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INTRODUCTION

PRELIMINARY NOTE

In the autumn of 2021, a first proposal of the Whole Life Carbon Roadmap for a decarbonised built environment was presented
within the framework of the #BuildingLife project. At that time, it was promised to continue working towards the long-term vision,
which is none other than the focus on a 2050 vision in which all people in Spain will live in a built, rural or urban environment, in
socially acceptable habitability conditions. And within that social demand, the construction sector will provide and maintain this
service without emitting greenhouse gases (GHG), with a resilient and circular building model in the use of resources.

A year later, the #BuildingLife document is presented again, which has attempted to delve into the limitations of the first report
regarding the residential stock accounts in Spain, a document that is born with the intention of realising the severity of the current
situation and establishes the bases to successfully tackle the countdown to a climate-neutral sector.

* k%

The premises for this new report on the impact of the residential sector are essentially four:

= To consider the entire residential stock

Expanding the scope of the study to reach primary, secondary and unoccupied dwellings.

= Toinclude all energy uses

Calculating the impact of heating, domestic hot water (DHW), cooling, lighting, electrical appliances and kitchen.

= Toexpand carbon accounting to energy

Assessing the magnitude of final energy, primary energy and CO, emissions from the operational phase.

=  Todevelop a new decarbonisation scenario

Defining the #BuildingLife Scenario with a trajectory that exceeds known scenarios, in line with international scenarios considered by
the International Energy Agency (IEA) and the Intergovernmental Panel on Climate Change (IPCC).

*x Kk %

With all these considerations, a document on the impact of the residential sector and its potential for improvement has been
developed, which we hope will be useful in clarifying the options to address the climate emergency in a socially just framework.
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The challenge

The building sector is facing a profoundly transformative challenge: combining the social commitment to providing socially
necessary habitable conditions with the duty to reduce greenhouse gas emissions from buildings in all phases of the life cycle, in an
attempt to become climate neutral by 2050.

Faced with the urgency of this challenge, the #BuildingLife project seeks to accelerate the shift towards a sustainable paradigm,
generating a major debate between the sector’s key stakeholders and providing a comprehensive vision of building life cycle in order
to reduce the sector's impacts and achieve decarbonisation.

ROADMAP PRINCIPLES

To produce the roadmap, a series of basic principles, values and criteria have been taken into account which, although not specified,
underpin the whole proposal:

= The building scale in order to define carbon metrics. The building scale is the point where decisions affecting its entire life cycle,
including its decarbonisation, the circular economy and its own social function take on full meaning and are fully developed.

= Efficiency first. Efficiency in the use of both energy and natural resources is the first of the measures to take to hit decarbonisation
targets. It is not about substituting one source of energy for another or one material for another, but rather using resources
intelligently to reduce the demand on them. This principle takes up and extends the principle of energy efficiency first recognised at
European level.

= Precaution. Although the main purpose of this roadmap is decarbonisation, it does not overlook other environmental and social
targets in the ecological transition, and therefore it applies the concept of not doing significant harm or impeding other targets from
being met.

= The time factor. Greenhouse gas emissions are cumulative, so the proposed measures that lead to emissions tailing off as soon as
possible and that last longest will be prioritised.

= Best technology available. The roadmap does not prefer one solution over another, plus it acknowledges the specificities of the
starting point of the different construction product families and the intrinsic difficulties of each one when it comes to achieving
decarbonisation.

= Participation and joint responsibility. The roadmap emerged from the essential participation of representatives of the many involved
stakeholders in the sector/value chain. This partnership calls for joint responsibility, according to which, all the stakeholders must
take on their own responsibilities and ensure accountability among the other parties.

= The people at the centre. First and foremost, the mission of the building sector is to provide people with homes that are habitable.
This roadmap proposes a transformation that must go hand in hand with the empowerment of these people, so that they gain in
resilience, are joint participants in decarbonisation and become active stakeholders in this process.

Whole Life Carbon Roadmap for a decarbonised built environment in Spain | Countdown for the residential sector 5
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2050 VISION

A SHARED VISION

4 )

In 2050, every single person in Spain will live in a built environment, rural or urban, in socially acceptable living
conditions, and the building sector will provide and maintain this service without emitting GHGs, using a resilient
building model that uses resources in a circular way.

Without emitting greenhouse gases (GHG): Renovations and new buildings will have zero embodied GHG emissions and all
buildings, including existing ones, will have zero GHG emissions in their operation and maintenance.

Circular: A built environment with net zero resource exhaustion, contributing to the restoration of natural resources and
systems within a prosperous economy.

Resilient: A built environmental, rural or urban, adapted to the consequences of climate change, enabling the development of
healthy, equitable and resilient communities.

N J

The proposed vision is based on a comprehensive building life cycle approach. It is intended to gradually reduce whole life carbon
emissions, not just considering operational carbon but also the CO, emissions generated in the manufacturing, transport,
construction, renovation and end of life phases, or so-called embodied carbon.

ROADMAP

As part of the framework of the Renovation Wave, the European Commission defined a set of key actions in October 2020 that would
help to hit the building sector's decarbonisation targets. The most relevant in the building life cycle approach includes the pre-2023
formulation of a Roadmap for the reduction of whole life carbon of buildings for 2050, with the aim of reducing building carbon
emissions and fostering a national comparative analysis against other Member States.

Decarbonisation goal

In line with Vision 2050 and the WorldGBC guidelines, the gradual transformation of the sector to fully decarbonise the building stock
by 2050 is the Roadmap's main milestone.

2030: All new buildings should be net zero carbon throughout 2050: All buildings, new and existing, must be net
their life cycle, and existing buildings should reach a 50% whole zero carbon throughout their life cycle.
life carbon reduction.

100% -100%
2022 :
............ 9PN OO
2020 2030 2050

Roadmap for the reduction of whole life carbon of buildings for
i 2050, with the aim of reducing building carbon emissions.
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MAIN MILESTONES

Based on the European commitment to decarbonising our society by 2050, now the core milestone of the document, a set of 8 main
milestones have been defined to map out the pathway towards decarbonising the building sector.

This pathway uses the different deadlines in each milestone, which enables the most urgent initiatives to be planned and
implemented without losing sight of the long-term vision to 2050. This complex pathway is marked by the well-defined milestones,
which is not just a simple statement, but rather breaks down the scope of the roadmap into 19 sub-milestones.

Depending on the nature of each milestone, the timing is set out either in response to external constraints such as legislative or
regulatory reviews, or on the basis of objective data about the sector's impact, which takes into account both the optimal time for
taking each action as well as the consequences of not reaching the milestones and sub-milestones set.

DECARBONISATION OF THE
BUILDING STOCK

2050

[T B g -
s 1111

Fo ol

e e

6. DECARBONIS

M7. REUSE CONSTRUCTION WASTE

2025

M. INCLUDE LIMITS ON THE WHOLE LIFE CARBON OF BUILDINGS

M?2. IMPLEMENT MINIMUM ENERGY PERFORMANCE STANDARDS (MEPS)

M4 MAXIMISE THE IMPLEMENTATION OF RENEWABLE ENERGIES IN BUILDINGS AND
CLOSE SURROUNDINGS

M. REDIRECT PUBLIC AND PRIVATE FUNDING FOR SUSTAINABLE BUILDING

MS5. END THE USE OF FOSSIL FUELS IN BUILDINGS y

Figure 1. Representation of the milestones of the roadmap. Source: own elaboration from the image based on WorldGBC's ANZ project.
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M1. Include limits on the whole life carbon of buildings

The building sector can only be decarbonised by directly tackling the object in question: buildings. This milestone entails measuring
the operational and embodied carbon in buildings as early as possible and the fulfilment of this milestone signifies the success of
this roadmap. Carbon capping should first occur in new buildings (more data on this is available), and then in comprehensive
renovations, without accounting the embodied carbon in existing elements.

M2. Implement Minimum Energy Performance Standards (MEPS)

MEPS limit the sale or rental of highly inefficient buildings, usually with reference to the letter on the Energy Performance Certificate
of the building. This policy is already applicable in a range of countries near us, such as the United Kingdom, Belgium, the
Netherlands and France. A review of the Energy Performance of Buildings Directive proposes extending it to all of Europe. It must be
applied gradually over time according to its typology and energy rating.

M3. Accelerate the energy renovation interventions in the building stock

Already planned in the Long Term Renovation Strategy for the building sector in Spain (LTRS 2020), this milestone must be
consolidated to obtain the best cumulative energy saving possible. The launch of recovery, transformation and resilience funds
provides an opportunity to raise levels of ambition and accelerate the pace of renovation beyond what was planned in 2020.

M4. Maximise the implementation of renewable energies in buildings and close surroundings.

As defined in the Self-Consumption Strategy, the technical potential for the installation of renewable energies in buildings in Spain is
enormous, especially by using building roofs. However, to take advantage of it a range of measures drawing us closer to a credible
scenario will be necessary, taking into account the social and financial factors. Thermal and electrical self-consumption, hybrid
technologies, Local Energy Communities, district energy systems, storage and e-mobility are factors that will make the most of
installing renewable energies in buildings.

M5. End the use of fossil fuels in buildings

The lifespan of fossil fuel installations is 25 years at least. Their use must be prohibited by 2025 so that by 2050 Spain's building
stock is not still depending on these sources of energy and therefore comes closer to real decarbonisation. The prohibition of fossil
fuels in new buildings must be immediate as the same systems can be designed with decarbonised mechanisms.

M6. Decarbonise construction materials and products

Each family of materials will encounter different challenges and strategies on the road to providing the market with decarbonised
products. To overcome these challenges, each sub-sector will need to draw up its own roadmap and monitor and review it every 5
years. They must ensure that the common targets for 2030 and 2050 are met alongside it. The electrification of processes,
investment in R&D, the circular economy and the promotion of decarbonised products are some of the strategies common to the
whole industry. The increased use of natural materials and sustainable exploitation can help to accelerate the pace towards this
milestone.

M7. Reuse construction waste

A circular economy must reintegrate the generated waste into the cycles, both in factories as well as on building and demolition sites,
the latter being the case where it will be most difficult to apply the principles of the circular economy. The initial producer of the
waste, its current owner or previous owner are responsible for the waste. They must all ensure that as much as possible of the waste
by weight is recovered, excluding earthworks.

M8. Redirect public and private funding for sustainable and decarbonised building

This roadmap proposes a transformation that needs major investments, not just to achieve decarbonisation but rather to do it by not
leaving anyone behind. Private investment needs to be drawn to the sector. Both public and private funding must generate
substantial contributions to the environmental targets and adhere to the principle of ‘doing no significant harm’in line with the
European Taxonomy.
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MAIN MILESTONES OF THE ROADMAP

M1. INCLUDE LIMITS ON THE WHOLE LIFE CARBON OF BUILDINGS

Include the obligation to measure whole life carbon in all buildings (2025) L )

Define and implement whole life carbon limits in new buildings (2028) L J

Define and implement whole life carbon limits in comprehensive renovation interventions (2030)

M2. IMPLEMENT MINIMUM ENERGY PERFORMANGE STANDARDS (MEPS)

Do not allow the purchase, sale or rental of tertiary buildings with a rating below E (2028) L

Do not allow the purchase, sale or rental of residential buildings with a rating below E (2030) { ]

M3. ACCELERATE THE ENERGY RENOVATION INTERVENTIONS IN THE BUILDING STOCK

Meet the target of 2 million dwellings renovated (2030)

Meet the target of 7.5 million dwellings renovated (2050)

M4. MAXIMISE THE IMPLEMENTATION OF RENEWABLE ENERGIES IN BUILDINGS AND CLOSE SURROUNDINGS.

Reach the target of electric self-consumption from renewable sources (2030)

M5. END THE USE OF FOSSIL FUELS IN BUILDINGS

Not allow the use of fossil fuels in new and existing construction sites (2025)

M6. DECARBONISE CONSTRUCTION MATERIALS AND PRODUCTS

Develop a decarbonisation roadmap and strategy for 2050 for all major
families of building materials and products (2025) { ]

Meet the decarbonisation targets within the roadmaps of the different construction materials and products (2030) L

Meet the decarbonisation targets of the different construction materials and products (2050)

M7. REUSE CONSTRUCTION WASTE

Revaluing 70% of construction waste (2025) {

Revaluing 90% of construction waste (2030)

Revaluing 100% of construction waste (2050)

M8. REDIRECT PUBLIC AND PRIVATE FUNDING FOR SUSTAINABLE AND DECARBONISED BUILDING

Ensuring 80% of public and 50% of private funding in buildings complies with the taxonomy (2025) = { ]

Ensuring 100% of public and 90% of private funding in buildings complies with the taxonomy (2030) L J

Whole Life Carbon Roadmap for a decarbonised built environment in Spain | Countdown for the residential sector 9
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FRAMEWORKS OF ACTION

The roadmap is structured around 4 frameworks of action that address the need to promote comprehensive action across all the
fronts involved in decarbonising the building sector. Each of these frameworks have identified three challenges that can be tackled
through their respective courses of action.

The Framework >Challenge >Course of action system is a cross-disciplinary response to the 8 milestones previously described, as
efforts will need to be made across each course of action to meet every milestone. Thus, these frameworks should not be
understood as stagnant compartments, but rather interdependent categories.

