaper that “this negligence is reckless and endangers our air, water, soil now and for
future generations.” (White, 2014)
In just one year the Abbott government has repealed the carbon price legislation replacing this
with a policy of “direct action,” the main constituent being an Emissions Reduction Fund,
based on a tender process, to fund future projects that reduce carbon emissions. Rather than
penalising polluters, the policy would now appear to reward the worst polluters best placed to
make changes.
The long established policy committing to a 20% renewable energy target is up for review
and in danger of being wound back or scrapped to the benefit of fossil fuel energy providers.
Within weeks of coming to power the government announced that the Climate Commission,
created to provide independent and accurate information about global warming, was to be
abolished. Other agencies facing a similar threat are the Clean Energy Finance Corporation
and the Renewable Energy Agency which finances research and development in renewable
energy projects. AUD10 billion worth of fossil fuel subsidies such a deductions on diesel for
those in the mining sector have however been maintained.
With respect to Australia’s natural resources, the expansion of a coal terminal near the Great
Barrier Reef has been approved, an attempt was made to delist 74,000 hectares of Tasmania’s
forest from its UN World Heritage status, and the status of Marine National Reserves is also
being reviewed. (White, 2014)
No changes are anticipated from the current government with regards to legislation
encouraging or incentivising stronger energy efficient requirements for new buildings or for
upgrading existing buildings.
In the construction industry, at one end of the spectrum are those who view the relatively
benign climate as an excuse to dismiss energy efficiency as a waste of time and money.
Others remain disinterested, doing the bare minimum required. At the other end of the
spectrum there are fortunately individuals and companies that see a marvellous opportunity to
design and add to Australia’s stock of highly sustainable buildings.
Despite this background of climate change scepticism in the current conservative government,
the construction industry has made steps in recent years to improve the sustainability of new
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additions to the built environment. Through a combination of drivers including relatively
lightweight regulatory change, market forces and ambitious and foresighted individuals,
Australia has constructed and continues to design exceptional sustainable buildings.
As of September 2014, Australia now has 103 Green Star 6 Star (World Leader) certified
projects and 344 Green Star 5 Star (Australian Excellence) certified projects. (GBCA, 2014)
This paper introduces some of the most notable sustainable building completed in Australia
over the past decade.
University of Wollongong Sustainable Buildings Research Centre (SBRC), Wollongong,
NSW
As well as being the first 6 star green star building in the Wollongong region the SBRC is
Australia’s first Living Buildings Challenge candidate.
The SBRC aims to promote sustainability in the built environment through the performance
of the building itself, and via partnerships with industry, becoming a test bed for sustainable
building, retrofitting technologies and addressing skills gaps in technical training. (Jeffery,
2013)

Figure 1 University of Wollongong Sustainable Buildings Research Centre (SBRC, n.d.)

The building fabric is, by Australian standards, a well-insulated air tight envelope
incorporating thermal mass, orientated for carefully controlled solar access. The indoor
environment is designed to operate in natural ventilation mode for up to 70% of occupied
hours, with building management systems (BMS) operating opposing high and low level
openings for cross ventilation to provide occupant comfort in the band of 18-27°C.
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Building services include vertical bore and horizontal pit ground source loops, ground source
heat pumps, an air cooled chiller, a ground level air handling unit (AHU) and level 1
displacement AHU connected to a rooftop photovoltaic thermal experiment, hydronic floor
heating with user controlled floor vents and a solar wall that can be used for experimental
purposes. (Jeffery, 2013)
The building has an interior green wall with removable pods. Part of the roof top has been
designed for research purposes with the inclusion of green roof testing beds that allow for
black-water quality testing. The landscaping includes native agriculture and permaculture
gardens.
The SBRC will be net exporter of water making use of 65,000l rainwater collection tanks,
detention basins and a black-water treatment system.
The SBRC site typifies the opportunity to achieve great things with the Australian built
environment. The site has over 200 days of sunshine, average annual rainfall of 1,082mm, an
annual mean monthly temperatures between just 14°C and 21°C, and prevailing coastal winds
lending the site to natural ventilation. The building has been designed with this in mind and
air conditioning is expected only be required at peak times.
The projected energy consumption is just 60 kWh/m² which will be provided by solar power
with an array of approximately 130kWp. The excess is shared with a neighbouring University
building.
1 Bligh Street Sydney
Winner of several awards including the Australian Institute of Architects Milo Dunphy Award
for Sustainable Architecture in 2012, the principle architects, Architectus, in association with
German architects Ingenhoven, created a highly sustainable office tower. The building has
achieved 6 Star Green Star Office Design V2 certified rating from the Green Building Council
of Australia. (Architectus, 2014)
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Figure 2 Number 1 Bligh Street from above (Architectus, 2014)

In prime location in Sydney’s central business district, aiming to attract high value tenancies,
a full glass facade was the only option to capitalise on the Sydney Harbour views. The double
skin facade system is a first for an Australian high rise office building and includes an inner
skin of performance glass, automated blinds, and an outer skin of clear glass separated by an
accessible naturally ventilated cavity. (DEXUS, 2014)
The 135m full-height glass atrium is also naturally ventilated. Other sustainable features
include onsite black-water recycling, rainwater recycling, tri-generation, and solar thermal
collection to reduce peak and annual energy consumption. Materials used included FSC
certified timber and 40% recycled concrete. 90% of the steel also has a 50% recycled content.

Figure 3 Naturally ventilated atrium, 1 Bligh Street (Architectus, 2014)
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Air conditioning is provided by a hybrid combination of variable air volume (VAV) with
chilled beams for maximum comfort and reduced energy consumption. A 9.7m high green
vertical garden, which at the time was Australia largest green wall, is not only a decorative
backdrop but was designed to reduce reflective light and heat.
Pixel Building
Completed in 2010, the Pixel building was Australia first carbon neutral building. The
building scored a perfect 100 Green Star points with an addition 5 points for innovation, thus
receiving a Green Star 6 Star Office Design V3 rating, LEED Platinum 110% and BREEAM
outstanding rating with a score of 99.4%. When factoring in a 50-year life cycle, Pixel will
deliver a net carbon benefit to the environment, exceeding the original brief to be carbon zero.
(Sustainability Victoria, 2012)

Figure 4 Pixel Building (Studio505, 2014)

Generating all its own power and water on site, Pixel was designed as a prototype for
commercial buildings that will emerge when a carbon constrained environment demands
greater focus on energy efficiency. The Director and Principal Sustainability Consultant at
ESD and building services engineer for the project Umow Lai said, "The aim of the project
was clear from the start. Our objectives were to provide an example of the sustainable office
of the future and to set a benchmark that exceeds all current-day sustainable office
developments." (GBCA, 2013)
Cooling and heating is provided by an onsite gas-fired ammonia absorption heat pump/chiller,
with an air-cooled condenser. Other demands for power are met by an extensive photovoltaic
array mounted on a tracking device on the roof to improve output by 40 per cent, and highly
efficient 1kW wind turbines.
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Figure 5 Cooling Strategy, PIXEL Building (Sustainability Victoria, 2012)

Figure 6 Heating Strategy, PIXEL Building (Sustainability Victoria, 2012)
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Slab cooling, underfloor air distribution with individual occupant control and 100 per cent
outside air provided at rates far in excess of the Australian code requirements, contribute to
high indoor environment quality.
Other features include highly efficient lighting with daylight control, 100% self-sufficiency in
water and a façade designed for disassembly. (GBCA, 2013)
University of Queensland Global Change Institute (GCI) building
Officially opened in 2013, another Living Buildings Challenge version 2.0 candidate is
located in sub-tropical Brisbane. Designed by Hassell Architects to work with the natural
environment and operate as a zero-energy and carbon neutral workplace, the building is
targeting 6 Star Green Star (Education Design) and 6 Star Green Star (Education As Built)
ratings.

Figure 7 University of Queensland Global Change Institute (GCI) building facade (Getting to Sustainability,
2012)

The aim is for the building to be naturally ventilated for 88% of the year. Outside air is drawn
through a basement labyrinth of thermal mass prior to being dehumidified and delivered from
the upper floor. The building generates and stores sufficient solar power for all its own needs
with some left over to go back into the national grid. An Australian first, the GCI Building
makes use of a low carbon geopolymer precast structural concrete made with waste from iron
production and coal fired power generation. The floor panels are exposed and kept cool with
hydronic coils. (Fedele, A, 2013)
Perforated operable exterior screens for managing solar heat gain track the sun to protect the
glass louvres used for natural ventilation. Air flows across the occupied zones to the central
atrium that can discharge warm air up and out through a thermal chimney.
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The atrium which features a green wall for bio-filtration and re-oxygenation of return air has a
triple skin operable translucent ETFE roof featuring pneumatically inflated pillows to reduce
solar loads into the atrium space. (Hassell, 2013)
Other features include an Australian “bush tucker” garden, bio-retention basin and 60,000
litres of rainwater storage.
The building will function as a live research site piloting new and innovative sustainable
building solutions with the aim of improving the operation of buildings specifically located in
sub-tropical regions.
20 Martin Place, Sydney
In the heart of Sydney, a major refurbishment of 20 Martin Place is currently underway.
Primarily through the upgrade of plant services and increased façade performance the goal is
to increase its current poor National Australian Built Environment Rating System (NABERS )
1 Star rating to a 5 Star NABERS and 5 Star Green Star as built rating.

Figure 8 Number 20 Martin Place (Crone Partners, 2014)
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The existing 1960’s structure will be retained but re-skinned with a high-performance glass
façade designed to illuminate the property with changing colours reflecting the sun’s
movement. (Chua, 2013)
Darling Quarter, Sydney
Winner of a long list of Australian and international awards, Darling Quarter, completed in
2011 achieved GBCA 6 Star Green Star (Office), 6 Star Green Star (Office As Built v3), and
5 Star Green Star (Office Design Interiors v1.1) ratings. Compared with typical existing office
buildings in Australia, Darling Quarter offers a 72% reduction in carbon emissions and a 92%
reduction in potable water consumption. Media walls at the entrance display not only data on
energy and water use but also the sale of reusable verses disposable coffee cups to encourage
occupants to take an active part in reducing their carbon footprint. (Lend Lease, 2014)

Figure 9 Darling Quarter (Lend Lease, 2011)

The building envelope is designed to balance the priorities of daylight penetration, the views,
thermal comfort, glare and control of solar gain. The gently curving West Façade has
adjustable timber louvres on the inside of the glazing that adjust in relation to the sun’s
position to manage heat and glare. The louvres sit between irregularly spaced natural timber
mullions providing a soft and more natural look from the interior and exterior.
Electricity is generated on site from natural gas turbines to provide electricity, heating and
passive chilled beam cooling. Darling Quarter features an atrium to maximise daylight
penetration, a green roof, rainwater recycling with filtration and UV treatment and a blackwater treatment system.
Locate in a very public thoroughfare from the city to a waterfront tourist and entertainment
precinct, Darling Quarter address social sustainability featuring a children’s theatre,
playground, retail, restaurants and green public domain.
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Blackmores Campus, Warriewood, Sydney
The owner occupied office building designed by WMK Architecture won the Australian
Institute of Architects, Sustainable Architecture Award NSW in 2010.
The building was designed to exceed NABERS 5 star rating by 40%, not to require air
conditioning for 55% of the year, 70% free of both mains electricity and mains water with
66% less carbon emissions than similar conventional buildings. Gas fired tri-generation is
used to supply electricity, hot water and cooling. (WMK, n.d.)

Figure 10 Blackmores Campus (WMK, n.d.)

Fresh air and natural cross flow ventilation are provided by automated temperature-sensitive
windows. The North façade incorporates heat stacks with reverse performance glass heat
banks. Shading is provided by horizontal blades and deciduous vine planting.
The fresh air intake is pre-cooled using ponds for natural evaporative cooling and is drawn
through an underground labyrinth and distributed sub floor to individual floor mounted air
outlets. 100% fresh air is achievable for the majority of the year. Office floor dimensions have
a narrow design to maximise natural daylight and natural ventilation.
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Figure 11 Blackmores Campus (WMK, n.d.)

Both black-water and grey-water recycling are used, rainwater being harvested and ozone
treated to potable standard. If approved for future sewer mining, this could make the building
95% independent of mains water. Wetlands collect and clean storm water run-off and a
natural creek system has been reinstated.
Where possible recyclable natural materials have been used in their raw state along with
renewable plantation hardwood. Low VOC paints were also used.
As owner occupiers, natural health products supplier Blackmores, were able to take a long
term view of the savings they expect to make over the life of building, allowing them to
demonstrate their strong commitment to sustainability. (Barnett, n.d.)
Tyree Energy Technologies Building (TETB), University of New South Wales, Sydney
The TETB has received a 6 Star Green Star Design rating, awarded by the GBCA.
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Figure 12 Tyree Energy Technologies Building (UNSW, n.d.)

1,100 m² of roof-mounted photovoltaic arrays at different tilt angles provide a total capacity
of 150 kWp, which is exported to the university’s high voltage network.
A northern and a southern thermal labyrinth of concrete tunnels approximately 90m in length,
1.2m wide and 3m high provide underground passive heating and cooling systems. Vertical
windows running the length of the building can be opened through the BMS to allow the
building core to be purged overnight when the outside and internal building conditions make
this suitable. (Brookfield Johnson Controls, 2013)
The Illawara Flame House
Australia’s first entry into a Solar Decathlon, Team UOW from the University of Wollongong
and TAFE Illawara, convincingly won the Solar Decathlon 2013 competition co-hosted in
China by the US Department of Energy and the National Energy Administration of China.
With 957.6 out of a possible 1000 points, the Australian team also took first place in
engineering, architecture and solar application.
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Figure 13 The Illawarra Flame & team in China (Team UOW, 2014)

In a first for the Solar Decathlon competition, the team chose a renovation project to
demonstrate the upgrade of a basic 'fibro' home, into a sustainable net-zero energy home.
Fibro (short for fibre/asbestos cement sheet) homes were built in great numbers during the
post-war period, at low cost, using a minimum of materials and timber frame construction.
This project aimed to demonstrate the potential to achieve significant economic and
environmental gains from upgrading the domestic built environment.
The Living Building Challenge criteria was used as a guide for material selection. The
building envelope was given considerable attention, upgrading insulation levels to R5.0 in all
areas, increased air tightness and windows being upgraded to high performance doubleglazing.(Team UOW, 2014)
When natural ventilation can’t be employed, heating and cooling that balances the diurnal
thermal loads is provided by a photovoltaic thermal (PVT) system coupled with a Phase
Change Material (PCM) thermal store. Power is supplied by a 9.4KW Photovoltaic system
comprising a thin-film CIGS array and poly-crystalline PV array. The PVT system also
removes hot air from underneath the CIGS solar panels, increasing the electrical efficiency of
the panels and also providing space heating in winter and night-sky radiant cooling in
summer. A thermal mass wall was constructed from 90% recycled content, including the
original terracotta roof tiles. (Team UOW, 2014)
Conclusion
These buildings show a broad cross section of what is possible. The designs are far in excess
of what is required by local regulation and have been driven by a desire to create landmark
sustainable buildings.
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The design of many of these buildings contain features of passive solar design which has a
strong history and level of acceptance in Australia. With a full range of climate zones in
Australia, recognition of the macro and micro climate us playing a strong part in the effective
operation of these buildings.
I liken these leading sustainable projects to seed-bombing. This is the practice of activists
throwing tightly bound balls of soil, fertilizer and seed into empty blocks and desolate
industrial land to improve the local environment. It is my hope that everyone, across the
construction and regulatory sector, can experience what is achievable on our own doorstep,
and be motivated to come closer, to match, or even exceed these high standards and provide
Australia with the sustainable built environment that it deserves and is very much within
reach.
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Abstract: Microalgae cultivation is a photosynthetically driven system applied to
architectural integration. Microalgae are sustainable energy source for biofuel production,
which can transfer solar energy to chemical energy by photosynthesis. However,
photosynthetic ability is sensitive to environmental changes. Therefore, how to overcome the
decrease efficiency of photosynthesis is important.
Here, we report a kind of heat-resistant microalgae, Scenedesmus vacuolatus, can culture at
32ºC, and maintain a good efficiency of photosynthesis. Even if the microalgae treated by
high temperature at 46.5ºC, the heat-treated microalgae were found first to enter a
degenerative stage with low photosynthetic activity almost right after the start of the
cultivation, which was then followed by a revival. All our data indicate recovery microalgae
would be re-greening and recover photosynthesis completely.
For it’s heat-resistant property, culture Scenedesmus vacuolatus can be apply for sustainable
building and reduce energy consumption for the thermal regulation in algae culture.
Key words: High-temperature resistant, microalgae, photosynthesis, sustainable building
Bio Intelligent Quotient (BIQ) House.
For last three years, microalgae cultivation is a photosynthetically driven system applied to
architectural integration. For example, BIQ House (building in Hamburg Germany; Image 1)
project, which is beginning in December 2011, and complete in April 2013. In this building,
microalgae are cultivated in the glass elements that make up its “bio skin”. These are used to
produce energy, and can also control light and provide shade [1]. Microalgae are sustainable
energy source for biofuel production, which can transfer solar energy to chemical energy by
photosynthesis. In briefly, they can capture and consume CO2 to produces many compounds,
including oxygen, glucose and oil. However, photosynthetic ability is very sensitivity to
environmental changes. Therefore, how to overcome the decrease efficiency of
photosynthesis is important. In this study, we report a kind of edible and heat-resistant
microalgae, Scenedesmus vacuolatus, can culture at 32ºC, and maintain a good efficiency of
photosynthesis.
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Image 1 The BIQ is setting new standards as the first building in the world to have a bioreactor façade.
Microalgae are cultivated in the glass elements that make up its “bio skin”[2]

Direct observation microalgae under light microscope.
Figure 1 showed the variation Scenedesmus vacuolatus cells during heat treatment and
cultivation under continuous illumination. The cells showed no obvious change after heat
treatment (Figures 1A-B). Thereafter, these heat-treated cells were bleached gradually and
their chloroplasts appear to have lost their cup shape under continuous light cultivation
(Figures 1C-F). Regreened cells could be observed after light cultivation for 48 h (Figures
1G-J); their morphological characteristics are similar to those of control cells (Figures 1K-L).
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Figure 1 Representative light microscopic photographs. (A) Freshly harvested Scenedesmus vacuolatus (control)
cells and (B) the cells that had been heat treatment (46.5°C, 1 h). Thereafter, the heat-treated cells were cultured
under continuous light condition for (C) 2 h, (D) 6 h, (E) 12 h, (F) 24 h, (G) 48 h, (H) 60 h, (I and J) 72 h, and
(K and L) 85 h. Note the chloroplasts start to swell and lost their cup-shape from 6 h to 48 h in continuous light
cultivation. Red bars = 10 µm. Blue bars = 50 µm.

The variation of the ability of Scenedesmus vacuolatus cells multiplication.
Figure 2 shows the cell number of synchronized cells increased around 16-fold per day (150
µmol photon m-2s-1; 14 h light/ 10 h dark regime). However, the cell number in continuous
light (100 µmol photon m-2s-1) cultures grew at only around 12-fold per day. For heat-treated
cells, the cell number only increased after continuous light cultivation for 48 h, and
conversely, there was no cell number increase if cells were cultured in the dark.

Figure 2 The variation of the ability of Scenedesmus vacuolatus cells multiplication in suspension culture. The
relative numbers of total cells that cultured under the normal cell cultivation conditions (, 14 h light /10 h
dark; regime at 150 µmol photon m-2s-1 and 32°C) and under continuous light (; 100 µmol photon m-2s-1 and
32°C) in a cycle of 24 h. The relative numbers of heat-treated (46.5°C, 1 h) cells that had been continuously
cultured under light (; 100 µmol photon m-2s-1 and 32°C) or dark (
32°C). Each data point represents the
mean ± SD of four independent measurements.

▲;

Photosynthetic activity.
The variation of photosynthetic activity was accessed by measuring the maximal quantum
yield (Fv/Fm) of PSII of dark-adapted cells. The activity was completely inhibited after 20
min into the heat treatment (Figure 3A). Figure 3B shows that Fv/Fm signals of heat-treated
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cells became measurable starting around 24 h of continuous light cultivation. The Fv/Fm
value came close to that of control after about 60-72 h.
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Figure 3 The variations of maximal quantum yield (Fv/Fm) during and after the heat treatment. (A) The decay of
the Fv/Fm value of Scenedesmus vacuolatus cells during heat treatment (46.5°C, 1 h). Each data point
represents the mean ± SE of three independent measurements. (B) The variations of the Fv/Fm values of heattreated Scenedesmus vacuolatus cell and then cultivation under continuous illumination (100 µmol photon m-2s1
). Each data point represents the mean ± SE of five independent measurements. The dotted line indicates the
Fv/Fm (0.74 ± 0.02) of untreated cells at the beginning of dark cultivation.

Chlorophyll content.
The time-dependent variation of the chlorophyll content of the heat-treated cells obtained with
the method of methanol extraction is given in Figure 4. There was no change in chlorophyll
content right after heat treatment, but chlorophyll degraded completely within 24 h of
continuous light cultivation. Afterwards, chlorophyll synthesis gradually returned during 3660 h, and became indistinguishable from the control at 72 h. If heat-treated cells were cultured
in continuous dark condition, slight decreases only started after 24 h of dark cultivation. It
dropped about 10% after 84 h, indicating the absence of any massive chlorophyll degradation.
The measurement employing flow cytometry (Figure 5) generally confirmed that based on
methanol extraction. In addition, chlorophyll degradation rate was affected by light quality.
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Figure 4 The variations of the relative chlorophyll contents of heat-treated (46.5°C, 1 h) Scenedesmus
vacuolatus cells. The culture cells (with respect to that of the control) as a function of the time of cultivation
under continuous illumination (; 100 µmol photon m-2s-1) or in the dark (), respectively. Each data point
represents the mean ± SD of three independent measurements.

Population responses.
Scenedesmus vacuolatus cells subjected to a heat treatment were immediately cultured under
continuous illumination, and the flow cytometry analyzed for chlorophyll a fluorescence was
used to continuously monitor the changes in the chlorophyll content of the cell population.
Figure 5 depicts the frequency distribution of the fluorescence intensity of the cells that had
been cultured for various times. There was no significant change in the chlorophyll content of
Scenedesmus vacuolatus cells right after the heat treatment (Figures 5A-B). The shift of the
distribution toward left in later hours indicated cells were losing chlorophylls, and they
subsequently became cells of very low fluorescence (Figures 5C-F). However, after about 24
h of cultivation, an increase in the high-fluorescent cell population was progressively
significant (Figures 5F-I). Note that a fraction of the newly emerged cells could emit
fluorescence at an intensity (~ 400 in relative unit; Figures 5G-I) about 6 times higher than the
control (~ 60). This might have something to do with the new cells that contained multiple
chloroplasts (see below), the high fluorescent-cells disappeared at later stages.
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Figure 5 The frequency distribution histograms of Scenedesmus vacuolatus cells analyzed for chlorophyll a
fluorescence. (A) Untreated synchronous small cells, and (B) treated by heat treatment (46.5°C, 1 h) and then
cultured under illumination for (C) 6 h, (D) 12 h, (E) 24 h, (F) 48 h, (G) 72 h, (H) 85 h and (I) 105 h.

Revival of bleached cells.
In order to test the recovery rate of green cells, we took the fluorescence intensity of 20 as the
dividing line. As shown in Figure 5, the cells covered by horizontal bar no. 1 were green cells.
The concentrations of these green cells were then calculated and plotted as a function of
culture time (Figure 6G). The pace of the increase in green cells between 36 and 85 h was
quite fast. The number of green cells increased by 110 times on the average every 24 h. Such
a high rate could not be accounted for by normal cell division, because even control cell
would increase by only 12 times in 24 h when grown under the same conditions (Figure 2.2).
The explanation could be that, during this period of cultivation, more and more bleached cells
became green and reproductive with increasing culture time (Figure 6H), so that the rise of
green cell population was greatly accelerated.
For observation under light microscopic, Figures 6B-F showed regreen process of bleached
cells, regreen start from a site in a chloroplast (Figure 6C), chlorophyll separated gradually
and cell growth (Figures 6D-F). This clearly indicates that bleached cells could transform into
green cells and then formed colonies. On the other hand, the numbers of green colonies
formed 14 days later on agar plates were used as a measure of cell proliferation ability which
had been cultured under dark cultivation.
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Figure 6 Direct observation of Scenedesmus vacuolatus cells by light microscopic. (A) Synchronized small cells
(control), (B) bleached cells, and (C-E) regreening cells. Regreening started from a single point in the cell
(arrow head in C), more green points (arrow head) appeared later in a chloroplast (E). (F) Fully recovered and
large cells. (G) The concentrations of green cells as a function of the time of cultivation under illumination after
heat treatment. The data were calculated based on the results of flow cytometry. (H) The variations of the
relative number of bleached cells as a function of the time of cultivation under illumination after heat treatment.
Each data point represents the mean ± SD of three independent measurements.

In this research, we offer a good microalgae model for sustainable building materials. For it’s
heat-resistant property, culture Scenedesmus vacuolatus can be apply for building in tropical
zone and temperate zone, and reducing energy consumption for the thermal regulation in
algae culture.
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Abstract: The special properties of concrete are, among others, affordability, availability and
variability in connection with strength and potential durability, which has made concrete the most
used construction material in the world. Taking in consideration the amount of produced concrete and
number of realized concrete structures (concrete is used practically in every contemporary
construction) it is obvious that optimization of concrete itself as well as concrete structures represents
great potential for increasing the complex quality of buildings from the perspective of sustainable
development. Particularly there is a significant potential for decreasing negative environmental
impacts. The importance of these potentials is proportional to the continuously increasing amount of
global concrete use.

Sustainable concrete, optimization, High Performance Concrete, life cycle assessment,
standardization

Introduction
Concrete is the most used construction material in the world and the most used man made
material in general. The production of concrete in the industrialized world annually amounts
to 1.5-3 tonne per capita. Cement production is associated with large energy consumption and
with large CO2 emissions. In consequence of a fact that world cement production has been 12
times increased in the second half of the last century, the cement industry produces at present
about 7% of global man-made CO2 emissions. More over high amount of concrete use is
associated with high transport needs and demands on production and demolition processes
within the entire life cycle. This all has significant impact on the environment [1].
Current development of concrete, production technology and development of concrete
constructions during last twenty years have lead to quality shift of technical parameters and
also of related environmental impacts. New types of concrete have due to mix optimization
significantly better characteristics from the perspective of strength, mechanical resistance,
durability and resistance to extreme loads. Concrete gradually becomes building material with
high potential for expectant environmental impact reduction. This needs better knowledge
about technological processes and their impacts from wide variety of sustainability aspects
within entire life cycle – from acquisition of materials, through production of concrete and
concrete components, construction, use, up to demolition of concrete structure and recycling.
Advantages of concrete structures for buildings
Main advantages of concrete structures when used in building construction are:
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•

•
•

•
•
•

structural safety, including high resistance to natural effects during exceptional
effects like natural disasters (floods, stormes, winds, hurricanes, tornados, fires,
earthquakes, etc.) and others,
thermal mass of concrete can contribute to energy savings associated with cooling and
heating,
acoustic properties – due to high specific weight of concrete there can by improved
air-born sound insulation of structure (floors and/or walls separating different
operational areas),
high fire resistance – important especially for division of building into different fire
compartments,
long term durability enabling longer service life of buildings,
maintainability reducing operational cost nd increasing overall building quality.

Beside above-mentioned main advantages there are specific advantages related to three pillars
of sustainability [2].
Specific advantages of concrete structures in buildings from environmental aspects:
- New concrete technologies can utilize secondary materials (wastes from other
technological processes) in a composition of concrete mixture: fly-ash, granulated blast
furnace slag etc.
- Utilizing supplementary cementitious materials (microsilica, granulated blast furnace slag)
as substitute for high energy demanding Portland cement it is possible to reduce the values
of embodied energy and embodied CO2 and SOx emissions.
- Recycled concrete can be utilized as aggregate substitutes in earthwork construction and up
to some extent as aggregate substitute in new concrete.
- Production of precast concrete elements in “tailor-made” manner enables waste reduction
in production and also on construction site.
- Usually, it is possible to produce concrete from locally available sources. This leads to
reduction of expenses and environmental impacts caused by freight traffic (emissions,
noise, and dustiness).
Specific advantages of concrete structures in buildings from economy aspects:
- Concrete structures have usually longer service life in comparison to other materials
(timber, steel etc.); they are resistant to atmospheric action, they have good capability of
withstanding wear, and they do not subject easily to degradation processes. This also
results in lower operating, maintenance and demolition cost.
- Subtle concrete structures implementation leads to lower material cost and lower
manipulation and transportation cost.
- Utilizing lesser amount of higher quality concrete can result in decrease of total cost of
structure, even though the unit cost of this type of concrete is higher than the unit cost of
common concrete.
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- Precast concrete structures can be designed as dismountable enabling another utilization of
structural elements
- Smaller thickness of peripheral load-bearing concrete structures can have positive effect on
construction efficiency (in regions with regulated size of built-up area)
- High performance concrete structures have longer durability (savings in maintenance and
repairs) and longer service life (savings connected with longer utilization of constructions)
in comparison with other structural solutions.
- Concrete structures due to their accumulative properties can in some cases contribute to
decrease of operating cost for cooling and heating.
Specific advantages of concrete structures in buildings from social aspects:
- Concrete walls and floor structures often show good acoustic properties (mainly higher
sound-transmission loss due to higher surface density).
- Concrete surface produced in high quality can be easily maintained, cleaned and it has long
durability.
- Concrete structures are not the source of toxic emissions or volatile organic compounds.
- Concrete enables significant design flexibility due to the possibility of forming almost any
element shape limited only by static reliability requirements.
- Long span concrete floor structures enables renovation of indoor layout. That enhances
long-term utilization of load-bearing structure.
- Concrete structures are safer from the perspective of extreme action of fire, wind, water,
seismicity, explosions and terrorist attack.
Advanced technological and structural principles for sustainable concrete building
structures
Shape optimization – lightening of RC structure
Shape optimization can result in subtle lightened cross-sections (Fig. 1). Their lower weight
imposes lower load on supporting structures. Application of high performance concrete
enables additional savings due to higher reduction of cross section dimensions.

Figure 1 Shape optimisation – waffle structure

Figure 2 Installation elements from recycled plastic
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Cross section shape can be created using moulds, various types of lightening elements (Fig. 2)
or by application of light-weight concrete. Mentioned techniques can lead to material savings
from 30 to 60% .
Optimization of concrete mixture – high performance concrete
Utilizing new composite materials with significantly better physical characteristics creates
realistic assumptions of achieving substantial effect from the perspective of material and
energy savings. Some examples from abroad show that high performance concrete can be
used for optimized shapes of RC (reinforced concrete) elements, which can be very subtle
(wall thickness of 30 mm and less) due to their mechanical parameters. Nowadays, concretes
with compressive strength around 100 MPa are used in some cases, also UHPC (UHPC –
Ultra High Performance Concrete) with compressive strength over 150 MPa have already
been used for some special application (e.g. Ductal, Lafarge, France). These kinds of
materials enable design with reduced material consumption and thus with lower
environmental impacts.
Utilization of recycled concrete and other secondary materials
Some secondary materials (waste recycling products from other processes) can be used for
cement and concrete production, for production of mould elements or other components. Fly
ash, slag or microsilica are used to increase strength and workability. They decrease
consumption of energy intensive Portland cement due to their cementitious properties.
Recycled concrete from demolition can be used as backfill replacing natural aggregate.
Recycled aggregate can be used to some extent as substitute to natural aggregate in new
concrete.
Concrete for energy effective buildings
Accumulative properties of RC structures can significantly contribute to thermal stability
improvement of buildings indoor environment. This will mainly affect buildings that need
cooling in summer.

Figure 3 Subtle RC frame for residential buildings – used for family house in low energy standard
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With higher demands on thermal insulation parameters of building envelopes increases also
their thickness. The envelope thickness represents restricting parameter of developer plan in
regions with regulated size of built-up area. In these cases, subtle RC structures become a
great advantage in the form of slender load-bearing wall or subtle RC frame (see example on
Fig. 3).
Precast concrete structures with integrated functions
Prefabrication enables design of integrated structural elements of more complicated shapes
adjusted to more effective utilization of concrete structure also for other functions. In a case
of hollow core concrete panels there can be utilized the accumulative potential of surface
layer in hollows. Panels can contain built-in distribution system or tubes for cable protection
for subsequent installation of electricity, water, ventilation and heating distribution systems.
Timber-concrete composite structures
Combination of concrete and timber elements can lead to advantageous structural static and
environmental solutions. Especially in the case of multi-storey timber buildings there can
concrete floor structure or its upper deck section significantly improve acoustic and fire safety
parameters and at the same time it can ensure horizontally rigid floor structure from the
perspective of spatial rigidity.
Textile reinforced concrete utilisation
Textile reinforced concrete (TRC) has been developed for very thin plate or shell elements
(thickness 12 to 25 mm) where the use of steel reinforcement is not applicable because of a
risk of corrosion due to a thin concrete cover layer. The concept of using TRC was introduced
in order to reduce the thickness and thus weight of elements and consequently consumption of
concrete and associated environmental impacts. This concept is mostly used for shells with
particular shapes, for strengthening of structural elements or for thin façade panels. Figure 4
shows testing of TRC plate from UHPC and two layers of 2D textile reinforcement in
Experimental Centre at CTU in Prague. On the Figure 5 there is a prototype of façade panel
from white TRC (13 mm thick TRC plate is fixed to steel bearing frame).
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Figure 4 Testing of TRC thin plate element

Figure 5 Prototype of façade panel from white TRC

Sustainability assessment of concrete structures
The new conceptual approach to design of structures is an integrated life cycle design (ILCD),
representing a multi-parametric design of structures viewing various functional units
(material, components, structure) and aimed to achieve optimum performance parameters as
seen from a wide spectrum of sustainability criteria throughout the entire life cycle [3].
Integrated life cycle assessment – ILCA represents multi-parametric assessment of the
structure within the whole life cycle considering all essential aspects of sustainability, such as
environmental, economic and social aspects. Basic principles of sustainability assessment of
concrete structures using ILCA approach has been developed within the activity of Task
Group 3.7 at fib Commission C3 Environmental aspects of design and construction of
Concrete Structures [4]. A chart on the Figure 6 shows ILCA process applied to different
types of concrete structures. In this process the key importance play regional specifics,
because concrete is typically produced from regionally available materials using regionally
available techniques and transport systems.
Global targets

Regional specifics

REQUIREMENTS
Environmental
Social
Economy

Func onal
Technical
Durability

CRITERIA
ENVIRONMENTAL

DATA

SOCIAL

BENCHMARKS

ILCA
Assessment system
Cer fica on

ECONOMIC

WEIGHTS

Buildings
Bridges
Roads
Water structures

Figure 6 General framework for integrated life cycle assessment of concrete structures
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Regional specifics
In general, the process of design and construction of concrete structures varies in different
countries and regions. They are more or less determined by regional specifics due to a
different material basis (regionally available aggregates, type of steel, etc.), different climate
conditions, different technology (based on the local labour cost, tradition in organization of
work and different climate conditions) and differences in cultural traditions. Some
country/regional specifics are implemented in codes for structural design (e.g. in Eurocode 2
in NAD – National Application Document).
Regional specifics should be considered when collecting embodied environmental data of
different materials. The type of material sources, mining technologies, transport means,
transport distance, technology of production, they have a significant influence on final unit
environmental embodied values. Relevant complex LCA of the product or entire structure
should be based on local environmental data collected within the inventory phase of the LCA
procedure.
Conclusions
Optimized concrete structures can contribute to needed reduction of global environmental
impacts. One possible way is utilizing of ultra high performance concrete in optimized
structural shapes. Mechanical properties of these materials such as high compressive strength,
durability, water tightness etc. create conditions for designing subtle structures that leads to
saving up to 70% of material in comparison with ordinary concrete, and consequently to
reduction of embodied CO2 emissions. Already implemented realizations give clear signal
that in the forthcoming era there will be necessary to take into account new requirements and
criteria for design and construction of concrete structures following from global aspects on
sustainable development.
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Abstract: An increasing amount of building materials is traded worldwide. The raw materials needed
to construct buildings are often extracted in different places than where they are used. This creates
social, economic and environmental impacts that are inflicted in other locations than where the
building is constructed. To gain insight in these impacts and to be able to reduce them, certification
schemes are developed. This research concentrates on the social impact of global construction
material extraction and production, and can be used in multi-aspect sustainable building assessment
tools.
In this paper, we propose a framework for the ranking of certificates to assess the social impact of
global construction material extraction and production. With this framework, new assessment schemes
can objectively be added to a tool. This framework is already being integrated in BREEAM-NL, but
can also be used for other countries and other assessment methods than BREEAM.
Keywords: Responsible Source, building materials, certification schemes, sustainability

1.

Introduction

Resource extraction and production of building materials have environmental and social
impacts on both local and global scale [1, 2]. A significant amount of materials is traded
worldwide, which results in a burden shift to other countries or regions than the location of
the consumption of the materials [3]. For example, in the Netherlands, two-thirds of the
minerals are imported and a significant amount of metals and metal ores is imported from
Latin-America (figure 1 en 2) [4].

Figure 1 (left). The Dutch raw material demand and import in 2010 (excluding products that are re-exported)[4]
Figure 2 (right). The origin of imported raw materials (the Netherlands in 2010)[4].
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The demand for raw materials increases rapidly, due to the growth of population and
increasing standards of living [5]. This is accompanied with an increase of (shifted) impacts.
Worldwide extraction of raw materials for the construction industry has increased with 41
percent (by mass) in the period from 1992 to 2005 [6].
The shifted impacts caused by building materials are not well known due to long, complex
and non-transparent supply chains. To gain insight in these impacts, certification schemes
have been developed which acknowledge responsible sourced materials. This enables
“Responsible Sourcing” procurement [7], in which environmental and social considerations
are embedded into procurement processes along with more traditional considerations like
price, quality, product performance and availability of resources [8]..
Of currently widely used assessment methods only the Leadership in Energy and
Environmental Design, LEED (v4-2013) and the Building Research Establishment
Assessment Method, BREEAM (-NL, 2011-v1) include a credit which assesses the social
aspect of sourcing of the building materials.
LEED demands a defined amount of building materials to be bio-based, recycled, reused or
certified by a certification scheme that is accepted by one of the main Corporate Sustainability
Reports (CSR) frameworks (e.g. Global Reporting Initiative)[9]. BREEAM demands a
defined volume of building materials to be certified by any of the certification schemes
accepted by BREEAM. In addition, BREEAM ranks these certification schemes into four
ranks (tierlevels) to determine the rating for the building [10].
LEED accepts any certification scheme that is accepted by a CSR framework and it does not
determine the rigor of assessment done by the certification scheme. BREEAM on the other
hand, selects and ranks the more effective certification schemes for Responsible Sourcing
individually. Therefore this paper focuses on BREEAM.
Although BREEAM makes a selection of certificates based on their effectiveness, there is no
framework for the ranking of these certificates. In fact, the certificates are ranked in the four
tierlevels on the similarity with certificates that are already accepted by BREEAM.
In this article we present how Responsible Sourcing Assessment is analyzed and propose a
framework which ranks certificates used in the assessment objectively.
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2.

Determining Responsible Source

“Responsible Sourcing is an ethos of supply chain management and product stewardship,
encompassing and encouraging positive social, economic and environmental dimensions”,
according to the Building Research Establishment (BRE) [11]. However, a framework how
building materials can comply with this definition is in the Netherlands not available.
Through interviews and surveys we found that users of BREEAM-NL can interpret
Responsible Source in various ways. For example, some users interpret responsible as part of
sustainability, while others interpret it as proven or justified. Based on literature, interviews
and certification schemes regarding Responsible Sourcing and Responsible Source, the
following definition for Responsible Source is proposed:
“Products and raw materials for buildings have a Responsible Source when the transport,
extraction and production processes in the supply chain reduce their damage to the
environment, treat people involved fairly and when this is substantiated in a transparent and
verifiable manner”.
The definition is based on three Dimensions: Source, Responsibility and Accountability.
Source defines the parties in the supply chain who are included in the assessment.
Responsibility defines the acts of reducing environmental, social and societal impacts.
Accountability is substantiating, describing and verifying the responsibility claims made
throughout the supply chain.
These three elements are essential for the assessment of the Responsible Source of building
materials and are further explained in the following paragraphs.
2.1 Source
Source describes the processes between the origin of the materials and the procurement before
the construction. The processes involved are extraction, production and transportation (figure
3).

Figure 3. Phases and processes within the lifecycle of buildings. The defined processes of Source within the
lifecycle of building materials are illustrated.

The origin is the starting point in the first process, which is the extraction of raw materials. In
the case of recycled or reclaimed products their reclaiming or recycling process can be
considered as their origin[12]. The scope of Source ends with the procurement before the
construction, which includes the transportation onto the building site, but excludes the actual
construction. This process does not create shifted impacts anymore, as it is on the actual
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building site. After this point one could describe the following phases as responsible or
sustainable construction, use and disposal.
Companies in the supply chain carry out the extraction, production and transportation. The
requirements for the assessment of the Responsible Source differ per company depending on
the their activity in these processes (figure 4).
Color scheme:

Company:

Requirements:

Focal company

Full requirements

Supply chain companies

Minimal
requirements

Companies producing

No requirements

non-constituent resources

(not assessed)

Figure 4. Different requirements depending on the company

If a building material is composed of multiple components, then they all should be assessed.
The resources that do not end up in the final product (for example energy, water and catalysts)
contribute to the impacts of a material, but do not have to be traceable to their origin(s) [12].
Tracing these resources back would lead to virtually endless supply chains. However, the
amount of resources used during the process needs to be quantified.
Immediately demanding full requirements for all companies in the supply chain would make
the assessment unviable. Therefore gradual increments in the assessment are necessary.
Being responsible is more important to the focal company (the company that is the center of
attention) as a good reputation increases the value of the brand image, while environmental,
social and societal violation can damage or even destroy the brand image [13, 14]. Supply
chain companies (other companies within the supply chain) are often less known to the public
and are therefore less subject to these effects. These companies follow up on the demands set
by the focal company, which consequently come from the public or the assessment scheme.
Therefore the requirements for Responsible Source for the focal company should be higher
than the requirements for the supply chain companies.
The supply chain will be represented as shown in figure 5.

Figure 5. Icons for the supply chain

2.2 Responsibility
Responsibility describes the actions that the involved companies have to undertake, regarding
the reduction of environmental, social and societal impacts.
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Based on literature and widely accepted certification schemes, a set of ten principles
regarding responsibility has been established (figure 6). This gives direction to the assessment
regarding the dimensions of responsibility.

Environmental

Color:

Minimize pollution

Reduce emissions in air, water and land and reduce
the production of wastes [2].

1.2

Minimize depletion
of raw materials and
resources

Use of renewable sources within limits of the system
and reduce use of non-renewable sources [2].

2.1

Preserve and protect
flora & fauna
Respect the rights of
all involved
individuals

Maintain long-term preservation of plant and animal
species as well as plant and animal numbers [15].
Respect the human rights of involved individuals
and also the labor rights of employees [16].

Reduce safety risks

Reduce safety risks for involved individuals and
minimize trauma and loss of life [17].

Minimize adverse
health effects

Reduce physical and mental damage on involved
individuals [16, 18].

3.1

Boost the local
community

Be a positive stimulus and give opportunities for the
local communities [12].

3.2

Trade Fairly

Trade in an ethical, fair and open manner [19].

3.3

Respect private and
common property

Avoid conflicts with local communities and offer
fair compensation for losses or damage [15].

3.4

Oppose illegality by
third parties

Prevent illegality of third parties that are connected
to the company [15].

2.2

2.3

Societal

Description:

1.1

1.3

Social

Principle:

Figure 6. Principles of responsibility

The environmental principles aim to preserve the natural order and minimize degradation of
and impacts on the environment. The social principles aim to protect all individuals that are
involved in, or come in contact with the supply chain (e.g. employees, stakeholders and local
residents). The societal principles aim to protect the society against unfair practices, and
involve them in the production processes [20].
The ten principles are represented in a ring diagram, shown in figure 7.

5416

ISBN: 978-84-697-1815-5

Figure 7. Icon for the principles of responsibility

2.3 Accountability
Accountability describes the actions that need to be undertaken for each adopted principle of
responsibility. Being accountable is substantiating for the processes and impacts, and
indicates if and to what extent the adopted principles for responsibility are met. The purpose
of substantiation is to achieve a more transparent supply chain and as a result gaining insight
into the total impact per material. Based on the analyzed certification schemes, three main
steps for accountability are defined (figure 8). Each main step has several sub-steps, which
indicate the rigorousness of that particular step. However, one needs to comply with at least
the first sub-step in each main step in order to be accountable for that particular principle.
Main step 1: Identify the current situation
(1a) Identify the current situation/state of responsibility
(1b) Identify the companies involved in the supply chain
(1c) Identify the impacts per principle

Main step 2: Manage the processes
(2a) Establish a policy of improvement
(2b) Set goals or achieve the demanded requirements
(2c) Conduct regular audits to reflect on the set goals
(2d) Monitor the processes and possible impacts

Main step 3: Verify and report about the performances
(3a) Get certified by an independent body
(3b) Report the performances per principle to the stakeholders
(3c) Report the impacts to the stakeholders
(3d) Ensure company’s transparency and accessible publications
Figure 8. Steps of accountability.
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The environmental, social and societal impacts need to be identified before they can be
addressed. In the first step the current situation (1a), the supply chain companies involved
(1b) and impacts per principle (1c) need to be identified. Based on these outcomes, the goals
and criteria for the assessment can be set. In the second step a policy for improvement of the
current situation needs to be established (2a). By setting goals (2b) there can be more focus
regarding the policy. To check if the policy functions properly and goals are being met, the
company should conduct regular audits (2c) and monitor the process and impacts (2d). In the
third step the data about the performances of the first and second steps need to be made
transparent and available to parties involved with the product or process. Otherwise no
comparison between companies or products can be made. This is done by getting certified by
an independent body (3a), by reporting performances per principle (3b) and impacts (3c) and
by ensuring transparency and available publications (3d).
3.

Assessment of Responsible Source

The Responsible Source of building materials needs to be assessed in order to compare
material choices as done in BREEAM. The Responsible Source depends on the companies in
the supply chain that participates in the assessment, which principles of responsibility are
applied, and the amount of substantiation that is provided. These three dimensions are
visualized as three axes (figure 9).

Figure 9. The axes of Responsible Source.

The axes range from not responsible to maximal responsible. Maximal responsible is
complying with all the requirements mentioned in the paragraphs Accountability,
Responsibility and Source. However, a material is already defined as responsible, when all
three dimensions meet the minimum requirement. Minimal responsible requires for
accountability the first sub-step in identifying, managing and reporting, for responsibility at
least principle 1.1 and 2.1 (following the definition of Responsible Source: damage to the
environment and treat people fairly) and for source at least one company in the supply chain.
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Between minimal responsible and maximal responsible there is a scope of ranking. Although
the three axes do not have a universal unit of measurement, each axis can have certain (albeit
not equal) increments by itself.
Source can be divided in the parts of the supply chain that are included in the assessment.
Including more suppliers and/or producers in the assessment improves the Responsible
Source of a building material. The companies of the supply chain that contributes to the
assessment and the rigor of the assessment of involved companies can differ. A material that
has all constituent substances traceable back to their origin(s), showing the complete source,
has the highest ranking.
In Responsibility the amount of principles that were assessed is counted. The more principles
adopted, the more responsibility is taken. Parts of each principle are different actions, which
have to be undertaken to achieve the highest ranking. This may differ per industry, company
or location, as long as it continue to strive to do better than business as usual [12]. The
requirements for the assessment usually vary for different companies in the supply chain and
for different certification schemes.
Measuring Accountability should be based on the rigor of substantiating. The rigor of the
identification, managing and reporting of the impacts proves the responsibility claims in an
increasing manner.
4.

Setting tierlevel requirements

The current state-of-the-art for the certification schemes is lower than maximal responsible.
Therefore the assessment schemes used in BREEAM need to be analysed to determine a
practical level of responsible source for the tierlevels. For the Dutch situation, these are the
following:

BES6001

[12]

Cradle to Cradle

[21]

FSC

[15]

ISO14001

[22]

PEFC

[23, 24]

SFI

[25, 26]

TFT

[27, 28]

Figure 10. Certification schemes applied in BREEAM-NL

These certification schemes determine the requirements for Responsibility, Acccountability
and Source that can be met with the current state-of-the-art in the Netherlands. Based on the
performance of FSC, PEFC and BES6001-Excellent (which are the certification schemes with
the highest requirements), the requirement for the highest tierlevel (tierlevel 1) have been
determined. For the entire supply chain minimal responsible is required and the focal
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company needs to comply with 7 principles of responsibility and 3 steps of identifying, 3
steps in managing and 2 steps in reporting (figure 11).
Tierlevel 2, 3 and 4 are evenly distributed between tierlevel 1 and minimal responsible. This
results in the requirement for each tierlevel, shown in figure 11. To fill the gap between
tierlevel 1 and maximal responsible there is one increment placed above tierlevel 1 called
‘exemplary performance’. This tierlevel is not maximal responsible but a next goal where
certifying bodies should strife for when improving their assessment scheme. Therefore, in
examplary Performance the axis are still not fully filled in.

Figure 11. Framework of requirements for assessment schemes in BREEAM.
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The framework shows the requirements of assessment schemes per tierlevel. New assessment
schemes should be ranked by the administrator of BREEAM on these requirements before
placing them in the desired tierlevel. Current assessment schemes in the tierlevel table of
BREEAM should be redistributed to comply with this framework.
5.

Conclusion

As many building materials and raw materials are traded worldwide, there is a shift of the
impacts accompanied with the extraction, production and transport of these materials. It is
therefore important to know the Responsible Source so that environmental and social
considerations can be embedded into the procurement processes.
However many of the sustainable building assessment methods do not assess the Responsible
Source of the used building materials. Only BREEAM and LEED assess Responsible Source,
but is still underdeveloped. This is mainly because of ambiguity about the meaning of
Responsible Source and the lack of an objective manner the rank certification schemes.
Responsible Source can be divided into three dimensions: Responsibility, Accountability and
Source.
• Responsibility explains the actions by which the adverse impacts on people and the
environment are reduced. In this research responsibility is divided into three themes:
protection of the local environments, individuals and the society. Here ten principles of
Responsibility are defined.
• Accountability is substantiating for the processes, impacts and principles, in order to
prove that any claims about the responsible source are valid. Three steps of Accountability
have been set up: Identify, Manage and Report.
• Source explains which companies in the supply chain need to be assessed. This includes
all extraction, production and transport processes from the origin to the procurement for
construction of all the constituent substances in a building material.
The three dimensions of Responsible Source each have a level minimum and maximum
amount. Between the extremes, increments are defined based on the current certification
schemes. The requirements of tierlevel 4 being minimal responsible and the requirements of
tierlevel 1 based on the state-of-the-art of the current assessment schemes. The requirements
of tierlevel 2 and 3 are evenly distributed between tierlevel 1 and 4. Above tierlevel 1 there is
room for another increment called ‘exemplary performance’, which is used to stimulate
improvement of the certification schemes in the future.
With this framework the administrators of BREEAM will be able to objectively rank
certification schemes to their correct tierlevel and make it clear what new certification
schemes need to comply with in order to reach a desired tierlevel.
This framework is already being integrated in the Dutch situation (BREEAM-NL) and
negotiations for adding a few Dutch certification schemes are guided by this framework. And,
although a new analysis of the state-of-the-art for other countries might be necessary, this
framework can also be used for other countries and for other assessment methods than
BREEAM.
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Abstract: The purpose of this study is to investigate the level of awareness among industry
stakeholders of the potential applicability of hemp as an alternative sustainable component in building
materials in South Africa. The methodology used involved a review of literature followed by a
document analysis of case study of a house built using hemp and supplemented by a questionnaire
distributed to Architects and Contractors in South Africa. The key findings from the case study show
that the house was built to be as organic and eco-friendly as possible and incorporated many green
aspects. The findings from the questionnaires revealed that; the majority of the respondents agree that
there is a need for exploring alternative building materials and they seem to have relatively high
knowledge of what hemp is including the benefits associated with it. However, majority of the
respondents were not certain whether hemp is readily available or not and this suggests the minimal
use of the plant in South Africa. The study concludes that while there is some knowledge of hemp in
the South African construction industry, it is still limited and its application thereof is also minimal.
Current government regulations imposed on the cultivation of the hemp plant in the country equally
seem to contribute to the minimal use of the plant in construction.

Key words: Alternative building material, Green construction, Hemp, Sustainability, South Africa

Introduction

Buildings have significant impacts on the environment during their life cycles that is, from
design, through construction, use, refurshment and adaption to demoltion and disposal (1,2).
Various studies show that the use of conventional building materials has negative impacts on
the environment (1). In recent years, there is an increasing awareness of sustainable
construction and green building which include the need to explore different materials that
could contribute to sustainability through saving water, energy and other resourcs and also
reducing the adverse impacts of buildings on the environment and occupants.
Some countries such as the United Kingdom and Ireland are reported to be adopting the use
of natural building materials because they provide a range of alternatives (2). Amongst the
natural building materials currently available, hemp seems to be an emergent alternative green
material, which although rarely utilised in the built environment in countries such as South
Africa, has shown relatively high durability and eco-friendliness elsewhere (3). The problem
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identified in this study is that there seems to be limited knowledge and application of hemp
as an alternative component in building materials in South Africa (3). The paper takes the
view that the perceptions of associated high costs and legal restrictions limit the wider use of
hemp in the South African construction industry. The purpose of this study is to investigate
the potential benefits of hemp as an alternative component in building materials as well as its
sustainability. It also seeks to estblish the level of knowledge of selected industry role players
of hemp as an alternative green material.

Building with Hemp
The hemp plant native to Central Asia is a member of the Cannabis Sativa family of which
marijuana is part of (4, 5). The main difference between hemp and marijuana lies in the
content level of tetrahydrocannabinol (THC). In hemp the THC content level is estimated to
be approximately only 0.3% and deemed insufficient to cause any physical or psychological
effects compared to marijuana which contains between 15-20% (5). Although hemp and
marijuana are plant cousins, the two plants are cultivated for different uses. Due to
environmentally friendly properties of hemp, the Chinese construction industry started
making internal and external floor coverings, plastic reinforcement and lightweight boards
with hemp pulp (6). However, in South Africa, the relationship between hemp and marijuana
led to hemp being made illegal since 1903 when the marijuana prohibition Act was passed
(7). Nonetheless, the South African government recently issued permits for the growing of
700 hectares of hemp in the country for research purposes. Despite that hemp may not be
grown on a large scale in South Africa, plans are underway to set up a hemp fair trade
structure (8).
Hemp is becoming a significant alternative in the search for alternative building materials
because it is a renewable and environmentally friendly plant (9). There are a number of
products which have hemp as a component including the following: hempcrete, hemp bricks
and hemp paints:
•
Hempcrete – hempcrete is a term used to define lightweight, insulating and breathable
material produced by mixing hemp-shives with a lime base binder and water (9). This mixture
allows the hempcrete to have different mechanical and acoustic properties to those of
conventional concrete (10). The lime consists of additives such as pozzolan which is an
aluminous material that possesses little or sometimes no cementious properties (11). The
presence of highly reactive aggregates in the conventional concrete often damages it, but
research shows that the use of pozzolan is highly beneficial and that it is a strength and
durability improving additive (12). Hempcrete can be used for insulation quilts, floors, roofs,
screed, mortar or insulation plaster which can either be cast or spray applied (9).
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•
Hemp bricks: hemp shives are mixed in a similar way as hemcrete where the mixture
is poured into a timber framework to set and form bricks (12). These types of bricks are
relatively easy to work with in comparison to common brickwork. The lime in the mixture
holds the brick together and protects it against water penetration from the external moisture
exposed surface (12).
•
Hemp-based paints: hemp seed is used for a variety of products such as body care
products, pharmaceuticals, industrial oils and paints (4). Hemp paints have superior coating
and durability characteristics, while most conventional paints and wood preservatives finishes
have a high volatile organic compound level (VOC) which is harmful to the environment
(14). Hemp oils give a natural finish and higher protection with low VOC level (14).
Research Methodology
A case study of the first house built out of hemp in South Africa was analysed. Hemp houses
are rare in South Africa and this provides an opportunity to better understand the process of
incorporating hemp as a component in building materials. A structured questionnaire was also
sent out to 10 contractors and 10 architects in order to obtain the respondents’ knowledge and
view regarding climate change and hemp. Simple descriptive statistics were used to analyse
data obtained from the questionnaires.
Presentation and Discussion of Results
The case study involves a house built with hemp in Noordhoek, Cape Town South Africa.
Basic details include;
Owner: Tony Budden
Architect: Wolf of Wolf & Wolf Architects
Structural Engineers: Michael Orchard and Tony Davenport
Construction period: November 2011 to August 2012
Components of the house built with hemp
•
Foundations - A hemp strip foundation was used on the steep plot.
•
Hempcrete walls - 300mm thick walls were built from a wood frame made of shutter
boards. The hempcrete mixture which consisted of 100 litres of hemp to 25 kg of binder and
27 litres of water was cast into the boards in layers of 40 – 50cm at a time. The hempcrete
mixture produces breathable, organic, insulating, light and durable walls. The walls were
hemp insulated, plastered with hemp screed and finished off with lead free, zero VOC release
eco-paint.
This case study suggests that costs may be saved if masonry walls are replaced with
hempcrete walls because hempcrete walls are lighter, yet durable. Durability seems to be a
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given with regards to hempcrete structures. Attention was given to quality as the indoor paint
finishes consisted of zero VOC release eco-paint.
•
Roof – the plant matter taken from the ground where the house is built was placed on
the roof of the house. This not only preserves the grass but also allows the roof to insulate the
house during the winter and cool it during summer, hence reducing the amount of energy
required to heat and cool the house.
•
Windows – the windows used for this house are double-glazed and have an automated
opening system attached to a thermostat. The thermostat helps to regulate indoor temperature
as well by opening the windows on the cooler or hotter side of the house, depending on the
season.
The features above indicate that that the construction of the hemp house took into account as
many green aspects as possible in making the house more ecologically friendly.
Findings from the Questionnaire

Regarding the work experience of the 20 respondents, it was found that the majority
(66.67% ) have more than 5 years in the building industry with 16.67% having over 20 years
experience. The level of the respondents’ understanding and/or knowledge of some aspects
of the concept of green building were examined and the results shown in Table 1.

There is global climate
change.

3
11.11%

Strongly
agree
4
33.33%

5
50.00%

4.2

3

→

Rank

Frequency
Strongly
disagree
1
2
0.00%
5.56%

Mean

Table 1: Respondents’ level of awareness of green building

The built environment is
a major contributor to
climate change.

0.00%

22.22%

22.22%

44.44%

11.11%

3.5

4

I understand what the
green building initiative
is.

0.00%

0.00%

16.67%

16.67%

66.67%

4.5

1

I am familiar with the
Green Building Council
of South Africa.

0.00%

5.56%

11.11%

22.22%

61.11%

4.4

2

I am familiar with green
building materials.
I think there is a need for

0.00%

5.56%

11.11%

38.89%

44.44%

4.2

3
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alternative green options
in building materials.

0.00%

0.00%

22.22%

33.33%

44.44%

4.3

3

Table 1 shows that all the statements scored mean scores of above 3, (3.5 to 4.5) which
suggests that respondents were in agreement with all the statements posed to them. From the
results, it is evident that 50% strongly agree and 33.33% agree with the statement that “there
is global warming”, which constitutes a majority with a high mean of mean 4.2. When there is
awareness and knowledge of a particular problema, it is easier to attem to find a solution. The
majority (83.33%) of the respondents with a mean of 4.3 agree that they are familiar with
green building materials. Similalry, the majority of the respondents (77.77% ) agree that
there is a need for more alternative green building materials. This indicates that the built
environment needs to seriously consider a paradigm shift away from the use of conventional
materials towards environmentally friendly materials. The literature showed that the built
environment is increasingly moving towards the construction of green structures, however,
the goal of building green will not be fully achieved until the materials used are green and
eco-friendly. These findings suggest that there is a sense of synergy among people in the
industry in trying to minimse the impact of building on the environment and global climate as
a whole.
The respondents were asked to indicate their level of agreement or disagreement to a number
of statements related to hemp as an alternative building component. The results obtained are
presented in Table 2.

3

Strongly
agree
4

5

→

Rank

Frequency
Strongly
disagree
1
2

Mean

Table 2: Hemp as a green building material alternative

I know what hemp is.

11.11%

16.67%

0.00%

44.44%

27.78%

4.1

1

Hemp is readily available.
I am aware that the cultivation
of hemp is prohibited in South
Africa except for research
purposes.
I am aware that hemp may be
used as a component in
building materials.
I know the various building
materials which have hemp as
a component.
I am familiar with the
construction techniques of
hemp.
I am aware of the benefits of

5.56%

33.33%

44.44%

11.11%

5.56%

2.8

7

5.56%

33.33%

33.33%

5.56%

22.22%

3.1

4

5.56%

22.22%

5.56%

33.33%

33.33%

3.7

2

22.22%

22.22%

22.22%

22.22%

11.11%

2.8

7

22.22%

22.22%

27.78%

22.22%

5.56%

2.6

8
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hemp.
I think hemp is a sustainable
alternative component in
building materials as
compared to conventional
materials.
I think hemp is
environmentally friendly.
Hemp is more cost effective.

16.67%

27.78%

5.56%

38.89%

11.11%

3.2

3

11.11%

16.67%

44.44%

22.22%

5.56%

2.9

6

5.56%
5.56%

22.22%
22.22%

44.44%
27.78%

22.22%
33.33%

5.56%
11.11%

3
3.2

5
3

Table 2 reveals that while the majority of the respondents (72.22%) with a mean of 4.1,
indicated that they know what hemp is, the statement which ranked the least (8) (mean 2.6)
shows that the respondents are not familiar with construction techniques of hemp. The only
two other statements which also scored mean scores of less than 3 had to do with knowledge
of materials that contain hemp and the sustainability of hemp as a component in building
materials respectively. This a poor reflection of the knowledge levels of the respondents.
The case study indicates that South Africa built what is deemed the first hemp built house in
2012. These findings indicate minimal usage of the material in the country although 50%
(mean 3.2) of the respondents agree that they are aware of the benefits of hemp. This shows
that although the respondents know what hemp is, the knowledge is still limited. The
respondents were asked about what they thought the reasons or challenges associated with the
use of hemp as a building component in South Africa were, the results are as shown in Table
3.

I think hemp is not widely used
in the South African
construction industry because it
is not locally grown.

I believe the thought of
importing hemp makes
developers reluctant to make
use of the plant.
I think the South African
government should legalise the
cultivation of hemp so that it
can be used as a component in
building materials.

→

Strongly
agree

Mean

Frequency
Strongly
disagree

Rank

Table 3: Limitations associated with the use of hemp

1

2

3

4

5

0.00%

16.67%

44.44%

16.67%

22.22%

3.4

2

0.00%

16.67%

33.33%

27.78%

22.22%

3.5

1

0.00%

22.22%

16.67%

44.44%

16.67%

3.5

1
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Table 3 shows that that the results for all the 3 statements were merely over 3 (3.4 and 3.5).
This may suggest that although 33.33% of the respondents are not certain whether or not the
thought of importing hemp is what causes developers to be reluctant in utilising the plant,
50% do agree with it. The majority of 44.44% (mean 3.4) are unsure if the minimal use of
hemp in the South African construction industry is due to the lack of having hemp locally
grown. More than half (61.11%) of the respondents agree that the South African government
should legalise the cultivation of hemp so that it can be used as a component in building
materials. While the literature shows that hemp may not be grown in South Africa except for
research purposes only, plans are underway to set up a hemp fair trade structure in the
country. This may suggest that the government might be considering restructuring hemp’s
legal status in the country.
Conclusion and recommendations
The main findings of the empirical study revealed that although the majority of the
respondents know what hemps is, they however do not seem to know the construction
techniques associated with it. This demonstrates the minimal use of the plant in the South
African construction industry. Majority of the respondents agreed that the cultivation of hemp
should be legalised in South Africa which suggests that professionals would like to see the
construction industry moving forward towards sustainable construction. The majority of the
respondents were not certain whether the minimal use of hemp in the South African
construction industry is attributed to the high costs associated with the plant. However, the
majority of the respondents agree that the South African government should consider
changing the legal position of hemp in the country and allow for its cultivation.
From the findings, it seems there is knowledge in the construction industry regarding the use
of hemp as a sustainable component in building materials, however the knowledge is limited
and thus it is also not applied effectively. South Africa has only one house which is built out
of hemp, and from the case study findings it shows many environmental benefits. Based on
the findings, the study concludes that there is indeed limited application of hemp as an
alternative component in building materials.
There is need for continous profesional development of people who have already working in
the construction industry about the benefits and application of hemp. It is also recommended
that the Green Building Council of South Africa should advocate for legalising the
cultivation of hemp in South Africa and highlighting the properties and benefits of hemp.
Continuous evaluation of the success of the case study reviewed must be done in order to
keep track of the financial and sustainable performance of the house. It is also recommended
that a further study of the financial or cost implications of the hemp-built house be undertaken
to give a better understanding of the costs involved in construction and maintenance. Similar
studies should also be undertaken in other countries to establish what outcomes would emerge
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Full House. A bioclimatic card game
Peña Fernández-Serrano, Martino (MP)¹
¹ UPCT, Cartagena, Spain
Abstract: The card game called Full House tries to teach and explain the methods,
strategies, materials and process to be use in order to design according to the bioclimatic
architecture. Goal of the project is to introduce the bioclimatic architecture in our society in
a intuitive and pedagogic way to make sure that those process have been understood and that
the sustainable design begin to be used in our cities and developments. Full House creates a
set of rules and standards that permit us classified the information. There are four principals
field where all of these strategies, methods, are ordered. These groups are as follows:
Ecological Urbanism, Construction Systems, Installation Systems, Ecological Materials.
After the commissioning of a project where several dwellings have to be planned with
bioclimatic standards we decide to prove the card play called “Full House”. 36 dwelling
have to be planned according to the green concepts and terms. All of them are described in
our play card called “Full House”.
Keywords; Full House, card game, bioclimatic architecture, green concepts, dwellings
Introduction
One of the main challenges facing the bioclimatic architecture is to make his tools or his way
of acting compressible to the normal public. It is necessary to explain his methods and
strategies to all the actors that are involved in the construction process, and it is important to
make all of them part of the whole. In order to achieve objects, buildings, and urban systems
that are sustainable and friendly with the environment, we have to get all the society involved.
First at all we have to teach them how we can design those elements. We should be able to
show them a vast array of practices, techniques, and skills that help us to design and to
explain the bioclimatic architecture. In the other hand after the building is made, we should
know how could we reduce and ultimately eliminate the impacts of buildings on the
environment and human health, and that is a knowledge that we should be able to transmit to
the people that are acting in the construction process.

Imagen 1: Full House. A card game
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The card game called Full House tries to teach and explain the methods, strategies, materials
and process to be use in order to design according to the bioclimatic architecture. Goal of the
project is to introduce the bioclimatic architecture in our society in a intuitive and pedagogic
way to make sure that those process have been understood and that the sustainable design
begin to be used in our cities and developments.
It is also true that there is a wealth of information that it has to be ordered in order to be
transmitted it properly. The project classifies this great amount of information and to one side
permits the designer to deal with the others constructions participants (promoter, technicians,
and construction companies) and in the other side to use the card game as an educational and
pedagogic tool that allows us to teach and shows how works the bioclimatic architecture. Full
House creates a set of rules and standards that permit us classified the information. There are
four principal groups where all of the card/file are introduce and ordered. “Full House a
bioclimatic game card” has been awarded by several institution like the UPCT (Universidad
Politecnica de Cartagena) and CREA from the Council from Murcia. It has been also exposed
in a national exposition called “Experiencias y Futuros” developed by the CSCAE (Consejo
Superior de Colegios de Arquitectos de España)
Main motivation
Bioclimatic architecture refers to a structure and using process that it is responsible with the
environment and resource-efficient throughout a building's life-cycle: from sitting to design,
construction, operation, maintenance, renovation, and demolition. In order to achieved those
goals there is a lot of methods, construction systems, energy systems, installation systems,
urban strategies, etc…that it could be used. All of this information is very large and
sometimes a bit difficult to be found. Full House pretend to be a design tool that allow the
design team to have all them classified and allow us to explain those strategies and methods to
all the components of the building process at all the project stages.
Full House creates a set of rules and standards that permit us classified the information. There
are four principals field where all of these strategies, methods, are ordered. These groups are
as follows: Ecological Urbanism, Construction Systems, Installation Systems, Ecological
Materials. Each group will be identified with a colour and there is a card index per group.
Each card/file that describes same method or strategy or material, has to pertain to a group
and have those contents;
- A short description and definition of the method, strategy, material or construction system.
- Advantages and disadvantages of the element
- Possibility of combination with other cards/files of the game called Full House
- Icons and symbols that help connect them with other card according to themes (electricity,
cold, heat)
- Relative or approximate cost of the proposal.
- Tables, diagrams and other useful specifications
Full House creates a set of rules and standards that permit us classified the information in
order to use them. Those rules allows the users to play with the game as educational or leisure
tool. It is also true that bioclimatic architecture requires close cooperation of the design team,
the architects, the engineers, and the client at all project stages. Full House makes possible the
interaction with the customer to formalize a project with elements of bioclimatic architecture
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because with the card/file we can quickly explain those methods, materials and systems that
could be use in the project.
We also understand that Full House is a way of raising awareness in the society at the
moment that they are involve in a project that will be made in a sustainable process and help
us to transform the society into a active component who is able to choose and understand
those method and strategies. We also see the great potential in the field of education, both in
early childhood education and adult education because of its playful and ease in handling. It is
a very useful tool for teachers and educators that allow them to transmit and explain the
bioclimatic strategies and methods.

Imagen 2: Full House. Card game cover

Ecological Urbanism
Under this group called Ecological Urbanism it will be describes same methods, tools and
strategies that could be used to plan our cities and development in a sustainable way. Urban
planners who are interested in achieving sustainable development or sustainable cities use
various design principles and techniques when designing cities and their infrastructure. Both
urban and rural planning can benefit from including sustainability as a central criterion when
laying out roads, streets, buildings and other components of the built environment.
Conventional planning practice often ignores or discounts the natural configuration of the
land during the planning stages. Applying methods such as scientific modeling to planned
building projects can draw attention to problems before construction begins, helping to
minimize damage to the natural environment. In ecological urbanism will be described same
ways of developing housing projects from the very beginning. It will be analyzed the pros and
cons of the collective housing and the detached houses, some advantages of passive systems
in cities design like “caves housing” or the use of terracing when it has been built on the face
of a mountain. It will be talked about systems in urban development and it will be considered
how important are parameter like density and collectives dwellings in sustainable urban
design. In the last years high density as term and as a concept has been appeared in a positive
way. It will be tried not to waste large natural areas and the advantages of a high densities
development shall be understood by the population as well as the collective aggregation in
order to capitalize on the available resources. The common areas of the development have to
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be planned following same bioclimatic strategies. The green common design areas and the
reuse of the raining water could be help to make sustainable architecture. Tools are too; the
design of wider pedestrian pathway, bike share station in commercial downtown, locate
parking lot far from the shopping center, limit on street parking, slower traffic lane in
downtown area. Transportation is becoming a problem in the development of sustainable
planning; in one hand we shall provide the road to the cars in the other hand we want to
reduce them.
Construction Systems
In this group of cards will be described those active and passive building systems that allows
us to build without using too much energy from the very beginning of the process. Sustainable
architecture attempts to reduce the collective environmental impacts during the production of
building components, during the construction process, as well as during the lifecycle of the
building. There are methods, and systems that we can use in winter in order to heat our
dwelling, or other strategies that we will use to cool it in the summer time to create artificial
climate environments. This design practice emphasizes efficiency of heating and cooling
systems, and it will be preferred those that are passive systems. This challenge suggests
architects and planners design solutions that can function without pollution rather than just
reducing pollution. As technology progresses in architecture and design theories and as
examples are built and tested, architects will soon be able to create not only passive, nullemission buildings, but rather be able to integrate the entire power system into the building
design.In passive solar design all of the parts of the building are used to collect, store and
distribute the energy of the sun in winter and to reject solar heat in summer. The systems that
will be described in the play card are; “Trombe wall” where a wall is built on the winter sun
side of a building with a glass external layer and a high heat capacity internal layer separated
by a layer of air. Heat in close to UV spectrum passes through the glass almost unhindered
then is absorbed by the wall that then re-radiates in the far infrared spectrum which does not
pass back through the glass easily, hence heating the inside of the building what it is close to
the glass house or green house as a passive system that is also describes as a
card/file.Building systems that will be used in summer in order to reject the solar heat like
“Green roof”. They have several purposes for a building, such as absorbing rainwater,
providing insulation, creating a habitat for wildlife, etc….Others processes are based in
Mediterranean traditional strategies like the using of “Patios” or “Cross-ventilation”. Patios
are perfect bioclimatic tools that allow us to modify direct or indirect the climatic conditions
of a building without using energy at all. Solar chimney expel warm air from the room, they
work as they conventional chimney do but with the smoke. It is a way of improving the
natural ventilation of buildings by using convection of air heated by passive solar energy.
“Wind catcher” provides natural ventilation and refreshing of the air. A technology closely
related to the solar chimney is the evaporative down-draft cool tower. In areas with a hot, arid
climate this approach may contribute to a sustainable way to provide air conditioning for
buildings.
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Imagen 3: 36 bioclimatic dwellings. Javalí Viejo. Murcia. TXLarquitectos

Imagen 4: Full House. Three cards; “Conductos enterrados”, “Sistemas de ralentización”, Index of the
Installation Systems.

