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1. Introduction

We areinviting feedback on thdollowingsections

In December 202the UK Green Building Council (UKGB@punced the launch of thiet Zero Whole Life Carbon 5. Net Zero Scenarig Definition

Roadmayprojectfor the UK Built EnvironmentheNet Zero Whole Life Carbdoadmaphereafter known as the 6. Net Zero Scenarig Results

WLC Roadma@ms to build a common vision and agreed actions for achieving net zero darbwconstruction, 8. Policy Recommendations

operation and demolition of buildings and infrastructtirethe UK. 9. Stakeholder Action Plan

UKGBC is one of several European GBCs developing national WLC Roadmaps Waldd G&C #BuildingLife To provide feedback, click on ti8sirvey Linlc all the questionsre listed in tre form.

projectt. In the runup to COP26, WorldGBC has convenedtenpean Green Building Councils to galvanise climate

action in the built environment through national and regional decarbonisation roadmaps. The Green Building Respondents do not need to provide feedback on all the questions. Reviewers who have expertise or interest in
Councils spearheading the project are Croatia, Finland, France, Germany, Ireland, Italyhérahtis, Poland, specific topics can respond to questions relevant in thopécsonly. At the end of the survey, respondents have the
Spain and the UKuildingLife is accelerating ambitions in the building sector by creating the first regien option to provideany additional feedback or comments.

response to the vision of a ngerowhole-ife carbon built environmenasa S 2 dzi Ay 22NI RD./ Qa wWnmdg NBLRZNI®

The UKalreadyhas a legal commitment to achieve Net Zero by 2050, pétinways and recommendations for how
this could be achieved set out by the Committee on Climate Change f€Q&jh their UK Carbon Budget analysis
and reports. The WLC Roadmédgighlights and provides focus to the emissions footpspecific tothe UKBuilt
Environment and presents a view of the specific actions and steps ndlkdmayhout the sectoin order to reduce
emissions, through the lens of whdliée carbon.

1.1. How toProvide Feedback

This consultation document presents an update on Readmapwnork completed to date, and seeks wider industry
feedback on the current proposalall built environmentstakeholders are encouraged to participate in the
consultation aghe WLC Roadmaproposalsarerelevantto anyoneinvolved in the delivery and management of the
built environment.

Feedback from this consultation will be reviewed with the Task Groupshesteering Grougor consideration and
incorporation into thefinal Roadmapo be launched in November at COP26.

The consultatioris open fromMonday 26" July toSunday15™ August
Thisconsultation document includes the following sections:

Section 2: Project OverviewAn introduction to he Roadmayproject andprocess

Section 3: Methodology The gope, definition and principles underpinnitite Roadmap modelling
Section 4Built Environment Carbon Footpmt: A snapshot of UK Built Environment GHG emissions
Section 5: Net Zero Scenargdefinition: An overview of the references amaputs used

Section 6: Net Zero ScenaridResults Presentation of thetrajectory to 2050

Section 7: Observationghe implication@nd meaning of the net zero trajectory

Section 8: PoliclRecommendationsCentral Government and Local Authority recommendations

Qx Ox Ox Ox Ox Ox Ox Ox

Section 9: Stakeholder Action Plaikey actions and milestondsr built environmentstakeholders

! https://www.worldgbc.org/buildinglife
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1.2. Summary of Consultation Questions

Section5. Net ZeroScenariog Definition
The following question is repeated for each sdztion(numerically listed below)
Do you agree with the trajectory inputs describedftinis section?