STRATEGIC FRAMEWORK OPERATIONAL FRAMEWORK

Challenge 4: Implement a sustainable building model across the

Challenge 1: Establish an agreed definition il il v

for a whole life zero carbon building

Challenge 5: Promote low environmental impact products and

Challenge 2 Redefine the strategic and regulatory framework so solutions and avail of comprehensive and up-to-date information

that it is a factor in progress towards decarbonisation

Challenge 6: Boost digitalisation in the sector and incorporate
the life cycle assessment as a central component

Challenge 3: Initiate climate action among all stakeholders and
assume individual and collective responsibility

-
( 2\
SOCIAL FRAMEWORK FINANCIAL FRAMEWORK
v
Challenge 10: Recognise the social value of buildings and their life Challenge 7: Adopt the European framework
cycle for sustainable finance taxonomy
Challenge 11; Empower people and communities as agents of Challenge 8: Commit to innovative funding models and
transformation working towards decarbonisation incorporate the life cycle cost approach
Challenge 12: Construct an environment conducive to a low Challenge 9: Define and set up a carbon market

carbon society in the press and professional world to suit the building sector

- J N J

Figure 2. Representation of the 4 frameworks of action. Source: own elaboration
Whole Life Carbon Roadmap for a decarbonised built environment in Spain | Countdown for the residential sector 10
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Each of these frameworks is linked to reaching the decarbonisation milestones in the building sector. And to make it possible, there
is a series of specific challenges that are addressed through 14 specific courses of action. Based on this level of definition, the
Roadmap deploys concrete actions, defines deadlines and holds stakeholders accountable.

1. Strategic framework

The Roadmap's first group of actions seek to redefine the strategic framework for decarbonising the building sector. The first
framework is structured around 3 courses of action and addresses common challenges such as the decarbonisation governance
system, the definition of the net zero whole life carbon building, the regulatory update to the Spanish Technical Building Code (CTE)
to introduce new criteria and business strategies. In short, the strategic framework brings together a set of necessary actions to
integrate the life cycle approach into all levels of public and private spheres, to redefine the legislative and regulatory framewaork, and
finally generate leadership that empowers this shift in the sector's paradigm.

2. Operational framework

The Roadmap's second group of actions seeks to transform the operational framework to advance towards a sector that sees
decarbonisation as an imperative condition and deep renovation as the main focus of activity. In this regard, this roadmap sees it
necessary to define the technical framework for decarbonisation, to have rigorous and open information for measuring the
decarbonisation process over the next 30 years, to steer the transition of the materials market towards low emissions products and
to facilitate the use of new tools intended to digitalise the building sector.

3. Financial framework

The Roadmap's third group of actions seeks to adapt the financial framework to incorporate all the values of decarbonisation, to
incorporate the life cycle cost analysis, compliance with the European Taxonomy and the “principle of doing no significant harm” to
environmental objectives. It is all about the actions needed to drive investments in the sector's decarbonisation, promoting
innovative funding models and establishing a specific emissions market for the building sector.

4. Social framework

The Roadmap's fourth group of actions cuts across the 3 previous frameworks and focuses on incorporating the social framework
into the sector's decarbonisation process, with the main objective of leaving no one behind. The social framework brings together a
set of actions necessary to ensure a just transition that recognises the building sector’s social dimension, to raise awareness and to
mobilise citizens under the banner of sustainahility and decarbonisation, and to train up sector professionals with the skills to
decarbonise the building sector.

The full Roadmap is available here.

Whole Life Carbon Roadmap for a decarbonised built environment in Spain | Countdown for the residential sector 11
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SECTOR DIAGNOSIS

WHOLE LIFE CARBON

Operational and embodied carbon

The European target of becoming climate neutral by 2050 is urging us to approach the decarbonisation of the building sector from a
comprehensive perspective, which takes into account both operational and embodied carbon and both direct and indirect emissions.
While industrial policies are already in place to reduce emissions, tackling them at building level will be more effective in achieving
this goal, as embodied carbon accounts for a third of the total emissions associated with the building sector’.

In effect, according to UNE-EN 15978:2012 “Sustainability of Construction Works"?, building-related CO, emissions are released not
just in the use phase in the form of operational carbon (B6-B7), but also during the construction (A1-A5), maintenance and repair
(B1- B4), renovation (B5) and end of life (C1-C4) phases. This is so-called embodied carbon. The summation of the operational
carbon and embodied carbon enables us to calculate the whole life carbon of a building.

Embodied Construction Use Renovation Use End of life Beyond the LC
Opers;'fbr;ar“ B6-B7 B6 - B7

Although there are no large-scale studies on the relative weight of both types of carbon, the WBCSD and Arup report® estimated the
relationship between operational and embodied carbon for the average new building to be 50%, giving a measure of the importance
of embodied carbon in the total and, therefore, of its decisive role in the decarbonisation process.

}
}

Construction| Operation

@ I | Operation O, Material re-use 0, 0,
products and, £ g 50% 30%
processes | g 2 =
] H
| 53 g
32 K
~o a
3
a

20%

@® Embodied A1-A5
® EmbodiedB-C
@® Operational B6-B7

. ~ ~ ~ — — — — — — — — — — —|esodslp

‘Whole life carbon emissions

— Time J

Figure 3. Estimated distribution of CO2 emissions according to phase of the life cycle. Source: Net-zero buildings. Where do we stand? WBCSD and Arup, 2021

T Built4People, 2020. People-centric sustainable built environment

2 Spanish Association for Standardisation, 2021. UNE-EN 15978:2012 "Sustainability of Construction Works” Assessment of environmental performance of buildings
Calculation methods”

3 WBCSD and Arup, 2021. Net-zero buildings. Where do we stand?
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And beyond this specific data, it is to be expected that as existing buildings are constructed or renovated in accordance with
increasingly ambitious energy efficiency criteria, the relative importance of embodied carbon will drastically increase compared to
operational carbon, well above this balance ratio.

Along this line, a study conducted by Réck et al. (2020)*comprising a systematic review of more than 650 cases of LCA shows how
the successive energy efficiency standards, in our case from NBE-CT/79 to the updates to the Spanish Technical Building Code
(CTE) in 2007 and 2019, have led to a reduction in the whole life carbon due to improved energy performance in the use phase.
However, the embodied carbon analysis reveals an increase in the relative and absolute contributions. Therefore, the building sector
cannot be decarbonised without considering the role of embodied carbon.
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Figure 4. Embodied and operational carbon trend according to the energy performance rating in the residential sector. Source: Own publication

Carbon in new buildings and carbon in existing buildings

However, we have to consider that the life cycle approach defined in UNE-EN 15978:2012 does not have the same application in new
buildings as existing buildings since carbon accounting will not, in theory, be applied retrospectively. This distinction between new
buildings and renovation is fundamental in understanding the process of decarbonising the sector.

On one hand, in new buildings planned for the 2022-2050 period, the life cycle assessment must calculate all the emissions linked to
the building's life cycle. That is to say, from phase A which encompasses the whole construction works process, through to the
phase B use and renovation phase, ending at phase C which is end of life.

4Rock et al., 2020. Embodied GHG emissions of buildings -The hidden challenge for effective climate change mitigation.
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With the current outlook for the sector being strongly influenced by the Nearly Zero Energy Buildings (NZEBs), this will lead to a
necessary focus on upfront carbon corresponding to phase A of construction, which is not yet restricted by regulations.
Decarbonisation of construction systems will then become the sector's main workhorse in relation to new buildings.

On the other hand, when it comes to existing buildings, accounting starts from the present time and calculates the carbon
corresponding to phases B (use and renovation) and C (end of life). Emissions invested in phase A (construction) can therefore be
discounted.

For this area of the building sector, the discussion must, as a consequence, focus on the role of renovation as a mechanism to
drastically reduce operational emissions from the extensive Spanish building stock. The pace of renovation must increase, i.e., a
higher number of energy renovations must be produced, with the aim of reaching almost all buildings by 2050. At the same time, it is
crucial to increase the profundity of renovations, i.e., more energetically ambitious interventions that bring existing buildings close to
decarbonisation standards.

Renovation Beyond the LC
End of life D Benefits and loads
C4 Disposal D Reuse
C3 Waste treatment D Recovery
Use/application Use/application C2 Transport D Recycling
Bl Use/application | B1 Use/application C1 Deconstruction .
B2 Maintenance B2 Maintenance
: B3 Repair B3 Repair
Operational B4 Replacement B4 Replacement
carbon :
Operational B6 Energy use B6 Energy use
carbon B7 Water use B7 Water use

- N - 3, e
BUle’:qE;V;E “lr > > “lF > 4 > > te

EXISTING — W - ~ B

BUILDINGS A > E S > T P> e

Figure 5. Representation of the whole life carbon for new buildings and existing buildings Source: Own publication based on standard EN 15978
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THE CARBON BUDGET OF THE BUILDING SECTOR

The need to mitigate the worst consequences of Climate Change has been met at global level by international agreements to limit
pollutant emissions into the atmosphere, in particular CO, emissions.

The Paris Agreement, adopted by 196 Parties at COP21 in December 2015, aims to limit global warming to below 2°C, preferably
1.5°C, compared to pre-industrial levels. To achieve this long-term temperature goal, committed countries aim to reduce greenhouse
gas emissions as soon as possible to achieve a climate-neutral planet by mid-century.

In accordance with this goal, the International Energy Agency (IEA) and the Intergovernmental Panel on Climate Change (IPCC) have
been offering multiple projections in their reports detailing the available global carbon budget.

In this regard, the latest contribution of Working Group 11l to the IPCC's Sixth Assessment Report® highlights different
decarbonisation scenarios that serve as a global reference.

Projected global GHG emissions from NDCs announced prior to COP26 would make it likely that warming will exceed 1.5°C
and also make it harder after 2030 to limit warming to below 2°C

a. Global GHG emissions b. 2030 ¢. 2050 d. 2100
80 80
Policy
assessments
70 70 for 2030
60 60
= . i
g 50 50 =
&
o
L
= 40 40 i
[
S
§ 30 30 I
o
e 4
o
20 20 It

-10 -10
2010 2015 2020 2025 2030 2035 2040 2045 2050

Modelled pathways: Policy assessments for 2030: Percentile:
== Trend from implemented policies Policies implemented by the end of 2020 95"
= Limit warming to 2°C (>67%) or return warming to == NDCs prior to COP26, 5"

1.5°C (>50%) after a high overshoot, NDCs until 2030 unconditional elements I ZMS‘.:ilan
= Limit warming to 2°C (>67%) = NDCs prior to COP26, gh
~—— Limit warming to 1.5°C (>50%) with no or limited overshoot including conditional elements

1--e---1 Past GHG emissions and uncertainty for 2015 and 2019
(dot indicates the median)

Figure 6. Global GHG emissions from modelled routes and projected emissions results from near-term policy assessments for 2030.
Source: WGIII IPCC 2022. Unit: GtCOy-eq/year

5 |PCC WGIII, 2022. Climate Change 2022. Mitigation of Climate Change. Working Group Il contribution to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change. Available in: https://www.ipcc.ch/report/ar6/wg3/
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Within the same report, a clear picture of the global state of the building sector can be found:

"In 2019, global GHG emissions from buildings were 12 GtCO,-eq, of which 24% were direct emissions, 57% were indirect emissions
and 18% were embodied emissions. More than 95% of emissions from buildings were CO, emissions; CH4 and N,0 accounted for
0.08% each and halocarbon emissions contributed 3% to overall GHG emissions from buildings."®

At the same time, two decarbonisation scenarios for buildings to 2050 developed by the IEA’ are highlighted. The carbon budget is
always given in tonnes of CO, not in COz-eq, and estimates must be made on the evolution of the rest of the GHG; therefore, from
here onwards, we speak in CO».

12

10

IEA Sustainable Development Scenario

Embodied carbon Operational carbon

Figure 7. Annual life cycle emissions for the building sector according to the
Sustainable Development Scenario. Source: own elaboration based on WGIII IPCC
2022. Unit: GtCOy/year.

The Sustainable Development Scenario (IEA SDS) shows what
is needed to achieve net zero CO, emissions by 2070. It is
designed to achieve the energy related UN Sustainable
Development Goals (SDG 7, SDG 3.9 and SDG 13), including the
Paris Agreement, in a realistic and cost-effective manner.

This scenario assumes a global carbon budget of 639 GtCO,
and 195 GtCO, for the building sector, approximately.

This budget, applied to the national context and in the best
case scenario, would result in a Carbon Budget for the Spanish
building sector of 1,167 MtCO, by 2050:

= 751 MtCO, for the residential sector
= 416 MtCO, for the non-residential sector

5 PCC WGIII, 2022. P. 9-97 (1599)

7 An approximation has been made to the values provided by IPCC WGIII, 2022. P. 9-16 (1518); IEA, 2020. Energy Technology Perspectives 2020. P. 72 (73); IEA, 2021.
Net Zero by 2050. A Roadmap for the Global Energy Sector. P. 20 (21)

IEA Net-zero Emissions Scenario

12

10

Embodied carbon Operational carbon

Figure 8. Annual life cycle emissions for the building sector according to the Net-
zero Emissions Scenario. Source: own elaboration based on WGIII IPCC 2022. Unit
GtCOy/year.

The Net-zero Emissions Scenario (IEA NZS) shows what is
needed to achieve net-zero CO, emissions by 2050. This is
consistent with limiting global temperature increase to 1.5°C
with no temperature overshoot with a 50% probability.

This scenario considers a global carbon budget of 432 GtCO;
and 108 GtCO, for the building sector, approximately,
assuming 18% of embodied emissions.

This budget, applied to the national context and in the best
case scenario, would result in a Carbon Budget for the Spanish
building sector of 646 MtCQ, by 2050:

= 415 MtCO, for the residential sector
= 231 MtCO; for the non-residential sector
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Below is the breakdown of the CO; carbon budget from global scale to residential specific emissions in the national building sector,
for the two long-term building decarbonisation scenarios developed by the IEA.