Installation Systems
It will be described active systems to produce energy and those that could be integrated in the
building object as a part of the architectural process. Sustainable technology in the energy
sector is based on utilizing renewable sources of energy such as solar, wind, hydro, bioenergy,
geothermal, and hydrogen. Solar power can be harnessed through “Photovoltaic cells”. Solar
radiation can be directly transformed into electricity that can be use in the dwelling. Solar
water heating have been established for many years, the storage tank is horizontally mounted
immediately above the solar collectors on the roof of the buildings and in order to heat water
using solar energy, a collector, often fastened to a roof or a wall facing the sun, heats working
fluid that is either pumped (active system) or driven by natural convection (passive system)
through it.Important are the systems and methods that help us to reuse the water. Sustainable
water technologies have become very important and allow us to plan solutions to supply water
in a sustainable manner. Nowadays it will be differentiated between qualities of water for
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different purposes, so they do not have to have all of them potable quality. “Recycled water”
is treated to remove solids and certain impurities and can be used in sustainable gardening.
These methods could be use together with same strategies of the Ecological Urbanism
card/files. Same traditional heating systems will be also explained. “Under floor heating”
systems are evaluated for sustainability, and it could be use to heat room and places together
with collectors that are heating the water in a close system. Low temperature under floor
heating is embedded in the floor or placed under the floor covering. A heat pump could be
considered as a sustainable energy strategies in the fact that it is a systems that is taking
energy out from the earth, water and air and redirecting it to produces heat or cooling
Ecological Materials
In this group we begin to elaborate a list of ecological materials that can be used in order to
achieve a sustainable architecture. The expression passive building refers to a construction
standard that can be achieved using various types of construction materials that have to be
made according to the sustainable rules. First of all it could be not be used too much energy in
order to produce them and they must be natural materials in order to be recycled. The
conservation of natural resources is the main objective of the green building approach. A
natural resource is a raw material, whose properties are used by humans or other species to
satisfy a need. Natural resources can be used in their raw state, with possibly some processes
that do not alter them. Under this name will be differentiated several Groups according to the
construction systems where they belong to. There is, for example, cellular concrete that it has
been produced with sustainable standard to be used in structural systems. In order to build the
exterior walls, insulating load-bearing clay bricks could be used. It is a self-insulating
material. The thermal insulation produced is in fact a combination of insulation and thermal
inertia achieved by multiple air holes and extending the thermal path crossing the wall. As a
resistant and durable heat regulation system and humidity barrier, the insulating clay brick
displays have admirable performance. “Natural wood” could be utilized as insulated material
too. “Hemp plant” is well known for his insulated properties. From hemp fiber putting
together it could be made an excellent thermal insulation used in construction. “Cork” has
same properties, in this case cork panels will be produced in order to insulate the buildings
walls. Wood offers good insulation both in winter and summer by naturally contributing to
the thermal inertia necessary to keep warmth inside during the winter and maintain coolness
in summer. It can significantly reduce heating consumption in winter.Wood occupies a
primordial place in the green building approach. It could be used in structures, inside wall,
windows and doors, floor etc. The benefits reside in the fact that wood is a clean material that
generates neither radon nor static electricity. Wood protects itself naturally. It is also an
excellent thermal and hygrometric regulator, regulating ambient humidity like other green
building construction materials. There are construction materials that are made from wood as
raw material. “Linoleum” is one of them, producing a very comfortable floor material that
could be easily recycled and consume low energy to be made.
A project with bioclimatic dwellings
After the commissioning of a project where several dwellings have to be planned with
bioclimatic standards we decide to prove the card play called Full House. We had the
opportunity to use this method with the promoter in order to build and plan a part of the city
with active and passive low energy strategies to make a sustainable environment. 36 dwelling
have to be planned according to the green concepts and terms, and we have the tool to explain
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those we decide that they will appear in the building process. All of them are described in our
play card called Full House. Due to a strong uneven terrain we decided to design the
dwellings with different floors. So there are three levels with different elevations and they are
rooms in followings levels; 0,00 4,50 and 9,40 meters. In the 4,50 elevation appears a
pedestrians street that permit to all the dwellings get in contact with the exterior and with each
others and it will have a urban character where the inhabitant could meet others. To arrive the
different levels, we decide to make that we have called “solar towers”. Inside of them there
are not only stairs and lifts but they accommodated photovoltaic cells and collectors too, that
are put on their outside skin in order to produce energy. Those “solar towers” operate as
visuals landmarks that could be recognized as energetic machines that help the community to
understand the whole design plan as a bioclimatic town.The building system is formed by two
parallel housing blocks with tablet form that are linked by green bands. The roof appears as a
fifth facade, having a very important role in the project due to it is the part of the design
where are situated great part of the bioclimatic strategies.To provide to the design planning
bioclimatic character and to decide with the promoter the strategies and systems that will be
used, the play card Full House will be used. So the followings card/file were selected; in the
group Ecological Urbanism it will be utilized two systems, “Caves housing” and “Grouped
housing”. In the group Construction Systems it will be decided together with the promoter
followings files; “Patio”, “Cross-ventilation”, “Green roof”, “Wind catcher”. According to
Installation Systems will be choose “Solar collectors” and “renewable water systems”.“Caves
housing” will be selected because of the uneven terrain. It was decided to bury part of the
dwelling so it will be minimized the lost of heat and energy. In the same way it is already
know the advantages of “Grouped housing”, where the use of common areas and energy is
optimized. Both of them are passive systems, so they do not need input of extra
energy.Relating to Construction Systems, it will be used; “Patio” that is a traditional system
that allows us to temper the exterior air in order to heat it or to cool it inside. It is important to
design correctly the voids size and situation to have a “Cross-ventilation” inside the house.
“Windcatcher” provides natural ventilation and refreshing of the air. “Green roof” will be
choose because the roof is the fifth façade in the project but with a green character. They have
several purposes for a building, such as absorbing rainwater, providing insulation, creating a
habitat for wildlife.As Installation Systems will be selected the card called “Solar collectors”,
they were put on solar tower skin in order to provide warm water to the whole town. There
are several “Renewable water systems” that will be used in order to recycle the water.
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Imagen 5: 36 bioclimatic dwellings. Javalí Viejo. Murcia. TXLarquitectos
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The relevance of the eco-construction Twinning project in Tunisia
Ghada JALLALI
Ministery of equipment, Tunis, Tunisia
Abstract: Tunisia has seen its stock of residential housing increased during the last three
decades by 65% being urbanized.The building sector, has developed without real
consideration of environmental issues, which makes an essential broad action plan for the
renovation and insulation of the housing stock.It should also give greater importance to
sustainable development in the proposed buildings. For this reason, several twinning projects
on sustainable development and eco-construction, were implemented in order to find
appropriate solutions to the Tunisian context.
The European Union intends to support the Ministry of equipment in three fundamental areas
of work related to green building, and this is under the Twinning project "Support to the
Tunisian administration for the development of eco-construction. "These aims are held in
order to enable the strengthening of laws and building regulations for sustainable
development, promotion of eco-construction on the entire territory for all types of buildings
and finally strengthening the expertise and know-how in the field of public works. At the
moment, the action is limited to public buildings which is intended, as an example, to
encourage real estate entrepreneurs and private companies, to adopt eco-construction.
However, the concern for saving energy or thermal comfort in eco-construction provisions is
established by the authorities. Under these conditions, it’s easy to assume that these
provisions don’t necessarily guarantee the quality of a building’s atmosphere which
determiants greatly exceed (or may conflict with) the normative requirements and energy
saving.
Therefore, the emergence of the desire to integrate sustainable development of construction,
needs to reconsider the criteria for evaluating the architectural project. These requirements
demand more holistic conception of the project, which starts by the sketch phase and calls for
the extension of the parameters, in question, usual in the project. Thus, both the Tunisian
administration and designers are called, respectively, each for its part, to get involved in the
development of a methodological framework for eco-construction to fit the architectural
proposals in the architectural competition, and adjust the architectural solutions to new
requirements.
Key words: eco-constrution, twining-project, public building, architectural features, Tunisia
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In an international context of rising energy prices,
rapid growth of the Tunisian domestic demand and
spending subsidies to the energy sector, the energy
bill (which exceeds 13% of GDP) weighs heavier on
economic competitiveness. The building sector is
responsible for 26 % (17% for residential and 9%
for tertiary) of the total energy consumption in
Tunisia and thus represents a key issue. On the
energy front, the development in Tunisia was
marked during the last decade with a change in
status of surplus countries (3 Mtoe in the early 80s
and 1.5 Mtoe in the early 90) into an importer net of
energy (0.6 Mtoe in 2004), reflecting the stagnation
or decline of the country's oil production and
sustained growth of the national energy demand (4.1
% average annual growth in demand primary
energy). This situation will be further complicated
in the coming decades and the energy balance of the
country is expected to deteriorate more. Energy
resources that led and largely fueled the growth of the country especially during the 80s
economy now is turning into a heavy burden for the economy.
Picture 1: Poster to inform about the twinning
project

Furthermore, Tunisia has seen its stock of residential housing increased during the
last three decades at an annual rate of 3%, from about 1 million units in 1975 to more than 2.5
million in 2012. The building sector has developed without real consideration of
environmental issues (location and orientation undifferentiated, poorly insulated building
envelope, generalization of household appliances with low energy efficiency...) which making
it essential a broad action plan to renovation and insulation of the housing stock. It should
also give greater importance to sustainable development in the proposed buildings. For this
reason, several twinning projects on sustainable development and eco-construction were
implemented in order to find appropriate solutions to the Tunisian context.
The Ministry of equipment, as the largest manufacturer in the country, opts for ecoconstruction. This notion is defined by the creation, restoration, renovation or rehabilitation of
a building allowing it to comply with ecology at each stage of the construction, and later its
use (heating, consumption energy rejection of the various streams: water, waste) while giving
importance to the comfort of the user.
Moreover, the European Union intends to support the Ministry of equipment on
three fundamental areas of work related to green building and this is under the Twinning
project "Support to the Tunisian administration for the development of eco - construction. "
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These axes will allow the strengthening of laws on sustainable development, promotion of
eco-construction on the entire territory for all types of buildings and finally strengthening the
expertise on green buildings. Indeed, the inclusion of eco-construction in this twinning Project
was limited to public buildings.
Since 2008, Tunisian authorities have made regulations on energy saving and the
building owner must provide a data sheet which explains the kind of approach used to classify
the building. This sheet must include the thermal performance of the building project based
on the approach, which is a performance or prescriptive. It is a practical guide to design
energy-efficient housing, climate zoning, as well as software for the evaluation of thermal and
energy performance of buildings, in addition to developing new technical tools for the
different actors building (administration, designers, developers...). For the " performance
approach," architects are required to meet a number of criteria in the design of buildings. The
provisions of that approach are particularly attached to the thermal performance of the
building. For the perspective approach, orders stipulate to considerate the thermophysical
properties of the building which depends on the climate zone (where the building is located)
and the number of windows of heated and cooled space and their distribution in the different
orientations.
This sheet is prepared and signed by the architect of the project if the approach is
prescriptive. And it is made by the engineer who is responsible for fluids lots and approved by
the technical controller, if the approach is performance.The Technical Commission of
building permits should verify the information contained in this sheet to issue a permit to
build.
Thus, it is necessary to realize that the current Tunisian legislation doesn’t include
the concept of eco- construction, but mainly deals with energy conservation. Indeed, laws and
decrees stipulate only recommendations in respect of energy saving and doesn’t make
reference to the notion of comfort even less the notion of atmosphere.
In addition, calculating energy requirements have been developed like the "CLIP"
software which is developed by the National Agency for Energy Management (ANME) for
the energy classification of buildings [1].
According to Decree No. 2004-2144 of September 2, 2004, " are subject to
mandatory energy audit and periodic [...] establishments in the industrial sector whose total
energy is greater than or equal to thousand tonnes of oil equivalent establishments in the
areas of transport, commercial and residential, the total energy consumption is greater than
or equal to five hundred tons of oil equivalent. " Other audits may be conducted voluntarily
requested by the building owner, for private offices, for large civil construction projects with
budgets exceeding 25 million dinars (example: the headquarters of the Ministry of Industry
and Technology).
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Picture 2: The software "clip" of the energy evaluation

It is clear, and sometimes for reasons purely political, decisions are made in hurry,
presumably to be in line with the agenda of donors [2]. Moreover, an analysis will bring to
light the precipitation resulting in a fragmentation and multiplication of actions labeled
"sustainable" without they ripen, or that they have a real critical approach to technical and
ideological choice models from the “North”.
Moreover, the revolution of January 14, 2011, revealed the problem of regional
disparities and renewed awareness of civil society. Indeed, for decades, the policy has favored
the development of three coastal cities (Tunis, Sfax and Sousse) and ignore the inland cities.
This has led to the urban and social divide in the country.
Sustainable development of the territory, especially urban, could contribute to the
fight against regional disparities and challenges of cities, generated by a failed centralized
urban management. This is an equitable economic and social development in space and time
and tends to an ecological balance in the long term as it seeks to meet the needs of the present
without compromising the ability of future generations to meet their ones.
Indeed, integrating the eco-construction in the Tunisian laws will be an axis of the
Twinning project and will be a copy models from foreign countries. But, green building is a
concept which is not unknown in the southern cities of the Mediterranean and especially in
Tunisia. Indeed, we often blame Mediterranean cities which delay the sustainable
development, but when we look into history, we see that the sustainable development is not
entirely new. Many sustainable cities have already existed in ancient Rome, Athens, Istanbul
(Constantinople), Alexandria, Tunis (Carthage),... Therefore, if we mean by "sustainable
development" the ability of a natural or social system to reproduce itself over time without
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irreversible damage to the environment, we must recognize some ability in this area for the
Mediterranean cities [3].
Furthermore, the traditional architecture is an explicit example of the reconciliation
between man and his environment. In this sense, the urbanism of the medina has been
designed to optimize the climatic data and offer comfort to residents therefore a nice
atmosphere. In other hand, the traditional architecture is characterized by its human
dimension that puts the user in relation with the nature, sky, sun, fresh air, land and
sometimes water and vegetation [4]. In homes, for example, the spatial distribution
corresponds to a lifestyle centered on an extended family, not exposing for the outside but
introverted through patio that allows it to open up to the sky while creating a microclimate
that regulates and filter its relationship with the outside. Moreover, traditional architecture is
built from local material resources and with some ingenious architectural features which give
it the sustainable dimension.
The patio (or courtyard), for example, allows an
opening to the outside environment (sky) while
avoiding overexposure of outside looks, protecting
their privacy, as it is practice in Islamic tradition.
Many filtering devices doublé the envelop that
configure assemblies built. The input device more
or less complex (driba first skifa second skifa...),
galleries, iwans, gannariyyas, etc... are all of
porous layers that filter the physical parameters of
the atmosphere and regulate the relationship to
others. Solidly built or simply based reeds or plant
materials, these fringes are as intermediate spaces
that are halfway between the inside and the outside, and have implications in terms of
lighting, acoustics and thermo-ventilation. They appear as the determining architectural
element, contributing significantly to regulate real and perceptual accessibility to the
environment, to promote the sharing of space and, consequently, to generate the atmosphere
felt by users [5].
Picture 3: A tunisian patio (Villa Zembra
Haouaria, Nabeul)
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Picture 4: A vegetarian patio (Dar othman, Tunis)

Moreover, the Sabbat covers the streets in order to protect the visitors from rain and
insulation. They also filter the views by blocking the prospects in order to preserve the
privacy of residents. All these devices are implemented to provide a walk and an interesting
ambulation for the walker and thus a typical and unique atmosphere of the medina.
We can also evoke the vernacular architecture in the southern of Tunisia where
people use local materials quarries nearby or even sculpting the rock to make houses like
Matmata. The houses are buried in a basement to enjoy the thermal inertia of the ground.

Picture 5: Matmata’s houses

Therefore, the eco-construction doesn’t require neither a twinning project or a decree
to be adopted in Tunisia because it’s already rooted. It is just necessary to tap into the
ancestral knowledge while opening the contemporary world. This combination could be
made, if only we avoid to mimic traditional architecture formally. We need to transpose
traditionnel atmosphere in a contemporary building.
In that sense, the architecture of the reconstruction (1945-1950) is an interesting
lesson. Indeed, foreign architects came to Tunisia to rebuild the country after the bombing of
the Second World War and have combined modern and traditional architecture. Inspired by
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the Tunisian heritage and interpreting according to a new approach: the architects of the group
of the “perchoir”, create a new style that combines tradition and modernity [6]. In their
accomplishments, we note the use of architectural elements in their simplest and minimalist
form. The aim was to produce an architecture which is fully integrated in the immediate
environment. Their production is characterized by a concern for geographic contextualization,
climate facts and techniques therefore sustainable, but also by providing a pleasant
atmosphere.

Picture 6: The school of Porto Farina (Bizerte) built by the architects of the « perchoir » in 1945
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Strategy for Climate Change Adaptation
Rasmussen, Torben Valdbjørn
Danish Building Research Institute, SBi, Aalborg University, Copenhagen, Denmark
Abstract: It has been a world priority for more than a decade to reduc greenhouse gas emissions
within the frame of the Kyoto Protocol. However, since the Kyoto Protocol it has proved difficult to
reach an international consensus at the Conference of the Parties on the continuation of a global
agreement. This absence of an agreement calls for adaptation to climate change. Emphasis should be
put on buildings, as they play a vital economic and social role in society and are vulnerable to climate
change. Therefore, the building stock deserves its own policy and implementation plans as well as
tools that enable adequate and cost-efficient adaptation to climate change. This paper explains the
need for climate change adaptation of the building stock and suggests a pattern for a strategic
approach to how to reach the climate change adaptation needed. The suggested and presented need of
a strategic approach is based on three main initiatives consisting of the need to examine the potential
impacts of climate change on the building stock, the need to assess and develop a roadmap of current
and future adaptation measures that can withstand the effects of climate change, and the need to
engage relevant stakeholders in the private and public sectors. Furthermore, the paper describes some
issues that must be addressed in case a strategic approach is not developed, as the building sector is
continuously investing in measures to adapt to climate change as impacts emerge.

Keywords: Adaptation, Buildings, Climate change, Planning, Strategy
Introduction
Climate change and measures to mitigate its effects have been a world priority for more than a
decade. They have been implemented partly by trying to reduce greenhouse gas emissions on
an international level and partly through individual national initiatives. On a world priority
scale, efforts to mitigate climate change impacts have focused on reducing greenhouse gas
emissions within the frame of the Kyoto Protocol, [1]. The Kyoto Protocol came into force on
16 February, 2005. Industrialised countries signatory to the Protocol were obliged to limit
their emissions of greenhouse gases between 2008 and 2012. However, reaching a new global
international agreement like the Kyoto Protocol, taking over from 2013 and on, has failed.
The effort of elaborating a new climate policy agreement failed at the Conference of the
Parties, COP meetings held in 2009 in Copenhagen (COP15), in 2010 in Mexico City
(COP16), in 2011 in Durban (COP17) and in 2012 in Doha (COP18). The intention was to
continue to follow the Kyoto Protocol by introducing new obligations to limit emissions of
greenhouse gases after 2012. At COP18 it was stated that from 2013 only the European
Union, EU Member States, Australia, Switzerland and eight other industrialised countries will
continue the Kyoto Protocol to 2020 including new Kyoto obligations to limit emissions of
greenhouse gases, [2]. In total, these countries are responsible for 15% of all emissions of
greenhouse gases. Against all odds, the global emission of greenhouse gases rose by 2.6% in
2012, reaching a level higher than 50% above the level measured in 1990, [3]. However, at
COP17 the parties agreed on the development of a global, climate agreement that must
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include all the countries with the largest emissions of greenhouse gases. The global climate
agreement needs to be agreed on in 2015 and come into force in 2020. At COP 15, a Green
Fund was agreed and at COP17 the fund was designed, with the purpose of aiding
underdeveloped countries in meeting the challenges of climate change. The EU countries
agreed independently on their own climate visions, [4]. The ambition was global and aimed to
limit global warming to a maximum of 2°C. In this vision, industrial countries need to reduce
their emissions of greenhouse gases by a total of 80-95% by 2050 compared with 1990
emissions.
The lack of global agreement on reducing global warming demands a strategic approach to
climate change adaptation that complies with the climate change impact. As buildings play a
vital economic and social role in society and are vulnerable to climate change emphasis
should be put on buildings. The building stock represents 60-70%, [5] of the economic capital
stock. Substantial losses of building stock or loss of productivity will have important
implications for the economy at large. For instance, the Danish building stock has a
replacement value of approximately €1,600 to €1,850 billion, [6], excluding infrastructure
such as roads, rails, bridges, embankments, harbours and sewers. The value was determined in
2010 for the whole country based on the built-up area, [7] with a mean value of 2,400 €/m2,
equalling the value of €325 thousand for each inhabitant. This is equivalent to approximately
€216,000 billion for all EU Member States. Climate change has already been observed in
Europe, [8] and is expected to continue noticeably during this century. Even if – somewhat
surprisingly – the implementation of increasingly radical emission reduction measures would
gain truly global momentum within the next 10 years, and lead to radical greenhouse gas
emission reductions in the next decades, global warming and climate change will continue for
many decades, if not the entire century. Consequently, the need to develop a strategic
approach to climate change adaptation of existing buildings becomes urgent not only in the
EU Member States but in all regions of the world.
The paper suggests and outlines actions needed for developing a broad strategic approach for
existing buildings to withstand climate change. As effects of climate change are a serious
challenge for the design and upgrading of buildings, adaptation must include key
requirements dictated by the effects of climate change, which for the time being are uncertain
and evaluated differently.
Climate Impacts
The adaptation needed in the built environment is closely related to the projected climate
impacts. Available emission scenarios A2 and B2, [9, 10], as well as the EU2C, [4] were used
as a basis for the strategy for adapting to a changing climate, as they are considered the most
likely by the EU Member States. Global surface warming presented in the Intergovernmental
Panel on Climate Change, IPCC 4th Assessment report, [9] is shown in Figure 1. Scenario A2
assumes a world with little global economic integration and slow development and
distribution of effective technological solutions that can reduce the emissions of greenhouse
gases. Furthermore, it is assumed that population growth will continue to be high, [9]. Like
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Scenario A2, Scenario B2 assumes a world with little global economic integration and a slow
development and distribution of effective technological solutions that can reduce the
emissions of greenhouse gases. Scenario B2 considers a situation with more reduced
emissions of greenhouse gases than Scenario A2 as a result of moderate population growth
and more environmentally conscious consumers, [9]. Scenario EU2C is the scenario that the
EU Member States follow as their climate vision, [4]. The ambition aimed to limit global
warming to a maximum of 2°C. This scenario assumes a world-wide implementation of a
large reduction of the emissions of greenhouse gases. Consequently, it is stated that global
warming will be limited to a maximum of 2°C, [9].

Figure 1. Multi-model averages and assessed ranges for surface warming, figure SPM.5 in the IPCC 4th
assessment report. Solid lines are multi-model global averages of surface warming (relative to 1980 and 1999)
for Scenarios A2, A1B and B1, shown as a continuation of the 20th century simulations. Shading denotes the ±1
standard deviation range of individual model annual averages. The orange line shows the experiment where
concentrations were held constant at year 2000 values. The grey bars at right indicate the best estimate (solid
line within each bar) and the likely range assessed for the 6 SRES marker scenarios. The assessment of the best
estimate and likely ranges in the grey bars includes the AOGCMs in the left part of the figure, as well as results
from a hierarchy of independent models and observational constraints, IPCC 4th Assessment report.

Most important effects of climate change
For the building stock in the EU region the five most important effects of climate change are:
a.

b.

More frequent and heavier rain fall that can cause for instance water damage to
buildings, technical equipment and technical plants along with the need for
accumulation of rainwater and controlled draining of water
More extreme temperatures and heat waves of long duration that will create an indoor
environment that can pose a health risk for inhabitants with a weak constitution and
create an unacceptable indoor environment for others. More hours of sun create the
opportunity to produce energy
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c.

d.
e.

Warmer and more humid winters that stimulate mould growth and increase the
activities of house-dust mites, which can result in inconvenience and induce allergic
reactions among inhabitants
More frequent and heavier storms that can result in serious damage to buildings
Extreme snowfall, which can lead to damaged buildings and to collapse of buildings.

Apart from the five most important effects of climate change, single events like a heavy
windstorm, extreme snowfall and heavier rain fall seem to be more frequent.
Heavy windstorm
A heavy windstorm passed over the southern half of Denmark on the 3 December 1999 and
caused significant damage to a large number of buildings, see figure 2. The storm is regarded
as the worst one for the past 100 years. The mean wind speed slightly exceeded the
characteristic value of the design loads given in the load and safety code, [11]. This value was
expected to be exceeded only once every 50 years on average.
Figure 2. Damage to a building after the
heavy windstorm passed over the southern
half of Denmark on 3 December 1999.

Figure 3. Damage to a sports arena after the
roof collapsed, caused by heavy snow loads
in 2007.

Figure 4. Flooding after a heavy rainfall in
2009 in the northern part of Zealand.
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Extreme snowfall
In winter 2007 in Denmark, unusually strong winds packed falling snow so hard in snowdrifts
that the roof of 12 large buildings collapsed, see figure 3. Snowdrifts were packed to exceed
the weight of 400 kg/m3 and combined with a change in weather and rain it was expected that
the weight at exposed locations increased to a tonne per m2. The combination of the high
mean wind speed and loads from local snowdrifts on the roof might have slightly exceeded
the characteristic value in the design loads given in the load and safety code, [11]. On
average, these combinations of load values are not expected at the design stage of these
buildings.
Heavier rain fall
Heavy rain fall has passed over Denmark in recent years, see figure 4. Such a heavy rain fall
passed over Denmark on 2 July 2011 and is regarded as one of the heaviest ever measured in
Denmark. Within a few hours, 150 mm rain fell which is twice the normal amount of rain
falling in the whole month of July. Furthermore, 50 mm fell within 30 minutes and the highest
intensity was measured at more than 3 millimetres per minute over a period of 10 minutes.
Model for a strategic approach to climate change adaptation
A model for a strategic approach to climate change adaptation of buildings requires actions
that besides project management and project communication and dissemination include three
main initiatives consisting of the need to examine the potential impacts of climate change on
the building stock, to assess and develop a roadmap of current and future adaptation measures
that can withstand the effects of climate change, and to engage relevant stakeholders in the
private and public sectors.
Examining potential impacts of climate change on the building stock
The main objective of an examination is to provide background knowledge on climate change
by developing assessment methodologies to delineate and evaluate the likely impacts of future
climate change on the building stock. Long-term climate change as well as single extreme
weather events associated with climate change will increase destruction of buildings and need
to be evaluated according to lifetime issues.
Building typology must be exhaustively listed and used to implement a set of scenarios on the
possible evolution of the building stock. Specification and analysis of climate change relevant
for the building stock in the specific geographical region must be performed as well as
determination of uncertainties in climate change. Finally, the collected extensive knowledge
can be used to bring together information including building typology, climate impact for
building stock scenarios and uncertainty factors, of both natural (e.g. climate variability) and
human origin (e.g. impacts on the vulnerability thresholds of an ageing population inhabiting
the building stock), in order to develop a standard methodology to assess the vulnerability of
the building stock.
Building typology should include descriptions of buildings according to age, size and other
parameters relevant to climate change, such as location in or close to areas exposed to weather
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events, for instance coastlines, rivers, mountain areas, storm tracks, and vegetation in arid
areas.
Assessing and developing a roadmap of adaptation measures
An exhaustive list should to be established that comprises current and future adaptation
measures to climate change for buildings, based on the results of the assessment carried out
during the examination for potential impacts of climate change on the building stock. Such
measures can be used to develop a comprehensive assessment framework of adaptation
measures, including their economic, social, environmental, operational and technical impacts.
It can also be used as a key input to a decision-making tool that needs to be provided to
stimulate actions among stakeholders in the private and public sectors.
Feasible adaptation measures should be exhaustively listed and supported by technical
assessments including their effectiveness, their feasibility, their conditions for optimal use and
their applicability in different geographic locations. Furthermore, it is important to include
cost-benefit analyses to balance the overall strengths and weaknesses of each of the feasible
adaptation measures, as well as related macro-economic impact assessments. If any, such
validations need to include support policies at government and local levels to motivate to the
adaptation to climate change.
Engage relevant stakeholders in the private and public sectors
It is hugely important to engage decision-makers in the building stock issue, thereby
providing a visual decision-support tool with user-friendly access that clearly depict the
economic impacts of adaptation measures to climate change for the building sector and their
uncertainties. Such a tool needs an optimisation algorithm in order to be able to suggest an
optimal solution for a variety of climate scenarios attached to feasible single or interconnected
adaptation measures for a particular building identified by its building typology. To engage
end-users, the tool needs to provide a set of optimised scenarios that take into account the
technologies to be installed and their responsiveness over the buildings’ life. Such a
simulation environment should also calculate the capital cost versus the operational cost
taking into account the various adaptation measures in each optimal scenario. It should also
provide decision support from a return-on-investment perspective regarding environmental
impact, energy savings and contribution to smart cities or other benefits. End-users,
recognised as policy-makers, decision-makers from private companies, urban planners as well
as the academic community and the general public, should be helped to explore possibilities
and be assisted in the optimal set of decisions when adapting to climate change.
Discussion
Buildings play a vital economic and social role in most industrialised countries. In all EU
Member States, it is estimated that buildings have a replacement value of approx. €216,000
billion. The consequences that climate impacts may have on the existing built environment
are not known, as climate impacts and hence the vulnerability of the existing building stock
has yet to be investigated. This leaves society with major challenges that, if not addressed and
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taken into account, will grow far more serious as climate change progresses. The need for a
strategic approach becomes even more urgent now that the effort of elaborating a global
agreement on climate policy and reducing greenhouse gases failed at the COP meeting in
Doha, 2012. Until a strategic approach to climate change adaptation has been launched,
initiatives to challenge the climate impacts will be ad-hoc and stand-alone initiatives.
Many resources have been spent on defining data relevant for the building sector regarding
the impact of climate change, and ever more data are needed as assumptions change over
time. Assumptions are closely related to the successful mitigation of climate impacts. The
impact of climate change on the built environment is unknown and there are inevitably
degrees of uncertainty associated with individual parameters such as temperature,
precipitation, wind speed, relative humidity, solar radiation or soil moisture. In addition to the
scenarios describing projected climate impacts, most countries have already witnessed
extreme single events. Single events have been more intense than predicted. Data clearly
show a rise in precipitation in the period from 1874 to 2010, [12].
Observations from the last 100 years show changes in the geographic pattern of precipitation
globally. The connection between a warmer climate and heavier rainfall is confirmed by
several studies. Some studies even estimate that the change in the total amount, seasonal
variations and the intensity of rainfall estimated by the IPCC, [13] is underestimated both for
the tropics and for Europe, [14, 15].
Without a strategic approach, building owners have at present no knowledge of which climate
impacts would be necessary to address and which scenarios are the most likely to occur.
Existing buildings and buildings constructed today should be able to withstand climate
impacts at best until 2100, as the main structures of buildings are expected to last for at least
100 years. The challenge of contemporary building requirements is that they should take
account of climate impacts for a period corresponding to the service life of the individual
building components. Climate impacts therefore pose a serious problem in relation to the
design and upgrading of buildings. Climate change scenarios foresee an increased maximum
wind load. A heavier wind load calls for stronger constructions. Compared with the safety
margin of load-bearing structures in buildings, a 20% increase in the wind load is not critical.
However, the heavy storm that hit Denmark in 1999 reached the limit of today’s design wind
standard and cost insurance companies sums that equal about 10% of the yearly investment in
buildings in Denmark, [16]. In addition, it was found that the strengths of the damaged
buildings was about half of what is required according to the Danish Building Regulations,
[17]. Therefore, a 20% increase of the wind load is supposed to result in a situation for which
adaptation measures must be developed, both for existing buildings and for buildings that are
to be designed for climate impacts. Such adaptation measures are expensive, but far less
expensive than rebuilding damaged buildings after a storm worse than the storm in Denmark
in 1999.
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Climate change scenarios also foresees more frequent and heavier rain fall in Denmark.
Depending on where the rain falls, the damage is more or less costly. The damages paid by
the insurance companies resulting from heavy rain falls in the period from 1 June to 15
September in the years 2006 to 2011 reached €1 billion. However, the heavy rain fall that hit
Copenhagen on 2 July 2011 was far the most costly with damages amounting to €658 million.
Another important climate impact is the possible threat posed by a more humid and warmer
climate. This would challenge the building design that provides humans with thermal comfort,
good indoor air quality, and durable constructions. Such challenges are unlikely to be met at
moderate maintenance costs.
Circumstances demand a continued need for a strategic approach to impacts of climate change
and optimised adaptation measures for buildings that also need to be implemented in building
requirements generally.
Conclusion and Further Research
The absence of a global agreement on the reduction of the emissions of greenhouse gases
makes it difficult to expect anything but a global economically regulated use of available
fossil fuels such as oil, coal and gas. Due to the shortage of available fossil fuels together with
an increasing demand and higher production costs, the same economic conditions will drive
policy for energy consumption and the development of new and other energy-supply sources.
However, the economically regulated use of fossil fuels and hence the emissions of
greenhouse gases will lead to climate impacts that are very difficult to forecast and will pose
threats as well as opportunities for the design of buildings. Therefore, it is unknown whether
or not existing buildings and buildings constructed today will be able to withstand the effects
of climate change in 2100 as the main structures of buildings are expected to last for at least
100 years.
As climate change progresses, its effects will change requirements to buildings. However, as
the impact of climate change is unknown, it is very difficult to forecast the necessary building
requirements. This will leave investments, necessary for the preservation of the value of the
building stock to become ad-hoc and stand-alone investments as future climate impacts
emerge. Thus the opportunity is lost to upgrade a building to meet key climate impacts as
part of the maintenance, which increases the costs of necessary measures. Therefore, the
uncertainty of the scenarios leaves major challenges that, if not addressed and taken into
account at the building design stage will grow far more serious as climate change progresses.
A continuous strategic approach to climate change and adaptation grows ever more urgent as
to ensure that the vital economic and social role of buildings in society is kept. Until a
strategic approach is launched, initiatives to challenge climate impacts will leave end-users as
policy-makers, decision-makers from private companies, urban planners as well as public and
private building owners left at a crossroads without knowledge of what climate impacts to
address and what scenarios are most likely to occur. A strategic approach needs to be
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developed to help explore possibilities and to assist in the optimal set of decisions when
adapting to climate change.
Circumstances related to national and international policy, economics, energy consumption,
emissions of greenhouse gases and the development of new energy-supply sources demand a
continued strategic approach to climate impacts and adaptation for existing buildings as well
as to building requirements. Further detailed descriptions of the ideas given in this article are
found in the proposal Strategic approach to climate change adaptation in the building sector,
connected with the ENV.2013.6.1-6 Economics of Adaptation of Climate Change – FP7ENV-2013 programme, on which this article is based.
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Abstract: Energy consumption by Japanese homes is increasing. Therefore, enhancing and improving
study of the environment starting in childhood is important. However, there is no set curriculum for
study of the environment in elementary schools today. Therefore, a study was conducted to devise
ways to study the environment that encourage energy conservation by children was conducted. Study
of the environment has the following 3 features:
Hands-on learning.
Energy conservation at school is cited as an example.
Children attempt to conserve energy at home.
The above curriculum was actually taught to fourth graders at an elementary school in Tokyo for 3
years, and its effectiveness was determined. Results revealed improvement in the rate at which energy
conservation was implemented in many homes and successful implementation of energy conservation.

・
・
・

Keywords: elementary school, study of the environment, energy conservation, energy
consumption
1. Introduction

Enhancing and improving the study of the environment starting in childhood is important to
Japan’s creation of a low-carbon society in the future. However, there is no set curriculum for
study of the environment at elementary schools today, so teachers teach study of the
environment with a curriculum tailored to each grade. However, teaching study of the
environment often falls outside a teacher's specialty. Teachers cannot readily teach content
such as global warming (which will become a major environmental issue in the future) and
energy conservation. Therefore, a study was conducted to devise ways to study the
environment that encourage energy conservation by children. Furthermore, a follow-up
survey was conducted to determine the effectiveness of that instruction.
2. Positioning of study of the environment

The importance of studying the environment was noted by the Stockholm Declaration on
the Human Environment in 1972, and study of the environment has been discussed at various
international conferences. The purpose of studying the environment is "to become interested
in environmental issues, to understand man's responsibilities and man’s role with regard to the
environment, and to foster involvement in preserving the environment and the ability to solve
environmental problems." Fostering personnel and encouraging action is important to study of
the environment. Moreover, study of the environment must be taught from the perspective of
fostering personnel and encouraging action in accordance with the developmental level and
living situation of the students who are being taught.
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3. Instituting study of the environment as described in this study
Study of the environment as described in this study was taught to fourth graders at an elementary
school in Tokyo for three years from 2011 to 2013. The number of children differed each but ranged
from about 90 to 120 students. Study of the environment was taught once in the summer and autumn,
with each class lasting 90 minutes. Steps to studying the environment in 2012 are shown in Fig. 1.
Study of the environment as described in this study had the following 3 features:

・Hands-on learning.
・Energy conservation at school is cited as an example.
・Children attempt to conserve energy at home.

Study of the environment with these features was presumed to encourage energy conservation by
children. Children who are elementary school age are highly curious, so they would show interest in
hands-on learning and materials that cited their school as an example. Moreover, both knowledge and
action are crucial. Therefore, children will attempt to conserve energy at home as homework over
summer vacation. Such an approach would encourage energy conservation by their families.
Using study of the environment as a tool

Study of the environment that encourages energy conservation

①Hands-on learning
②Energy conservation at

school is cited as an example

③

Children attempt to
conserve energy at home

・First lesson on study of the environment (7/17/2012)
・Lecture (on environmental issues and reducing energy use and electricity consumption during the summer)
・Hands-on (learning about power consumption by household appliances powered by a hand-cranked
generator)
・Workshop
Based on a floor plan showing places where electricity consumption can be reduced at school, students mark
places where lighting or temperature is a problem and places where electricity consumption can still be
reduced on a worksheet. Students identify topics related to both living conditions and reduced energy use
and electricity consumption.

・

Homework over summer vacation (study of the implementation of energy conservation at home over the
summer)

Detailed study to indicate
potential options

①Hands-on learning
②Assessment of energy
conservation at school

・Study of lighting and steps to reduce energy use at school (9/7-9/21/2012)

Based on ideas offered during the workshop, places to reduce energy use and electricity consumption are
selected. Lighting is measured at selected locations and having every other light fixture lit is considered.

・Second lesson on study of the environment (10/19/2012)
・Lecture (on the results of the workshop, steps to reduce electricity use at home and at school, and the
effectiveness of those steps)
・Hands-on learning
During class, children measure lighting when all light fixtures are lit and when every other light fixture is lit
Children check to see if lighting every other light fixture meets lighting standards, what effect it has on living
conditions, and lighting every other light fixture is proposed

・Survey on study of the environment conducted

Devising study of the environment that encourages energy
conservation

Increasing environmental awareness and raising environmental
awareness at home

Fig. 1. Steps to studying the environment in 2012
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4. The rate at which children implemented energy conservation at home immediately after study
of the environment was instituted

The rate at which children implemented energy conservation at home immediately after
study of the environment was instituted
The first lesson on study of the environment was taught in July, and children attempted to
conserve energy at home over summer vacation. Children were surveyed with regard to how
they attempted to conserve energy over summer vacation.
The rate at which energy conservation was implemented at home is shown in Fig. 2.
Results revealed that more than half of all children were doing certain things to conserve
energy “before the class" and that the children had a high level of environmental awareness.
Results also revealed that about 10% of all children were doing certain things to conserve
energy “before the class." Study of the environment had a substantial impact on certain things
children were not doing to conserve energy “before the class.” These findings indicate that
study of the environment encouraged children to conserve energy.
I was doing this before the class

56

Overall

15

53

Refrigerator

21

41

TV and PC

31
11

66

Cleaning and washing

61

Water-related

49

Other
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40%
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80%

100%
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7
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60%

3
5

7

14 4

11

49
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2
3

33

74

17 3

3

36
6

53

3

31
43

65

2
6

15

70

3

29

5

66

10 11 4

76

Kitchen

16

33

8
8

52

2

24

12

58
47

2

33
14

50

7

15

14

Not entered

3

40

60

4

29

16

52

3

22

I didn’t do this

14

43

4

28
11

54

4

28

16

63

Lighting

24

15

52

Air conditioning

I did this after taking the class

17
24

4
4

39

1

80%

100%

2013

2012

Fig. 2. Rate at which energy conservation was implemented at home

5. Analysis of the reduction in power and gas consumption due to energy conservation at home
The reduction in power and gas consumption due to children conserving energy at home over
summer vacation is shown in Fig. 3. Overall, a reduction in both power and gas consumption was
apparent. However, there were instances where the amount of consumption increased depending on
the year. Since there was little difference in the rate at which energy conservation was implemented at
the child's home, this increase in consumption may have been the result of the weather that year.
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Fig. 3. Reduction in energy/gas consumption due to energy conservation at home
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6. Extent of continuation of energy conservation at home

Responses to a survey conducted in the year that study of the environment was taught are
shown in Fig. 4. Responses to a survey conducted 1 year and 2 years after study of the
environment was taught are shown in Fig. 5 (a follow-up survey for 2013 is scheduled for this
year). The survey conducted in the year that study of the environment was taught asked if
“you will be able to take steps to reduce energy use and electricity consumption next year and
afterwards.” Children who responded that "I am confident I can" will presumably continue to
take those steps in the future. About half of the children who responded that "I think I
probably can" will presumably continue to take those steps in the future.
I am confident I can

59

0%

20%

46

40%

60%

I think I probably can

43

25

80%

I think I might not be able to

100%

0%

49

20%

40%

2011

60%

80%

I do not think I can

37

20

100%

0%

20%

63

40%

60%

60

80%

100%

2013

2012

Fig. 4. Responses to the question "Do you think you will be able to take steps to reduce energy use and
electricity consumption next year and afterwards?"
I am still taking those steps

51

0%

20%

24

40%

60%

2011

I did take those steps, but I’m not taking them anymore

23

80%

59

100%

0%

20%

24

40%

60%

80%

I didn’t take those steps to begin with

11

100%

2012

Fig. 5. Responses to the question "Now that you have taken a class that studied the environment and you
started to reduce energy use and electricity consumption at home, are you still taking steps to reduce energy use
and electricity consumption?"

7. Conclusion

This study taught study of the environment to fourth graders at an elementary school in
Tokyo for 3 years and it determined the effectiveness of that instruction. Results revealed
improvement in the rate at which energy conservation was implemented in many homes and
successful implementation of energy conservation. In this study, study of the environment had
3 features: hands-on learning, energy conservation at school was cited as an example, and
children attempted to conserve energy at home. However, the rate at which energy
conservation is implemented may decline as time passes. Therefore, the current author plans
to study steps to prevent this decline. Conducting a study in an environment that would
facilitate follow-up, such as a combined elementary and middle school, is being considered.
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Abstract summary: The combined vision of patient well-being and environmental quality
appears in the healthcare green rating systems. The aim of this work is to appraise how these
rating tools are able to bring out the user well-being in all its complexity: physical,
psychological and social. The study analyzes three relevant systems (LEED, BREEAM, HQE)
with the aim to point out the criteria focused not only on built environment’s elements that
have a direct physiological effects on the users’ health (i.e. the dangerous emissions from the
building’s products) but also on elements that act through psychologically mediated effects
(i.e. view on the greenery). The results show that the analyzed tools give great space to the
users well-being, even if with some differences in the aggregation and weights of the criteria.
However, the attention is mainly referred to the environmental quality criteria. Some efforts
are still needed to increase the criteria that highlight the features of the hospital able to
promote the health in its entirety, not only considering the physical, aspects, but also those
psychological and social.
Key words: green rating systems, healthcare facilities, user well-being
Introduction
The dual purpose of protecting the people health and the environmental is particularly
important in the healthcare facilities, whose fundamental mission is the care of the disease
together with the promotion of health and well-being of the global community (1). This
integrated vision appears in the green building assessment and certification systems,
addressed to the wide range of issues that concerns the sustainability of the building, during
all its life cycle (2). These systems assess the quality of the buildings in relation to many
environmental aspects, against an explicit set of criteria. Their scoring systems are based on
collecting credits (levels of performances, points, stars) in different categories and summing
them up to a total number which determines the rating level. Some of these tools have specific
versions for different types of building (i. e. commercial building, schools, offices). In the
version of healthcare, a special attention is assigned to the building’s aspects that can affect
the health and the well-being of the patient and all other users (families, staff).
It has long been recognized that buildings through their life cycle are significant causes of
human illness and environmental degradation. According to the U.S. Environmental
Protection Agency (EPA) and its Science Advisory board (SAB), indoor air pollution is one
of the top five environmental risk to public health (3)(4)(5). For people confined indoors due
to illness and particularly for those with depressed immune systems, the consequences of
these impacts can be significant.
However, the patient’s well-being includes aspects that go beyond the physiological influence
of the built environment on users. Numerous studies analyze the effects of the healthcare built
environment (spaces, finishing, furniture) on the psycho-social wellbeing of patients, with
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effects on physical health and outcomes of the care: for example, the indoor environment can
affect the level of stress, which, in turn, can influence the parameters such as blood pressure,
anxiety, depression (6). In the healthcare facilities, one of the most important cause of stress
for the patient is the lack of the control of the environment’s parameters. A design that
increases the possibility of control (i.e. individual lighting control devices) can reduce the
level of stress and its adverse effects on health (7)(8). The loneliness experienced by the
hospitalized patient is another cause of stress. Design features that facilitate the presence of
family members (i.e. families' spaces in patient rooms) allow patients to receive a higher
social support, resulting in decreased stress and better medical outcomes, and raise the staff
from providing non-clinical support to the patient and decrease the possibility of medical
errors (8, 9). Many studies analyze the positive effect of some design elements in terms of
patient well-being and outcomes of care. Sunlight exposure and views on the greenery from
the room windows were among the first items to be studied, with positive results such as
decreased length of hospital stay, perceived stress, perceived pain, intake of analgesics, with
the relative decrease in the related costs (10)(11). The mitigation of negative mental
conditions such as depression, stress, low self-esteem are the positive effects that were also
seen with the introduction of some art elements in the indoor spaces (12)(13). The results
about the effects of the healthcare environment on patients are becoming numerous and
rigorous literature reviews are starting to become available, providing some interesting input
for healing healthcare design (14)(15)(16).
The aim of this study is to appraise how the green building evaluation tools for healthcare are
able to bring out the patient well-being in all its complexity, therefore not only physical, but
also mental and social, in a patient-centered vision.
Methods and materials
1. Selection of the rating systems
Three of the major green building rating systems were selected: BREEAM, LEED, HQE. The
selection was based on the availability of a healthcare version, the weight given to the issues
concerning the user’s well-being, their relevance at the international level (17)(18).
BREEAM
The BREEAM (Building Research Establishment Environmental Assessment Method) is
among the first systems created for the environmental assessment of buildings. Developed in
UK, in the first edition (1990) defined the performance characteristics of homes and offices.
Since then, over 250,000 buildings were certified and the scheme is now used in more than 50
countries, in a range of formats from country specific schemes, adapted for local conditions,
to international schemes. BREEAM Healthcare was commissioned by the Department of
Health and Welsh Health Estates to assess the healthcare buildings developments at both the
design and post construction stages. Currently, the healthcare buildings can be assessed using
the “New Construction 2011” scheme, that introduces some specific criteria depend on the
building type. The scheme covers 10 categories of sustainability: Management, Health &
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Wellbeing, Energy, Transport, Water, Materials, Waste, Land Use and Ecology, Pollution,
Innovation.
LEED
The LEED (Leader in Energy Environmental Design) was developed by U.S.GBC (United
States Green Building Council) volunteer and scientific-technical committees, in
collaboration with private companies and researchers. It was designed as a flexible tool, easy
to use by all the actors of the building process. It was activated in the U.S. in 1998, with the
publication of the first guide v1 LEED NC (New Construction). It is now widely used (135
countries) and has got numerous versions depend on the building types. "Leed Healthcare v4"
is the current version for healthcare facilities. The environmental criteria are grouped into
nine topics: Integrative process credits, Location & transportation, Sustainable sites, Water
efficiency, Energy & atmosphere, Material & resources, Indoor environmental quality,
Innovation, Regional priority.
HQE
The HQE (Haute Qualité Environmental) method was developed in France by bringing
together all public actors in the construction field, including associations and trade unions,
with the common goal of promoting environmental quality of buildings in a concerted
manner. In order to integrate the whole of environmental dimension and to coordinate all the
actors involved, HQE proposes the development of an “operation management system” (a
variation of the international system of environmental management ISO 14001, adapted to the
construction’s operations). This system offers a clear articulation around the two main goals:
control impacts on the external environment and create a healthy and comfortable indoor
environment. In 2008 was approved the HQE scheme version for healthcare facilities: “HQEEtablissements de Santè”. The criteria are listed in the reference document “Référentiel pour
la Qualité Environnementale des Bâtiments».
To check the impacts on the external environment

To create a healthy and comfortable indoor
environment

ECO-CONSTRUCTION
1. The building's relationship with its
immediate environment
2. Integrated choices in construction products,
systems, and processes
3. Low environmental impact worksite

COMFORT
8. Hygrothermic comfort
9. Acoustic Comfort
10. Visual Comfort
11. Olfactory comfort

ECO-MANAGEMENT
4. Energy Management
5. Water Management
6. Management of activity-generated waste
7. Maintenance-Permanence of environmental
performance

HEALTH
12. Spaces healthiness
13. Air quality
14. Water quality

Table 1. HQE Sections

2. Analysis and comparison of the rating systems
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In regards to the influence of the built environment on the health and wellbeing, in all the
three tools are recognizable two groups of environmental elements that can have some effects
on the patient (19):
- Direct influence: elements that have a direct physiological influence (poor indoor air
quality, dangerous construction materials, ...).
- Mediated influence: elements that act through psychological processes as a result of
sensory perceptions, of a cognitive or an emotional nature. For instance, the presence
of plants in the room may give the patient a more homely feeling, decreasing the
anxiety, which in turn may promote recovery.
Considering the aim of this study, noted that the criteria related to the direct influence are
widely consolidated within each system, it was investigated all the criteria related to the
mediated influence of the built environment on patients, with reference to the key aspects,
mentioned in the literature longer available. These criteria were grouped into three categories,
depending on the patient’s needs (8):
-

Social support: Elements for the integration of the building in the surrounding area,
which can facilitate the presence of the family and the friends.
Restorativeness: Elements that are indicated in the literature due to their positive
effects in terms of stress reduction and regeneration.
Sense of control: Elements that provide the patient with a certain degree of control
over the environment.

Then a comparison was made between the three systems, with respect to their efforts in
bringing out the patient’s wellbeing in all its complexity.
Results
In the healthcare green rating systems, the aspects related to the direct physiological influence
of the building on patient’s health are well covered. The related credits are mainly included in
the sections about indoor environmental quality. They refer in detail to the control and the
improvement of indoor air quality, even through the choice of low-emission materials, and to
the environmental comfort (thermal, acoustic, visual and olfactory).
With regard to the mediated influence of the built environment on patient, it is possible to
identify some specific credits. Most of these are included in the sections on health and wellbeing; some are in the categories on the relationship with the site, transport and management
of the process.
BREEAM - Under the Management (MAN) section, it promotes a patient-centered care
vision, with credits on "Sustainable procurement" and "Stakeholder Participation". This
system makes explicit reference to Post Occupation Evaluation practice that is essential in
order to assess the outcomes of the made choices. In the Transport section (T), it promotes
access to public transport and proximity to neighborhood services. In the Health & Wellbeing
(HEA) category, different aspects of psychosocial well-being are included in the criteria on
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“Visual comfort”: daylighting, quality of views to the outside, the introduction of visual arts,
individual brightness control. In the “Visual art” requirement, a credit is assigned for the
introduction at the design brief stage of an art coordinator or the adoption of a strategy aimed
at the improvement of the healthcare environment, of the relationship between the building
and the local community and the patients, of the anxiety control of the patient and the family,
of the greening of the indoor environment. In the Health & wellbeing category there are also
criteria related to lighting and thermal control and security.
LEED - In the Integrative Process (IP) category, as a pre-requisite, there is the criteria
“Integrated project planning and design” which is also aimed at development a health mission
statement including goals and strategies to create a high-performance healing environment for
the patients, caregivers and staff. In Location & Transportation (Lt) category, the “Access to
quality transit” and “Surrounding density and diverse uses” criteria promote the settlement of
the hospital in areas served by public transport and existing facilities (i.e. food retail, civic and
community facilities, etc.). In Sustainable Sites (SS) category, there are some criteria (“Place
of respite” and “Direct exterior access”) intended to provide outdoor places of respite and
direct exterior access (i.e. to a courtyard, terrace, etc.), in order to support the well-being of
patients, staff, and visitors. In the Indoor environmental quality (IEQ) category, “Daylight”
and “Quality views” credits are aimed to give building occupants a connection to sunlight and
natural outdoor environment. In the same category (IEQ) there are also criteria intended to
provide devices for thermal control for every patient room and lighting control readily
accessible from the patient’s bed, highlighting the importance of individual control over the
environment.
HQE – Within the “operation management system”, the well-being goals are defined and the
promotion of patient-centered vision can be introduced. About the credits, into the EcoConstruction section (EC), there is the “The building's relationship with its immediate
environment” criteria, with a sub-goal for integrating the building with the urban transport
infrastructure. In the same criteria, there is a sub-goal for creating a pleasant outdoor
environment for users, with specific reference to the creation of some areas for socializing,
recreation and services. Some requirements for visual comfort are included in the Comfort
section (CO). These provide for the access of the natural light and the availability of a good
view through the windows of rooms, waiting rooms, etc. In the “Visual comfort” criteria, in
the sub-goal “Comfortable artificial lighting” it is required that the patient can control the
switching on and off of the lights (basic level) and the adjusting of the illumination level
(good and very good level).
The following table shows a summary of the criteria related to the mediated influence within
each tools.
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BREEAM

LEED

HQE

Availability of public
transport

TRA 01. Public transport
accessibility

L&T. Access to quality
transit

EC 1.1 Planning of the parcel
for sustainable urban
development

Neighborhood
facilities

TRA 02. Proximity to
amenities

L&T. Surrounding density
and diverse uses

Relationships with
local community and
families

HEA 01. Visual comfort
o Visual Arts

Social support

n.a.

n.a.

n.a.

Restorativeness
Access to green and
open spaces

HEA 01. Visual comfort
o Visual Art

SS. Place of respite
SS. Direct exterior access

EC 1.3 Environmental and
sanitary quality of outdoor
areas for users

Daylighting and view

HEA 01. Visual comfort
o Daylighting
o View out

IEQ. Daylight
IEQ. Quality views

CO 10.1 Provision of a
optimal natural lighting,
avoiding its disadvantages

Art

HEA 01. Visual comfort
o Visual Arts

n.a.

n.a.

Sense of control
Individual control of
lighting

HEA 01. Visual comfort
o Internal
lighting

IEQ. Interior Lighting

Individual thermal
control

HEA .3. Thermal comfort

IEQ. Thermal comfort

Perceived security

HEA 06. Safety and security

CO 10.2 Comfortable
artificial lighting

n.a.

Table 2. Comparison of the psycho-social wellbeing in the analyzed systems

Conclusion
The healthcare green rating systems are accepting some of the key elements indicated by the
research on the healing environments, such as facilities integration in the surrounding
environment, with the promotion of social support, introduction of regenerating elements
(natural light, beautiful view, outdoor access), supply of devices for individual environmental
control. BREEAM broadens the attention to psycho-social well-being, introducing the “Visual
art” requirement that deals with issues such as: enhancing the healthcare environment,
building relationships with the local community, building relationships with patients and their
families, etc. However, these issues should receive more appropriate rewards and detailed
indications.
The process of enlargement of well-being to the psycho-social aspects is however running,
confirming the vocation of green rating systems to the innovations in the field of built
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environment’s sustainability and the role that these systems can play in the inclusion of
innovation in design practice.
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Abstract: The ambient air and the micro-climate of a living environment is the most important
factor directly interacting with the human body and affecting its healthy status. Indoor air
cleaning is one of the most viable technological options to ensure sufficient IAQ. We have
investigated the performance of in-room air cleaners in simulated real indoor conditions. The
removal efficiency of ultrafine, coarse particles, and total volatile organic compounds from
cigarette smoke and hair spray were investigated is association with several ventilation rates.
A strong relationship was found between power of cleaner and concentration decay rate of
particulate matter and gaseous pollutants; although the decay of TVOC concentrations was ~
2 to 4 times lower than that of particles. In general, in-room air cleaners were found to be
more efficient tools for indoor air quality management (represented by aerosol particle and
TVOC concentrations) compared to ventilation alone.
Keywords: indoor air pollution; particulate matter, volatile organic compounds, air cleaner,
ventilation.

Introduction
The indoor air and the micro-climate of a living environment is some of the most important
factors directly interacting with the human body and affecting its healthy status. The majority
of population spends their highest share of time indoors. Thus, the indoor air quality of living
environment is more important factor than outdoor air quality, although very difficult to
control. The Directive 2010/31/EU on the energy performance of buildings sets the target
starting with 2020 to only build near zero energy homes. Such type of building construction
requires maximum tightness and thermal insulation of building envelope. The isolation of
indoor environment allows for more intense exposure to indoor air pollution sources. The
example of such phenomenon is the “sick building” syndrome [1].
Many methods have been researched and are available in the market for the improvement of
indoor air quality and microclimate, however, very few attempts were made on the integration
of these devices and their effective application. Ventilation methods (dilution) are not always
suitable for the reduction of high levels of pollutants indoors especially in low energy
buildings, which loose energy due to ventilation [2]. Moreover, some countries suffer from
increased outdoor pollution thus making it not suitable to use as the dilution air.
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The usage of integrated devices for the destruction of pollutants by using oxidations (ozone),
catalyst, sorbent, and filter were indicated as a viable solution for the improvement of IAQ
[3]. Various countries develop standardized test protocols for testing of these units, using well
controlled indoor chambers and test pollutants, including ammonia, acetic acid, acetaldehyde,
monocyclic aromatic hydrocarbons etc. [4,5]. At the same time, there is little data reported on
the performance of such units under various IAQ management strategies.
The aim of this study was to investigate the effectiveness of several commercially available
air cleaning devices on indoor air quality coupled with several ventilation conditions.
Methods
Experiments were carried out in 36 m³ insulated test chamber representing a usual living room
(Fig. 1). The chamber was equipped with air handling unit. The supply air was delivered
through HEPA12 filter, providing air exchange at 0.1 (simulating natural ventilation
conditions in a tight building) to 0.5 ach (nominal ventilation rate in mechanical ventilation
systems). A pollution episode was generated inside of the chamber, and the ultrafine particle
(UFP) concentration was monitored in the exhaust ventilation by the Nanoscan SMPS (TSI
Inc., USA), measuring UFP concentration from 0.01 to 0.42 um in mobility diameter. The
coarse portion of the aerosol was monitored by an optical particle counter (3016, Lighthouse
Inc, USA) in six channels from 0.3 to 10 um. The gaseous pollutants (CO, CO2, NO2, O3,
TVOC) were monitored by an Indoor Air Quality Monitor (IQM – 60, Aeroqual Limited,
New Zealand). Two commercially available in-room air cleaners were used during this
experiment Zeppter Therapy Air Plus (Zepter International, Germany) and Daikin MC70L
(Daikin Industries Ltd., Japan), denoted further as cleaner #1 and #2, respectively. These air
cleaners power operated at several settings of intensity: #1 at 40 m3/h and 142 m3/h; #2 at 55
m3/h and 130 m3/h. The cigarette smoke and hair spray were used as model pollution sources.
The cigarette smoke was introduced for 60 seconds, while the hair spray was sprayed for 5
seconds. The dynamics of pollutant concentrations was monitored for 35 minutes.
Several parameters of cleaner performance were measured and subsequently calculated. The
pollutant removal efficiency was calculated as:
,%

(1)

where:
C0 – initial pollutant concentration; Ci – concentration of pollutant after 20 min.
The pollutant concentration decay rate was calculated from theoretical regression of pollutant
concentration which follows first-order decay model:
ܥ௧ ൌ ܥ ݁ ି௧ , 1/h
(2)
where:
C0 – initial concentration of pollutant; k – decay rate, h-1; t – duration of decay, h.
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3 .6
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Fig.1. Test chamber with air supply and exhaust system via air handling unit with heat exchanger. 1- Indoor air
quality monitor; 2 – Optical particle counter; 3 –scanning mobility particle sizer.

Results
Removal of aerosol particles
The decay rates of most aerosol particles exhibited exponential nature. The natural decay at
no forced ventilation was investigated in order to evaluate pollutant loses due to uncontrolled
ventilation in the room, as well as particle loss mechanisms, including gravitational settling
and deposition on walls. Interestingly, both sources of aerosol particles exhibited different
behavior in natural decay. In case of cigarette smoke, a clear natural decay of fine and course
particle was determined. On the contrary, the hair spray produced some variation of aerosol
concentration during 6-7 minutes after the introduction, but afterwards, the growth in the
concentration of UFP was observed. This is attributed to the formation of secondary aerosol
particles from volatile organic matter with the spray aerosol.
The kinetic curves of fine particle concentration decay are presented in Fig. 2. The tested air
cleaners performed rather efficiently in case of low ventilation conditions. Direct relationship
was found between power of cleaner and concentration decay rate of particulate and gaseous
pollutants. In case of 0.1 ach ventilation rate and a cigarette smoke as a source of pollution,
77.0 % UFP removal efficiency was reached. After increasing the ventilation to 0.5 ach, the
79.1 % removal efficiency of UFP was found, and even higher for coarse particles (90.5 %).
This indicates that the air cleaner had a much higher impact towards the improvement of IAQ
compared to ventilation alone.
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Fig. 2. The decay kinetic curves of fine particles during various cleaning scenarios. Cigarette smoke (upper)
and hair spray (lower) used as particle sources.

Although having different formation properties compared to the cigarette smoke particles, the
removal of hair spray particles was comparable, reaching the efficiency of 76.2 % for UFP
and 87.6 % for coarse particles at 0.1 ach. Interestingly, the increase of the ventilation rate
(0.1 to 0.5 ach) did not have a substantial effect to the removal of hair spray aerosol particles.
The increase in the removal of UFP increased from 2.1 to 20.7 %. and from 4.7 to 12.2 % for
coarse particles. The cleaner #2 appeared to have a slightly higher removal efficiency both for
fine and coarse particles.

Removal of volatile organic compounds
As opposed to the aerosol particles, volatile organic compounds are gaseous pollutants thus
being destructed by other techniques within the cleaner. Moreover, their natural decay is also
affected by other mechanisms, such as naturally diffusion through walls.
The natural decay of TVOC concentrations was negative, that is, the concentration was
growing during the tested time span. In case of the cigarette smoke, the decay rate was -2.27
1/h, while for hair spray it equaled to -9.81 1/h. This can be explained by the longer residence
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time of TVOCs in air when no settling or deposition mechanisms were applicable. Moreover,
a number of transformation reactions of TVOC compounds usually take place, which may be
interpreted as an increase of TVOC concentrations by the PID detector.
The efficiency of the air cleaner was lower for TVOCs as compared to aerosol particles and
the ventilation had a more prominent effect. The highest settings of air flow within the units
resulted in the removal efficiencies of 19-27 % in case of cigarette smoke. After the
introduction of forced ventilation, the removal rates of 36 to 51% was reached. Similarly to
particles, cleaner #2 revealed higher TVOC removal efficiency. In general, the decay constant
of TVOC concentrations was ~ 2 to 4 times lower than decay constant of particles. This is
associated with different removal techniques: the filters within air cleaning units perform with
much higher efficiency compared to the setups of advanced oxidation.
Table. 1. Obtained parameters of tested air cleaners. Pollutant decay rates, pollutant removal efficiencies, clean

Fine
particles

K, 1/h

Coarse
particles

K, 1/h

TVOC

K, 1/h

Fine
particles

K, 1/h

Coarse
particles

K, 1/h

TVOC

Hair spray

Cigarette

K, 1/h

Veltilation 0.5 ach,
#1 2 level

Veltilation 0.5 ach,
#2 1 level

Veltilation 0.5 ach,
#1 3 level

Veltilation 0.5 ach,
#1 1 level

Veltilation 0.1 ach,
#2 2 level

Veltilation 0.1 ach,
#2 1 level

Veltilation 0.1 ach,
#1 3 level

Veltilation 0.1 ach,
#11 level

Natural decay

air delivery rate and cleaning performance indexes from different conditions of experiment.

0.52

2.26

2.59

3.73

4.41

1.33

2.55

4.38

4.70

E(t), %

6.8

52.8

57.8

71.1

77.0

35.9

57.2

76.8

79.1

1.04

E(t), %
-2.72

E(t), %
-11.38

E(t), %
0.43

E(t), %
E(t), %

-9.81

3.47

4.17

3.93

4.58

2.63

3.23

4.98

7.08

72.6

75.1

73.0

78.3

58.4

65.9

80.9

90.5

0.50

0.63

0.60

0.97

1.18

1.34

1.39

2.15

15.3

19.0

18.0

27.5

32.5

35.9

16.6

51.2

0.80

2.85

1.02

2.43

1.92

4.04

1.48

4.31

23.4

61.3

15.6

55.5

47.3

74.0

38.9

76.2

1.01

2.88

2.47

3.73

2.24

6.28

1.86

4.28

28.6

61.7

56.1

157.7

52.5

87.6

46.1

75.9

0.58

1.18

0.55

1.68

0.63

0.94

0.60

1.19

17.6

32.5

16.6

42.9

61.9

26.8

18.0

32.8

Conclusions
The presented data shows that portable air cleaners can be an efficient tool in management of
indoor air quality, in some cases of a higher use compared to ventilation alone. These air
cleaners were very efficient in removing ultrafine and coarse particles, although some
improvements in the removal of organic pollutants may be considered. Further studies may
include research on energy efficiency based on clean air delivery rate and power consumption
as well as integration of both ventilation and cleaning techniques for more advanced IAQ
management.
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Abstract: Man-made vitreous fibres (MMVFs) are widely used in many common thermal
insulation materials. Due to their mineral and persistent nature, it is important to minimize
the presence of MMVFs in indoor environment and subsequently, human exposure. The aim
of this study was to assess MMVFs emissions and fibre pathways into indoor environment
during building operation and refurbishment phases. The characterization of MMVFs
emissions was conducted via three stage experiments: laboratory simulation of fibre emission
through a wall structure, field sampling in one single-family residential building, and field
sampling in old multifamily buildings.
Depending on the structure of a wall and pressure difference, the penetration of fibres
through wall micro-cracks may be substantial to affect the IAQ. In the recently built
residential house a significant decrease in fibre presence after four month period was
registered. MMVFs were detected in all ten investigated multifamily buildings at low
concentrations (0.11–0.67 fibre/cm2).
Building refurbishment, thermal insulation, mineral wool, MMVFs, fibre emissions

Introduction
Mineral fibres are referred as synthetic vitreous fibres (SVF), man-made mineral fibres
(MMMF), synthetic mineral fibres (SMF), and man-made vitreous fibres (MMVF), although
these terms essentially mean the same product. MMVFs have been commercially
manufactured and marketed for the last 60 years. According to the International Agency for
Research on Cancer (IARC), in 2001, it was estimated that over 9 million tonnes of MMVFs
were produced annually in over 100 factories around the world [1]. Glass wool and rock wool
represent the bulk majority of MMVFs use. It is used primarily for heat and sound insulation
of buildings during its construction and refurbishment processes, but they also have numerous
filtration, fireproofing, and other applications.
Mineral fibre concentration in settled dust is one of the parameters describing the indoor air
quality. This value is expressed by fibre number per area or volume unit (fibre/cm2 or
fibre/cm3) depending on the fibre sample collection method. Camilucci et al. [2] have
revealed that materials containing MMVFs generally found in public buildings have a high
content of respirable fibres. It is important to ensure high-quality of installation to prevent
MMVFs from entering the indoor air. MMVFs can enter the premises via various pathways.
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Vibrations or carelessly performed refurbishment work can accelerate the appearance of
micro-cracks in the walls and the ceilings, which can lead to penetration of mineral fibres
through it [3]. Mineral fibres from thermal insulation can be carried into the indoor
environment via air flow due to the ventilation system irregularities or design errors, as well
as through open windows [4].
The most common negative health effects associated with MMVFs is temporary skin, eyes,
nose, and throat irritation caused by fibres penetrating skin’s outer layers. There is insufficient
evidence concerning MMVF effect on non-cancerous respiratory diseases to the lungs, though
the oxidising stress of the cells can also occur, especially in case of repetitive exposure [5].
Thus, it is important to characterize and control mineral fibre emissions from construction
materials during the refurbishment and operation phase of the building. Fibre toxicity levels
can be determined by three key parameters: fibre concentration (fibre/cm3), surface density
(fibre/cm2), fibre dimensions (length, aerodynamic diameter, µm), and residence time in the
lungs [6].
The specific aim of this study was to assess MMVFs emissions and fibre pathways into
indoor environment during building operation and refurbishment phases. Characterization of
MMVFs emissions was divided into three stages: 1) assessment of fibre emissions from
various insulation materials under laboratory conditions; 2) identification of mineral fibre
surface density after the construction and interior installation of the case-study building; and
3) determination of mineral fibre surface density in the indoor environment of selected
multifamily buildings.

Methods
Counting of fibres. MMVFs were collected as a settled dust on a standardized surface (Petri
dish), which was exposed indoors for one week, during the second and third stages of the
experiment. Afterwards fibre samples were prepared for the analysis under the microscope.
Adhesive gel tapes (Dust-lifters, S=14 cm2, BVDA International, the Netherlands) were used
to transfer fibres from Petri dish on microscope slide.
Fibre sample analysis and counting was performed by phase contrast optical microscopy
(PCOM) method (microscope Optika B-500TiPh, Italy, with an integrated camera and
software for fibre dimension analysis). This method allows determining not only the surface
density of fibres (fibre/cm2), but their structure properties, visually distinguish mineral fibres
from the non-mineral. At least 100 fields were analysed in each sample (Stotal = >1 cm2). This
represents 7-8% of the total area of the gel strip.
MMVF surface density was calculated according the following equation [7]:

c = N / (S×n)

here: c – MMVFs surface density (fibre/cm2); N – total number of MMVFs counted in one
sample; S – area of one analyzed field, cm2; n – number of field areas examined.
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Laboratory simulation of fibre emission. Experimental setup (height - 0.7 m; length - 0.3 m;
width - 0.3 m) representing the structure of an insulated drywall ceiling was designed for
determination of MMVFs penetration into the indoor environment (Figure 1). Setup was
made of galvanized sheet steel, which inner side was sprayed with anti-static solution to
eliminate electrostatic forces. Gypsum cardboard plate was attached to standard metal frame.
Researched mineral wool was laid down on top of the frame. Three types of mineral wool
were researched, including two types of rock wool (MW1, MW2) and a glass wool (MW3).
Air supply nozzle with a valve was installed on the wall of the setup at the level of the
mineral wool to model possible situation of an air flow through the layer of insulation. Two
nozzles were mounted above and under the gypsum board for pressure difference
measurements. Top of the experimental setup was covered with a tight metal cap.