Agree

Somewhat Agree
Neutral

Somewhat Disagree
Disagree

[ - - - A

Please provide any further questions / feedback.
Domestic Buildings

5.2.1. Growth Rateg New Homes

5.2.2. HeatingTechnology Mix within Existing Dwellings
5.2.3. Heating Technology Mix within New Dwellings
5.2.4. Domestic Heating Technology Efficiencies

5.2.5. Proportion of Existing Housing Stock Retrofitted
5.2.6. Space Heating Demand (Existing & New Dwellings)
5.2.7. Retrofit Measures Performance Gap

5.2.8. Behaviour ChangeMean Internal Temperature
5.2.9. Behaviour ChangeHot Water Demand

5.2.10. Behaviour ChangeLlighting Demand

5.2.11. Installed PV Capacity

5.2.12. Installed Solar Hot Water Generation

5.2.13. Domestic Cooking Energy Consumption & Fuel Mix
5.2.14. Domestic Appliance Energy Consumption

Non-Domestic Buildings

5.3.1. NonDomestic Sectoral Growth & Demolition Rates

5.3.2. Non-Domestic Existing Building Heating Technology Mix

5.3.3.  NonDomestic New Building Heating Technology Mix

5.3.4. NonDomestic Heating Technology Efficiencies

5.3.5. NonDomestic Cooling Technology Efficiencies

5.3.6. NonDomestic Existing Building Retrofit Measugd2erformance

5.3.7. Non-Domestic Existing Bdihg Retrofit Measureg Replacement Cycles
5.3.9. NonDomestic Buildingg Installed PV Capacity

5.3.10. NonDomestic Building Unregulated Energy Consumption

Infrastructure

5.4.1. Infrastructure Spend Growth Projections
5.4.2. Change in demandExtenal lighting

5.4.3. Change in efficiencyExternal lighting

5.4.4. Water and wastewater

5.4.5. Construction & Demolition WasteDestinations

Together for a better built environment

5.4.6. Construction & Demolition Waste Arising per Unit Construction Value
5.4.7. C&D waste emissions intensiductions

Capital/ EmbodiedCarbon
5.5.1. Reduction Factorg Materials, Site & Transport
5.5.2. Industry Intensity Factors

5.5.3. Carbon Capture and Storage
5.5.4 Buildings Changef-Use, Utilisation, and Material Rese

Section6. Net Zero Scenariq Results

6.1 UKGBC Scenario Traject@yuestionselow)

With reference to the inputs and results shown in Section 6, do you feel the draft trajectory is:

U  Too ambitious
U Suitable
U Not ambitious enough

Please provide any further fedwhck / comments

Do you think the final residual emissions position for the Built Environment sectonia@propriateproportion of

the UK total?

No, not appropriate
Potentially notappropriate
Potentially appropriate
Yes,appropriate

[ - et et

Please provide anjurther feedback / comments

Section8. Policy Recommendations
The following question is repeated for eashi-section(numerically listed below)
Do you agree with theverall policy pathway laid out in this sectior?

Agree

Somewhat Agree
Neutral
SomewhatDisagree
Disagree

[ et et et et ey

Please provide any further questions / feedback.
Buildings¢ Operational Carbon

8.1.1. Central Government Recommendations
8.1.2. Local Authority Recommendations

Buildingsq¢ Embodied Carbon



8.2.1. Central Government Recommendations
8.2.2. Local Authority Recommendations

Domestic Retrofit

8.3.1. Central Government Recommendations
8.3.2. Local Authority Recommendations

Infrastructure

8.4.1. Central Government Recommendations
8.4.2. Local Authority Recommendations

Section9. Stakeholder Action Plan
The following question is repeated for each ssdztion(humerically listed below)
Do you agree with the recommendations described in this section?

Agree

Somewhat Agree
Neutral

Somewhat Disagree
Disagree

[ ot - B - N

Please provide any fuhter questions / feedback.

9.1. NGOS / Trade Associations / Professional Institutions
9.2. Investors (banks, funders, etc)

9.3. Developers

9.4, Landlords / Owners

9.5. Occupiers

9.6. Facilities Managers / Maintenance

9.7. Contractors

9.8. Material & Product Manufacturers

9.9. Architects

9.10. Building Services Engineers
9.11.  Structural Engineers

9.12.  Homeowners and Civil Society
9.13. Infrastructure Clients

9.14. Infrastructure Owners

9.15. Infrastructure Designers

Additional Questions

Any further feedback or comments on the overall Roadmap?
In its current form, will the Roadmap assist you in your net zero journey?