IEA Sustainable Development Scenario IEA Net-zero Emissions Scenario

GLOBAL CARBON BUDGET

This Is the global carbon budget available to meet decarbonisation targets,
calculated on the basis of a population of 7.93 billion people.

[
638,800 MtCO: 432,300 MtCO2

100% 100%

CARBON BUDGET FOR THE BUILDING SECTOR

The share of the building sector Is taken from the IPCC Sixth Assessment Report, with the building sector accounting
for 31% and 25% of the overall share in the IEA SDS and IEA NZS scenarios respectively.

]
195,100 MtCO, 107,900 MtCO,

31% 25%

CARBON BUDGET FOR THE BUILDING SECTOR IN SPAIN

The distribution of the carbon budget at national level is based on population distribution,
calculated on the basis of a population of 47.4 million people.

1.167 MtCO: 646 MtCO,

0.18% 0.15%

CARBON BUDGET FOR THE BUILDING SECTOR IN SPAIN FOR RESIDENTIAL USE

This is the reference value of the study, on which the results of the scenarios are compared, with the residential use
accounting for 64% of the whole life carbon of the building sector -operational + embodied-

751 MtCO, . 415 MtCO,
0.11% 0.10%
Whole Life Carbon Roadmap for a decarbonised built environment in Spain | Countdown for the residential sector 17
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DIAGNOSIS OF THE BUILDING SECTOR

The overall building sector accounts for approximately 30% of Spain's final energy consumption, according to data from the update
of the Long Term Renovation Strategy of the Building Sector in Spain (ERESEE 2020). This value corresponds to the operational
energy, without considering the life cycle energy consumption of the building.

Similarly, only 8.2% of direct GHG emissions are produced in buildings, according to the National Inventory of Greenhouse Gas
Emissions®. This figure, however, only considers emissions due to fuel consumption in buildings, without considering indirect
emissions due to electricity supply (energy mix) and embodied emissions generated in the other phases of the building's life cycle.

Considering only the operational consumption associated with the building sector, consisting mainly of residential buildings and
buildings dedicated to tertiary uses, it can be observed that residential buildings are the main consumers of final energy with 60% of
the total. This value has shown a certain stability over the last decade.

30.000
— 25.000
20.000
15.000

10.000

Final energy consumption (kteps

5.000

2010 2011 2012 2013 2014 2015 2016 2017 2018
B Residential building = Tertiary building

Figure 9. Evolution of final operational energy consumption by sector. Source: Own elaboration based on the series Final energy balances 1990-2018, IDAE-MITERD.

Likewise, the consumption distribution by energy sources in each sector shows a lower electrification rate in the residential stock
compared to the tertiary sector. This fact constitutes an added challenge, given that the decarbonisation pathway defined by the
European Commission and transferred to the national level by the Member States is largely based on the electrification process.

Residential building Tertiary building

m Gas HGas

m Electric energy m Electric energy

B Renewable heat energy @ Renewable heat enerqy

W QOthers Others

Figure 10. Distribution of energy consumption by energy vector. Source: Own elaboration based on the series Balances of final energy 1990-2018, IDAE-MITERD.

8 MITERD, 2021. National inventory of greenhouse gas emissions.

Whole Life Carbon Roadmap for a decarbonised built environment in Spain | Countdown for the residential sector 18




£y &GBCe JOIN

N/ counel #BUILDINGLIFE

RESIDENTIAL SECTOR DECARBONISATION

The analysis presented in this report focuses on the residential sector due to its essential role as a provider of the basic right to
habitability and its specific weight both in volume of activity and in its social and environmental impact compared to the total of the
building sector. On the other hand, the lack of data on the state of non-residential building, as well as on future prospects and needs,
makes it more complex to include all buildings in an analysis such as the one presented here. The conclusions that can be drawn
from it are, however, largely extendable to the entire stock.

CHARACTERISATION OF THE CURRENT RESIDENTIAL STOCK

The residential sector is a crucial area in the challenge of the decarbonisation of the building stock in Spain and, consequently, it
must be analysed from the integral perspective of whole life carbon. Thus, it must address the need to tackle new and existing
residential needs differently, with the premise of guaranteeing their habitability.

Historical evolution of the residential stock

In this regard, in order to analyse the recent evolution of the residential stock over the last thirty years, the information from the
LTRS (ERESEE 2020) is complemented with information since 1990 of the Population and Housing Census (CPV) of 2011.

30.000.000
25.000.000
20.000.000
15.000.000
10.000.000

5.000.000

S &3 § & I 3 s 85 893838 85 8332 c o222t 2 2Q
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PRIMARY DWELLINGS SECONDARY DWELLINGS
B Primary dwellings until 1940 B Primary dwellings from 1981 t0 2007  ®  Secondary dwellings until 2020
B Primary dwellings from 1941 t0 1960 ~ ®  Primary dwellings from 2007 to 2020 UNOCCUPIED DWELLINGS
B Primary dwellings from 1967 to 1980 Unoccupied dwellings

Figure 11. Distribution of dwellings according to use and construction stage. Source: Own elaboration based on data from CPV and ERESEE 2020
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Characterisation of energy consumption and CO2 emissions

Currently, residential buildings account for 60% of the final energy Final energy
consumption of buildings in Spain, that is, approximately 167 GWh/year 150
according to IDAE data. Of which, it is estimated that 162 GWh/year 125
correspond to primary dwellings, that is to say 97%. 100
Within this residential sector, heating is the dominant energy use, 75
accounting for 40% of the final energy, followed by the electrical uses of 5 -
cooling, lighting and appliances, accounting for 33%.
25 —
In terms of energy vector, electricity and natural gas are the most e p—
important, with 40% and 29% respectively.
However, these proportions change significantly when considering the 150 Primary energy
primary energy of the primary dwellings. In this case, electricity and its
‘ . . . . 125
associated uses increase considerably, reaching 48% in terms of energy
uses and 58% in terms of energy vector. This is undoubtedly due to the 100
high primary energy factor of this vector, which according to IDAE stands 75
at 2.368 kWh of primary energy for each unit of final energy. 50 -
In second place, heating stands out with 29%. ’s ]
The primary energy of primary dwellings in 2020 in Spain amounted to N I
265 GWh/year, 164% of final energy in the same period. COzemissions
20
The analysis at the level of operational CO, emissions is a reflection of
what has happened at the level of primary energy, as there are no major 15
differences by energy vector in terms of decarbonisation at the moment, 0 .
with the logical exception of biomass and other decarbonised fuels, and
. ]
renewable energies -solar thermal and geothermal-. 5 e
] —
Thus, cooling, lighting and household appliances, and the electricity I I
vector remain dominant in the Spanish scenario to 2020, with 44% and > = s o -
53% respectively. Heating and natural gas maintain the second position 5 5 £ & =
= <
with 30% in both cases. - 5 g
In total, the operational carbon emissions of primary dwellings in 2020 in S
Spain amounted to 40 MtCO/year.
Although, in this respect, it is worth highlighting the wide range of ™ Renewable energy Natural gas
‘ - N Bi dothers M LPG
measures aimed at decarbonising the energy system that should lead the omass an iers .
) ) i o B Electricity W Diesel fuel
sector to climate neutrality by 2050. Mainly through the combination of
the electrification of the building sector, and the decarbonisation of Figure 12. Final energy, primary energy and CO,
electricity in this horizon. emissions of primary dwellings in 2020 in Spain
Source: own elaboration based on IDAE.
Unit: GWh/year and MtCO,/year.
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PROJECTION OF THE RESIDENTIAL STOCK 2021-2050

The elaboration of decarbonisation scenarios for the residential sector entails the need to assume certain assumptions about the
future behaviour of the building stock and the variables that affect its energy performance and its environmental impact in the form
of CO, emissions.

To this end, the Long Term Renovation Strategy of the Building Sector in Spain (ERESEE 2020) has once again been used as a basic
source of information for the development of these future scenarios.

The ERESEE 2020 provides, unlike the tertiary sector, a very comprehensive and long-term basis of analysis for the residential sector;
it makes it possible to determine the current inventory of primary, secondary and unoccupied dwellings, as well as their evolution in
the period 2021-2050.

Therefore, the distribution of the residential stock, which is the basis for the numerical characterisation of this roadmap, is based on
the following information from the ERESEE 2020:

= Existing stock of primary, secondary and unoccupied dwellings 2021-2050

= Energy renovation pathway through passive interventions 2021-2050

= Existing dwelling demolition pathway 2021-2050

= New primary dwelling construction pathway 2021-2050

= New secondary dwelling construction pathway 2021-2050

= (Change of heating and cooling system and energy source pathway 2021-2050

= Change of domestic hot water system and energy source pathway 2021-2030

In general terms, the ERESEE 2020 provides a very clear view on the expected evolution of the residential stock in Spain for the next
30 years.

Starting from the 25.1 million dwellings in 2020, a certain growth of the residential stock is defined, reaching 26.2 million units in
2030 and 29.3 million units in the 2050 horizon. That is, a net increase of 4.2 million.

This growth would be the result, according to the ERESEE 2020, of the new construction activity, with almost 5 million dwellings
built, and the demolition of around 0.8 million dwellings.

In parallel to these actions, the ERESEE 2020 forecast for the renovation of existing dwellings places this activity at around 1.2
million dwellings up to 2030 and 7.1 million dwellings up to 2050. This is a significant effort that would cover 40% of the current
residential stock. Although still far from the 3% annual renovation rate established by the European Commission in its Energy
Performance of Buildings Directive (EPBD).

Whole Life Carbon Roadmap for a decarbonised built environment in Spain | Countdown for the residential sector 21
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Distribution according to use and year of construction

In 2020, the residential stock consists of 25.1 million dwellings, of which 75% are primary dwellings, 13% are secondary dwellings
and 12% unoccupied dwellings.

In relation to the majority group of primary dwellings comprising 18.7 million units, the analysis according to construction year
shows that 51% were built before 1980 and, therefore, in the absence of constructive considerations of energy efficiency. Within this
group, the period from 1961 to 1980 stands out, where 6.4 million dwellings were built, more than double the existing residential
stock to date; it should be noted that, given their high number, the block typology that allows for economy of scale actions and the
construction deficiencies of this period, these buildings are a priority in both regional and local energy renovation strategies.

In addition, 44% of the primary residential stock was built between 1981 and 2007, before the entry into force of the Spanish Building
Technical Code (CTE). In this sense, almost the entire current residential stock presents -or will present in the horizon to 2050-
renovation needs to restore or improve the overall quality of the buildings. Within this group of 17.8 million primary dwellings built
before 2007, the ERESEE 2020 foresees the energy renovation of the 7.1 million dwellings with the highest energy consumption
rates, that is to say 40% of the group.
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Figure 14. Distribution of the residential stock by use and year of construction. Source: own elaboration based on data from the ERESEE 2020.
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Distribution by use and typology

With regard to the distribution of the residential stock by typology, multi-family dwellings accounts for 67% of the total, i.e. 19 million
dwellings. In fact, within the European Union, the Spanish residential stock is characterised by a strong presence of multi-family
dwellings. According to data from the EU Building Stock Observatory®, the European average (EU 28) for multi-family dwellings is
49%, reaching values of 13% and 18% in Ireland and the United Kingdom respectively. Indeed, it is the Mediterranean countries such
as ltaly, Spain or Greece, together with Estonia and Poland, that have the highest proportion of multi-family dwellings, all of them
above 65% of their national stock.

This characteristic of the residential stock is of great importance for energy renovation processes, since the intervention in multi-
family buildings presents specific challenges that require a more complex approach that considers, beyond the physical reality of the
building, legal or financing aspects, social issues such as the decision-making processes within the community, the level of
commitment, or the level of interest in energy and/or environmental issues of each of the parties involved. Addressing and
overcoming these social barriers is a key element in achieving the renovation targets set at European level with the Renovation Wave
and nationally with the ERESEE 2020.
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Figure 14. Distribution of the residential stock by use and typology. Source: own elaboration based on data from the ERESEE 2020.
° https://ec.europa.eu/energy/eu-buildings-factsheets_en
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Distribution by use and level of renovation

The ERESEE 2020 defines the level and pace of intervention for the residential stock in 2030 and 2050. In this sense, two main types
of actions are considered: energy renovation -passive measures- and HVAC system replacement -active measures-. In relation to
renovation, a first milestone is set of intervening in 1.2 million dwellings by 2030, which represents 6% of the primary residential
stock, and a second, more ambitious target for 2050 of intervening in 7.1 million dwellings, which represents 32% of the primary
residential stock. In relation to HVAC system replacement, the ERESEE 2020 sets a target of 9.4 million dwellings by 2030, 48% of
the primary dwellings. In the absence of a second value in 2050, this Roadmap defines a 2030-2050 pathway as well as the long-
term target, that is to say 10.9 million dwellings to be intervened by 2050.

In parallel to the renovation activity, the ERESEE 2020 sets the volume of new construction to 2050 at 4.15 million dwellings, in
principle built under the NZEB standard regulated by the latest edition of the CTE. As a result of this intense renovation and new
construction activity, in 2050 the residential stock will be made up of 29.3 million dwellings, of which 21.9 million will be primary
dwellings. Within this total, 32% will be existing dwellings that will undergo deep renovation at some point in the next thirty years;
49% will be existing dwellings currently undergoing HVAC system replacement and 18% will be new high-efficiency dwellings.
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Figure 15. Distribution of the residential stock by use and level of renovation. Source: own elaboration based on data from the ERESEE 2020.
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Relevant segments of the residential stock

Based on the specificities of the Spanish current residential stock and its expected future development, an analysis aimed at
exploring energy improvement opportunities requires the segmentation of the 29.3 million dwellings projected for 2050. This
segmentation should consider the use, year of construction, and level of renovation.