Figure 1. Experimental setup designed for determination of MMVFs penetration into the indoor environment.
Block A (fibre release): 1 – air compressor; 2 – HEPA filter; 3 – air flow control valve; 4 – rotameter; 5 pressure meter (testo 512, Testo Limited, Germany); 6 – layer of mineral wool; Block B: (fibre collection): 7 –
fibre collection plate (aluminium foil); 8 – cyclone with special filter cartridge; 9 – rotary vane vacuum pump.

Artificial orifices were created in gypsum board to simulate micro-cracks, providing area for
the fibre penetration. One and two millimetre cracks were simulated, with overall area of 10.2
and 40.8 mm2, respectively. In addition, the opening created by a set-in halogen bulb fixture
(opening of the width of 3.6 mm, area – 342.5 mm2) was analysed (Figure 2). The penetration
of MMVFs was modelled under two conditions – having an air flow through the layer of
insulation actively caring fibres through micro-cracks, at a pressure of 6 and 10 Pa. In another
case, static conditions with no air flow were researched. Three repeats of each test were
performed for quality assurance purposes.
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Figure 2. Three cases of the creation of crack/openings in gypsum cardboard panels (S – total area of cracks).

The fibres which were released and penetrated through the micro-cracks or openings in the
ceiling structure have settled to the floor of the chamber on a sheet of an aluminium foil. After
the experiments, the fibres were collected by vacuuming the surface of the foil. The air flow
was first directed to the PM10 cyclone (URG Corp, USA) to remove particles, larger than 10
μm in aerodynamic size. The fibres were then collected in a polypropylene cassette loaded
with mixed cellulose ester membrane filter. The filters were processed and the fibres were
counted according to the methodology from WHO (1997) [8]. This method enables counting
fibres, defined as objects with a length >5 µm, a width <3 µm and a length-to-width ratio
>3:1.
Temporal variation of fibres in a residential house. A recently built low-energy residential
house was chosen for the second stage of the study. In this building, the thermal insulation of
roofing (35 cm) was accomplished using mineral wool, thus substantial presence of the
MMVFs was hypothesized. The ceiling insulation consisted of rock wool (above the moisture
barrier) and glass wool (above the gypsum board but below the moisture barrier); internal
wall insulation – rock wool, between gypsum cardboard panels (GCP); floor – reinforced
concrete with polyvinyl acetate (PVA) fibres.
The research was aimed at investigating the variation in MMVFs surface densities over time
after the completion of building works. The research was carried out for 4 months with
monthly collection of samples in 5 different rooms (20 samples collected). Rooms were
thoroughly cleaned with a vacuum cleaner before each sampling to represent the removal of
fibres via ordinary household activities.
The presence of MMVFs in multifamily residential buildings. Determination of MMVFs
density in the indoor environment was performed in 10 multifamily buildings, which age
ranged from 20 to 70 years. These buildings were investigated as future participants in the
building refurbishment programme. The buildings were situated in various areas of the city
4481

ISBN: 978-84-697-1815-5

(traffic intensity, population density etc.) and were distinguished by structural nature and year
of construction. Five apartments per multifamily building were selected for research; two
Petri dishes were exposed in each apartment. A total number of 100 fibre samples were
collected.

Results and discussion
Laboratory simulation of fibre emission. The air flow through the layer of insulation resulted
in the increased emissions of MMVFs (Table 1). MMVF emissions varied in the range of 7–
44 fibre/cm2/h under air flow conditions and were dependent on the type of the mineral wool.
MMVF emissions under static conditions ranged from 2.5–5 fibre/cm2/h and, in some cases,
the MMVFs were not detected at all. MMVF emissions varied depending on the micro-crack
size as well. MMVF emissions were 7–23, 11–30, and 13–45 fibre/cm2/h when micro-cracks
were 1.0, 2.0, and 3.6 mm in diameter, respectively. An under-pressure of 10 Pa revealed
higher MMVF emission comparing to 6 Pa under-pressure. Such tendency was observed with
all types of mineral wool. Laboratory study has shown that fibre penetration were
comparatively high even at the minimum area of micro-cracks.
The obtained results indicate that during almost all researched scenarios, there is a potential to
reach the threshold value of 10 fibres/cm2 (value designated for occasionally cleaned surfaces)
over prolonged periods of time, which calls for corrective actions, such as increased cleaning
and/or considering improved cleaning methods; elimination of source followed by thorough
cleaning [9]. If possible, the surface area of crack should be minimized, and the overpressure
conditions should be avoided by the installation of the wind barriers in roof insulation.

MW2

MW1

Table 1. Emissions of MMVFs from different mineral wools in experimental setup.
Total area of micro
Pressure
Supplied air flow, Mean MMVFs emission,
Mineral
wool type
cracks, mm2
difference, Pa
l/min
fibre/cm2/h
6
8
19.0 ± 12.3
10.2
10
14
23.0 ± 7.1
2.5
6
11
21.0 ± 10.6
40.8
10
16
30.0 ± 14.1
2.5
0.3
8
41.0 ± 3.5
342.5
0.8
15
45.0 ± 7.0
5.0
6
8
12.0 ± 8.8
10.2
10
11
17.0 ± 1.8
0.0
6
9
17.0 ± 5.3
40.8
10
15
20.0 ± 1.8
2.5
0.5
8
31.0 ± 3.5
342.5
2.5
15
44.0 ± 5.3
2.5
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MW3

10.2
40.8

342.5

6
10
6
10
1.1
2.3
-

8
9
10
15
8
15
-

7.0 ± 5.3
7.0 ± 1.8
0.0
11.0 ± 3.5
17.0 ± 1.8
0.0
13.0 ± 3.5
22.0 ± 12.3
2.5

Temporal variation of fibres in a residential house. In the recently built residential house
MMVF surface density began to decrease after two months of completion of construction
work in all investigated rooms (Table 2). In three months after the construction work, MMVF
surface density in rooms decreased from 2.3–5.6 to 1.1–2.3 fibre/cm2. After four months in
two of five rooms MMVFs were below the detection limit, which is already sufficient to not
take any corrective actions. The decrease of MMVFs in ambient air could be determined by
the fact that indoor environment was carefully cleaned by the vacuum cleaner every time
before exposure of Petri dishes. The lowest fibre surface density in the room No. 3 has been
affected by low movement of occupants in this particular area. In case of irritation symptoms
for the inhabitants, we recommend the investigation of settled dust to potentially determine if
MMVF concentrations are not elevated. Study performed by Palomaki et al. revealed similar
findings that intense cleaning of indoor surfaces should minimize the amount of mineral
fibres [10].
Table 2. MMVFs surface density after the completion of construction works.
MMVFs surface density, fibre/cm2
Collection time
Room No. 1
Room No. 2
Room No. 3
Room No. 4
3.4
4.5
2.3
3.4
After 1 month
5.6
3.4
2.3
4.5
After 2 months
2.3
1.1
1.1
2.3
After 3 months
0.0
1.1
1.1
1.1
After 4 months

Room No. 5
5.6
5.6
1.1
0.0

The presence of MMVFs in multifamily residential buildings. MMVFs were detected in all
ten investigated multifamily buildings, although in low concentrations. Surface density of
MMVFs varied in the range of 0.11–0.67 fibre/cm2 (Table 3). The highest surface density of
mineral fibres was found in building No. 10, which possibly attributed to the fact that the roof
of the building was covered with asbestos-cement sheets. This confirms that any mechanical
operation carried out with asbestos-cement sheet can produce significant amount of airborne
asbestos fibres [11]. The mean surface density of MMVFs observed in our study was in
comparable range to Finnish studies performed by Salonen et al. and Kovanen et al. [12-13].
Obtained data was similar with a guideline value of below 0.2 fibre/cm2 (regularly cleaned
surfaces), presented in Schneider [9] and Kovanen et al. [13] studies. In general, such low
concentrations of mineral fibres do not call for any corrective actions. Our results serve as the
baseline data for the further monitoring of MMVFs in these buildings after the refurbishment.
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Table 3. Surface density of MMVFs in ten multifamily buildings.
1
2
3
4
5
Building No.
Fibre surface
density, fibre/cm2

0.11
±0.05

0.11
±0.08

0.56
±0.22

0.45
±0.20

0.45
±0.18

6

7

8

9

10

0.11
±0.05

0.11
±0.06

0.22
±0.11

0.11
±0.06

0.67
±0.25

Conclusions
This study shows that the occurrence of MMVFs in indoor environment is common due to the
processes of building refurbishment and operation.
We have observed that there is a substantial emission of MMVFs (in the range of 7–44
fibre/cm2/h) from insulated walls or ceilings in case of the presence of micro-cracks and
pressure gradient through these micro-cracks. The intensity of fibre emissions depends on the
type of the mineral wool (minimum in case of the glass wool) and the pressure difference. We
recommend the minimization of the surface area of cracks by careful building works and the
installation of barrier materials (e.g., in case of set-in halogen bulb fixtures). An underpressure ventilation scheme is usual in residential buildings, but it may cause the increased
penetration of MMVFs from the layer of insulation to the indoor environment.
In the newly build house, a repeated and intense vacuum cleaning of indoor surfaces appeared
to be a good solution to reduce the presence of mineral fibres. At the same time, MMVFs
were detected in most of the multifamily building apartments at low concentrations (0.11–
0.67 fibre/cm2). The building refurbishment process may possibly increase the presence of the
MMVFs. Occupants should be informed that all indoor surfaces (floors, walls, ceilings and
furniture) should be repeatedly and carefully cleaned after the completion of construction and
refurbishment works to minimize the resuspension effect of MMVFs and eventually negative
health effects.
Acknowledgement: This study was supported by European Social Fund under the Global
Grant Scheme (Project “Air Quality Management in Low Energy Homes”, No. VP1-3.1ŠMM-07-K-02-075).
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Abstract: In the drive to achieve sustainable homes we must not forget the need to provide
health and comfort for occupiers. Homes and places that are enjoyed become places that are
protected and sustained. The VELUX Model Home 2020 project investigates the link between
sustainability and comfort, including the effects of higher than usual levels of daylight on
occupants.
The VELUX CarbonLight Homes are a pair of semi-detached houses designed to achieve
CO2 reductions of up to 70% on site, as compared to Building Regulations Part L 2006.
Additional emissions have been offset by investment in a prototype Allowable Solutions
initiative to upgrade the energy efficiency of local existing housing stock thereby making the
CarbonLight Homes effectively carbon-neutral. The homes conform to Active House
principles, which primarily promote the health and well-being of occupants. The experiment
aims to show what can be achieved by way of using an intelligent building management
system to provide a balanced and comfortable indoor climate. The study asks the following
question: Can we achieve health and comfort in homes without impacting negatively on the
environment?
This question will be answered by addressing all key elements of the Active House principles
through the quantitative and qualitative research being carried out. Both houses have test
families living in them to monitor building performance and to a certain extent, occupant
enjoyment. This provides an opportunity to measure different family lifestyles in similar
homes to assess the flexibility of the concept. Also, the evaluation of occupant response to
homes with high daylight levels will help to understand the benefits to health and enjoyment
stemming from this feature.
The monitoring results for the project will be presented here to show the energy efficiency of
the houses compared against the lifestyle of the occupants.
Key learning points so far:
1. There is a distinct gap between theory and practice of delivering low carbon homes.
Extensive testing and monitoring of the CarbonLight Homes project will contribute to
the data available to the industry and help inform on reasons for differences between
actual performance and that predicted by computer modelling.
2. No matter how ‘intelligent’ a building management system might be, it is always likely
that the occupants’ requirements might change and therefore it is important to allow
limited interaction or over-rides when considering the use of such a system.
Key words: health; well-being; daylight; fresh air; indoor climate; comfort; environment
1486

ISBN: 978-84-697-1815-5

Introduction
The objective of future construction is three-fold. It should ensure that the energy consumed
in the construction and subsequent use of the building is taken into account in the design
phase; it should employ modern technology and visionary design to create an efficient
building envelope without compromising the highest standards of comfort and health; and it
should have the lowest possible impact on the climate by using renewable energy sources and
adopting the concept of climate payback.
“You never change things by fighting the existing reality.
To change something, build a new model that makes the existing model obsolete.”
Buckminster Fuller – architect, engineer, inventor and futurist
To Support this approach, VELUX commissioned a series of Model Homes to be built around
Europe between 2009 and 2012. The aim of the project was to show that the next generation
of housing could be energy efficient without compromising people’s living comfort and to
ensure a healthy indoor climate with plenty of fresh air and daylight while maintaining
architectural quality. The CarbonLight Homes [1] near Kettering are VELUX GB’s
contribution to the project.

Image 1: The CarbonLight Homes at Kettering, England

Using the VELUX philosophy that “one experiment is better than a thousand expert views”[2],
the six Model Home 2020 projects all reflected and responded to the three main principles of
efficient energy design, high degree of livability and minimum climate impact. They also
incorporated the different climatic, cultural, regulatory and architectural conditions of the
countries in which they were built, by adhering to the Active House principles[3] which sets
not only the performance parameters, but also climate impact criteria that are essential in
ensuring that future house building has low or zero impact on the environment.
Design and performance philosophy
In the EU today, we spend 90% of our time indoors, in buildings where people consume over
40% of the total energy use, of which 28% energy use is directly attributable to housing. In
addition, up to 30% of the existing building stock does not contribute to nor provide a healthy
indoor climate [4]. Therefore, looking into a future perspective of how we construct and
renovate buildings, it is necessary to consider climate change, resource supply and human
health. The philosophy of the CarbonLight Homes was primarily to use today’s technology to
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create practical, comfortable and sustainable living environments that improve the quality of
life for the people within. By minimising energy usage and promoting respect for our
environment, the homes help generate a sense of community and of responsibility.
The starting point was to maximise daylight, which has been used for centuries as the primary
source for lighting building interiors and is the obvious solution to reduce the need for use of
artificial lighting. Daylight also has many health & well-being benefits and yet the design of
daylight into buildings is still not given the full consideration it deserves.
A natural ventilation strategy was employed to ensure a regular supply of clean, fresh air. By
strategically planning the layout of windows, a natural stack effect was created to help with
cooling and cleaning up the internal environment to maintain good air quality and thermal
comfort.
It was also important to remove the ‘human factor’ as much as possible to ensure that the
houses could regulate themselves rather than relying on the intervention of people. Therefore,
both houses had full building management systems to control daylight, heat gain, ventilation,
heating systems etc. which also doubled as a data collection system for monitoring purposes.
The houses were designed in such a way that fossil fuel energy was reduced to a minimum. In
the summer, natural ventilation is used for cooling and to create air movement that will push
stale air out as well as bring fresh air in and during the winter, a mechanical ventilation
system with heat recovery is used in addition to the natural ventilation system to support the
space heating requirements.

Image 2: The CarbonLight Homes energy philosophy

Both the space heating and the domestic hot water was provided by a combination of solar
thermal collectors and an air source heat pump which heated up a 500 litre buffer vessel
(effectively a thermal store) from which the heat was then extracted and distributed.
The houses were also designed to achieve a 70% reduction in CO2 emissions on site, with the
remaining 30% emissions being offset through a prototype ‘allowable solution’. The offset
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was achieved in agreement with the Local Government office under a section 106 agreement
attached to the planning approval document, which required improvements to existing local
housing stock to balance out the 30% CO2 emissions from the CarbonLight Homes making
them effectively carbon-neutral.
Simulations and predictions vs. reality
There was a discrepancy between the simulation results and the actual measurements of the
monitoring. The houses performed better than expected in some aspects, whereas in other
aspects the predicted performance was not reached in reality. This discrepancy may well be
exaggerated due to the fact that a model cannot represent reality in exact accuracy, as there
are too many variables such as external weather conditions, occupant interaction and even
performance of new technologies where integration within the design cannot always be
predicted. In the case of energy consumption for space heating in the 4 bed house for
example, the simulation had generally predicted slightly higher figures than what was actually
monitored. The weather was particularly cold until April 2013 and the corresponding energy
consumption was respectively higher until March. From April until November 2013, the
weather was warmer compared to the weather file and the energy consumption was
understandably lower. And in November and December 2013, although the external
temperature is lower than the temperature of the weather file the energy consumption is still
lower, suggesting that the house performed better than predicted during this time.

Image 3: predicted vs. actual space heating energy consumption – 4 bed home

The energy requirement (excluding lighting) was also represented as a graph to show how the
deficit in energy balance can be offset to create a surplus of CO2 reduction, thereby
effectively paying back the embodied CO2 created during construction. Please note that the
value for the heat pump was net value, after subtracting the energy demand required to run it.
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Image 4: predicted energy and CO2 balance for 3 bed house

This simple model would therefore result in the gradual climate payback of the building so
that within 35 years, it would be as if the building had never been constructed and beyond 35
years, it would have a positive effect on the environment without compromising the use of the
building.
Monitoring objectives
Sustainable design makes use of strategies and innovative ideas that can be modelled and
tested in a simulated environment. However, quite often the actual building performance can
deviate significantly from the predictions. This is not just a matter of fine-tuning the
monitoring equipment, it is also an issue on whether the design principles actually work and if
not, what aspect of the design failed. Was it the construction, the physics or the equipment?
Or was it just a matter of poor workmanship and lack of understanding by installers?
Scrutinising this issue is of great importance in order to make sure that we are designing to
realistic principles that can indeed deliver an efficient and comfortable indoor environment
that feels like home.
In addition to the building performance, it is important to assess occupant satisfaction with the
use and comfort of the building. This required regular questionnaires and interviews with the
test families, quarterly walkthroughs, assessment of annual energy production and
consumption and how it compared to the predictions.
Ultimately, the monitoring should prove that it is possible to design and construct energy
efficient houses that are also healthy and comfortable to live in.
Monitoring outcomes
The methodology that was adopted at the beginning of the monitoring had set a hypothesis,
which was that ‘CarbonLight Homes are modern sustainable homes that adapt to people’
responding to the challenge of achieving occupant well-being in highly efficient smart homes.
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Therefore, the monitoring process used a number of tools to assess the well-being of the
families in the homes: questionnaires, face to face interviews, phone interviews, blog entries
and actual measurements.
The main factors that seemed to contribute to the satisfaction of the families were the
abundance of daylight and fresh air. These factors admittedly had very positive effects on the
individual well-being of the occupants and on their mood, health and productivity. These
were considered to be the main factors for the changes in the families' social interactions as
well, whereby both families were happier to have people over and to share their experiences.

Image 5: daylight levels comparison throughout monitoring period for both houses

An individual's perception of comfort is not always in line with what is described in Guides
and Standards. The family in the 4-bed house dealt with the heat over the summer of 2013
better than the family in the 3-bed house, although the temperatures in the 3 bed house were
generally lower.
The independent variables that contributed to this could be:
-

the smaller volume and more limited sense of space of the 3 bed house
the adaptability of the family in the 3 bed house [that had spent years living in
colder weather, in Scotland]
the mother in the 3 bed house going through the last months of pregnancy

Living in the houses prompted these two already environmentally conscious families to learn
more about energy saving and to take actions to further reduce their energy consumption.
They found that living in an energy efficient house was acting as a reminder to be more
sustainable.
The CO2 levels in the house were kept below 800 ppm throughout the monitoring period. As
illustrated below, the concentration was lower during the summer months, when the windows
were more frequently open. Whereas in the kitchen the concentration follows a smoother
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curve, which is probably due to the fact that as a space it was always used for shorter periods
of time.

Image 6: annual CO2 comparison throughout monitoring period for both houses

Key achievements
With a main focus being on the quality of the indoor environment, it was important that the
health and well-being of the families was monitored and recorded. During the 12 month test
period (February 2013 to February 2014), no member of either family suffered any illness or
colds and all had good sleep patterns and improved energy levels.
‘Health wise while we’ve been here we haven’t had the colds and the coughs we’d usually
have before. I think it has to do with the air quality and the daylight.’
Laura Glazebrook, CLH IV, December 2013, interview
‘Even if you wake up early, because of the daylight you feel refreshed and want to get up and
do things’
Andrew Carse, CLH III, December 2013, interview
It was also noted that because the building regulated itself, the families felt that they could
live ‘normally’ rather than having to completely change their lifestyles, as they knew that the
internal environment would be automatically adjusted to suit both outside and inside
conditions. It could be argued that this automated approach could make occupants lazy in
developing a responsible attitude towards the environment, but it appeared to have the
opposite effect in that the families began to learn how to get the best out of the homes by
adjusting their habits and attitudes whilst improving their own understanding of what
‘environmental impact’ really means.
This supported the project ambition of minimising energy usage and promoting respect for the
environment, which generated a sense of community and of responsibility.
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In addition, the homes both performed well with regard to thermal comfort, with neither
family suffering with excessive overheating during the summer months or unacceptably low
temperatures during the winter. The building management system successfully regulated the
indoor temperature which varied between 19°C and 26°C during the 12 month period.

Image 7: annual temperature comparison throughout monitoring period for both houses

Summary
Living in the CarbonLight Homes was a multifarious experience for both families. How
positive or negative they have felt about different aspects of living in the houses forms their
perception of well-being. Obviously, not all feelings and perceptions have the same impact on
the overall living experience and well-being.
In this context it was interesting to see that despite the issues that each family pointed out as
negative, they were always rating their overall satisfaction and comfort very high and were
always summarising their experience as being very good.
There were underlying issues in the case of the family in the 4-bed house where there were
technical problems with the air source heat pump and the window-blind controls in the remote
control system were unmatched. However, although the technical issues resulted in lower
temperatures on some occasions, it is worth mentioning that the family’s comfort levels were
admittedly not affected and they never felt cold in the house.
It was recognised that although the homes both had full building management systems, there
should be a degree of override capability to the system so that the occupants could adjust to
suit specific personal needs. However, during the monitoring period, neither family felt the
need to have to adjust the system manually as the set points provided a very comfortable
indoor environment.
‘We haven’t had to override the system because it really works for us. We haven’t adjusted
the temperature in any of the rooms.’
Nik and Laura Glazebrook, CLH IV, March 2013, questionnaire
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‘We were being overprotective after we came back from the hospital (after the baby was
born) and I thought we should close the windows in case it gets too drafty. It was fine for us,
we were always fine, I never felt a draft or anything. I was just panicked in case the
temperature dropped at night or it got cold. So we chose to override the system without
needing to. The first night was really warm and then we did it for a second night and realised
it was far too warm; we had to let the system take over again.
Shona Carse, CLH III, September 2013, interview
Therefore, the monitoring study was a very useful exercise to see how our experiment
performed and what it takes to achieve health and comfort retaining a balance in energy
consumption and without impacting negatively on the environment.
Comfort: we found that to achieve health and comfort in dwellings it is important to take a
step back and rethink the basic characteristics that make an indoor space feel fresh and airy, as
if it were outdoors: daylight and ventilation. Other factors such as layout and other design
decisions play an important role, but the general perception of comfort was directly connected
with the bright and airy feel in the CarbonLight Homes
Energy: efficient architectural and M&E design are key to achieving a very good balance
between thermal performance and energy consumption. Involving the occupants by offering
an interactive system that controls the indoor environment according to their needs is very
important, as it also prompts them to be cautious of their energy consumption in order to save
on utility bills and to be more sustainable. It is however necessary to offer a flexibility in
changing the settings of the system as the family adapts or as their needs change.
Environment: the Homes were assessed under the Code for Sustainable Homes (Post
Construction Stage) and achieved level 4 out of 6 which is considered to be in excess of
current best practice design and build in the UK. Part of this assessment considers the effects
on the environment caused by the development and occupation of a home.
The following table shows how the 3 bed home rated:

Image 8: Percentage ratings for 3 bed home under the Code for Sustainable Homes
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As can be seen, the project did not intend to become the ultimate zero carbon solution but
instead offered a range of ideas that can be used in isolation or together with other
technologies for designers and builders to take inspiration and to support their own
sustainable agendas. Consequently, the concept of the CarbonLight Homes has become the
benchmark for all new housing development in the local area and also provides a viable
framework for upgrading existing housing stock.
Conclusions
Whilst it is accepted that it is not practical to install full building management systems into all
new build houses in the UK, there is a good argument to consider at least a form of semiautomation which can help to regulate the solar gain and fresh air cycles within the modern
home. This could be in the form of a simple system that compares outside and inside air
temperatures to operate windows and blinds to ensure a degree of comfort without the
occupants having to react (usually quite slowly) to the changing conditions.
When comparing the CarbonLight Homes concept with standard UK housing design, it
become evident that not only does there need to be a change in the mind set of occupants in
order to maximise the performance of their carbon-neutral home, but also there needs to be a
change in the mind set of designers in that it is possible to achieve better living environments
without re-inventing the wheel or investing heavily in new technologies. This raises the
concept of ‘Natural Design’, where intelligent use of natural resources such as daylight and
fresh air, can provide effective low carbon solutions without impacting heavily on the
environment, or indeed the finances. The phrase ‘Natural Design’ can also be related to the
common sense application of today’s technology to create healthy indoor environments
through an holistic approach to developing effective and affordable low and zero carbon
building solutions.
Consequently, if Building Regulations adopt an approach that sets benchmarks for the use of
natural resources in design, this would promote the reintroduction of design measures that
favour these characteristics.

Supporting information
Basic socioeconomic status of family in 4 bed house
Both Nik and Laura Glazebrook are in employment and earn around the average wage by UK
standards. This puts them in the standard tax band as set out by HM Revenue and Customs.
Nik studied at local colleges and achieved a Higher National Diploma in Business Studies.
Nik is employed as a Community Development and Project Officer for a Housing Association
and is an approved Green Doctor Advisor, helping people reduce their carbon footprints.
Laura studied at the University of Manchester and achieved a BA (Hons) Geography 2:1.
Laura is employed as a Public Relations Director for an agency that specialises in hair and
beauty PR.
Investment costs – both houses
10495

ISBN: 978-84-697-1815-5

The average cost to build a house by a volume housebuilder in the UK is around £800 - £1000
per square metre. The average cost for a self build project house is around £1200 - £1500 per
square metre, depending on the size of house and the standard of specification.
The split in costs is usually as per the following graphic:

As the CarbonLight Homes are a prototype showcase of many ideas, it was expected that the
build cost would be higher, especially in the electrical and heating sections with the level of
technology included for both managing the building and for monitoring purposes. Added to
this the adjustments and additions made during construction, the final build cost came to
approx. £2350 per square metre. After construction, a value engineering exercise was carried
out in conjunction with the architect and builder where the design was rationalised and a
volume cost to build was based on the different levels of Active House standards achievable:
to achieve level 3 Active House - £1100 per square metre
to achieve level 2 Active House - £1200 per square metre
to achieve level 1 Active House - £1300 per square metre
http://www.activehouse.info/
Energy consumption
It can be seen from the charts in the submitted paper that the houses performed more or less to
the predictions, and the anomalies that occurred were due in the main to performance issues
with the installation rather than misuse by the occupants.
Table 2 below, illustrates the period from December 2011 to December 2012 when the 4 bed
house was unoccupied and used as a showhome. The weather was particularly cold until April
2012 and the energy consumption was understandably higher. From April to November 2012,
the weather was warmer than predicted and consequently the energy consumption was lower.
In November and December, the outside temperature is lower than that of the weather file and
yet the energy consumption is lower, suggesting that the house is performing better than
predicted.
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Table 3 below illustrates the space heating energy consumption of the 4 bed house from
February 2013 until February 2014, when the house was occupied and monitored.

To convert either table to a total house figure, multiply each column by 168 (sqaure metres).
The concept was to put people at the heart of design and the above graphs are proof that if
designed correctly, a house can be more energy efficient with people in it, than without.
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Abstract: Within the context of designing a sustainable school, technical studies that address
questions of air quality, educational performance and wellbeing challenge the trend toward
providing for natural ventilation. This paper critically examines research literature that
suggests that temperature and air quality are, in a large proportion of classrooms, so poor as
to have a negative effect on children’s health and educational performance. Evidence in
support of mechanical systems that control air quality contradicts a recent increase in natural
ventilation, proposed as a means to conserve energy consumption in schools. Indoor Air
Quality (IAQ) is generally not stressed, or indeed challenged, in the design of sustainable
schools, but the questions of internal and external air pollution, common modern diseases in
children, and optimizing learning potential, raise important issues in the drive to reduce
schools’ energy consumption.
Keywords: Sustainable Schools, Indoor Air Quality, Educational Performance, Natural
Ventilation, Health, and Wellbeing
In response to the increased problem of air pollution, which is at crisis point in cities such as
Shanghai and Paris, the Parisian philosopher Luce Irigaray has argued for air pollution to be
considered a crime against humanity.[1] In Paris, air quality has been so poor this year that the
city has offered residents free public transport, appealing to car drivers to leave their vehicles
at home. The elderly, children, asthmatics, and people with heart problems are being advised
to stay indoors to avoid breathing problems.[2] In Chinese cities, the media broadcasts air
quality reports to warn residents on days where the level of pollutants in the air poses a health
risk. The Shanghai Air Pollution: Real Time Air Quality Index (AQI) website provides daily
information about air quality (which, at the time of writing, was rated as very unhealthy, with
an AQI of 230).[3] In the winter of 2012, international news services noted that, for 38 days,
the air quality in Shanghai was so bad that city authorities advised residents to stay indoors.
Comparisons have been made between these levels of pollution and passive smoking; to put
this into perspective, the AQI measurements in the northeastern part of China reached more
than 1,000 micrograms (µg) per cubic meter, where anything above 300 µg is considered
extremely hazardous (the U.S. AQI does not go above 500 µg).
Calculating the Health Risks Assoicated with Air Pollutants
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Calculating the AQI requires a measurement of air pollutant concentrations, either from a
monitor, or from a computer model. The process used to convert these concentrations to the
AQI, however, varies by pollutant and, moreover, from country to country. In the U.S., AQI
is calculated as a measure of five pollutants: ground-level ozone (O3), atmospheric particulate
matter, carbon monoxide (CO), sulfur dioxide (SO2) and nitrogen dioxide (NO2). But in the
UK, the index is based on the concentrations of five different pollutants: O3, PM2.5
(atmospheric particulate matter, also known as particulates, with an aerodynamic diameter of
less than 2.5 µm), PM10 (particles with an aerodynamic diameter less than 10 µm), SO2 and
NO2. In China, the AQI levels are based on six atmospheric pollutants: O3, PM10 and PM2.5,
CO, SO2 and NO2 (measured at monitoring stations throughout each city). Different countries
not only have their own air quality indices, which are not all consistent, but different countries
also use different names for their indices, such as the Air Quality Health Index, Air Pollution
Index, and Pollutant Standards Index. Nevertheless, there are standardized public health
advisories associated with each AQI range, from “good” through “unhealthy for sensitive
groups”, to “very unhealthy” and “hazardous”.
The most dangerous of the air pollutants are the atmospheric particulate matter, the smallest
being PM10 and PM2.5 - tiny pieces of solid or liquid matter suspended in the atmosphere as a
particulate/air mixture or aerosol. Sources of this particulate matter can be anthropogenic (that
is to say, man-made) or natural (such as volcanic dust and water mist). Researchers have
estimated that approximately 470,000 deaths per year are due to human-caused increases in
O3 levels; in comparison, approximately 2.1 million deaths per year are caused by
particulates, especially by PM2.5 which can penetrate deep into the lungs and is attributed as a
cause of cardiopulmonary disease and lung cancer. [4] Many of these deaths occur in China
and South East Asia, where populations are high and pollution is severe. Furthermore, in
2013, a Danish study involving 312, 944 people in nine European countries suggested that
there is no safe level of particulates - for every increase of 10 µg/m3 in PM10,the lung cancer
rate rose by 22%. The smaller PM2.5 was related to a 36% increase in lung cancer per 10
µg/m3.[5] Hence, anthropogenic outdoor air pollution is now a global burden, and one of the
most urgent environmental risk factors for present-day premature human mortality.
Last year, the international press commented on a trend in China, in response to concern over
air quality in cities, wherein school children are provided with covered, air conditioned, play
areas. One private school, the International School of Beijing, has installing a $5,000,000
domed structure over their playground.[6] The dome fitted over the playground of the
International School of Beijing, similar to those used to cover sports fields for winter use,
incorporates a custom made air filtration system to remove these PM10 and PM2.5 particulates.
The AQI rating (in terms of particulate matter) inside the dome, measured on four consecutive
days in January 2013, was found to be in the 0 -10 µg/m3 range, in comparison to 105 - 405
µg/m3 outside the dome.[7] Air-supported structures like these have been widely, but these
specific structures, the first of which enclosed Beijing’s Dulwich College in 2012, have now
developed as a unique phenomenon to address serious issues of outdoor air pollution and the
danger it poses to children.
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Anthropogenic air pollution poses a serious risk to human health all over the world. Industrial
processes, fossil fuel burning power stations, and diesel fuel in vehicles are all contributors.
Although measures are being taken, such as covered play areas and incentives such as free
transport on “smog days” to dissuade city inhabitants from using cars.[8] Wider government
legislation tackling the cause of emissions is, however, barely noticeable. Irigaray, in response
to the Parisian air pollution crisis, argues that serious environmental questions are being
forgotten. As an active philosopher and leader in her field, she writes that, whilst air, by its
nature, evades any exploitative efforts from man to make it a commodity, our pollution of it
and lack of legislation describes a profound abuse which characterizes our environmental
crisis.[1] The question this raises is difficult: how do we fundamentally change our intentions
towards each other, rethink our relationality to our natural environment and its inhabitants,
and act to alleviate these pollution issues? How should we address our responsibility to future
generations, and indeed, to the current generation and their health and wellbeing?
Additionally, outdoor air pollution is not the only source of harmful exposure resulting in
human respiratory illness; more than half of the body’s intake of pollutants is inhaled indoors,
and many illnesses related to environmental exposure to pollutants are related to Indoor Air
Quality (IAQ).[9]
Indoor Air Quality (IAQ) in Schools
Indoor Air Quality (IAQ) refers to the air quality in and around buildings, as it relates to the
health and comfort of building users. IAQ can be affected by CO, Radon (Rn), Volatile
Organic Compounds (VOCs), PM10 and PM2.5, microbial contaminants (such as mold and
bacteria), CO2 and even asbestos fibres. CO can derive from space heaters and defective
central heating boilers or furnaces, and particulates, especially PM2.5 (the most dangerous),
can be found arising from tobacco smoke. Rn, an invisible radioactive gas, is emitted from
rock formations, and is a serious hazard for indoor air in homes in the United States and
Europe. VOCs are gases and include a variety of chemicals which are known to have shortand long-term adverse health effects. Examples of materials that give off such compounds
include: paints and lacquers, paint strippers, cleaning supplies, pesticides, carpets, furnishings,
and building and construction materials. CO2 is an indoor pollutant (for the purposes of IAQ)
exhaled by humans, that is correlated with human metabolic activity. At unusually high
levels, CO2 may cause occupants to become drowsy, to get headaches, and to function at
lower mental activity levels. In a recent study comparing the IAQ in classrooms in a Victorian
school in London with a new energy efficient school in the same city, researchers found high
levels of pollutants in both schools. While the Victorian school classrooms relied on high
infiltration rates of outdoor air and on natural ventilation strategies (which would be typical of
a school building in the UK of this age), the energy efficient “low carbon” school adopted a
mechanical extract with a CO2 sensor. Indoor PM concentrations were above current
guidelines in both schools and indoor concentrations of NO2 (a cause of asthma and other
respiratory illnesses in children) in the Victorian school exceeded annual World Health
Organization (WHO) 2010 guidelines of 40µg/m3[10] with one classroom ranging from 35.6 to
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41.2 µg/m3 . These levels were three times higher than in the energy efficient school, with
NO2 levels at 9.1-13.9 µg/m3.[11]
In a study of Serbian schools comparing indoor and outdoor air quality, concentrations of
several pollutants were found, including: PM10 and PM2.5, polycyclic aromatic hydrocarbons
(PHAs, exposure to which is associated with asthma), VOCs, formaldehyde (CH2O), O3, CO2
and NO2. In one school, it was found that PM10, PM2.5 and PHAs (byproducts of burning fuel)
were higher in indoor environments as compared to outdoors. Moreover, the average value of
CH2O, (a carcinogen) was, in all classrooms, significantly higher than the maximum safe
limit. In this particular study, authors recommended an extensive program of school
renovation.[12] However, in a study of schools in Lisbon, researchers examined levels of PM2.5
and PM10, in classrooms in comparison to the levels outdoors, and determined that these
pollutants did not pose the same health risks as they emanated from different sources than
those outdoors, including skin particles, soil materials from childrens’ shoes and chalk from
the blackboard. Hence, they argue, that determining risk requires an analysis of particulate
composition. Nevertheless, they did find high concentrations of Zinc (Zn) in particulate form,
which they attributed to products used to protect steel, wood surfaces, doors and windows.[13]
In another study involving Michigan schools (68 schools in total), ventilation rates were
found to be poor in classrooms, and although bioaerosols (mold particles) and VOCs were
present at higher levels than outdoors, pollutants were not at problematic levels.[14] Sources
were science rooms, art rooms, and indoor pools. The solution included designs to prevent the
spread of these pollutants throughout the school.
Nevertheless, new sustainable schools have not performed overall as well as predicted. Levin
writes that IAQ concerns have suffered due to a lack of a comprehensive assessment
methodology. Guidance or rating systems fail, as sustainable design requires a system for the
evaluation of building performance in order to address trade-offs between human health and
wellbeing and energy conservation.[15] Persily similarly argues that whilst some discussions of
energy efficient buildings include the need for non-energy performance attributes such as
IAQ, most discussions tend to focus on energy performance, and reliance on minimal
standards is not sufficient. Moreover, Demand Control Ventilation (DCV) – increasingly
being employed in sustainable buildings – is particularly problematic in terms of IAQ.[16]
Although IAQ is a significant concern for schools and offices, it cannot be the sole concern
for classrooms when considering the health, wellbeing and educational performance of
children, especially when the design of sustainable schools raises particular issues due to the
need to reduce energy consumption and use energy efficient materials.
IAQ and Sustainable Schools
That all people should have free access to air and water of acceptable quality is a fundamental
human right. Children are more vulnerable to airborne pollutants than adults because their
developing lungs breathe more air in proportion to their body size, and due to their relative
inability to communicate concerns in response to pollutant levels. Environmental exposures to
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high levels of pollution can have long-term adverse consequences for children. The WHO
recognized the right to clean air with the publication, in 1987, of air quality guidelines
containing risk assessments for 28 chemicals; however, it was not until 2010 that guidelines
for IAQ were established, and authors argue that the underlying reason was the difficult
question of how to enforce air quality standards indoors.[17] It is not surprising that even
though children are more vulnerable to pollutants than adults, the air inside buildings (such as
schools) can be more polluted than the air outside. However, for the new and sustainable
schools, this should not be the case. IAQ can be controlled by reducing the causes of
contaminants in the air (source control) – which is within the realm of the designer (at least in
the choice of building materials and finishes) – or by air filtration (the increased use of
ventilation and increased air exchange rates to dilute contaminants). But in the case of
sustainable schools, there is a deeper problem concerning a mistaken disregard for the broad
range of factors contributing to actual IAQ as a result of reducing the school’s energy
performance.
IAQ and Educational Performance
Numerous studies have determined the effect of IAQ on health, and it is reasonable to project
that absence days caused by illness will impact upon educational performance.[18] What is
significant is evidence for the effect of pollutants on cognitive performance, in addition to
overall health.[19]
Previous studies have examined the influence of thermal conditions and air quality on
children’s ability to carry out their schoolwork.[20] But until research carried out in ASHRAE
1257 – TRP, (a project funded by the association, formerly known as the American Society of
Heating, Refrigerating and Air Conditioning Engineers), there was no evidence that
classroom air quality would improve educational performance.[21] ASHRAE 1257
demonstrated that children’s ability to perform schoolwork is dependent on classroom air
quality, but that most classrooms are so poorly ventilated that even CO2 concentrations
routinely reach 1500- 2000 ppm. Children in the air-conditioned classrooms performed
schoolwork slightly better than children in an adjacent classroom, which was naturally
ventilated during a period of warm weather.[22] Research carried out in ASHRAE 1257 – TRP
quantified this, and proposed that each doubling of the outdoor air supply rate in the
classroom would result in an increase of 14.5% in the performance of schoolwork. Moreover,
each reduction of classroom air temperature by 1oC (1.8ºF) during warm weather resulted in
an increase of 2% in the performance of schoolwork.[22]
Importantly, for approaches to designing sustainable schools, ASHRAE 1257 – TRP proposed
that a classroom with windows that can be opened, even if this is the most desirable
ventilation option, does not guarantee good air quality. This is because teachers and children
are so often unable to perceive poor air quality – CO2 levels or even humidity – and children
often lack the authority to take steps to improve it by opening windows themselves. Building
management issues can be a factor in this sort of failure of a ventilation strategy in schools,
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such as automatically opening windows triggered by a monitor to open them, being “turnedoff” as posing a distraction to the teacher. [23] Openable windows in the same school required
a key of which there was only one shared between a number of classrooms. Other good
reasons for teachers not opening classroom windows when air quality is low, include loss of
thermal control, cold downdrafts that cause uncomfortable thermal gradients, wind that blows
papers around, external noise that distracts attention, as well as increased use of energy in the
heating season.
Designers of sustainable schools are dependent on guidelines, such as LEED for Schools,
High Performance Schools, BREEAM for Schools, and Passivhaus for schools, but
researchers need to develop a critical perspective on such tools and consider that a variety of
other methods and approaches have been developed in response to current performance
concerns. Designing a sustainable school is not only about energy performance - objectives
must include the health and wellbeing of children, and the need to provide an environment
which can improve educational performance. While architects have to find ways to respond to
research findings about sustainable building performance and recognize the gap between
intended, predicted, and actual energy demand, they also need to address a variety of other
building failures in new schools, including good air quality. Playing off concerns such as
energy performance against Indoor Air Quality (IAQ), may, for many, seem like addressing
polar opposites. This represents the difficulty of design where priority is being placed on
reducing energy demand. We need common tools to allow these sorts of negotiating exercises
and the will to define for ourselves our priorities for a sustainable school. Air quality is not
simply about addressing CO2 levels in classrooms, as this over-simplifies the problem. It
musthas to be about prohibiting pollution entering the classroom from outdoor sources and
protecting children from indoor pollutants - both of which have significant impacts on health,
wellbeing and educational performance. Performance assessment methodologies which
include targets for energy performance, but do not exclude other issues including the need for
high levels of IAQ, and that offer an approach to allow designers to critically address
conflicting requirements, would begin to achieve these targets. Furthermore, we need ways of
enforcing standards that recognize an obligation to children that are using school buildings.
Since pollutants cause illness, and days away from school will have consequences for
educational performance, indoor air quality is very influential and cannot be a neglected
factor in the design of sustainable schools.
[1]

Irigaray, L.& Marder M. (2014, March 17). Without clean air, we have nothing. The Guardian. Retrieved from
http://www.theguardian.com/commentisfree/2014/mar/17/clean-air-paris-pollution-crime-against-humanity
[2]
Paris offers free public transport to reduce severe smog (2014). BBC News Europe. Retrieved from
http://www.bbc.com/news/world-europe-26574623 ; A warning to all Parisians: Breathing can damage your
health – and could possibly kill you (2014, May 21) The Independent. Retrieved from
http://www.independent.co.uk/news/world/europe/here-is-a-warning-to-all-parisians-breathing-can-damageyour-health-9193089.html
[3]
Shanghai Air Pollution: Real Time Air Quality Index (http://aqicn.org/city/shanghai/)
[4]
Silva, R. A., et al. (2013). Global premature mortality due to anthropogenic outdoor air pollution and the
contribution of past climate change. Environmental Research Letters, 8(3), 034005. doi: 10.1088/17489326/8/3/034005

6503

ISBN: 978-84-697-1815-5

[5]

Raaschou-Nielsen, O., et al (2013). Air pollution and lung cancer incidence in 17 European cohorts:
prospective analyses from the European Study of Cohorts for Air Pollution Effects (ESCAPE). Lancet Oncol,
14(9), 813-822. doi: 10.1016/S1470-2045(13)70279-1
[6]
Stamp, J. (2013, February 26). How to Survive China’s Pollution Problem – Masks and Bubbles The
Smithsonian Magazine. Retrieved from http://www.smithsonianmag.com/arts-culture/how-to-survive-chinaspollution-problem-masks-and-bubbles-27725540/?no-ist ; Doane, S. (2013, 17th July). Beijing pollution forces
students to play under dome, CBS News. Retrieved from http://www.cbsnews.com/news/beijing-pollutionforces-students-to-play-under-dome/
[7]
Ying, L. (2014, March 3). Dome Sweet Dome, Global Times. Retrieved from
http://www.globaltimes.cn/content/848220.shtml
[8]
Paris offers free public transport to reduce severe smog (2014). BBC News Europe. Retrieved from
http://www.bbc.com/news/world-europe-26574623
[9]
Sundell, J. (2004). On the history of indoor air quality and health. Indoor Air, 14(7), 51-58.
[10]
WHO guidelines, for indoor air quality: selected pollutants (2010) Bonn: World Health Organization.
[11]
Chatzidiakou, L., et al. (2014). A Victorian school and a low carbon designed school: comparison of indoor
air quality, energy performance, and student health. Indoor and Built Environment, 1420326X14532388;
Chatzidiakou, L., et al., Low Carbon Vs Victorian School Design: Indoor Air Quality, Energy and Health
Responses. Retrieved from http://ckehub.org/uploads/resources/185/Dejan_Mumovic.pdf [unpublished
manuscript]
[12]
Jovanovic M., et al. (2014). Investigation of indoor and outdoor air quality of the classrooms at a school in
Serbia, Energy, http://dx.doi.org/10.1016/j.energy.2014.03.080
[13]
Almeida, S. M., et al. (2011). Children exposure to atmospheric particles in indoor of Lisbon primary
schools. Atmospheric Environment, 45(40), 7594-7599.
[14]
Bayer, C. W., Crow, S. A. & Fischer, J. (1999). Causes of Indoor Air Quality Problems in Schools: Summary
of Scientific Research; Godwin, C., & Batterman, S. (2007). Indoor air quality in Michigan schools. Indoor Air,
17(2), 109-121
[15]
Levin, H. (2005). Integrating indoor air and design for sustainability. Paper presented at the Proceedings of
the 10th International Conference on Indoor Air Quality and Climate, Beijing, China
[16]
Persily, A. K. & Emmerich, S. J. (2012). Indoor air quality in sustainable, energy efficient buildings.
HVAC&R Research, 18(1-2), 4-20.
[17]
Air quality guidelines for Europe. (1987). WHO Regional Publications, European Series, No. 23.
Copenhagen: WHO Regional Office for Europe.
[18]
Anderson, H.R., et al. (1983). Morbidity and school absence caused by asthma and wheezing illness.
Archives of Disease in Childhood, 58(10), 777-784; Hill, R.A., et al (1989) Asthma, wheezing and school
absence in primary schools. Archives of Disease in Childhood, 64(2), 246-251
[19]
Mendell, M. J. & Heath, G. A. (2005). Do indoor pollutants and thermal conditions in schools influence
student performance? A critical review of the literature. Indoor Air, 15(1), 27-52; Wargocki, P. & Wyon, D. P.
(2007). The effects of moderately raised classroom temperatures and classroom ventilation rate on the
performance of schoolwork by children (RP-1257). HVAC&R Research, 13(2), 193-220; Wargocki, P. & Wyon,
D. P. (2007). The effects of moderately raised classroom temperatures and classroom ventilation rate on the
performance of schoolwork by children (RP-1257). HVAC&R Research, 13(2), 193-220.
[20]
Myhrvold, A., Olsen, E. & Lauridsen, O. (1996). Indoor environment in schools–pupils health and
performance in regard to CO2 concentrations. Indoor Air, 96, 369-371; Myhrvold, A. & Olesen, E. (1997).
Pupils health and performance due to renovation of schools. Healthy Buildings/IAQ 1997, 81-86.
[21]
Sipes, J. M. (2007). Indoor Environmental Effects On The Performance Of School Work By Children
(ASHRAE 1257-TRP Final Report). Atlanta: ASHRAE
[22]
Schoer, L. & Shaffran, J. (1973). A combined evaluation of three separate research projects on the effects of
thermal environment on learning and performance. ASHRAE Transactions, 79(1), 97-108.
[23]
Wheeler, Andrea, Dino Boughlaghem & Masoud Malekzadeh (2011). What do young people tell us about
sustainable lifestyles when they design sustainable schools?Architecture and Sustainable Development,
Proceedings of PLEA 2011, Louvain-la-Neuve, Belgium, July 2011.

7504

ISBN: 978-84-697-1815-5

Analysis of the ecological footprint produced by machinery in
construction
Authors:
Freire Guerrero, Antonio (A)1
Marrero Meléndez, Madelyn (M)2
1
Univesity of Sevilla, Sevilla, Spain
2
Univesity of Sevilla, Sevilla, Spain
Abstract: The ecological footprint caused by construction machinery is analyzed in detail.
The following impacts are taken into account: fuel and electricity consumption; maintenance
and repairs; and finally the footprint of the machinery operator due to mobility, food intake,
and urban waste generation on the construction site.
All this analysis is based on the Andalusia Construction Costs Database, thus adding an
environmental indicator to this baseline by allowing the ecological footprint caused by the
use of various machines to be taken into account as part of the project budget.
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Introduction
Wackernagel and Rees created an indicator that evaluates the environmental footprint of
continents, countries, and regions, by defining the ecological footprint (EF) as "the area of
ecologically productive land (crops, pastures, forests and aquatic ecosystems) required to
produce the resources consumed and to assimilate the wastes produced by a given population
with a specific life level and indefinitely " [1].
The studies of Solis et al. [2] analyses the EF of building construction for the first time and
calculates the footprint generated by different impact sources: energy, water supply, food
consumption,
mobility,
building
materials,
waste,
and
built
land.
In the present work, the previously cited study is improved with a deeper and more detailed
analysis of the EF caused by construction machinery on site, during the earthworks,
foundations and structure construction, installations, and implementation by means of a
construction work classification system: the Andalusia Construction Costs Database (ACCD)
[3].
Andalusia Construction Costs Database
The ACCD is formed in a hierarchical structure. The levels that form the structure are no
more important than the relationships that connect them, since it is through these types of
bonds that it is possible to cross the structure in any direction, including ascending and
descending, without committing errors or losing intermediate information generated in the
processes. ACICS establishes a correspondence between each elemental code and the work
unit that it represents [4]. The work unit refers to a group of resources (material, labour,
and/or machinery) necessary to build an indivisible part of a building and also represents the
smallest component of the construction budget. Each work unit has a unique classification
code. ACICS divides all possible work units into large groups of elements with common
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characteristics. The highest level is the completely constructed building. The next divisions
are called chapters each of which represents a construction process: Demolition, Earthworks,
Foundation, Sanitation, Structure, Partition, Roof, Installation, Insulation, Finish, Carpentry,
Glass and Polyester, Coating, Decoration, Urbanization, Safety, and Waste Management.
Within this structure, the representation process needs a detailed description of each work
unit that refers to a set of resources (material, machinery or manual labor) necessary to
construct an indivisible unit which is then incorporated into the construction site. This
constitutes the smallest part in the classification and includes the following elements: a
measurement unit, its frequently-used name, the elements that integrate this work unit, the
corresponding construction methods, their reference norms and/or regulations, and
measurement criteria.
Each cost is identified by an alphanumeric code. The unit of measurement used in each
price criteria is established by the Association of Construction Database Writers [3, 5]. The
present analysis focuses on the basic costs of the machinery, the family code starts with the
letter M, Machinery and has the following subfamilies depending on the machine type: Aagglomerator, B-pumps, C-compressors, E-excavators and shovels, etc.; for example,
ME00400 is the code corresponding to an excavator with an engine of 67 kW. A total of 52
different items of construction machinery (45 fuel and 7 electric) have been analyzed in the
Andalusia Construction Costs Database and their corresponding EF, whose procedure is
described in the following sections is determined.
Machinery EF
From among the elements that produce an EF, two main sources can be identified: the
direct energy consumption by the machinery usage on the construction site (by its electric or
combustion engines) and the footprint generated by the employees who operate them.
The footprint caused by the machinery usage, which corresponds to the fuel or electricity
consumption linked to each machine depending on the engine power [6], is illustrated in the
flowchart shown in Figure 1, whereby the machinery working hours are transformed into an
ecological footprint.
The fuel consumption per hour can be summarized as follows [6]:
•
Oil: 0.15 to 0.20 litres consumed in 1 hour per kW installed.
•
Gasoline: from 0.30 to 0.40 litres consumed in 1 hour per kW installed.
The fuel consumption by the machinery in the ACCD can be established by differentiating
between whether the engine consumes diesel or gasoline, and by the corresponding power.
After obtaining the litres of fuel consumed per hour, the energy intensity of the fuel (MJ/l)
is assigned, which represents the energy produced per litre of fuel. The corresponding energy
productivity is then applied, which indicates the amount of land needed to produce 1 MJ of
energy, which in this case represents the hectares of forests necessary to absorb the emissions
of the fuel consumed:
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EFf =

∗


(1)

where: EFf is the footprint of (fossil) fuel consumption (ha); C is the fuel consumption
(litres); EI is the energy intensity (MJ/l); and P is the energy productivity of oil (MJ/ha).

Figure 1- Flowchart for calculating the ecological footprint produced by energy consumption of machinery
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For the electricity consumption, a similar calculation is performed: all the working hours of
the electrical equipment on the construction site, and its corresponding engine power
determine the total kWh consumed.
The primary energy consumption can be determined from the efficiency of the power
production in Spain, which is 33% [7]. In this case, a specific productivity is established
depending on the energy source (coal, oil, natural gas, or nuclear power) according to data
provided by the Ministry of Industry [7]. All these steps are shown in the following equation:

(2)
EFf =
∑ ∗%
where: EFf is the ecological footprint of electricity consumption (ha); C is the consumption
(GJ); Pi is the energy productivity of the energy source “i” (GJ/ha); and % i is the percentage
of the source “i” in the energy mix.
The second analysis is the footprint left by the machine operators: food consumption,
waste generation, and mobility, as shown in Figure 2. The workers´ food is attributed to the
EF of the building construction since this activity takes place on the worksite, in the same
way as in the methodology developed by Domenech Quesada [8], where business meals are
allocated to the Corporate Ecological Footprint. To this end, the total number of manpower
hours worked for the entire construction project must first be calculated and this is obtained
from the project quantities. The footprint is calculated using Equation 3.
EFwfd =





(3)

where: EFwfd is the weighted ecological footprint of food (gha/year); EFm is the ecological
footprint expressed as gha/year/meal; hm is an 8 hours/meal. One meal per working day is
assumed; Nh is total number of hours worked.
Therefore, it is necessary to obtain the EFm of the various types of food that make up the
daily meal of every worker. The food generates four types of consumed land: pasture,
cropland, productive sea, and absorption forest. The absorption forest footprint or energy
footprint is generated by all types of food, due to their required processing and the energy
consumed therein. The EFm values per food type for a typical menu are calculated by SolisGuzman et al [9] by using natural productivity and the forest absorption of CO2 [8]. These are
summarized in Table 1. These values are used in the present analysis.
Productive land category EF/meal (gha/meal)
Cropland
0.0085
Pastures
0.0234
Productive sea
0.0159
0.0072
Forest Absorption of CO2
Table 1 - EF of workers’ meals: pasture, cropland, productive sea, and forest absorption
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Figure 2 - Flowchart for calculating the ecological footprint produced by the operator of the machinery

In order to analyze the worker mobility, the following hypotheses are established: the
construction site is located 30 km away from where the workers reside; every 4 workers share
a vehicle to go to work every day; and the working day lasts 8 hours. The fuel consumption of
the vehicles according to the distance determines the litres consumed, as in Equation 1, and
the EF is then determined [9].
The determination of the EF of the municipal solid waste (MSW) is based on statistical
data and on the energy intensity of the materials [9], now simplified and summarized in Table
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2. The coefficients (CRx) are defined as organic, paper, plastic, and glass waste, and the tons
(Gx) generated per worker.
Organic Paper Plastic Glass
CRx(gha/year/t)
0.3066 1.1450 0.5551 0.2961
Gx(t/worker/year) 0.227
0.108 0.057 0.036
Table 2- Weighted conversion rates for municipal solid waste

The total generation, Gi, of MSW in tons of each waste stream “i” is obtained by
multiplying the aforementioned statistical data, Gx, by the number of workers on the
construction site. Finally, the following expression is used for the determination of the total
footprint of the waste:
(4)
EFwws = ∑ CRxi ∙ Gi
where: EFwws is the weighted EF of the waste (gha/year); CRxi is the weighted conversion rate
(gha/year/t); and Gi is the waste generation (t).
Results
Figures 3 and 4 represent the results of the calculations of the ecological footprint of
various combustion and electric engine machinery, respectively.

Figure 3.- EF of fuel machinery

Figure 4. - EF of electrical machinery

Conclusions
The introduction of this procedure into the ACCD integrates, into a single computing
element, the two different processes of accounting in the forms of the economic and
environmental construction project budgets, thus enabling the agents involved in the building
process to make decisions both on an economic basis, principal argument for the use of the
construction data bases, and on an environmental basis. Thus, the present work presents a
procedure to calculate the footprint produced by the machinery on the construction site and to
include this footprint in the budget. This is performed with a flexible approach, oriented
towards future changes in the hypothesis, data sources used, or in the criteria and
specifications of the selected machines.
In future work, a similar analysis will be performed with the construction materials in the
ACCD, and the whole budget analysis will be completed.
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European regulatory efforts towards increasing energy efficiency of buildings are focusing on
building requirements. One of the main issues in office buildings is area of glazing and
connected with that energy gains from solar radiation. The shadings systems can be used in
order to decrease solar gains. Thus, in the paper, using DesignBuilder software different
shading devices to secure proper indoor quality and energy efficiency are examined.
The six shading strategies for five European climatic data were applied in the building. It was
showed that using shading devices energy demand for cooling can be decreased but in the
same time energy demand for heating or lighting is increased. It was also presented that some
shading strategies will cause even higher operational cost in comparison to the building
without any shading devices. Finally the global cost has been calculated in order to verify if
any shading strategy is economically viable.
Key words: office building; shadings, energy needs, global cost.

1. Introduction
The Recast of the Directive on the Energy Performance of Buildings (the EPB Directive) [1]
came into force on 9 June 2010. EU member states should until 9 June 2012, publish the
relevant laws and administrative regulations necessary to implement its provisions. European
regulatory efforts towards increasing energy efficiency of buildings are focusing on building
requirements. All new public building after 31.12.2018 must be nearly zero energy buildings.
Such requirement can be very hard to implement in office buildings as the energy needs for
heating, cooling and lighting to provide internal comfort are typically very high.
One of the main issues in office buildings is area of glazing and connected with that energy
gains from solar radiation. In winter season it is required to use as much free sun energy as
possible and in such way to decrease heating needs of building. In summer period solar gains
can cause needs of cooling in order to provide comfortable environment. Thus shadings
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systems are used to decrease solar gains. However using shading devices not only solar gains
are limited but also light transmittance is decreased. In order to keep required light comfort
more electricity for artificial light is used, what can generate higher cooling needs. This shows
that energy balance of the building is very complex and none of the system can be treated
separately.
The aim of this paper is to examine different shading devices to secure proper indoor quality
and energy efficiency. The calculation of energy demand for heating, cooling and artificial
lighting were provided for office building. In such buildings most of the façade is made from
glass and influence of solar irradiation can be high. The calculation were done for five
weather data for different climates across the Europe taking into account potential of increase
of temperature and changes in solar irradiation caused by climate changes. For each shading
strategy and climate the operational cost of the energy needs of the building were estimated.
Finally using Life Cycle Cost methodology for the variants where shading devices allow for
energy cost decrease the global cost was calculated. In such way the decision criteria about
choosing shading strategy can be set.
The analysis of shading devices use in the building are a part of the Integrated Energy Design
process. Such calculation provided at the concept/design stage of the building process helps
the design team to choose the best solution for the building.
2. Methodology of calculation
In this analysis the calculation of energy demand for heating, cooling and artificial lighting is
carried out. In order to verify economic effectiveness of different shading strategy the
calculation of global cost also is given.
Energy simulations are carried out in the program for the comprehensive thermal analysis of
buildings DesignBuilder [2]. The software is compatible with the guidelines CIBSE AM11
"Building energy and environmental modelling". DesignBuilder uses the latest Energy Plus
simulation engine for energy calculation. Energy Plus is the U.S. DOE building energy
simulation program for modelling building heating, cooling, lighting, ventilating, and other
energy flows.
In the program a numerical 3D model of the building can be created. Next each envelope is
described by heat transfer coefficient and for windows also total solar transmission and light
transmission. For defined zones following data can be set: occupancy, internal loads, light
quality, ventilation rates, HVAC systems and usage schedules of each parameter. In the last
stage the weather data are set. This detailed building model allows the calculation of the
energy consumption for heating, cooling and artificial lighting.
The cost calculation were provided according to methodology framework for calculating costoptimal levels of minimum energy performance requirements for buildings and building
elements which is presented in Annex 1 to the Regulation No 244/2012 [3].
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In the Regulation two methodology are given: for financial and for macroeconomic
calculation. In this analysis a methodology for a financial calculation is used. When
determining the global cost of a measure/package/variant for the financial calculation, the
relevant prices to be taken into account are the prices paid by the customer including all
applicable taxes including VAT and charges. Global costs for buildings and building elements
shall be calculated by summing the different types of costs and applying to these the discount
rate by means of a discount factor so as to express them in terms of value in the starting year.
3. Climate description
The climate in the Europe vary from place to place and even the change of the climate at one
localization can be notice. In order to verify the influence of shading strategy at different
European climates five weather data sets were used in calculations. The chosen data represent
cold (Helsinki), medium (Warsaw, London and Milano) and warm (Barcelona) climates. In
Table 1 the main parameters of each climate is presented.
Table 1. Characteristic parameters of climatic data for chosen localizations
Temperature [°C]

Climate
Min.

Max.

Wind [m/s]
Average

Average

Horizontal Solar Radiation [kWh/m2]
Direct

Diffuse

Total

Warsaw

-15.35

31.75

8.37

4.45

376.22

618.28

994.50

Milano

-9.35

33.50

12.41

1.16

472.29

596.94

1069.23

London

-5.78

31.11

10.24

3.24

413.59

591.23

1004.82

Barcelona

-1.00

30.48

15.72

3.36

1349.46

678.77

2028.23

-21.44

28.62

5.18

3.84

377.32

566.12

943.44

Helsinki

It can be noticed that the highest average temperature and horizontal solar radiation are for the
Barcelona and the lowest for the Helsinki. The temperature amplitude is the highest for the
Helsinki and the lowest for the Barcelona. The horizontal solar radiation for Barcelona is two
times higher than for the other localizations. In the medium climates the highest temperature
is for the Milano and the lowest for the Warsaw. It can be noticed that the horizontal solar
radiation for medium climates do not vary a lot.
Such chosen climates cover a wide range of European regions, from cold north, by medium
central up to warm south. The variety of localizations allow to examine the same shading
devices under different weather condition.
3. Test building
In the most of the office building the façade is made from glass. In order to decrease solar
gains a shading devices are applied. This can influence on higher energy demand for artificial
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light if a proper light quality must be assured. Therefore an office building has been chosen as
the test building for this study.
Test building has the shape of a parallelepiped with a length of 64.9 m, width of 30.0 m and
height of 29.6 m. It has eight above ground and two underground floors. The total area of the
building is 15 231 m2. In the Figure 1 the building shape and typical above ground floor is
showed.

Figure 1. Test building model (on the left) and typical aboveground floor (on the right) (source DesignBuilder
model)

At the ground floor a commercial spaces were located and at the upper floors open space
office was established. It is typical for office buildings to have a commercial and restaurant
part at the ground level. The entrance to the building is on the north west side. It was designed
that on each elevation the ratio of windows to wall is the same and is equal to 80%. The
building was designed according to Polish building law. In Table 2 the most important
parameters are presented.
Table 2. Table with characteristic building parameters
Unit

Value

Heat transfer coefficient of external walls

W/m2K

0.27÷0.29

Heat transfer coefficient of roof

W/m2K

0.15÷0.20

Heat transfer coefficient of ceiling over an unheated garage

W/m2K

0.35

Heat transfer coefficient of windows

W/m2K

1.50

Total solar transmission

-

0.35

Light transmission

-

0.60

Office lighting (>500 lux)

W/m2

12.5

Internal loads

W/m2

40

Parameter
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Efficiency of the heat recovery

%

70

Infiltration

1/h

0.7

In the building HVAC system has been designed. The ventilation rates is provided by
mechanical ventilation with 70% of heat recovery. The heating and cooling is realized by fancoil units. The heat source in the building is gas boiler and the cool source is air chiller.
A total efficiency of heating system is 0.8 and cooling 3.8. In order to minimalize energy
demand for lighting three step control has been set.
4. Shading strategy
The shading devices and reduce the solar gains but at the same time the daylight ration is also
decreased. In order to achieve good visible comfort artificial light must be turn on. Hence the
shading devices can cause higher energy demand for lighting and in some cases even higher
energy demand for cooling. Therefore, in order to examine this phenomena the six different
shading strategies has been applied in the analysis: two with internal movable devices, two
with external movable devices and two with external stationary devices. In Table 3 each of
strategy is described.
Table 3. Description of shading strategy variants
Shading variant
Basic

Description
Without shading devices

S1

External shading with blind with high reflectivity slats

S2

External shading with blind with low reflectivity slats

S3

Internal shading with blind with high reflectivity slats

S4

Internal shading with blind with low reflectivity slats

S5

Overhang with depth of 1 meter

S6

Louvre with 3 blades of depth of 1 meter with vertical spacing of 0.5 m

The control system of movable shading was controlled by solar set point of 220 W/m2.
Shading is active if beam plus diffuse solar radiation incident on the window exceeds the
solar set point. It was also set that the shading was not active from 1st of November until 30th
of March. Such assumption was establish in order to maximize solar gains and daylighting in
the heating season and to minimize solar gains in cooling season.
Although the used climates are different the same assumptions of shading devices were set.
The aim of the paper is to examine the same shading strategies and not to optimize it for each
weather data.
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5. Results of energy calculation
The calculation of the energy demand for heating, cooling and artificial lighting were
provided for office building with six different shading strategies and building without and
shading devices. Also five different climatic data has been used. In the Table 4 the result of
the calculation is given.
Table 4. Results of energy calculation for different shading strategy and climates
Localization

Warsaw

Milano

London

Barcelona

Helsinki

System

Final energy demand for different shading strategy [kWh/a]
Basic

S1

S2

S3

S4

S5

S6

Heating

295 286

297 442

297 783

295 851

295 299

309 345

317 322

Cooling

247 613

213 332

213 022

240 392

266 429

220 859

208 376

Lighting

189 026

215 313

258 676

207 547

256 720

192 397

206 873

Heating

137 795

137 968

137 995

137 848

137 790

143 328

145 360

Cooling

355 699

325 982

325 551

350 570

375 991

326 408

314 818

Lighting

157 949

193 417

233 188

183 498

231 357

161 878

177 376

Heating

60 199

61 521

61 745

60 509

60 222

66 570

71 330

Cooling

247 044

213 855

213 271

240 618

265 377

219 587

207 531

Lighting

180 347

207 529

249 631

200 695

247 641

183 981

200 326

Heating

1 698

1 718

1 725

1 703

1 700

2 151

2 721

Cooling

482 203

431 920

430 321

470 358

503 427

438 271

416 853

Lighting

111 501

135 596

188 194

129 150

185 791

113 396

123 734

Heating

570 942

582 359

583 760

573 217

570 078

585 790

596 327

Cooling

179 886

145 698

145 919

173 155

202 059

155 266

142 354

Lighting

201 233

237 555

289 808

227 218

288 473

203 088

212 931

It can be noticed that the highest heating and lighting demand is obtained for Helsinki and the
lowest for Barcelona climate. From the other hand the highest cooling demand is for
Barcelona and the lowest for Helsinki. The results for the medium climates also varies.
It can be noticed that using shading devices the energy needs for heating, cooling and lighting
are changing for every localization. The energy needs for different shading strategies are
presented in Figure 2.
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Figure 2. Energy demand for different variants of calculation (top left – heating; top right – cooling, bottom left
– lighting)

It can be noticed that for the every climatic data a pattern of energy changes is the equal for
the same shading strategy. The energy for heating for every variant increases when the
shading devices are applied. The only exception is for Helsinki and internal blinds with low
reflectivity slats. This can be affected with additional artificial lighting demand. It can be
noticed that for each climate and internal blinds with low reflectivity slats the energy demand
for cooling increases. For other cases the energy demand for cooling is lower than for the
basic variant. This is caused by additional artificial lighting demand and internal assembly of
the blinds. The solar radiation is passing the windows and heats up the blinds inside an
internal space. Thus the solar gains are not decrease efficiently and if the additional gains
from artificial lighting will be added the energy demand for cooling gets higher. It can be
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noticed that the highest reduction in cooling demand was obtained using louvre shading.
However the lighting demand increases in those variants.
The energy calculation are complex and if one of the demands decreases the other increases.
Thus it is important to reduce energy results to a common denominator. The operational cost
can be used as such parameter.
6. Cost analysis
In order to compare energy results the operational cost for each variant were calculated. The
calculation was based on fuel price for Poland. The heating source is gas boiler and the gas
price is equal to 0.20 PLN/kWh. For the cooling and lighting demand the electricity price of
0.54 PLN/kWh was used. In Table 5 the results of the operational cost are presented.
Table 5. Results of operational cost calculation for different shading strategy and climates
Cost of energy for heating, cooling and artificial lighting [PLN/a]

Localization
Basic

S1

S2

S3

S4

S5

S6

Warsaw

294 842

290 957

314 274

301 057

341 560

285 027

287 699

Milano

304 929

308 069

329 318

315 966

355 526

292 340

294 857

London

242 831

239 852

262 316

250 411

289 074

231 240

234 509

Barcelona

320 940

306 802

334 343

324 075

372 518

298 330

292 461

Helsinki

319 993

323 428

352 045

330 845

378 903

310 670

311 119

In Table 5 the variants for which operational cost are lower than for basic building were
highlighted. It was showed that only shading strategy with overhangs (S5) and louvre (S6)
allow for decrease operating cost in every considered climate. For shading strategy with
external blind with high reflectivity slats the lower operational cost were obtained for
Warsaw, London and Barcelona climates. For other variants the energy cost are higher than
for the basic case.
Even if the operational cost are lower than for the basic case the global cost can be higher as
the extra investment cost are required for shading devices. Thus the global cost was calculated
including an investment cost and discounted over 20 years operational cost. The results are
presented in Table 6.
Table 5. Results of operational cost calculation for different shading strategy and climates
Localization

Warsaw

Global cost in 20 years [PLN]
Basic

S1

5 932 896

7 998 222

S5
5 962 185

S6
6 244 242
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Milano

6 149 389

-

6 123 341

6 402 742

London

4 901 085

6 984 794

4 895 127

5 189 505

Barcelona

6 483 860

8 342 228

6 255 757

6 365 858

Helsinki

6 418 744

-

6 457 912

6 694 861

The calculation was done for the basic variant and the variants where operational cost are
lower than for the basic case. For this analysis the discount rate of 4% was used as it is
recommended by Regulation no 244/2012 [3]. Also the evolution of energy prices was done
according to Annex II [4] of this Regulation. The increase of fuel prices has been extrapolated
for 20 years of calculation and it is equal to 3.9% for gas and 4.1% for electricity.
It can be noticed that only for four variants from thirteen the global cost is lower than for the
basic case. The result shows that for the Barcelona climate two shading strategies are
economically viable: overhangs (S5) and louvre (S6). For the Milano and London climate the
lower global cost was obtained for overhangs (S5) only.
It was shown that using shading devices not always provide to decrease of the operational
cost related to energy demand. Even if the operational cost are lower the global cost with
included extra investment cost of the shading devices can be higher.
7. Conclusion
The windows and shading devices play an important role in ensuring the comfort of indoor
climate conditions. On one hand, they influence to a large extent the heating/cooling demand
of buildings, on the other hand they are an irreplaceable source of daylight.
In the paper the analysis of six different shading strategies under five European climates was
examined for office building. The calculation was done for heating, cooling and lighting
demand. It was showed that using shading devices all three demands are changing.
In order to choose the best shading strategy the global cost as decision criteria has been
estimated. The calculations were done only for the variants with lower operational cost than
for the basic variant. It was noticed that only for four variants the global cost is lower than for
the basic case. Those variants were overhangs (S5) for Barcelona, Milano and London and
louvre (S6) for Barcelona.
It was shown that using shading devices not always provide to decrease of the operational
cost related to energy demand and even if so, the global cost in life time can be higher.
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Abstract: Although the construction and operation of industrial buildings represents a
significant impact on the environment, their environmental performance has rarely been
considered. Various techniques have been developed in order to improve building
environmental performance, including design for disassembly, design for recyclability, design
for durability, and design for adaptive reuse. While these approaches are increasingly being
used during the building design process, the benefits they provide to the life cycle
environmental performance of industrial buildings is yet to be assessed. The current study
evaluates the total life cycle energy demand of a case study industrial building. The net life
cycle energy benefit using the sustainable design approaches listed above is evaluated and
compared to the as-built design. Results highlight the importance of a life cycle approach to
sustainable industrial building design and the need to integrate sustainable design
approaches during the early stages of building design, in order to achieve long term
environmental benefits.
Keywords: industrial buildings; disassembly; recyclability; durability; adaptive reuse; life
cycle assessment
Introduction
The industrial sector is a very important sector within society, creating economic growth and
capital flows. Besides these benefits, it is also responsible for significant environmental and
health impacts. Some steps for improving manufacturing processes, for prevention and
control of industrial emissions have already been implemented. But the construction and
operation of industrial buildings are seldom considered in the context of their environmental
impacts. Sustainability assessment and design tools specific to industrial buildings are almost
non-existent as environmental improvement efforts have so far been mainly focused on
residential, office, commercial and retail buildings [1]. Any such efforts have been focused
preliminary on the industrial buildings operational performance with little focus upon the
environmental performance across their entire life cycle. Therefore, a more comprehensive
understanding of the implications of key design decisions on the life cycle environmental
performance of industrial buildings is needed to ensure they result in long term environmental
benefits. The aim of this study is to investigate the life cycle energy (LCE) benefits of
implementing key sustainable design strategies in the design of industrial buildings.
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Overview of sustainable design approaches
Besides the more commonly used strategies for achieving environmental building design such
as passive design and active environmental building systems, Crawford [2] identifies four key
sustainable design approaches that are critical for improving the environmental performance
of buildings. These are Design for Disassembly (DfD), Design for Recyclability (DfR),
Design for Durability (DfDur), and Design for Adaptive Reuse (DfAR).
Design for Disassembly (DfD)
DfD is a design approach that seeks to optimise the ability to reuse materials and components
after the end of a building’s life. The materials should be carefully selected according to their
service life and to the life span of the building layers, minimising the number of different
types of used elements. Materials should be robust, durable, lightweight, non-toxic, nonhazardous, recycled or recycling-compatible, to be worth reusing. Composite materials, where
individual materials could not be detached, should be avoided. No secondary finishes are
recommended as they are likely to contaminate the basic materials. Both joints and
components should be designed to withstand repeated use and to allow for parallel
disassembly. Prefabricated elements, open building system and modular design offer the
greatest opportunities for deconstruction [3-9].
Design for Recyclability (DfR)
DfR aims for a significant increase in the opportunities for future reuse and recycling of
building materials and components. The recycling potential of the selected materials should
be investigated and different classes of reusability and recyclability of materials should be
defined. Materials and polymers should be marked for facilitating future correct sorting and
waste management. Valuable materials should be easily accessible. Critical, hazardous and
environmentally harmful materials should be avoided [10-13]. DfR often goes hand-in-hand
with DfD as materials become much easier to recycle if they are easy and quick to separate
from other building materials on site.
Design for Durability (DfDur)
Optimising life cycle building performance and minimising on-going maintenance costs are
the major benefits of DfDur. This involves taking into account the natural durability of
materials including optimising maintenance and inspection activities. Materials should be
physically robust, long-lasting, that resist wear and the influence of weather. It is possible for
heavier materials to provide thermal mass and thus also operational benefits. While longerlasting materials are typically ideal, materials should be carefully selected according to the
life span of a building, avoiding over-specification and with regard to natural conditions such
as local climate, freezing cycles, exposure to airborne salt, etc. Joints and connections should
be wear resistant and long-lasting to make the most of the main materials [14-16].
Design for Adaptive Reuse (DfAR)
Constructing new buildings demands a considerable quantity of virgin resources. The building
demolition process is also costly and time consuming and generates waste that is mostly
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disposed of in landfill. DfAR aims to facilitate the future adaptation of buildings in order to
minimise the need for new buildings and demolition of existing buildings for as long as
possible. This results in reduced environmental impact, minimising land and material
consumption, stimulating brownfield regeneration, and retaining the historical, social and
aesthetic cultural value of existing buildings. A building designed for adaptive reuse is often
much easier to adapt to other uses through minor or major refurbishment [17-19].
DfDur and DfAR design strategies are interconnected with most of their principles
overlapping. In order for a building to be reused its main components must be durable enough
for a period of time well beyond the time at which it is adapted in order to warrant further
investment. The type of construction and appropriate foundations should be carefully selected
ensuring its structural integrity, facilitating different future building uses and loading
scenarios. The building system should be open and/or modular, facilitating future
reconstruction and adaptive reuse.
Method
This section describes the approach used to determine the life cycle energy benefit associated
with the use of sustainable design strategies for industrial buildings.
Case study building
A case study industrial building is used in order to assess the effect of the key sustainable
design approaches and strategies on the LCE performance of industrial buildings. Industrial
buildings are complex structures, often huge and spacious and hence they are heavy users of
resources like energy, water and land. Industrial facilities account for one-third of global
energy use and almost 40% of worldwide carbon dioxide emissions [20]. Compared with
other types of buildings, they are typically characterised by a short service life (SL) of
between 25 to 49 years [21]. One of the reasons for this is the frequent technological changes,
which often lead to rapid decline, deterioration and technological obsolescence. This is why
functionality, safety and flexibility for future adaptations or expansion needs are crucial.