Together for a better built environment



2. Project Overview

2.1. Purpose of the Roadmap

Theaim of the Roadmap project ie develop a roadmap of actions and secure the support of relevant market
actorsin delivering thedecarbonization of the total impact (whole life cycle) of the built environment in theadK
supported by the following objectives:

1 Build consensus on a thavay to a net zero carbon built environment among businesses and industry

bodies

Identify keyinterventions requirecand any critical interdependencies.

Developsectoralcarbon targets

Set out actions, ownerand processes to achietieesetargets

Identify a range of policy recommendations to support, incentivise and where necessary recarlbgan

reduction measures.

1 Encourage and enable greater consistebhetyweensectorbased actiorplansthat are publshedor in
development

= =4 —a A

2.2. Project Team

A key aspect of the project approach was that the proposals would foeezded with industry. To facilitate this
engagement, iMarch 2022 UKGBC convenexproject Steering Groupwith input from professional instittions
and key sector bodieand four Task Grougsrmed of industry representativesapturing a range of stakeholder
perspectives.

To deliver the above objectivede fourproject Task GroupsNew Build, Domestic Retrofit, NdPomesticRetrofit,

and Infrastructure developed the proposals in the consultation document through a series of workshops. The
industry-wide Steering Group provided strategic input throughout the process and acted as a reviewing body for the
Task Group outputs.

2.2.1. Steering Group Participants:

0 AECOM 0 Good Homes Alliance

d Association for Consultancy and Engineering (ACE) 0 Home Builders Federation

0 Better Buildings Partnership (BBP) 0 Hoare LeaLLP

0 British Retail Consortium (BRC) 0 Institution of StructuraEngineers (IStructE)
& Buro Happold 0 JLL

0 Chartered Institute of Building Services Engineers (CIBSE) 0 Lloyds Banking Group

0 Construction Leadership Couri{CLC) 0 Mott MacDonald

0 Construction Industry Training Board (CiTB) 0 NatWest

8 Construction Innovation Hub (CIH) 0 NHS Improvements

d Construction Scotland Innovation Centre (CSIC) o0 Office of Government Property (OGP)
d Cundall 0 RetrofitAcademy

0 Department for Education (DfE) 0 RIBA

0 Environmental Association for Universiti&<olleges (EAUC) 0 RICS

d Future Homes Task Force 0 Skanska

o} o}

Green Construction Board Tritax Big Box

2 https://www.ukgbc.org/news/industrycomestogether-to-collaborateon-whole-life-carbonroadmapproject/
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The steering group was also supported by representatives thenDepartment for Business, Energy and Industrial
Strategy(BEIS) and the Mistry of Housing, Communities & Local Governn{&ftiCLG)

2.2.2. Task Group Participants:

Task Group tNew Build

0 AECOM 0 BRE 8 Mott MacDonald 0 The Concrete Centre

0 Arup 0 Cundall 0 Multiplex 0 Thakeham Group

0 Atelier Ten 0 ChapmanBDSP o Perkins+Will 0 Turley

0 Bennetts Associates 0 Feilden Clegg 0 Peel L&P & Willmott Dixon
Bradley Studios

0 Burges Salmon o0 Hilson Moran 8 SEGRO plc

0 BuroHappold 0 Igloo Regeneration 0 Sweco UK

Task Grou® ¢ Domestic Retrofit

& Active Building Centre
Alliance for Sustainable
Building Products (ASBP)
Arup

Dorrington PLC

Energy Systems Catapult
Essex County Council

Qx
QX Ox Ox Ox Ox Ox

Qx Ox Ox Ox

Task GrouB ¢ Non-Domestic Retrofit

0 Acclaro Advisory o}
o BDP

d Cundall d
d Derwent London d
d Elementa Consulting d
0 HawkinsBrown

Task Group! ¢ Infrastructure

BAM Nuttall

BuroHappold

CALA Group (CALA Homes)
Chartered Institution of Civil
Engineering Surveyors (CICES)