For this purpose, seven relevant segments have been defined.

30.000.000

Unoccupied dwellings
25.000.000
New secondary dwellings

20.000.000 .. .
mm Existing secondary dwellings

15.000.000 New primary dwellings

10.000.000 B Primary dwellings by change of use

m Primary dwellings with HVAC system replacement
5.000.000

m® Primary dwellings renovated

2020 2050

Primary dwellings renovated

The first relevant segment is made up of 7.1 million units and consists of primary existing dwellings built up to 2007. This is the
segment of dwellings that the ERESEE 2020 considers to have the highest heating energy consumption and where the renovation
until 2050 is prioritised, both in relation to the envelope and the heating and DHW system replacement.

Primary dwellings with HVAC system replacement

The second relevant segment is made up of 10.8 million units and consists of primary existing dwellings built up to 2020. This is the
segment that the ERESEE 2020 considers to have the lowest heating energy consumption, either because of its location and
characteristics, or because it was built within the CTE standards. For this group, a replacement of heating and DHW system is
foreseen.

Primary dwellings by change of use

The third relevant segment is made up of 0.2 million units and consists of primary dwellings achieved by renovating existing
secondary and unoccupied dwellings, according to the ERESEE 2020. Although their level of energy efficiency is likely to be low, no
improvement actions are planned for this group.

New primary dwellings

The fourth relevant segment is made up of 3.8 million dwellings and consists of new primary dwellings built from 2021 onwards.
This is the segment that the ERESEE 2020 considers necessary to meet almost all the needs for new primary dwellings up to 2050.
These are highly energy-efficient dwellings, as they will have to meet the requirements of the CTE 2019 and its future updates, and
therefore no action is considered.
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Existing secondary dwellings

The fifth relevant segment is made up of 3.1 million dwellings and consists of existing secondary dwellings built up to 2020. This
group, although its energy efficiency is likely to be low, does not represent a significant consumption as its occupancy level is
considered to be low. Therefore, no improvement actions are foreseen.

New secondary dwellings

The sixth relevant segment is made up of 1.1 million new secondary dwellings appearing from 2021 onwards, according to the
ERESEE 2020. Like new primary dwellings, these are considered to be energy-efficient dwellings that meet the requirements of the
CTE 2019 and its future updates, likewise no action is considered.

Unoccupied dwellings

The seventh relevant segment is made up of 3.1 million dwellings that are currently considered unoccupied, according to the ERESEE
2020. The dwellings in this group do not generate any energy consumption and, consequently, as long as they are not occupied as
second or primary dwellings, no action is foreseen.
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Figure 16. Distribution of the residential stock by relevant segments. Source: own elaboration based on data from the ERESEE 2020.
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DECARBONISATION SCENARIOS PROJECTED

Accepting the evolution path of the residential stock in Spain proposed by the ERESEE 2020, both in relation to the evolution of new
dwellings and the renovation of existing dwellings, it is possible to make a first approach to two scenarios already formulated in
relation to building CO, emissions: The Trend Scenario and the Sector Scenario.

Comparative description of the scenarios

The two scenarios foreseen share a common basis, in the form of variables that remain constant for both of them, which are largely
based on the main sources of information on the current and future state of the residential stock, such as the aforementioned
ERESEE 2020, the CTE itself or IDAE publications:

= Residential stock

=  Renovation pathway

= Energy demand in new dwellings

= Performance of existing and new heating and DHW system
= Primary energy and emission factors

On this common basis, the values of a second group of variables are defined, which give each of the two scenarios envisaged a
certain particularity:

= Replacement of heating and DHW technologies

= Embodied carbon in construction, renovation, maintenance and heating and DHW system

The Trend Scenario is characterised by the forecasts contained in legislation, regulations and strategic planning developed by the
public administration.

It is therefore a path that assumes the medium and long-term improvements in the building sector that are already consolidated for
certain variables. For those areas where no public commitments or requirements are available, it uses the currently available values
as a reflection of the business as usua/model.

This scenario is particular since it includes the less ambitious projections of the ERESEE 2020 heating and DHW system replacement
pathway and low embodied carbon reduction projections of about half of what the industry has stated in its decarbonisation
strategies.

The Sector Scenario is distinguished by incorporating the additional improvement forecasts currently announced by the building
sector.

Unlike the Trend Scenario, this is a pathway that includes the best forecasts made by the sector's agents, that is to say actions by
the public administration and initiatives by the sector's private agents, even though these cannot be considered regulatory
commitments at the moment.
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In this scenario, the ERESEE 2020 target projection for the replacement of heating and DHW technologies is assumed. In the case of
the variables on the evolution of embodied carbon in construction, renovation and maintenance, they present substantial changes in
the long term according to estimates made at the administrative level and by the main actors in the sector.

In relation to the replacement of heating technologies, the trend scenario sets a target of 31% renewable energy source by 2030 and
77% by 2050. The ambition of the sector scenario raises these renewable energy targets to 44% and 95% in 2030 and 2050
respectively. In the case of DHW system replacement, the expected use of renewable energy is somewhat lower in 2030 with 27% for
the trend scenario and 44% for the sector scenario; and equally ambitious as in the case of heating by 2050.

In terms of embodied carbon, for the sector scenario, the projected reductions for the cement sector'®, the steel sector'” and the
aluminium sector'? have been used without considering the effect of recarbonation and carbon capture and storage mechanisms; in
the trend scenario, a slower level of decarbonisation of materials has been considered, so reductions 50% lower than those of the
sector scenario have been used.

With regard to the embodied carbon values in the trend scenario, values of 585 kgC0O,/m? are set for new construction in 2030 and
488 kgC0O,/m? for the year 2050; these emission factors represent reductions of 10% and 25% compared to the reference year of
2020. The values defined for the sector scenario improve on the previous ones and reach 529 kgC0O2/m? for the year 2030 and 313
kgCO4/m? for the year 2050, representing improvements of 19% and 52% respectively compared to the base year 2020.

The values defined in the trend scenario in 2030 are 100 kgCO,/m? and 252 kgCOz/m? for the renovation of single and multi-family
buildings, 281 kgCO4/unit for the HVAC system replacement, 1.9 kgCO2/m? for the maintenance of primary dwellings and 0.48
kgC0O2/m? for the maintenance of secondary dwellings; these are improvements of 5% by 2030 and 12.5% by 2050. In the sector
scenario, improvements of around 10% by 2030 and 25% by 2050 are assumed.

TREND SCENARIO SECTOR SCENARIO

2020 2030 2050 2030 2050

Residential stock

Renovation pathway

New residential construction pathway

Energy demand in new dwellings

Performance of existing and new heating and DHW system

Primary energy factor

Emission factor

Heating and DHW system replacement

Embodied carbon Construction

Embodied carbon Renovation

Embodied carbon New system

Embodied carbon for Maintenance

10 OFICEMEN, 2020. Roadmap for the Spanish cement industry to achieve climate neutrality by 2050.
"MEUROFER, 2019. Low carbon roadmap. Pathways to a CO -neutral European steel industry.
"2 |International Aluminium, 2021. Aluminium Sector Greenhouse Gas Pathways to 2050.
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The trend scenario is characterised by taking into account the forecasts contained in legislation, regulations and strategic planning
developed by the public administration, as well as business as usualvalues for parameters that are not requlated at present.

TREND SCENARIO

2020

2030

2050

Residential stock

18.8M primary dwellings and 6.4M

secondary and unoccupied dwellings

according to ERESEE 2020

19.7M primary dwellings and 6.5M
secondary and unoccupied dwellings
according to the ERESEE 2020

22M primary dwellings and 7.3M
secondary and unoccupied dwellings
according to the ERESEE 2020

Renovation pathway

Renovation of 1.2M primary dwellings
according to ERESEE 2020

Renovation of 7.1M primary dwellings
according to ERESEE 2020

New residential construction
pathway

Construction of 1M primary dwellings
and 0.3M of secondary dwellings
according to ERESEE 2020

Construction of 3,8M primary
dwellings and 1.1M of secondary
dwellings according to ERESEE 2020

Energy demand in new dwellings

Rating B according to CTE 2019

Rating B according to CTE 2019

Performance of existing and new
heating and DHW system

Fixed values for all technologies
according to ERESEE 2020

Fixed values for all technologies
according to ERESEE 2020

Fixed values for all technologies
according to ERESEE 2020

Primary energy factor

Current values for all vectors
according to IDAE

Improvement for electricity up to a
30% reduction of the current value.
Fixed values for the rest of the
vectors according to IDAE.

Improvement for electricity up to a
50% reduction of the current value.
Fixed values for the rest of the
vectors according to IDAE.

Emission factor

Current values for all vectors
according to IDAE

Improvement for electricity to 85%
non-emissive energy mix. Fixed
values according to current IDAE
values for the rest of the vectors.

Improvement for electricity to 95%
non-emissive energy mix. Fixed
values according to current IDAE
values for the rest of the vectors.

Heating and DHW system
replacement

Current values for all technologies
according to ERESEE 2020

Values up to 31% of renewable
energy in heating system and 27% in
DHW according to the ERESEE 2020
Trend Scenario.

Values up to 31% of renewable
energy in heating system and 27% in
DHW according to the ERESEE
2020Trend Scenario extension.

Embodied carbon
Construction

Estimated value 650 kgCO2/m?

Estimated value 585 kgC0O2/m?
(-10%) for electricity decarbonisation

Estimated value 488 kgCO2/m?
(-25%) for electricity decarbonisation

Embodied carbon
Renovation

Estimated value 265 kgC0O2/m?for
single-family dwellings and 105
kgC0O2/m?for multi-family dwellings.

Estimated value 252 kgCO2/m?for
single-family dwellings and 100
kgCOz/m?for multi-family dwellings
(-5%) for electricity decarbonisation

Estimated value 232 kgCO2/m?for
single-family dwellings and 92
kgCOa/m?for multi-family dwellings
(-12.5%) for electricity
decarbonisation

Embodied carbon
New system

Estimated value 296 kgCO2/unit

Estimated value 281 kgCO2/unit
(-5%) for electricity decarbonisation

Estimated value 259 kgCO2/unit
(-12.5%) for electricity
decarbonisation

Embodied carbon
Maintenance use

Estimated value 2 kgC0O2/m?for new
dwellings and 0.5 kgCO2/m?for
secondary dwellings.

Estimated value 1,9 kgCO2/m?for new
dwellings and 0.48 kgCO2/m?2for
secondary dwellings (-5%) for
electricity decarbonisation

Estimated value 1,75 kgC0O2/m?for
new dwellings and 0.44 kgCO2/m?for
secondary dwelling (-12.5%) for
electricity decarbonisation

Trend scenario

Sector scenario

#BuildingLife scenario
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OPERATIONAL CARBON

In the trend scenario, the operational carbon emitted in 2050 by the
residential sector as a result of the total residential energy
consumption will have decreased by -78% compared to the carbon
emitted in 2021. The value will decrease from 40 million tonnes of CO,
per year in 2021 to 9 million tonnes in 2050.

2021-2050
This substantial reduction, in line with the European decarbonisation

target, will be the result of interventions on the existing residential 702 MtC0O2
stock and the change of energy source, mostly from fossil fuels to
electricity, and its decarbonisation.

During this period, up to 702 million cumulative tonnes of CO, will have
been emitted, mainly in the primary existing residential stock. 40% of
these emissions are from the 7.1 million primary dwellings to be

renovated, 49% from primary dwellings with HVAC system B New secondary dwellings
replacement, and 5% from secondary existing dwellings. W Existing secondary dwellings
B New primary dwellings
In relation to the cumulative operational carbon of the new dwellings, B Primary dwellings by change of use
given the high level of demand for operational energy standards in new Primary dwellings with HVAC system replacement

construction, it only accounts for 5% of the total, most of it in new Primary dwellings renovated

primary dwellings. Figure 17. Trend scenario. Percentage of cumulative operational carbon
emissions in the residential stock by relevant segment.
Source: own elaboration. Unit: %.
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Figure 18. Trend scenario. Annual operational carbon emissions in the residential stock by relevant segment. Source: own elaboration. Unit: MtCO, /year.
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EMBODIED CARBON

In the trend scenario, the embodied carbon emitted in 2050 by the
residential sector will have increased by a remarkable 87% compared
to the carbon emitted in 2021. The value will increase from 8 million
tonnes of CO; per year in 2021 to almost 15 million tonnes in 2050.

The increase is mainly due to the new residential sub-sector, which is 2021-2050
expected to be building around 180,000 annual units by 2050 -taking
into account primary and secondary dwellings- and to a lesser extent
the renovation of the existing residential stock, which will be
intervening in 170,000 additional units.

491 MtCO,

This new construction pathway involves 320 million tonnes of COz in
the period 2021-2050, that is to say 66% of the 491 million cumulative
tonnes of CO, of embodied carbon. Renovating the existing residential

stock will account for 28%, considering both upgrading and B New secondary dwellings
maintenance interventions over the next 30 years, while HVAC system W Existing secondary dwellings
replacements account for only 6% of the cumulative embodied carbon ® New primary dwelings
. B Primary dwellings by change of use
€mISSIons. . . .
B Primary dwellings with HVAC system replacement
Primary dwellings renovated
Figure 19. Trend scenario. Percentage of cumulative embodied carbon
emissions in the residential stock by relevant segment.
Source: own elaboration. Unit: %.
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Figure 20. Trend scenario. Annual embodied carbon emissions in the residential stock by relevant segment. Source: own elaboration. Unit: MtCO, /year.
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WHOLE LIFE CARBON

In the trend scenario, the whole life carbon emitted by the residential
sector in 2050 will be reduced by up to -51% compared to that emitted
in 2021. This value will decrease from 48 million tonnes of CO per
year in 2021 to 24 million tonnes in 2050.