Figure 1 Refrigerated distribution warehouse - a) Ground floor; b) Level 2; c) South façade; d) West façade
Source: Diana Modeva and Dimitar Vasilev

The selected case study is a refrigerated distribution warehouse (Figure 1), chosen for this
study because warehouses are responsible for the greatest share of industrial buildings – 55%
[22]. The case study is located in Sofia, Bulgaria and was recently designed. It is separated
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into two main blocks with total floor area of 1,856.5 m2. The first one is a three-storey
administrative block with reinforced concrete structure, external brick walls and internal
plasterboard walls. The second one is a one-storey refrigerated warehouse with a service area
built with reinforced concrete columns, steel roof trusses and sandwich panel walls. There is
also a basement under the two blocks used as a garage and additional service area.
Sustainable design approach scenarios
This section details the key design changes made to the base building to reflect the four
sustainable design strategies described above. As the basic strategies used within each of the
design approaches often overlap, two combined scenarios have been used in this study.
Based on current construction materials and practices, a reinforced concrete structure together
with brick walls are considered the most durable form of construction possible for a 75-100
years life. For this relatively long period of time some of the elements within the case study
building, i.e. sandwich panels, roof insulation, paint, etc., will have to be replaced. However,
the integrity of the structure is likely to remain. The partition walls could be easily dismantled
and the plan could be easily changed and upgraded. For this reason, while cost and speed of
construction issues are most likely the main drivers rather than the environment, the authors
have assumed that the current building design is in line with the general principles of DfDur
and DfAR. Some improvements are needed in order to ensure optimal thermal characteristics
and building performance. Therefore, the insulation level is increased, the thermal
transmittance of the glazing is improved by installing triple glazing and the efficiency of
HVAC systems is improved. These changes form the basis of the first alternative design
scenario (DfAR & DfDur).
The second alternative design scenario introduces changes to reflect the basic strategies
typically used within DfD and DfR. This includes changing the types of construction,
materials, components and fixings according to achieve ease of disassembly and recyclability.
The type of construction is changed from a reinforced concrete to steel structure, as steel is
considered to be much easier to deconstruct and is 100% recyclable. It is also much easier to
recycle compared to having to separate out the steel form a reinforced concrete structure. The
reinforced concrete structure is preserved only in the basement level. The brick walls are
substituted with demountable prefinished external panels, eliminating the need for additional
processing and finishes. In an attempt to reduce the life cycle energy demand of the building,
the expanded polystyrene (EPS) insulation is substituted with fibreglass, as the embodied
energy (EE) coefficient of fibreglass is much lower and the raw materials are much more
abundant. In addition, the EPS is non-renewable and a heavy polluter during production,
ranking just behind aluminium for energy consumption and greenhouse gases [23]. The
laminate flooring is substituted with natural linoleum, made from renewable materials, and
where future reuse, recycling, or reincorporation into the environment at the end of its life is
possible. The curtain wall is replaced with triple glazed windows, thus decreasing the glazing
area and improving thermal transmittance. Although the plasterboard is highly recyclable it
was substituted with a prefabricated, prefinished and demountable particleboard partitioning
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system, made using lower impact resins and sourced from renewable raw materials as byproducts from the timber industry [24].
Calculating life cycle energy (LCE)
The LCE benefit of the design changes were determined by calculating the LCE of the case
study building for its original and amended designs. The LCE calculation includes energy
required for initial construction (initial embodied energy), building operation, maintenance
and refurbishment (recurrent embodied energy) and eventual demolition and disposal
(Figure 2). The study includes the LCE associated with building materials, but excludes those
associated with internal fitout, electrical wiring, plumbing and equipment. Although the
average service life of an industrial building is assumed to be 38 years [21], a study period of
100 years is used for the analysis in order to quantify the long-term benefits of strategies such
as DfAR and DfDur.

Figure 1 Quantification techniques for evaluation of life cycle energy performance of case study building

Initial and recurrent embodied energy
The EE is assessed using an input-output-based hybrid approach, based on hybrid coefficients
for construction materials in Australia, developed by Treloar and Crawford [25]. The initial
EE is determined by multiplying the hybrid coefficients and the material quantities, which are
then summed. Energy requirements related to non-materials inputs upstream in the economy
are accounted for with the use of additional input-output data. The initial EE of the building,
which includes all of the energy associated with the processes upstream of the main
construction process, may vary according to the type and quantity of the building materials
used, as well as their hybrid coefficients. This method has been designed and implemented in
Australia and although the applicability of Australian data to a building in Bulgaria may be
questionable, because the majority of other databases are based on process-based data, the
errors associated with the use of Australian data are likely to be less than the errors associated
with relying on process data alone, as noted by Stephan [26].
The energy associated with the production of materials used in the maintenance and
refurbishment of buildings is known as recurrent embodied energy [26-28]. The longer the
building lasts, the greater the expected recurring embodied energy consumption is. However,
it is still relatively not well understood and addressed in only a limited number of studies [2931]. In this study the recurrent EE is calculated based on the average service life of materials
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used within each building scenario. These values indicate the number of replacements during
the useful life of the building.
Operational energy
Computer modelling software for simulating the expected building operational energy
performance, named Integrated Environmental Solution - Virtual Environment™ (IES-VE),
was used in order to assess the operational energy of the case study building. Energy required
for heating, cooling, ventilation, and lighting was simulated in order to understand the energy
associated with the buildings use. Operational energy over an extended period of time is
difficult to predict and is likely to vary due to different factors such as efficiency
improvements or occupant behaviour. However the current study assumes that the results
obtained from IES-VE would not vary during the building’s life.
Demolition energy
The demolition stage includes building demolition, transportation, waste management and
disposal. Often, it is not considered in previous LCE studies, because most often it is
considered to represent a very small proportion of a building’s life cycle energy demand [3235]. Building demolition activities and transportation of waste may account for only 0.2% of
its life cycle primary energy consumption [36]. In addition, high uncertainty in the distant
future concerned with unpredictable demolition practices, transport distances, various
techniques for salvaging and reprocessing of materials make it difficult to assess. Therefore in
the current study it was assumed that the energy required for demolition and disposal of
materials is equal to 1% of the total life cycle energy demand for the building [37].
Results and Discussion
This section presents and discusses the results of the study. The alternative design scenarios
are shown to have a considerable influence over the LCE performance of the building
(Figure 3). Those elements that are most significantly affected are the structure, substructure,
walls and roof. The embodied energy of internal finishes is also reduced as prefabricated and
prefinished materials result in a lower demand for life cycle embodied energy.
For a period of 100 years and compared to the base case scenario, the DfDur & DfAR scenario
results in almost a 10% reduction in LCE. More durable materials have been used which
typically, as evidenced in this case, are more energy-intensive to manufacture, and thus result
in a higher embodied energy. This increase in embodied energy has been offset by a greater
reduction in operational energy however. This is due to better thermally performing materials.
The DfD & DfR scenario results in a 20% reduction in LCE compared to the base case due
mainly to the long life of the steel structure. However, if the building was designed for a
much shorter service life, there would be a significant increase in the steel-related embodied
energy demand over a 100 year period due to complete structure replacement. Based on the
average service life of industrial buildings of 38 years, this would equate to a 25% increase in
life cycle embodied energy. This demonstrates the importance of prolonging the life of a
building and utilising the most durable materials appropriate to the anticipated life of the
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building to reduce life cycle embodied energy requirements. Embodied energy has been able
to be reduced in this scenario by using less energy-intensive materials, while operational
energy has also been reduced compare to the base case.

Total: 202618 GJ

Total: 186042 GJ

Total: 168447 GJ

Figure 3 LCE consumption of case study building designed using various sustainable design approaches

Conclusion
The study aimed to provide a better understanding of the life cycle energy benefits associated
with a range of key sustainable design strategies for industrial buildings. While a broader
range of case studies is needed to draw any conclusive findings, the results of this study have
shown that it is possible to significantly reduce the LCE demand of industrial buildings by
employing sustainable design strategies. LCE savings of up to 20% were found to be possible.
Taking a life cycle approach, as in this study, is crucial to ensuring that the environmental
performance of a building is optimised across its life cycle. Designers, architects, researchers
and decision makers will benefit from this knowledge, which demonstrates the advantages of
some key sustainable design approaches and a useful approach for analysing the net
environmental benefits of important design decisions. It can also help educate other
construction stakeholders, such as contractors, investors and tenants providing them with
important information for building development, investment and operational decisions.
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The importance of Software to calculate the ability of
Architecture to reduce energy demand in buildings
Abstract:
The directive 2010/31 /EU determines that after December 31, 2018 , new buildings occupied
and owned by public authorities will be net zero energy buildings and after 31 December
2020 all new buildings.
We will reach this target using various energy calculation softwares , but how many tools are
there that enable us to meet the demands of building in a truly accurate way?I will try to
answer this question in the following paper.
Once energy building simulation approximates the real behavior of buildings it will be easier
to achieve the EU Directive.
It is important that this aproximation occur first at the demand level of the building , knowing
in depth all the architectural parameters and using tools capable to exploit to a maximum the
ability of architecture to reduce energy demands.
architecture, demand , efficiency, energy, software
Introduction

The entry into force of the core document HE , March 13, 2014 , allows the use of alternative
methods of calculating the energy consumption different from the Software established by the
Ministry (Lider-Calener).
According to these regulations, the calculation method used should enable us to break down
the energy consumption in primary energy (fuel or electricity) to meet the energy
consumption of each of the technical services (heating, cooling , ACS and , if necessary ,
lighting ) .
In parallel, the directive 2010/31/EU determines that after December 31 of 2018 , new
buildings occupied and owned by public authorities will be net zero buildings and after 31
December 2020 all new buildings, whether public or not.
This situation opens the door to the use of various energy calculation softwares, but how
many tools exist that enable us to calculate buildings demands in a trule accurate way?
When energy building simulation approximates the real behavior of the buildings, the faster
the fulfillment of the objectives set down by law will be.
It is important that this alignment occur first at building demands level, knowing in depth all
the architectural parameters and using tools capable to exploit the ability of the architecture to
reduce energy demand.
I try to work in this way using a case study of a real building (a residence) to determine how
far we can reduce the energy demand of the building, and then apply the results to buildings
in general.
1530

ISBN: 978-84-697-1815-5

Image of the residence
To perform this study, at the same time monitor the residence, the residence has been
simulated with energy calculation tools (with an advanced energy calculation engine) and
finally the energy consumption of the residence has been compared with the model
simulation.
We need to add an extensive amount of information into the software to reduce the input
variables to provide information so that these programs can simulate reality and validate the
future projection of net zero buildings.
Information to calculate the demand

A proper balance between the cost of high-tech materials and equipment and the reduction of
whole-building energy consumption is critical when designing affordable low-energy
buildings. The most effective way to optimize the building envelope is to carry out parametric
analysis of all components.
To calculate energy demand in buildings, we naturally need information about the building.
First at all, we need to know the climate archive of the site. It is very important to use recent
weather data as near as possible to the site, together with air data, humidity, temperature from
the same year that as case study was made.

There are a number of architectural parameters that influence energy demand limitation. The
following architectural and material components and building characteristics will be
considered during this process:
-

geometry and orientation of the building
2531
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overall thermal characteristics of the building shell
application and configuration of thermal mass
colour an type of the surfaces
size and location of glazing
solar gain control systems
inherent air leakage characteristics of main building envelope
natural ventilation
infiltration of air into main building envelope
solar protections, inside and outside
internal loads, caused by human, lighting and equipment
location of air ducts, etc.

There are some sure parametres, geometry and orientation, colour and type of surfaces, size
and location glazing….but there are other parametres that we don’t know with accuracy,
natural ventilation, inherent air leakage, internal loads, so we need to adjust the simulation
model to make one assumption, and to test the simulation model with the existing model.
Lider-Calener
Lider-Calener, includes a single platform unification of official general programs used to date
for the assessment of energy demand and energy consumption and adapting these applications
to the changes introduced by the Basic Document (DB) from 2013.
This software tool provides the verification requirements for the Basic Document of the
Technical Code. The requirement established for new buildings for use other than private
residential in section 2.2.2 of the HE0 section can be verified using this tool, as provided DBHE, according to the basic procedure for energy certification of buildings. Other requirements
of sections HE0 and HE1 can also be verificated by this Software.
We need to know that this Software will be the Software most used to calculate the thermal
balance of buildings in Spain over coming years, so it is important to know the limitations of
the tool:
The current version of Leader-Calener unified has the following limitations:
1) No special geometrical interior structure can be defined if it is neither vertical nor
rectangular (except being horizontal floors)
2) No inclined slabs or floors can be defined
3) No non rectangular windows can be defined
4) In spaces of non constant height, the height will be introduced by adding an exact cubic
volum to the original space
5) By joining spaces vertically, the volume of the resulting space is not correct.
6) There are only two solar radiation maps for all the Spanish sites.
This Software (Lider-Calener) still uses DOE 2 methodology. In the paper “EnergyPlus
Analysis Capabilities for Use in California Building Energy Efficiency Standards
Development and Compliance Calculations” by Tianzhen Hong, Fred Buhl, Philip Haves, say
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“EnergyPlus inherited most of the useful features from DOE-2 and BLAST, and more
significantly added new modeling capabilities far beyond DOE-2, BLAST, and other
simulations tools currently available.” (2008)
So, we are using an old methodology to calculate thermal balance of building in Spain. LiderCalener can’t help us to calculate buildings demands in a trule accurate way.

Different Softwares

To know all the different options that architecture can provide to reduce energy consumption,
we need first to validate our simulation model with the real building behavior, we need to
adjust the unknown values of our simulation, creating different scenarios, until the demand
value is the same in the real building and our simulated model.
Nowadays, we have different softwares to calculate the energy demand of buildings but we
have seen we need a different software to Lider-Calener.
Energy Plus is the software that I use to calculate the simulation model. It is a building energy
simulation program that builds on the most popular features and capabilities of BLAST and
DOE-2. EnergyPlus includes innovative simulation capabilities including time steps of less
than an hour, modular systems simulation modules that are integrated with a heat balancebased zone simulation, and input and output data structures tailored to facilitate third party
interface development. A few of the features in EnergyPlus Version 8.0.0 include: modelling
of ventilated photovoltaic roof and other cladding systems, natural cross ventilation,
simplified definition of HVAC systems, refrigerated casework, variable speed cooling towers
and speed improvements throughout.
We can use a lot of design Software that uses Energy Plus as an energy calculator to estimate
energy consumption.
On the one hand, Design Builder is a fully featured EnergyPlus user interface suitable for use
at any stage of the design process. It enables a wide range of building types to be simulated
using the latest version of EnergyPlus. Advanced design options such as natural ventilation,
daylight control, double facades, chilled beams, and heated floors can be assessed for their
impact on the building environmental performance, comfort, cost, and daylight availability.
DesignBuilder applications include:
-

-

Building design analysis from early architectural stages through to HVAC design
LEED and EQ prerequisite and credit assessment
BREEAM credit assessment. DesignBuilder complies with the requirements set out in
A10 of the BREEAM documentation. It can be used for carbon, comfort and
daylighting credits.
Detailed design through CFD with links to load EnergyPlus temperatures and airflow
such as CFD boundary conditions.
Assess daylight illuminance effectiveness through Radiance ray tracing simulation.
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DesignBuilder also offers a full-featured user interface to EnergyPlus HVAC. Both air and
water can be treated by placing and connecting components in a graphical environment. The
HVAC interface is integrated with the building model and provides access to most HVAC
component types. All of the ASHRAE 90.1 baseline system types are included.
BIM models created in Revit, ArchiCAD or Microstation can be loaded into DesignBuilder
through a gbXML import process. Revit users can access DesignBuilder while working on
their BIM models through a plugin, which allows the model to be checked and analysed
without leaving Revit.
Alternatively building models can be assembled quickly and easily within the DesignBuilder
modeler by drawing and positioning 3-D blocks. Blocks once drawn can be cut, stretched,
merged with other blocks etc then partitioned into zones. Realistic 3-D elements allow correct
room areas and volumes to be used in daylighting and CFD simulations and add to realism in
rendered views.

Image of the residence simulation (Design Builder)

On the other hand, OpenStudio Plug-in enables us to use the standard SketchUp tools to
create and edit EnergyPlus zones and surfaces. It is possible to explore the EnergyPlus input
files by using all of the native SketchUp 3D capabilities to view the geometry from any
vantage point, apply different rendering styles, and perform shadowing studies.
The plug-in adds the building energy simulation capabilities of EnergyPlus to the SketchUp
environment. We can launch an EnergyPlus simulation of the model we are working on and
view the results without leaving SketchUp.
Highlights of Legacy OpenStudio Plug-in include the ability to:
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Create and edit EnergyPlus zones and surfaces
Launch EnergyPlus and view the results without leaving SketchUp
Match interzone surface boundary conditions
Search for surfaces and subsurfaces by object name
Add internal gains and simple outdoor air for load calculations
Add the ideal HVAC system for load calculations
Set and change default constructions
Add daylighting controls and illuminance map
Get help from tutorials and documentation

This plug-in makes it easier to work with EnergyPlus. The Legacy OpenStudio Plug-in does
not yet handle all critical input objects. Some editing of the input file will usually be required
outside of SketchUp. It is possible to use a text editor, a third-party interface/tool, or other
program (for example, the IDF Editor) to edit EnergyPlus input files. The Legacy OpenStudio
Plug-in for SketchUp was created by the National Renewable Energy Laboratory for the U.S.
Department of Energy.

Image of the residence simulation (OpenStudio)
This study tests both Softwares Simulations, and chooses wich is better for energy demand in
buildings.
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How do we carry out the study?
To do the work accurately, we need to have all the specific information about the site and also
about the building, not only architectural information, but also human behaviour and
functioning installation systems.
It is very important to know whether there is one thermal sensor or on the other hand the
system functioning is always manual or hourly. This means that in the building energy
consumption there is a relation between outside temperature or whetter it is independent.
We need to know the installion function to validate the analysis model. Later on, we will only
be acting on the architecture, on the skin of the building to carry out some proposals to reduce
the energy demand of the building. All this information will be introduced in the simulation
model.

Results of the study

Once the simulation calculation of the building is completed, and the present building was
checked then consumption values could adjust in a very specific way to actual design values.
Building simulation is very similar in OpenStudio and Design Builder, there are not
significative differences between the final calculation because it is possible to use the idf
editor, I will not explain the small differences in this paper.
A priori, we might think that building simulation is correct because the consumption data of
the residence both, monthly and annually is consistent with the calculated data, is very close.

Real consumption similar to simulation model
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The end result shows how ever when the model aproximation results are initially thought to
be correct, because the real consumption is similar to simulation model.
But, the values are far from real, because the indoor temperatures do not match, so somehow
the thermal inertia and heat fluxes calculated by software are incorrrect. The Software is not
creating a perfect simulated reality and it is possible to know because we are using thermal
sensors in the building.

Simulated temperatures
Approximation is still far away and shows that we have still a long way to go even with the
most sophisticate software. In this case the results thought near do not match, but we need to
carry on the same as in the initial study of other buildings at this level of approach.
Now we can make the necessary architectural proposals for improving energetic behavior, but
we must know that the results will have a margin of error associated with the different indoor
temperatures. We need to check this differents results to propose any percentage improvement
will have to take into account the variation between the values.
Conclusions

For this reason the simulation Software is so important, because until now the percentatge of
error calculation was nearly 20%. We need to propose improvements for the existing
buildings, and control the cost and efficiency of the proposal. We need to perfect energy
simulation to make real proposals 100 % reliable and useful for technicians.
Energy Plus contains a fully-integrated network model for calculating air flows and air
stratification, we need to test it with real studies and validate it. We also need to know the
infiltration and ventilation in buildings (doing blower door test), this is an other important
point to take into consideration.
That is very important in the design of passive architecture. It is necessary to incorporate
more passive information into the simulation design to achieve and exploit to a maximum the
ability of the architecture to reduce energy demands
To improve the energy simulation Software, we need to do more studies in real buildings, but
it is necessary to control the indoor air temperature because studies like this, show that the
comparation with monthly energy consumption is not enough, because the behaviour of a
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building is very different to a real one, so if we want to carry out an real analysis of an
existing building we need to put thermal sensors inside the building. This kind of study
enables one to adjust future thermal calculations.
Author: Licinio Alfaro
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Abstract: Existing tool for environmental impact assessment of buildings and districts
according to the LCA procedure are based upon a static method, considering yearly average
processes and impacts. A dynamic method has been developed in order to model the temporal
variation of electricity production and allocate environmental impacts to different uses. It
allows to evaluate low-energy and plus energy buildings on a more precise basis.
Based upon data from the French electricity grid manager, the model evaluates the
production mix in terms of temperatures in French climates and several periodic functions
corresponding to variation frequencies identified by a Fourier analysis. In a second step,
specific production mixes are derived for different uses: heating, cooling, domestic hot water,
domestic appliances and office appliances.
The model has been tested on a single family passive house, allowing solar hot water and
photovoltaic systems to be assessed using a dynamic method.
Dynamic Life-cycle Assessment, Buildings, Electricity production, consequential life cycle
assessment
Introduction
In France in 2011 almost 60% of the total electricity production was consumed in buildings
[1]. 33% of dwellings and 25% of office buildings are heated by electricity [2] and more than
45% of dwellings also use electricity to produce hot water [2]. This consumption is highly
time-dependent, from summer to winter, from day to night and from week to week-ends.
Production of electricity follows this variability. For instance, electric heating induces a
seasonal peak demand in winter with a high dependency to temperature, which is increasing
every year [1]. Local production of electricity, such as photovoltaic panels on buildings roofs,
also has a time-dependent production.
However, standard LCA practice is based on an average annual electricity mix, neglecting this
variation. The purpose of the work presented here is to improve the precision of LCA, by
integrating a dynamic electricity mix, disaggregated on different uses. The model developed
to calculate the electricity mixes is first exposed. Then we explain how it was integrated in
Building LCA tool. Afterwards we show implications of this modification in terms of
environmental impacts assessment of buildings. Finally we discuss limitations of the model
and future possible developments.
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Building LCA
From the 80’s, several tools have been developed around the world to evaluate environmental
impacts of buildings according to the LCA method. Thanks to research projects like
REGENER [3], and a common methodology basis has been sketched out for building LCA
tools. Eight European tools have then been compared as part of the thematic network
PRESCO [4].
One of these tools is EQUER [5], [6]. It was developed to model the life-cycle of buildings,
from construction to dismantling, through utilization and renovation phase. It also includes an
extension to urban district evaluation. Due to the importance of energy issues in buildings
environmental balance, it is linked to a dynamic termal simulation tool, COMFIE [7].
After an analysis of sustainability objectives performed in the E-Co-Housing Project [8], it
considers eleven indicators, mostly from the CML2000 and Ecoindicator 99 methods to get a
comprehensive set of environmental impacts (see table 1).
Table 1:
Environmental indicators in EQUER

Impact indicator
Cumulative Energy Demand (CED)
Water consumption (W)
Abiotic Depletion Potential (ADP)
Non-radioactive waste creation (NRW)
Radioactive Waste Creation (RW)
Global Warming Potential (GWP 100)
Acidification Potential (AP)
Eutrophication Potential (EP)
Damage caused to ecosystems (BD)
Damage to human health (HD)
Photochemical Oxidant Formation (smog) (POP)

Unit
GJ
m3
kg Sb-eq
t eq
dm3
t CO2-eq
kg SO2-eq
kg PO43--eq
PDF.m².yr
DALY
kg C2H4-eq

Modelling the production of electricity
The French electricity grid manager (RTE) provides hourly production values for nuclear,
hydro-electricity, gas & coal, and fuel thermal plants. At time of study, data was available
from 2007 to 2009. Our model has been based upon 2008 data because this year fits the most
with a typical climate (lowest temperature discrepancy compared to the average 1971-2000,
according to MeteoFrance).
The electricity production changes according to the seasonal, weekly and daily variation of
the consumption. Fourier analysis allows the different frequencies composing a signal to be
identified. This method has therefore been applied. The main frequencies correspond to 12 h,
24 h, 168 h (i.e. one week), 4392 h (half a year, 2008 being bissextile), and 8784 h (one year).
The electricity production is then expressed as a sum of periodic functions corresponding to
the identified frequencies (daily, weekly, seasonal and yearly variations). Due to the
importance of the electric heating in France, the production also depends on climatic
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conditions, and mainly external temperatures. As production data is available on a national
scale, a reference temperature has been evaluated as an average between several locations
(MeteoFrance data), weighted according to the corresponding population. The production P is
then expressed as a function of this average temperature Tav and of time t:
,  

∑    ∗ cos ∗       

(1)

Where wi are the identified frequencies.
Parameters  ,  and   are identified by a least square method (quasi-Newton
algorithm) in order to minimize the discrepancy between calculated and measured production
values. Yi are assumed constant.
The average discrepancy between calculated and measured production is 4%. The discrepancy
is higher (11%) when comparing the year 2009 values (see the discussion session).
A part of the consumed electricity (around 6% of production) is imported. RTE data include
hourly imported quantities from different countries: Germany, Switzerland, Spain, Italy, UK
and Belgium. This has been integrated to the model, so that a complete electricity production
mix is derived.
Construction of use specific electricity mixes
The total impacts of electricity production can be evaluated at each hour using the model
presented above. But electricity is used for several purposes: lighting, domestic appliances,
cooling, heating, tertiary uses, domestic hot water production etc. These different uses can be
regarded as co-products, and different allocation methods can be applied. If electricity is
consumed during a winter night both for heating and hot water, considering the same
production mix would lead to account for high CO2 emissions also for electric hot water
production, though these high emissions are due to the seasonal peak induced mainly by
heating. It seems therefore more relevant to differentiate the production mix according to the
different uses.
A yearly constant base load mix is first identified according to the yearly minimum values of
nuclear and hydro power production.This mix is used to evaluate the environmental impacts
related to hot water production, the solar hot water contribution being marginal at the moment
in France. Subtracting the yearly minimal production from the weekly minimal production
allows a mix to be identified for heating and cooling. This mix is evaluated for each week. A
correction based upon a linear approximation is applied at each hour to account for climatic
variation within a week [9]. The weekly minimum production is then subtracted to the hourly
production values in order to study other domestic and professional uses (i.e. other than
heating, cooling and hot water). Week-end production is assumed, by approximation, to
correspond to domestic uses. This allows the domestic and professional contributions to be
identified. This process is applied to each production type (nuclear, hydro-power, thermal
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plants) so that hourly electricity production mixes are evaluated for each use type. The same
grid efficiency (9% losses) is considered for all production types.
Integration in Building LCA
The output of the model described above consists of 5 different hourly mixes for the 5 uses
considered adapted to a typical climatic year.
In a first approach, usages have been associated to their major variation scheme:
-

Seasonal consumption : Heating and cooling
Base load : Domestic hot water, stand-by consumption, cold appliances
Daily consumption : Other Domestic appliances
Weekly consumption : Professional appliances
Average hourly mix (not disaggregated by use), eg. for a local electricity production
Average hourly mix, heating

Average hourly mix,
appliances

Base Load mix

100%

100%

100%

80%

80%

80%

60%

60%

60%

40%

40%

40%

20%

20%

20%

0%

0%

0%

Hydraulic

Nuclear

Thermal

Nuclear

Hydraulic

Thermal

Nuclear

Hydraulic

Thermal

Figure 1: Results of the model presented as average hourly mixes

In order to be integrated in the building LCA tool EQUER, the model has been recalibrated
on a typical year (mean temperature over twenty years), so that it is compatible with the
simulation tool COMFIE, in terms of temperature used to evaluate the heating and cooling
loads, provided as hourly values. The energy consumed for appliances generally contributes
to heat the building, and this heat gain is defined in an hourly scenario in COMFIE.
Dynamic LCA seems particularly adapted to assess Plus energy buildings because local
production is generally variable (e.G. in terms of solar radiation or wind).
Local electricity production is firstly consumed in the building. The allocation to each use is
proportional to its share in total electricity consumption at each hour. Residual production is
then evaluated as exported to the grid and corresponds to an avoided grid production
evaluated using the general hourly mix at the same hour. The corresponding avoided impacts
are subtracted from the total impacts of the building. Impacts linked with the production of
equipments (Production and transport of photovoltaic modules for instance) are entirely
allocated to the building.
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Case study
This model has been tested on a case study. A family house has been chosen, situated on the
Incas platform, near Chambery [10]. It was built to respect the passive house standard. The
heated floor area is 90m².

Figure 2: One of the INCAs House, in Chambéry [10]

Using the thermal dynamic simulation tool COMFIE, the calculated heating load (19°C
temperature set point) is 18 kWh/m2/year.
Two renewable energy systems, added to a “base” house, have been evaluated using the
annual average and hourly electricity mix models:
-

4m² of solar thermal panels, facing south, 71.7° slope
39.3 m² of polycrystalline photovoltaic Si panels, facing south and with 26.5° slope

Electric air heating is used for space heating. Hot water is produced by an electric hot water
tank. The annual consumption for other uses (lighting, ventilation, domestic appliances) is set
to 2700kWh; corresponding to an average consumption per household in Europe [11]. Final
energy consumption for each use satisfied by electricity is reported in the following table.
Table 2:
Annual final consumption and production of electricity

Base
Base+Solar
thermal (SolTh)
Base+PV (PV)
Base+
SolarThermal+PV
(SolThPV)

Space heating
(kWh)

Water heating
(kWh)

Specific electricity
(kWh)

1790

2544

2700

PV
Electricity
production
(kWh)
0

1790

551

2700

0

1790

2544

2700

5021

1790

551

2700

5021

Regarding life cycle assessment, fabrication of materials is evaluated considering a 5%
surplus added in order to account for on-site processes, broken elements and purchased
quantities. An average 100 km transport distance by truck is considered from the factories to
the building site, 20 km from the building site to incineration facilities and 2 km to landfill.
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Life spans considered are 10 years for building finishes, 30 years for windows and doors and
80 years for the other elements and the whole building. The photovoltaic system has been
evaluated with a 25 years lifespan and the thermal solar panels with a 20 years lifespan. At
end-of-life, all demolition waste is assumed to be landfilled. 4 inhabitants are considered,
consuming each 100 l of cold water and 40 l of hot water (at 50°C) per day.
As the objective is to study impacts related to the electricity consumed in the building,
domestic waste management and daily mobility of inhabitants are not included. We have used
Ecoinvent 2010 database [12] for the life-cycle inventory data.
Results
Life-cycle impacts have been calculated for the base case and the three alternatives. After
normalization procedure, results for photochemical Oxidant Formation and damaged caused
to ecosystem have been removed as all studied systems had a very small contribution in both
of these impacts.
The following graphs show for each alternative the relative discrepancy between a calculation
using a yearly average mix and a use-specific hourly mix:
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Climate change
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0,75
0,50
0,25
0,00

Acidification
Primary energy
demand

Eutrophisation

Water

Abiotic
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Acidification
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0,50
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0,00

Radioactive
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Climate change
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0,50
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SolTh yearly average
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Figure 3: Relative discrepancy between a yearly averaged mix and a use-specific hourly mix
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Using the hourly mix method tends to increase environmental impacts related to thermal
electricity generation technologies (Climate and Resources for instance) of more than 7%
(and up to 30%) and decreases environmental impacts related to nuclear production (Primary
Energy demand and Radioactive waste). Only base case result show small differencies
between the two methods. Results thus indicate that the amount of thermal technologies used
to generate this electricity is higher than what is suggested using an annual mix. Differencies
are the highest for the alternative integrating thermal solar panels, which is explained by the
base load mix (nuclear and hydraulic power), associated with water heating.
Discussion
The results show how important it is to consider time-variation in energy consumption and
production, especially when assessing low and plus-energy buildings.
The model has been calibrated on the year 2008 and tested on 2008 and 2009. At the time of
development, it was the only years for which detailed data were available. The model is
currently being updated since new detailed datais now available for the years 2012 and 2013.
Economic parameters are not included. As an example, in 2009 in France, the economic crisis
has had a large influence on electricity consumed by industry. The decrease of electricity
consumption from industry has made nuclear capacity available for other uses. This is one
explanation of the discrepancy between results of the model and measured electricity
production in 2009. A larger period of study may reduce discrepancy due to economic
variations.
The model has shown difficulties to treat extreme weather events and intermediate season
when dependency to temperature is lower. Furthermore it only takes into account temperature
but it would be useful to integrate a solar radiation parameter. The model is based on two
main parameters: temperatures and frequencies of uses. However, these two parameters are
not completely independent, which means that a part of variation linked with temperatures is
allocated to frequencies. The reference temperature is calculated on the basis of three
meteorological locations in France. This number could be increased, e.g. the grid manager
(RTE) uses 32 locations in its model. There is work in progress to build up a new reference
temperature based on 8 locations. Holidays are not taken into account, which introduces some
singularity neglected by the model.
Future evolution of the mix (planned dismanling of obsolete plants for instance, planned
construction of new capacities) has not been taken into account. This is of importance
considering that average lifespan of buildings is around 80 years but it is also very uncertain.
Therefore LCA results are more reliable for short term periods, e.g. dividing the total impacts
by the duration of the period provides yearly impacts and this value is more reliable for the
next years than for a far future.
Consequential LCA is defined as a modeling technique aiming at evaluating consequences of
a decision (Earles et Halog 2011; Ekvall et Weidema 2004; [13]. This method is of great
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interest when feedback loops of important magnitude occur between the studied system (here
a building or urban settlement) and background processes (e.g. electricity production). The
study presented here is a first step towards integration of consequential parameters in life
cycle assessment of buildings. After increasing the robustness of the model and integrating
new dataset available, further steps may include feedback loops such as modification of the
general mix because of the influence of buildings (short-term, utilization of installed
capacities), scenarios integration (mid or long-term, influence on investment on new
capacities), and economic parameters (electricity market merit order, elasticity).
Conclusion and perspective
Choosing an hourly or annual production mix model to perform building life cycle assessment
has a large influence on impact evaluation. Technologies such as photovoltaic modules, heat
pumps, cogeneration, solar domestic hot water systems, or new control strategies influence
the electricity consumption and production over time. Using an annual model is therefore not
precise, and life-cycle simulation is more adapted.
A consequential LCA method could be further developed to better understand feedback loops
mechanisms between the building sector and the overall electricity production system.
Economic mechanisms, resources constraints or scenarios may be added. This would allow a
better understanding of short and long-term environmental consequences of electricity
consumption, and more globally improve the reliability of building eco-design tools.
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Abstract: This study has intended to help understanding on the building energy of ocuupants by
conducting the basic research for the development of energy assessment model to briefly evaluate the
building energy consumption and architectural scheme using a mobile application. In this study, the
authors have built the process for the development of application. The building energy assessment
model by energy consumption and by architectural scheme was suggested. Furthermore, the energy
evaluation model is realized in mobile applications, and its suitability is examined through case
studies. The mobile application was evaluated for applicability on university buildings. Energy
consumption was divided into five stages by energy use intensity, but the assessment by architectural
scheme for each item divided into three stages, so this matching was limited. If the assessment model
is refined further and displayed information become more accurate through the use of mobile
technologies in the future, it is expected that building users could be provided with information on the
energy level, energy conservation method and the effects.

Mobile application, Building energy assessment, Energy saving, Energy consumption

1. Introduction
Greenhouse gases are generated mainly through energy consumption, and building-related
energy consumption accounts for 25% of total energy consumption. According to Building
Statistics 2011, in South Korea, the number of newly built buildings is approximately 200,000
and the number of existing buildings is approximately 6.73 million; this accounts for most
buildings in South Korea. In contrast to newly built buildings, in which energy-saving
measures have been applied from the design phase due to governmental regulations and
technological developments, most existing buildings incur a large amount of energy loss due
to aging over time and low levels of energy efficiency at the time when they were designed.
Building-related energy is consumed throughout the entire life cycle of a building—during
new building construction, during operation and maintenance, and during demolition. More
than 80% of energy consumption in buildings takes place during the operational phase of the
building. Hence, it is crucial to seek energy-saving measures in the operational phase in order
to effectively achieve energy conservation goals.
In the past, attention and regulations for building-related energy conservation were targeted
exclusively to experts. However, attention and regulations pertaining to energy conservation
have also become main concerns for members of the general public who reside in buildings,
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since energy conservation in buildings is related to building operation and management costs.
Consequently, further measures are being developed for general users that feature easily
understandable content and accessible, relevant information. In addition, due to the recent
development of information technology and the prevalence of smart devices, varied
information can be provided and obtained through mobile applications; such applications are
also utilized in the building sector. The general public must be provided with an awareness of
the importance of energy and energy performance certification policies must be promoted;
furthermore, tools that can be used to easily accomplish energy conservation and that can be
used to evaluate the energy performance of buildings must be developed.
Therefore, this study analyzes the current status and energy performance of existing buildings
and provides energy-saving measures. These measures are implemented through a mobile
application: virtual results are yielded when the energy-saving methods are applied, helping
general users to understand the direct effects of such measures. Furthermore, this study also
presents the results of an analysis of applying energy-saving architecture- and facility-related
component technologies to existing buildings. Because these measures are implemented
through a mobile application, information regarding the advantages of such measures is
provided to building users directly. In addition, by implementing education and advertising
regarding energy-saving measures, users are informed as to their choices in applying the
component technologies and are shown the scope and effects of such applications.

2. Case study on the utilization of mobile applications in the building
Mobile applications on smartphones currently provide users with active, rapid, customized
services, such as location-based services, social network services, entertainment services,
work productivity improvement services, mash-up services (fusion services), and mobile
advertisement services. However, applications used in the building sector have not been as
actively utilized compared with those in other sectors. Table 1 shows types of application that
have been developed and are currently available in the construction sector. These applications
have numerous main features: for example, they provide information via websites, offer tools
for interior and design assistance, feature product advertisement images, and enable
information to be exchanged for management. Most of the applications that have been
developed aim to provide information; few applications provide energy education and
advertising based on a building database.
In the mobile sector, smartphone hardware and software, as well as the infrastructure for
wireless communication, have already been built; users can easily access relevant information
due to the wide penetration of smartphones. With the consistently increasing demand among
consumers for monitoring "visible" objects in fields in real time, it is anticipated that
applications using mobile technology will come to be employed more effectively. Among
mobile technologies, mobile applications using augmented reality (AR) can be implemented;
such applications can present building energy consumption and building assessment
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information to general users. The implementation of such applications can heighten awareness
regarding the importance of energy, advertise energy performance certification policies, and
provide tools that are easy to use to accomplish energy conservation.
Table 1 The types of developed application in construction sector
Category
Providing
information

Application
Houzz Interior Design ideas

Archi d'Int
DeHome Design
Architizer

Architecture

&

Buildings

Design
assistance

Auto CAD WS

Finger CAD
Home Interior Layout Designer
Magic Plan

cadTouch R2
Product
advertisement
and
application

Paint Tester
Do You Light
painted space

Information
exchange

goBIM

Mobile PlanRoom

Others

Smart Measure Pro
Navigator v1.0 for the land use
regulation
Architect’s Fomulator
Dictionary of Architecture TR

Main features
·Provides home interior photos and idea books for interiors
·Classifies information related to construction, building, and
interiors by product category and information type
·Provides articles and information related to interiors
·Presents interior designs for houses and offices and related
information
·Provides
information
regarding
world-renowned
architecture and interiors
·An application that can be used to search for buildings
designed by architects by using GPS
·Can easily be used to search for nearby buildings
·Can be used to open DWG files and perform simple editing
and sharing
·Can be used to modify drawings
·Can be used to produce drawings of, for example, housing,
bridges, apartment floor plans, machine parts, and terrain
·Built an application that can be used to select wallpaper,
floor materials, or furniture for a space
·Can be used to test various floor plans by laying out objects
in photos
·Obviates the need to measure spaces
·Users can create plans, terrain, façades, machines and
structures, diagrams, and notes
·An application that can be used to upload photos of a
preferred space and test selected colors of paint
·An application that provides images of desks and lighting
once a user selects their preferred photographs
·An application to virtually paint interiors
·A program that matches paint colors to house interiors
·Checks BIM models
·Once a GBM file is created and exported, the file can be
uploaded to the web for viewing
·Materials are uploaded to web pages; checked drawings
from the field are shared by architects, engineers, and
construction companies
·Measures the distance, height, width, and area of target
objects using AR technology
·Checks the regulation details for the lot via map search
·Provides the land use planning confirmation, land use
regulation, and guide for procedure of building permission
·Provides a calculator for building sectors
·An application for electricians, carpenters, and plumbers
·Dictionary of architectural terms

3. Development of the pilot application
The application obtains location information, such as latitude and longitude, through the
mobile device; this information is then transferred to the location information system.
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Subsequently, additional information that is stored in a database (DB) in a corresponding
location is transmitted; this additional information augments AR information that the system
obtains through the camera. The application is divided into parts: one part provides basic
information, one part shows an analysis of the current status of energy consumption and
contains the DB of the building, and one part provides energy-saving techniques.
Basic information on buildings is provided, including the size, location, use purpose, and year
of completion. The target building is displayed on the screen in two modes—map mode and
camera mode—depending on which mode the user has selected. Basic information on a
building is presented when the user selects that building.

Image 1. Information by
map mode

Image 3. Building
information

Image 2. Information by camera mode

Image 4. Monthly energy
consumption

Image 5. Energy
efficiency potential
assessment

Image 6. Energy saving measures

Analyses of the current status of buildings are presented as simplified assessments according
to energy consumption and building characteristics. Energy consumption levels are presented
in comparison with similar buildings based on an analysis of power and gas energy
consumption and an analysis of energy consumption per unit area. In addition, the building
DB is created by incorporating planning- and facility-based elements that are applied to
buildings once information is collected based on the drawings of those buildings. Both basic
information, including the size, purpose of use, and cooling and heating methods, and detailed
information, including the ratio of the lateral to longitudinal length, the window-to-wall ratio,
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insulation performance of the envelope and windows, lighting, and occupant density, are
incorporated. By performing a comparative analysis of this information, the simplified energy
performance of buildings is analyzed, thereby providing the energy consumption level of a
building based on the building DB. Moreover, by using e-QUEST, based on the level of each
variable, reductions in energy consumption can be identified in terms of rates and resulting
performance can be analyzed.
In the part of the application that provides energy-saving techniques, application techniques
are divided among four steps based on building characteristics. This study aimed to simply
present changes in energy consumption through a mobile application to general users; thus,
important variables that were directly applicable and essential for energy assessment were
selected. The first step endeavors to promote behavioral improvements among building users;
this step is applicable to buildings where building performance is good but energy
consumption is high. The second step endeavors to improve the efficiency of buildings in
which simple methods that can improve building performance and functioning, but exceed
standard criteria, are applicable. The third step promotes the replacement of degraded parts
and equipment with new parts and equipment. The fourth step concerns the application of
renewable energy. Because renewable energy is based on the conversion of energy produced
in building systems, this study did not include a performance evaluation of renewable energy.
Table 2 Energy saving measures by application step
Category
First step

Second step

Details
-Standby power cut-off
-Control of indoor temperature
-Installation of exterior insulation
-Instuallation of shadings
-Lighting improvement
-Adhesion of window film
-Rooftop greening

Category
Third step

Fourth step

Details
-Installation of inside insulation
-Replacement of windows
-Installation of the optical duct
-Replacement of the cooler and heater
-Solar power system
-Solar thermal system
-Geothermal heat pump

4. Verification of the pilot application through the case study

A building on a university campus was selected for conducting a case study on energy
consumption and building DB assessment, thereby applying the energy assessment model. It
has been reported that most large buildings that consume energy have exhibited a substantial
decrease in energy consumption in recent years, whereas buildings on university campuses
have increased in energy consumption. Thus, analyzing the promotion of energy reduction
and evaluating energy consumption are necessary on university campuses; a campus building
in which energy consumption could be measured in that building alone was selected as the
target of the case study. In other buildings, power was simultaneously measured with that in
adjacent buildings but gas was measured by building, hindering the accurate identification of
energy consumption in such buildings.
The standard building was selected from among the target candidates and was analyzed in
terms of energy consumption reduction according to the application of energy reduction
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techniques; this analysis was verified through e-QUEST. To test the standard model,
simulated energy consumption and energy consumption in practice were investigated to verify
the reliability of the result values. Based on energy consumption in the standard model,
performance evaluations of the variables applicable to each step were performed. To analyze
energy consumption reduction rates according to the application of the three steps in the
energy reduction technique, energy consumption reduction rates were calculated by selecting
multiple variables. However, for outside and inside insulation, the adhesion of window film,
and the replacement of windows, the selection of a single element was enabled to reveal the
resulting energy-saving effects.
The table 3 shows results obtained by the application and from the simulation. In the
application, energy reduction rates were calculated by summing the reduction amounts
produced individually by applied techniques; an energy analysis of all variables(2 & 3step)
was performed to verify the calculation results. A comparison analysis revealed that the error
between the two data sets was approximately 10%. Since this application did not aim to
precisely analyze energy, but rather, to simply present energy-saving techniques, the error
range between the two data sets was tolerable.
Table 3 the results of comparing energy savings obtained energy simulation and the application
Number
of
measures
1

2
3

Energy saving measures
Second
step

-Installation of exterior insulation
-Installation of shaings
-Lighting improvement
-Adhesion of window film
-Rooftop greening
Third
-Installation of inside insulation
step
-Replacement of windows
-Installation of the optical duct
-Replacement of the cooler and heater
33 combinations of Energy saving measures
64 combinations of Energy saving measures

Energy
simulation
24.4%
-3.0%
3.1%
0.7%
6.1%
20.5%
2.0%
0.2%
7.7%
1.9~34.7%
4.2~40.8%

Energy reduction
Application
24.4%
-3.0%
3.1%
0.7%
6.1%
20.5%
2.0%
0.2%
7.7%
-2.8~32.1%
-0.8~38.2%

Difference
0.1~9.2%
0.2~9.2%

5. Conclusion
The purpose of this study was to provide a simplified program that could be used to assess
building energy consumption using mobile devices to enable energy in the building sector to
be conveniently approached in light of the growing interest in building energy both among
building experts and the general public. To achieve this goal, the level of currently available
technology was analyzed: an analysis of the current status of mobile applications that have
been presently developed was conducted, and a mobile application for energy reduction was
implemented. The reliability of the application was verified by conducting a case study.
Through the application, education and advertising regarding energy-saving measures can be
implemented: the application enables users to choose which component technologies to apply,
and subsequently displays the scope and effects of such applications.
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This study focused on the utilization of a mobile application to accomplish energy
conservation in buildings; using the mobile application, numerous general users of
smartphones can easily and conveniently access information pertaining to buildings, energy
consumption, and reductions in energy consumption. However, general users of buildings
may be unable to practice certain techniques suggested in this study. Among the techniques
suggested to accomplish energy conservation in university buildings, only techniques
suggested in the first step of the application can be practiced by students. Therefore, general
users shall be further segmented into categories (e.g., students, building managers, and
university operations team members), each of which will be presented applicable energysaving measures according to the steps. Furthermore, future studies regarding the scope of
information disclosure and improvements, as well as studies to extend this application to
buildings used for more varied purposes (such as apartment buildings and office buildings),
will be conducted.
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Abstract:
Development/Methodology/Approach; Our first goal is to develop a real-time monitoring
system and locate wasted energy from energy-related data. The second goal is to develop
algorithms and control systems that optimize the control of M&E devices and systems in
order to minimize energy loss and achieve improved efficiency.
Findings; One is a real-time monitoring system and installation methodology for existing
buildings that have no sensors. Others include the development of procedures to analyze timeseries data of sensors, and algorithm.
Originality/Value –A) A procedural methodology for installing and monitoring sensors in
existing buildings and analyzing energy data. B) The algorithm for the optimization of control
systems.
Keywords, Real-time Monitoring, Visualization, Optimized Control, Energy Conservation,
CO2 reduction
Introduction/ Technical and social background
Fossil fuel consumption accounting for 30 to 50% of Japan, as the result of operation of
existing buildings. Effective use of non-renewable energy and, in order to reduce CO2
emissions, the effective use of non-renewable energy and the reduction of energy
consumption in existing buildings is necessitated important for us on a global scale. The
supporting technology and theories for reduction of energy consumption in existing buildings
have matured. Numerous technologies and productions for energy conservation have been
developed, diversifying the operating conditions and the physical aspects of existing
buildings. , Such diversification necessitates the continuous improvement of the "usage" on
the actual condition of the individual buildings. Therefore, the informational data of
“operating situations” and "usage" of individual property have to be collected and analyzed.
Currently, we do not have a standardized methodology for the collection and analysis of detail
time-series date related to energy consumption. Decisions for improvements of "usage" and
“operation” are generally made using intuitive judgment, without sophisticated engineering
studies and its resultant data. The purpose of this paper is to develop a strategy with real-time
monitoring for energy conservation and CO2 reduction in existing buildings and to optimize
the control for building equipment by using monitoring data. In addition, an attempt is to
develop a theory related to the real-time data monitoring method using a designed monitoring
system. This system was installed in the existing buildings, employed in the process of
collecting and analyzing monitored data in the field, and was used to improve the operations
of the existing buildings.
1.0 Research question and purpose / Development Research methodology
Our first goal is to develop a real-time monitoring system and locate wasted energy from the
monitored data. The second goal is to develop an algorithm and a control system that
optimizes the control of M & E devices and systems for minimization of energy loss and
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achieves improved efficiency. In general, most buildings are not programmed to collect timeseries data or grasp quantative “space information”, “information related energy
consumption”, “information related to energy consumption”, and “operation data”. It is
necessary for energy management to keep the efficiency by using mechanisms designed to
process continues data, visualization and analysis. Our data management process and
applications include finding a variety of problems and items of waste energy about M&E
equipment from energy data. This methodology must easily identify problems and solutions
by using graph processing, statistical analysis and evaluations for appropriate energy
consumption. This mechanism captures the constantly changing environment and selects the
optimal solutions (control pattern and settings) for energy-saving and efficient energy use.
This development research methodology is implemented in an actual building group, and
verified whether integrated energy management is possible. (Table1-1)
Table 1-1 Purpose of development research

Purpose and the contents

①
②
③

The
developed
system
can
be
implemented
inbeexisting
buildings
that facility
manager
isaalways
absent.
The
developed
system
and
methodology
can
adopted
organizations
that
do
not
have
full-time
energy
manager
This
methodology
is
introduced
into
organizations
with
many
stakeholders,
and
Verified
energy
saving
and data
CO
reduction.(shown
below
methodology
1)～6))
The
purpose
is
to
verify
the
flow
of
the
mechanism
(energy
collection, analysis, evaluation, associated with the solution and control algorithm for optimization.)

2

Development Research methodology
１）
２）
３）
４）
５）

Prototypethereal-time
data
monitoring
and designed
of a general
model.To
clarify the elements
ofbuildings.
these technologies.
Arrange
issues
and
effects
of
"Energy
Visualization"
through
the
installation
in
existing
We propose a
mechanism
to
optimize
energy
use
to
identify
issues
from
case
studies,
and
identify
the
ideal
architecture.
Proposed
an architecture
that can
bearchitecture
implemented
for effective
use as insocial
infrastructure,
and
used toofinvestigate
given
conditions
for
installation.
This
is
allied
tp
the
building
its
actual
operation.
A
system
integrated
energy
management
is
designed
to
organize
its
effects
and
issues.
Optimize
the
mechanism
to take(Automatic
advantage control,
of the energy
data,control,
and energy
conservation
andcontrol,
CO reduction;
Developa
and
test
logic
and
algorithms
predictive
artificial
intelligence
etc.)
Propose
mechanism
associated with aInstalled
solution forin results
of data
analysisVerify
and energy
optimization
todevelopment
clarify the algorithm.
The
above
items1)～5）are
an
actual
operating.
the
contents
of
the
research, and
evaluate the feasibility.
2

2.0 Target Buildings and Organization
We selected the target buildings for our analysis. Because these buildings do not have
solutions for reducing the energy consumption and a demand control methodology.

・
・
・
・
・

No facility manager in the buildings. (Most small buildings do not employ staff for energy control and
management.)
Existing buildings which do not have sensors for energy management and those that do not have Building
Energy Management System (BEMS) and /or Energy Management System.( EMS)
Stakeholder complex organization
The building owner has several buildings.
The owned buildings are away from each other.

3.0 Designed system for data collectio
The proposed model is based on the systematic use of information supplied by the buildings.
(see Figure 3-1).
Data
collection

Facts
data

Action
Analysis

Concern

Interpretation
Control

Technical data
Economic data

Analysis is distorted by the lack of information

Figure 3-1 Well informed decision making model by using quantitative information

4.0 Visualization for what / Stake holders of energy management
The points of the designed system are below. (see Figure 4-1)
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Web-based system. (date collection, visualization, analysis data) / Module function framework / Open source
(protocol, database and web application and software)
Information user
Manager
layer

Energy Information system
Monitoring system

Hotel

Admi and
financial
Facility
manager

Office

Data Base

Building
maintenance
Environmental
section

Data sending side

Research campus
Energy analysis server
Environmental impact analysis

Large-scale office building

Factory
Building
user

Distribution center

Figure 4-1 Real-time・data monitoring a conceptual diagram of the field

Represents the relationship between the stakeholders effective use of energy and energyrelated information. The left side of the figure indicates users of the information. The center
of the figure shows the information service providers that evaluate and analyze data
accumulation. The right side of the figure indicates a group of buildings for various
applications, and they are the originators of the data.The target is to apply the system in
buildings anywhere in the world. Information service providers present the information
stakeholders of the building by using the Internet. Information service providers can also
collect and retrieve information from the building and information necessitated by users, such
as information requires to change the usability of the building. Information service providers
collect the building-related energy information from sensors in the buildings. This system can
also issue commands and send the required information to the user. Information is available in
both directions. In addition, information may be transmitted and controlled by the information
service provider on behalf of or in the absence of another praty. In some cases, the
information users are both and stakeholder and partners. The same information is used for
different purposes and different display. Information service providers are required to have
the ability to display the results of their own purposes.
5.0 Module function framework (Sensors and the designed system)
Designed architecture for control and optimization of real-time monitoring. (see Figure 5-1)
It indicates function modules. These modules are different fields of technological advances
and industry.

・
・
・
・
・

・

“Black arrows” indicates sensing (data collection) to visualization flow.
“Blue arrows” show analysis information flow.
“Red arrows” show control information flow.
“Local” indicates onsite buildings and/or building related parties.
“Center” indicates integrated data storage and analysis system.

“Designed modules generally have open interfaces that use open protocol and are easily connectable.”
each other. Each module and software can be improved if the module functions are not able to adopt
this total system in the future.
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Measurement System

①

Devise Control System

⑫

Building items with related to energy use
Ⅰ

⑪

②Sensors
Ⅱ
③Measurement devices
Ⅲ

equipment
ⅩⅠ

Control section
Ⅹ

Ⅷ

⑨Local data analysis section

Analysis System

④Data transfer section

ⅩⅢ
Ⅸ

ⅩⅤ
⑩Central data analysis section

ⅩⅡ

Ⅳ

Storage System

Local

⑤Receiver and real-time data collection
section

⑭Setting, Parameter, Demand
pattern data collection section

Center

ⅩⅣ
Ⅴ

Ⅴ

Display System

Optimize System
⑬ Optimize section

⑥Data Display section
Ⅵ
⑦Data Visualization section

Visualization System

Ⅶ

Local

⑧User

Figure 5-1 Development research whole architecture data flow and 7 function modules for visualization and
optimized control
Table 5-1 6 modules of visualization and optimized control

Measurement system module: This function module includes ①Energy related items ②Sensors ③Measurement device which

applies physical
meaning to the data. ④Data transfer section which uses open protocol and translates the data into a generic
protocol
on
TC/PIP.
Storage System module: This function module includes ⑤Receiver and real-time data collection which have data servers and
data tables for each project
Display System module: This function module includes ⑥Data Display section which has a web server function.
Visualization System module: This function module includes ⑦ Data Visualization section and ⑧Users The visual section is a
web
browserfunction
on a general
PCdevice
and analog
some smart
devices connected through the Internet. Users themselves are able to include
this
module
as
the
controller.
Devise Control System module: This function module includes ⑪Control section and ⑫equipment. The Control section has a
special protocol that can adopt
many kinds of M&E equipment and system.
Analysis System module: This function module includes⑨ Local and ⑩Central data analysis sections that calculate and
compareindicators
the energy
consumption
of the best
results,
bothandpastCentral
and current.
The Local
dataincludes
analysisvalue,
sectionindicators
includesfortarget
value,
for
energy
consumption
and
efficiency,
data
analysis
section
energy consumption and efficiency.
5.1 The goals of this development are the followings.
・ The automatic visualization of obtained sensor data.
・ Share information with experts.
・ Energy audits and analysis using the time-series sensor data.
・ Control for optimization of energy use.
6.0 Real-time time-series data and analysis (Case study)
The following case study is analysis of the Field Study Building, public office building in
Yokohama. The Field Study Building was completed in 1999. This building has B3, F8, P1
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stories and total area is 24,335 ㎡. The building type is ward office with a public hall (600
seats). The operation hours are from 8:45～17:00 on weekdays. This building is equipped
with multiple energy conservation systems, such as a high efficient absorption chiller、
variable water volume control, variable air volume control, cooling system that uses outside
air, high frequency lighting fixtures, a ice thermal storage system. “This building can easily
be called an energy conservation building’.
6.1 Monitoring analysis for Electrical energy demand.
Our procedure of our analysis is shown below.
１） Monitoring and analysis for power demand.
２） Verification for efficiency of heating and cooling sources.
３） Installing CO2 controller and verification of its effect.
Peak power demands are composed in only few hours, which are highlighted with the circle
line in 20 every hour; power demands from maximum order are extracted. It is possible to cut
the peak power demand form 908.8kW to 830kW, if the higher ranking 7 hours power
demand can be controlled. Our system should prepared to stop the equipment operation,
which will not affect building operation instantly, such as ventilation, when peak demand
would exceed 830kW.If this preparation and detail monitoring for power demand is
accomplished, 8.5% of the power demand can be cut. The peak power demand not only cuts,
also allows for more operation at local power plants.
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7.0 Algorithm for optimized energy demand and energy saving control
7.1 Features of the theory
The following are the main features of the algorithm and its theory.
・ Discover the particular demand patterns for different buildings by using the energy
demand of real-time data.
・ Locate the highly relevant parameters according to the demand pattern.
・ Select control relevant to the identified demand pattern, effectively reducing energy
consumption.
7.2 Features of the developed algorithm (see Figure 7-1)
According to the CO2 sensor and the temperature and humidity sensor installed in the interior,
the building is considered comfortable.
・ From the created demand model that has been extracted from the historical monitoring
data, the energy demand can be predicted, calculated, and corrected.(see Table 7.2)
・ In the process of creating the demand model, we determined whether there is a need to
classify the model. At first, we make 24hour demand patterns and classify the following.
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 Whether changes in demand in different seasons.
 Whether the demand changes during weekdays and holidays.
 Whether the demand changes special events take place.
Data is then compared to identify whether there is any effect on the demand parameters.
Start

Calculate and predicted demand
model from by using given

Historical timeseries data

Correct the model
Correction coefficients:
Weather forecasting
・
Max, Low, and Av temperature of
the previous day
Probability and rainfall
Holiday weekdays or weekends
・
event day or not

・
・・

Created demand patterns

N
Compared with past
demand models
Y（Amount 95%≧
N
Event change level
Y
Determine the demand prediction
model
Select a number of energy-saving control patterns
<Electric power control>
<Control Energy>
Change the set temperature
・
Automatic-reporting and monitoring power ・
・
Control and CO2 concentration
demand
・
Control and inverter
・
Control and electric power demand
・
Control and airflow
・
Interval Control
・
Control and intermittent operation
・
Rotation control
Rotation control and operation

Determine the order of the control
patterns
Real time demand
data

Set the various parameters
N
Comparing the current value
and the predict value
Y
N

predict ≧current
Within +2.5%, -5.0%, 15min

Determine the increase of the
energy saving level

Y
Determine the rapid changes
in the outside temperature
and humidity

END

N

Y

(Figure 7-1 ) Optimized energy demand and energy saving control algorithm
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Table 7.2 Parameters for demand model
Building property; Regional characteristics / Building orientation / Scale / Outer wall and window position and size
Building types; Office building / Commercial Building / Hotels. etc
Typical operation
operation form; Morning / Daytime / Noon and Evening / Weekdays and/or weekends and holidays
Special operation
operation form;
form; Time specific events
Environmental
Environmental conditions
onditions; Outside air temperature and humidity / Solar radiation / Sunny, cloudy, rain and/or snow / Seasons
M&E System operations
operations; Change the operation of the system for heating and cooling equipment / Changing the start and end
times of the equipment operation

・ Optimized depending on the building, minimizing energy consumption in all the
equipment and systems (Air-conditioning equipment, heat source equipment, such as
natural ventilation) that can be controlled.
・ During the building operation, the present algorithm is used to compare the predicted
demand and demand theory inhibition is calculated, along with the actual energy demand.
・ Perform a "change of control parameters" and "control pattern selection" according to the
monitoring data.
・ When there is a sudden change in the external environment, or configuration changes
that occur when a special event occurs, the present algorithm can revise the
demand pattern.
・ As a result, continue to run energy consumption and optimize energy efficiency.
8.0 Conclusion
Summary of research and development results.
Outcome 1
I revealed the basic framework of the real-time
monitoring.
Verification and basic functions and operations
of the prototype.
Study and technical elements of research and
development module structur
Apply the prototype to the
actual project
Outcome 2
Introduce the development research prototype
system to actual facility. Clarify the effects and issue.
・
Organize “ Visualization”
The use of monitoring data to determine the
waste of energy
Calculation and the amount of reduction of by
improving operation and settings.
・
Case study and application of data use
Do not you reduce the waste of energy by
the control equipment and systems?

By using real-time data, we try to introduce EMS to the
organization that owns the multiple facilities.
As the result, how to consider an integrated energy
management is possible.
We study how to organize the challenge to social
infrastructure.

・

・

・
・

Outcome 4
Optimization control by monitoring time-series data
Clarify the algorithm for optimized and high efficiency
energy use, and development system, and the scope
of application.
・
Optimizing control algorithm
・
Predictive control algorithm
・
AI control algorithm

Outcome 3
I have proposed an architecture that can be implemented in
order to be used effectively as social infrastructure. To clarify
the applicable conditions
Organize the following for integrated energy management.
Methods and integrated energy management by using
"visualization"
To organize its scope and issues
Differences in architectural applications
Difference by the organization
・
Requirements that make it difficult to introduce

・・

For the building of energy management is
absent / Can we management through 24 hours
a day, 365 days a year?
If you find a waste, Could we determine whether
the relationship between the improvement and
analysis results?

Outcome 5
By the results of the data analysis, found methodology to
determine the relationship between the solution and the
waste.In addition, we show the algorithm to determine the
relationship between, was clarified flow of data usage.

Outcome 6
By using real-time data monitoring, clarify the solution flow for implementing the optimal control and predictive control.
By introducing a system to manage the organization and its multiple facilities,
Clarify the scope of application.
In addition, I have also found that the flow solution for renovating the existing building, do the best combination of energy use
discovery, use of natural energy, energy conservation and optimal control. And I understand the scope and issue.
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Abstract: The future smart grid comprises concepts such as microgrids and virtual power plants. A
common feature of these systems is the coordination of Distributed Energy Resources (DERs) i.e. heat
pumps and combined heat and power units, according to individual constraints to achieve a shared
objective. The coordination typically requires a thermal demand forecast of the dwellings. Therefore,
the performance of the forecasting method is crucial for the energy management concept.
We propose a time series based concept for thermal demand forecast which is characterized by an
adaptive approach that requires two inputs, a forecast of the outdoor temperature and the thermal
demand measurement data of the past week. The forecasting algorithm separates the heat demand into
a systematic and a behavioral component. In this work, the approach and the formulation of the algorithm are presented. A comparison is made between this algorithm and an Artificial Neural Network
(ANN). The results show that the forecasting algorithm outperforms the ANN model.
Keywords: Thermal demand forecast, artificial neural networks, energy management, time series,
forecasting

Introduction
The German energy sector underwent a significant restructuring over the past years to pursue
the targets of the energy and climate policy. The ambitious aims for reducing greenhouse gas
emissions and increasing the share of Renewable Energy Sources (RESs) paved the way for
the transition to a decentralized energy system. However, the integration of volatile RESs
poses new challenges for the security of electricity supply and grid control. Therefore, energy
management concepts i.e. demand side management and demand side response, became the
focus of several research studies and investigations [1-3]. The main feature of these concepts
is the coordination of Distributed Energy Resources (DERs) i.e. Heat Pumps (HPs) and combined heat and power units, according to individual constraints to optimize a shared goal, e.g.
cost minimization [4]. The coordination typically includes ahead scheduling of the DERs to
anticipate load peaks resulting from consumption or generation of renewable energies. This
ahead scheduling strategy sets the impending thermal demand in the corresponding dwelling
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as a constraint to ensure the thermal comfort of the residents. A common approach used for
forecasting thermal demands is Artificial Neural Networks (ANNs) [2]. However, this method
requires a large amount of historical data for training the neurons as well as a high computational effort. This paper presents a time series based Separation Algorithm (SA) for thermal
demand forecast which is characterized by an adaptive approach that requires two inputs, a
forecast of the outdoor temperature and the thermal demand measurement data of the past
day. The algorithm separates the heat demand into a systematic and a behavioral component.
The systematic component is determined by computing a heating curve which correlates the
heat demand to the outdoor temperature. The behavioral component is derived from the previously measured heat demands. This comprises the measurement of the past day as well as
the corresponding day of the previous week. Consequently, SA requires a small database and
low computational effort, which enables a direct implementation on conventional embedded
systems in future smart homes. In the next section, the modeling approach is discussed in
more detail. The performance of the SA is then assessed through a comparison with an ANN
model. Further, an applicaton’s example for the SA thermal forecast is formulated by scheduling the operation of a HP system based on dynamic prices.
Description of the Algorithm
The SA receives the forecast of the outside temperature for the upcoming day and the heat
demand for the previous day as input data. This input is used to separate the heat demand into
a physical component that only depends on the outside temperature and a behavioral component that represents the user’s habits. The behavioral component, which will be referred to as
seasonali-ty, is extracted from previous heat demand measurements. Fig. 1 displays the flow
chart of the algorithm’s approach. The first step determines whether or not, it is reasonable to
turn on the heating device in the upcoming period. In this study, a start threshold of 16°C for
the mean temperature and 20°C for the peak temperature are implemented.
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Figure 1: Flow chart of the algorithm steps

If today’s or yesterday’s temperature distribution exceeds one of these thresholds, the heat
demand is set to zero. Both today’s and yesterday’s temperature distribution are considered,
to dampen the effects of short-term temperature drops. If the heat demand is not set to constant zero, the Heat Demand Curve (HDC) is computed; afterwards yesterday’s seasonality is
extracted. The subsequent step is the actual forecast, which is finally followed by a review
that takes into account a possible scehduled night setback.
In step 2, HDC represents the functional relationship between the outside temperature and the
corresponding heat demand. The design is inspired from the heat curve, which is commonly
used in heating systems and expresses a functional relationship between the outside temperature and the feed temperature of the heating circuit. In order to enable SA to adapt to sudden
changes in the outside temperature, the HDC is a linear regression of the previous day’s (temperature/heat demand) couples as well as a restriction. The latter depicts an upper limit for the
heating demand. This restriction is empirically chosen at the outdoor temperature of 20 °C, at
which the heating is assumed to be zero. Using more input data for the regression has proven
to be less accurate, because the SA loses its ability to adapt to sudden changes. Higher order
regression curves worsen the forecast as well, because the HDC becomes less reliable outside
of the input-temperature-interval range, as shown in Fig. 2.
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Figure 2: Results of the fitting approaches for computing the heating demand curve

For extracting the seasonality from the previous period, yesterday’s forecast is recomputed by
using the yesterday’s outdoor temperature as input data. The result is then smoothed by using
a moving average scheme and subtracted from the corresponding measured heat demand. This
represents the difference between the systematical forecast and the actual demand and consequently yesterday’s seasonality. It is necessary to execute a moving average after using the
HDC to dampen the effects of sudden temperature changes. Since houses possess a significant heat capacity, short-term fluctuations in the outside temperature are not likely to affect
the heat demand in the same abrupt manner.

After extracting yesterday’s seasonality, today’s predicted outdoor temperature is used as input for the HDC to obtain a forecast for the upcoming day , only considering the systematical component. Subsequently, today’s seasonality  is determined as a linear combination of yesterday and the equivalent day of the previous week’s seasonality, as shown in eq. 1.
    1 ⋅

  7 ⋅ 1  

[1]

In this equation denotes a weighting parameter, with 0   1. This parameter is calculated by choosing ∈ 0; 0.1; 0.2; … ; 0.9; 1 that minimizes the Sum of Squared Error (SSE) of
the past seven days. Today’s seasonality  is then added to the systematical component of
the prediction. The forecast is then determine by making use of the maximum function as indicated in eq. 2, since the heat demand is always positive and  can be negative.
  max

; 0

[2]

In the final step, the algorithm looks for the time steps in which yesterday’s heat demand is
forecasted positively, but the actual demand was zero. The values are summed for the past
week and stored. If these time steps recur during the same interval with an empirical likeli4565
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hood, it is likely that there is a scheduled night setback. Accordingly, the time steps values of
the forecast which fulfill this condition are set to zero while the others remain unchanged.
Performance and Results
The execution of the algorithm was tested using the input data from a simulation of a house
model [5] in the environment Dymola/Modelica and assuming a perfect outdoor temperature
forecast. Fig. 3 displays the systematical and behavioral components of the forecast. The continuous line depicts the simulation data which represent the measured heat demand, the
dashed line shows the forecast after the seasonality has been added and the dashed-and-dotted
line depicts the systematical component. The latter depends on the outside temperature only;
therefore the dashed-and-dotted line predicts the same heat demand at hours 9 and 21, because
the outside temperature is nearly identical. As shown in this figure, the real heat demand
drops significantly at the 21st hour, which is anticipated by the behavioral component. Apparently, the seasonality corrects the systematical component towards the real heat demand and is
able to anticipate a reduced heat demand after the 16th hour.
The performance of the SA is evaluated by comparing the forecast results for a one year period with an ANN model for 4 different heat demand sets representing different building insulation classes. The ANN is composed as a Nonlinear AutorRegressive eXogenous (NARX)
model with the ambient temperature as exogenous input and comprises 20 neurons.

Figure 3: Illustration of the seasonality inlfuence in the forecasting algorithm

The results are listed in table 1. The error indicator, Mean Average Scaled Error (MASE)
suggested in [6] is used. A low value indicates a higher forecasting accuracy. The MASE
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indicator, displayed in eq. 3, compares the forecasting error | | with the error generated by
the naïve, one step forecast (|   !" |). The forecasting error is defined as the difference
between the real heat demand and the prediction.
MASE 

∑()"| |

[3]

*
∑( |
|
*  1 ⋅ )+   !"

The results show that SA outperforms the ANN in terms of forecasting accuracy. It is notable
to mention that the simulation time for the ANN amounted to one hour for the one year forecasting period, while the SA computation time was roughly three minutes.

ANN
SA

Set 1
13.539
9.898

Set 2
4.381
3.481

Set 3
3.974
2.132

Set 4
28.411
9.968

Table 1:Forecasting results of the seperation algorithm and ANN

Example of Application
This section provides an exemplary application of deploying the thermal demand forecast
algorithm for energy management in form of demand side response. The application case
comprises the scheduling of a HP unit combined with a thermal storage system, for 24 hours
with a 15 minutes time stamp, under dynamic tariff conditions. The scheduling is formulated
as a cost minimization problem that uses the demand forecast as a constraint. The algorithm is
presented in [7]. The HP state and the storage level are illustrated in the upper diagram of Fig.
4. The results show that the HP is turned off at the time steps during which prices are the
highest. The heat demand is met by using the energy from the storage e.g. between the hours
6 and 9. The storage is filled when the electricity price is cheap. Further, the highest storage
capacity is achieved just before the electricity price is at its peak. This can be clearly seen at
the hour 6 and 17.
This model can then be used for reducing the total energy costs as well as a higher integration
of Renewable Energies (REs), if the dynamic tariff is coupled with the availability of the REs.
Meanwhile, the thermal demand forecast enables that the thermal demand requirements as
well the comfort standards of the residents are met.
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Figure 4: Scheduling of a heat pump according to a heat demand forecast and a dynamic electricity tariff

Conclusion
This paper presents a time series based algorithm for thermal demand forecast which is characterized by an adaptive approach based on a forecast of the outdoor temperature and the
thermal demand measurement data of the past day. The forecast consists of a systematic and a
behavioral component. The systematic component is determined by computing a heating
curve that correlates the heat demand with the outdoor temperature. The behavioral component is derived from the previously measured heat demand of the past day and the corresponding day from the previous week. The algorithm’s approach and operation are discussed and
presented. The performance of this algorithm is compared with a black box ANN model
which is a widely used method for load forecasting but provides a limited insight to the functional setup of the forecast process. The results show that our algorithm outperforms the latter
in terms of accuracy and in computation time, for four different heat demand sets. Finally, a
scheduling example of a heat pump system under dynamic tariff is introduced which displays
a potential application of the forecasting algorithm for energy management concepts.
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Abstract: The project iNSPiRe aims at conceiving, developing and demonstrating Systemic
Renovation Packages, through the innovative integration of envelope technologies, energy
generation (including Renewable energys systems (RES) integration), energy distribution,
lighting and comfort management systems into deep energy renovation of buildings, both in
the residential and tertiary sectors. With the systemic renovation packages it will be reached
an overall Primary Energy consumption of the building lower than 50 kWh/m²/year.
The main objective of this paper is the definition of the monitoring systems in the three demo buildings
which require methodologies and strategies to assess the energy savings and performance of iNSPiRe
buildings, as well as to implement an innovative system for the integrated management of the
building’s energy fluxes. For achieving this objective it has developed a methodology which cover the
next issues : Definition of meters and sensors required for building monitoring, definition of the
interfaces for data collection from both sensors and management hardware, development of the
distributed monitoring network and definition of a baseline to be used as a reference for the
calculation of the energy savings following the exploitation of assessed technologies and smart
management of the building.

Building, Energy, Monitoring, Inspire
Introducction
According to the Renewable Heating and Cooling European technology Platform (1),
currently most of the energy consumption in Europe is due to heating and cooling used for
domestic, tertiary and industrial purposes: low temperature heat in the domestic and tertiary
sector accounts for almost 60% share (around 4,000 TWh/y overall consumption). Again, heat
accounts for 86% of the final energy in the residential sector, 76% in the commerce and
services. This energy is largely produced by directly burning fossil fuels with a negative
environmental impact.
Over the last 20 years electricity consumption in European non-residential buildings has
increased by a remarkable 74% (2). This is compatible with technological advances over the
decades: cooling demand contributes mostly to this figure and it is alarming due to the huge
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foreseen rise in the next 10 to 20 years. The cooling demand in the non-residential sector is
foreseen to increase by around 3 times the actual values (around 400 TWh/y in 2020). The
same trend is predicted in the residential sector; even though the absolute values are rather
lower (1).
Furthermore, lighting is among the highest end-use categories in the tertiary sector, being
evaluated in about 160 TWh/y at present for the entire EU (3). The utilization of smart ICT
systems for the control of lighting and replacement of conventional artificial lighting systems
with energy saving models and the exploitation of daylight could contribute to the strong
reduction of such a value.
Monitoring systems in buildings collect and gather data of systems integrated within a
home/building through the Information and Communication Technologies (ICT). Such
systems allow decentralizing the monitoring (local and remote) thanks to a number of devices.
The project iNSPiRE aims at conceiving, developing and demonstrating systemic packages
for deep energy renovation of buildings, both in the residential sector (demosite located in
Madrid and Ludwigsburg) and tertiary sector (demosite placed inVerona). The systemic
renovation packages will make use of innovative envelope technologies, energy generation
systems integrating a large amount of RES and energy distribution, lighting and comfort
management systems. The optimal integration of such systems will lead to a synergic effect
on primary energy savings (as well as a reduction of CO2 emissions), assuring at the same
time enhancing comfort conditions to the users. To surveillance of these energy savings it has
defined and implemented a monitoring system for each demo buildingwhich is described on
this paper.
Demo Building Description
On this section architectural characteristics of iNSPiRe demo buildings (Ludwigsburg,
Madrid and Verona) and their energy consumption profile are defined.
Ludwigsburg demo building: The building was built in the early 70’s, includes 3 flats on 3
stories. The total living area is about 280 m². The building is nearly in the original status; only
the façade has been renovated in the 80’s with 5 cm outside insulation. The roof and floor is
not insulated and the windows are old style double glazed and not air tight. The technical
status is also nearly original, with a 25 years old oil burner and radiators for heat distribution.
The fresh water tubing is corroded and needs to be refurbished in the near future. The current
final energy consumption of the building for heating is about 180 kWh/m²y (HDD =3500). An
average 20 kWh/m²y final energy consumption for domestic hot water preparation was
estimated. No cooling devices are currently installed.
Madrid demo building: The building has 20 dwellings (60m2 gross area per dwelling) on 5
stories and is composed by 2 linear blocks linked through the staircase. EMVS owns 3 of
these flats. The façade is made of 24 cm brick wall without any insulation. The windows are
built with aluminum frame and simple glass. The roof is built with asbestos-cement boards
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without any insulation. Individual heating systems (electric, gas or none) are setup in the
dwellings. The electric and lighting systems have to be completely renovated. The current
final energy consumption of the building for heating is about 140 kWh/m²y (HDD = 2100).
An average 20 kWh/m²y final energy consumption for domestic hot water preparation was
estimated. No cooling devices are currently installed despite the large summer loads. The
building will be completely renovated by means of one of the Systemic Renovation Packages
assessed. In this second case, only the energy generation kits will be used, while the
remaining part of the renovation will be executed with conventional techniques.
Verona demo building: The building is GIT’s headquarter, located in Villafranca di Verona
(Italy). It was constructed in the 90’s without taking into consideration any special energy
concept as it was usual in that period. The section interested by the renovation (330 m2) is a
small two stories wing in the south-west side of the building which includes part of entrance
hall, the reception, some administrative offices and meeting rooms. The wing was selected as
a minimum representative portion allowing the monitoring of the building’s performance after
renovation. The external façade (facing south and north-east), covers approximately 210
square meters over the two levels. It is a mullion and transom curtain walls with extruded
aluminum painted. The ground floor is characterized by typical modules of 2170x4460 mm,
with a vision area consisting in single glazed windows. The first floor has modules of
2170x3900 mm with opening and fixed windows (2x2170x900 mm): Heating and cooling are
distributed by conventional fan coils. The current final energy consumption of the building for
heating is about 170 kWh/m²y (computed from the gas bill, HDD = 2500). The total
electricity consumption for cooling, ventilation and lighting is about 167 kWh/m²y (computed
from the electricity bill, appliances are also included).
Definition of monitoring systems
Roughly speaking, a monitoring system is composed of sensors, gateways and data
acquisition system. These components are included in a network, which can have different
architectures. Monitoring system architecture specifies the connection between different
components of the installation: sensors, actuators and controllers.
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Imagen 1. Monitoring scheme

The monitoring system to be installed and commissioned is aimed to analyze the behavior of
the building in terms of energy as well as the comfort and behavior of the users of building. In
this respect, a thorough study of the building conditions and systems is needed, in order to set
the parameters to be monitored.
Each indicator needs two types of data: Static data such as building geometry (air volume,
area , façade) and Dynamic data such as energy consumption, temperatures, flows. Recording
frequency has to be defined for these data, and it usually depends on project goals (yearly,
monthly, daily or time series). Also it exists a dependence in indirect data derived from
measurements which are considered dynamic.
After the identification of these data and considering buildings and facilities, location of the
meters is determined, taken into account their needs of measure in the schematic diagram and
other criteria such as: Applicability of the measurement; Needs of local visualization,
maintenance Optimization of sensor position, etc.
The use of diverse wired and types of networks makes possible the existence of different
parameters as the complexity of cabling, speed of transmission, vulnerability, network
management, rate of malfunctions, etc. Main architectures are centralized, decentralized,
distributed and hybrid/mixed.
The partitioning of the energy fluxes within the building allows an accurate distinction of the
energy carriers, the systems and the different loads inside the building. The delivered energy
carriers include in general fossil, district and electrical energies (gas, oil, biomass, district
heat, district cooling, and electricity) as well as environmental energy (soil, ground water,
extract air, waste heat and solar radiation). The consumed energy inside the building
represents the loads occurring in the zones including the circuits, i.e. heating, domestic hot
water, cooling, lighting and other electrical uses. The systems provide the energy need and - if
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necessary - include a transformation process. The media to be measured define the type of the
required sensors, i.e. calorimetric counters (heat/cold meter) or electrical meter.
A flow diagram and the documentation of the building is the starting point to illustrate the
sensor location, connections and communication. The flow diagram (imagen 2) shows energy
flows and parameters that are monitored and where the sensors are located in a dwelling. The
building documentation further specifies the exact location and interconnections of the
sensors. Additionally, the monitoring system overview should specify the logic behind the
installation of each sensor (which parameters is being monitored and why; what is the
expected outcome from the analysis). The commissioning phase provides an opportunity to
further evaluate the monitoring strategy and help to identify if corrective measures are needed
(e.g. additional sensor, change of sensor position).

Imagen 2. Schematic of a general flows and parameters monitored.

Variable to be Monitored
A standard set of monitoring devices for the three demo sites has been selected in order to
speed up the design and the installation phase. Indoor comfort, weather conditions and
thermal/electrical consumptions have to be assessed in order to produce a monthly report for
functional areas, to schedule an action plan and optimize with a fine-tuning the control
systems of the thermal/electric existing plants.
Indoor comfort
ELTACO FCO2TF63 series is a wireless indoor sensor which measures CO2, relative
humidity and temperature. A wireless technology has been selected in order to reduce as
much as possible the interference for the occupants due to the installation. For this reason a
wireless base station is needed in order to get signals from the comfort sensor and transfer it
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to a gateway via LON protocol. A Wireless Transceiver produced by Thermokon has been
selected for this purpose. In the residential demo case, one receiver per dwelling has been
installed in order to acquire data from a set of indoor comfort sensors. In the office building,
one receiver was sufficient.
Thermal and electricity consumption
The thermal consumptions are due to heating loads and domestic hot water preparation
purposes. The thermal energy flows monitoring requires a heat meter installed along the
pipelines. A Multical 602 produced by Kamstrup is an all-purpose energy calculator for heat
together with a pulsed flow sensor and with 2 wired temperature sensors. This meter saves
energy data on a yearly, monthly, daily and hourly basis, which provides the operations
manager with a complete performance analysis. The meter can be fitted with LON
communication. The Countis series electricity meter by Socomec is the modular active energy
meter selected for the three demo cases. The pulse output is gathered by a LON pulse memory
module that redirects the information into the LON-network.
Weather conditions
Outdoor temperature, relative humidity and direct and diffuse solar radiation are assessed
through a Warema weather station. A Warema sensor is used to record temperature and
humidity, while two Deltaohm pyranometers are used to gather diffuse and total solar
radiation. The weather station is connected to a Warema Lonse III (LON sensor unit),
enabling the integration into the LON-network.
Communnication and Architecture
An open system with LonWorks communication protocols has been selected for the three
demo sites. This decision takes into account the need to have a decentralized architecture,
end-to-end, which allows to distribute the intelligence between sensors installed. As
displayed in imagen 3, the LON network consists generally of several branches, one branch
per each functional area (i.e. dwelling or office), plus one for the weather station. For this
reason an L-Switch XP by Loytec has to be installed due to the system decentralization. For
the management of all the data within the LonWorks network an iLON Smart Server
manufactured by Echelon has been mounted. Finally a 3G modem sends all the data to a
monitoring server.

6575

ISBN: 978-84-697-1815-5

3G Modem

Imagen 3. General architecture of the monitoring systems

Monitoring and Managment Software
After othe sensor definition, architecture and protocol communication have to be defined
through a management software.
The software defined in iNSPiRe project is FarEcho system which gives a cloud service that
can be via a web address and a login access. Starting from the data collected, an energy
analysis with an hourly, daily and monthly base can be exploited. In imagen 4, an example of
electricity dayly data is reported.

Imagen 4. Electricity consumption profile.
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Apart from the energy and comfort data analysis, the software allows setting and monitoring
alarms associated with the alert thresholds. Each alarm is configured according to a class,
allowing managing the behavior of the system in a simplified way, managing notice to the
relevant professionals (e.g. maintenance, energy manager and administrator).
Conclusions.
Whithin framework of iNSPiRe project, a monitoring system for the three demo building has
been defined, which has taken into account the energy flux, weather conditions and indoor
conditions.
Furthermore, it has implemeted a management software FAR-ECHO system which gives a
cloud service, data adquisition, storage, control and analysis data. Then Far-ECHO generates
automatically a report withconsumptions on an annual, monthly or daily profile according to
the needs of the user.
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Abstract: Namba Parks is a large commercial building with 11,500 m2 of terraced rooftop gardens
located in central Osaka. This large area of vegetation provides an attractive landscape and is aimed
at increasing both the economic and environmental value of the property, conserving biodiversity,
mitigating the heat islands associated with urban climate, and improves CO2 absorption. A
multicomponent evaluation of the urban vegetation was performed to assess the thermal environment,
including both mitigation of heat islands and thermal comfort for visitors, the diversity of avifauna
and insect species, and the amount of CO2 absorbed by trees. These data will be valuable for
designing future vegetated buildings to contribute to sustainable urban areas.

Rooftop vegetation, Operation and maintenance, Biota, Thermal environment, CO2 absorption
1. Introduction
Urban vegetation is essential for human health and safety, and provides spaces where people
and wildlife can co-exist. Vegetated buildings in Japan were first promoted with the
enforcement of the rooftop vegetation law by the Tokyo metropolitan government in 2001.
This law was established mainly to mitigate the heat island phenomenon in Tokyo and
initially recommended any type of rooftop vegetation. As a result, most building owners
selected thin, lightweight, low-cost, and low-maintenance flora such as turf or sedum, which
were found to be rather unattractive and provided few ecological services. More recently,
taller trees and various forms of vegetation have begun to be used on rooftops along with
green walls, providing both greater quantity and quality of vegetation.
Namba Parks, one of the largest rooftop gardens in Japan, consists of a 31-story office tower
and a 10-story commercial complex located in the central district of Osaka. This commercial
complex has an 11,500 m2 rooftop garden, which includes approximately 5,300 m2 of
vegetation. Photos 1 and 2 show distant and closer views of the building taken in 2013. The
garden is distributed across a terraced rooftop from the second to the tenth floor, facing north,
and has an average slope of 16.3%. The regional ecosystem was factored in for its design.
Various water features and mixed forested areas were arranged to support a network of bird
habitats and an environment for insects such as dragonflies and butterflies. This complex is
successfully operated in a unique manner that increases the number of customers visiting the
complex.
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We performed a multicomponent evaluation of the rooftop vegetation, demonstrating the
enhanced value that the rooftop garden provides from a variety of perspectives.

Photo 1. Perspective of Namba Parks

Photo 2. Vegetation on a gentle slope

2. Operation and management of the rooftop garden
The management and maintenance methods used for this garden can be characterized as
“open” and “agrochemical-free.” Maintenance of most rooftop gardens is generally performed
during times other than business hours. In contrast, open maintenance allows for
communication with visitors and the local community. Just under 10 exclusive gardeners
prune, replant flowers, and engage in all gardening work during business hours. Visitors are
able to talk with them and learn useful and interesting information about the vegetation.
Gardening classes and allotment gardens are also operated for local residents. Such efforts
maintain people’s awareness of the garden and ensure they become more frequent customers
of the commercial facilities.
Agrochemical-free maintenance is also an uncommon method of managing rooftop vegetation,
as simple and inexpensive operation and maintenance is generally preferred. However, here it
is considered necessary to preserve the ecosystem and the safety of visitors. Undesirable
insects consequently increase to some extent as a result of this approach, but all of the tenants
including the restaurants are aware of this and are understanding. The gardeners work to
remove such insects by hand and using traps, but some survive such as butterflies, which
visitors enjoy. Furthermore, many citrus trees have been planted for swallowtail butterflies.
All these maintenance methods keep the garden healthy and add to the value of the vegetation.
3. Microclimate
Investigation of the thermal environment was performed considering several metrics,
including the urban climate, garden microclimate, and human comfort. Large areas of
vegetation play an important role in mitigating the heat island phenomenon, because of their
potential for reducing the air temperature through evapotranspiration. Cool air derived from
the vegetation also flows into the city at night. These effects are particularly important in this
area, since Osaka has a lower percentage of green space than most large Japanese cities,
resulting in hot night-time conditions in summer.
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The rooftop garden provides a relaxing environment for local residents, and guaranteeing
their thermal safety is one of the most important responsibilities of the facility managers,
since people can be exposed to strong solar radiation on building rooftops. Investigations
using a thermal index for human comfort and thermal safety were carried out to evaluate the
design and effects of the vegetation.
3.1 Urban heat island mitigation
Figure 1 shows thermal images of Namba Parks taken on 3 August 2011 from the top of an
adjacent high-rise building in the daytime and at night. The surface temperatures of the
vegetation in the garden, colored concrete pavement in an open space, and an asphalt parking
lot (Photo 1) were approximately 30, 45, and 55 ºC in the daytime, respectively. The
temperature difference between the vegetation and pavement types ranged from 15 to 25 ºC
and resulted in large differences in sensible heat flux to/from urban air. The vegetation surface
was cooler than the air by 3.4 ºC, thus absorbing heat from the atmosphere. These differences
were derived from the evapotranspiration of the plants as well as differences in the solar
reflectance and heat capacity of the materials. Thus, large vegetated areas in a dense city
contribute to reducing the heat load and help break up urban heat islands.
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(1) 12:00 pm on 3 August 2011
(2) 3:00 am on 3 August 2011
Figure 1. Thermal images of Namba Parks and its surrounding area

3.2 Thermal comfort
There are several rest areas in the garden with various forms of vegetation. Photos 3a–c
correspond to an open space (open), a densely vegetated area (dense), and a sparsely
vegetated area (sparse), respectively. Meteorological elements including air temperature,
relative humidity, wind speed, and black globe temperature were measured at 1 point in the
“open”, 3 points in the “dense”, and 4 points in the “sparse” areas. Measurements were
carried out during 26–31 July 2010 and the standard new effective temperature1) (SET*) was
derived from the measured parameters. SET* is a thermal index defined as the equivalent dry
bulb temperature in an isothermal environment at 50% relative humidity in which a subject,
while wearing clothing standardized for the activity concerned, has the same heat stress (skin
temperature) and thermoregulatory strain (skin wettedness) as in the actual environment2). It
is now widely used as a suitable index for evaluating outdoor thermal comfort and is also used
for the Comprehensive Assessment System for Building Environmental Efficiency
(CASBEE), although it was originally developed as an index of indoor thermal comfort.
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SET* is considered appropriate for comparing the comfort levels among a few selected
locations, as in this case. Clothing assumed for calculating the SET* was 0.5 clo (a shortsleeved undershirt and long pants) and the metabolic rate was 1.2 met (approximately 84
W/m2, standing). The measurement height was 1.0 m. The sampling interval was 1 min and
the averaging time was 10 min.

(1) Open
(2) Dense
Photo 3. Rest spaces with various forms of vegetation

(3) Sparse

Figure 2 shows changes in the mean SET* with time in each area on 27 July 2010. Both the
maximum and minimum values of SET* obtained from multiple points are shown, averaged
over 1 h, since visitors are free to move to their favorite resting places within each area.
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Figure 2. Diurnal variations in the maximum and minimum values of hourly averaged
SET* in each area on 27 July 2010

The “open” area was a non-vegetated open space and the SET* was >38 ºC until midafternoon. A previous study3) on the relationship between SET* and thermal sensation in the
outdoor environment indicated that an index range of 25–27 ºC can be considered “neutral,”
27–30 ºC “slightly warm,” 30–33 ºC “warm,” and >33 ºC “hot.” Therefore, the values for the
“open” area indicated very hot conditions under direct sun and on the hot pavement. On the
other hand, the “sparse” and “dense” vegetated areas had various thermal sensations ranging
from “slightly warm” to “hot,” and people could choose more comfortable benches or places
to rest in each area. Minimum values of the SET* varied from 28 to 32 ºC throughout the day,
corresponding to “slightly warm” to “warm,” providing thermally safe places and
encouraging visitors to stay and enjoy the garden for many hours. Visitors tended to prefer
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“sparse” areas to “dense” areas, because the former had gentle breezes and low relative
humidity. These conditions provide greater comfort in an outdoor environment and were often
impeded by the “dense” vegetation.
3.3 Nocturnal cool air flow
Several studies have observed that the cool air produced by large green garden areas flowed
into the surrounding districts on calm nights4). Three-dimensional wind vectors and air
temperatures were measured in the sloped coppice located from the third to sixth floor using
an 81000 3D ultrasonic wind sensor (Young) from 26 July to 31 August 2010. The
measurement height was 1.5 m. The sampling interval was 1 min and the averaging time was
10 min. Land breeze was found to start around midnight and continue until around noon on
fine days. During land-breeze periods, the wind was gentle and the vertical velocity was
negative, i.e., weak downward airflow was generated in the coppice.
Figure 3 shows a decrease in air temperature after 18:00 on 28 July 2010. The values shown
are differences from the temperature at 18:00 pm. “Rooftop” is the highest point of the
building and is covered with a waterproofing sheet material. The air temperature gradually
decreased at each vegetated area, with differences from the rooftop of up to -1.5 ºC. This cool
downward breeze has the potential to mitigate hot nighttime conditions in the surrounding
city districts.
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Figure 3. Decreases in the air temperature with time after 18:00 on 28 July 2010

4. Biota
Information on biota in the garden provides a better understanding of the urban ecosystem
network. The vegetation in the garden has grown each year since completion of the
development, in turn increasing the number and diversity of biota inhabiting the garden.
Biological research has been conducted to identify the birds and insects in the garden since
2009. These data will be compiled and used for management and maintenance of the garden
and to raise stakeholders’ awareness of the conservation of the ecosystem over the next few
decades.
4.1 Avifauna
Figure 4 shows monthly numbers of identified species of birds from June 2009 to March 2013.
The total number of identified species is currently 34, including 7 species listed in the Osaka
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Municipal Red List. Many small migratory birds were found from autumn to winter and many
resident birds bred in the garden. Raptors such as Peregrine Falcons and Grey-faced Buzzards
flew over the garden and preyed on small birds. On the ground, Dusky Thrushes and Pale
Thrushes fed on earthworms living in the soil. This suggests that the soil, which was
originally artificial lightweight soil, has become fertile after about 10 y through mulching
with leaves and pruned branches.
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Total identified: 6 orders, 20 families, 34 species
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Figure 4. Monthly numbers of identified species of birds from June 2009 to March 2013

4.2 Insect species
Figure 5 shows the composition of insect orders found from June 2009 to May 2011. The total
number of identified species was 152. This indicates that the garden has quite abundant insect
fauna, even though the vegetation is located on an artificial structure in the center of the city.
Bees, butterflies, and horse-flies were relatively abundant, because there are many flowerbeds
and because a variety of flowers bloom in all seasons. On the other hand, relatively few forest
insects such as beetles were found in the garden compared to popular city parks.
Grasshoppers brought in with plants or soil during construction evidently were able to breed
repeatedly in the garden, because they cannot fly away from it. Cicadas also emerged in the
coppice and dragonflies bred in the water features.
Rhopalocera
(Butterfly)
14%
Diptera
(Fly)
12%

Others
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Odonata
(Dragonfly) 3%

Hymenoptera
(Bee)
23%

Orthoptera
(Grasshopper)
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Hemiptera
(Stinkbug)
15%
Coleoptera
(Beetle)
Total identified:
17%
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Figure 5. Composition of insect orders found from June 2009 to May 2011

5. Carbon fixation
Carbon dioxide (CO2) in the atmosphere is absorbed by plants through respiration and
assimilation. Urban vegetation plays an important, though a relatively small, role in
mitigating global warming. Accurate unit absorption rates are essential for estimating the
amount of CO2 absorbed. However, rates derived from non-urban planted forests are
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generally used in most cases because of the lack of urban data. Absorption rates for urban
trees are expected to be smaller than those for non-urban trees because of building-induced
strong winds, the limited amount of soil, and other factors.
The tree height, crown diameter, and chest-height diameter of all trees in the garden were
measured in both March 2010 and March 2011 to estimate the amount of CO2 absorbed by the
garden. The total number of trees was 930 and the total amount of CO2 absorption was 4.0 t
CO2/5,300 m2 or 7.55 t CO2/ha. This value is approximately a half of that for 20-y-old planted
cedar forest. This result indicates that trees on artificial surfaces grow more slowly in practice.
However, these data contribute to accurate estimation of urban carbon sinks.
6. Conclusions
Evaluations of the thermal environment, avifauna and insect species, and the amount of CO2
absorption by trees were carried out for a large rooftop garden on a commercial building. The
data confirmed that such a large area of vegetation mitigates the hot thermal environment in
the city and provides a comfortable environment for visitors to the garden. It also expands and
enhances the urban ecosystem, providing habitat for many bird and insect species.
Furthermore, it contributes to easing global warming by absorbing CO2. These scientific
studies will be continued and the data will be openly provided to promote development of
such high-quality vegetated buildings.
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Abstract: This study aims to compare certification system and grade results by analyzing on
reclasification of the criteria and achieved credits from the four office buildings which certified two
systems, Green Standard for Energy and Environmental Design (G-SEED) and Leadership in Energy
and Environmental Design (LEED).
Archived credits in both certificationof four office buildings bring similar grade results included high
considerations of evaluation categories such as energy saving and indoor environment even thought
they have difference rating methods And each certification has own characters such as ecological
environment in G-SEED, Innovation in Design and regional priorities in LEED through regional
environmental condition and policy.
From the study, it discovers that comparative sustainable building evaluation system should compose
with the criteria for domestic standard with local environmental consideration and with the
compatible criteria for global standard.Then participated countries could agonized over global
concerns together with same mesurements.

Keywords: G-SEED, LEED, Office Building, Certification Criteria, Archived Credits
Propose of Study
Green Standard for Energy and Environmental Design (G-SEED) is Korea Green Building
Certification System, which was introduced targeting multi-residential buildings to be cosupervised by the Ministry of Land, Infrastructure & Transport and the Ministry of Environment,
Korea Government in 2002, for certify 10 difference building types included multi-residential
building, office, school and commercial building. The status of G-SEED certification (as of
September, 2013) takes 30.7% of multi-residential housing, 34.75% of school and 12.94% of
office buildings, is increasing continuously due to expanding mandatory and supporting federal
and state incentives.
Leadership in Energy and Environmental Design (LEED) was founded by US Green Building
Council, in 1993, is a certification system to the environmental-friendly building certification in
the USA. However, LEED certificates for office buildings, owned by global companies are
increasing currently in Korea.
In this study, it is intended to suggest the direction of G-SEED certification criteria in order to
respond to the global standard criteria in future through the re-constructed LEED evaluation
criteria and credit rates for office building cases.
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Research Method
G-SEED and LEED reclassified criteria in order to compare the certification criteria credit
rate for office buildings. And four case studies in Korea, which certified G-SEED and LEED,
were analyzed the archived credits through the re-constructed criteria to find the differences
and similarities.
·Theoretical Review
G-SEED is a domestic certification system evaluating the environmental-friendly buildings
for residential building types as multi-residential housing and detached house and nonresidential building types as office, school, retail, hotel and other buildings divided with new
and existing constructions. G-SEED certification system is divided into 7 categories, that are
Land Use & Transport, Energy & Environment Pollution, Materials & Resources, Water
Management, Management, Ecological Environment and Indoor Environment with minium
credit required in mandatory criteria into four grades.
LEED evaluates by dividing the areas into new construction,existing buildings:operation
management,core & shell,commercial interiors, school, healthcare, retail, homes and
Neighborhood. The certification criteria of LEED divided into the following 6 categories, that
are Sustainable Sites(SS), Water Efficiency (WE), Energy & Atmosphere (EA), Materials &
Resources (MR), Indoor Environmental Quality (IEQ) and Innovation &Design Process (ID)
with the minimum performance criteria by satisfying the prerequisites. And an average grade
is decided by totalling the evaluated scores from each item and the final scores are divided
into 4 grades.

Objective

Assessment
Categories
Rating

G-SEED
New Building: Multi-residential hosing,
Residential complex, Office, School,
Retail, Hotel, Home, and the other
Building

New Construction, Existing Buildings,
Operation Management, Core &Shell,
Commercial Interiors, School, healthcare,
retail, homes, Neighborhood

Existing
Building:
Multi-residential
7 Categories: Land Use and Transport,
Energy
and
Pollution,
Materials
andResources,
Water
Management,
Management, Ecological Environment,
Indoor Environment

6 Categories:Sustainable Sites, Water
Efficiency, Energy & Atmosphere, Materials
& Resources, Indoor Environmental Quality,
Innovation &Design Process,

4 grades:Green1,Green2,,Green3,Green4

4 grades:Platinum,Gold,Silver,Certified

Request minimum credit in mandatory
criteria
Figure 1 Introduction of G-SEED and LEED
Significant

LEED

Request prerequisites in each category

Comparison of Certification Criteria Credits between G-SEED and LEED
The evaluation criteria of LEED were reclassified based on the detailed certification criteria
of each among 7 categories of G-SEED certification criteria in order to compare the
certification criteria credit rate of G-SEED 2008 version with the average rate of LEED
NC2.2, 2009 and CS 2.0 as below.
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1. Land use and Transport
In G-SEED criteria, “Feasibility of the measure to prevent interference of daylight right”
(+1.77%) and “Proximity to public transportation” (+2.67%) are higher than evaluation rate of
LEED criteria and in LEED criteria, “Land of the ecological value of the existing” (+5.68%)
is higher than evaluation rate of G-SEED criteria.
In G-SEED criteria, “Building coverage ratio” and “high level of information and
communication equipment” have a total of 41.67% with independent standards. In LEED
criteria, “Development Density & Community connectivity”, “Alternative Transportation”
and “Maximize Open Space” have a total of 39.53% with independent standards.
As an criteria showing the topographical characteristics the most, LEED shows the
characteristics with which the status of the outskirts of land is comprehensively evaluated as
well as the land use within a site is evaluated.
2. Energy and Pollution
G-SEED and LEED both “Energy consumption” criteria represents the difference ± 0.03%,
and mandatory or pre-requisites to specify the minimum score to be obtained.
In G-SEED criteria, “Saving lighting energy” (+19.02%) and “Preventing use of OZone
depletion materials” (4.84%) are higher than evaluation rate of LEED criteria and In LEED
criteria, “Renewable Energy” (9.2%) is higher than evaluation rate of G –SEED criteria.
In G-SEED criteria, 10.34% of “Carbon dioxide emissions” has independent standard and In
LEED criteria, “Measurement and Verification”, “Heat Island Effect” and “Lighting Pollution
Reduction” have a total of 22.28% with independent standards.
Although there are some differences in the aspect of the calculation criteria of the categories,
“Energy” and “Renewable Energy” between G-SEED and LEED, it is necessary to revise and
develop the criteria and to strengthen the certification criteria under the concept of the Life
Cycle Assessment (LCA) since this category is the specialty ones having the importance with
the highest evaluation scores.
3.Materials and Resources
In G-SEED criteria, “Use of environmental-friendly products” (+3.75%), “Saving resource by
reusing structure of existing building” (+10.24%) and “Saving resource by reusing nonbearing walls of existing building” (+3.93%) are higher than evaluation rate of LEED. In
LEED criteria, “Recycled Content, Rapidly Renewable Materials” (+10.57%) is higher than
evaluation rate of G –SEED criteria.
In G-SEED criteria. “New technology industrialization process and the environment” and
“Saving consumption goods in toilet” have a total of 33.34% with independent standard. In
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LEED criteria, “Regional Materials”, “Certified Wood” and “Construction Waste
Management” have a total of 39.88% with independent standard.
G-SEED has shown its high performance as the system for saving materials and resources by
evaluating based on the installation of the facilities. It is necessary to introduce the evaluation
criteria evaluating the usage rate of local materials and resources to develope compatible
criteria.
4. Water Management
In G-SEED criteria, “Rainwater use” (+6.35%) is higher than LEED evaluation rate and in
LEED criteria, “Storm water Design” (+3.17%), “Water Use Reduction” (+1.58%) and
“Water Efficient Landscaping” (+1.58%) are higher than in G-SEED evaluation rate.
The major difference of both evaluation systems are evaluating based on whether the facilities
installed or the usage rate.
5. Management
In G-SEED criteria, “Appropriateness of provision of operation / management” (+23.33%) is
higher than evaluation rate of LEED criteria and in LEED criteria, “Enhanced Commissioning”
(+63.33%) is higher than evaluation rate of G-SEED criteria. “Modifiability of space and
system plan for users” (40%) has an independent standard in G-SEED criteria.
It should be revised in order to seek the operation and management of buildings which obtained
a G-SEED certification and to be evaluated based in the monitoring for managing
continuously and the evaltion criteria for the existing buildings are needed to be expanded.
6. Ecological Environment
Only the ecological environment as a separate category in G-SEED with “Ratio of natural
ground” (36.84%)> “Ecological Environment considering to apply the artificial environment
landscaping technique” (31.58%)> “bio-top composition” (31.58%) are appeared.
7. Indoor Environment

In both G-SEED and LEED criteria, “prevent residents being exposed to smoking” (9.68%)
and “the outside air vent design” (9.68%) represent mandatory or pre-requisites to specify the
minimum score to be obtained. And “design introduced natural ventilation and comfortable
indoor air environment” shows only the differences ± 0.13%.
In LEED criteria, “Low-Emitting Materials” (+16.21%), “Outdoor Air Delivery Monitoring”
(+3.39%), “Indoor Chemical & Pollutant Source Control” (+6.58%) and “Controllability of
Systems” (+15.59%) are higher than evaluation rate of G –SEED criteria.
In G-SEED criteria, “acceptable room for external noise”, “Providing an indoor rest and
recharge space for residents”, “comfortable indoor environment for the residents” and
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“Design for barrier-free” have a total of 35.48% with independent standards. In LEED criteria,
“Construction IAQ Management Plan-During Construction”, “Construction IAQ Management
Plan-before occupancy” have a total of 12.59% with independent standards.
As a category showing similar purposes of both certification criteria, the importance of the
indoor environment among the living environments for domestic residents is increasing
rapidly. So, the evaluation criteria suggesting the design & management methods considering
the indoor environment from the design stage is needed.
8. Innovation in Design, Regional Priority Credits
Innovation in Design and Regional Priority Credits are only categories used by LEED. The
credits are given by making a higher level of suggestion than a standard evaluation criteria
and by suggesting and evaluating some innovative designs which still are not suggested based
on the current criteria and also through the participation of LEED AP (Accredited
Professional). The additional credit is regional priority for adjusting regional environment
condition.
An Anaysis of Archieved Credits of G-SEED and LEED from Office building Studies
G-SEED and LEED archieved credits of four office buildings in Korea reclassified evaluation
criteria by total 9 categories included 7 categories, base on G-SEED and sparated LEED
categories “Innovation and design” and “Regional Priorities” compared with acquiring sector
as below.
The categories, higher credits archived in G-SEED are Energy and pollution (average
19.93%), and Materials and resources (5.62%). The categories, higher credits archived in
LEED are Land use and transport (32.33%)> Management (21.48%)> water management
(4.76%)> indoor environment (4.12 %).
However, the difference in percentage grades is acquired criteria of the two evaluation
systems but in the certification criteria, the final total score obtained by comparing the ratio
showing the difference only 1.78%.
The difference of two evaluation certification standards respond for each regional sector
weights of the living environment and the built environment-related policy measures. As the
comparison of percentage of the total score results does not obtain much difference.
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Figure 2 Comparsion of G-SEED and LEED criteria in office building cases

Conclusion
In this study, G-SEED and LEED grade rate were compared through the re-classification of
LEED criteria. Four office building cases obtained by comparing the acquisited score results
were analyzed based on the similarities and differences.
Land use and transport of each certification systems found significantly difference in average,
which is the difference in geographical conditions and the environment caused by traffic
features identified.
Energy and pollution criteria is similar between G-SEED and LEED but evaluation methods
and aeverage rate are different. Then the archieved grades in the two obtained by building the
differences can be found.
Materials and resources shows differences in assessment methods such as LEED evalates
using the usage rate of materials and resources in local supply.
Water Management of both evaluation is similar to the average amount of the certification
criteria and evaluation purposes.
Management, which shows the difference between the overall certification standards such as
reported-oriented in G-SEED and Commissioning evaluation in LEED.
Indoor environment is similar to the purpose of the certification standards and also
independent criteria distributed in the form of a variety in category.
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Therefore, Energy and pollution and Materials and resources are higher proportion of GSEED and Land use & transport, Management, Water management and Indoor environment
are higher proportion of LEED in terms of overall score results through the analysis of
comparing rates.
The difference in percentage grades is acquired criteria of the two evaluation systems but in
the certification criteria, the final total score obtained by comparing the ratio showing the
difference only 1.78%.
Generally, many criteria details of the G-SEED and LEED ratings are identical or similar to
the target based on an independent assessment form to operate. And it also found the major
difference such as G-SEED related to planning and installation of the evaluation items and
criteria of evaluation, LEED is actually installed in accordance with standards to evaluate
efficiency.
The difference of two evaluation certification standards respond for each regional sector
weights of the living environment and the built environment-related policy measures. The
sustainable certification systems currently in operation each location, country expect in
accordance with the regional characteristics and institutional environment to promote the
development.
Further more, the implementation of the standards for International concerns such as
environment and sustainable architecture can prevail by taking advantage of the mutual
evaluation and integrated assessment and global standard based on the results of the current
responses to climate change and environmental pollution research and development proposed
measures are expected to pursue together.

Reference
G-SEED Certification Criteria, MOLIT Notification No.2010-301
G - S E E D C e r t i fi c a t i o n D a t a ( S e p . 20 1 3 ), h o m e p a ge : www.molit/go/kr
LEED, USGBC, www.usgbc.org
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Abstract: The Sustainability Impact Assessment (SIA) is an analytic tool that can enlighten the
decision making process for major public investment projects. This paper addresses the use of the SIA
as presented by the OECD [1], and suggests that it is necessary to assign SIA indicators to the
strategic, tactical and operational levels. We have examined 1) what indicators are actually chosen as
being the most significant, and 2) how assessors ought to choose their indicators.
In order to be able to answer our two research questions, we have let 538 of our students – assembled
in 121 groups – carry out a SIA of a major road project. We have also analysed the propensities of a
real-life SIA performed by professional project analysts.
We observed a lack of predictability in the choice of indicators in the SIAs – all scrutinizing the same
major infrastructure project – carried out by the students. The real-life SIA bore the same
characteristics when it came to this lack of predictability.
Predictability in a tool designed to assure enlightened decision-making is essential, since lack of it can
entail challenges concerning – just to mention some – transparency issues, governance, stakeholder
participation and effectiveness.
Discussions related to choice of indicators for the SIA concern their commensurability. We point out
how easy it is to unconsciously omit important indicators in a SIA, so the first step should be to make
sure that all relevant indicators are considered. Our main argument is that indicators should be
assigned to either the strategic, tactical or operational level, as well as to one of the economic, social
or environmental dimensions.

Sustainability, Impact, Assessment, Indicators
Introduction
Bond and Morrison-Saunders [2] point out that impact assessment tools are inherently good,
but that we need to recognize that they are in their “formative years of development”, a period
were “practice will be affected by a lack of familiarity amongst practitioners and a lack of
capacity which is common when new tools are applied” (ibid). There seems in fact to be
required, as Hacking and Guthrie comment, “a great deal of work” to “develop assessment
techniques that deliver practical results capable of supporting the lavish policy-level
commitments to SD [sustainable development]” [3]. The Sustainability Impact Assessment
(SIA) is an analytic tool intended to enlighten the decision making process for major public
investment projects. This paper addresses the use of the SIA as presented by the OECD[1].
Wee address the SIA in light of the following two research questions:
(1)
What indicators are actually chosen as the most significant?
(2)
How ought the assessors choose their indicators?
Our interest lies in examining the SIA from what we consider to be a seminal perspective. We
intend to highlight – what in our opinion is – one of the fundamental challenges to the use of
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the SIA, notably the question of how to achieve a balanced assessment, without ignoring
important impacts. As Macrae [4] comments, when using assessment tools, “[m]uch depends
on the set questions [...] built into the tool”. Theoretically speaking, the number of indicators
is limitless, and the eager evaluator might drown in information and concerns. Typically, the
literature address challenges to the use of the indicators in SIA related to weighting,
measuring and pricing. Our research rather address the more seminal question of how to
address and choose indicators that can enable give a balanced assessment.
Sustainability indicators
A necessary element in decision-making in general – and in sustainability assessment as
forming part of this in particular – is developing knowledge. This includes identifying
relationships and aggregating information to discern patterns [5]. One approach to collecting,
condensing, and communicating this knowledge is through the use of indicators. An indicator
represents a distillation or abstraction of reality – a system element or variable chosen for its
ability to describe a specific characteristic in the state of a system [6, 7], “that can be used to
illustrate and communicate complex phenomena simply”[8].
The most well-known indicator frameworks in use for sustainability assessment and
presentation are based on the Pressure – State – Response (PSR) framework developed by the
OECD [9]. Core OECD sustainability indicators include economic, social, and environmental
factors, from which relevant indicators can be chosen and reported [9]. The PSR framework
has since been expanded to better attempt to elucidate the web of causes and effects inherent
to complex systems. Expanded PSR frameworks include
•
•
•

Pressure – State – Impact – Response (PSIR)
Driving Force – Pressure – State – Impact – Response (DPSIR)
Driving Force – Pressures – State – Exposure – Effects – Actions (DPSEEA).

The DPSIR framework has been utilized extensively by the European Environment Agency
(EEA), as they maintain that it provides a “systems analysis view” meant to expose the
interplay between socio-economic activities and the environment, hereunder buildings [10,
11]. In this framework, socio-economic development is seen as the driving force exerting
pressure on the environment, causing a change in environmental state, resulting in impacts on
ecosystems, human health, and resources – inducing a societal response that can feed back on
any of the elements or the linkages between them [10, 11]. The EEA has developed a core set
of indicators to support high-level European policy, not specific project-based assessments [8,
12].
The OECD has also put forth the Sustainability Impact Assessment (SIA) as a specialized
approach to augment more general assessments, which could involve PSR or other
frameworks. SIA is distinctive in its focus on maintaining integration between the social,
economic, and environmental factors inherent to sustainability [1]. The main attraction of the
SIA as compared to the other analytic frameworks seem, in our view, to be the focus on
overall impacts of investments, thereby permitting for a proper strategic analysis. This does
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not mean that the working of the SIA is unproblematic. Two major insights from the project
management literature can illustrate what we think should be emphasised more clearly in the
tool.
The first of these insights is that projects can be analysed from different perspectives. In other
words, the questions on why and how the project is carried out can be answered in several
manners according to analytic scope. Based on de Wit [12] and others, Cooke-Davies [13]
draws a fundamental distinction between project success and project management success.
Project management success is measured against the widespread and traditional measures of
performance against cost, time and scope. These measures will be assessed from an
operational perspective. Proper assessments of investment project success, however, depend
equally on a tactical and strategic understanding of why and how they are carried out. Samset
[14] maintains that different stakeholders will have different perspectives and interests, and
they often conclude differently in assessing the same project. The initiating party will have a
strategic interest in what value the project add to business or to society. The end users will
have a tactical interest in the results and services delivered from the project. The contractor
will focus on the operational measures cost, time frame and produced quality.
Let us illustrate this point according to intended impacts of a road construction project. From
an operational perspective, a road is assessed according to quality criteria successive method
as time, cost and quality (contractor perspective). From a tactical perspective, a road can be
examined according to its car traffic capacity (user perspective). From a strategic perspective,
what is of interest is the regional economic development following the increased traffic and/or
reduced transportation time (initiating party perspective).
The second insight is that these separate analytic perspectives are often characterised by
different time horizons. Shenhar and Dvir [15] relate specifically to project management, and
suggest that a comprehensive assessment of project success in the short and the long term can
be defined by groups of measures: “In the short term […] the project efficiency dimension is
critical. In fact, it is the only one that can be measured in concrete terms at this stage. […]
And finally, preparation for the future, which expresses the long-term benefits of the project,
affects the organization only after years have passed” [15]. It is significant to remark when
different impacts of investment projects appear. Operational impacts (noise, dust, etc. related
to project efficiency) will typically appear over a shorter period than impacts relevant to a
tactical perspective, whilst the corresponding strategic impacts (i.e. preparation for the future)
take even longer time to unfold. It is also worth to notice that also in theoretical literature –
not only in practice – it can be difficult to make clear distinctions between the different
success dimensions and different analytic perspectives.
Research methods
In order to gather empirical support for the answers to our two research questions, a total of
538 undergraduate students, assembled into 121 groups, were asked during the autumn
semesters in 2010, 2011 and 2012 to carry out an SIA of major infrastructure project in
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Norway called E6 Øst. In short, their task was to identify relevant indicators and to score
them according to a +/- 2 scale. On beforehand they had a four hour lecture on how to carry
out a SIA and a four hour lecture about formulating purpose (on strategic level), objectives
(on tactical level) and project results (on operational level). They also got access to project
documents, information on the project’s website, a guest lecture presenting the project and an
excursion to the construction site. In order to check our results against real-life professional
practice, we have also analysed the propensities of a real-life SIA performed by professional
project analysts. The indicators actually used by both student groups and professional analysts
were sorted into categories. This sorting was done in a subjective way by the authors of this
paper. This subjective categorization is certainly vulnerable for misinterpretation, but since
we only want to show the trends to make our point, we consider our categorizations to be
valid enough.
E6 Øst in Trondheim, Norway
The respondent groups identified a total of 138 different indicators pertinent to the investment
project in subject. The number of indicators varied somewhat, as one group identified two
indicators, while the most ambitious groups identified 18. In total, the 121 groups identified
984 indicators. The identified indicators were then assembled in categories based on what was
judged strategic, tactical and operational concerns, with sub-divisions within the categories
according to the three pillar thinking of economic, social and environmental indicators. The
indicators within these nine categories were systemised, as presented in figure 1A.
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Figure 1A Frequencies of indicators in the E6 Øst project, Figure 1B Frequencies of indicators in the
professional SIA. Of particular interest is the finding in both indicator sets of what we call white fields, that did
not receive any attention

As is easily observable from the material, the frequency of indicators varied considerably in
the different categories. What we can call white fields of the analyses are of particular
interest. Most surprisingly, our students failed to identify any operational environmental
impacts of the investment project. Furthermore, they included few operational social
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indicators. Equally, the frequency of strategic economic indicators identified must be
characterised as very low. In light of that major road projects are typically carried out in order
to enforce strategic long-term economic development, one would expect that the frequency of
such indicators would be higher in a SIA.

Linking two ski areas in Bern, Switzerland
The following SIA is presented as an exemplary one by OECD [1], concerning a project
initiated to link two major ski areas in Switzerland. As we can observe in the figure 1B above,
a total of 124 indicators were chosen to assess the most important impacts of the project.
Again, the indicators were assembled in categories based on what was judged strategic,
tactical and operational concerns, with sub-divisions within the categories according to the
three pillars thinking of economic, social and environmental indicators. The frequencies of
indicators within these nine categories were systemised in figure 1B.
When applying the framework as provided by the insights from the PM literature, the white
fields observed are again striking. No emphasis is lain upon the social aspects of the
operational level, and almost none on the economical side. This latter is perhaps particularly
interesting; we find it strange that professional assessors seem to mean that investment cost is
of no interest in a sustainability assessment.
Discussion
Our discussion combine the findings from the literature study with the findings of what
indicators are actually chosen as the most significant. From this, we will answer the second
research question about how the assessors ought to choose their indicators.
It seems to be commonly accepted that sustainability has three main dimensions, namely the
economic, social and environmental dimension. It is incorporated in the SIA that all impacts
can be sorted in one of these three dimensions.
Our experience from the student assignments is that it is not controversial to categorise
indicators into the three dimensions. When we take it one step further, and sort the students’
indicators after whether they take the strategic, tactical or operational perspective, we see a
source of controversy. The students have completely forgotten to include operational
environmental impacts when suggesting indicators. They have almost overlooked operational
social impacts, and they have paid little attention to strategic, economic impacts. When
looking at the proposed indicators in retrospect, it is more or less obvious that when the
national public road authority initiates a road investment project, economic impacts on a
strategic level are important.
The first observation from the exemplary professional SIA is that it makes sense to categorise
the indicators into the economic, social and environmental dimensions. When sorting the
economic, social and environmental indicators further into the strategic, tactical and
operational categories, we find no operational social indicators. Only one of the 124
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indicators – the indicator “Improvement in product life” – deals with operational, economic
impacts. There are no indicators in the professional SIA that looks at investment costs. When
assessing sustainability, it is important to look at the investment project in a broad manner.
Though, regardless of who the initiating party is, the investment cost will influence on the
sustainability. Just as in the answers to the student assignments, the professional SIA have
omitted important indicators.
Our findings from project management literature indicates that two fundamental questions
should be addressed before initiating a SIA, notably 1) from what perspective sustainability is
to be assessed from, and 2) over what time-span is one to assess the sustainability. Both
questions may seem easy to deal with, but they do in fact involve considerable challenges.
Conclusions and recommendation
Our findings on SIA assessments – from the our students’ assessment of the E6 Øst project
and from the professional assessment of the project linking two major ski areas in Bern – gave
the impression that as long as no extra precautions are taken, the selection of indicators is left
to the discretion of the assessor. That may lead to the selection of tangible and familiar
indicators, while the assessors take no notice of important impacts that are imprecisely
described or difficult to foresee. The assessment can become more subjective, something that
will reduce the predictability and thereby the quality of the outcome.
Especially striking was that, in the professional SIA, we found little or no systematic
reflection on what indicators to choose. We also found another striking similarity between the
indicators suggested by our students and those used in the professional SIA. Indicators that
relate to different perspectives, be it the perspective of the contractor, the end user or the
initiating party, were juxtaposed without discrimination. Operational concerns (noise during
construction period) and strategic concerns (climate gas emissions) were found mixed
together in a seemingly random manner and given equal weight all the analyses. Noise during
the construction period can cause a temporary annoyance for the nearby neighbours, but most
probably they can live with it. Climate gas emissions can, as far as we have understood, cause
permanent global damage. In short, we consider neither of the studied sets of SIA indicators
to be perfect. The depth and scope of the impact assessment should match the significance of
the investment project. An analysis of different possible gravel qualities is not of prime
interest when assessing the sustainability impacts of an infrastructure investment project.
To conclude, it is very easy to unconsciously omit important indicators in a SIA if following
the guidelines as presented by the OECD [1]. If it happens, it will significantly reduce the
quality of the SIA. There seem to be a need for a certain reworking of the tool in order to omit
this effect.
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Abstract: The Federal Government has introduced the Guideline for Sustainable Building.
The Federal Building Authorities are obliged by edict to evaluate their buildings, using the
Assessment System for Sustainable Buildings (BNB) based on this guideline. Within the
framework of a research project, the Assessment System BNB was adapted for research and
laboratory buildings. The initial implementation of the BNB-Module Research and
Laboratory Building in practice is being scientifically evaluated by a follow-up research
project. In the opinion of the researchers it is an important step to optimize and structure the
holistic process from demand planning to commissioning by implementing this module. The
first results are available. An integration of sustainability requirements in the architectural
competition could be realized successfully. The evaluation of the first phases of the project
proves that it is possible to operate and to assess different laboratory buildings in the
planning process with a common methodology.
Federals Buildings, Laboratories, Assessment-tool, Implementation
Introduction
With the introduction of the Guideline for Sustainable Building [1] the Federal Government
has enforced an important component of its sustainability strategy. The Federal Building
Authorities are obliged by edict to evaluate their buildings, using the especially developed
Assessment System for Sustainable Buildings (BNB). Sustainable building is fundamentally a
matter of finding functionally and aesthetically solutions that are not only ecologically
compatible but also economically acceptable and at the same time include humans as users.
Thus, the three classical dimensions of sustainability ecology, economy and socio-cultural
aspects are equal and equivalent goals. In addition, the technical characteristics and
procedural aspects of planning and construction are important. An essential basis of the
German approach is to consider the entire life cycle of a building from planning, building and
use to disposal.
The implementation of sustainability requires an integrated approach. The aim is to optimize
the building during its entire life cycle in order to minimize energy and resource consumption,
reduce environmental burdens and improve overall economic efficiency whilst at the same
time addressing the need to improve social and cultural aspects. This is accomplished, for
instance, by optimizing measures to provide health and comfort which enhance the quality of
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life and performance of building users. This also holds true for process quality which
significantly determines the sub-aspects of sustainability during the early planning and the
design phase and it also ensures that the planned quality will be achieved during the execution
phase.
Fig.1: Weighting of the main criteria groups (Reference: Guideline for Sustainable Building, BMUB)

On initiative of the Building Ministry a research project was
initialized in October 2011, in order to supply an additional
module of BNB that would meet the requirements of Research
Buildings and Laboratories. The scientific team, ee concept
gmbh, receives support by a work group, representing relevant
experts, both from the private and the administrative sector, in
cooperation with the German Sustainable Building Council
(DGNB). The scientific work was sponsored by the Research
Initiative “Future Building” of the BMVBS and based on
former results of the DGNB. The Federal Institute for Research on Building, Urban Affairs
and Spatial Development (BBSR) was responsible for the research management.
Assessment System for Research and Laboratory Buildings
Within the framework of this research project, the Assessment System BNB was adapted for
research and laboratory buildings. To meet the special requirements of these buildings some
important criteria - as LCA, LCC or energy performance - had to be substantively revised and
supplemented. The group of experts met several times and discussed the interim results of the
current research project. The experts delivered intensive scientific support, particularly with
regard to their practical experience in planning and building laboratories. The evaluation now
is based on a concept of a “Reference Building”. This model defines the quantitative
benchmarking for the evaluation of the real building. This new method will make it possible
to react to the great variation of utilization and the usual mixed-use in research and laboratory
buildings.
Research Buildings and Laboratories are distinguished by a great variation of utilization - the
assessment of some important criteria - as LCA, LCC or energy performance - is therefore
based on a so called “Reference Building”. This calculating model defines the quantitative
benchmarking for the evaluation of the real building. This new method represents the
substantial difference compared to other existing building categories in the BNB-System.
Moreover the system will be able to react to the usual mixed-use in research buildings and
laboratories, where besides different forms of laboratories, offices, workshops and conference
rooms are also to be found. A further focus is the integration of the process energies, which
are the decisive factor for the energy demand in this building type. A valuation method for
these kinds of energy was developed and is applicable for five different large-scale facilities.
This part needs to be strengthened by future versions.
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According to the Assessment System for Office and Administration Buildings [2], the System
for Research Buildings and Laboratories is organised in 50 criteria files. The notations of the
criteria correspond broadly to the criteria for Office and Administration Buildings, but the
content matter has been adapted to the special requirements of the considered building
variation (Table 1). The essential modifications are described in the criteria file 0.1.0 General
Principles, where the “Reference Building” is determined. With this “Reference Building” the
system creates the benchmarks for the Life Cycle Assessment (LCA) and the Life Cycle Costs
(LCC).
Table 1: Sustainable Criteria (BNB-Module Research Buildings and Laboratories)

Nr.
Criteria
0.1.0 General Principles/ Concepts
Ecological Quality
Effects on Global and Local Environment
1.1.1 Global Warming potential (GWP)
1.1.2 Ozone Depletion Potential (ODP)
1.1.3 Photochemical Ozone Creation
Potential (POCP)
Demand of Resources
1.2.1 Primary Energy Demand not
renewable (PEne)
1.2.2 Total Primary Energy Demand
(PEtot) and Amount of PEe
Economical Quality
Life Cycle Costs
2.1.1 Building-related Life Cycle Costs
Social-Cultural and Functional Quality
Health, Comfort and User Satisfaction
3.1.1 Thermal Comfort in Winter
3.1.2 Thermal Comfort in Summer
3.1.3 Indoor Air Quality
3.1.4 Acoustic Comfort
Functionality
3.2.1 Barrier-free Building
3.2.2 Public Accessibility
Ensuring Design Quality
3.3.1 Design and Urban Quality
Technical Quality
Quality of the Technical Execution
4.1.1 Sound Insulation
4.1.2 Heat Insulation and Protection
against Condensate
4.1.3 Cleaning and Maintenance
4.1.4 Dismantling, Separation and
Utilisation

Nr.

Criteria

1.1.4
1.1.5
1.1.6
1.1.7

Acidification Potential (AP)
Eutrophication potential (EP)
Risks to the Local Environment
Sustainable Extraction/Wood

1.2.3 Fresh Water Demand and Quantity of
Wastewater
1.2.4 Demand of Space

Performance
2.2.1 Space Efficiency
2.2.2 Capability of Conversion

3.1.5
3.1.6
3.1.7
3.1.8

Visual Comfort
Influence of the User
Building-related Outdoor Qualities
Safety

3.2.3 Bicycle Comfort

3.3.2 Art in Architecture

4.1.5 Flexibility of the Building Services
4.1.6 Maintainability and Operation of the
Building Services
4.1.7 Quality of the Building Services
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Process Quality
Management and Design
5.1.1 Project Preparation
5.1.2 Integrated Design
5.1.3 Optimisation and Complexity of
Planning
Quality of the Building Construction
5.2.1 Building Site / Building Process
5.2.2 Quality Assurance of the Building
Construction
Location Profile
6.1.1 Risks at the Micro-Site
6.1.2 Conditions at the Micro-Site
6.1.3 Image and Character of Location and
Quarter

5.1.4 Sustainability Issues in Tender and
Placing
5.1.5 Requirements for an optimal
Utilisation and Management
5.2.3 Systematic and Controlled
Commissioning

6.1.4 Public Transport Connections
6.1.5 Vicinity to Use-Specific Services
6.1.6 Supply Lines / Site Development

Within the first pilot phase, the assessment method was applied to selected laboratories,
including five projects from the public sector. The development of the BNB System for
research and laboratory buildings was finished in December 2013. This new module has now
been put into practice by the Federal Building Authorities. An application in the private sector
is recommended.
Initial Implementation
The initial implementation of the BNB Module Research and Laboratory Building is being
scientifically evaluated by a follow-up research project. In the opinion of the researchers it is
now an important step to optimise and structure the holistic process from demand planning to
commissioning by implementing the developed criteria. The selection of the exemplary
laboratory buildings was chosen with this in mind.
Due to the extensive range of tasks, the number of project participants and the general
understanding in a sustainable planning process an early interface definition makes sense.
This was finished during the first meetings. The sustainability coordinators of selected
projects are the central point of contact for the project-specific planning participants on the
issues of sustainability. They are responsible for the evaluation, preparation of evidence and
ultimately the certification of the building. The research team of ee concept supports the
coordinators in project-specific issues, in the development of the required concepts and the
creation of the eco-balance (LCA).
The scientific monitoring has a further focus on optimizing the integration of the BNBSystem into the planning and building process. Problems by implementing sustainable aims
should be discussed and shown. Improvement strategies have to be developed. One of the first
steps was the advice on the integration of sustainability requirements in the competitive
process. Thereto the recommendations from the SNAP-brochure “Systematics for
sustainability requirements in planning competitions” [3] were used.
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Selection of suitable projects
The selection of projects was based on the idea to start the scientific support in an early
planning phase. Only construction projects that are built directly by the Federal Government
as principal or at least are accompanied by the German Building Authorities should be
included in the study. On this basis, the following two projects were selected:
Berlin Institute for Medical Systems Biology (BIMSB)
The client, the Delbrück-Center for Molecular Medicine (MDC) was founded in 2008 and is
part of the Helmholtz Association, Germany’s largest scientific organization. The MDC
carries out basic biomedical research. For the BIMSB the MDC is planning a new research
building on the North Campus of the Humboldt University in Berlin-Mitte. In the future
complex biological processes will be explorated by experimental and mathematical methods
at this site. The site offers the opportunity to create a better link to university and nonuniversity institutions and to achieve research results more effectively.

Fig.2: Site location plan BIMSB
(Reference: Staab Architects)

Fig.3: Rendering BIMSB (Reference: Staab Architects)

The current approach provides about 5400 m² usable floor area. The investment costs for the
new building are defrayed to 25 % by the federal government and 75 % by the State of Berlin.
To ensure a high quality for this project an architectural competition was arranged, won by
Staab Architects from Berlin. The building consists of two related building structures with
different heights. The L-shaped arrangement created a forecourt as a reception for staff and
visitors.
Due to the interdisciplinary research teams and increased work on the computer similar to
office work certain requirements result for the planning of the building. Flexible and adequate
communication zones are important for the users. During the preliminary stages an energy
concept has been created and an economic study was carried out. The new building has to
achieve a particularly high standard with regard to the Assessment System for Sustainable
Building (BNB). Therefore the project manager has to be qualified as sustainability
coordinator.
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Julius-Kühn-Institute (JKI)
The Julius-Kühn-Institut (JKI), Federal Research Centre for Cultivated Plants, is both a
federal research institute and a higher federal authority. It
has to provide information and advice to the federal
government. The Institute was founded by the Federal
Ministry of Food and Agriculture in 2008 as part of the
reorganization of the departmental research. Apart from the
institutes based in Saxony-Anhalt, the JKI conducts research
facilities in other locations, including the Institute for Plant
Protection in Fruit Crops and Viticulture in Dossenheim
(Baden-Wuerttemberg).
Fig.4: Side location plan JKI Dossenheim (Reference: hotz+ Architects)

The proposed new building is motivated by the consolidation of various scientific institutes at
this location. On the eastern part of the site approximately 3339 m² usable floor area will be
built. Even in the early planning phase the aspects of sustainable and energy-efficient
construction based on the Guideline for Sustainable Building already had to be considered. To
ensure a high quality for this project an architectural competition was realized, won by Hotz+
architects from Freiburg. The completion was organized as an integrated competition,
architects and engineers had to form a co-operation. The implementation of the sustainability
topics into the competition process was ensured by using the “SNAP-Recommendations”.
The goal is to reach the standard of a silver certified
building, which means a total degree of fulfilment of at
least 65 %. The design is distinguished by its sensible
urban integration and successful organization of the
different workspaces in the floor plans. The design also
proves advantageous with regard to the sustainability. It
convinces due to its high flexibility of use, good
daylighting and low energy requirements.
Fig.5: Layout plan ground floor JKI Dossenheim (Reference:
hotz+ Architects)

The new laboratory building is composed of two parallel parts of the building and an
intermediate atrium. This serves as a central entrance hall and lounge area. The laboratories,
offices and functional areas are housed in the two opposite parts of the building. All areas of
the building are accessible for disabled guests. The design and material selection allow a short
construction time and cost-effective realization of the building. The clear structure offers a
high degree of flexibility and adaptability, thus ensuring a permanent usability of the building.
The non-load bearing walls allow a high flexibility in the use of space. The flat ceilings
enable an easy cable routing for the installation. The façade illustrates the ecological concept
of the building. The energy demand will be reduced significantly by the well-insulated
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building envelope and the compact design. The structure of the façade provides a balanced
proportion for daylight use and for use of solar energy by integrated photovoltaic elements,
taking into account that all parts of the facade correspond to the passive house standard. As an
additional source of energy to provide electricity, heat and cold wood chips (80 %) and
rapeseed oil (20 %) will be used.
Conclusion
The first results from the accompanying research are available. The evaluation of the first
phases of the project proves that it is possible to operate and to assess different laboratory
buildings in the planning process with a common methodology. The assessment system
responds to the substantially varying labs and great variation of utilization by the launch of
comparative values, based on the so called “Reference Building”. Substantial steps are the
participation of sustainability coordinators in the early planning stages, especially an intensive
preparation for the competitive tender in consideration of the main sustainability
requirements. For this, concrete requirements from the perspective of sustainability have to be
formulated and agreed on between the stakeholders and decision makers. In addition they
need to be informed and integrated into the process. A pre-examination report, compressed to
the relevant information and graphically descriptive, supports the judges in their analysis and
evaluation of a complex amount of data.
Both considering process energy as an additional expense and the overall higher energy
demand of laboratory buildings lead to a higher weighting compared to the assessment of
office buildings. Due to a usually higher rate of air renewal these buildings have an increased
demand for energy making the evaluation of life-cycle costs essential. Overall the high
weighting of "operation of laboratory buildings" is supposed to promote the planning and
construction of efficiently running laboratory buildings in the long term. Moreover negative
impacts on the environment and operational costs due to energy demand might be reduced by
including the assessment system into planning at an early stage. Nevertheless the assessment
system for research and laboratory buildings needs to be adjusted continuously and will be
subject to continuous evaluation. The BNB-Module for research and laboratory buildings and
the research report will be published by the Information Portal Sustainable Building
“www.nachhaltigesbauen.de”.
References
1. Federal Ministry of Transport, Building and Urban Development (2013): Leitfaden
Nachhaltiges Bauen (Guideline for Sustainable Building). Berlin
2. Kerz, N.; Müller, J.; Rietz, A. (2011): Sustainable Building Strategies - Methods – Practice.
BBSR-Berichte KOMPAKT 8/2011. Editor: Federal Institute for Research on Building,
Urban Affairs and Spatial development (BBSR). Berlin
3. Fuchs, M.; Hartmann, F.; Henrich, J; et.al (2013): SNAP-brochure “Systematics for
sustainability requirements in planning competitions – SNAP-Recommendations”. Editor:
Federal Ministry of Transport, Building and Urban Development, Berlin
7606

ISBN: 978-84-697-1815-5

Proposal for a Healthcare Building Sustainability Assessment
(HBSA) Method
Speakers:
Castro, M. F.1; Mateus, R.2; Bragança, L.3
1

University of Minho, Gimarães, Portugal
University of Minho, Gimarães, Portugal
3
University of Minho, Gimarães, Portugal
2

Abstract: The healthcare building project contains different aspects from the most common projects.
Mostly due to various design requirements, these buildings are rarely designed and operated in a
sustainable way. Therefore, the best practices of a sustainable healthcare building design that should
be taken into account: in the design phase (to support the decision to adopt solutions that contribute to
building sustainability); and in the operation phase (to support users and managers in the operation
and in equipment maintenance at an high level of efficiency).
In this context, the aim of this study is to present a proposal for a Healthcare Building Sustainability
Assessment (HBSA) method adapted for the Portuguese context and considering the work developed
so far in the standardization bodies (CEN and ISO). The most relevant building sustainability
assessment tools in the context of healthcare buildings will be also analysed and compared.

Assessment methods, HBSA method, Healthcare buildings, Sustainability
1. Healthcare buildings sustainability assessment methods
In order to promote the introduction of sustainable practices in the design of healthcare
buildings, several countries and building sustainability assessment bodies have published
guidelines to support improved design approaches. Among them, it is possible to highlight the
recommendations for healthcare projects that the Green Building Committee of the American
Society of Healthcare Engineering (ASHE) published in 2002 (ASHE, 2002). This
partnership between the American Hospital Associations and the United States Environmental
Protection Agency, pointed out the principles of sustainable architecture that are intended to
reduce waste and other impacts associated with hospitals (Roberts & Guenther, 2006). The
ASHE proposes an architectural development of these recommendations in order to develop
buildings capable of improving the health concerns at three scales (ASHE, 2002):
• Protecting the immediate health of building occupants;
• Protecting the health of the surrounding community;
• Protecting the health of the larger global community.
1.1. Existing methods and their characteristics
Analysing the state of art in the field of HBSA methods it is possible to identify the
following: BREEAM New Construction; LEED for Healthcare; Green Star – Healthcare; and
CASBEE for New Construction.
In general, the abovementioned building sustainability assessment tools have the same
structure. They all have sustainability assessment categories and indicators, and allow the
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calculation of a single overall score based on a set of weights. The weights are based in the
relevance of each category for the sustainability of healthcare buildings and higher weights
are given to indicators of greater importance (Castro, Mateus, & Bragança, 2013). BREEAM
New Construction, LEED for Healthcare and Green Star – Healthcare have a similar structure
and an identical weighting system. Therefore they can be compared and Image 1 shows how
the weight is distributed among each sustainability category in the three HBSA methods. The
final weights of CASBEE for New Construction vary, according to the final scores achieved
at the level of each indicator, according to the methodology specified in the CASBEE manual.