This value confirms that, with the current trends and the public
commitments and requirements so far stated, it will not be possible to
achieve the decarbonisation targets for the residential sector in Spain
in the next 30 years.

2021-2050
1,193 MtCO2 55%

This is because insufficient effort has been made to date to
understand that the sector's CO, emissions need to be analysed from
a life cycle perspective, thus incorporating operational and embodied
carbon.

In this respect, the change in the weight of operational and embodied Operational carbon | Existing dwellings

carbon in total annual emissions over the 30-year period is significant.
In 2021, embodied carbon accounts for only 16% of the 48 million
tonnes of CO,. However, by 2050, embodied carbon accounts for 62%
of the 24 million tonnes of COy; supporting the need for increased

action to reduce embodied carbon in buildings. Figure 21. Trend scenario. Percentage of cumulative whole life carbon
emissions in the residential stock by relevant segment.

Source: own elaboration. Unit: %.

Operational carbon | New dwellings
W Embodied carbon | Existing dwellings

B Embodied carbon | New dwellings
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Figure 22. Trend scenario. Annual whole life carbon emissions in the residential stock by relevant segment. Source: own elaboration. Unit: MtCO, /year.
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The sector scenario is distinguished by the fact that it incorporates the forecasts for further improvement that are currently being
put forward by those involved in the building sector, although these cannot yet be considered to be consolidated.

SECTOR SCENARIO

2020

2030

2050

Residential stock

18.8M primary dwellings and 6.4M
secondary and unoccupied dwellings
according to ERESEE 2020

19.7M primary dwellings and 6.5M
secondary and unoccupied dwellings
according to the ERESEE 2020

22M primary dwellings and 7.3M
secondary and unoccupied dwellings
according to the ERESEE 2020

Renovation pathway

Renovation of 1.2M primary dwellings
according to ERESEE 2020

Renovation of 7.1M primary dwellings
according to ERESEE 2020

New residential construction
pathway

Construction of 1M primary dwellings
and 0.3M of secondary dwellings
according to ERESEE 2020

Construction of 3,8M primary
dwellings and 1.1M of secondary
dwellings according to ERESEE 2020

Energy demand in new dwellings

Rating B according to CTE 2019

Rating B according to CTE 2019

Performance of existing and new
heating and DHW system

Fixed values for all technologies
according to ERESEE 2020

Fixed values for all technologies
according to ERESEE 2020

Fixed values for all technologies
according to ERESEE 2020

Primary energy factor

Current values for all vectors
according to IDAE

Improvement for electricity up to a
30% reduction of the current value.
Fixed values for the rest of the
vectors according to IDAE.

Improvement for electricity up to a
50% reduction of the current value.
Fixed values for the rest of the
vectors according to IDAE.

Emission factor

Current values for all vectors
according to IDAE

Improvement for electricity to 85%
non-emissive energy mix. Fixed
values according to current IDAE
values for the rest of the vectors.

Improvement for electricity to 95%
non-emissive energy mix. Fixed
values according to current IDAE
values for the rest of the vectors.

Heating and DHW system
replacement

Current values for all technologies
according to ERESEE 2020

Values up to 44% of renewable
energy in heating system and 37% in
DHW according to the ERESEE
2020Target Scenario.

Values up to 95% of renewable
energy in heating system and 95% in
DHW according to the ERESEE 2020
Target Scenario extension.

Embodied carbon
Construction

Estimated value 650 kgCO2/m?

Estimated value 529 kgCO2/m?
(-19%) according to sector main
decarbonisation pathways

Estimated value 313 kgCO2/m?
(-52%) according to sector main
decarbonisation pathways

Embodied carbon
Renovation

Estimated value 265 kgCO2/m?for
single-family dwellings and 105
kgC0O2/m?for multi-family dwellings.

Estimated value 239 kgCO2/m?for
single-family dwellings and 95
kgCOz/m?for multi-family dwellings
(-10%) according to sector main
decarbonisation pathways

Estimated value 199 kgC02/m?for
single-family dwellings and 79
kgCO2/m?for multi-family dwellings
(-25%) according to sector main
decarbonisation pathways

Embodied carbon
New system

Estimated value 296 kgCO/unit

Estimated value 266 kgCO2/unit
(-10%) according to sector main
decarbonisation pathways

Estimated value 222 kgCO2/unit
(-25%) according to sector main
decarbonisation pathways

Embodied carbon
Maintenance use

Estimated value 2 kgCO2/m?for new
dwellings and 0.5 kgCO2/m?for
secondary dwellings.

Estimated value 1.8 kgC0O2/m?for
new dwellings and 0.45 kgCO2/m?for
secondary dwelling (-10%) according
to sector main decarbonisation
pathways

Estimated value 1.5 kgCQOz/m? for
new dwellings and 0.38 kgCO2/m?for
secondary dwelling (-25%) according
to sector main decarbonisation
pathways

Trend scenario

Sector scenario

#BuildingLife scenario
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OPERATIONAL CARBON

In the sector scenario, the operational carbon emitted in 2050 by the
residential sector as a result of the total residential energy
consumption will have decreased by 86% compared to the carbon
emitted in 2021. The value will decrease from 40 million tonnes of CO,
per year in 2021 to 7 million tonnes in 2050.

This substantial reduction, in line with the European decarbonisation 2021-2050
target, is 8 points higher than the trend scenario due to the increased 636 MtCO,
use of renewables as an energy source for air conditioning and DHW
systems.
During this period, up to 636 million cumulative tonnes of CO, will have
been emitted, mainly in the existing residential stock, either primary or
secondary. 41% of these emissions are from the 7.1 million primary
dwellings to be renovated, 47% from primary dwellings with HVAC B New secondary dwellings
system replacement, and 5% from existing secondary dwellings. W Existing secondary dwellings

B New primary dwellings
In relation to the cumulative operational carbon of the new residential B Primary dwellings by change of use
stock, given the high level of demand for operational energy standards Primary dwellings with HVAC system replacement
in new construction, it only accounts for 5% of the total. Primary dwellings renovated

Figure 23. Sector scenario. Percentage of cumulative operational carbon
emissions in the residential stock by relevant segment.
Source: own elaboration. Unit: %.
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Figure 24. Sector Scenario. Annual operational carbon emissions in the residential stock by relevant segment. Source: own elaboration. Unit: MtCO, /year.
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EMBODIED CARBON

In the sector scenario, the embodied carbon emitted in 2050 by the
residential sector will have risen by +31% compared to that emitted in
2021. The value will increase from 8 million tonnes of CO, per year in
2021 to 10 million tonnes in 2050.

This is substantially lower than the trend scenario, which assumes an
increase of +87% to 15 million tonnes of CO; in 2050.

2021-2050
, . ) o 424 MtCO,
The increase is mainly due to the new residential sub-sector, and to a
lesser extent the renovation of existing residential sub-sector.

This new construction pathway involves 268 million tonnes of COz in
the period 2021-2050, that is to say 63% of the 424 million cumulative
tonnes of CO, of embodied carbon. Renovating the existing residential
stock will account for 30%, considering both upgrading and
maintenance interventions over the next 30 years, while HVAC system
replacements account for 7% of the cumulative embodied carbon

B New secondary dwellings
B Existing secondary dwellings
B New primary dwellings

emissions. B Primary dwellings by change of use
B Primary dwellings with HVAC system replacement
Primary dwellings renovated

Figure 25. Sector scenario. Percentage of cumulative embodied carbon
emissions in the residential stock by relevant segment.
Source: own elaboration. Unit: %.
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Figure 26. Sector Scenario. Annual embodied carbon emissions in the residential stock by relevant segment. Source: own elaboration. Unit: MtCO, /year.

Whole Life Carbon Roadmap for a decarbonised built environment in Spain | Countdown for the residential sector 35




£y &, &€GBCe JOIN

N/ counel #BUILDINGLIFE

WHOLE LIFE CARBON

In the sector scenario, the whole life carbon emitted in 2050 by the
residential sector will be reduced by up to -65% compared to that
emitted in 2021. The value will thus decrease from 48 million tonnes
of CO, per year in 2021 to 17 million tonnes in 2050. These results
show a substantial improvement compared to the trend scenario,
where a reduction of -51% is established in relation to the year 2050.

2021-2050

1,061 MtCO, o

As in the trend scenario, it is confirmed that with the commitments
made by the sector so far, it will not be possible to achieve the
decarbonisation targets for the building sector in Spain in the next 30

years.

In relation to cumulative emissions to 2050, embodied carbon
accounts for 40% of emissions due to the importance of the existing
residential stock which is considered to be somewhat amortised. Operational carbon | Existing dwellings

However, the picture changes if the weight of operational and Operational carbon | New dwellings

embodied carbon in total annual emissions is analysed. In 2050,
embodied carbon accounts for 61% of the 17 million tonnes of COy;
highlighting the significance of the problem that embodied carbon in

buildings can pose if urgent action is not taken. Figure 27. Sector scenario. Percentage of cumulative whole life carbon
emissions in the residential stock by relevant segment.

Source: own elaboration. Unit: %.

B Embodied carbon | Existing dwellings

B Embodied carbon | New dwellings
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Figure 28. Sector scenario. Annual whole life carbon emissions in the residential stock by relevant segment. Source: own elaboration. Unit: MtCO, /year.
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Conclusions on the envisaged scenarios

Despite the efforts made in both scenarios, the pace of decarbonisation between 2021 and 2050 is clearly insufficient and, therefore,
it will not be possible to meet the carbon budget available for the Spanish residential sector according to the International Energy
Agency (IEA) and the Intergovernmental Panel on Climate Change (IPCC).

Trend scenario

With the measures envisaged today by legislation, regulation and in the strategic planning developed by the public administration,
whole life carbon emissions can be reduced by approximately -51% in 2050. This is still far short of the -77% projected by the IEA
Sustainable Development Scenario, and the -100% of the IEA Net-zero Emissions Scenario.

In terms of the 2021-2050 carbon budget, the trend scenario totals 1,193 MtCO2, dangerously exceeding the limits of the global
scenarios aimed at mitigating climate change within the framework of the Paris Agreement. This amount of carbon accumulated in
the coming years represents 159% compared to the IEA SDS and 287% compared to the IEA NZS.

IEA SDS Scenario IEA NZS Scenario

Annual value Annual value Annual value Cumulative value
2021 2030 2050 2021-2050 Value ..o Value Lo
ref ref
EMBODIED CARBON 8 20 15 491 167 293% 92 530%
OPERATIONAL CARBON 40 28 9 702 584 120% 323 217%
TOTAL 48 48 24 1,193 751 159% 415 287%

Table 1. Trend scenario. Summary of annual and cumulative life cycle emissions. Source: own elaboration. Unit: TonCO, /year.

Sector scenario

If the measures announced by the building sector are added to those of the trend scenario, a reduction of approximately -65% in
whole life carbon emissions can be achieved by 2050. This would further decarbonise the residential stock, but without meeting the

I[EA's objectives for 2050.

Likewise, although the Sector Scenario limits cumulative emissions between 2021 and 2050 to 1,061 MtCO,, it still exceeds the
reference values, namely by 141% compared to IEA SDS and 255% compared to I[EA NZS.

|IEA SDS Scenario IEA NZS Scenario

Annual value Annual value Annual value Cumulative value
2021 2030 2050 2021-2050 Value ..,  Value L
ref ref
EMBODIED CARBON 8 18 10 424 167 253% 92 458%
OPERATIONAL CARBON 40 25 7 636 584 109% 323 197%
TOTAL 48 43 17 1,061 751 141% 415 255%

Table 2. Sector scenario. Summary of annual and cumulative life cycle emissions. Source: own elaboration. Unit: TonCO, /year
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Figure 29. Cumulative life cycle emissions in the four envisaged scenarios. Source: own elaboration. Unit: MtCO,.

In view of these results: with the scenarios currently envisaged in Spain, we will not meet the objective of climate neutrality by 2050,
which, it is worth remembering, is a binding objective within the EU. Basically because we will exceed, by far, the carbon budget that
ensures we stay within the commitments of the Paris Agreement focused on achieving climate change mitigation that places it
below 1.5°C.

And this non-compliance will be mainly due to the inability to limit the carbon embodied in buildings. Even taking into account the
measures announced by the sector itself regarding the decarbonisation of materials such as cement, steel and aluminium, CO2
emissions will be between 2.5 and 5 times higher than the amount defined by the International Energy Agency (IEA) and the
Intergovernmental Panel on Climate Change (IPCC).

Accelerating the reduction of embodied carbon is therefore the main action front to be addressed in the short term through effective
planning and implementation of further measures.
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#BUILDINGLIFE SCENARIO

Key measures of the Roadmap

Given the impossibility of achieving the decarbonisation targets assumed in the framewaork of the Paris Agreement and within the
European Union with the measures proposed at the legislative level and by the building sector, it is proposed to consider a new
scenario for 2050 guided by the #BuildingLife Roadmap.

The aim of this scenario is to present in a clear and measurable way a proposal for significant reductions in the whole life carbon of
the residential sector, especially in relation to the embodied carbon, enabling a path compatible with the carbon budget of the IEA
Sustainable Development Scenario.

The #BuildingLife scenario therefore targets a maximum carbon budget of 751 MtCO, for the residential sector as a whole between
2021 and 2050. This carbon budget, as presented earlier in this report, only considers CO; emissions.

The key measures of the #BuildingLife Scenario are detailed below as a proposal for concrete implementation of the main
milestones of the Roadmap. The measures can be organised into two blocks: 1) those aimed at reducing operational carbon, which
consider increasing the level of energy renovations, limiting consumption in new dwellings, accelerating the HVAC system
replacement, and the generation of decentralised renewable energy; 2) those aimed at reducing embodied carbon, which consider
accelerating the decarbonisation of materials and systems, and making the most of the existing residential stock.

These measures can serve as a reference to understand the depth of change needed in the building sector, and although they
crystallise a fixed picture, they are bound to be updated as the decarbonisation process progresses, and their compliance is
demonstrated. The longer we take to act and implement them, the harder the task will be and the further away the goal will be.

Finally, the #BuildingLife scenario presents this set of measures from a holistic approach, understanding the relationships and
correlations needed between the different measures to meet the 2050 carbon budget; in this sense, reducing the ambition or urgency
of one of the measures -from a sectoral perspective, without considering the rest of the measures- will inevitably imply having to
increase the ambition and/or urgency of others.

Accelerating the decarbonisation of materials

Increase in residential renovation = T e
Limiting the energy consumption of new E Exploitation of existing residential stock and
dwellings rationalisation of new construction

Accelerating the HVAC system replacement

Distributed and decarbonised electricity
generation
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Operational carbon

According to the developed model, CO, emissions from the operational phase in the best-case scenario would reach 636 MtCO,
between 2021 and 2050, which would be slightly above the IEA SDS and almost double the emissions allowed by the IEA NZS.

The #BuildingLife scenario proposes to increase the ambition in the area regarding operational carbon not only to reach climate
neutrality by 2050 and to stick to the amounts foreseen by IEA, but also to contribute significantly to the overall reduction of whole
life carbon, in anticipation of the more difficult reduction of embodied carbon.

In broad terms, this takes the form of actions to increase the number of renovated dwellings, limit the energy consumption of new
dwellings, accelerate the replacement of heating and DHW system, and generate distributed and decarbonised electricity; in short,
these are measures addressed in the ERESEE 2020 or the National Self-Consumption Strategy, whose application is accelerated or
whose levels of ambition are increased.

INCREASE IN RESIDENTIAL RENOVATION

It is proposed to substantially increase the number of renovated dwellings by 2050 over the 7.1M dwellings foreseen in the ERESEE
2020 to 9M renovated dwellings, that is to say 41% of the primary dwellings.

This involves deep renovations that will lead to the primary dwellings becoming zero-emission buildings by 2050. In addition,
interventions should be made in those buildings with the worst energy performance and therefore a greater capacity for savings in
energy demand, consumption and emissions is foreseen. Instruments such as the Building Renovation Passport (BRP) and the
Minimum Energy Performance Standards (MEPS), both included in the new proposed Energy Performance of Buildings Directive
(EPBD), will be essential for this.

These additional renovations would be focused on the transformation of dwellings currently in secondary or unoccupied use as
primary dwellings, so that between 2021 and 2030, 0.49M dwellings would be renovated and up to 2050, 1.9M dwellings would be
renovated.

LIMITING THE ENERGY CONSUMPTION OF NEW DWELLINGS

It is proposed to redouble efforts to limit the energy demand and consumption, and carbon emissions of dwellings built between
2021 and 2050 above the current requirements of the CTE, so that they can be considered nearly zero emission buildings. To this
end, all new dwellings should be designed, built and managed under category A of the current Energy Performance Certificate (EPC).

ACCELERATING THE HVAC SYSTEM REPLACEMENT

It is proposed to accelerate the HVAC system replacement in the existing residential stock above the ERESEE 2020 target scenario,
with 67% of heating and DHW system using decarbonised sources by 2030 and 98% by 2050.

DISTRIBUTED AND DECARBONISED ELECTRICITY GENERATION

It is proposed to make an additional effort in the energy transition of the electricity system in order, on the one hand, to improve the
primary energy factor by 55% with respect to the current value -from 2.360 to 1.066- by means of strategies for the generalisation of
self-consumption and local energy communities. On the other hand, to comply with the Law on Climate Change and Energy
Transition (Article 3.2), which requires full decarbonisation of the electricity mix by 2050, from 0.337 to 0.000.
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Embodied carbon

Regarding the embodied carbon, according to the model developed, in the best-case scenario CO, emissions would reach 424 MtCO,
between 2021 and 2050, which would double the available budget of the IEA SDS and almost five times those supported by the IEA
NZS.

The #BuildingLife scenario is a first response to the enormous challenge of decarbonising the construction and renovation sector in
terms of the impact of its manufacturing processes, transport and commissioning of materials and systems.

To this end, it proposes to explore the possibilities of approaching values that make it possible to comply with the Paris Agreement
by acting on the key factor of embodied carbon: the rate and intensity of decarbonisation of each building material.

This is currently the key factor in meeting international carbon budget targets, and the sector's ability to operate depends directly on
it; in other words, the ability to build new dwellings will depend on the ability to reduce emissions from building systems.

In this sense, and as a first attempt, the #BuildingLife scenario proposes to consider a higher requirement on the embodied carbon
of materials and systems, accompanied by an inevitable adjustment on the second parameter that determines the carbon budget of
this chapter, the construction of new buildings between 2021 and 2050.

ACCELERATING THE DECARBONISATION OF MATERIALS AND SYSTEMS

n

It is proposed to advance the decarbonisation pathways for building materials and to achieve a reduction of -30% in 2030 and -75%
by 2050 compared to today's values.

This enormous effort should be made possible through swift and decisive action, not only in the most common carbon-intensive
materials, such as cement, steel and aluminium, which already have decarbonisation pathways, but also in all the materials that
make up new construction, renovation and maintenance work; even in those used in essential renovation works, which also
contribute to operational carbon savings, or in renovation works, which often go unnoticed in the overall calculation, such as
insulation, mortars, partitioning elements and finishes.

To this effort, we must add the use of bio-based materials that have a lower carbon footprint and can even store carbon while in use;
materials such as wood, cork or vegetable fibres -hemp, straw, rice husks, algae, etc-. Some of these materials are currently
associated with local and quasi-craft building, but they are called to play an important role in the global effort to decarbonise.
Likewise, it is equally relevant to consider the use of materials that are highly available locally and require little transformation;
materials such as natural stone, earth, etc.

Finally, we must not forget the rationalisation of building design itself, both in terms of a firm commitment to the efficient use of
space and in terms of structural and constructive solutions that can minimise the embodied carbon footprint.

In any case, to ensure that the right decisions are made, it is essential to measure and quantify the whole life carbon footprint of
buildings, using the life cycle analysis methodology. This is the only way to refine the best solutions to minimise this impact.
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-ﬁ EXPLOITATION OF EXISTING RESIDENTIAL STOCK AND RATIONALISATION OF NEW CONSTRUCTION

It is proposed to maximise the use of existing secondary and unoccupied stock as a mechanism to partially meet the new primary
residential needs envisaged by the ERESEE 2020 between 2021 and 2050. This is to make greater use of the substantial embodied
carbon capital already invested in previous decades.

Thus, the adjustment of the demand for materials in the new construction sector promoted by this action, together with the
acceleration of the decarbonisation of materials and systems, can result in an amount of embodied carbon compatible with the
budget available for the residential sector in Spain according to the IEA SDS.

By 2030, 0.49M dwellings are planned to be used as primary dwellings, which, together with the reduction of 0.14M new secondary
dwellings, would save the construction of 0.63M new dwellings.

By 2050, these figures would be increased to 1.9M secondary and unoccupied dwellings to primary and 0.55M secondary new
dwellings reduced to a total of 2.45M new dwellings not built.

In addition to these measures, the #BuildingLife scenario also proposes, on the one hand and as already mentioned, that dwellings
obtained through change of use should be renovated prior to their use as primary dwellings, and on the other hand, that together
with the reduction in the number of new dwellings, a reduction in the average surface area of dwellings of -5% compared to the
values of the last decade should also be considered.

Comparison between scenarios

TREND SECTOR #BUILDINGLIFE
SCENARIO SCENARIO SCENARIO

2020 2030 2050 2030 2050 2030 2050

Residential stock

Renovation pathway

New residential construction pathway

Energy demand in new dwellings

Performance of existing and new heating and DHW system

Primary Energy factor

Emission factor

Heating and DHW system replacement

Embodied carbon Construction

Embodied carbon Renovation

Embodied carbon New system

Embodied carbon for Maintenance

Trend scenario Sector scenario #BuildingLife scenario
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Description of the scenario

#BUILDINGLIFE

In summary, the #BuildingLife scenario is characterised by more ambitious improvements in virtually all parameters and factors
affecting the future development of the residential sector, with the aim of achieving the decarbonisation targets set at international

level.

#BUILDINGLIFE SCENARIO 2020

2030

2050

18.8M primary dwellings and 6.4M
secondary and unoccupied dwellings
according to the ERESEE 2020

Residential stock

19.7M primary residential stock and
6M secondary and unoccupied
residential stock (-8%)

22M primary residential stock and
4.8M secondary and unoccupied
residential stock (-35%)

Renovation pathway

Renovation of 1.2M primary dwellings
according to ERESEE 2020 and
additional renovation of 0.5M
secondary and unoccupied dwellings
that are converted into primary
dwellings.

Renovation of 7.1M primary dwellings
according to ERESEE 2020 and
additional renovation of 1.9M
secondary and unoccupied dwellings
that are converted into primary
dwellings.

New residential construction
pathway

Construction of 0.5M primary
dwellings and 0.15M secondary
dwellings (-55%), with an average floor
area reduction of -5%.

Construction of 1.9M primary
dwellings and 0.6M secondary
dwellings (-55%), with an average floor
area reduction of -5%.

Energy demand in new
dwellings

A rating, better than CTE 2019

A rating, better than CTE 2019

Performance of existing and
new heating and DHW
system

Fixed values for all technologies
according to ERESEE 2020

Fixed values for all technologies
according to ERESEE 2020

Fixed values for all technologies
according to ERESEE 2020

Current values according to IDAE for

Primary energy factor all vectors

Improvement for electricity up to a
reduction of 30% of the current value.
Fixed values for the rest of the vectors
according to IDAE.

Improvement for electricity up to 55%
of the current value. Fixed values for
the rest of the vectors according to
IDAE.

Current values according to IDAE for

Emissions factor all vectors

Improvement for electricity to a mix

with 85% non-emissive energy. Fixed
according to current IDAE values for
the rest of the vectors.

Improvement for electricity to 100%
non-emissive energy mix. Fixed
according to current IDAE values for
the rest of the vectors.

Heating and DHW system
replacement

Current values for all technologies
according to ERESEE 2020

Values up to 67% renewable energy in
heating system and 67% in DHW

Values up to 98% of renewable energy
in heating system and 98% in DHW.

Embodied carbon

. Estimated value 650 kgCOy/m?
Construction 9c0/

Estimated value of 455 kgCO2/m?
(-30%) according to accelerated
decarbonisation pathways in the
sector

Estimated value of 163 kgCO2/m?
(-75%) according to accelerated
decarbonisation pathways in the
sector

Estimated value 265 kgC0O2/m? in
single-family dwellings and 105
kgC02/m? in multi-family dwellings.

Embodied carbon
Renovation

Estimated value of 186 kgCO2/m? in
single-family dwellings and 74
kgCO02/m? in multi-family dwellings
(-30%) according to accelerated
decarbonisation pathways in the
sector.

Estimated value of 66 kgCO2/m? in
single-family dwellings and 26
kgCO2/m? in multi-family dwellings
(-75%) according to accelerated
decarbonisation pathways in the
sector.

Embodied carbon

Estimated fixed value 296 kgCO2/unit
New system

Estimated value of 207 kgCO/unit
(-30%) according to accelerated sector
decarbonisation pathways

Estimated value of 74 kgCO2/unit
(-75%) according to accelerated sector
decarbonisation pathways

Estimated value of 2 kgCO2/m? in new
dwellings and 0.5 kgCO2/m? in
secondary dwellings.

Embodied carbon
Maintenance use

Estimated value of 1.4 kgCO2/m? in
new dwellings and 0.35 kgCOz/m? in
secondary dwellings (-30%) according
to accelerated sector decarbonisation
pathways

Estimated value of 0.5 kgCO2/m? in
new dwellings and 0.13 kgCOz/m? in
secondary dwellings (-75%) according
to accelerated sector decarbonisation
pathways

Trend scenario

Sector scenario

#BuildingLife scenario
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Results

OPERATIONAL CARBON

In the #BuildingLife scenario, the operational carbon emitted in 2050
by the residential sector as a result of the total residential energy
consumption will have decreased by -95% compared to the carbon
emitted in 2021. The value will drop from 40 million tonnes of CO, per
year in 2021 to 2 in 2050.