Green Star – Healthcare
LEED for Healthcare
BREEAM New Construction
0 10 20 30 40 50 60 70 80 90 100 110

%

Management
Wellbeing
Energy
Transport
Water
Materials
Waste
Sustainable Sites
Pollution
Innovation
Regional Priority

Image 1 - Weights distribution of HBSA methods in study

1.2. Ongoing standardization
In the last years ISO and CEN have been very active in developing a definition for the
sustainable construction concept. As a result they have been publishing the set of standards:
ISO 15392; ISO/IEC TS 17021-4; ISO 20121; ISO 21929-1; ISO 21930; ISO 21931-1;
ISO/TR 21932; EN 15643; EN 15942; EN 15804; EN 15978; and prEN 16309. Analysing
these standards it is possible to conclude that sustainable construction does not only mean
improving the environmental performance but also, and above all, seeking an optimized
balance between environmental, societal and economic aspects. Within this context, Image 2
outlines the relation between the sustainability categories of the studied HBSA methods and
the three sustainability dimensions (and related potential impacts), according to the division
proposed by ISO/AWI 21929 (ISO TS, 2010).
Potential Impacts

Core Categories
Management
Wellbeing
Service quality
Energy
Transport
Water
Materials
Waste
Sustainable Sites
Pollution

Legend:

Environmental
Change/
Use/Depletion
Deterioration
of resources

1 method

2 methods

Economic
Economic
Productivity
value

3 methods

Health

Societal
Satisfaction
Equity

Cultural
value

4 methods

Image 2 – Relation between the potential impacts set in ISO/AWI 21929and the categories of the analysed
HBSA methods
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Regarding Image 2, it is possible to conclude that the environmental dimension is the one
with the greater presence in all core categories. Therefore, it is possible to highlight that
HBSA methods have an unbalanced consideration of core categories across the three
dimensions.
2. Sustainability performance in healthcare buildings
Defining benefits, both organizational and community, that arise from sustainable building
strategies is a continue challenge in healthcare area. These benefits need to be defined,
quantified, and communicated and understood through the industry.
Benefits that include the concepts “less” and reduce” are always misunderstood in healthcare
industry, because this industry is about people and about their wellbeing and therefore these
concepts are delicate. At the same time, healthcare organizations have been implementing
many efforts to achieve social benefits with implementation of improved environmental
performance strategies. A lot of organizations and healthcare buildings received recognitions
for these initiatives: treatment of medical waste; recycling programs, environmental
improvement programs resonate with communities; reduction the consumption of energy;
reduce the consumption of water; sustainable site planning; etc.
So, in this context, it is important to promote the dialogue between evidence based design and
sustainable design strategies in healthcare industry. The major distinction between these two
concepts is that: evidence based design is a process of investigation focused in medical and
workplace outcome objectives that lead to a recommended set of built environmental
strategies; and sustainable design is a process that defines a set of built environmental
strategies informed by broader considerations (Hamilton, 2006). The strategies of the last one
are often based and linked to larger public health, community, and societal concerns. It meets
the principles of the triple bottom line: strategy and leadership.
As presented in Image 3, this “Triple Bottom Line for Health” defines the industry approach
to sustainable building and operations and is the basis for the most relevant design tools and
guidance documents that have been developed for the purpose of making known healthcare
organizations and your designers these challenges (Robert & Guenther, 2006). However,
these assumptions increase its high complexity when consider the interests of the community
and the population, which can also lead to failure of the same at its misapplication. In this
sense the health industry should make an effort to take into account not only the technical
needs of the hospital, the patients, the environment, but also the community at large (Image
4).
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Image 3. The Triple Bottom Line for Health
(Roberts & Guenther, 2006)

Image 4. Applying the Triple Bottom Line
Approach at the Community Level (Roberts &
Guenther, 2006)

Shepley and Baum as have been studying the conflicts between EED (Eco-Effective Design)
and EBD (Evidence-Based Design) and publishing papers about these issues. They are
conflicts like built larger patient room (Baum, Shepley, Rostenberg, & Ginberg, 2009b). On
one hand this can promote comfort for the patient, with more space and better conditions, but
it also implies more resources to construct, more consumption of water and energy
conservation leads to less light and fresh air. Nevertheless, more than 50% of the experts in
EED and EBD framed concepts defend that these two concepts should walk together
promoting benefits to each other (Baum & Shepley, 2009).
2.1. Sustainable-effective design versus evidence-based design
Relationship between EBD and EED has already been discussed in some papers and literature
reviewed (Baum, Shepley, Ginberg, & Rostenberg, 2009a), but the concept EED does not
reflect all concerns that are involved on the concept of sustainable construction. So in this
paper, the concept Sustainable-Effective Design (SED) is introduced to reflect the issues that
should be taken into account in HBSA methods. Most discussions on EED facilities focused
on how the building itself was designed to reduce harm to the natural environment, not to
create a “healing environment”. In this context, Image 5 reflects synergies and conflicts
between EBD strategies and core categories of HBSA methods that are in study.
Main EBD

Core categories

Patient health,
safety and wellbeing

Staff health, safety
and wellbeing

Operational
Efficiency

Technology

Life cycle
flexibility

Management
Wellbeing
Service quality
Energy
Transport
Water
Materials
Waste
Sustainable Sites
Pollution

Legend:

Clear conflict

Possible conflict

Possible synergy

Clear synergy

Image 5 - Relationship between EBD strategies and the core categories of HBSA methods
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Rarely exceptions of core categories, like “Water” and “Transports”, are not related with EBD
strategies, and no one has “clear conflict”. The majority of categories have possible or clear
synergies with the issues considered in HBSA methods, and category “Service quality” is the
one that has a “clear synergy”. For a best analyse and understanding of this relationship, all
the criteria of each category should be taken into account to effectively understand witch
criteria are in par or not with the EBD strategies. In similar way, the best practices of EBD
should be included in this analyse. Therefore, it is fundamental looking in for these synergies
and conflicts to promote the dialogue between these two realities. One of the objectives of
these methods is to help design teams in the design and construction stages and therefore it is
important to combine the EBD strategies and EED facilities to achieve SED criteria and to
clearly include that in HBSA methods.
In the definition of the indicators of the HBSA Portuguese method presented bellow all
concerns presented in existing HBSA methods and also SED issues are considered.
3. Portuguese context
In Portugal, during 2008, the Ministry of Health developed a document that lists the
recommendations and technical specifications for the healthcare buildings. This document, republished in 2012 (ACSS, 2012), has recommendations for several issues: such as
architecture; facilities and equipment for water supply and drainage; electrical and mechanical
systems; centralized technical management; outdoor spaces; integrated management of solid
waste; maintenance; etc. Together with these documents, there are other regulations that
specify the requirements of each specific space at the level of lighting, indoor air quality,
temperature and ventilation. Nevertheless, in what regards to the sustainable management of
the healthcare buildings there is not any document with the force of law or recommendation.
In 2013, the Ministry of Health published a Guide called “Guia de boas práticas para o setor
da saúde” presenting it as an instrument to promote the reduction of consumption and energy
costs and water, the reduction of waste and the spread of behaviours that promote low carbon
economies. This guide can be used as a tool for dissemination and outreach of best practices
to all users of the buildings. The idea was to demonstrate measures requiring very low
investment costs and begins to introduce such concerns in healthcare buildings (ACSS, 2013).
3.1. Proposal for a Portuguese HBSA method
There is no simple answer to the question “what makes a healthcare building sustainable?”
That is because sustainability is not a single entity that can be measured and labelled. But
HBSA methods have trying to answer this question. So, they need to be as comprehensive as
possible, but also they need to be, simultaneously, clear and easy to use. The following Image
6 presents the indicators that should be taken into account when it comes to implementing
sustainable design practices in healthcare buildings. In this structure the following
information is taken into account: I) the existing HBSA methods; II) the guide published by
Portuguese Ministry of Health; III) the key sustainability indicators defined by Sustainable
Healthcare Architecture (Guenther & Vittori, 2013); the SED practices identified when
analysing the recognised case studies; and the EBD issues discussed in literature.
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Dimensions

Categories

Indicators

Climate change and outdoor air quality

Environmental impact associated with the life cycle of buildings
Urban density
Reuse of previously built or contaminated soil

Soil use and biodiversity

Use of autochthonous plants
Site Selection
Heat island effect
Non-renewable primary energy
Renewable primary energy

Energy

Energy produced locally
Electricity
Reuse of materials
Use of recycled materials

Environmental

Use of certified materials
Use of cement substitutes in concrete
Materials and Solid Waste

Use of local materials
Coating materials
Storage conditions of solid waste during the building’s use phase
Construction Waste
Use of mercury
Toxic waste
Water consumption

Water

Reuse of non-potable water
Reduction of CO2 emissions

Pollution

Monitoring energy used for each order
Monitoring energy used by the user area
Efficiency of natural ventilation in indoor spaces
Toxicity of finishing materials
Microbial contamination
Thermal comfort
Visual comfort

Comfort and health of users

Acoustic comfort
Indoor air quality
Indoor Environmental quality
Passive design
Local development
Equipment

Social

Accessibility to public transport
Low impact mobility
Accessibility

Amenities
Space distribution
Spatial organization and indoor program

Space flexibility and adaptability

Furniture
Space adaptability

Awareness and education for
sustainability
Cultural Value
Innovation

Economic

Life cycle costs

Education of occupants
Form and implementation
Innovation of the project design
Initial cost
Operation costs

Image 6 – Proposal for HBSA Portuguese method
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4. Conclusions
In the beginning, this kind of tools was called “Building Environmental Assessment
Methods”, and now is more appropriate to call them “Building Sustainability Assessment
Methods”. This is because the constant evolution and adaptation of the concept of
sustainability. It is not possible to talk only about environmental without thinking about
economic and societal aspects. It is fundamental not only have these other two pillars in
background, but it is important to consider all of them in HBSA methods. The way of
thinking about healthcare projects is starting to change and sustainability is not one more
thing to think, but it needs to be present in all project stages and ideas. This is why it is
important to speak about Sustainable-Effective Design (SED) practices and not only about
Evidence-Based Design (EBD) or Eco-Effective Design (EED) issues. Therefore, the HBSA
methods should be more and more comprehensive and not only one adaptation of the main
tool of each BSA system. These methods should integrate all concerns even if there are many
ways to answer to each indicator.
This raises the importance of developing a methodology that includes the indicators discussed
in this paper. For that purpose, future research on sustainability assessment of healthcare
buildings should be focused in finding the best assessment method and parameters to evaluate
the performance at the level of each proposed indicator. At the end, it is necessary to develop
a manual to guide the practical implementation of the methodology.
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Abstract: To reshape Sustainable Environment development of the Kaohsiung region in Southern
Taiwan with the features of International Urban Green Architecture, Kaohsiung City Government
signed an agreement for Green Architecture Technology Cooperation of the Project Kaohsiung
Houses with the International Initiative for Sustainable Built Environments, iiSBE. The goal is to
apply a highly efficient environmental evaluation system, such as SBTOOL-PKH (Promote Kaohsiung
Houses), to assist Kaohsiung City Government in promoting Sustainable Architecture, as well as the
stipulation of certification procedures and regulations for Kaohsiung¡¦s Sustainable Building Label.
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1. Introduction
With the anomaly and change of climate, the Intergovernmental Panel on Climate Change,
IPCC declared in the Fourth Assessment Report, AR4 that residential and commercial sectors
around the world must implement Green Architecture Certification Policy. Responding to the
AR4 research report of IPCC, this study takes into consideration of the special warm-wet
climate and multi-appearance of geographical and environmental conditions as well as
traditional residential living culture of Kaohsiung region in Southern Taiwan, and suits
SBTool to local conditions, being an assessment tool, SBTool-PKH (Promote Kaohsiung
Houses), exclusively used in Kaohsiung region. This study makes use of SBTool-PKH to
evaluate two townhouse green buildings (apartments) in different regions (eg: Plain Area,
Hilly Area) of Kaohsiung, and then compares the results with general apartments (non-green
buildings), analyzes the differences and characteristics of developing sustainable buildings
and general buildings in different regions of Kaohsiung, so as to find out the applicability of
SBTool-PKH, the assessment tool developed by this study on actual cases. It is the motivation
of this study.

2. Overview of Taiwan Region
2-1. Geographical and Climate Conditions of Taiwan
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Located in a subtropical zone, Taiwan as a whole has a high-temperature and highhumidity climate. Taiwan is a long and narrow island along north-south direction with the
Tropic of Cancer at 23.5 degrees north latitude passing through it.
2-2. Climate Conditions of Kaohsiung
The relative humidity in Kaohsiung is the lowest in March with an average of 60% and
the highest in August with an average of 81%. The annual sunshine hours are 2139 hours,
with the minimum of 138.1 hours in February and with the maximum of 227.4 hours in June.
Its highest annual average temperature is about 24.7 ℃ and the average temperature of June,
July, August and September can reach more than 29 ℃ , among which the temperature in July
and August can be up to 30 ℃. These show that the environment of Kaohsiung area is hightemperature and uncomfortable.
2-3. Kaohsiung City Government Promotes Green Building Design Principles
Considering the local environmental, economic and cultural conditions, Kaohsiung City
Government promotes actively livable cities, sustainable building and other relevant policies,
and develops ten design principles for green buildings in Kaohsiung, namely, permeable base
plate, deep sun shade, green energy roof, local materials and techniques, image design of
fields, creation of the courtyard space, universal design space, suitable space functions,
environmental and healthy building materials, efficient and natural ventilation. In addition, in
order to practice the value of these ten design principles, the scientific assessment tool,
SBTool, is made use of for quantitative evaluation, presenting concretely and data-orientedly
the specific environmental load, consumption of energy and resources, indoor environmental
quality data, service equipment system efficiency etc. of every green building.

3. Overview of the SBTool
3-1. Adjusted SBTool to SBTool-PKH
The SBTool Generic system is a generic framework for building performance
assessment that may be used by third parties to develop rating systems that are relevant for a
variety of local conditions and building types. The SBTool is based on the philosophy that a
rating system must be adapted to local conditions before its results can become meaningful.
The system is therefore designed as a generic framework, with local non-commercial
organizations being expected to define local context conditions and to develop appropriate
weights and benchmarks. The system has been designed to facilitate such a regional
calibration; in fact, the system requires the insertion of regionally meaningful benchmarks.
[Table 1]. In order to adjust SBTool to SBTool-PKH of Kaohsiung, in addition to the original
first layer assessment group (A ~ G) of SBTool, the second layer assessment projects also
integrate ten green building design principles of Kaohsiung. [New Item of Table 1].
Table 1. Basic Assessment Groups in SBTool add to item of SBTool-PKH
First Layer
Second Layer
Local
Add

Local
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18.5%

B. Energy and Resource
Consumption

17.2%

C. Environmental Loadings

17.9%

D. Indoor Environmental
Quality

10.9%

9.4%

E. Service Quality

F. Social, Cultural and
Perceptual Aspects

19.2%

G. Cost and Economic
Aspects
Remark
1 local materials

7.4%

※：

：

-

Weights
42.5%
28.9%
28.6%
0%

-

32.6%

Item

Weights
A. Site Regeneration and
Development, Urban
Design and Infrastructure

A1. Site Regeneration and Development
A2 .Urban Design
A3 Project Infrastructure and Services
B1 Total Life Cycle Non-Renewable Energy
B2 Electrical peak demand for facility
operations s
B3 Use of Materials
B4 Use of Potable Water, Stormwater and
Greywater
C1 Greenhouse Gas Emissions
C2 Other Atmospheric Emissions
C3 Solid and Liquid Wastes
C4 Impacts on Site
C5 Other Local and Regional Impacts
D1 Indoor Air Quality and Ventilation
D2 Air Temperature and Relative Humidity
D3 Daylighting and Illumination
D4 Noise and Acoustics
D5 Control of electromagnetic emissions
E1 Safety and Security
E2 Functionality and efficiency
E3 Controllability
E4 Flexibility and Adaptability
E5Optimization and maintenance of
environmental operating performance
F1.Social Aspects
F2.Culture & Heritage
F3.
G1.Cost and Economics

※：

※1, 2

36.8%

-

30.6%

-

※7
※8

46.6%
0%
21.3%
25.2%
6.9%
34.5%
19.6%
26.8%
19.1%
0%
44.3%
26.3%
15.8%
0%

-

13.6%

-

26.9%
21.2%
51.9%

-

100%

※3
※4
※5
※6
-

※9
※10

※：
※：

and techniques 2 environmental and healthy building materials 3
permeable baseplate 4 efficient and natural ventilation 5 green energy roof 6 deep
sun shade 7 suitable space functions 8 universal design space 9 image design of
fields 10 creation of the courtyard space.

※：
※ ：

※：

※：

※：

※：

3-2. Adjustment Benchmark of SBTool-PKH
The compiling of Benchmark document in SBTool system needs the re-viewing of a
third party (The assessment definition and reference value of Benchmark of the original
SBTool adopt international general principles). With appropriate adjustment of weighted
value when using the system in each region or country, adjust SBTool to a system showing
characteristics of sustainable buildings in Kaohsiung. The Checking Files of Benchmark
(BMK) contain two types.
（1） Provision and quality of bicycle pathways and parking
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SBTool takes planning bicycle lanes into consideration for assessment definition and the
scoring standards are much higher (Table 2). Considering the plan of bicycle lanes in
Kaohsiung, pedestrian trails are widened so as to make bicycle lanes and pedestrian trails
share the same space. Therefore, this study suggests that the assessment definition should be
adjusted for this project (Table 2).
Table 2. Benchmark A1.12 Assessment Definition and Adjustment of Reference Value
A1.12

Provision and quality of bicycle pathways and parking

Negative

Not only no bicycle paths, and no bicycle parking space facilities

-1

Minimum
practice

Bicycles and pedestrians share bicycle paths that provide access to some, but not all,
sections of the project. provide bicycle parking spaces.

0

Good
Practice

Bicycles and pedestrians share bicycle paths that provide access to most sections of the
project. These paths are connected with off-site paths at intervals of less than 7 m. Bicycle
parking spaces are provided, and the average distance of bicycle parking facilities from
main building entrances is more than100 m.

3

These paths are connected with off-site bicycle paths at intervals of no more than 50 m.
Best Practice Sheltered and unsheltered bicycle parking spaces are provided, and the average distance of
bicycle parking facilities from main building entrances is less than 75 m.

Score

5

3-1. Involvement of residents in project management.
This study adjusts assessment definition based on the legal norms of Taiwan "Apartment
Building Management Act" (Table 3).
Table 3. Benchmark F1.5 Assessment Definition and Reference Value Adjustment
F1.5

Involvement of residents in project management.

Negative

10% of residents volunteer managing portion public space.

-1

Minimum
practice

Establishment Apartment Management Committee, and residents regularly pay the
management fees, Have enough money and manpower to repair public space.

0

Best Practice

Not only have enough money to repair public space, but also have Extra funding to
improve equipment performance.

5

Score

4. SBTool-PKH for Green Buildings in Kaohsiung
4-1. Cases Background
（1） Kaohsiung Green Building Case in Plain Area
Base area is of 1,288 square meters. There are 4 floors on the ground with 9 townhouses
and 1 single house. The building height is 9.9 m ~ 12.3 m while the total floor area is
2,190.71 square meters. The buildings are reinforced concrete.
（2） Kaohsiung Green Building Case in Hilly Area
Base area is of 218.18 square meters. There are 5 floors on the ground with 9
townhouses and 4 single houses. The building height is 16 m while the total floor area is
367.68 square meters. The buildings are reinforced concrete.
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4-2. Assessment results
（1） Kaohsiung Green Building Case in Plain Area
The total score of SBTool-PKH assessment for this case is 1.17. Score of the assessment
group: 「 Site Regeneration and Development, Urban Design and Infrastructure 」 1.7 ，
「Energy and Resource Consumption」1.5，「Environmental Loadings」0.2，「Indoor
Environmental Quality」3.8，「Service Quality」3.0，「Social, Cultural and Perceptual
Aspects」4.0，「Cost and Economic Aspects」4.0. However, the class showed on the radar
chart is C class. The reason is that it is affected by the results of “relative performance
assessment” of SBTool-PKH (Figure 1).
（2） Kaohsiung Green Building Case in Plain Area
The total score of SBTool-PKH assessment for this case is 1.40. Score of the assessment
group: 「 Site Regeneration and Development, Urban Design and Infrastructure 」 1.7 ，
「Energy and Resource Consumption」1.2，「Environmental Loadings」1.2，「Indoor
Environmental Quality」3.1，「Service Quality」3.0，「Social, Cultural and Perceptual
Aspects」4.0，「Cost and Economic Aspects」4.0. The class showed on the radar chart is
also C class and the reason is that it is affected by the results of “relative performance
assessment” of SBTool-PKH (Figure 2).
Self-assessment scores
for Kaohsiung No.1,
Kaohsiung , Taiwan

SBTool 2012
Minimum version

Design Phase

Percent weights of active Issues

Self-assessment scores
for Kaohsiung No.2,
Kaohsiung , Taiwan

A
B
SBTool 2012

C

Self-assessment
scores

D
E

Minimum version

Design Phase

Percent weights of active Issues
A
B
C

Self-assessment
scores

D
E

F

Whole building basis

A

B

3.0
2.0
1.0

With current context and building
data, the number of active low-level
parameters is:

12

The number of active mandatory
criteria with a score of less than 2
is:

6

F

C

E

Relative Performance
Results
.

D

2.0

7

Active
Weights

Weighted
scores

A

Site Regeneration and
Development, Urban Design and
Infrastructure

6.4%

1.7

B

Energy and Resource Consumption

44.4%

1.5

C

Environmental Loadings

40.6%

0.2

D

Indoor Environmental Quality

2.9%

3.8

E

Service Quality

2.1%

3.0

F

Social, Cultural and Perceptual
Aspects

2.9%

4.0

G

Cost and Economic Aspects

0.6%

4.0

1.0

12

The number of active mandatory
criteria with a score of less than 2
is:

5

C

.

14

Active low-level
m andatory
parameters :

7

Active
Weights

Weighted
scores

A

Site Regeneration and
Development, Urban Design and
Infrastructure

6.4%

1.7

B

Energy and Resource Consumption

44.4%

1.2

C

Environmental Loadings

40.6%

1.2

D

Indoor Environmental Quality

2.9%

3.1

E

Service Quality

2.1%

3.0

F

Social, Cultural and Perceptual
Aspects

2.9%

4.0

G

Cost and Economic Aspects

0.6%

D

0 = Acceptable Practice; 3 = Good Practice; 5 = Best
Practice

Relative Performance
Results

Max. potential
low-level
parameters :

To see a full list of Issues, Categories and
Criteria, go to the ParametersB work sheet.

F

1.17

W eIghted pro ject score

With current context and building
data, the number of active low-level
parameters is:

0.0

E

D

4.0

1.40

W eIghted project score

Absolute Performance Results

Absolute Performance Results
These data are based on the Self-Assessment values

B

3.0

14

Active low-level
mandatory
param eters:

D

0 = Acceptable Practice; 3 = Good Practice; 5 = Best
Practice

Assumed life span is 75 years, Amortization rate for embodied energy
and monetary units are in EUR of existing materials is set at 0 %

4.0

G

Max. potential
low-level
param eters:

To see a full list of Issues, Categories and
Criteria, go to the ParametersB work sheet.

0.0

Project Information

5.0

Assumed life span is 75 years, Amortization rate for embodied energy
and monetary units are in EUR of existing materials is set at 0 %

4.0

G

A

Project Information

5.0

G

F
Whole building basis

G

By area

These data are based on the Self-Assessment values

By area & occupancy

By area

By area & occupancy

1

Total net consumption of primary embodied energy for structure and envelope, GJ/m2

0.3

#DIV/0!

GJ/m2*maph

1

Total net consumption of primary embodied energy for structure and envelope, GJ/m2

0.3

#DIV/0!

GJ/m 2*maph

2

Net annualized consumption of embodied energy for envelope and structure, kWh/m2*yr.

12

#DIV/0!

kWh/m2*maph

2

Net annualized consumption of embodied energy for envelope and structure, kWh/m2*yr.

12

#DIV/0!

kWh/m2*maph

3

Net annual consumption of delivered energy for building operations, kWh/m2*year

843

#DIV/0!

kWh/m2*maph

3

Net annual consumption of delivered energy for building operations, kWh/m2*year

6035

#DIV/0!

kWh/m2*maph

4

Net annual consumption of primary (source) non-renewable energy for building operations, ekWh/m2*yr.

1105

#DIV/0!

kWh/m2*maph

4

Net annual consumption of primary (source) non-renewable energy for building operations, ekWh/m2*yr.

7967

#DIV/0!

kWh/m2*maph

7

Net annualized primary embodied energy and annual operating primary energy, kWh/m2*yr.

1117

#DIV/0!

kWh/m2*maph

7

Net annualized primary embodied energy and annual operating primary energy, kWh/m2*yr.

7979

#DIV/0!

kWh/m2*maph

8

Total on-site renewable energy used for operations, kWh/m2*yr.

0.0

#DIV/0!

kWh/m2*maph

9

Net annual consumption of potable water for building operations, m3 / m2 * year

2.58

#DIV/0!

m 3/m 2*maph

10

Annual use of grey water for building operations, m3 / m2 * year

0.00

#DIV/0!

m 3/m 2*maph

#DIV/0!

kg/m 2*maph

8

Total on-site renewable energy used for operations, kWh/m2*yr.

8.1

#DIV/0!

kWh/m2*maph

9

Net annual consumption of potable water for building operations, m3 / m2 * year

2.05

#DIV/0!

m 3/m2*maph

10

Annual use of grey water for building operations, m3 / m2 * year

0.00

#DIV/0!

m /m *maph

11

Net annual GHG emissions from building operations, kg. CO2 equivalent per year

81.6

#DIV/0!

kg/m2*maph

12

Total present value of 25-year life-cycle cost fot total project, EUR per m2.

13

Proportion of gross area of existing structure(s) re-used in the new project, percent

14

Proportion of gross area of project provided by re-use of existing structure(s), percent

3

2800 NT Dollar

2

11

Net annual GHG emissions from building operations, kg. CO2 equivalent per year

12

Total present value of 25-year life-cycle cost fot total project, EUR per m2.

13

Proportion of gross area of existing structure(s) re-used in the new project, percent

14

Proportion of gross area of project provided by re-use of existing structure(s), percent

218.4

2800 NT Dollar

Figure1. SBTool-PKH Assessing Case in Plain Area Figure2. SBTool-PKH Assessing Case
in Hilly Area
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（3） Traditional Apartments Cases ( Non-Green Buildings )
To figure out the differences between the assessment results of Kaohsiung traditional
apartments and green buildings cases SBTool-PKH, this study makes use of green building
case of Plain area as model and deducts the original environmental benefits and characteristic
buildings of cultural design (such as: solar photovoltaic, deep sun shade, the design of green
energy roof, image design of fields, the creation of courtyard space etc.).
The total score of SBTool-PKH assessment for this case is 1.17. Score of the assessment
group: 「 Site Regeneration and Development, Urban Design and Infrastructure 」 0.0 ，
「Energy and Resource Consumption」-0.1，「Environmental Loadings」-0.02，「Indoor
Environmental Quality」0.8，「Service Quality」0.0，「Social, Cultural and Perceptual
Aspects」0.0，「Cost and Economic Aspects」4.0.

5. Comprehensive analysis
Analyzing the the assessment results of SBTool-PKH of Kaohsiung traditional
apartments and green buildings cases, it is found that the average score of traditional
apartments is 1.07 points lower than that of green buildings of Plain area and hilly area,
showing -0.47 points (failed score), for the traditional apartments only meet the basic laws of
our country’s "Building Technical Regulations" while SBTool-PKH inspects Kaohsiung
green building design quality with high standards (Table 4.).
Viewing the performance evaluation results of SBTool-PKH of green buildings of plain
area and hilly area, comparing the assessment analysis of SBTool-PKH of traditional
apartments, it is found that greenhouse gas emissions and the usage amount of renewable
energy are lower than that of traditional apartments while they remain the same for the
average values of the total consumption of basic energy and drinking water consumption
(Table 5.).
Table 4. The Comparison of the Results of SBTool-PKH of Kaohsiung Green Buildings
and Traditional Apartments Cases
SBTool-PKH Assessment Groups
A. Site Regeneration and Development,
Urban Design and Infrastructure
B. Energy and Resource Consumption

Plain Case

Assessment results/
Compare
Hills Case Traditional apartments

1.7

1.7

0.0

▲

1.5

1.2

-0.1

▲

C. Environmental Loadings

0.2

1.2

-0.02

▲

D. Indoor Environmental Quality

3.8

2.1

0.8

▲

E. Service Quality

3.0

2.0

0.0

▲

F. Social, Cultural and Perceptual Aspects

4.0

4.0

0.0

▲

G. Cost and Economic Aspects

4.0

4.0

4.0

1.17

1.40

-0.47

Total points

分

－
▲
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Table 5. The Comparison of the Performance of SBTool-PKH Cases
SBTool-PKH Assessment Groups

，

The total consumption of basic energy of green buildings shell
GJ/m2
The energy consumption of buildings operating kWh/m2* year

，

The non-renewable energy consumption of buildings

， kWh/m2* year

， kWh/m2* year
The drinking water consumption of buildings operating， m2 * year
The greenhouse gas emissions of buildings， Kg/ year
The usage amount of renewable energy source

Assessment results
Plain Hills Traditional Compare
Case Case apartments

0.3

0.3

0.2

－

843

6035

1349

▲

1105 7967

1346

▲
▼

8.1

0

1358

2.05

2.58

12.9

－

81.6

218

598.9

▼

6. Conclusion
6-1 Sustainability Features of Kaohsiung Green Building Cases
This study assesses Kaohsiung Green Building Cases (Plain area and hilly area) with
SBTool-PKH, compares and analyzes traditional apartments cases (Table 4. & Table 5.).
Analyzing the assessment results of SBTool-PKH, it is found that Kaohsiung Green Building
Cases emphasize base regeneration and development, urban design and infrastructure, energy
and resource consumption, indoor environmental quality, society, culture and perception. The
performance characteristics of Kaohsiung houses are reducing the usage amount of renewable
energy and greenhouse gas emissions.
6-2 The applicability of SBTool-PKH in Kaohsiung
Through the modification of SBTool weighted value and Benchmark becoming SBToolPKH after adjustment, this study assesses green buildings and traditional apartments cases in
different regions of Kaohsiung with SBTool-PKH. SBTool-PKH operation scores reach more
than 90%, showing that the Kaohsiung version SBTool-PKH developed by the study can be
used comprehensively.
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Old Apartments, New Thought—Transforming the City Special
Phenomenon to Approach Sustainability
Abstract: There are 60% apartments over 30 years old in Taipei area. Most of the apartments
are average 4-5 floors, flat roof type especially in New Taipei city. Taipei area is a very
crowded and most expensive house price area in Taiwan. Therefore, people lived in Taipei
will expanse the living space above the original top roof, for example, adding a light structure
roof by Zn coated steel sheets with C or H type steel pillars. It is a very special phenomenon
in Taiwan and some Asia area. The traditional functions of these light structure roofs
including prevent roof leaking, and avoid the top floor indoor temperature increasing. We
introduced vertical planting system, solar power system, solar water heaters and changed
some parts of the light structure roof, we found the old apartment can be changed to become a
very high circulating, low carbon emission, stable micro-climate, ecological building.
We chose a 4 floor apartment in New Taipei city. There is an old adding light structure roof
by the sugarcane debris sheet with asbestos tiles cover on the apartment original roof. We
changed the old materials to become the Zn coated steel sheet with C type steel pillars, but we
replaced some steel sheets by transparent plastic (PC) plates to let natural sunlight pass.
Under the transparent plastic plates’ area, we planted many big trees on pots to become a tree
fence, it is a natural shelter to decrease summer heat and slow down winter wind.
On the east of the roof, between the new adding light structure roof and original top roof, we
set up a vertical planting system to plant vegetables, especially the wild or aboriginal
vegetables. The new adding light structure roof edge have a rain water collecting trough
transporting rain water to the tank beneath the vertical planting system. The amount of
vegetables can provide most of foods for all the apartment habitants. The additional functions
of these trees and vegetables are CO2 fixation and local temperature regulation.
We also set up the solar power system and solar water heaters on the new roof. They can
provide the top roof level the clean electric power supplies and hot water.
Adding light structure roof is a popular and complex phenomenon in Taiwan, but it also
reflects the demands of people. Instead of demolishing the light structure roofs, improving
them let the old apartments toward sustainable buildings will be the better way.
Roof cover, New Taipei city, Roof Garden, Recycling Building

Introduction
Great Taipei area is including Taipei city, New Taipei city, Keelong area, there are 5-6
million people live in this area. The urban regions are including great Taipei area and
TaoYuan area. Peope lived in south and central of Taiwan began to migrate into New Taipei
city in 30-40 years ago. In accordance with the migrating process, many old communities
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gradually come into place. Even now there are 60% apartments over 30 years old in Taipei
area.
Over 5-6 millions people lived in the area only 380 km2, it is the most crowned area in the
world. Lived in the crowned city, people developed many methods to make full use of their
house. Therefore, people lived in Taipei try to expanse the living space above the original top
roof, for example, adding a slanting roof by Zn coated steel sheets with C form or H form
steel pillars. It is a special phenomenon in Taiwan and some Asia area.
Taipei area is a very crowded and most expensive house price area in Taiwan. Most of the old
apartments are average 4-5 floors, flat roof type especially in New Taipei city.Therefore,
people lived in Taipei will expanse the living space above the original top roof, for example,
adding a light structure roof by Zn coated steel sheets with C or H type steel pillars. It is a
very special phenomenon in Taiwan and some Asia area. The traditional functions of these
light structure roofs including prevent roof leaking, and avoid the top floor indoor temperature
increasing. We introduced vertical planting system, solar power system, solar water heaters
and changed some parts of the adding light structure roof, we changed the old apartment to
become a very high circulating, low carbon emission, stable micro-climate, ecological
building.

Fig.1 Bird View of an Old Community in Taipei
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Fig.2 City Special Phenomenon
Method

We changed and modified the roof space of a 4 floor, forty-five years old apartment in New
Taipei city. The size of the roof space is 140m2 . There is an old adding light structure cover
by the sugarcane debris sheet with asbestos tiles upon the apartment original roof. We
changed the old materials to become the Zn coated steel sheet with C type steel pillars, but we
replaced some steel sheets by transparent plastic (PC) plates to regulate the natural sunlight
on the southern side. We planted many big trees to become a tree fence, it become a natural
shelter to decrease summer heat and slow down winter wind.
On east side, between the new adding light structure roof and original top roof, we set up a
vertical planting system to plant vegetables, especially the wild or aboriginal vegetables. The
new adding light structure roof edge have a rain water collecting trough transporting rain
water to the tank beneath the vertical planting system. The amount of vegetables can provide
most of foods for all the apartment habitants. The additional functions of these trees and
vegetables are CO2 fixation and local temperature regulation.
We also set up the solar power system and solar water heaters on the new roof. They can
provide the roof garden clean electric power supplies and hot water.
Results and discussion

This roof garden experiment had been operated for two years. The trees grow up over 3
meters height becoming a tree fence on the south. The micro-environment had been changed,
the indoor and roof temperature also decrease in summer. Because of the big tree fence, the
wind speed slowdown in winter.
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We introduced a lot of plant species to rich biodiversity, including trees, shrubs, herbs, wild
vegetables, and indigenous plants. There are different flowers and fruits attracting many birds
and insects in different season.
We designed the vertical planting system on the east. The rain water will be collect to the tank
under the vertical planting system for irrigation. We developed an ecological planting system
called symbiotic planting system. We transferred and bred 71 kinds of plants from nearby,
and planted them on the vertical planting system. The planting strategy is mix planting,
different plants cultivated together. We cultivated vegetables and wild vegetables with equal
ratio and mixed planting them. We built a stable symbiotic ecosystem by this way. We found
this strategy let plants growth very well, abundant and harmony. Mix planting wild vegetables
and cultivars reduced the pest and pathogen. By way of observation about one year, we found
this system still can work very well, the new generation of plants appeared on the vertical
planting system. This is a very new system to plant vegetables, easy and work, and supply
healthy foods and joyful life.
To combine the wild vegetables and buildings is a good way to approach the sustainable
building
This ecosystem of roof garden can easily and stably produce enough foods for all habitants of
whole building.

Fig.3 Roof Condition before Renovated the Building
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Fig.4 Roof Condition after Renovated the Building

Fig6 Fence on the East Side
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Fig.7 Sakura on the South Side
Fig4-7 Condition after Renovated Roof Level

Fig.8 Vertical Planting System
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Our experiment is a good way to change the ugly roof phenomenon becoming better. If the
government cannot fix this phenomenon, they should manage or lead people to change their
buildings toward sustainability. On the other side, high recycling efficiency is one of the goals
to improve this old building. We will develop a clean compost system for subtropical area and
check the efficiency of solar electric system in the future research.
We will observe the change of the micro ecosystem and evaluate the efficiency of every
system continuously, including the vertical planting system, solar power system, solar water
heaters. We hope this old apartment can become a very high circulating, low carbon emission,
stable micro-climate, ecological building in the future.
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Open Building Solutions for Sustainable Renovation of Existing
Apartment Buildings in Taiwan
Tu, Kung-Jen1
1

National Taiwan University of Science and Technolgoy, Taipei, Taiwan

Abstract: The objectives of this study are to present the concepts and techniques of the
developed ‘Integrated Open Building Remodeling System (IOBRS)’ which adopts ‘open
building concepts’ and is to be applied to the sustainable renovations of existing apartment
buildings. The IOBRS is further implemented in an apartment unit to demonstrate how the
system can flexibily respond to multiple possible remodeling needs during a family’s life cycle.
The IOBRS consists of three subsystems: the demountable partition subsystem, the floor
subsystem and the trenched floor to be employed in the dry zones as well as the pre-wall
installation subsystem in the wet zones of an apartment unit. When applied in the renovation
of an existing apartment building, the IOBRS is expected to offer (1) spatial flexibility to cope
with occupants’ changing needs over time; (2) improved maintainability to facilitate
maintenance of pipes and wires; and thus to result in sustainable renovation of existing
apartment buildings.
Keywords: support, infill, pipe distribution, interior system, systems integration
Introduction
‘Apartment building’ has been the major type of habitat in metropolitan areas in Taiwan, and
50% of them are more than 30 years old now [1]. Certain conventional construction practices
in apartment buildings have affected the spatial functionality and maintainability of apartment
units required in order for the building to meet households’ changing needs and to sustain
over its life span. For example, main pipes in bathrooms are typically placed within enclosed
vertical shafts, and branch pipes and wires buried within columns, walls and slabs (Figure 1a,
1b), making it difficult to maintain, repair or renew pipes and wires [2]. In addition,
conventional brick partitions have made it difficult to reconfigure interior layout of apartment
units, and generated large amount of construction waste and noise during renovation (Figure
1c). As a result, it is common for individual households to customize and renovate their units
by adding external pipes and wires on building façade haphazardly, resulting in chaotic
building appearance (Figure 1d, 1e). The average life span of domestic residential buildings is
only 30-year in Taiwan [3], meaning that most of the existing apartment buildings are old and
deteriorating, and will soon be demolished if no appropriate renovation systems are developed
to extend their life spans.
To resolve the above problems, this study applied ‘open building’ concepts and techniques to
develop the ‘Integrated Open Building Renovation System (IOBRS)’ to be adopted when
renovating existing apartment buildings to improve their flexibility, maintainability, and
sustainability.
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(a)

(c)

(b)

(d)

(e)

Figure 1. Conventional construction practices of pipeline distributions in bathrooms (a, b) and interior brick
walls (c), as well as the housing customizations conducted by the occupants on building facade (d, e).

The ‘open building’ concept
‘Open building’ is a design concept and approach aiming to deliver buildings with maximal
capacity for accommodating the diverse needs of different householders over time. To achieve
such goals, Habraken [4], the pioneer of open building theory, proposed that the following
building delivery process and supply chain model are established:
1.

2.

3.

The making of a building is divided into two stages: the ‘support’ of a building (base
building elements with longer lives and remain unchanged, such as structure, envelope,
etc.) and the ‘infill’ (fit-out elements with shorter lives and change more often, such as
partitions, floors, equipment, service pipelines, cabinets, etc.).
The ‘support’ of a building is designed to form a flexible and open architecture to
accommodate diverse ‘infill’ parts. Systematic design methods, such as the SAR method
devised by Habraken [4], may be applied in the design of the ‘support’.
An ‘infill’ industry is formed to supply diverse ‘infill’ systems and parts that are highly
integrated or interconnected, and can be independently installed or upgraded within an
open architecture (support) for each householder.

‘Open building’ has been implemented worldwide in the making of new residential open
buildings [5]. For the majority of existing apartment buildings in Taiwan, the concept of 'open
building' was not implemented, and the 'support' of these buildings were not desgined to be as
open and flexible as expected. To make existing apartment buildings more sustainable and
long-lasting, this study focused on developing an open interior 'infill' system and components
to be implemented in housing renovation.
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Integrated Open Building Remodeling System (IOBRS)
By adopting 'open building' concepts, the ‘Integrated Open Building Remodeling System’
(IOBRS) was desveloped to be a universal solution to meet the housing renovation needs of
any householder in any phase of building life in any type of apartment product. The IOBRS
intends to achieve maximum ceiling height and spatial flexibility, minimum material
consumption and construction waste, and integration for wire and pipe management in each
remodeling project. The developed IOBRS consists of four major elements (Figure 2):
1.

2.

3.

4.

Coordination system: A 30cm grid line system is used within an apartment unit to
coordinate the construction dimensions of all subsystem components and existing
building structure.
Floor subsystem (Figure 2a): A composite subsystem (10cm thick), consisting of wood
flooring, cement board, concrete blocks, softwood bed, and waterproof membrane (under
wet spaces), is laid over conventional concrete slab.
Trenched floor (Figure 2b): A linear cavity space, enclosed by thin metal plates and
covered by finish wood flooring, configured around the perimeter of the unit for
distributing wires (power, cable, network) and plumbing pipelines.
Partition subsystem (Figure 2a): A demountable composite subsystem (10cm thick:
45cm or 90cm wide panel unit; 210~ 300cm tall), consisting of light gauge steel Cchannel, calcium silicate board, and fiberglass. Within an apartment unit, the place where
a partition intersects a trenched floor, the pipes and wires will rise into the bottom of
partition and are redistributed through panel units to certain equipment or outlets.

A full scale mockup was built to show the construction details of the floor subsystem
(including trenched floor) and partition subsystem above the slab and those of regular ceiling
subsystem and lighting fixtures below the slab in a dry space and a wet space (Figure 2c, 2d).
In the design phase of an apartment remodeling project adopting the developed IOBRS, the
original partitions within the unit are first removed to uncover the bare ‘support’ of the unit;
then the trenched floor is laid out along the perimeter of the unit; and finally the interior
layout is reconfigured based on occupants’ needs (Figure 3). In the construction phase, the
supplier will take orders of all the required sub-system components from the owner. The
frames of modular panels (light gauge steel C-channel of each panel) with different widths
and heights will be prefabricated and assembled in factory with one side covered with calcium
silicate board and the other side left open. The ordered open panels and all other components
will then be shipped and assembled on site according to the interior layout scheme. Conduits
for power, communication, and plumbing are distributed from the trenched floor through the
open panels to certain euipments and outlets in each room. Finally, the open panels are filled
with fiberglass, and the open side covered up by calcium silicate board.
Table 1 reveals the differences between the IOBRS and the conventional construction system
widely adopted in housing remodeling in Taiwan. Essentially, the conventional construction
system is regarded as ‘wet, enclosed and inaccessible’ construction, and is less flexible to
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meet occupants’ changing needs and is difficult to maitain. Wherease, the IOBRS is regarded
as ‘dry, modular, demountable and accessible’ construction, and offers high level of spatial
flexibility to cope with diverse customers’ needs over time, as well as maintainaibility.

(a) Plan and section of the partition & floor systems.

(c) Full scale mockup: views of the dry space slab

(b) Section of the trench floor and pipes / wires.

(d) Full scale mockup: views of the wet space slab

Figure 2. The ‘integrated open building remodeling system’: system components and applications.

(a) Trenched floor placed along the perimeter of the unit (b) The resulting interior layout (standard 3BR unit)
Figure 3. An example of adopting the IOBRS in an apartment remodeling project.
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Table 1. Comparing the IOBRS against the conventional system widely adopted in housing remodelling.
Floor

Partition

Ceiling

Convnetional
system

Tiles/stones on
concrete slab

Brick wall

Suspended plywood
ceiling

IOBRS

Concrete block,
trenched floor

Demountable framed Suspended grid
panel
ceiling

Bathroom Plumbing
Embedded in brick wall or
concrete slab
Distributed in accessible
enclosed pre-wall cavity

Housing remodeling simulation and life cycle cost analysis
The developed IOBRS was further applied in a realistic apartment unit to simulate a series of
possible housing remodelings during a family's life cycle and to analyze the resulting life
cycle cost of the IOBRS applications. The research subject is a 85m2 apartment unit with a
standard three bedroom configuration (original floor plan shown in Figure 4).
The IOBRS was implemented in the apartment unit to configure four interior layouts
reflecting possible spatial needs at four different stages during a family's life cycle:
1. Stage-1 Young couple: the unit was reconfigured to form a residential portion (one
bedroom, bathroom, kitchen) and a studio portion for a young couple to live and work.
2. Stage-2 Two-generation family: the unit was reconfigured to provide standard three
bedrooms plus a study room setting to meet the requirements of a two-generation family.
3. Stage-3 Three-generation family: the unit was reconfigured to provide standard three
bedrooms setting to meet the requirements of a three-generation family.
4. Stage-4 Empty nest: the unit was reconfigured to provide four bedrooms for rent once
the couple has entered its 'empty nest' stage and moved to another place.

Figure 4. Four interior layouts were configured with the IOBRS to simulate the housing remodelings to meet
the spatial needs at four different stages during a family's life cycle.
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In addition, life cycle cost analyses were conducted to estimate the remodeling cost of each of
the four reconfigurations applying the developed IOBRS as well as the widely adopted
conventional construction practice and system respectively (Figure 5). The remodeling cost of
each reconfiguration includes the following items:
1. the cost to demolish and remove the non-reusable infill parts (finish floor, partition,
ceiling) to disclose the bare support;
2. the cost to repair the finish floor and to redistribute the wires and pipelines;
3. the cost to construct the partitions;
4. the cost to construct the ceilings.
As Figure 5 shows, the costs of housing remodelings adopting the ‘conventional construction
system’ at four stages over a family’s life cycle remain relatively steady, ranging from 250K
to 280K NTD. On the other hand, the remodeling cost adopting the IOBRS for the first time
(Stage-1: 398K NTD) is higher than those at subsequent stages which are relatively stable
(Stage-2~-4: 170K~190K NTD).
Compared with the widely adopted conventional system, the IOBRS remodeling cost is
50.8% higher at Stage 1, mainly because of higher first cost associated with IOBRS’s floor
subsystem (Figure 5). Nevertheless, the IOBRS remodeling costs are 24.1~35.7% lower at
Stage-2~-4 than their conventional system counterparts, mainly because of IOBRS’s lower
demolition and partition costs (Figure 5) resulting from the 'reusability' of the subsystems.
The total accumulated life cycle cost of four-stage remodelings is $1,066,603 for the
conventional system, and $940,930 for the IOBRS (12% less than the conventional system).
The IOBRS’s accumulated life cycle cost becomes lower in the Stage-3 remodeling. The
more often an unit is remodeled during its life cycle, the more cost advantages the IOBRS has.

398,411
(+50.8%)

264,112

Stage-1
Young couple

250,047
189,724
(-24.1%)

Stage-2
Two-gen. family

269,243
170,565
(-26.7%)

Stage-3
Three-gen. family

283,201
182,231
(-35.7%)

Stage-4
Empty nest

Figure 5. Life cycle cost analysis of the construction cost of each remodeling associated with the developed
IOBRS and the conventional system (remodeling cost in New Taiwan Dollar).
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Conclusions
The ‘open building’ concepts were adopted to develop the ‘Integrated Open Building
Remodeling System (IOBRS)’ to be applied in the sustainable renovation of existing
apartment buildings in Taiwan. The developed IOBRS consists of three major subsystems:
floor subsystem, trenched floor subsystem, and the demountable partition subsystem. The
developed IOBRS was further applied in a 85m2 apartment unit to simulate how the system
can flexibility resond to four-stage housing remodelings during a family’s life cycle. Finally,
the resulting life cycle costs of four-stage housing remodeling adopting the IOBRS are
compared against those of the conventional system. It’s found that the first cost of IOBRS is
50% higher than the conventional system; however, its accumulated life cycle cost becomes
lower in the third remodeling (payback time), and its total life cycle cost of four-stage
remodelings is 12% less than that of the conventional system. In conclusion, when applied in
the renovation of an existing apartment building, the IOBRS is expected to offer (1) spatial
flexibility to cope with occupants’ changing needs over time; (2) improved maintainability to
facilitate maintenance of pipes and wires; and thus to result in sustainable renovation of
existing apartment buildings.
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Abstract: The 20th century large post-war housing stock is pointed out as one main area for
applying energy efficient measures to reach climate goals. However, the long-term effect on
energy efficient renovation on the long-term sustainability of management of stock, the social
life of residents and the local community, and on society at large is seldom discussed. This
paper presents on-going research that aims at contributing to the development of a
knowledge-base for documentation and evaluation of housing renovation. The research is
based on a review of definitions of sustainable urban renewal, a literature review of earlier
evaluations of renovation of housing, and a case study of two housing areas where different
strategies for renovation has been applied.
Keywords: Energy efficient renovation, public housing, sustainable assessment
Introduction
Like most countries in Europe, Sweden face large-scale redevelopment of existing 20th
century housing stock to deal with objectives for climate change but also technical end-of life,
changing demography and growing urbanisation. Renovation of housing is complex involving
varying stakeholders e.g. property owners, local authorities, residents and local services. This
means that a number of existing technical, social and cultural structures and interests need to
be aligned with decisions for efficient management and affordable investments.
The Swedish context for renovation of housing is complex. Public housing has are by law
regulated to act on commercial basis in a definanced sector without subsidies for new
construction, renovation or energy saving measures. The social role of public housing is thus
challenged by fulfilling goals for energy saving which often come into conflict with
affordability in a housing stock once built for meeting societal goals for ‘good housing’ for
all. A proposed National Plan for Energy-Efficient Renovation emphasises an increased rate
of renovation to reach national and European climate goals without regard to long-term
effects on social values or for cultural historical, nor architectural values.
Aim, method and approach
The research has as starting point in the lack of knowledge and assessment methods that
evaluates the effect of renewal and renovation from a holistic point of view including a broad
spectrum of dimensions of sustainability such as social, environmental, economic and
cultural/architectural values. The overall aim is to contribute to the development of
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assessment methods, which are inclusive without being either to complex or to shallow. In
this brief paper we summarise results from three different approaches that bring light to the
overall research question of how effects of urban renewal can be defined and evaluated (and
what is the data availability). First, a review of sustainable indicators for urban
neighbourhoods builds up a framework. Second, a review of earlier evaluations of effects of
urban renewal and housing renovation (focusing on Sweden) give a point for reference. Third,
we present and discuss a case study of renovation in two adjacent housing areas for which
different renovation strategies were applied in the 1990s. The case material consists of:
statistics; documents from the renovation; articles in the press; interviews with key actors
involved in the renovation (project managers, architects) and those managing the area today
(operative and managing staff); a questionnaire among residents that experienced the
renovation; and architectural observations at the site.
Definitions of sustainable neighbourhoods
There exists a large body of literature providing definitions of sustainability in relation to the
built environment and the urban context. In this study we focus on multi-residential housing
and their immediate surrounding thus the scale of the neighbourhood seems to be the most
relevant. Further, we focus on studies that include several dimensions of sustainable
development although studies focusing only social sustainability and discussions on
gentrification as results of urban renewal have been important to understand that specific
aspect of renovation e.g. [1]. There are also recent studies, which focus on the border area
between social and economic interests in defining socio-economical community benefits from
renewal [2]. Most studies defining urban sustainability depart from the triple bottom line of
sustainability (social, economic, environmental) while a few use the more comprehensive
prism of sustainability [3], which includes a fourth dimension of institutional sustainability
[4]. Models that are more building related focus on building performance [5, 6]. There are
very few models which include, what we think is very important aspects of heritage and
history [7] and architectural qualities related to experience [8].
Table 1. Tentative list with of indicators for assessing sustainable neighbourhoods used in this study
Sustainability area

Example of domain of indicators

Example of indicator

Environmental issues

Reduced resource use

Heating, hot-water, water use

Reduced material use

Maintenance, further renovation works

Urban agriculture

Allotments

Investment costs

Cost per flat, subsidies

Reduced costs for operation

Energy saving, maintenance, cleaning

Attractivity of the area

Satisfied-tenants-index, house prices, investments

Socio-economic benefit

Economic benefit for other (public) stakeholders

Composition of tenants

Income, age, unemployment, social benefit, health

Social stability of the area

Moving patterns, rent level

Crime and safety

Crime statistics

Health

Indoor climate, recreation areas

Economic issues

Social issues
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Connectivity

Cultural issues

Institutional issues

Public transport

Services

Services in the area

Job creation

Social procurement for maintenance work etc.

Cultural historical values

Respect to heritage, patina

History

Presence/’readability’ of local history

Architectural values

Attractive design, place-making, detailing

Participative decision-making

Participative renovation/management processes

Learning

Social learning in renovation/management

Not only the basic framework on which the very definition of urban sustainability lies varies
largely in the literature, also the individual set of indicators that defines urban sustainability,
which is huge, varies between authors in the field. In conclusion, there exist no common
definition or set of indicators for sustainable neighbourhoods. In this study we have chosen a
set or indicators, which reflect the chosen bottom line for sustainability in urban renewal but
also are in accordance with the aim of the study and the characteristics of the case (Table 1).
Earlier evaluations of effect of urban renewal and renovation
A review of literature presenting earlier studies of the effect of housing renovation or urban
renewal gives a background to analyse the Högsbohöjd case. The search has been made
trough searches in databases (scopus, summon, google scholar). More studies have been
added through snow-ball sampling (in reference lists of papers/reports that were first found).
There exist comprehensive studies of the effect of urban renewal and renovation in Swedish
national reports and internationally diffused studies. Often mixed-methods are applied and the
framework for analysis seem add hoc and context dependent. A majority of studies focus on
social effects and the relation to the economic dimension. Some studies of later years have
sustainability as framework adding the environmental and institutional dimensions [7], [9].
In short, earlier studies show that the extent of physical changes in renovation and urban
renewal are usually not motivated by social or technical needs but rather a results of proposed
subsidies that push for larger interventions. General figures for the number of tenants that can
stay in their apartment after the renovation are difficult to define and vary between 10-60%.
The number of people that move are limited if the tenants can stay in the apartment during the
renovation process. Usually it is the most wealthy that move after a renovation and the most
poor. Those who are forced to move due to renewal generally move to areas of similar kind
which has not yet undergone renewal (low status areas). On the scale of a municipality or city,
the number of households with problems remains the same but are only moved around.
Positive effects of renewal are observed, and the remaining tenants are usually satisfied with
the new standard. However the rent increase seldom meets the experienced satisfaction and
the positive effect is not always persisting over time. Older studies (from the 1990s) propose a
more progressive renewal process focusing more on increasing service and participation in
decision-making than physical changes. More recent studies point to the importance of
continuous investments and commitment of the managers in order to maintain good results of
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renewal. Long-term positive effects (on a social and environmental issues) are also dependent
on structures for organised learning among tenants and involved organisations and firms [9].
Högsbohöjd case area
Högsbohöjd is a housing area built in the early 1960s by two public clients near the centre of
a larger city. The area consists of two housing properties (990 respectively 760 apartments),
which are today respectively owned by a municipal housing owner and a private housing
owner. In the 1990s the publicly owned area A underwent a major ‘turn-around’ renovation
(1993 – 2001) where the original architecture was changed beyond recognition. Elevators
were installed to increase accessibility, building volumes were demolished and remodelled to
increase the architectural variety and expression. The motivation for the renovation was
technical deterioration. At the time the city had vacancies in housing areas and the
transformation also aimed at making the area more attractive also for higher income classes.
Case area B is one of the first experimental areas built with industrialised methods in
Göteborg, and expected to last only 20 years. In the 1990s the area was traded by the city to a
large building contractor who promised to renovate the area. This was never fulfilled, only a
minimum renovation was carried out including changes to the roofs and replacement of
windows, and the area was sold to another company, which in turn was bought by the present
owner, a private property developer. The case area B is today in urgent need for technical
renovation.

Figure 1, Photos from case area A after renovation and case area B (not renovated)
Environmental aspects
No specific environmental goals were included in the turn-around renovation of area A in the
1990s although the renovation was carried out after the important Rio conference and the
wide debate on sustainability was initiated, and other renovations from the same era had such
focus. Regarding resource use indicator, those available are aggregated data for delivered
energy for heating and hot-water. There are unfortunately no data from the period before the
renovation to compare with. In this case, case area B which has not been renovated to a larger
extent could be used as a point of reference for the renovated area A. There are no large
differences in the present energy use between the areas (~160 and 150 kWh/m2 and year).
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This can be explained by case area A having been fitted with elevators and ventilation thus
adding to the energy use which could be represented as case area’s B energy use minus some
energy efficiency achieved by thermal insulation.
Economic aspects
The assessment of economic aspects have been difficult mainly due to lack of data available
which can show a decrease in operational costs for maintenance and operation. On the whole,
renovation of case area A has lead to a longer period where no large interventions are needed.
The owner estimates that no further renovation is needed in another 20 years. We ventured in
an estimation of socio-economic benefit for the wider society [1] through reduced costs for
un-health among inhabitants and reduction of police interventions before and after renovation
of area A. That sub-study gives no support for costly turn-around renovation focusing on
increasing attractivity and safety and address socio-economic problems (as has been stated in
highly socially burdened areas). This area did simply not show any large changes in the
already low levels of social problems or crime rates to start.
The case area lies in a part of the city, which has gained in attractivity last decades, this has
probably more to do with the location than the increased popularity as a result of the
renovation. The area on the whole consists of aspects, which are considered as part of
attractive locations in a market perspective: green areas, a small pond, connectivity with
public transport, closeness to the city and services. However, the variety and good
architectural qualities of area A after the renovation contribute to the areas popularity.
Social aspects
After the renovation of case area A rent levels increased up to 80%. The percentage of people
that moved back after the renovation is 60% (information given by the property owner and
which has not yet been verified by objective studies).
Going through statistics from the area we found that the average income among residents has
increased over the years in both case area A and B, this reflects the overall development in the
region. Case area B lies a bit lower than case area A. The average age is much lower in case
area B than case area A probably reflecting a higher number of families living in the large and
still rather inexpensive apartments in case area B. Unemployment has fluctuated the last
decade while unemployment rest slightly higher in case area B than A. The number of
families with social benefits is higher in case area B but both areas has had decreasing number
of social benefit families the last decade.
Cultural aspects
In short, the cultural heritage has not been respected in case area A, expect for one part of the
area renovated on the design of a famous female architect. Case area B which underwent a
minimum renovation leaving the original design is preferred from a heritage point of view.
Architectural values and cultural historical values are not the same. Architectural values
include sense-making, variety of expression and aesthetics related to usage. In respect to
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architectural values, case area A has increased its value considerably through the renovation.
One of the architects involved in the design still often takes a stroll through the area.
Institutional aspects
The participation in the renovation process was limited to a few representatives form the local
tenant’s association. The renovation process spanned over almost a decade and the project
managers were changed at one occasion. The learning through the whole process should be
ensured as one architect firm had the overall responsibility. Still, different kitchen and
bathroom equipment has been installed which make the maintenance of the are difficult.
Concluding remarks
Regarding actual effects of renovation, the case study confirms earlier studies regarding
movement patterns and community composition after a larger renovation. There have been
some changes to the demographics of the area, but these mainly reflect changes in the
municipality at large. There is a decrease in number of households with social benefit after the
renovation and it is very likely that those on the bottom of the social scale have moved out
from the area. In last years, gentrification has almost become synonymous to urban renewal
[1]. It is however, doubtful if gentrification is the exact term when describing the changes to
the composition of tenants in area A. Before the renovation, area A (as area B still has) had a
number of student apartments. These were transformed to larger apartments as a result of the
building regulation at the time, which did not favour small apartments at that time. The
removal of the student apartment has probably contributed to the decrease in low-income
households. Further, an act of removing criminals that resided in the area before the
renovation was intentional.
In the back mirror, not applying higher environmental and energy efficient measures in a
larger renovation, would probably not be repeated today. The property owner also decreased
the number of apartments, as smaller apartments were joined to provide larger ones. This is
probably not a strategy that would be used today as this reduces rent income. However, on the
whole the property owner has achieved a very popular and attractively looking housing area.
However, the architectural quality and the attractivity of the areas have much improved.
On a more general level, the paper contributes to the development of sustainable assessment
methods for renovation and urban renewal. The study shows that data availability in some
areas is a limitation and thus the choice of indicators needs further development. Finally, the
study of the two areas A and B provides good possibilities to compare results from different
renovation strategies. Apart from forming a basis for discussing sustainable assessment of
renovation, in the continuation, the cases will also provide input to complementary research
focusing on renovation strategies including questions on when in the life cycle of a housing
area interventions are to be made, and to what extent, in order to realise social, economic
and/or environmental gain.
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OLD BUILDINGS, NEW CITIES:
Energy renovation strategies for the historic residential stock of Brussels.
Abstract: This papers aims to provide a vision of integrating the possibilities of Renewable
energy in today´s society with respect to the cultural and architectural aspects of the
buildings.It stresses the role of renovation and implementation of renewable energy strategies
in historic residential buildings in Brussels as the main element to achieve energy efficiency
targets. In addition, it will elaborate on the need to develop a methodology to assure success
during the renovation of historical residential buildings from design phase.A new vision of
Brussels Capital Region is offered where buildings are conceived as a stock rather than individual
entities. This approach seeks to contextualize the heritage value and to achieve important
improvements of the energy performance in order to highlight the importance and relevance of
retrofitting the old residential building sector.Resulting from the respect for the historical

elements of the buildings, this paper will be divided into the exterior and interior changes of
the building.
Keywords: Building stock, building energy retrofit, energy integration strategies,
renovation, renewable energy, pre-assessment methodology.
Introduction
Buildings are at the core of sustainable energy policy as long as the sector keeps
accounting for 40% of the EU´s energy demand. The EC Action Plan for Energy Efficiency
identifies energy efficiency in the building sector as top priority as the largest cost-efective
savings potential lies in the residential (households) and commertial buildings sector (tertiary
sector).The building sector faces the inevitable challenge of producing more efficient
buildings whilst at the same time responding to even more demanding occupants in terms of
confort.
1. Existing buildings
There are a huge number of historic buildings in Europe and many of them are wasting
large amounts of energy. This architectural heritage deserves very particular attention within a
sustainable architectural approach, with regard to sustainable energy development and historic
buildings protection.
Replacing an existing building with a new one requires a considerable investment of
embodied energy in materials, transport and construction. In global environmental terms, the
balance of advantage strongly favours the retentionof existing building stock, particularly
when performance in terms of energy consumption in use can be improved. Retaining existing
elements of construction in old buildings and seeking to enhance their thermal performance,
rather than replacing them, is a heritage conservation principle in line with sustainable
development.
Even if the actual buildings regulation exempts most of the listed buildings from energy
performance improvements, these buildings can and should accommodate some
improvements.
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In Brussels we have a beautiful example of historic renovation in the 140 year-old
Renewable Energy House (REH) refurbished so as to minimize energy consumption and to
explore different methods for integrating renewable energy technologies, making it a 100%
renewable energy building.

Figure 1: Front and back fachade of the REH, Brussels, before refurbishment. http://www.new4old.eu

Figure 2: Front and back fachade of the REH, Brussels, after refurbishment. http://www.new4old.eu

2. Historic buildings
Preservation of the architectural heritage is considered a fundamental issue in the life
of modern societies. This heritage contributes significantly to the value of the city by
branding the city´s character.
The need of preserving historical constructions is thus not only a cultural requirement,
but also an economical and developmental demand.
Architectural conservation deals with issues of prolonging the life of architectural character
and integrity, such as form and style, and/or its constituent materials, such as stone, brick,
glass, metal and wood.
Historic buildings vary greatly in the extent to which they can accommodate change
without loss of special interest. These considerations will influence the extent of change that
is appropriate to improve energy efficiency. Before any work is carried on, it is important to
understand how the building works and to check if the foreseen alterations are compatible
with this system.
When alterations for energy conservation are proposed, regard should be given to:
 Ensuring that the building is well understood
 Minimizing disturbance to existing fabric
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Reversing the changes easily without damaging the existing fabric
Introducing modern materials: new materials and techniques designed for new
construction should be treated with caution.

Part I: The outside of the building
In historic and protected buildings energy efficiency measures can only be provided if
they do not alter the unique character of the building or increase the risk of long-term
deterioration to fabric or fittings. According to Straube [1] the envelope can be described in
terms of performance and function. The main expectable non-structural functions of the
building envelope can be summarized in the following aspects:





Energy conservation: Resist thermal transfer through radiation, convection and
conduction
Air: Resist excessive air filtration and ensure sufficient ventilation
Sound: Attenuate sound transmission
Water: Resist water penetration and enable humidity discharge

Energy losses through the building´s exterior walls, floors, roof, windows and doors account
for 10 to 25% of the energy used by most buildings, depending on the outdoor conditions and
construction of the building elements [2]
Energy losses are governed by two main parameters:



Temperature difference between the indoor and outdoor environment
The ability of the envelope to resist heating transfer due to conduction, convection,
infiltration and absorption of solar radiation.

Some points of attention need to be taken into account when we are facing the renovation of
the envelope of an historic building:






Opaque elements: Insulation of the external opaque elements or the use of additional
insulation to the fachades and the roof is one of the simplest and also very efficient
measures to consider. Proper location of insulation may increase the thermal inertia of
the building and buildings with condensation problems on surfaces will experience a
reduction or even an elimination of this kind of problem.
Transparent elements: Actions to improve or replace transparent components should
enhance penetration of solar radiation during the heating period and minimize it
during the cooling period, decrease heat flow through the opening, improve day
lighting, and permit a more efficient airflow during the summer season.
Infiltration: Air leaks through the building enclosure can take one of several forms: 1.
Orifice flow, Diffuse flow and Channel flow. The latter is probably the most common
and serious of all types of air leaks. The air entry point and exit point are distant from
each other, giving the air enough time to cool below its dew point and deposit
moisture in the building enclosure.
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Airtightness: A high degree of airtightness will provide insufficient air through
infiltration and thus necessitates a designed ventilation system. Furthermore, if the
building is completely sealed then moisture migration is prevented what can suppose a
serious problem especially for historical buildings. Thus, some infiltration is needed to
avoid condensation problems.
Moisture problems: Sometimes an important effect of filtration through the building
envelope can be the condensation of moisture from the exfiltration air that takes place
in northern climates. Moisture problems are especially important for historical
buildings. Air pressure differences between the indoor and outdoor environment can
transport significant amounts of water vapour through air leaks in the building
envelope. In order to avoid this kind of problems in northern climates a vapor barrier
is added facing in.

Some rules of thumb to follow in the building envelope related to the afformention points in
order to solve the problems highlighted before are:










Insulation material can be added either to the inside or the outside of the exterior walls
or fachade, or by filling the cavities within the wall structure. Use of additional
insulation decreases the rate of heat loss, may improve the air tightness of the wall and
reduce condensation problems on surfaces, while it generally increases indoor thermal
confort.
Opening windows is the basis of natural ventilation design since they allow a
controllable fow of air, which can satisfy the needs to carry way surplus heat in
summer and provide pollution free environment.
Balanced mechanical ventilation systems require low infiltration rates. The rate of air
entering the building must equal the air leaving the building. If the rate of the exhaust
air is higher than the rate of air introduced in to the building, then infiltration might
occur.
Creating an atrium or a light well to provide natural light, assuring the preservation of
the structural system as well as character-defining interior spaces, features, and
finishes is recommended.
Vestibules may be very useful since they create a secondary air space at a doorway to
reduce air infiltration occurring while the primary door is open. Adding a vestibule
should be considered in very cold climates, or where door use is very high.
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Table 1: External adaptations and possibilities of the envelope and outdoor equipment

Part II: The inside of the building
In historic buildings energy efficiency measures should only be provided if they do not alter
the unique character of the building or increase the risk of log-term deteriorationto fabric or
fittings. However, this doesn´t mean that there aren´t ways of creating a better comfort and a
lower yearly primary energy consummation while not changing the appearance of the
building.
The internal adaptations and possibilities of historic buildings are being summarized in the
table below. This includes internal isolation on walls and roofs, internal sun screens, etc, so
every change does not affect a unique or protected part of the building.
In future steps, the disadvantages/advantages, possible problems, limitations, options or
changes of the envelope will be discussed with the goal to optimize or change parts of the
building´s interior that aren´t protected.
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Table 2: Internal adaptations

Case Study: Extension East of Brussels
This research focuses on the study of new tools for the refurbishment of historic
residential buildings in the Extension East of Brussels. The revitalization of old cities would
imply the increase of dwelling availability in areas where greater social diversity is needed
and higher population density can be beneficial. The older the construction, the more delicate
and necessary the upgrading process is and the more specialised knowledge is required.
This paper focuses on the study of the context and the identification of the main
characteristics that are common to the listed historical housing in the East Extension, linked to
their environmental performance.
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Figure 3. Location of the case study area on the map of Brussels.
Autor: http://www.skyscrapercity.com/ and Aránzazu Galán González

The Extension East of Brussels is a predominantly residential area, where the
following types of buildings are represented:

Figure 4. Building typologies of the Extension East of Brussels compared with the total of the Region
Source: Cadastral matrix of Brussels Capital Region and Urbis map
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In addition to the strict building regulations, socio-economic homogeneity of the
neighbourhood gives it a rare unit. The majority of the houses are built for well off middle
class family with almost invariably the same plane-type three rooms in a row, along with attic
reserved for domesticity. The facade has usually two or three equal spans, decorated with a
balcony or loggia. The homes of the middle class respond to the same pattern, in however
modest proportions.
In contrast, this program can be found amplified in mansions for the upper class.
Moreover, their plots allow the development of additional parts such as lobbies or an office.
The facades are richly ornamented and with cubicles, with bow-windows or even turrets.
The obstruction of neighbouring houses and large building depth, due to urban density,
are very restrictive parameters in this architecture. Although these seem to be unalterable
characteristics, they may actually be modified without altering the appearance of the building.
The deep and narrow building form is very restrictive for a positive performance of the
dwellings.

Figure 5. Original plans of Square Marie Louise 62 (1894)

However, the potential of the roof and the courtyard for improvement is high. The patio can
be found in some houses, which is often small and partially occupied by the staircase, as a
space with large possibilities for raising daylight levels and ventilation rates. The increase of
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its surface might counterbalance the impact of the building depth.