2021-2050
This substantial reduction, in line with the European decarbonisation
target, will be the result of interventions on the existing residential 520 MtCO,
stock and the change of energy source, mostly from fossil fuels to
electricity, and its decarbonisation.
During this period, up to 520 million cumulative tonnes of CO, will have
been emitted, mainly in existing dwellings, either primary or secondary.
45% of these emissions are from the 7.1 million primary dwellings to
be renovated, 45% from primary dwellings with HVAC system B New secondary dwellings
replacement, and 4% from secondary existing dwellings. W Existing secondary dwellings

B New primary dwellings

In relation to the cumulative operational carbon of new dwellings, B Primary dwellings by change of use
given the high level of demand for operational energy standards in new Primary dwellings with HVAC system replacement
construction, it only accounts for 2% of the total. Primary dwellings renovated

Figure 30. #BuildingLife Scenario. Percentage of cumulative operational
carbon emissions in the residential stock by relevant segment
Source: own elaboration. Unit: %.
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Figure 31. #BuildingLife Scenario. Annual operational carbon emissions in the residential stock by relevant segment. Source: own elaboration. Unit: MtCO, /year
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ANALYSIS ACCORDING TO ENERGY USES

In terms of energy use, the 522 MtCO; of operational carbon emitted between 2021 and 2050 are mainly concentrated on two
aspects: on the one hand, the needs for cooling, lighting and household appliances, which are strongly electrical in nature, which
together account for 198 MtCO, and thus 38% of total operational emissions. On the other hand, heating, which will emit up to 173
MtCO,, accounting for 33% of the operational carbon. In third and fourth place are the energy uses linked to DHW and cooking, with
18% and 10% of the total respectively.

The reduction between 2021 and 2050 of these different energy uses is similar, between -90 and -100%, while the objective is to
decarbonise the residential stock at the operational level.

However, the strategies to achieve this objective differ significantly in terms of the need to change the energy vector.
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Figure 32. #BuildingLife Scenario. Annual operational carbon emissions in the residential sector by energy use. Source: own elaboration. Unit: MtCO,.

Primary dwellings

Primary dwellings  with HVAC system  Primary dwellings New primary Existing secondary  New secondary
renovated replacement by change of use dwellings dwellings dwellings TOTAL
19 31 1 1 1 0.1 54 10%

70 5 4 5 0.2 198  38%

DHW 31 51 5 2 5 0.1 95 18%
HEATING 40 3 5 1 0.3 173 33%
TOTAL 234 235 15 13 23 0.6 520 100%

Table 3. #BuildingLife Scenario. Cumulative operational carbon emissions in the residential sector by energy use. Source: own elaboration. Unit: MtCO,.

Whole Life Carbon Roadmap for a decarbonised built environment in Spain | Countdown for the residential sector 45




A

-—

%, SGBCe JOIN

z’ COUNCIL

#BUILDINGLIFE

The predominantly electrical energy uses, that is to say cooling, lighting and household appliances, show a 100% decrease in
operational carbon emitted, mainly due to the planned total decarbonisation of the electricity sector in Spain.

In this case, as these uses are already based on a vector, electricity, with high possibilities of using renewable sources such as
hydro, wind and solar, it is not necessary to make any substantial changes, beyond investing in system renovations that have an
impact on increasing their efficiency.

The second main use, heating, starts from a radically different situation than electricity uses, since by 2021 it has a high
concentration of systems powered by non-renewable vectors. In total, 66% of the primary dwellings in Spain in 2021 used a clearly
non-renewable energy vector.

The decarbonisation proposal for heating in the #BuildingLife Scenario is based on the premises already set out by the ERESEE 2020
in its target scenario. They basically focus on the progressive transformation towards a scenario in 2050 dominated by electricity
counting with 52% of the systems, biomass and other renewable fuels counting with 32%, and solar thermal and geothermal energy
with 15%. Fossil-fuelled systems are left in a residual role. In this path, not only will there be a change in the energy vector, but also a
change to new HVAC systems with higher performance than the current ones, with aerothermal energy and biomass boilers being
the predominant ones at the end of the period. All these measures should lead to a reduction in heating of -91% by 2050.

The third energy use, DHW, presents a very similar starting situation to heating, with a clear dominance of non-renewable vectors in
2021. The sum of natural gas, the most present with 53%, LPG, with 12%, and diesel, with 3%, amounts to 69% of the total systems
of primary dwellings in Spain.

In parallel to heating, the decarbonisation strategy for this use involves a massive change of energy vectors towards those that are
already renewable or have a high potential to use renewable sources, as well as the upgrading of HVAC systems to new units with
higher efficiency than current ones. By 2050, the dominant use of electricity from aerothermal systems is expected to be around
53%, biomass and other renewable fuels to increase to 30%, and solar thermal and geothermal to 15%. By 2050, the decrease in
operational carbon would be around -88%.

Finally, the least emissive use, that of cooking, is considered to be linked to that of DHW, both in relation to the current panorama of
energy vector distribution and to the strategy of system replacement towards renewable sources.

Heating DHW
20.000.000 20.000.000

18.000.000 18.000.000

16.000.000 16.000.000

14.000.000 14.000.000

12.000.000 12.000.000

10.000.000 10.000.000

8.000.000 8.000.000

6.000.000 6.000.000

4.000.000 4.000.000

2.000.000 2.000.000

B E Renewable energy B E Biomass and others M Electricity Natural gas moLPG BT Diesel

Figure 33. #BuildingLife Scenario. Evolution of the distribution of the number of heating and DHW system by energy vector. Source: own elaboration. Unit: dwellings.
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ANALYSIS ACCORDING TO FINAL ENERGY AND PRIMARY ENERGY

The #BuildingLife Scenario focuses on the decarbonisation of the residential stock and, to a large extent, represents a deepening of
the measures already proposed in the scenarios. It achieves a significant reduction in whole life carbon between 2021 and 2050,
especially in the area of operational carbon, which reaches a reduction of -95%.

However, it is necessary to bring this analysis into the realm of the magnitudes that precede CO, emissions, that is to say the final
energy used in residential buildings and the total primary energy required in the whole process®. The question for discussion is to
what extent the decarbonisation strategy for the building sector is based on the actual reduction of energy used in buildings, or does
it use mechanisms outside its scope.

Firstly, the model developed shows that of the total -95% reduction between 2021 and 2050, the measures focused on improving
buildings through the renovation of 9M primary dwellings, the incorporation of energy-efficient residential stock and the widespread
renewal of existing systems with new high-efficiency HVAC systems will reduce the final energy used in dwellings by around -36%.

Secondly, measures to electrify residential energy uses and to improve the infrastructure for electricity production and transmission
lead to a second leap in energy consumption. Together they would make it possible to reduce primary energy needs by a further -
22%. This means a total jump of -58%.

Finally, measures focused on the decarbonisation of the electricity system, as well as the adoption of renewable fuels such as
biomass, would be responsible for making the final leap towards climate neutrality in 2050 a reality. These measures would reduce
operational carbon emissions by a further -37%, reaching the -95% reduction already mentioned.

The reflection inherent in this number is more than evident, and the fact is that both the scenarios envisaged and the #BuildingLife
scenario itself are currently based on measures that concern only partially buildings and the final energy used by them, leaving most
of the path towards decarbonisation in the hands of improvements in the energy sector and, in particular, the conversion of the
electricity mix towards renewable sources. This fact challenges the "energy efficiency first" principle enunciated by the EC, and with
it the possibilities of decoupling the provision of habitability from the fluctuations of the energy market or, in other words, of directly
attacking the serious problems derived from energy poverty.
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Figure 34. #BuildingLife Scenario. Evolution of final energy, primary energy and annual operational carbon emissions. Source: own elaboration. Unit: %

'8 To give an example from the SECH-SPAHOUSEC project (IDAE, 2011), with the characteristics of the energy sector today, a home with a final energy consumption
of 7,859 kWh/year -of which 5,211 kWh/year would be for heating, DHW and cooking powered by natural gas, and 2,648 kWh/year would be for electricity
consumption for cooling, lighting and appliances- would have a primary energy consumption equivalent to 12,498 kWh/year and would emit around 2,190 kgCOa. All
of this is due to the effect of the Spanish energy system, which is reflected in relatively high primary energy and emission for the moment.
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EMBODIED CARBON

In the #BuildingLife scenario, the embodied carbon emitted in 2050 by
the residential sector will have decreased by -55% compared to that
emitted in 2021. The value will decrease from 7 million tonnes of CO,
per year in 2021 to 3 million tonnes in 2050.

This value in 2050 is substantially lower than the trend scenario, where 2021-2050
an increase of +87% is assumed, and the sector scenario with an
increase of +31% compared to that emitted in 2021, to reach 10 million
tonnes of CO, in 2050.

228 MtCO,

This improvement will be due to the greater ambition in the
decarbonisation of both new construction and renovation, with
improvements of 75% compared to the 2020 reference values; these
are therefore actions that far exceed the decarbonisation path defined

by the sector. B New secondary dwellings

B Existing secondary dwellings

In the period 2021-2050, new construction would emit 102 million B New primary dwellings

tonnes of COy, or 45% of the 228 million cumulative tonnes of CO; of ® Primary dwellings by change of use
embodied carbon. Renovation of existing dwellings will account for B Primary dwellings with HVAC system replacement
35%, considering both upgrading and maintenance interventions over Primary dwellings renovated
the next 30 years, while HVAC SyStem replacements account for 9% of Figure 35. #BuildingLife Scenario. Percentage of cumulative embodied
the cumulative embodied carbon emissions. carbon emissions in the residential stock by relevant segment
Source: own elaboration. Unit: %.
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Figure 36. #BuildingLife Scenario. Annual embodied carbon emissions in the residential stock by relevant segment. Source: own elaboration. Unit: MtCO, /year.
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ANALYSIS BY TYPE OF ACTION

In terms of types of action, the 228 MtCO; of embodied carbon emitted between 2021 and 2050 are mainly concentrated on two
aspects.

Firstly, the new construction activities of 1.9M primary dwellings and 0.6M secondary dwellings, which together account for 100
MtCO, and thus 44% of total embodied emissions.

Secondly, the renovation activities of 7.1M existing primary dwellings and 1.9M secondary and unoccupied dwellings converted into
primary dwellings, which will emit up to 92 MtCO,, accounting for 40% of the operational carbon.

In third and fourth place are the maintenance of the stock and replacement of heating and DHW systems, with 13% and 3% of the
total respectively.
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Figure 37. #BuildingLife Scenario. Annual operational carbon emissions in the residential stock by energy use. Source: own elaboration. Unit: MtCO, /year.
Primary dwellings
Primary dwellings ~ with HVAC system  Primary dwellings New primary Existing dary  New dary

renovated replacement by change of use dwellings dwellings dwellings TOTAL

16 1 1 1 0.3 30 13%

4 0.4 = = = 6 3%

23 = = = 92 40%

ACT. NEW
CONSTRUCTION 2 100 44%
TOTAL 81 20 25 80 1 22 228 100%

Table 4. #BuildingLife Scenario. Cumulative operational carbon emissions in the residential stock by energy use. Source: own elaboration. Unit: MtCO, /year.

Whole Life Carbon Roadmap for a decarbonised built environment in Spain | Countdown for the residential sector 49




£y, €CGBCe JOIN

N/ counel #BUILDINGLIFE

ANALYSIS ACCORDING TO NEW RESIDENTIAL NEEDS

The whole life carbon budget for the residential sector between 2021 and 2050 has been estimated at 751 MtCO; from the IEA SDS
scenario. It seems reasonable that the consumption of this amount should be prioritised among the operational and embodied
carbon segments most essential to sustain basic liveability for society and those operations that underpin the national CO;
emissions reduction strategy to 2050.

From this perspective, it is the current residential stock of 18.8 M primary dwellings that must first reserve the carbon needed to
operate over time and to intervene and improve its performance. The amount of carbon that this priority segment will require
depends directly on the actions that will be implemented to improve its efficiency in the operational phase and secondly on the
embodied carbon intensity that these renovations will require over time.

The remaining percentage is an amount that can be allocated to the activities that complete the building sector, starting logically
with the needs for new primary dwellings that will manifest themselves over the next 30 years, around 3.8 M according to the
ERESEE 2020, and secondly towards the requirements for secondary dwellings, both in the field of operational and embodied carbon.

Although a first tentative proposal for the distribution of this available carbon for these purposes has already been defined, based on
finding some balance between the two factors that determine the feasibility of meeting this objective, the rate and intensity of
material decarbonisation and the amount of new residential stock, two alternative scenarios have been developed as part of this
report that stretch each of these to the extreme.

In between the two extremes, we will have to find an answer that meets our habitability needs, always with the aim of also meeting
the carbon budget available for it. The #BuildingLife scenario is a possible solution that meets both requirements.

#BuildingLife scenario. Effort sharing between level of decarbonisation and volume of new construction

The #BuildingLife scenario presented above is based on the assumption that an effort is made to achieve a decarbonisation of
materials of -30% by 2030 and -75% by 2050 (-40% on average) and the construction of around 2.5M new dwellings.

Under this assumption, today's existing primary dwellings would emit 468 MtCQ, of operational carbon and 101 MtCO, of embodied
carbon, consuming in total 569 MtCO,, almost 76% of the 2021-2050 budget.

The remaining 179 MtCO, would be used mainly to build 1.9M new primary dwellings and 0.6M new secondary dwellings (102
MtCO,) and to renovate 1.9M secondary and unoccupied converted primary dwellings (25 MtCO5).

In terms of new dwellings in this first scenario, the 3.8M primary dwellings envisaged by the ERESEE 2020 would be achieved almost
equally between new construction (1.9M) and the conversion of secondary and unoccupied dwellings (2.1M); 0.6M new secondary
dwellings could also be built.

Together with the rationalisation of building design itself, the consideration of embodied zero-emission buildings, based on bio-
based materials solutions, may represent a highly viable alternative in this context of carbon constraint. This would allow for
significant increases in new construction with virtually zero carbon costs, for example, to achieve the number of secondary dwellings
that in this scenario of decarbonisation of standard materials is not feasible to achieve with the carbon budget available for the next
30 years.
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Hypothesis #1. Slow decarbonisation of materials

If the materials decarbonisation pathway of the sector scenario is followed, with material emission reductions of -19% by 2030 and -
52% by 2050 for new construction' and about half that for all other renovation, HVAC system replacement and maintenance, how
many new dwellings could be built?

According to the model developed, a maximum new building activity of 10,000 dwellings per year could be developed, that is to say
0.3M dwellings could be built between 2021 and 2050 if the whole life carbon budget of the IEA SDS scenario is to be met.

Under this scenario, the existing primary residential stock would need the same 468 MtCO, in the operational phase, but will increase
its renovation embodied carbon needs to 153 MtCO,, due to the lower decarbonisation effort expected in the building products
intended for this purpose under this scenario.

The amount available for new residential needs and the maintenance of the secondary residential stock would in this case be
reduced to 128 MtCO,, and would be mainly concentrated on the renovation of the 3.5M secondary and unoccupied dwellings
converted into primary dwellings (63 MtCO,).

At the level of new construction in this second scenario, the 3.8M new primary dwellings foreseen by the ERESEE 2020 would
practically all be achieved through the conversion of secondary and unoccupied dwellings (3.5M), with only 0.3M new dwellings
available for primary dwellings. This would also mean that all of the 1.1M new secondary dwellings planned would be foregone.

In conclusion, with the projected decarbonisation trajectory of materials in the construction sector, the need for new dwellings
cannot be met by new construction in the context of compliance with the IEA SDS scenario, unless new zero-carbon building
systems are introduced across the board.

Hypothesis #2. Rapid decarbonisation of materials

If the aim is to build the residential stock envisaged by the ERESEE 2020 up to 2050, around 3.8M primary dwellings and 1.1M
secondary dwellings, what rate of decarbonisation should construction products follow?

According to the model developed, the building sector would need to achieve a -52% reduction in embodied carbon by 2030 and -92%
by 2050 to be able to build 4.9M dwellings within the carbon budget limit of the I[EA SDS scenario.

Under this scenario, the existing primary residential stock will again require 468 MtCO, of operational carbon, and will reduce its
embodied emissions linked to renovation to 72 MtCO,, thanks to the impact of the accelerated decarbonisation of the sector. The
remaining amount would in this case amount to 210 MtCO, and would be used mainly for the construction of new primary dwellings
(114 MtCO,) and secondary dwellings (31 MtCQO,).

In terms of new dwellings in this third scenario, the 3.8M primary dwellings foreseen by the ERESEE 2020 would be achieved entirely
through new construction. And it would also be possible to build all of the 1.1M new secondary dwellings foreseen.

In conclusion, aiming to build the residential stock envisaged by the ERESEE 2020 with the most common systems under the IEA
SDS scenario will require advancing the decarbonisation target of -52% of the building sector from 2020 to 2030, and further
deepening to reach a near total decarbonisation of -92% by the end of the next 20 years.

4 These values are those used in the Sector Scenario, which uses the projected decarbonisation pathways for the cement sector, the steel sector and the aluminium
sector, without considering the effect of recarbonation and carbon capture and storage mechanisms.
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Figure 38. Hypothesis of correlation between the level of decarbonisation of materials and new residential construction. Source: own elaboration.
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WHOLE LIFE CARBON

In the #BuildingLife scenario, the whole life carbon emitted in 2050 by
the residential sector will be reduced by up to -89% compared to that
emitted in 20271. This will drop from 47 million tonnes of CO; per year
in 2021 to 5 tonnes of COy in 2050.

This value, in contrast to the trend and sector scenarios, would make
it possible to achieve the decarbonisation targets for 2050 set out in
one of the IEA's scenarios, known as the Sustainable Development
Scenario, which shows the ambition needed to achieve net zero CO; 149
emissions by 2070, falling far short of its 2050 counterpart.

2021-2050
748 MtCO,

65%

In relation to cumulative emissions to 2050, embodied carbon
achieves a large reduction compared to the Sector Scenario and only
accounts for 31% of emissions. In this case, the importance of
operational carbon from the existing residential stock stands out,

reaching 491 million tonnes of CO,. Operational carbon | Existing dwellings

. . . Operational carbon | New dwellings
Finally, it should be noted that the key measures adopted in the

#BuildingLife scenario allow for proportional emissions in 2050
between operational and embodied carbon; operational carbon would
account for 40% of the total, as opposed to the starting point in 2021 Figure 39. #BuildingLife Scenario. Percentage of cumulative whole life

where it represents 85% of whole life carbon. carbon emissions in the residential stock by r?\evamt segment
Source: own elaboration. Unit: %.

B Embodied carbon | Existing dwellings
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Figure 40. #BuildingLife Scenario. Annual whole life carbon in the residential stock by relevant segment. Source: own elaboration. Unit: MtCO, /year.
Whole Life Carbon Roadmap for a decarbonised built environment in Spain | Countdown for the residential sector 53



£, €GBCe JOIN

N/ counel #BUILDINGLIFE

The analysis of the whole life carbon results for each of the relevant segments of the residential stock shows the different weights
that each of them has within the whole life carbon budget 2021-2050, as well as the balance of this impact regarding the habitability
service that they will provide in this same period, that is to say the average number of occupied dwellings that each of them will
provide in the next 30 years.

Within the existing residential stock, very different realities coexist. However, renovated primary dwellings and primary dwellings
with HVAC system replacement stand out, as they represent the two main segments of the residential stock. They will be the largest
providers of habitability in Spain, with an average of 7.1M and 11.3M occupied dwellings, representing 34% and 54% of the
habitability service respectively. And, at the same time, the first carbon emitters, with 314 MtCO, and 255 MtCO; each, reaching 42%
and 34% of the total. For these existing primary dwellings, the balance between habitability provided and emissions generated
between 2021 and 2050 is clearly favourable, in the knowledge that they are our main embodied carbon assets. Furthermore, the
planned improvement actions will mean a significant advance in terms of efficiency, especially among renovated dwellings, which
are currently the largest consumers of energy; a fact that significantly increases the capacity to fight energy poverty.

The new construction as a whole has a much smaller impact on the overall residential stock, especially in terms of the habitability
capacity it will provide until 2050. The segment of primary dwellings by change of use, which meets the need for new dwellings by
using existing secondary or unoccupied dwellings, will provide an average of 1.1M dwellings and will emit 40 MtCO,, which is around
5% of the total habitahility service and whole life carbon. In this case, as they are already built dwellings in which their use is
multiplied, a positive balance can be achieved. On the other hand, the new primary dwellings segment, which will also provide
another 4% of habitability through an average of 0.9M dwellings between 2021 and 2050 has a much higher emissions forecast of
around 92 MtCO, and 12% of the total. This segment has the worst balance between delivered habitability and emitted carbon, and is
largely due to the embodied carbon requirements emanating from new construction.

What emerges from these figures is clear: any route to climate neutrality will necessarily involve considering the existing stock as a
primary source of habitability, and renovation and upgrading it as the first mechanism for reducing the energy used and the carbon
emissions emitted to meet this basic societal demand.

EXISTING RESIDENTIAL STOCK NEW RESIDENTIAL STOCK

50% I

30%
20%

& o0 84

0%

Primary Primary dwellings Existing Existing Primary New primary New secondary
dwellings with HVAC system secondary unoccupied dwellings by dwellings dwellings
renovated replacement dwellings dwellings change of use

% QOperational carbon B % Embodied carbon W Habitability

Figure 41. #BuildingLife Scenario. Cumulative life cycle emissions and habitability service in the residential stock by relevant segment.
Source: own elaboration. Unit: %.
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Conclusions on the #BuildingLife Scenario

The #BuildingLife Scenario, through a firm commitment to new measures guided by the Roadmap, is a clear example that it is
possible to successfully address the challenges of the residential sector in Spain set by the International Energy Agency (IEA) and
the Intergovernmental Panel on Climate Change (IPCC).

With all the efforts deployed under this new scenario, which far exceed the scenarios known today, whole life carbon emissions can
be reduced by approximately -89% in 2050. This value is halfway between the two global scenarios applied to the Spanish context,
namely the -77% forecast by the IEA Sustainable Development Scenario and the -100% of the IEA Net-zero Emissions Scenario.

In terms of carbon budget 2021-2050, the #BuildingLife Scenario is in line with the 748 MtCO,, which allows reaching at least the
budget of the IEA Sustainable Development Scenario. But this is only a first milestone; there is still a long way to go to get closer to
the IEA Net-zero Emissions Scenario, which is the only one consistent with limiting the global temperature increase to 1.5°C.
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Figure 42. Cumulative whole life carbon emissions according to five scenarios. Source: own elaboration. Unit: MtCO,.
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KEY POINTS FOR THE FUTURE

In 2050, all people in Spain will live in a built environment, rural or urban, in socially acceptable living conditions. The building sector
will provide and maintain this service without emitting GHGs, with a resilient and circular building model in the use of resources.

This is the long-term vision of the #BuildingLife project, but to achieve it, the journey starts now.

In this spirit, and within the framework of the Renovation Wave, the project has promoted the development of a Roadmap for the
decarbonisation of residential buildings throughout their life cycle in Spain by 2050. Its objective is to propose a consensual pathway
of actions that will allow us to reduce carbon emissions from buildings to zero, in line with international commitments to combat
climate change, and to allow national comparative analysis with the Member States.

Within the framework of this roadmap, a complete analysis of the residential stock, as the sector's main energy consumer, and the
known scenarios that affect its transformation towards climate neutrality has been carried out, and it has been found that despite
the efforts made, neither the Trend Scenario nor the Sector Scenario will enable compliance with the admissible carbon budget
between 2021 and 2050 according to the International Energy Agency (IEA) and the Intergovernmental Panel on Climate Change
(IPCC). In the best case scenario, the projected amounts are significantly multiplied by 141% compared to the IEA Sustainable
Development Scenario and 255% compared to the I[EA Net-zero Emissions Scenario.

Faced with the impossibility of achieving the decarbonisation objectives assumed in the framework of the Paris Agreement and
within the European Union with only the measures proposed today at the legislative level and by the building sector, it has been
proposed that a new trajectory be considered, the #BuildingLife scenario.

The #BuildingLife Scenario is a clear example that it is possible to successfully address the challenges of the residential sector in
Spain, as the set of measures in this proposal manages to limit the carbon budget to 748 MtCO,. This brings the residential sector in
line with the IEA Sustainable Development Scenario and sets the course towards a more ambitious decarbonisation horizon, the IEA
Net-zero Emissions Scenario, which is the only one consistent with limiting the global temperature increase to 1.5 °C.

As aresult of all this work, it is now possible to define 5 key points for the future, precisely as flagships on which to found the
transformation of the sector towards the 2050 vision set out by #BuildingLife.

* * * * *

UTILISATION RATIONALISATION DECARBONISATION OF COORDINATION CONSIDERATION
AND RENOVATION OF NEW CONSTRUCTION WITH THE OTHER OF
OF EXISTING STOCK CONSTRUCTION PRODUCTS SECTOR'S AGENDAS TIME FACTOR

The 5 key points for the future have been defined in line with the Framewaorks of Action that structure the #BuildingLife Roadmap
and are materialised through the 8 Decarbonisation Milestones and the 12 Action Lines.

The #BuildingLife Roadmap is available here.
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* UTILISATION AND RENOVATION OF EXISTING STOCK

We must make a firm commitment to making the most of what has already been built. Just as we discovered years ago
that without renovating the existing stock we would not be able to substantially reduce our operational carbon, we now
see that in terms of embodied carbon, the existing residential stock is our main asset. Our carbon investment has been
made. This will involve prioritising the recovery of unused or under-used properties, many of them in unoccupied land, as
primary dwellings, and extending the culture of comprehensive renovation beyond what is already in place today. Only the
maximisation of this policy can bring the Spanish sector within the carbon margins consistent with the climate
emergency and deepen the deployment of an effective strategy against energy poverty.

* RATIONALISATION OF NEW CONSTRUCTION

We must redefine the needs for new dwellings so that new construction can be rationalised. With current forecasts for
new dwellings and the rate of decarbonisation of building product materials, it will be impossible to limit embodied
carbon, currently the most destabilising factor in the whole life carbon calculator. Therefore, we will have to reconsider
the policy of new construction towards criteria of maximum efficiency in the design of spaces and construction solutions,
in order to minimise the use of resources and thus reduce the high environmental footprint.

* DECARBONISATION OF CONSTRUCTION PRODUCTS

We must understand that the capacity to undertake actions on existing and new building stock depends directly on the
capacity to decarbonise building product materials. As the amount of embodied carbon is finite, the higher the rate of
decarbonisation, the greater the possihilities for residential renovation or new construction. In this sense, two possibilities
are gaining momentum: accelerating the decarbonisation of the materials we use today and, on the other hand, making
way for bio-based materials, which in general have little market at present, but which have less embodied carbon to start
with, and can even store carbon while they remain in use. In any case, the implementation of life cycle analysis as a tool
for decision making and control of life cycle emissions is urgently needed.

* COORDINATION WITH THE OTHER SECTOR'S AGENDAS

We must strengthen and advance the sector's agendas as a whole, as decarbonisation is not the only challenge facing
the building sector. The transformation towards the circular economy, in this sense, is an essential ally in decarbonisation
and therefore needs to be promoted in a coordinated framework. On the other hand, the principles of doing no significant
harm to other equally important urgencies such as health, biodiversity and adaptation to the already unavoidable impacts
of climate change must be upheld.

* CONSIDERATION OF TIME FACTOR

We must be aware that we need to act urgently, because time is of the essence. The whole life carbon budget is limited,
very limited, and the longer we take to undertake decarbonisation actions, the less carbon budget will be available to carry
out the transformation itself. It is therefore preferable to opt for solutions that achieve rapid decarbonisation compatible
with long-term decarbonisation, even exceeding the #BuildingLife scenario's own forecasts.
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