Figure 5. Building typologies mapping (ArcGis)

The potential of the patio is both environmental and architectural. Enhancing its size
allows the increase of solar gains in the building and strengthens a semi-public space with
great possibilities. The patio shapes that occupy the longer side facade, with a surfaceoriented south, are proved to be effective, as they favour solar access in the long axis of the
building, increasing solar ray penetration into the dwellings.
The surface of the roof can represent around 50% of building’s envelope. It is also the
surface of the envelope that receives solar radiation the most. Thus, the rooftop house might
have greater opportunities or good environmental performance than the flat house. A
responsive design of the volume of the rooftop might increase the solar access of the lower
levels, improving the performance of the whole building.
On the other hand, as aforemention, natural ventilation is crucial in this climate, due to
high levels of humidity, and it is especially important in historic buildings, which use
evaporation and ventilation to reduce the moisture in the walls to an acceptable level. In a
deep building, the central area of the house may have little opportunities for ventilation,
which could cause damage to elements of historical value.
Common practice in the retrofitting of historic buildings is based on the improvement
of the envelope that it is generally un-insulated. The possibilities and its consequences has
been lited in the section above. When insulating during the retrofitting of the historic building,
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it is critically important to consider the constraint of the building itself as the uniqueness of
the building, the characteristics of its materials, the climate in which it resides, and the
specific building methods that were used in its construction. Adding insulation where it is not
needed, inappropriate, or ineffective can lead to irreparable damage in historic features.
Therefore, it must be considering whether or not to include insulation and if so, the fact that
this could be a reversible insulation that does not make drastic changes in the air flow that
could damage historic building fabric. It must be taken into account the importance of
preserving historic construction material that makes the isolation of the walls less
recommendable that the insulation of attic and basement.
Due to the form and the physical configuration of the area, the city blocks of this
Extension East work as a whole not only in terms of structure but also in terms of thermal
performance. It is because of this reason that the impact of refurbished houses on neighboring
buildings is remarkable. Improvements in some buildings can positively influence others, if
linking elements are provided, such as openings on the mediator walls.
Solar energy and wind power, geothermal and aero thermal energy might be
inadequate on this location from aesthetic reasons, archeological constraints and climatic
restrictions, respectively, although the third one might be appropriate for district heating
systems. Low temperature and condensing boilers might improve energy efficiency and
reduce energy bills but they would imply changes on the distribution systems. Biomass,
because it responds to the same principles as those of the traditional heating systems in
historic houses, might be a suitable option, easy to accept by the users and to install in the
buildings.
Conclusion
Sustainable refurbishment is significant problem in current buildings stock, taking
much of a scientists’ attention as well as European Commission initiatives. Sustainable
refurbishment is widely discussed in the literature and various models and decision making
tools proposed. This paper integrates sustainable development principles decision making
process and influencing factors into one unique conceptual sustainable refurbishment model.
Model involves macro and micro environment factors analysis, integrates participating
in refurbishment stakeholder’s decisions and needs. According to sustainable refurbishment
principles, refurbishment not only decreases energy consumption but also improves whole
condition of the building.
Much attention is paid on decision making process. In order to design and implement
buildings refurbishment basing on sustainable development principles it is necessary to follow
these principles from idea till implementation.
There is still the need of specialised knowledge to assist the design of holistic
refurbishment strategies in the early stages when decisions have bigger impact.
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This paper presents an integral approach to the energy upgrade refurbishment that
gives specific answers to key parameters of integrated refurbishment. It also determines how
improvements in the energy performance can be achieved. In this approach, different options
for each parameter are studied, calculated and designed in a level of construction detail,
providing a database of options and solutions. This systematic approach to the strategies,
divided into key aspects and different options, can be organised in the form of a matrix.
This approach recognises the diversity of each project as well as designer decision
freedom.
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Abstract: By analyzing the vulnerability of the city, and thus the development of the urban renewal
area is designated targets. First explore the city urban renewal Taiwan Taipei and Kaohsiung
indicators used in designating and through literature review and analysis, the establishment of urban
vulnerability to climate change under the impact of the valuation and the impact of the earthquake,
and the beginning of the division intends to set up an urban renewal evaluation indicators, and for the
city of Taipei and Kaohsiung's vulnerability to zoning and urban renewal design evaluation index to
analyze, compare, key index weights were obtained and land use adjustment program. Based on the
assessment results, the existing urban renewal issues for the review and revision proposal, hopes to
build in the future be able to penetrate the urban renewal area delineated indicators that urban
renewal area to be more stable and resilient.
Key words: Urban renewal, Vulnerability, Resilience, Evaluation

1.Motivation
Taiwan's high vulnerability to climate change impacts countries. The World Bank in 2005,
"Natural Disaster Hotspots: A Global Risk Analysis" proposed, Taiwan may be the place on
Earth most vulnerable to natural hazards, with 73 percent of its land and population exposed
to three or more hazards. The climate change and extreme weather anomalies adds to the
vulnerability of urban and exacerbate the impact of disasters. In order to prevent or reduce the
incidence of urban disasters, and promote the overall development of the city, region and
other adverse environmental improvement, urban renewal is one of the best ways, but there
should be a more rigorous approach to assessing disaster areas selected update, the update to
work can be good used in disaster areas with a potentially maximize functional urban
renewal.Climate change adaptation method should also review land policy (especially prone
to cause disaster), which was taken into account territorial planning and urban and rural plan.
In this study, the urban renewal area to select indicators for the study spindle. In the city of
Taipei and Kaohsiung's updated policy as an example, and then adjust the direction and
methods of policy.
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2. Relational and vulnerability of urban renewal
The key disaster prevention and mitigation of risk management as its main function is to
reduce the impact of hazards on vulnerable systems, and to avoid losses caused by disasters
and complex disasters. However, the traditional disaster prevention research and practice
focuses on operating multi-hazard preparedness, response and relief (Berke and Beatley,
1992). Land use and spatial planning strategy is applied by way of land use and space
management to improve the region's vulnerability when faced with the hazards of exposure
degree to alleviate the immediate impact strength of hazards and reduce disaster losses.
Land-use planning is a multi-objective decision-making process should not only provide a
safe environment, it should meet the needs of the local socio-economic conditions (Christou
et al, 1999). The study literature related to integration in the past anti-mitigation strategies in
land use and spatial planning, as the relationship between the urban renewal and vulnerability.

Figure1 Relationship of urban renewal and urban vulnerability

3. Urban vulnerability assessment and indicators of urban renewal
3.1 Urban vulnerability assessment
When vulnerability too high and can not withstand the impact of hazards, the resulting
disasters. In addition, individual harm caused by the disaster, although not directly, but it may
cause the system to accumulate bonus vulnerability and affect the schedule of its recovery. In
Figure II, for example, assumed that each time point t1 and t2 occurred in the same scale of
impact hazards and increase the vulnerability of the system were caused by H1 and H2, the
vulnerability of hazard impact of impairment at t1 when a critical limit is not higher than it is
no disaster arise. Although the impact when t2 hazards vulnerability H2 sacrificed itself is
still below the critical limit, but the two hazards occurring interval is too short, not enough to
make the system self reply resilience, vulnerability and therefore cause harm to the impact of
the cumulative effect of leaving more than vulnerability limits and produce disasters.
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Figure2 The relationship between disasters and vulnerability

Vulnerability factor should consider The resilience. The resilience in the field of mechanical
system is defined as a disturbance after a brief return to equilibrium capacity. In recent years,
the concept of gradually the resilience is applied to areas of society and the environment,
including the impact of climate change.(Timmerman，1981)After the impact of external
forces by society organizations, and its ability to adapt itself to resist. (Buckle et, 2000;
Pelling, 2006) System resilience is often used in communication and resource scheduling, the
system in the face of unexpected conditions can have flexibility and adaptability, and quickly
to shocks. (Hale and Heijer，2006)Sources with the resilience of the impact, in fact should be
through collaborative planning approach, from the status of each vulnerability factor in the
consolidated judgment. For example, the average income, the diversity of economic activities
and medical services are in addition to the impact of economic and social vulnerability, but
also the overall system with a higher resilience.
Figure 3 can be explained by the impact of the vulnerability of resilience. Figure 3, the control
group was analyzed by the system of Figure 2, while the experimental group compared with
resilience of the system better. Both face the impact of hazards t1 time, the same cause of
vulnerability H1 impairment, however, preferred resilience of the experimental group itself
strong resilience, vulnerability shorter recovery time (Figure 3 t1 and t2 between segments ),
so when the time t2, the vulnerability of the experimental group had returned to the level
before t1, although damage caused by the impact of the H2 vulnerability reduction, but did
not produce cumulative and additive effect, so the control group, the lead point t2 time of
disasters, the experimental group did not produce disasters. Therefore, the system should be
effective due to the impact of external force to resist, we must begin by improving
vulnerability (Wu Jieying, 2008).

Figure3 Impact on the vulnerability of the resilience

3656

ISBN: 978-84-697-1815-5

3.2 About Taiwan urban renewal area development
About Taiwan urban renewal development, mainly in the cluster of buildings to update the
object, and as updated by volume incentives. The population density and land use intensity is
the main cause of flooding in urban areas, because of the population density increased, land
use enhancement, resulting in the reduction of the area of permeable pavement, resulting in
increased runoff, resulting in increased frequency of flooding. Therefore, when the urban
renewal, the extent of seismic strengthening of buildings, replacement of the original old
pipelines, reducing the risk of fire and earthquakes; But if this update area is low-lying flood
prone areas, will result in more big disaster damage, because there will be more people moved
to update the area.
3.3 Indicators of urban renewal land zoning located in Taiwan
According to Taiwan's urban renewal update unit autonomy regulations designating total of
fourteen indicators, including eight related to this study. Which targets mainly for building
structures that have four, for the degree of development of the surrounding roads with a width
of two items on the intensity and volume control using two items. These indicators can be
understood by the urban renewal of the current designated targets mostly local cluster of
buildings updates, and can not really improve the city's image and security.
4. Adaptation principles of urban vulnerability in urban renewal areas
4.1 Development restrictions
Burby (1998) considered the concept of zoning in order to set the potential disaster area is an
effective mitigation tool. Effectively define potential disaster area and make relevant
prevention and mitigation plan should discuss the planning stage and presented a
comprehensive land use plan, a comprehensive disaster recovery and reconstruction plans and
programs, to guide the development of areas with potential disaster redevelopment plan. By
controlling the hazard potential areas of land use types, location and intensity of social and
economic activities in order to avoid exposure to threats.
4.2 Incentives
Poor land use will cause the system to enhance the vulnerability (Schwab et al, 2006). The
main purpose of incentives is to maintain low hazard potential regional development, and
specific measures to review the functioning and development strength and location of land
use, such as. And the use of transfer of development rights, impact fees levied on potential
disaster areas and give developers a low degree of tax incentives. Taxes mechanism in
accordance with the degree of risk to develop cost-sharing disaster prevention (Deyle and
Smith, 2000). Through way of internalizing external costs, inhibit the development of
environmentally sensitive areas.
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4.3 Acquire land and property
The purpose of acquired land and property to prevent the disaster potential development areas,
or to migrate existing development potential disaster areas. U.S. to impose floodplains as the
main tool for disaster reduction. Therefore, imposition of environmentally sensitive areas and
potential hazards will reduce disaster damage (Wu Jieying et al, 2006).
5. Adaptation principles to urban renewal index
According to the literature review to identify urban vulnerability factors assessed, and then
through the Fuzzy Delphi questionnaire screened 40 evaluation.
Table1 Fuzzy Delphi questionnaire screened 40 evaluation.

Respect
Natural
Environment

Project
Potential areas of
geological disasters

Potential flood areas
Social
Environment

Building disaster risk

Disaster risk
buildings in the
external environment

Evacuation and
rescue difficult risk

Earthquake complex
disasters - fire hazard

evaluation
1. Hillside sensitive areas
2. Fault on both sides
3. Potential landslide areas
4. The scope of potential debris flow streams
5. Geological sensitive areas
6. Potential areas of land subsidence
7. Coastal erosion area
1. Potential flood zone
2. Coastal protection zone
1. Buildings use more than life
2. Building materials are not fireproof material
3. Non-seismic building
4. Abandoned buildings
5. Number of stories in the building 16 floors above the
ground or a height greater than 50 meters
6. More than 80 percent higher than the density of
buildings, roofs illegally built) more than 80%
1. Fire lane is occupied more than 80%
2. Illegal construction (including spaces and roof UBW)
region
3. Areas of poor drainage system
4. Area buildings separated by less than 3 meters
1. The windows of the building in this area is blocked
advertising signs, bars messy, no windows
2. Building entrances (outdoor open space to export the
effective width) of less than 90 cm
3. Existing roadway width of less than 6 meters, and the
total length of the existing roadway proportion of 50%
4. Arcade usage poor, street furniture, wires arranged
messy area
1. Hazard pipelines (oil, gas, water pipelines)
geographical distribution
2. Outdoor fire hydrant distance of 120 meters away, or
water, the water pressure in the area of sub-standard
3. Area before building the road (street blocks outside the
main road width) less than 8 meters
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Respect
Regional
environment

Project
Roads open to
complete degrees
Poor land use

Adverse disaster
Space Systems

Poor distribution of
population

evaluation
1. Urban planning area roads are not open accounts for
more than 50%
2. Less than 10% the proportion of road area
1. Division of land too small or messy
2. Mixed residential and commercial or factory (iron or
steel UBW) region
3. Capacity building coverage ratio greater than existing
statutory and less than 50% of the statutory
4. Dangerous postulate and industrial location has not
been designated discomfort or low-density population
surrounding buffer
5. Areas affected by a major disaster losses
6. Community dangerous than using 21 per hectare
1. Emergency shelter space (1-7 hours after the disaster)
is less than 1 square meter area per person
2. Temporary housing space (spaces resettlement and
resettlement) of less than 5 square meters per person
3. In a radius of 700 meters and areas of refuge outside of
shelters
4. A radius of two kilometers outside the region and longterm accommodation establishments
5. In medical supplies space and fire, police and other
rescue units radius of two kilometers outside the area
Population density or distribution of the poor population in
excess of plan, high density residential areas

6. Conclusion
In this selected area with Taipei and Kaohsiung City Government designated renewal area
comparison. Taipei designated found mainly in the urban renewal area who can not cope with
the landscape, the city does not meet the performance, unable to cope with major builders or
areas of historical and cultural value based. This study selected areas with potential flooding
mainly in the region and the sides of the fault zone, including non-fireproof building materials,
building structures of non-seismic and crumbling abandoned buildings.
In Kaohsiung designated urban renewal areas mainly in the city do not meet the performance
failed to meet a major builder based, and updated ports, railway stations and commercial areas
of the surrounding areas tend to partly residential rare. The areas designated in this study are
mainly to potential debris flow streams of influence, using a type of residential and
commercial buildings or factories mix (iron or steel UBW) regions, areas affected by a major
disaster losses and crumbling abandoned construction based .
The urban population and infrastructure development due to high density, vertically oriented,
often induced by a variety of different types and degrees of damage after a simple disaster.
Since the majority of people living city, buildings densely distributed, so that once a disaster
occurs, the damaged buildings and public facilities (such as Lifelines, gas pipes, cables) easily
become a new disaster incentive to evolve into a single large-scale disasters , involving a wide
range of aspects of many of the complex patterns of urban disasters.
6659

ISBN: 978-84-697-1815-5

Disaster degree of importance in urban areas should be in accordance with the regional
environment and conditions differ from region to region have different countermeasures.
Disaster type species occurred within the city complex, according to geographical areas and
environmental conditions should be valued sequence differences and social resources should
be allocated to obtain differ, in some areas the earthquake the most attention (or as near fault
earthquake-prone areas), while others are flooding compared valued (such as low-lying areas),
and urban development is targeted position features regional area must be different coping
strategies (such as land use designation restriction of built area), thereby reducing the
disasters caused by damage.
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ABSTRACT
THE IN PROVE METHOD. The role of the citizen in an environmental evaluation and
analysis model.
The In-PROVE method tries to create a new point of view to the valoration of the average
environmental impact generated by buildings. The role of the contributor citizen must be
rated so it becomes the true engine of the change. The impact study subject is not the
building, but the dwelling and the individual itself.
We bet for an improvement of the existing studies including the most active part of the
process, the user in this case, with the energetic behavior for the first time as a transcendent
variable. We can talk about a GOOD citizen in a GOOD dwelling as the formula to maximize
the sustainability (other factors such as quarters, cities, nations will be treated in other
stages) with the objective of improve each aspect, search exits and avoid systems which only
creates labels.
A reflexion about if models which are based on constructed m2 should be based on usedm2 is
started, penalizing this last one. Its neither reasonable that a large family in poverty which
can't afford to use any heating system in their low quality dwelling only deserves a "G" with
the presumption of a wasteful and unsustainable behavior, when in fact there is almost
nothing to reproach.
It's about finding the elements which encourages the user, the owner, the neighborhood
community, the project redactors, the promoters and every agents to change their attitude and
their passive role. This is the alternative to a model which follows the rule and sanction and
that creates disaffection with our rulers.
KEYWORDS:energy efficiency, user behavior, existing buildings,dwelling
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1-INTRODUCTION:
The environmental quality evaluation of buildings is a topic which appears repeatedly in
every expert's meetings. Obviously, we start from the fact that the building is able to serve for
the end it was conceived, to satisfy the thermal comfort of its dwellers. But when happens
when we have a properly adjusted to law building, with high levels of thermal efficiency and
that is its users who makes a really poor energetic consumption?
Unfortunately, this is quite a common case hopelessly obviated by the law. It's true
that some buildings have incorporated systems which allowed users to have a little margin to
impact the energetic management. This is contemplated in some certification systems as an
additional value but, aren't we taking responsibility from the user? aren't we incorporating
expensive systems which are hard to justify?
We are witness of a great growth of the corporative Social Responsibility as a differential
point but we are also alienating people from that same responsibility. Isn't it a paradox?.
Companies should grow with social responsibility, but that doesn't mean that individuals can
avoid it as we all are owners of our acts and decisions.
The PROVE IN-method is a method that quantifies differently allocation of energy
consumption as they do the simulation programs (CALENER, Ce3X, ...) and does assigning
to the person using the property the amount of energy corresponding instead of building

2-APPROXIMATION TO THE METHOD.
Humans are direct emitters of CO2 as we breath and realize our digestions. We won't do any
further explications about these events but its balance is zero because of the necessity of
plants of CO2 for their photosynthesis(1). The real problem comes when we develop other
activities which increases these emissions.
We are establishing a methodology that can bring people closer to the struggle for CO2
reduction which himself creates and we need to incorporate the present certification systems
(we will focus on energetic certification) with new parameters which allow to adjust the
numbers so the citizen perceives the system as fair and recognizes the personal efforts and his
or her economical and social situation.
We will say that people participates in his home's CO2 emissions as his or her uses the
dwelling. This concept is different to the one used in which basically the emission is assigned
to the product or the producer. It is, therefore, to incorporate a new point of view. Analyzing
the pros and cons of the systems we can get to:
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1- The producer contaminates1.
2- The product contaminates.
3- The user contaminates.

As everybody know, there is not always a direct relation between energy consumption and
contamination, but to avoid discussions whether which kind of energy is or its origin, we will
assume that a high final energy consumption corresponds with a high CO2 emission.
Do not want, nor is it intended in this work to analyze or question the emission measure
methodologies which have a long consolidated trajectory, but to establish clear differences
depending on the focused element.
2.1 The producer contaminates:

Is a way quite adequate to look for responsibilities within the companies, even more in the
industrial sector where the energetical consumption is very important, whether is many cases
it could be not the main cause of the enviromental impacts, is easy to quantify. The way to
express this consume is:


   


Being  the summation of the energetically consumption of the factories in Spain each year,
k the number of factories and M the total of factories of Spain. This system estimates the
consumption considering an stabilized balance of trade regarding quantity and kind of goods.
Any other cases would indicate that the country which contaminate the less is a nonproducing country, and this would be only true for countries where there is no consumption at
all. At this point there is a lively debate about the responsibility of the western countries as the
consumers of products created in other countries. This also have other inconvenient: it seems
that the environmental impact stops once the products are created. Obviously, our case
(building construction) is a very limited system as its product is believed to have short and
innocuous life. However, as a refrigerator, a building will require lots of energy to be used
taking in count its lifespawn.
Because of this, we will need the KWh used with a different destination besides the materials
productions to know the complete energetic consumption by aggregation.

1

Take generically as detrimental to the Environment.
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2.2 The object or good contaminates.

Some problems as the traceability of the CO2 emission are solved, if we consider the energy
incorporated to the products along their lifespawn. This is the most popular line right now.
The approbation of the European Policy and subsequent regulations (2)about environmental
declarations of the products is helping to its implantation. The way to express is:
:




 


    /

So the energetic consumption in Spain each year  would be the summation of the energetic
consumption of every one of the three stages of the life of a product and distributing it
between the years of lifespawn of the product v, considering N the total number of products
created in Spain. Those exported products would considered just in the stage which takes
place inside the country. For example, if a prefabricated house is exported following the
UNE-EN ISO 14040-14044 normative we would only consider the following stages:
Extraction of raw materials (A1)
Transport to factory (A2)
Fabrication (A3)

Therefore to get the sum of the energetic consumption by aggregation we will need to know
which stages of the creations processes we must include in the equation.

Is complicated to gather every bit of information of each product created, but in the case of
building construction, as it is a combination of thousands of products and materials, each case
is different and unique. I.e, the consumption in the lifespan of an energy saving light bulb
could be considered as an individual or as a part of a building. So I could consider one light
bulb with 7,5 years of lifespawn or a building which will need 10 light bulb during its
lifespan..
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Other problem is to bring to the present other estimations of future consumptions which could
vary substantially because of the apparition of new technologies. I. e, is very complicated to
foresee the obsolescence.

2.3 The user contaminates.

In this case the assignation of emissions associated to an energetic consumption is calculated
by person, so the expression is:



   


    

So the energy consumption per capita in Spain per year  is the sum of the direct
consumption  e indirect consumption  of the people h who makes it, being R the total
population.
If we only want to quantify the energy consumed in the residential sector we can establish as
direct consumptions those derived from the using of the buildings, and as indirects those
created by the existance of the building, i. e the energetic consumption by, for example, the
creation and maintenance of a water, electricity, etc. supply network required by the dwellers.
This consumptions are to be distributed among all.
The assignation of these consumptions could be per living unit but installations are not
dimensiones by that criteria, but using the surface or by number of rooms, so we consider as
closest to reality the service to be assigned proportionally to the calculi which generated such
installation.
As general criteria, who uses the good will be responsible of the consumptions originated
during the creation of the installation, so the energetic consumption during the creation of a
building will be assigned to the user having an impact each year along the lifespan of the
building, understanding that is him who originated the necessity.
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One of the problems which can be seen in this way is that the construction sector not only
creates residential building, but offices, factories of public buildings as well, and would be
hard to assign someone to make responsible of these consumptions.

Another problem could be the assignation of the consumptions of the non-occupied
dwellings. Those houses don’t create consumption in a direct way, but they do in an indirect
one. It keeps needing installations, because of the heating inconvenient for adjacent dwellings
and because of the energy consumed during the construction process.
.
3- IN-PROVE METHOD REACH

In this first stage of the method we analyze the estimated thermal energetic consumptions of
the houses in use. For that end we have a tool recognized by the Ministry of Housing which
allows us to estimate the results by a particular and detailed study done by a qualified
technician from the inspection and recompilation of information of a dwelling. Estimated
consumptions will be adjusted in the future by the corresponding calibration of the tools.
The official tools 2:-CALENER- VYP, Ce3, Ce3x, CERMA.

Following the IDAE study (3)and the Population and Housing Census from the INE 3 of
2011which was published with detailed data in December 2013 ,we can gather the following
information which allow us to make a more global analysis.
1.The number of houses in 2010 is 17.199.630 (IDAE).And in 2011 (CENSO 2011)
18.083.692.
2- Average house surface: 102.4 m2 (IDAE).
3- Average surface of a house in a block of flats: 86.5 m2(IDAE).
4- Average surface of a single family house:140.2 m2. (IDAE).
5- Average consumption of houses in block: 7.859 KWh/year including household
items and others.(IDAE).

2

Se encuentran disponibles de forma gratuita en la web del Ministerio de Industria y Turismo. www.minetur.es

3

Instituto Nacional de Estadística.
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6- Average consumption of a single family house: 17.012 KWh/year including
household items and others.(IDAE).
7.Average famili members (Fig 1) : 2,7 members(IDAE)although the current Census
adjusted that figure to 2.57.

Fig. 1. Distribución de los hogares según los miembros . Fuente: IDAE

The extracted data about the consumption of the existing building certifications:Heating,
domestic hot water (DHW) and cooling but obtained by inquiry in theSECHSPAHOUSEC(2)project are as felow :

Final energy
consumption
Heating
Hot Water
Cooling
TOTAL

Apartment buildings
.
Total (TJ)
105.874
85.328
3.291
194.493

KWh/ apartment

Detached homes.
Total (TJ)

Kwh/detached
home

2.443
1.969
76
4.487

182.065
30.533
1.857
214.455

9.801
1.644
100
11.545

Table 1: Final consumption of Spanish households. Source: IDAE 2011 and own calculations

As seen from the data in Table 1, there is a big difference in consumption occurring in houses
and flats, it has a clear relationship with the largest area of the thermal envelope (walls, roof,
etc. . exposed to the outside ) which is usually much higher in the first case.
The values are doubled in the case of houses , fortunately, in Spain only 30 % of homes
(2)respond to this typology.

The data provided in Table 2 are estimated values of reference for obtaining energy label .
Although different for each city or climate zone have consumption data for primary energy
Madrid . These values are very high compared with the aforementioned . Consider deviations
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comparing with the previous table taking a house in Madrid taking of theIDAE (3)scales
existing buildings energy rating manual. The data facilitated are of primary energy
consumption and CO2 emissions reference.

PRIMARY
ENERGY

Heating
Hot Water
Cooling
TOTAL

Apartments
Kg CO2

KWh/ m

46,6
4,9
4,8
56,3

208,4
20,4
19,4
248,2,

2

Detached
home
KWh/
apartment
18.026,6
1.764,6
1.678,1
21.469,3

Kg CO2

KWh/ m

52,8
6,7
6,5
66,0

248,9
17,0
27,8
303,7

2

Kwh/detached
home
34.895,8
3.785,4
3.897,6
42.578,7

Table 2 Emissions and primary energy reference in Madrid. Source: IDEA and authors.

We can establish a model based on the references provided in the energy label and analyzing
its correlation with actual consumption data.
. Will set the behavior pattern type from the reference data for each climate zone.
Therefore, for Madrid, a regular user of a floor (taking the value of the Spanish average in
constructive and climatic characteristics), the following energy consumption:
4487 kwh for heating, water heating and cooling. (SeeTable 1).
But if we consider the occupation of more people (the average occupancy is 2.57) each person
will assign a consumption of 1746 kWh / year.
This fact is we should compare actual consumption from energy audits. Sometimes this is not
possible, since a home audit is a cost and it is often difficult to separate in an electric bill
allocating consumption per use.
Therefore, the In- prove method proposes an alternative solution :
From the information in an energy certificate you get with any of the recognized programs (
CALENER - VYP , Ce3 , Ce3x , CERMA ) we can perform the following analysis is
explained with an example:

In a home with a primary energy consumption of 300 KWh/m2 and an area of 50 m2
occupied by one person (the data are obtained from the label (5 ) compulsory from July 2013
for homes that are purchased or rented in Spain ) .
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We have 300 x 50 = 15,000 KWh per year expected consumption . This figure compared with
that found in Table 2 that estimates for housing tipo.y 21.469KWh therefore the energy rating
would be above average .
What we do personally to assign consumption is to maintain proportionality between real data
obtained by consultation ( Table 1) and the simulated reference (Table 2). In this case , being
equivalent 3136 KWh / year and being a single member household this value is well above
the assigned value of 1746 KWh personal expectations .
The IN-PROVE method searches the assignment of individual consumption serving to
approach a kind of assessment on the environmental behavior of people.

CONCLUSIONS:

1- In the initial stage, the imputations are reduced to an indirect assignation through the data
obtained with the actual simulation tools. It's about starting to develop an idea which adjusts
better to those people which don't waste energy and that is easy.
2- Data obtained in an energetic auditing would be more accurate and would allow us to know
whether the personal pre-assignation is high or not.
3-Although it is thought to calculate that assignation by an hypothesis based in inquiries
derived from the study from the IDAE, it would be better to have data regarding different
climatic zones and municipalities consumptions to assign in a more efficient way those
numbers.
4- Personal assignations allows to solve and reward some of the most important behaviours
regarding the energetic saving. Share house or having several unused climatized square
meters are some of them.
5- The data from the civil registry could be the reference to establish the shared consumption
values and give the valuations objectivity.
6- Energetic poverty studies could give us some of the keys in any data variation we could
find, comparing the expected consumption based on inquiries and on simulation programs.
7- The personal qualification would be derived from the average deviation , and in this way it
would be good to deepen in data per region, zones or even quarters, so for each ubicationir
could be possible to set different objectives and that an improvement in the surround could
not be easily countered with a personal bad behavior.
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ABSTRACT
This work is aimed at identifying the drivers and barriers of Human resource development in
Nigerian Construction firms. Data used was obtained through questionnaire survey and
structured interviews. The survey showed that increase in performance and productivity are
the highest drivers of HRD with 90% response. The next most important drivers are market
forces/economy and technology with 86% response each. Aging work force was considered
the weakest driver of HRD 53% response.
The research showed that low profit margin and high construction costs are the greatest
barriers to HRD with 88% and 87% response respectively. The next barrier to HRD is the use
of adhoc staff with 75% response while the least barrier to HRD is the varied methods of
learning in the industry.
The research proves that most construction firms do not engage in HRD as they are faced
with low profit margins and unskilled labour. With good government policies, loans with low
repayment interest rates could be provided for these firms to improve on HRD.

KEY WORDS: Human Resource Development, Drivers, Barriers.

INTRODUCTION
For any nation to achieve its full potentials, it needs to fully develop its human resource
capital [1]. Nigeria is by no means exempt from this statement and in particular the
construction sector which has performed below its full potential in the last three decades. In
1990, the country experienced a relatively steady growth rate of 6.33% and the building and
construction sector contributed 1.67% of the overall GDP. In 2009, the growth rate recorded
was 6.66% but this time the building and construction industry only contributed 0.23% of the
total GDP [2]. This means that although the construction industry is a vital industry it is yet to
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attain its place of relevance in the national economy. The industry can thus increase its
efficiency and generate a sustainable economic environment as it employs more than 15% of
the entire work force of the nation [3].
[4] Foreign construction firms dominate major projects in developing countries as a result of
deficiencies in the capacity of local construction firms. These have limited contracting
capacity and are predominantly small and medium sized businesses. This makes their
participation in major construction works minimal.
In order to improve their rate of participation in major construction works, it is therefore
necessary to review the human resource development of the local construction firms. Human
resource development in its broadest sense deals with competence, culture and commitment
which include opportunities like employee training, career development performance
management, mentoring, etc. [5] purports that construction companies experience many
challenges in human resource management and development because of the high number of
temporary staff. This he says is mainly due to the fluctuation in the demand of the industry
not to mention the subjective reasons (i.e. specific procedure in production, material and
technology) that limit the workers decision making process.
The research therefore aims at identifying the factors influencing human resource
development in Nigerian construction industry. The specific objectives of the study are:
1. Identify the critical elements of human resource development(HRD) within Nigerian
construction firms
2. Identify the drivers and barriers of human resource development in the Nigerian
construction industry
3. Evaluate the impact of human resource development within the Nigerian construction
industry.
METHODOLOGY
The method of data collection was through structured questionnaire survey and examination
of existing records on human resource development activities within the local construction
firms. Fifty (50) questionnaires were distributed in all and 31 were returned

RESULTS AND DISCUSSION
Table 1: Distribution according to construction firms
No of
% Response
Firm Type
Respondents
Contractor
17
56
Consultant
8
26
Developer
6
18
Total
31
100
Table 1 shows the distribution of respondents
Table 2: Existence of Human Resource Department
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Yes
No
Total

No of
Respondents
9
22
31

% Response
29
71
100

Table 2 shows the respondents who have a human resource department. 71% of respondents do not have an HR
department which implies a limited work force in terms of career development.

Table 3: Firms that engage in active Human Resource Development
No of
% Response
Respondents
Yes
26
84
No
5
16
Total
31
100

Table 3 shows the respondents who are actively engaged in HRD. 84% of the respondents claim to be involved
in HRD but in reality they insist on the work force already acquiring the needed skills at the time of employment.
This shifts the responsibility for staff development from the firm to the individual employees.

Table 4:Factors that influence HRD in individual firms
Human Resource
1
2
3
Development Elements
Training and Development 0
3
6
Career Development
0
5
6
Level of Education
0
2
6
Staff Development
2
4
6
Learning Organisation
6
6
9
Organisational
0
0
7
Development

4

5

10
4
0
13
5
16

7
1
18
1
0
3

Rank
sum
114
110
134
103
78
119

Relative
Index
0.74
0.71
0.86
0.66
0.58
0.77

%
Ranking
74.00
71.00
86.00
66.00
58.00
77.00

Ranking
Order
3rd
4th
1st
5th
6th
2nd

To determine the most important factor of HRD, the respondents were asked to rank the factors based on their
level of importance as shown in table 4. Level of education attained was ranked the most important factor with a
relative index of 86%. Training and development was ranked second with an index of 74% while learning
organisation ranked least with 58%.
Table 5:Group of Employees Considered in HRD
Employees
MC
C
LC

Rank Sum

Management Staff
Professionals
Skilled Labour
Semi-Skilled Labour
Unskilled Labour

68
69
56
43
38

16
21
7
2
2

10
2
16
9
4

0
2
3
15
20

Relative
Index
0.87
0.88
0.72
0.55
0.49

% Ranking
87.00
88.00
72.00
55.00
49.00

Ranking
Order
2nd

1st
3rd
4th
5th

Table 5 shows that the group of employees mostly considered for HRD are the professionals with a relative
index of 88%. The next highly considered group is the managerial staff with an index of 87% while the least
considered group was the unskilled labour with an index of 49%.

Table 6:Drivers of HRD in the Nigerian Construction Industry
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Drivers
Increased performance and
productivity
New Technologies
Market Forces
Globalization
Team Development
Aging Work force
Cultural Diversity

1

2

3

4

5
18

Rank
Sum
122

Relative
Index
0.94

%
Ranking
94.00

Ranking
Order
1st

0

0

0

8

0
3
0
0
1
8

2
0
0
0
6
11

1
11
11
2
7
4

13
13
11
16
9
3

10
4
4
8
3
0

109
108
97
110
85
54

0.84
0.83
0.75
0.85
0.65
0.42

84.00
83.00
75.00
85.00
65.00
42.00

3rd
4th
5th
2nd
6th
7th

Table 6 shows that the need to increase productivity and performance is the most important driver of HRD with
a relative index of 94%. Team development ranked next with an index of 84% while the least important driver of
HRD was cultural diversity with an index of 42%. This confirms that the main motive for engaging in any form
of business is profit. Thus those most qualified are often employed to reduce the need for training to the barest
minimum.

Table 7:Barriers of HRD in the Nigerian Construction Industry
1
2
3
4
5
Barriers
Variation in type and size of
projects
High Cost of personnel
training
Complex nature of the industry
Small profit margins
Temporary contract staff being
employed
Various types of construction
trades
Time constraint

4

9

5

4

9

Rank
Sum
98

Relative
Index
0.64

%
Ranking
64.00

Ranking
Order
4th

2

6

3

4

16

119

0.77

77.00

2nd

5
1
2

1
3
7

14
1
5

7
10
14

4
16
3

97
130
102

0.62
0.84
0.66

62.00
84.00
66.00

6th
1st
3rd

8

2

9

8

4

82

0.53

53.00

7th

6

4

6

9

6

98

0.63

63.00

5th

Table 7 shows that small profit margins is the greatest barrier to HRD with a relative index of 84%. The high
cost of training personnel ranked second with an index of 77% while the wide range of construction trade
options ranked least with an index of 53%. The small profit margins experienced by most of the firms make it
difficult to set aside any capital for staff training in most cases.
Table 8: Impact of HRD on individual firms
Impact
1
2

3

4

5

Increased Productivity
Organizational Performance
Technical Competence
Employee performance
Management Efficiency
Increased Motivation
Team performance
Project Efficiency

2
3
0
3
4
11
0
3

4
7
8
12
8
7
15
9

20
16
18
11
12
4
10
14

0
0
0
0
0
1
0
0

0
0
0
0
2
3
1
0

Rank
Sum
122
117
121
110
108
88
112
109

Relative
Index
0.94
0.90
0.93
0.85
0.83
0.68
0.86
0.84

%
Ranking
94.00
90.00
93.00
85.00
83.00
68.00
86.00
84.00

Ranking
Order
1st
3rd
2nd
5th
7th
8th
4th
6th

Table 8 shows that the presence of HRD increases productivity and organizational performance with a relative
index of 94% and 90% respectively while the least important effect of HRD was project efficiency with an index
of 84%. This confirms that the productivity and performance of any organisation are vital for any form of repeat
business.
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CONCLUSION
The study shows that human resource development is not regularly practiced in most
construction firms in Nigeria. Majority of the firms are small and medium sized with more
semi-skilled and unskilled work force than skilled work force. Education attainment (i.e. the
level of education attained) was found to be the most influential factor that affects HRD. The
study thus recommends strongly the need for policies on continuous development
programmes to be put in place by the government.
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This study’s aim was to identify the impact of the construction project manager’s
communication skills on the success of areas in construction project management. Although
communication is an area of project management, it is actually the mean to achieve the
deliverable objectives, considering the limited resources.
A research questionnaire was circulated. The questionnaire focused on the impotance of the
communication skills of a project manager in terms of project management.
The results of this research illustrate the areas mostly influenced by the communication skills
of project managers. The results of the research indicated the skills that contribute to
successful green management through communication.
The conclusion of the study identifies those communication skills that are important in
managing a sustainable construction industry. Developers and construction companies
should pay attention to developing project managers’ communication skills and management
processes for the construction industry to benefit and improve the outcome of green projects.
Keywords: Communication, Communication skills, Construction industry, Project
management, Sustainability
Introduction
Sustainability means the quality of not being harmful to the environment or depleting natural
resources, thereby supporting a longterm ecological balance (7). Sustainability is not just
another social responsibility programme, it is fundamental to the way projects are managed.
The Phoenicians developed the alphabet in 3500 BC (1). The term communication originates
from the Latin word communicare, which means ‘to make common’, and when
communicating a common understanding is created (5). Barrett (3) defines communication as:
“the transmission of meaning from one person to another or many people, whether verbally or
non-verbally”.
The single most significant factor affecting the success of a project is the communication
ability of the project manager. If it seems true that everything rises and falls on
communication and leadership, it stands to reason that leadership communication ability is the
foundational skill that must be attained for a project manager to be effective and communicate
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effectively on sustainability.
This paper focuses on communication, communication skills and the project management
areas needed by the project manager for communication of sustainability.
Planning project communication
Aspects such as uniqueness, uncertainty, risk, budgets, deadlines and strict time schedules
make the management of projects complex and exciting, but stressful. Considering that a
variety of stakeholders, each with similar or different requirements for the project, participate
in the process, it is clear that effective communication planning is essential in order to be
sustainable (24). Greenleaf (23) states that the ways to promote communication are to ensure
that reports reach members in time; to schedule times when members gather and
communicate; and to ensure that communication records are available to team members.
Poor communication during projects affects the schedule, the cost, the safety of workers and
the project quality (16).
To be able to complete construction projects and be sustainable, the conclusion may be
reached that each of the parties involved should have a thorough understanding of what is
required. Information becomes essential to each of the parties involved in sustainable project
management and such information results from effective communication.
Project management areas
PMBOK (19) divides generic project management into nine knowledge areas, namely
integration management, scope management, time management, cost management, quality
management, human resources management, communication management, risk management
and procurement management. The Construction Management Body of Knowledge (20) adds
four additional areas, namely safety management, environmental management, financial
management and claims management. Throughout the management of a project the project
manager needs skills to be able to deal with all these areas and achieve the objectives of the
project. The project manager also needs communication skills to convince stakeholders to
follow a sustainable approach in managing the project.
Project management communication skills
The survival of any organised human activity depends largely on man’s ability to
communicate with others. It is important to determine the skills needed to communicate
effectively for the project to be sustainable. At various stages of a construction project people
will have to explain, ask questions and discuss issues and ideas (10). Communication during a
construction project mainly comprises speaking and listening, and less reading and writing.
The communication skills considered in this research are as follows.
Questioning
Communication is most effective when asking questions during a conversation. The reason
for asking questions in project management is to allow time for interaction with the audience
on matters such as sustainability (6).
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Reinforcement
Reinforcement involves a stimulus which, when linked to a response, will most likely lead to
that response being repeated. Verbal and non-verbal communication takes place using adept
facial expressions and other gestures to provide or react to information (13). Positive
reinforcement involves letting members know that they do well and that their sustainable
inputs are appreciated; this will encourage those members who feel insecure (17).
Reflecting as skill
Reflecting as a skill is closely associated with listening (13), responding to others in such a
way as to convey interest, understanding and engaging in the conversation. Feeling reflection
focuses on the feelings, for example anger, and may be dealt with when the team clearly
expresses feelings to the project manager (17). The difference between reinforcement and
reflecting is that in reinforcement, the team member repeats an understanding of
sustainability, and in reflecting, the whole message of sustainability is repeated as it was
communicated.
Explaining
Explaining means to simplify and contribute to an understanding of the nature of explaining
(13). Explaining and questioning are linked. In construction project management, the project
manager has to communicate about sustainability in a way that is clear and comprehensible to
the project team members, in order for the team to understand the sustainable goals and allow
them to ask questions.
Self-disclosure
“Self-disclosure, the process whereby people verbally reveal themselves to others, constitutes
an integral part of all relationships” (13). Self-disclosure serves an important function in
relationship development. People reveal information such as names and skills that help people
to get to know each other.
Humour and laughter
Hinde (14) states that smiling and laughter are patterns that differ in degree. While smiling is
less intense and laughing more intense, they are of the same emotion. Humour and laughter
may be used to discover the attitudes, motives and values of the team members, without
asking directly.
Negotiation
Negotiation involves conferring with others to come to terms with or reach an agreement, for
example, about sustainability. The fundamental element of negotiation is to create an
environment in which those who are in conflict may work together towards a resolution (8).
Negotiation as a skill may come into play at various stages of communicating about
sustainability during the construction project, and may be useful in making numerous
agreements with parties.
Presentation
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Project team members are often requested to deliver presentations to the project stakeholders
regarding the sustainability of the project. Presentations are often used in conjunction with
reports (24).
Skill of writing
As part of daily projects, it is necessary to record sustainable matters in writing. Written
sustainable reports are essential for the smooth running of projects and may be used as
evidence in the event of disputes (10). Written communication may be a more reliable and
accurate form of communication, and may be accessed repeatedly. It is therefore important
that the construction project manager, as sustainable communicator of a project, develops and
improves the skill of writing.
Public and mass communication
Public communication takes place when the project manager addresses a large known
audience (10) to inform them about the sustainability of the project. Mass communication
occurs when the project manager sends information about sustainability to a large,
anonymous audience. Thus, mass communication is one-way communication (9).
Meetings
Project meetings are the construction project manager’s principle forum to manage the project
and communicate about sustainable matters with the team members and stakeholders, thus
project meetings are an important part of project communication (4).
Conflict management
Effective conflict management prevents sustainability differences becoming destructive
elements in a project. Effective project managers realise that conflict is inevitable, but that
procedures may help resolve conflict whatever the reason. Once conflict occurs, the project
manager has to study the reason for the conflict and collect the available information to
develop an approach and create the appropriate atmosphere for negotiation to solve the
conflict (15). Therefore, the construction project manager is the person responsible for the
project and has the task to deal with conflict when it arises and needs skills to manage conflict
effectively before it becomes catastrophic; negotiation may be the skill to apply in the
communication process about sustainability to resolve and prevent conflict.
Decision making and problem solving
Decision making is a process to gain collective support and team commitment about
sustainability. Decision making differs from problem solving. Problem solving is a process of
analysing sustainability and identifying a number of possible solutions (4). Gorse and Emmitt
(12) state that decision making is an essential component of a project manager’s set of skills.
Team development and team building
Teams are defined as “groups of people with complementary skills who are committed to a
common purpose and hold themselves mutually accountable for its achievement” (11). The
project manager guides and leads the team to achieve sustainability through effective
communication. To achieve this, the project manager needs communication skills (4).
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Motivation
Motivation may be defined as “providing the right conditions for people to work effectively”
(22). A lack of sustainable motivation often leads to conflict, strikes, lower productivity,
stress and the failure of a project (24). The project manager should show enthusiasm and
commitment towards sustainability as well as creating an environment. Pells (18) adds that a
project manager who supports the team may multiply success. Motivation towards
sustainability is not a product of emotion, but a product of sound planning and management
(27).
Listening
Clements and Gido (6) state that the heart of communication is not words, but understanding;
not only to be understood, but also to understand, which implies understanding sustainability.
Active listening increases understanding. Sweeney (26) states that the skill of listening is an
important skill. A project manager therefore needs the skill of listening, to be able to
accomplish a sustainable project.
Persuasion
Persuasion is the art of guiding, convincing and directing team members towards
sustainability (10). Construction project managers, who apply communication persuasion to
guide, encourage, convince and direct team members towards sustainability of a project, are
able to complete a project successfully.
Trust
Pryke and Smyth (21) define trust as “a disposition and attitude, giving rise to a belief,
concerning the willingness to be vulnerable in relation to another party or circumstance”.
Anantatmula (2) states that “trust and communication are essential to nurture human
relationships” and “openness” is important in establishing trust in sustainable matters. Trust
may be summarised with a statement by Sunter (25): “trust is central to civilization and
progress”.
Empirical
A survey was conducted by sending questionnaires to a selected group of quantity surveyors,
construction managers, engineers, architects and project managers. The number of
questionnaires sent out was 302. The total response rate was 32%. It is significant in respect
of the reliability of the response rate that 72% of the responses received were from project
managers. However, the responses from the project managers did not distort the response
data. The questionnaire included questions regarding the communication skills a project
manager needs to enhance and ensure project success. The opinion of respondents was
collected on a Likert scale of 1 to 5, where 1 is not important, 2 fairly important, 3 important,
4 very important and 5 extremely important. ‘None’ indicated ‘did not respond to the
question’.
The purpose of the questions was to rate the communication skills a project manager should
possess or use. Secondly, to determine if leadership is an important skill needed by a project
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manager to communicate effectively. Thirdly, to determine the extremely important
communication skills a project manager needs to communicate effectively regarding
sustainability. Table 1 shows the importance of the communication skills a project manager
should possess or use.
Table 1: Communication skills
Communication skills a construction project
manager should possess

Leadership skills
Decision making and problem solving
Listening
Motivation
Conflict management
Meetings
Team development and team building
Writing
Negotiation
Explaining
Trusting
Presentation
Persuasion
Reinforcement
Public and mass communication
Questioning
Humour and laughter
Reflecting
Self-disclosure

Response (%)
None
1 Not important
5 Extremely important
1
2
3
3.1
0
1.0
6.2
3.1
0
1.1
7.2
3.1
0
0
15.4
4.1
0
1.0
7.2
4.1
0
3.1
15.5
4.1
0
0
15.5
3.1
0
4.1
9.3
3.1
0
1.0
14.4
3.1
0
4.1
16.5
4.1
1.1
4.1
8.2
5.2
0
2.0
19.6
4.1
0
3.2
23.7
4.1
0
2.1
26.8
5.2
1.0
5.2
18.5
4.1
4.1
7.2
37.2
19.6
0
3.1
13.4
4.1
5.2
13.4
32.0
7.2
9.3
7.2
33.0
4.1
19.6 28.9
21.6

4
20.6
20.6
33.0
42.3
33.0
41.2
45.4
46.4
36.1
42.3
41.2
38.1
38.1
42.3
29.9
43.3
37.1
33.0
20.6

5
69.1
68.0
48.5
45.4
44.3
39.2
38.1
35.1
40.2
40.2
32.0
30.9
28.9
27.8
17.5
20.6
8.2
10.3
5.2

Average

Ranking

4.5
4.5
4.2
4.2
4.1
4.1
4.1
4.1
4.0
4.0
3.9
3.8
3.8
3.8
3.4
3.2
3.2
3.1
2.5

1
2
3
3
4
4
4
4
5
5
6
6
6
6
7
8
8
9
10

The skill of leadership is ranked first as an extremely important communication skill a
construction project manager should possess to enhance and ensure communication.
Decision-making and problem-solving skills are ranked second; listening and motivation
third. All these skills are rated as extremely important or very important, except public
communication and reflecting that are ranked important and self-disclosure, which is ranked
fairly important. Although the respondents ranked leadership the highest, it is not a
communication skill; project managers need to be leaders, to be able to communicate
effectively.
The communication skills that are rated the highest are decision making and problem solving,
listening, motivation, meetings, writing, team development and team building, and conflict
management. These communication skills can be seen as the important communication skills
that a project manager needs to communicate effectively about sustainability. Leadership is
rated the highest, which indicates that a project manager, as the leader of a project, needs the
skills of decision making and problem solving, listening, motivation, meetings, writing, team
development and team building, and conflict management to communicate effectively with all
stakeholders of the project regarding green project management. Leaders can achieve
sustainability through effective communication skills such as decision making and problem
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solving, listening, motivation, meetings, writing, team development and team building, and
conflict management. With these communication skills, the project manager will convince all
stakeholders to follow a sustainable approach in managing projects.
Conclusion and recommendations
The construction project manager has to communicate effectively regarding cost, time and
quality as three of the four cornerstone factors on which the success of a sustainable project
depends, followed by scope. Time influences cost, and cost is communicated to the client,
functionaries and stakeholders to execute the project within the approved budget and in time,
according to the request of the client – the scope. The project manager needs to be a leader to
communicate effectively with all parties and convince them to follow a sustainable approach.
Therefore, successful execution of sustainable projects depends heavily on the construction
project manager’s ability as communicator to lead the team and manage a construction project
successfully. A communication foundation model is thus proposed.
Scope

Quality

Quality

Finance

Environment

Time

Claims

Health and Safety

Procurement

Risk

Human resource

Quality

Integration

Cost

Communication
Figure 1: Communication foundation model

The project manager’s communication skill has an impact on the cornerstone areas of project
management. Communication is the function that the project manager can apply in the
sustainable integration of cost, scope and time to achieve a quality product and therefore can
be seen as the cornerstone in this sustainable approach for green project management.
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Abstract: Energy shortage is becoming a major impediment to the sustainable development of
Egypt. Energy intensive industries, such as steel and cement which directly feed into the
construction industry, take a heavy toll on the country’s energy balance. This paper identifies
reasons of material overuse in mainstream construction. Although the construction industry is
governed by building codes and overseen by regulatory bodies, quality control remains
inadequate, leading to material misuse. The paper also proposes institutional and
organizational actions to rationalize the use of cement. The requisites and approaches for
implementing the recommended actions are addressed, their impact on energy consumption
presented, and the parties involved in undertaking these changes identified. The successful
implementation of these interventions will have a direly needed positive impact on Egypt’s
energy balance and help the cement industry meet growing demand for construction reducing
the need for new capacities.
Keywords: Egypt, construction sector, energy shortage, demand-side management.
Introduction
A critical energy shortage is currently facing Egypt and its economy. Construction, being one
of the most dynamic industries in Egypt, has a definite impact on the energy demand as most
energy intensive industries such as cement, steel, bricks and ceramics feed directly into this
industry. In order to reduce the energy consumed to produce such materials, measures such as
production process energy efficiency, utilization of alternative fuels and reduction of specific
energy consumption have been already proposed. These measures effectively reduce energy
consumption, but might not yield quick results as they likely require additional investments,
significant plant changes and up-grading or creating infrastructure.
Conversely, the focus of this paper will be on the demand management of cement and the
prospects of improving the energy profile of reinforced concrete (RC) structures both in terms
of composition and dimensioning. It does not aim to introduce alternative products or
innovative materials that offer substantial energy and material savings1. Rather, it will
examine ameliorating the current practices with established solutions as these offer more
timely implementation and results and are already governed by codes, standards and practices.
Cement is the most energy intensive component of concrete. The Egyptian market is primarily
reliant on local cement production capacity rather than imports. Excess production used to be
exported but recently the exports have significantly dwindled. Natural gas (NG) has the lion’s
share in the local energy mix for cement production with heavy fuel oil being the secondary

1

Even though alternative products may be far more consequential in terms of energy savings; they need a
considerable period of time to become common practice.
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fuel. In 2012, 51.2 billion cubic meters of natural gas were consumed nationally of which
roughly 10% was consumed in the cement sector.
The energy profile of cement per se is proposed to be improved through clinker substitution.
Moreover, the improvement of design and site execution practices could reduce the use of
cement as part of the RC system.
Overview of Cement Types and Clinker Substitution
Cement, the binding component of concrete, is primarily composed of clinker and a variety of
other constituents depending on the type of cement. The compositions of the different cement
types are set by the Egyptian Standards 4756-1 (2009) which take cue from the European
standards EN 197 – 1. However, the Egyptian Standards and the Egyptian Code of Practice
203 – 2009 ban specific cement types for use in RC structures such as limestone cement, blast
furnace slag cement (with substitution percentages greater than 36%) and composite cement
as shown below. In comparison to Europe, the US and Canada, the variety of cements in
Egypt is relatively limited.
Table 1: Cement types as per the European Standards and their allowance for use by the Egyptian Code in
reinforced concrete (RC)
Allowance in
Cement
Co-constituent’s
Cement Designation
Percentage Substitution
Egyptian codes and
Type
Local Availability
standards in RC
CEM I
Portland
None, 100% clinker
√
√
6% to 35% Ground Granulated
Portland - slag
√
√
Blast Furnace Slag (GGBFS)
Portland - silica fume
6% to 10% Silica fume(SF)
X
√
Portland- pozzolana
6% to 35% Pozzolana2
√
√
CEM II Portland - fly ash cement
6% to 35% Fly ash (FA)
X
√
Portland - burnt shale
6%to35%Burnt shale-BS
X
√
Portland - limestone
6% to 35% Limestone
√
X
6% to 35% GGBFS, SF,
Portland - composite
X
X
Pozzolana, FA, BS, Limestone
CEM III
Blast Furnace Slag
35% to 95% GGBFS
√
X
CEM IV
Pozzolanic
11% to 55% - Pozzolana
√
√
CEM V
Composite
18% to 50% Pozzolana, FA
X
X

Limestone cement presents the most promising option due to limestone abundance in Egypt,
possible high substitution percentages in blended cement, easy grind-ability and convenient
access to limestone quarries. Consequently, focus will be on limestone cement.
Limestone substitution
Portland - limestone cement (PLC) is produced either by inter-grinding limestone with clinker
or blending it with ground clinker. It is used for general purpose concrete and masonry in
non-aggressive and moderately aggressive environments (1). It is not recommended for use in
aggressive environments and building foundations. PLC is already produced in Egypt by two
cement companies for use in plain, ordinary concrete, mortars and screeds. Bagged PLC
currently bears a warning that it should not be used in RC.
2

Pozzolana is categorized as either natural or calcined. While the former is not locally available the latter can be
produced from thermally treating oil shale.

2686

ISBN: 978-84-697-1815-5

Overview of International Norms and Specifications
PLCs have a long history of use in Europe in applications that do not require sulfate
resistance3. Spanish standards permitted up to 10% limestone in 1960 (raised to 35% in 1975),
French standards adopted provisions for use of up to 35% limestone in 1979, and German
standards for PLC were adopted in 1994, although cements with up to 20% limestone were
manufactured for specialty applications in Germany as far back as 1965 (2). More recently,
the European specification EN 197-1, formally adopted in 2000 by members of the European
Committee for Standardization (CEN), sub-divided PLC into two categories according to the
total organic carbon (TOC) content4. In 2008, the Canadian Standards Association (CSA)
allowed for inter-grinding up to 15% limestone and forbade its use in sulfate-prone
environments5. While in the US a 5% limestone substitution in cement was allowed under the
American Society for Testing and Materials (ASTM) standards, a new standard ASTM C595- was released in 2012 allowing for up to 15% limestone substitution.
Previous studies on PLC
Egypt, as a potential late-comer, can benefit from studies already undertaken and experience
and knowledge acquire over the last 20 years to formulate the current cement product mix in
Europe. Studies covered study the various aspects of using PLC from the economic,
environmental, physical and chemical perspectives.
The economic benefits come down to the possibility of obtaining a type of cement having a
strength development similar to that of Portland cement at reduced production and investment
costs per ton of cement. The cement content, as with other cement types, is determined by the
desired strength and consequently the water/cement (w/c) ratio. Environmental benefits are
due to reduction in fossil fuel consumption and CO2 and NOx emissions from fuel (3). On the
physical front, it instigates better packing of the cement’s granular skeleton and a larger
dispersion of (clinker) cement grains (4).
In 2009, the European Cement Research Academy (ECRA) (1) under the Cement
Sustainability Initiative (CSI) studied the energetic and practical impacts of producing and
using PLC. The study stated that using PLC may lead to better concrete workability and lower
alkali-silica reactivity, reducing the energy required to remove high alkali-containing kiln
dusts from the kiln bypass system. Yet, for PLC to give the same strength as OPC, it has to be
more finely ground. The study also claimed that during cement hydration, limestone reacts
with calcium aluminate producing a mono-carbonate that does not contribute to strength
formation. However, Bonavetti et al. (2003) (3) stated that using PLC increases early

3

Sulfates are present in sea water (marine and coastal environments) as well as in some soils and ground-waters.
http://www.understanding-cement.com/sulfate.html
4
The provision for TOC content of the limestone is related to freeze-thaw performance of concrete. Such
provision is irrelevant to climate conditions in Egypt
5
CSA A3001
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strength6, limits bleeding in concrete with low cement content, and has low sensibility to the
lack of curing.
Using limestone in cement may compromise on the resistance to acids, sulphates and the
freeze-thaw cycles. Hence, the proportion of limestone in cements has been limited to a
maximum of 25 to 35% by mass (1). Alunno-Rossetti and Curcio (5) found increased chloride
ion penetration7 in concretes produced with PLC with 20% inter-ground limestone as opposed
to similar OPC concrete. However, Tennis et al. (2011) (6) stated that increased chloride ion
penetration may take place in PLC concrete produced at the same w/c ratio as OPC concrete.
However, OPC and PLC concrete are expected to present similar performance when
proportioned to give the same compressive strength at 28 days. On the same note, the British
Standards BS 8500 considers that at the same strength class, PLC has equivalent resistance to
chlorides as OPC. Similarly, PLC is restricted for use in design chemical classes 1 and 2 in
BS 8500 just like OPC, but with different limits on water/cement ratio and cement content. 8
Another factor affecting concrete durability and correlated with PLC is Thaumasite Sulphate
Attack (TSA)9, which leads to an overall loss of concrete strength. Following an extensive
review of research, Irasser (2009) (4) concluded that the risks of TSA are minimized with low
w/c ratios, sulfate resistant cements, and sufficient cement contents10. While current studies
indicate that PLC has higher vulnerability to TSA than OPC concrete, supplementary
cementitious materials11, when combined with PLC, may be able to reduce the risk of TSA.
(4) Hooton and Thomas (2002) (7) stated that PLC should not be used beyond Class I sulfate
conditions (i.e. when SO4 content of groundwater exceeds 0.4 g/L).
The British standard BS8500 recognizes that for PLC and OPC concretes of the same strength
class, PLC has a resistance to carbonation12 equivalent to that of concretes containing other
cement types in all carbonation exposure classes.
These studies and experimental works show various results. Concern regarding vulnerability
due to the presence of limestone in cement to chloride penetration and susceptibility to sulfate
attacks is an area of contention. On the other hand, PLC offers improved strength
development, workability, reduced ‘bleeding’ and reduced costs and CO2 emissions.

6

Limestone enhances the hydration rate of cement compounds, contributing to strength development
When chloride ions reach the steel they de-passivate the region surrounding the steel and hence in the presence
of air and/or water, steel starts corroding. As the volume of corrosion products increase relative to the original
steel, re-bars expand and concrete begins spalling.
8
Lafarge TARMAC. PLC Datasheet. March 2014
9
Concrete exposed to sulfates at lower temperatures (5 °C) is subject to thaumasite form of sulfate attack
(TSA) especially when the concrete contains a source of carbonate ions. Such low temperatures are only reached
in Egypt in limited areas for limited times of the year.
10
Put differently, established sulfate resistant concrete practices minimize the risks of TSA
11
For example; silica fume, ground granulated blast furnace slag and fly ash.
12
The reaction of carbon dioxide from air with the calcium hydroxide in concrete to form calcium carbonate,
reversing the chemical process of the calcination of lime that took place in a cement kiln. It causes corrosion.
7
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Thermal and electric savings
The reduction in clinker content directly reduces the fuel used in the kiln. Moreover, the
manufacturing of PLC is less electricity consuming due to the fact that limestone’s grindability is higher than that of clinker13. According to ECRA (1), the savings are as follows.
Percentage Substitution
Thermal Energy Savings
Electricity Savings

25%
0.22 GJ/t
12 kWh/t

35%
0.6 GJ/t
23 kWh/t

The investment cost ranges between 8 and 12 million Euros per plant, accounting for the extra
storage capacity and handling equipment (1). However, savings and costs need to be assessed
based on individual plants.
In terms of thermal energy savings in Egypt, substituting 25% of the clinker with limestone,
25% of the thermal energy required to produce clinker will be avoided. In other words, if PLC
production reached a total of 40%, about 1 % of the total national NG consumption will be
avoided14. Such savings potential are certainly worth achieving.
Using limestone cement for reinforced concrete in Egypt
Limestone properties in Egypt are compatible with European standards for use in PLC. Most
limestone quarries in Egypt have good separation between clay and limestone15, and thus have
high quality limestone with limited TOC and clay content. PLC production entails minimal
investment costs at the cement plant which essentially includes more silos and conveyors.
Previous Local Efforts
Around two years ago, Suez Cement (Italcementi Group) proposed to extend the use of PLC
to reinforced concrete structures in Egypt to the Egyptian Organization for Standardization
and Quality (EOS) and the Housing and Building Research Centre (HBRC), thus saving
energy while maintaining production levels. One concern was that openly providing to the
market a product dissimilar to OPC, with its own application limitations, before proper design
and execution practices are established, structural strength and durability could be
compromised. Another is the possible corrosion of steel reinforcement. However, on the letter
point, previous studies show that corrosion only occurs in coastal and humid areas while
Egypt is not generally characterized with high humidity (except for coastal areas).
Although the previous efforts have not concluded in concrete steps yet, the current ban might
be reconsidered in the RC Code revisions within a year16. As presented, the existing
infrastructure for PLC production already exists and governing codes and standards are
13

Electricity consumption will be reduced even if the PLC's grain size is reduced.
The specific energy consumption for local OPC is 3,781 MJ/ ton clinker. Assuming 40% of the cement
produced in Egypt (20,374,000 tons) is 25% limestone PLC and consequently 0.945 GJ/ton thermal savings;
20,858,693 GJ will be saved. Put differently, 0.51 BMC of the 51.21 BMC of NG consumed annually is saved.
40% savings present the most conservative figure as PLC use will exclude mass concrete (e.g. in bridges)
applications. The eligibility of using PLC for mass concrete is not fully agreed upon in different PLC's product
specifications.
15
Personal communication
16
Personal communication
14
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established and hence problems are not related to production. Rather, as with any cement
type, the water requirements and cement contents should be set as to achieve the required
strength and overcome any attacks on concrete. Accordingly, the bulk of effort for the
extensive use of PLC needs to be done downstream, in real cooperation with contractors and
engineers to fully assimilate the difference between OPC and PLC. The final section of this
paper will further discuss this point and will put forward recommended actions in this regard.
RC common design and use practices
The Egyptian Code, 203-2007, includes two RC structures design methods, the Working
Stress (WS) and the Ultimate Strength (US). Although the US method is most commonly
used in Egypt and world-wide, Egyptian senior engineers are still more familiar with the WS
Method. The US Method was calibrated in the Egyptian Code to yield results similar to that
of the WS Method17. The Egyptian code takes cue from international codes but is bound by
the local quality practices. Some parameters are thus modified; for example, the values of the
factors of safety used in the US design load combinations are 1.4 for dead loads and 1.6 for
live loads in the Egyptian Code while in the Euro Codes they are 1.35 and 1.5 respectively.
Higher factors of safety lead to heavier RC sections and reinforcement as compared to
European construction, and thus more energy consumed in building materials (8).
The Egyptian construction industry, despite being well-established, suffers from a number of
critical drawbacks. Many construction companies have lax quality control and testing
measures. Contractors are registered at the Federation for Construction and Building
Contractors (FCBC) where they are classified according to competence. However, not all
Class (A) contractors have formal quality control systems; only those operating
internationally do. The industry practice to delegate work to cascading sub-contractors further
complicates quality assurance and control. The lack of solid collaboration, understanding and
trust between the site and design engineers is also a determining factor To avoid the risk of
structural failure, poor onsite execution is addressed by structural engineers through overdesigning RC structures beyond their calculated dimensions according to an already
conservative code.
With the above considered, structural elements can be increased up to a total of 30% more
than the calculated design to overcome the risk of poor on-site construction quality including
poor concrete quality. This is especially true when concrete is mixed on-site rather than
acquired from ready-mix plants. However, even for those, it has been reported that for largescale projects such as power plants and bridges, a number of the ready mix plants are not
short-listed as their concrete quality is not ensured18.
On a similar note, some structural engineers claim that the Egyptian seismic design code is
too conservative which also lead to material overuse. Moreover, structural engineers who lack
the competence to design according to seismic design code often arbitrarily overdesign to
17
18

Personal communication
Personal communication
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overcome any uncertainties. Overdesign in all cases is formalized through structural design
reviewers who do not reject the structural design as long as it is safe even if over-designed.
This is a logical result of the reviewer’s role as it feeds into the decision related to insurance
required as part of the licensing process.
Moving further on, concrete is commonly overused onsite beyond design. For example, slabs
are executed as 15 cm even when the design drawings indicate a smaller thickness. This is
attributed to the difficulty of bending steel reinforcement for 10 cm or 12 cm slabs. As for the
supply of concrete, some ready-mix plants upgrade the concrete strength grades (and hence
increasing the cement content) to ensure that their trucks are not rejected on-site. Poor
gradation of aggregates also influences the workability and the cement content in concrete and
is a function of the quality control on the site.
Although there is no official census on building collapse and reasons behind them, the
concern regarding structural failure due to poor site execution and the risk aversion of design
engineers seem justified. In 2008, Abdel–Latif (9) collected case-studies of buildings in Egypt
whose reasons for collapse19 are known over the period from 1955 to 2005. Of the 30 casestudies, only 3 building collapses were attributed to poor structural design while 8 collapses
were attributed to poor site execution, 8 collapses were due to faulty renovations and 11
collapses were due to an increase in the building stories that had not been designed or
accounted for. Other factors include gas explosions, failure of neighboring buildings and
excessive loading. In 2009, HBRC (10) studied the main reasons behind faults and cracks in
530 buildings over the period from 1985 to 2005. It was found that 52% of the cracks and
faults were due to poor site execution while 19% were due to poor structural design.
Future Outlook
Material overuse seems to boil down to the root cause of poor quality control, which resonates
in the Code where factors of safety are high and in general practice where RC sections are
increased beyond their calculated design. The use of PLC is also hindered by poor quality
control as there is a concern regarding its appropriate use on-site. Accordingly, improvements
in quality control can significantly lower the thermal energy intensity of building
construction20. The figure below shows the 'base-case' thermal energy consumption of
cement production extrapolating the demand for construction from actual data from 2002 to
2011. It also shows the future energy consumption if PLC represents 40% of the local cement
consumption resulting in roughly 10% decrease in thermal energy. If overdesigning beyond
the code is reduced to half, an additional 10% production and thus the thermal energy
consumption will be reduced. It is well understood that quality control and assurance is not a
measure to be undertaken instantaneously and swiftly. However, in addition to energy
conservation, it is a desirable labor-intensive process given the current unemployment levels.

19

Excluding collapse due to natural disasters (e.g. floods, earthquakes and fires)
The repercussions of using less concrete not only entails less cement but also less steel and less energy for
handling and for transport.
20
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Figure 1: Projected thermal energy consumption for cement production

Recommendations and Future Actions
Proposed actions in this section benefit from suggestions of interviewees 21 but formal
consultation with the major stakeholders should be undertaken prior to implementation for
refinement and ‘buy-in’. The current situation offers an opportune time to undertake these
actions; as interviews revealed that the deterioration of construction quality has become a
point of concern for both the construction industry and the State.
Limestone cement market penetration
OPC is the most common and dominant cement type in the Egyptian construction industry,
which knowledge has been passed over from one generation of workers to the next. Hence, in
part, the concern is that the mainstream construction industry would be reluctant to use a new
type of cement with which they are not familiar and that has a different behavior than OPC in
terms of strength development, slump, consistency, water requirement and setting time, etc.
Moreover, PLC being not recommended for use under-ground and in coastal areas will likely
add to the suspicion and uncertainty of the construction community. The complementary
concern is that PLC is improperly used, given inappropriate adaptation from the industry.
Accordingly, a controlled and gradual diffusion approach, starting from the upper end of the
market then slowly moving down to lower levels, is of utmost importance for the successful
penetration of PLC in the construction sector. First, the Code should sanction the use of PLC
in RC. To minimize resistance, this should clearly be coupled with an action plan regulating
its gradual introduction to the market. It is suggested that PLC should first only be supplied
through ready-mix plants. In other words, it will only be produced in cement companies
having their own ready-mix plants22. In the following stage, all cement companies could
produce PLC but its use in concrete will still be restricted to ready-mix plants, whether owned
by cement companies or not, thus facilitating its quality control23. Accordingly, for the first
years, PLC will only be supplied in bulk.
For contractors to use PLC, they will be required to obtain a proof of training of their relevant
personnel from the FCBC stating that they fully understand the terms and conditions of using
21

See acknowledgement below.
The total ready mix plants form 10% to 15% of the Egyptian concrete market.
23
HBRC has a long experience is monitoring the process and testing the product of ready-mix plants
22
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PLC in reinforced concrete. This will confirm the contractor’s legal responsibility to abide by
the terms of PLC use. FCBC is in a position to provide training to contractors’ relevant
personnel. It could use training centers of major contractors to provide ‘hands-on’ experience
with PLC, its use restrictions, strength development and workability as compared to OPC.
The design engineers should clearly state the recommended mix proportions on the
construction drawings and not only the required compressive strength, as is currently the case.
They would thus need to gain full knowledge of the concrete mix design using PLC. This can
be secured by the Syndicate of Engineers in cooperation with cement plants and/or HBRC.
Suggestions regarding quality control improvements outlined below will also smooth the
introduction of PLC in the market. After sufficient confidence is gained, the momentous leap
would be to supply it to the rest of the market. Until then, PLC already produced in bags
should continue to bear the warning stating that it should not be used in RC. It is of chief
importance to set the price of PLC competitively with OPC to create a strong market pull.
This will be in the interest of producers as it should increase the share of ready mix plants in
the concrete production, and regulators as it facilitates the quality control of concrete.
Construction industry regulation
The FCBC is well-positioned to upgrade the quality control performance of contractors
according to their different classes. As a first step, formal quality control system for the
construction industry in Egypt should be formally required from the most competent
contractors. The required system should take cue from high-end contractors who already have
well-established quality control systems. This will gradually move to class (B) as well as class
(A)’s sub-contractors. Having the government set operational quality systems as an eligibility
condition for contractors to undertake any of its construction projects provides an effective
competitive advantage and would encourage other contractors to follow suit.
In order to decrease the risk perceived by design engineers, the relation with the supervising
engineers should be clearly regulated and defined. A legislative document should be drafted
by the Syndicate of Engineers to regulate the relationship between the two parties to be
incorporated into the Housing and Building law. Accordingly, this will be reflected in the
terms of registering consulting engineering firms at the syndicate of engineers. Moreover,
only licensed contractors should be allowed to do construction works, irrespective of the
building complexity. As part of the licensing process, licensor bodies should ensure that
buildings are not over-designed just as insurance companies ensure the building’s safety.
Finally, it should be put into perspective that the informal building sector in Egypt represents
more than 50% of the private buildings and is, by definition unaffected by a change in laws or
regulations. However, it is surely influenced, although on a longer term, by dominant, formal
sector practices.
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Abstract: The literature advocates more widespread adoption of a particular type of house – a
manufactured high performance green house and/or house components (MHPGH) and this is the
focus of the research proposal outlined in this conceptual paper. The aim of the current paper is to
outline a robust program of work to improve adoption of MHPGH. The contribution of houses to
climate change is investigated, the conservatism of the construction industry is documented, a
conceptual framework through which to understand the problem is presented; a program of research
to bring about change is outlined; and the benefits of doing so are summarised. The contribution of
the paper is the presentation of novel theory and methods to address sustainability problems in the
construction industry. Future work will involve execution of the proposal. A limitation of the paper is
that the effectiveness of the proposed theory and methods are yet to be tested.
Keywords: manufactured housing, innovation, theory, model

Introduction
The Intergovernmental Panel on Climate Change (IPCC) estimates that greenhouse emissions
from building energy consumption worldwide can be reduced by 30% at no net cost, by 2020
[1]. Manufactured high performance green houses (MHPGH) are thus a particularly
promising housing innovation as they contribute to this target. Following Kibert [2, p.9], we
define MHPGH as “healthy prefabricated houses designed and constructed using ecological
principles, reaping efficiency and quality improvements through production in a factorycontrolled setting.” This represents a necessary paradigm shift away from traditional,
inefficient, onsite production. The incidence of MHPGH is currently low in Australia and
most overseas countries [3, 4], with no comprehensive research into the reasons for this poor
uptake. Research on energy use has often focused on high-profile sectors such as coal mining
and transport, ignoring the building industry’s significant impact [5]. Housing research in
Australia has similarly overlooked environmental sustainability in its research priorities [6].
The goal of the proposed research is to address these gaps and improve the adoption of
MHPGH by the housing industry, with a specific focus on understanding the beliefs of
building contractors.
Scope
MHPGH are taken here to comprise: (1) whole single dwellings (e.g. prefabricated
transportable housing); (2) whole multiple dwellings (e.g. containerised building); (3)
manufactured individual pods (e.g. bathrooms, kitchens or living areas that can be interlinked
to create a complete dwelling); and (4) structural insulated panels.
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Background
Historically, the demand for manufactured buildings was driven by the need for low-cost,
speed and mobility, with little regard for whole-of-life performance. Such buildings were
typically constructed to minimum quality standards and supplied to niche sectors such as
mining camps, schools, tourist parks and post-war rebuilding [7]. Modern MHPGH are
produced in a factory-based setting using advanced manufacturing technologies. MHPGH
promise improved environmental impact and lower costs compared to on-site production of
houses through closer regulation of CO2 emissions; greater integration of design and
construction; improved reuse of construction materials through standardised connection
systems, and reduced waste driven by tighter production controls [8]. Contemporary MHPGH
therefore need to overcome the incongruous history of low quality, low performing
manufactured buildings.
Significant change in house construction techniques will be required to maximise the impact
of MHPGH. The construction industry generally, and house production in particular, has a
poor innovation performance globally [9]. Introducing manufacturing processes can play a
key role in promoting a more innovative industry as manufacturers typically spend far more in
research and development than contractors or designers [10]. The beliefs of building
contractors towards the introduction of these new processes comprises a major determinant of
the impact of house construction on the serious problem of climate change [11]. The design
and construction of houses play a large role in determining the scope for occupiers to
minimise energy consumption over the house’s lifespan. There is an awareness that stricter
building regulation alone has a limited ability to increase innovation in the housing industry,
as emphasised by recent global studies emphasising the need to also encourage more positive
attitudes to innovation [12].
The core problem is the conservative nature of the construction industry, as has been
highlighted by major government inquiries [13]. There are negative attitudes within the
construction industry towards the value presented MHPGH, with building professionals
underestimating their contribution to greenhouse gas emissions and overestimating the cost
premium associated with green building methods [4, 14].
Conceptual framework
To investigate these issues, we conceptualise the housing industry as an Open Innovation
System [15]. We call this model the Housing Innovation System for MHPGH. Our new model
extends existing theory, by combining Gann and Salter’s [16] Project-Based Product
Framework (PBPF) with the Theory of Planned Behaviour (TPB) [17] and Technology
Acceptance Model (TAM) [18]. Open Innovation Systems are currently the most widely
employed model of innovation systems, drawing on earlier models focused on innovation
milieu, complexes, districts and networks [19]. The concept is simple to understand and
persuasive in its call for greater openness to external ideas, in the name of creativity,
innovation and growth [20]. This central idea of openness to new ideas generated by other
people or firms is particularly relevant to the problem of increasing the adoption of MHPGH,
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as the whole construction supply chain needs to be on board. As the Open Innovation System
approach provides only general guidance, the PBPF provides a structure for describing the
innovation system [21], given that the construction production is project-based. An extended
version of the PBPF will be employed to describe the participants and activities within the
system, providing a rich context for our study of decision-making processes underpinning
adoption. This is the first time the PBPF will be used to explore an Open Innovation System.
Regulatory and Institutional Framework
Activities: technical, economical, environmental & social

Participants: government, local authorities, industry associations, pressure groups,
financial, insurance and legal firms

Innovation Suppliers

Innovation Intermediaries

Innovation Users

Activities: MHPGH manufacture

Activities: Planning, design, engineering,
procuring, integration services,
assembly/construction

Activities: commissioning & using
MHPGH

Participants: MHPGH
manufacturers and distributors

Participants: project-based firms: architects,
engineers, project managers, builders,
subcontractors

Participants: clients/owners/users

Technical Support Infrastructure
Activities: long-term technical development and support

Participants: government, education and R&D institutes, industry and professional
associations

Figure 1: Extended Project-Based Product Framework (PBPF), based on Gann and Salter [16].

The model presented in Figure 1 is based on the main analytical dimensions of the PBPF,
except we have conceived the dimensions directly involved in housing projects to be part of a
three-stage innovation supply chain, comprising suppliers, intermediaries, and users. The
arrows show the flow of knowledge and beliefs. The latter, beliefs, are a new analytical
dimension. The study focuses on the role of builders and their beliefs. They will be asked
about the roles of MHPGH suppliers, home buyers (innovation users), the regulatory and
institutional framework, and the technical support infrastructure.
TPB and TAM. The TPB and TAM together comprise a comprehensive framework for
understanding individual decision making, which will be applied to describe the nature of
beliefs within the Housing Innovation System for MHPGH. TPB is a general theory of human
behaviour, traditionally applied to health problems, but increasingly applied to the adoption of
technology and innovation. The model suggests that the immediate predictor of MHPGH
adoption behaviour is the intention to adopt, in turn predicted by attitudes, subjective norm
(pressure applied by influential people) and perceived behavioural control (external factors
the encourage or impede the behaviour). As this psychosocial model is being applied to an
industrial context involving technological change, it is useful to extend it to incorporate
technological characteristics; this is achieved by incorporating the TAM model.
TAM is an influential and commonly employed theory about user attitudes to new
technologies [22]. It is often integrated with the TPB by considering the impact of ‘perceived
usefulness’ and ‘perceived ease of use’ as predictors of the TPB attitudes component.
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TAM

Perceived usefulness
of MHPGH
Attitude towards
adopting MHPGH

Intention

MHPGH Adoption

Perceived ease of use
Subjective Norm
Perceived
behavioural control

TPB

Figure 2: Integrated Theory of Planned Behaviour (TPB) and Technology Acceptance Model (TAM) [23]

The TPB and TAM are both well validated models that have been used separately and
together to explain key influences on intentions and behaviour [24]. This study will be the
first application of this integrated model to explain behaviour in an Open Innovation System,
and in the housing industry. The study will employ multiple levels of analysis, through
looking at the decision-making of individuals working on projects in the context of the
Housing Innovation System for MHPGH.
Novelty of Approach
The proposed study is important because it advances conceptual knowledge in four key areas.
(1) Conceptualisation of an industry: The model of the Housing Innovation System for
MHPGH expands on the conventional conceptualisation of an industry by the statistical
agencies of many countries, and by the authors of many reports into industry practice [25].
The proposed approach considers a much broader array of participants and innovation
determinants, reconceptualising the ‘industry’ as a ‘system.’ This involves considering the
vertical and horizontal supply chain relationships radiating from traditional industries such as
building construction, construction services, public administration and tertiary education [26].
(2) Conceptualisation of an Open Innovation System: The identification of innovation
constraints in project-based environments has been hampered by the lack of nuance in
existing Open Innovation System theory. The integration of the PBPF, TAM and TPB will
add substance to the Open Innovation System model. This will address the criticism that core
concepts are underdeveloped, especially the impact of different degrees and types of openness
[21, 27, 28]. The current proposal responds to this criticism by focussing on the attitudes of
system participants as a particular type of openness.
(3) Conceptualisation of project-based activity: The Open Innovation System model has
mostly been applied to high technology manufacturing sectors in the past. Previous work by
the first author comprises the first significant study of its application in a project-based
environment in 2010 [29]. The current study extends this work to the housing sector.
(4) Conceptualisation of construction innovation: Existing models tend to focus on the
suppliers of construction innovation, taking a mechanistic firm-level innovation management
approach [30, 31]. The proposed research differs by taking a broader approach and accounting
for the ‘messy’ nature of innovation in project-based industries [32]. The research does this
by unpacking control issues through TPB/TAM and accounting for system complexity
through the PBPF.
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Methods
We build on suggestions in the global literature that builders’ misconceptions drive the low
adoption of MHPGH by undertaking a comprehensive evaluation of their beliefs regarding:
1. outcomes from implementing the innovation (e.g. cost, quality, environmental)
2. effort required to achieve the outcomes (e.g. adapting to a new production system)
3. pressure applied by important people (e.g. professional association leaders/members)
4. value placed on the opinions of important people (e.g. cost of moving against the tide)
5. external conditions that affect adoption (e.g. suppliers, legislation, knowledge)
6. power over external conditions (e.g. relationships, capabilities)
Phase 1 will develop the Housing Innovation System for MHPGH Map (6 months). The
fieldwork program will break new ground. There is currently no comprehensive data on the
size, age, distribution or scope of the manufactured housing sector in Australia. An accurate
and up-to-date understanding of the structure of the Housing Innovation System for MHPGH
(see Figure 1) is needed for the study of belief systems. Phase 1 will comprise a desk-top
investigation combined with snow-ball sampling.
Phase 2 will be a Qualitative Study of Beliefs (6 months). Following the procedure
developed by Ajzen [33] this phase will qualitatively examine the beliefs of Australian
builders in the Housing Innovation System for MHPGH. They will be recruited to take part in
interviews and focus groups to identify the key obstacles to innovation adoption. The data
collection will be guided by a set of semi-structured questions to elicit salient beliefs. For
example “What are the advantages of using MHPGH?”, “Which individuals or groups think
you should use MHPGH?”, and “What might discourage you from using MHPGH?” The
research will use content analysis of focus group transcripts and notes to identify the most
frequently occurring beliefs.
Phase 3 will be a Quantitative Study of Intentions (6 months). MHPGH adoption
intentions and behaviour will be framed according to Ajzen’s [33] recommendations
concerning target, action, time and context. This rigorous definition will result in a target
behaviour definition such as ‘Adopting MHPGH innovations on at least one housing project
over the next three months.’ Based on the TPB, we predict that builders will have stronger
intentions to use MHPGH when they: (1) hold a positive attitude towards MHPGH, (2)
perceive support from influential persons or groups around them, and (3) perceive that
adopting MHPGH is easy to do and within their control. The researchers will randomly
survey 1600 registered builders, with an expected 530 respondents (30% response rate).
Survey participants will rate the strength of their agreement with statements about factors that
might influence their decision to use MHPGH. These statements will be based on the key
influences identified in Phase 2. The quantified and ranked results will be used to develop an
educational program aimed that the key drivers of intentions uncovered by the research, to
increase adoption of MHPGH.
Conclusions
This is time-critical research, as moving MHPGH into the mainstream must happen now if we
are to effectively address the challenge of climate change [2, 5]. Indeed, the research will lead
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to a broad range of potential benefits. The environmental benefit will be house construction
which produces less waste and uses less energy than current practice. The economic benefit
will be a more efficient housing industry through off-site manufacture. The social benefit will
be high performance housing, driving superior living conditions for occupiers. The housing
industry has a significant impact on living standards, but because it is a traditional industry,
lacking the glamour of research-intensive industries, the construction sector has received
limited attention from innovation analysts. This proposed study will fill this research gap, and
provide greater economic, environmental and social returns from house construction than
those available from existing industry practice. The contribution of this paper has been the
presentation of novel theory and methods to address sustainability problems in the
construction industry. Future work will involve execution of the proposal. A limitation of the
paper is that the effectiveness of the proposed theory and methods are yet to be tested.
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Sustainable urban attractiveness serving the revitalization of the
ancient town center of Jijel
Yasmine BOUHELOUF
Laboratory: City, Planning and Sustainable development (VUDD)
Polytechnic School of Architecture and Town planning (EPAU) Algiers, Algeria
Abstract: The future of the old center of Jijel is tricky; urban sprawl and the rise of new
centers on the outskirts of the weakening competition. It was depopulated, degrades, and
marginalized from the general movement of wilayal territory.
Like other Algerian city, Jijel aims to be «qualitatively competitive, sustainable and
attractive» (1). It is expected to move from a small town wedged a major center for tourism,
business and industry.
In such a situation, the future of the center is a real problem. It’s not equal to the role that
Jijel is expected to play in eastern Algeria
The desired aim is to design a strategy for sustainable urban attractiveness which might
illuminate the current situation of the old center of Jijel, in order to revitalize and rebuild its
centrality, more forcefully to stop, irreversibly the process of decline that constantly threatens
our central urban entity and consequently harms throughout the territory to which it belongs.
Keywords: town centers/historic of Jijel, urban revitalization, sustainable urban
attractiveness strategy.
The city of Jijel a heart sick region
The city of Jijel, like other Algerian cities, does not escape the spreading problems, growth
and management. This excessive growth, sometimes anarchic left in the city in general and
particularly in its old center, the stigma which will soon become alarming if we continue to do
in terms of urban space management.
Occupies the central part of the urban prefecture Jijel, the former center covers an area of
44.50 ha, with ports (fishing and military) which extend over an area of over 25 ha. It suffers
from:
•
•
•
•

Problems of decrepitude of the buildings and public spaces ,
An urban discontinuity with other entities within the city, including the loss of the
double relation : city / sea and port / city
The development of brownfield sites and vacant land within the urban area ,
The deterioration of the living environment that generates phenomena of population
loosening.
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Figure 01: Delineation and presentation of the historic center of Jijel, a weakened urban entity, source: Google
Earth treated by Author

It also noticed a loosening of the activities and the loss of jobs which contributes to the loss of
dynamism and attractiveness and consequently to a decay of the old center, which gives an
overall negative image among the resident population, as it is no longer suitable for
contemporary urban circumstances or even to the criteria of urban centrality. The old center is
rejected and no longer participates in the urban dynamic of the city; it is often difficult to
spontaneously find a new life and a new dynamism.
An attractive strategy for the "awakening of the sleeping beauty."
In front of the alarming situation described above the old center of Jijel on one hand and the
challenges expected by Jijel, on the other hand, in order to be one of the growth areas of
eastern Algeria in the field of business and tourism. The city of Jijel is qualified as unable to
follow the development of the city and its territory, is not to the extent of development of the
area as well as the expectations of populations and the elected local authorities.
Facing this context, the establishment of a strategy for sustainable urban attractiveness is a
message of hope to qualify the old center of Jijel: Strategic area of interest, a living milieu of
strong brand identity, a recognized business pole and one of the main employment centers,
but also the area from which the city is identified.
The questions that we should ask and to which our communication will attempt to find
answers are: How to make it attractive for sustained vitality? What strategy for urban
attractiveness of downtown Jijel in order to revitalize it? And what type of urban
attractiveness should fit: touristic, residential, or economic?
Establishing a diagnosis of the old center is essential
Since every old center is unique: there is no good model to reproduce or miraculous solutions.
Antique malls are all different and attractiveness strategies proposed for possible
revitalization must take into consideration concrete local situations, stressing ou the values of
the territories and their capacity to be promoted. It is strongly recommended to start with a
diagnosis. Many diagnostic methods exist, among which we chose the SWOT (Strength,
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Weaknesses, Opportunities, and Threats) accompanied by a shared diagnosis and preceded by
conventional analysis (preliminary diagnosis - inventory) and another targeted using a Multi
Criterion Analysis (CMA).

Figure 02: The approach and overall steps, source: author

To succeed in our approach , we used three tools namely: a direct observation which has
allowed us to identify dysfunction of the old center of Jijel, exploratory interview with
different stakeholders of the city (policy makers, residents and professionals) , and finally the
reseach based mainly on a detailed reading of the patterns of development of the city ( SRAT
, SDAT , PAW)1 , and which also allowed us to ensure the inclusion of the proposed strategy
in attractiveness a holistic approach to development of the city and avoid the contradiction
between the scales ( the old center and Wilayale territory ) , a condition senna qua non for the
success of policies to revitalize the historic centers .
The results of the interviews and the analysis of territorial patterns showed that the strategy of
attractive old center of Jijel for possible revitalization can not be outside the field of tourism
and business (2). Today, the city of Jijel must engage in a (residential tourist and business
(economic)) generalized attractiveness and overall strategy to make the center a living entity.
Subject matter

Population,
employment and
activities

Habitat and
equipment

1

Explanation
7331 inhabitants in 1977, 3652 inhabitants in 2011 (depopulation of the old center)
An unemployment rate of 45%, or nearly 1 of 2 active unemployed.
Weakened business does not meet the aspirations of the people
Tourism and port activity not stated.
The city of Jijel is a real administrative center for the concentration of a large number of
administrative facilities (banks, courthouses ... etc).
Habitat of different types (Arabic, colonial, recent individual, collective ...) a TOL lower
than the national average of six people / Logt
Park dilapidated housing and not consisting
A vacancy rate in 2010 with 11.4% 3% increase each year
A real estate market at prices more or less accessible.
A colonial heritage: 45% of colonial type and 30% of type Arabic

SRAT : Schéma Régional d’Aménagement du Territoire (Regional Planning scheme)
SDAT : Schéma Directeur d’Aménagement T ouristique (Master plan of tourism development)
PAW : Plan d’Aménagement Wilayal (Development Plan of Wilayal)
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physical
framework

Land and urban
wasteland
And legal status

Well structured road network, composed of three structural axes, three centralities.
Mode of transport and lack of non-solid
Lack of green spaces and public spaces not invested by residents
Buildings in poor condition are 39.8% of all built
Brownfield sites that are still waiting for recovery.
Undeveloped open space, primarily located in the city-port interface area, spread over an
area of 2.50 ha and constitute a significant stock of land suitable for the implementation
of future investment programs.
By adding the presence of a large property in occupied buildings and vacant houses in a
very advanced state of degradation.
More than 30% of the private ownership of land
Table 01: inventory table of the old center of Jijel. Source: author

Targeted urban analysis indicators: assessing the attractiveness; Key step.
A statement of classic places is not enough. To put an attractive strategy to revitalize the old
center of Jijel requires us to have an overview of the attractiveness of the old center and its
territory. It is the interest of the Multi Criteria Analysis.2 (MCA)
The purpose here is to know whether the old center of Jijel meets the criteria of a widespread
appeal (economic and residential tourism at a time).

Figure 03: assessment profile of attractiveness of
the ancient center of Jijel and its territory. Source:
author

Figure 04: assessment profile in the touristic
infrastructures and cultural ressources. Source:
author

The results of the evaluation, shown schematically in the form of radar confirm the
unattractiveness of downtown Jijel due to the significant lack of infrastructure and the
prerequisites for quality of life and tourism (quality of urban space cultural and tourism
infrastructure, service equipment for businesses, events and cultural productions ... etc).
However, natural resources and human potential are great opportunities for the development
of the center's appeal. While other areas such as connectivity, installation conditions and
structural facilities are within a mean interval.
2

For this we constructed a grid of criteria and indicators suitable to our context and attractiveness to our problem, drawing on
extensive research in the field. The grid is divided into six areas, each area is divided into several criteria that are translated
into a certain number of indicators 01: very bad, 02: bad, 03: well, 04: very well (See assessment table in the attached file)
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Strategic analysis SWOT: to identify global strategic issues of the old center of Jijel
This analysis is actually composed of two stages, after defining the strengths and weaknesses
(internal factors) as well as opportunities and threats (external factors), they are classified by
domain of attractiveness. These factors will give rise to several issues listed in the following
table:
Endogenous stakes
exogenous stakes
- Urban space gradient, and antiquated (degraded - Urban sprawl at the expense of agricultural land
physical environment, brownfield urban poor quality of and attractions with great potential.
public spaces, public gardens and parks ... etc)
- Economic under-development of the city and its
- Dual port-city and city-broken sea (port and tourist territory.
activity not stated) report.
- Under operating assets and natural potential and
- Lack of distinctive and affirmed identity in down town existing major equipment.
Jijel
- Lack of animation and promotion of the city of Jijel.
- Lack of tourism, cultural infrastructure and radiating
upper tertiary.
- Lack of Recreational and entertainment infrastructure,
commercial and consumption infrastructure adequate to
serve/satisfy the local population, tourists and visitors.
- inadequate housing
Table 02: List of endogens and exogenous stakes of the ancient center of Jijel, source: author

The shared diagnosis: selection of priority issues and objectives:
To be relevant and effective, our diagnosis of the old center of Jijel is then shared with the
numerous actors acting on this territory ( researchers, residents , visitors, architects, planners,
responsible for different directions of Tourism , DPSB , DTP , DLEP, APC3, including the
director of the local administration). Indeed, the strategic issues previously identified through
the SWOT matrix do not have the same importance among different actors that they must
agree to the issues on which we must act urgently. 4 (See the results shared in Table No. 03
diagnosis). The results of the diagnosis to the shared diagnostic refine the choice significantly.
03 issues seem to be important: (see Table n°02)
1. Degraded urban area, and antiquated (degraded physical environment)
2. Lack of a global offer in terms of activity, responsiveness and livability.
3. Lack of a distinctive identity and of the downtown Jijel.

3

DPAT (Direction de Planification et de l’Aménagement du Territoire), DTP (Direction de Travaux Public), DLEP
(Direction de Logement et Equipement Public), APC (Assemblé Populaire Communal).
4
A rating scale (1 to 5) has therefore served as a basis for these actors. The average of the results for each gives a final score
that will define the priority issue resulting from shared diagnosis (the highest score being the most favored).
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Consultation group

the old center of Jijel

Endogenous stakes

Open questions for different urban actors on
concerning the criteria

Overall score for each group
decision
profesionals inhabitant
maker

average

Urban space gradient, and antiquated
(degraded physical environment, brownfield The quality of urban space is a condition of the old
urban poor quality of public spaces, public center of attraction at Jijel?
gardens and parks ... etc)

5

5

5

5

Dual port-city and city-broken sea (port and The relative sea-port town it is the trigger of Jijel’s old
tourist activity not stated) report.
center of attraction?

5

4

4

4.33

4

5

5

4.66

4

3

4

3.66

4

4

4

4

3

4

3

3.33

5

5

5

5

3

4

3

3.33

Lack of distinctive and affirmed identity in down
town Jijel
Large number of brownfield and awkward
activities.
Lack of tourism, cultural infrastructure and
radiating upper tertiary.

The lack of a distinctive and maintained identity does it
have an impact on the attractiveness of former center
of Jijel?
The presence of wasteland and awkward activities
does it have an impact on the attractiveness of former
center of Jijel?
The integration of touristic ,cultural infrastructure, and
high tertiary does it secure the promotion to the old
center of attraction Jijel?
The lack of entertainment does it have an impact on
the attractiveness of the old center of Jijel?

Lack of animation and promotion of the city of
Jijel.
Lack of Recreational and entertainment
The establishment of commercial activity and space
infrastructure, commercial and consumption
consumption is it an attractive condition to former
infrastructure adequate to serve/satisfy the local
center Jijel?
population, tourists and visitors.
The quality of housing does affect the attractiveness
inadequate housing
of former center?

Table 03: Final results of shared diagnosis source: author

Conclusion: ancient center of Jijel: Projections into the future, identity, branding, life
quality, global quality offers.
More pragmatically, the affirmation of the old center of Jijel as residential , tourist and
business areas obliges us to refocus on the relevant levers of attraction of the economic and
the touristic actors these levers are primarly centured on: the transformation of the image by
improving the quality of urban space (ensuring quality planning through physical
regeneration), the guarantee of the offer of quality based on the triptych : activity,
responsiveness and habitability to ensure a better quality of life for a diverse population(3).
If concrete work on urban space not accompanied by work on the perception of the urban
space is unnecessary, the reverse is also true. Criteria such as image, identity, representations
of urban space play a crucial role in the attractiveness of cities (4).
This is why creating a brand image and building an affirmed distinctive identity in downtown
Jijel with a strategy of urban-based marketing communications and special events seems
necessary.
Jijel has long suffered from a lack of branding, today it is obliged to work its image, to find its
singularity and uniqueness through the development of its vast resources (natural, cultural.
…etc).
Through the reading of the history of the city of Jijel and the analysis of interviews made with
local stakeholders (residents, policy makers, professionals), two elements can be levers to
build a brand image of Jijel:
 The natural heritage , an essential element of the image of Jijel
The city of Jijel is known for its exceptional natural heritage which is an asset for its
promotion which the communication of the destination of Jijel may be based on. The
integration of nature in the city center can confirm its image as a city of high landscape.
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 The " Return to the Sea" : a playing card for downtown Jijel
The city port interface areas are rich in terms of the social history of the city of Jijel. Their
presence is strong in the minds of the population. In this regard, the development projects
should lead to the opening of the port to the population and the city to the sea.
To succeed in realizing the three directions mentioned above, the old center of Jijel calls for a
global action on urban regeneration in the context of an urban project. The following diagram
shows the strategy proposed for the old center of Jijel.

Figure 05: overall attractiveness strategy for the old center of Jijel, source: autor

 Regulate attractiveness to ensure a sustainable urban regeneration:
This proposed attractiveness strategy which is proposed for the center of Jijel will certainly
generate a dynamism and a new life in the center by introducing new activities, new
population and consequently by creating new richness and wealth sources, generating, jobs,
animation... etc. and in order to maintain this state, we should think about the negative effects
that may be caused by the non- mastery of the proposed attractive effect.
References :
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Study of effective energy improvement for area management to
optimize low-carbon cities
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Abstract: Japan has the technological potential to reduce its CO2 emissions by 70%
compared with the 1990 level (NIES, 2008), which satisfies the expected demand for energy
services in 2050. We must now demonstrate possible ways of putting these government targets
into practice through technical and political measures. We consider the dependence of the
urban functions related to tertiary industry, and we determine a way to control area
management efficiently. We devise a strategy for building low-carbon cities that focuses on
how to optimize area management. And, we devised a strategy for building low-carbon cities
and thus optimize area management. Our research reveals not only the energy saving
potential, but also basic data for different building block types in different parts for urban
planning.
Keywords: energy improvement, area management, low-carbon cities, urban planning
1. Introduction
We must now demonstrate possible ways of putting these government targets into practice
through technical and political measures. Professor Arnulf Grubler (International Institute for
Applied Systems Analyses / Yale University) has described the hierarchy of urban energy and
CO2 reduction, as follows,
1. Spatial division of labor (trade, industry structure)
2. Urban form (functional mix, public transport, car ownership…)
3. Efficiency of energy end use (buildings, appliances, processes)
4. Energy systems integration (co-generation, heat-cascading)
5. Fuel substitution (renewables, nuclear)
Therefore, we have studied city types with a view to realizing measures for effectively
reducing the energy consumption of the building sector.
2. Methods
It has been said that the most important indicator of urbanization is the number of routers on
the internet throughout the world (Arnulf Grubler, 2009).
The strong correlation (more than R2=0.9) between daytime population and people employed
in tertiary industries is clearly seen as shown as Figure 1.
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Daytime population 〔people〕

Figure 1. Daytime population and people employed in tertiary industry in cities. (Japan)

And there is also a strong correlation between daytime population and employed people for
many kinds of workers as shown in Figure 2 and 3.
100,000

People employed in tertiary industry people

〕 90,000
〔

：Constraction industry

FY2010 population census of Japan
Nationwide municipalities(1968)
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：Manufacturing industry

C

：Telecommunication industry
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Figure 2. Daytime population and people employed in tertiary industry in cities. (Japan)
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Figure 3. Daytime population and people employed in tertiary industry in cities. (Japan)

In this study, we focused on people employed in tertiary industries, and we constructed a
functional model of commercial buildings in cities. The total floor area taken up by the active
city population is related to the corresponding building types in the commercial sector.
Table 1 shows the number of each employee ownership area in many kinds of industry types.
We can see that Saitama City has the minimum area which is averaged of all industry. And,
Tokyo 23ku has also a small area for employee. Therefore, if commercial buildings have a
small area, we can make low-carbon cities. It is called a compact city.
Table 1. Each employee ownership area
Type of industry of corporation
〔㎡/person〕

Average
Sapporo Sendai Saitama
Yokoha Kawasa Niigata
without
Chiba City
City
City
City
ma City ki City City
Tokyo 23ku

〔㎡/person〕

Hamama Nagoya Kyoto Osaka Sakai
tsu City City
City
City
City

Kobe City

Hiroshima Kitakyus Fukuoka Tokyo
City
hu City City
23ku

A: Construction industry

75

93

184

51

40

45

17

108

76

25

29

31

55

176

108

98

58

B: Manufacturing industry

230

713

257

43

371

78

257

199

154

73

71

89

378

143

239

534

84

68

C: Telecommunication industry

20

27

29

7

10

9

5

35

34

22

21

12

15

17

28

36

14

20

D: Transportation industry

99

65

116

42

139

65

122

167

104

71

41

59

106

257

57

101

69

38

E: Retail trade

52

247

63

21

21

24

17

96

44

24

40

27

18

31

21

109

26

13

F: Finance industry

35

59

33

15

25

10

12

31

47

30

31

29

18

140

18

31

24

23

G: Real estate industry

26

587

346

494

142

568

197

128

284

3346

261

301

242

416

824

540

941

365

139

H: Restaurant, Lodging industry

8

15

22

3

5

2

2

13

8

5

10

3

7

6

3

9

11

4

I: Medical treatment and welfare

17

18

20

8

17

12

8

24

43

13

13

7

12

31

10

32

11

8

J: Education industry

139

265

236

78

137

86

52

193

147

82

182

45

56

122

176

175

200

67

K: Service industry

281

480

215

74

249

144

67

462

828

127

658

89

110

197

181

391

222

89

Average of all industry

140

212

152

44

144

61

62

147

439

67

127

58

108

177

126

223

99

45

※Reference: Results of Establishments for Japan (2006)
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Then, Table 2 shows the numbers of populations and total floor area in commercial buildings,
when Saitama City has 10,000 daytime populations. This amount of floor area estimates
energy consumption and realizes low-carbon cities.
The ratio of commuting employed persons and persons attending school 15 years of age and
over that are based on place of usual residence of Japan was 49% in FY2010 population
census of Japan. So, we can estimate that 1,536 people are students in case of 10,000 daytime
people when daytime populations equal to nighttime populations.
Table 2.Estimate floor area of commercial buildings for 10,000 daytime populations in Saitama City

Type of industry
A: Construction industry

people employed in 10000
daytime populations
〔people〕
x:Daytime population
〔y=0.0298x〕
298

B: Manufacturing industry

605

〔y=0.0605x〕

C: Telecommunication industry

158

D: Transportation industry

228

〔y=0.0158x〕
〔y=0.0228x〕

E: Retail trade

722

F: Finance industry

128

G: Real estate industry

100

H: Restaurant, Lodging industry

253

I: Medical treatment and welfare

424

J: Education industry

193

K: Service industry
Sum of all industry

255
3364

Each employee ownership
area in Saitama City
〔㎡/person〕

Floor area of
commercial
buildings 〔㎡〕

51

15338

43

25843

7

1114

42

9580

〔y=0.0722x〕
〔y=0.0128x〕

21

15168

15

1900

〔y=0.01x〕
〔y=0.0253x〕
〔y=0.0424x〕

142

14178

3

825

8

3553

〔y=0.0193x〕
〔y=0.0255x〕

78

15074

74
485

18933
121507

Nighttime populations need households. Average member per household in FY2010
population census of Japan was 2.46. And, Japan government said that average area of floor
space in houses was 94.13 ㎡ in FY2010. If there are 10,000 nighttime populations, they have
4,065 households. Then, they need 382,638.45 ㎡ in total floor area of households for
inhabitants. We made a strategy called “the functional model in cities” as follows.
・ About the functional model of commercial buildings in cities
The active city population＝Daytime population－Nighttime population ＋Nighttime
population× Employed ratio× Tertiary industry employed ratio ・・・（a）
Total floor area calculated based on urban function in a district: AF
＝（1）Total floor area for active city population in commercial buildings: AU
＋（2）Total floor area of households for inhabitants: AH
＋（3）Total floor area of commercial buildings for inhabitants: AC
＋（4）Total floor area of commercial buildings for those who flow from other areas
other than employed workers: AO ・・・（b）
(1) Total floor area for active city population in commercial buildings: AU
When a person in employed an office building works in a given district, he needs commercial
services such as restaurants and department stores as urban functions.
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Total floor area for city activity population in commercial buildings: AU〔㎡〕
＝PO（AO + AR XR + AD XD）・・・（c）
PO: tertiary industry workers･employed population of office buildings (office workers)
AO: tertiary industry workers･floor space per person in office buildings for office workers
AR: tertiary industry workers･floor space per person in restaurants for office workers
AD: tertiary industry workers･floor space per person in department stores for office workers
XR: restaurant use ratio of office workers [default=0.5]
XD: department store use ratio of office workers [default=0.25]
(2) Total floor area of households for inhabitants: AH
Additionally, the model of the total floor area for the active city population in a commercial
building added to the total floor area of a household for an inhabitant’s activities is as follows.
Total floor area of households for inhabitants: AH〔㎡〕
＝ P1（A1 X1+ A2 X 2） ・・・（d）
A1: average floor space ÷ number of residents in housing complex
A 2: average floor space ÷ number of residents in detached houses
P 1: nighttime population for districts
X1: housing complex floor space ratio for districts [default=0.8]
X 2: detached house floor space ratio for districts [default=0.2]

(3) Total floor area of commercial buildings for inhabitants: AC
Moreover, the model of the total floor area for the active city population in a commercial
building added to the total floor area of commercial buildings for inhabitants is as follows.
Total floor area of commercial buildings for inhabitants: AC〔㎡〕
= P1（A3 +・・・A20 X20 + A21X21）・・・（e）
P1: nighttime population for districts
A 3: junior high school and high school floor space per person/ inhabitant
A 4: elementary school floor space per person/inhabitant
A 5: day-care center and kindergarten floor space per person/ inhabitant
A 6: clinic floor space per person/ inhabitant
A 7: meeting place floor space per person/ inhabitant
A 8: supermarket floor space per person/ inhabitant
A 9: department store floor space per person/ inhabitant
A 10: post office floor space per person/ inhabitant
A 11: library floor space per person/ inhabitant
A 12: management office floor space per person/ inhabitant
A 13: community center floor space per person/ inhabitant
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A 14: vicinity community center floor space per person/ inhabitant
A 15: fire station floor space per person/ inhabitant
A 16: administration liaison office floor space per person/ inhabitant
A 17: hospital floor space per person/ inhabitant
A 18: senior daycare floor space per person/ inhabitant
A 19: home care center floor space per person/ inhabitant
A 20: special nursing home floor space per person/ inhabitant
A 21: restaurant floor space per person/ inhabitant
X17: inhabitant's hospital use ratio [default=0.8]
X18: inhabitant's senior daycare use ratio [default=0.2]
X19: inhabitant's home care center use ratio [default=0.2]
X20: inhabitant's special nursing home use ratio [default=0.2]
X21: frequency of restaurant use per inhabitant [default=0.3]
In this case, AF is 504,145.45 ㎡ [=121,507 ㎡(AU= AC) +382,638.45 ㎡(AH)].
3. Results
We calculated the total floor areas considered (1), (2) for 10,000 people as shown in Table 3.
From Table 3, these estimated values addressed the total functions of cities and floor area
relationships. But, the values for stores, restaurants and schools are small compared with the
total floor areas. This is not considered to be the total floor area of commercial buildings for
those other than employees who flow from another area yet.
Using default energy consumption unit, we could estimate energy consumption in a district.
If all employees completely work and live in this compact district, we would realize the
minimum of low-carbon city. On the other hand, we could understand the minimum level of
maintaining the urban function. This strategy is also a indicator for developed country which
is shrinking population, and we could adjust the city size.
Table 3.Estimate energy consumption for 10,000 people in a district
10,000 people in a district
estimate value〔㎡〕
Persentage of total floor
area〔％〕
default energy
consumption unit 〔MJ/㎡〕
estimate energy
consumption〔TJ〕
Persentage of area energy
consumption〔%〕

detached
housing
houses
complex
[default=0.6] [default=0.4]
15,074
229,583
153,055

total floor
area

office

store

hotel and
restaurant

hospital

community
school
center

504,145

67,954

15,168

825

3,553

18,933

100%

13%

3%

0%

1%

4%

3%

46%

30%

-

1,962

3,045

3,060

2,877

1,109

1,239

561

555

446

133

46

3

10

21

19

129

85

100%

30%

10%

1%

2%

5%

4%

29%

19%

Now, we could consider the target of energy reduction when some buildings install advanced
technologies and materials in office and house.
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500

400

estimate energy consumption TJ

〕

housing complex
detached houses
school
communitycenter
hospital
hotel and restaurant
store
office

85

〔

191

300

153

129

134

200

19
21
10 3
46

21
19
21
10 3
46

133

133

17
19
21
10 3
46

100
107

96
15
19
21
10 3
46

93

11
19
21
10 3
46
67

76
9
19
21
10
32 2
53

0
Estimate energy
consumption
(Base line)

Case1: detached Case2: 20% energy Case3: 30% energy Case4: 50% energy Case5: 60% energy
houses0.1 and reduction in office reduction in office reduction in office reduction in office
housing complex
and house with
and house with
and house with
and house, 30%
0.9
Case1
Case1
Case1
energy reduction in
store, hotel and
restaurant with
Case1

Figure 4. Case study for energy reduction target

We need 40% energy reduction in office and house, 70% energy reduction needs in store,
hotel and restaurant, if we should reduce energy consumption 50% in an area.
Discussion
Our results reveal the dependence of urban functions related to tertiary industries, and show
that we can control area management efficiently. We devised a strategy for building lowcarbon cities and thus improve area management. We can calculate as basic data for different
building block types in different parts of the world.
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Abstract: Due to heritage, economic and density parameters, demolishing and/or constructing new
buildings becomes difficult and rare. Thus, in the current conjuncture of energy performance and
efficiency of buildings and cities, it becomes crucial to address the important share of energy use
associated with the ageing residential building stock of European cities. This paper will focus on the
pre-WWII residential building stock which represents the highest potential of energy savings through
renovation not only due to their current energy performance but also due to their share in the
residential building stock. In the case of Brussels, pre-war residential buildings accounts for more
than 65% of the residential stock. However, prior to any renovation strategies, it is critical to estimate
the amount of energy use associated with this portion of the residential stock. This paper will therefore
propose a top-down approach to estimate the total energy use of Brussels pre-war residential stock.

Keywords: pre-war residential stock, energy use estimation, neighbourhood, top-down, GIS,
renovation
Introduction
In Europe, the building sector is the most energy intensive sector and represents about 40% of
total final consumption [1]. To counter this consumption the European Commission
implemented the EPB directive (Energy Performance of Buildings) in 2002 which aimed to
improve the energy efficiency of new buildings and large existing buildings of over 1000 m²
[2]. However, a great majority of European cities consist of old and mainly residential
building stocks and both these characteristics do not fall within the EPBD framework. In
addition, heritage, economic and current territorial morphology imperatives make
demolishing and constructing new buildings hardly impossible.
Thus, in the current conjuncture of energy performance and efficiency of buildings and cities,
it becomes crucial to address the important share of energy use associated with this ageing
residential building stock of European cities. This paper will specifically focus on the preWWII residential building stock which represents the highest potential of energy savings
through renovation not only due to their current low energy performance but also due to their
share in the residential building stock. In the case of Brussels Capital Region, pre-war
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residential buildings accounts for about 65% of the residential building stock. In addition, in
order to maximize the impact of retrofitting the residential buildings stock, buildings were
grouped by building typologies sharing the same structural, material and physical
characteristics. Thus, this approach tries to identify the relevance of renovating a certain
buildings typology through its representativeness in the total building stock. In the case of
pre-war residential building stock three main typologies were identified and represented.
However, prior to any renovation strategy, it is critical to correctly estimate the amount of
energy use associated with this portion of the residential stock. This paper will therefore
propose a top-down approach to estimate the total energy use of Brussels Capital Region prewar residential building stock.
To do so, pre-1945 residential building stock will be mapped down to the smallest statistical
spatial scale of Brussels, namely the statistical sector. In addition, to illustrate the relevance of
studying the impact of energy consumption of an ageing building stock, the share of buildings
built before 1945 will also be mapped. Once this mapping is carried out, top-down data,
namely precise direct energy use in terms of natural gas and electricity at the municipality
scale, will be scaled down to the statistical sector through a set of parameters (number of
residential buildings, number of inhabitants, m² of built area) using GIS. Finally, according to
the share of buildings built before 1945 present in the given sector, energy use will be
appointed for the pre-war residential stock.
Brussels context
From a building stock perspective, Brussels Capital Region, as it is today, was formed mainly
during the last two centuries. In fact, Brussels dwelling stock pre-18th century consisted of
wooden buildings that gradually become prohibited for fire protection measures. From the 18century and onwards, residential buildings could be differenciated in four majors groups.
Firstly, from 1700 to 1914 the urban development of Brussels was dominated with the
construction of single-family row houses from 2 to 3 stories also called “maison bourgeoise”
(Pre-1918 houses). From 1920 to 1940, Brussels extended widely absorbing closeby suburbs.
During this period some new housing types appeared. On the one side, more modest singlefamily houses appeared ranging from worker houses to garden cities in the periphery of the
city (Pre-1948 houses). On the other, apartment buildings (modest, social, standard of high
status) designed to bring back the middle class within the city spread out all across the city.
After 1945 building typologies became much more diverse including different materials,
systems but also floor area and height.
From an economic activity point of view, Brussels is almost fully service-oriented with very
few industrial activities and with virtually no agricultural activities still in place. Territorialy
this is translated by a rather high concentration of offices in the centre, centre-north and
centre-east of the city. Some statistical sectors can contain up to approximately 1 000 000 m²
of office floorspace (out of 13 000 000m² in total in Brussels). Industrial activities are mainly
located along the Brussels Canal crossing the city diagonally from N-NE to S-SW. This can
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be illustrated in figure 1 where parcels are of greater size and with only very few residential
buildings. Another element that is noticeable in Figure 1, is large green spaces present in the
periphery of the region and mostly in the N and S of Brussels.
Methodology
Brussels has the particularity of being a city and a region at the same time. In fact, Brussels
Capital Region is one of the three regions of Belgium along with Flanders and Wallonia.
Brussels Capital Region covers 161 km² and hosts 1 138 854 inhabitants. Below the regional
scale, municipalities are the smallest administrative scale. Brussels is subdivided in 19
municipalities. However, municipalities are still a very homogenous spatial scale where data
are very much aggregated and where is difficult to carry out in-depth analysis, in this case
about the building stock and its energy use. For statistical purposes, an infra-municipal
territorial unit was created by the Belgian Statistics Institute (ex-INS), namely the statistical
sectors. Brussels is divided into 724 statistical sectors (in average 38 statistical sectors per
municipality). In practice, a statistical sector can be assimilated to a neighbourhood covering
0.2 km² and hosting 1500 inhabitants.
To map the 3 pre-WWII residential building typologies as well as the post-WWII residential
buildings mentioned before, cadastral information of 2012 was used from the Belgian
Ministry of Finance. Cadastral information, included data per residential building such as the
year of construction, ground area, number of storeys, number of dwellings per buildings, …
These pieces of information where then grouped per statistical sector in order to produce
Figure 1 and are summarized in Table 1.
Concerning the energy use estimation two types of data were used. Firstly, the Brussels
Capital Region energy balance for 2011 provided information about the energy consumption
for the industrial, tertiary, transport and residential sector [3]. In addition, annual reports of
Brussels gas and electricity distribution network operator, Sibelga were collected [4]. These
reports include the gas and electricity consumption per municipality for 2011.
However, both data have some shortcomings and can not be used as such to estimate the
energy consumption (gas and electricity) of the residential building stock at a statistical sector
scale. In fact, the first type of data offer only figures at a regional scale and the second type
(municipal data) do not subdivide energy consumption per industrial, tertiary and residential
sectors. Thus in order to calculate the share of residential consumption at the statistical sector
scale, the tertiary gas and electricity consumption at the regional scale from [3] were
downscaled to the municipality scale based on the m² of office floorspace. This estimated
tertiary energy per municipality was then subtracted from the total gas and electricity
available at the municipality scale from Sibelga reports. Once this is carried out residential
energy use for each statistical sector is calculated based on the following equation and based
on successively on a different parameter such as number of inhabitant, number of residential
buildings and m² of residential floorspace.
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Results
Based on the cadastral information mentioned here before, the two following maps of figure 1
were created. In the top one, the graduated colours indicate which building has the
predominant share of residential buildings. The circles present the absolute number of
residential buildings per statistical sector. Similarly, the second map present information
about m² of residential built area.

Figure 1: Predominant type and number of residential buildings (top) and predominant type and number of
residential buildings m² built area (bottom) per Brussels statistical sectors in 2012.

As we can see on the top map of Figure 1, the city centre of Brussels is predominantly
occupied with pre-1918 residential buildings and the periphery is mostly predominantly build
with post-1945 buildings. This implies that after 1945 more buildings were built in the
periphery or that some pre-1945 buildings were demolished. On the top map it is also visible
that in absolute terms, the statistical sectors containing the highest amount of buildings (more
than 1200 buildings) are also located in the statistical sectors with a predominance of pre1918 houses.
However, when we compare these findings with the bottom map of Figure 1, we can see that
in terms of m² of residential built-up area, post-1945 buildings phagocytose statistical sectors
from the city centre periphery but also from the city centre itself. In addition, in absolute
terms, it is visible that the statistical sectors with the highest m² built area are this time equally
distributed in the statistical sectors between pre and post-1945 residential buildings.
Previous findings are also well illustrated in Table 1, where we can see that pre-1945
buildings represent around 65% of the building stock but cover 50% of the residential m².
This points out to the fact that post-1945 buildings contain more dwellings per buildings and
of more storeys per buildings resulting to a higher m² of built area. In addition, it is interesting
to point out that there is a very small amount (less than 1%) of pre-1945 apartment buildings
but they represent almost 20% of the residential built area.
Table 1: Number of residential buildings, dwellings and residential m² of built area in Brussels in 2012

Now that the residential building stock has been correctly quantified and mapped, we can
estimate the residential energy use thanks to three different parameters, namely number of
inhabitants (top left), based on residential m² (top right) and based on residential buildings
(bottom). In fact, we assume that these three parameters are the most representative factors to
describe variations of residential energy use. Of course, the occupant behavior, the number of
inhabitants per dwelling, the income and many other parameters could also greatly influence
energy consumption. However, the correlation between these factors is lower and was thus
not calculated for this paper.
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In any case, as illustrated in Figure 2, the residential energy consumption (which includes
both electricity and gas consumption) per statistical sectors is distributed similarly
indenpendantly of the parameter taken into account for downscaling. This distribution states
that statistical sectors at the periphery of the city centre and the majority of western Brussels
are consuming more than 30 000 MWh in 2011. We can also see that statistical sectors in city
centre do not consume as much as the periphery. This can be simultaneously be explained by
the low number of residential buildings and by the presence of a great number of office
buildings.

Figure 2: Energy use in MWh based on population (top left), based on residential m² (top right) and based on
residential buildings (bottom) per Brussels statistical sectors in 2011.

Nevertheless, Table 2 clearly indicates that pre-1945 residential buildings consume 50% to
65% on the residential energy use depending on the estimation parameter. It also shows that
pre-1918 houses (maison bourgeoise) alone are consuming about 1/3 of the residential energy
use and pre-1945 apartments consume around 20% of the total residential energy.
Table 2: Estimated residential energy consumption per building typology based on the number of buildings and
m² of built in Brussels (2011)

Discussion and Conclusion
In this paper, we attempted to estimate the renovation potential of Brussels residential
building stock by assessing the energy use of pre-WWII residential buildings. This analysis
brought forward several findings that could be useful to renovate Brussels from a building
stock perspective. In fact, by mapping the spatial distribution of residential buildings, their m²
area and their respective energy consumption per statistical sector we identified the
renovation hotspots of Brussels. Indeed, pre-1918 houses and pre-1945 apartment buildings
are the two building typologies that would yield the highest energy reduction in residential
stock. While pre-1918 houses do not represent a high share of residential m², they represent
40% of the buildings. In addition, by subdividing pre-1918 buildings into more dwellings the
energy consumption could be reduced even further.
Nevertheless, this paper solely discussed about the importance of renovating old building
stock for reducing its direct energy use due to heritage, economic and urban morphology
imperatives. However, if we want to have a comprehensive overview of the energy use of the
buildings stock we should also take the embodied energy of buildings, which is still rarely
assessed [5]. Indeed, when we take into account both type of energies, renovating an existing
buildings stock could be as environmental friendly as constructing a new (very) energy
efficient building [6].
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Urban greenery: increasing resilience to climate change through
green roofs and urban forestry
Author: Saiz Alcazar, Susana; Arup, Madrid, Spain
Abstract: This study evaluates the impact of green roofs on urban microclimates in order to define its
potential as climate change adaptation strategy able to soften urban temperatures during the hot
season. A methodology is proposed based on the use of predictive CFD software with proven capacity
for representing the physiological and cooling effects of vegetation on its surrounding environment. A
methodology has been depicted to determine main variables affecting the results and the initial
conditions for the simulation, which are critical for the predictive microclimate model. The model
represents a standard neighborhood, with four story buildings. The results show that the green roofs
have a cooling effect on the immediate surrounding environment, contributing to reducing the heat
island effect. However, when evaluating its cooling effect at street level, no variations in air
temperature are found between a baseline model with standard roofs and the urban model with green
roofs.

Key words: Climate change, green roofs, microclimate, urban forestry
Introduction
Climate Change has moved to the header in the list of global problems in recent years. Many
times refuted, the effects of climate change have already become an undeniable reality and its
effects are increasing worldwide. In urban areas, the impact of this phenomenon is even more
evident, since the heat island effect increases even more the outdoor temperatures and outdoor
comfort is very difficult to achieve.
In recent years, many organizations have arisen whose goal is to develop strategies and
mechanisms to control and curb the emissions that cause climate change and assess its
consequences. One of them, the Intergovernmental Panel on Climate Change (IPCC), controls
mechanisms designed to control emissions and deforestation. The IPCC calls for two types of
strategies considering that the effects of climate change are non-stoppable and are already
beginning to manifest globally; adaptation strategies and mitigation strategies.
These problems are more even more relevant in urban cores by the effect of heat island effect.
This phenomenon refers to city overheat. According to numerous studies conducted, the
differences between urban centers and the surrounding area can reach 4 ° C, intensifying this
effect during the night as there is no heat dissipation as would occur in areas without a high
percentage of hard surfaces that absorb heat during the day and radiate the air overnight as
infrared radiation.
Faced with this problem, the green roofs are presented as a possible strategy able to address
both climate change mitigation and adaptation. Green roofs reduce the proportion of infrared
radiation returned to the air, so that the air temperature does not overheat and help to create an
adapted microclimate and achieve comfort conditions
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Objective
The aim of this research has been the evaluation of green roofs on urban microclimates. This
research has been based on computational dynamic predictive simulations developed to
evaluate the impact of greenery on urban microclimate and its contribution to climate change
adaptation. This study has:
•
•
•

Evaluated available tools used to study microclimate in urban areas
Identified the urban parameters that affect the effectiveness of green strategies,
Evaluated the effectiveness of green roofs on urban microclimate at street level

Methodology
The methodology followed for the development of this research has been based on the usage
of recognized and validated software to evaluate the impact of green roofs on urban
microclimate at street level. Envi met 3.1 software has been used to model temperature
variations between different scenarios including different green roof types. A suburban area in
Madrid has been selected as a geographical location for the simulations since future related
monitoring will be conducted in this city. Different urban densities have been evaluated to test
the influence of the roof vegetation on urban microclimate. The following steps have been
followed:
Software climate input
Since Envi met is a predictive software, the first step has been the definition of the initial
weather conditions in order to allow the simulation software to generate relevant information.
Envi met requires the definition of the initial conditions required for the simulation: day, time,
wind speed and direction, initial temperature of the atmosphere, specific humidity at 2500 m
and relative humidity in 2m
Default information is provided by Envi met which has been corrected to reflect the real
conditions of the simulation. Static initial conditions have been defined based on the climate
data extracted from the Energy plus weather files for Madrid. The grid size for the CFD
calculation was set as 10 m per grid in the x-y axes and 2 m on the z axis.
Table 1 presents the initial inputs given to the software.
Start Simulation at Day
Start Simulation at Time
Wind Speed in 10 m ab. Ground [m/s]
Wind Direction
Initial Temperature Atmosphere [K]
Specific Humidity in 2500 m [g

23 June
6 am
3m/s
Eastern wind
15ºC
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•

Water/kg air]
Relative Humidity in 2m [%]
Start Simulation at Day
Start Simulation at Time

7 ( default)
64%
0.1 ( urban area)

Table1

To validate these assumptions, a base model was developed and run for a 48h period to
confirm whether the predictive model followed the temperature evolution patterns confirmed
with real weather data extracted from the energy plus database.
Initial temperature has been set at 15ºC (data extracted from the energy plus database) and the
simulation period has been set at 48h to identify how the surfaces temperature evolves. Wind
direction has been set as east (90ºC). Buildings have been set with low thermal losses and
internal temperature 24ºC.
The results show that soil surface temperatures are 3.5 ºC lower after 24 hours simulation than
the initial set point at first time in the morning, 6:00am, however, temperature evolution using
this lower temperatures shows that the same temperature is reached when using initial set
points extracted from energy plus. Therefore, the small difference registered in the initial
temperature in the predicted and real scenarios is not critical for the results.
Software Adjustments
To check the software limitations, a test model including a standard urban configuration with
60x30 m blocks featuring
interior courtyards and located
in Madrid was created. The
analysis was conducted on
June 23th for consistency with
the weather data analyzed.
Image 1 shows the test results
Image 1

The main variables identified and related observations based on the test results are included in
the table below:

Boundary
conditions

Observation

Model considerations

The results showed wind flow
disturbances close to the grid
boundaries, which alter the results.

The results should be obtained from the
central areas of the model, aside from the
boundary of the geometry. A larger nested
area has been set to avoid the influence of
turbulent events in the test area.
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Building boundaries

The results showed strong temperature
variations in the building perimeter,
showing the effect of the thermal
conductance of the buildings

The model keeps building at constant
temperature. To avoid alterations of the result
due to heat loss from the buildings, envelope
for all the buildings have been set as
adiabatic.

Wind direction and
speed

Air temperature distributions are
strongly affected by the wind speed and
direction.

Simulations have been conducted with
reduced air speeds to get a more accurate
temperature distribution for the proposed
geometry

Radiation

Temperature patterns show a correct
distribution, showing lower
temperatures in shaded areas

Building data

Configuration files have been modified
to reflect changes in building surfaces
properties such as albedo, and reflect
accurately the optical properties of
green roofs

Albedo of walls has been set as 0.2, the
albedo of the roof is 0.2, and the albedo of the
plant layer is that of the vegetation type
featured.

Grid

Grid size did not allow to capture the
temperature differences around the
buildings

Smaller grid was defined, 2 m in the x-y axis
and 0, 5 over the building on the z axis. This
set a limitation on the building size since the
simulation environment does not allow more
than 20 cells on z.

Table 2

Given the strong influence of the wind speed on the results, a model was conducted to test the
tolerance of Envy met to low
wind speed. Wind speed was set
at 0, 1 m/s. The model became
unstable at such low wind speed
and was unable to run the
simulations. Wind speed was
raised to 0, 5 m/s, however, the
results showed increased
turbulences that made not
possible to extract results from
the simulations. Figure below
show the model results at low
wind speed (0, 5 m/s).
Image 2

4725

ISBN: 978-84-697-1815-5

As a result of the adjustments conducted in the model, the following inputs have been selected
for the baseline and proposed scenarios analyzed:

Adjusted inputs
Start Simulation at Day
Start Simulation at Time
Wind Speed
Wind direction
Initial Temperature Atmosphere
Specific Humidity in 2500 m
Relative Humidity in 2m
Roughness
Nested area

24 June
6 am
1m/s
Eastern wind
15ºC
7 ( default)
64%
0.1 ( urban area)
10 cells ( 250x250 grid)

Table 3

Baseline Definition
A baseline scenario has been developed based on a typical urban geometry. A newly
constructed neighborhood was selected as an initial prototype. This neighborhood features a
regular distribution of urban plots and height to wide street criteria according to sun access.
Sun penetration in the residential units is achieved by keeping a height to width relationship
≤1. (h=w).A 300x300m section has been selected as baseline for the analysis.
The baseline has been set with standard graved roofs, considering 0,3 albedo. Walls have
been set with albedo 0,2 and 0 thermal conductance.
Inputs
Start Simulation at Day
Start Simulation at Time
Wind Speed
Wind direction
Initial Temperature Atmosphere
Specific Humidity in 2500 m
Relative Humidity in 2m
Roughness
Nested area
Roof albedo
Wall albedo
Envelope Conductance
Building height

24 June
6 am
1m/s
Eastern wind
15ºC
7 ( default)
64%
0.1 ( urban area)
10 cells ( 250x250 grid)
0,3
0,2
0 WºC/m2
15 m

Proposed Case Definition
For the proposed case, the same geometry and building characteristics have been kept. The
only change is the roof surface coverage.
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A first test was conducted selecting grass as green roof vegetation type, the initial model
showed no differences in relation to the baseline model, therefore, to ensure Envi met was
able to capture the evapotranspiration and cooling effect of the green roof, a preliminary run
was conducted evaluating four scenarios:
A building with standard roof/ B building with vegetation, grass type, with a Leaf Area
Density(LAD)1 of 0,3/ C building with vegetation, sedum type, with a LAD of 1,5/ D building
featuring an intensive green roof with trees, with a LAD of 2,2
The simulation grid was refined on top of the building to 0,5 m, the minimum allowed by envi
met. Image 4 shows the results of this test:

Image 4
The effect of trees and green roofs is very noticeable on the roof, the results show temperature
differences ranging between 3 and 5 ºC when comparing the standard roof with albedo 0,2 with the
vegetated roof and urban forests, showing the effectiveness of the green strategy to ameliorate heat
island effect which matches the data reported in existing literature and empirical studies.
After validating the software used, different simulations were conducted analyzing the effect of green
roofs at street level. A standard 15 m building was selected given the limitations presented by the
software in terms of grid on the z axis.

Results
The results show that no temperature differences are found when comparing the streets surrounded by
buildings with green roofs with the buildings covered by standard roofs. Even though the effect of the
green roof is noticeable at roof level, the effect of wind and street surrounding surfaces radiation
diminishes their effect at street level. The cooling effect at street level is provided mainly by the
shading of the streets by the building. No effect has been found in sunny streets or shaded areas.
The building geometry selected for this analysis, was intended to represent a standard urban area.
However, a test was conducted to evaluate the effect of the green roof on low height dwellings and 2
story buildings were tested. The results did not show relevant differences between the two scenarios
1

Leaf Area Density (LAD) is an estimate of the sum of the surface area of all leaves growing on a given land
area (e.g. per ha).
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analyzed, showing that the wind and the infrared radiation emitted by the urban surfaces eliminate the
cooling effect of the roof making it negligible at street level.
The results obtained for the baseline and proposed scenarios (4storey buildings) are shown below:

Simulation 24-06, 16:00h, 1,6m section, wind speed:
1 m/s, Luzerne vegetation on roof, LAD>1<2 m2/m3

Simulation 24-06, 16:00h, 1,6m section, wind speed: 1
m/s no vegetation on roof

Image 4.

Conclusions
The preliminary conclusion extracted from this study is that the effect of green roofs is limited to
immediate areas surrounding the green roof. Temperature results show a high sensitivity to wind and
radiation from buildings and streets and the cooling effect on top of the roof cannot reach the
pedestrian level.
Green roofs, however, have proven effect on ameliorating heat island effect. Further studies should be
conducted at larger scale to evaluate the overall temperature control that green roofs can provide at
city level. This effect is dramatically affected by the LAD of the vegetation system selected for the
roof.
Further analyses shall be conducted to estimate the critical building and urban parameters under which
the green roof could have any effect or dismiss this strategy for the purpose of creating pedestrian
level microclimates. Urban surfaces shading, landscaped areas, albedo and heat sources should be
carefully modeled for different urban conditions, seasons and climates to define the s potential
scenarios where green roofs cools have a positive effect on urban microclimates.
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Abstract: With the fast development of the technology and energy resources, cause the
situation of global warming. ¡§Kyoto Protocol¡¨ signed by 159 countries in 1997. Make the
regulation to reduce the greenhouse gases and carbon dioxide and hope to alleviate the
greenhouse effects with the impact on the earth.
Currently, a large number of greenhouse gases in the atmosphere increased, causing global
warming and climate changing, and thus lead to disaster. How to reduce emissions of
greenhouse gases (especially CO²), is a very important direction which people in all walks of
life work hard and research on to. The greenery index is one of the ecological indices of
Green buildings and the basic item for Green environmental assessment, which can have a
direct impact on the quality of modern lives. Focusing on if the greenery meets the standard
may contribute to the environmental sustainability.
This study was to determine how the distribution of plants affected people and TCO2, by
evaluating the green index regarding the Kaohsiung city. The methods used in this study were
examining accessible regulations, field study and records, and historical references.
The main purpose of this thesis is to study the greenness of the labeling system for Kaohsiung
city environment impact in order to reduce CO² emission and assessing greenness ecoefficiency to improve greenhouse effect. We hope it will promote research achieving on
sustainable environment and facilitate joint existence and prosperity of environment. Thus we
can achieve the goals of improving the quality of living environment and encouraging
building sustainable development.One, introduction
Keywords, Carbon reduction,Green building index
Section Title
One, introduction
1-1study motivation
Urban rapid development, excessive concentration of population, industry, development
continues, massive destruction of the original ecological environment, artificial buildings
filled the whole urban space, forming the so-called "concrete jungle", urban central plains and
some natural land have been covered with artificial structures, impervious land area increased,
green area gradually reduced, every summer, the urban temperature rising, as hot, each and
every family to use air conditioning equipment to reduce the indoor temperature, and a large
number of waste heat and waste heat of exhaust gas, large outdoor; steam locomotives and
other vehicles release, so that the whole city is like an oven in the summer, also cause more
serious high energy consumption the vicious spiral, not natural cooling.
Lin Xiande (1994) studies pointed out that urban heat island effect is due to the presence of
the number and amount of facilities, body building of great and hard surfacing in the city, and
these high heat accumulator compressed into the city green area, causing urban production
1729
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rising heat flux, and as a seat heating Island, forming symmetrical air circulation phenomenon
updraft again by suburban inflows cooled flow added, environmental factors for urban
development in the production and also ignore, causing all kinds of urban environmental
problems.
In recent years, the Taiwan area every year summer temperatures continue to rise, in fact, not
only Taiwan, studies show that global climate is extremely unusual, climate warming will
lead to reduced, biology, an increase in extreme weather events, the lack of water resources,
infectious diseases increased population, crops, sea level rise. Future global climate change
situation brings hitherto unknown test

Imagen 1 Urban heat island effect and over the formation of dust cover
Data sources: the urban heat island and ecological community assessment handbook, 2010

According to the study, every 10% increase in the ratio of green cover the local area, in the
summer night can effectively reduce the overall area is 0.17 ℃ ~0.22 ℃. On the basis of
metropolitan Taiwan area in 1996 planned land use area of statistics, the existing statutory
green area has been opened only the total urban 3.4% project area, Taiwan a serious shortage
of urban green space. So the public urban landscape planting carbon reduction has become a
topic of this study, in order to increase the outdoor space in the city of comfort, improve the
urban micro climate, parks, green space has become one of the indispensable part of urban
development, can purify the air pollution, providing residents daily recreational space, but
also an important urban public landscape a ring
1-2The purpose of the study
According to the above issues, this research hope through green assessment index
architecture, shaping the quality of park landscape space, and, the results can provide the
designers in the design of park landscape of base, can also provide reference Park assessment
has been completed in the evaluation of landscape.
According to the above issues in this study, through data collection and field investigation to
collect and taking Kaohsiung city most Park as the main object, and explore its planting
greening whether can reach the required amount of carbon reduction,
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The green building and green ecological index of indicators for assessing -RS2 (system
scores) as the research object, to explore the greening of Kaohsiung City Park status and
amount of greening index requirements gap, so as to understand its room for improvement
Two, research methods
The research method of this thesis is to explore, greening of field survey and recording, and
review of the literature and through the green building in the green index and related literature
as the theoretical basis, and examples of survey as the research method, based on green
indicators of vegetation planting methods to calculate the amount of CO² fixed
The greenery index is to plant photosynthesis capacity as evaluation criteria, i.e. to form a
plant forty years fixed amount of CO² as the conversion standard greening effect;

The type of Planting

Eco-stratified The size of trees, shrubs, flowers
planting mixed area (tree spacing
below 3.5m)
Arbor
Large-leaved Arbor
Small-leaved trees, coniferous
trees,
sparse leaves Arbor
Palm class

The Overburden
Depth
The fixed
The
roof,
Others
quantity of
balcony,
CO²
terrace
Gi(kg/㎡
㎡)
1200
more than 1.0m
900
600
400

Shrubs (per square meters at least planting more
than two plants)

300

Perennial vine

100

Flower garden, natural wild grass, aquatic plants,
lawn

20

more than more than
0.7m
1.0m
more than more than
0.4m
0.5m

more than more than
0.1m
0.3m

Table 1- various plants per unit area of carbon dioxide fixation Gi (kg/ m)
Source: Green Building debriefing and evaluation manuals, 2012

This data is made into a large building research institute according to the leaf photosynthesis
of foreign warm climates to value, climatic conditions and sunshine Taichung tree, leaf area
measured values, and the analytic and forty year cumulative CO² fixed effects, the maximum
function in the relative conversion mechanism to provide different plant environment
efficiency, eliminate past landscape policy for all kinds of plants can only be separated for
obstacles, avoid alone thick trees green and ignore the shrubs, vines, herbaceous or deletion of
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stratified greening. "Green index" score of RS2, but because of the plant CO² fixed two
weights of evaluation, which is the design of index value TCO2 and table two (unit of green
fixed amount of CO²β) of the reference value TCO2c in typ[system score of RS2=6.81x
((TCO2-TCO2c) /TCO2c) +1.5, 0 ≤ RS2 ≤ 9] conversion.

Zoning or land use

CO ² fixed amount reference
value β (kg / ㎡)

The school land, the park land

500

Business and industrial districts
(not including science parks)
Building base outside the former
two types

300
400

Table 2 - Units green CO² fixation amount reference β (kg / m)
Source: Green Building debriefing and evaluation manuals, 2012

The design value of TCO² is the index of total plant fixed amount of CO², the base all planting
according to table 1 plants per unit area of carbon dioxide fixation Gi (kg/ m) standard CO2
fixed quantity according to type [design of index value TCO2= (∑ (GixAi)) x α] the total
amoun
The TCO2 reference value for building technical regulations is the fixed amount of CO²
reference value of 1.5 times, that is to base the minimum green area A 'according to type
[TCO2c = 1.5x statutory basis = 1.5x (0.5xA' X β) Since TCO2-TCO2c may be negative, the
system must have a score of RS2 limit of 0.0 ≦ RS2 ≦ 9.0
The evaluation formula of the relevant provisions as the following some points:
1. Reference: about TCO2c: in the formula of green building green total fixed amount of CO²

prospective value (kg) of the significance, such as an office building area is 10000 square
meters, the legal building coverage ratio is 0.6, the minimum green area A '= (A0-AP) x (1-r)
= (10000-0) x (1-0.6) =4000 square meters, the total amount of CO² fixed reference value
TCO2c for 1.5x (0.5xA' x β) =1.5x (0.5x4000x400) =1200000kg is the total amount of
greening the base must be CO² gas fixing 1200000kg in 40 years, before they could reach the
"green index" reward level, meaning the numerical representation of greening the manual 1.5
index needs than the current technical regulations qualified reference value to strengthen the
50% meaning; another numerical 0.5, said half of statutory vacant space shall be green, while
the other half space can be used for non Green Lane, trails, ditch, if green is slightly low Also,
you can use Arbor or the roof flowergarden to make it.
2. Area and base check minimum green area: this formula has the smallest green area A 'A',

i.e. there must be at least above the base a total area of 15%, the intention is to prevent high
statutory coverage building base, achieve green award index with low greening level
3.Test planting interval and Overburden Depth: this evaluation regulations should be

maintained at least a large arbor planting is shown in Table 3 the distance and area.
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Evaluation object

The new development
The city street or small
base species trees (Note 1) building base
or has been developed
The school, a small
base general tree
community park, industrial
evaluation
zone or a hectares or more
base development

Plant
spacing

Crown projection
area Ai

4m

16 m2

5m

25 m2

Metropolitan Park, Science
Park, or more than five
6m
36 m2
hectares.
Has been developed base Any base
Based on the actual crown
trees and protected tree
projection area calculation
assessment (Note 2)
Note 1: tree spacing greater than or equal to the distance, in the Ai reference value to
calculate the fixed amount of CO²; tree spacing of less than the distance, to square the
actual spacing area calculation of the fixed amount of CO².
Note 2: the old meters diameter more than 30cm or 20 years of age of the tree is called,
but by the transplanted trees like the new tree, not to discount calculation
Table 3-CO²calculated using a fixed amount of plant spacing and planting trees planted area Ai benchmark
Source: Green Building debriefing and evaluation manuals, 2012

Tree spacing greater than or equal to the distance, as shown in the tables crown projection
area Ai reference value calculation of the fixed amount of CO²; tree spacing of less than the
gap, to square the actual spacing area or to plant spacing in drawing the actual crown
projection area of the fixed amount of CO². On the other hand, in order to maintain the growth
of plant root sufficient space, the plant must maintain soil cover depth enough, this
assessment regulations covering depth conditions, trees and palms is more than 1.0m, shrubs
and vines above 0.5m, garden and lawn is more than 0.3m, if without the condition, the green
quantity is negligible
4. Planting trees and preferential assessment ecological restoration layer green: there are
many garden is made of high density tree hybrid way to green, or the size of trees, palm,
plantains are mixed, even the trees planted on Peach shade tolerant shrubs, spacing of each
tree is higher than that of the 3.5m (area of 12.25 ㎡) J. This does not need to examine, one
one plant species, distance, area is calculated using the fixed amount of CO², we can almost
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completely identified these hybrid trees have reached the tree top CO² fixed effect 1200kg/ ㎡,
as long as all the ecological compound layer and planting forest canopy total projection area
(and tree heart as the radius 3.5m) overall by 1200 kg/ square meters to calculate
5. Preferential evaluation trees and native plants: table three presents the CO² fixed amount

discount on assessment of old trees, i.e. the fixed amount of CO² and not be confined to crown
projection area of Ai reference value to calculate, but actually the old tree crown projection
area calculation. So, sometimes crown projection area of up to hundreds of meters square old
trees, can get preferential evaluation several times over, in order to perform the convenience,
the so-called old trees, defined as the meter diameter more than 30cm or 20 years of age of the
tree, if not up to the same old as new trees to general crown projection area Ai reference value
calculation
6. Three-dimensional green assessment: this index to CO²fixed effects into the assessment
system. The index in the formula [system score of RS2=6.81x ((TCO2TCO2c)/TCO2c) and +1.5, 0 ≤ RS2 ≤ 9] on
the roof, balcony levelempty land greening, calculated based on the actualplanting varieties
and planting area. For the vine plants in the wall, slope block, pavilion, flower
on greening, actually to cling to the calculation area. And of course vines cling situation
often for change, but the actualapplication status is calculated only by
7. Determination of size of trees: in Table 1, the so-called largetree, the tree height up to 10m
above average growth oftrees; and small trees, tree growth only average tree heightbelow 10m
Three, literature review
(1)Green refers to the cultivation of protection forest, roadside trees, and park plants and
crops, increased nearly ecological benefits of activities to improve the environment,
beautification, greening and also contain the meaning of. Green space according to the size,
including land greening, city greening and road greening, greening can improve sanitation and
maintain the balance of the ecological system, the benefits of at least one of the following
items:1. Supplemental oxygen in the air 2. Absorption of harmful objects in the atmosphere 3.
To prevent dust4. To prevent the wind5. Reduce the noise 6. Sterilization 7. Improve the
micro climate 8. Purification of water quality 9. Keep the ground dry10. Improve the
appearance of the city
(2) According to the world consensus in recent years, "sustainable development" means: to
meet the needs of the present without compromising the future generations, and to meet its
own development needs (Wang Xin, 1999)
(3)Green building interpretation and assessment manual "green index" is the world's first
CO²to the fixed volume as the greening of total quantity control of scientific evaluation
method, all of the plant community environmental contribution, are on a fixed amount of CO²
to conversion, is a dynamic and three-dimensional evaluation, is also a kind of really
encourage ecological index of plant diversity (Lin Xiande, 2005)
Four, conclusion and suggestion
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The effects of global warming, has become the pursuit of human factors on the economic
sustainable development must be considered, when the damage states generally aware that the
greenhouse effect brought about by and large, multinational cooperation to restrain the
emission of CO² consensus, pressure part and the international convention in China based on
the earth village, if CO² emissions the amount of unchecked, not only can not escape the
international discussions, will be detrimental to our country in the international trade, so how
to maintain sustained economic growth, and protect our living environment is not affected, to
achieve the objectives of sustainable development to become the current important issues.
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