Qx Ox Ox Ox

ox ox

Federation Of Master Builders
Grainger PLC

Greengage Environmental
Hoare Lea

Knauf Insulation

London Energy Transformation
Initiative (LETI)

London Energy Transformation
Initiative (LETI)

MAPP

Morrisons Plc

Overbury and Morgan Lovell

dRMM
High Speed Two (HS2)

London Energy Transformation

Initiative (LETI)
Mott MacDonald

QX Ox Ox Ox Ox Ox

Passivhaus Trust

Pivot Energy Services

SHAP (Sustainable Housing Action
Partnership)

South Yorkshire Housing Association
Twinn Sustainability hovation

SOM

The Carbon Trust
The CrowrEstate
Tuffin Ferraby Taylor
Verco

WSP

National Grid
Schneider Electric
Skanska UK PLC
Tarmac

Tata Steel

QX Ox Ox Ox Ox



2.3. Structure of the Roadmap
The Roadmap consists folur main elements:

A Carbon Footprinfor the UK Built Environment defined on a consumption basis.

ANet Zero Scenaricalculating an emissions budget and trajectory to 2050 for the UK Built Environment.
A suite ofPolicy recommendationgor central and local government.

A Stakeholder Actio Plandescribing the specific actions for key stakeholder groups within the built
environment required in order to deliver the Net Zero Scenario.

HPowbdpE

¢KS bSi %SNR {OSYyINR2 YS(iK2R2f23& o0dzAf Ra EafboiiRo@e 62N)] 2F GKS DNBSy
map for the Built EnvironmeftThe 2013 Routenap analysis modéhas been updated to capture both historic
emission data for the period 20132020andincorporate key changes during this period (i.e. grid carbon factors).

The future tragctory was informed by data inputs from the Steering Group and Task Groups, setting out the
required pace and scale of mitigation measures. Details on the methodology are provigkion3.7.

The agganisations listedbove withinSteering Group andask Groupgrovided prebono supporto the project
through donation of time. This acknowledgemengednot imply endorsement of every aspect of this report, which
has been arrived at through a collaborative proc@$seproposals put forward in this reptoare draft for
consideratio anddevelopmentvith the wider industryThe poposals may not reflect the views of all peipiants.

2.4. Future Governanceand Usage

The final WLC Roadmap will include an ongoing governance stiaiggsing the intended future usage of the
Roadmap methodology and resourcé&$e intention iautilise the methodology and datsets going forward in order
to track industry progresand updde trajectories as appropriate.

It is envisioned that the Roadmap will be an important resource for built environment stakeholders as they manage
their net zero transitions. The carbon reductipathwayas presented in the trajectory visualisation willadxhe

sectors toreviewemission reduction progresmd identify interim targetsThe trajectory can complemeiwther
sub-sector roadmaps by providirthe overarchingcarbon budgetiscontext for individual sectorsnique challenges

and opportunities.

Stakeholders camise ths report to understandhe key actions, policies and milestones that need to be undertaken
to deliver a net zero built environmerénd how different interventions interact on the decarbonisation pathway

3 https://www.building.co.uk/download?ac=1753266

Together for a better built environment

| 2yaiNHzOGA2Y

21

NR QA&
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3. Methodology

3.1. ACarbon Budget for the Built Environment

{AyOS G(GKS 2NAIAYylIf LldzotAOFIGA2Y 2F GKS DNBSY
emerged for rapidly and aggressively addressing carbon emissions in the UK. Declarations of clingegaceseby
Centraland LocalGovernment, ambitiousarget setting andincreasing consensus around limiting warming to 1.5°
frame achallenge of unprecedented scdta the Built Environment

The CC@&commend emission reduction targets aligned with theY Q& wnpn y Si
Paris Agreement. In 2020, the CCC proposed a legally binding emission target for the period3x,2088vn as

GKS G{AEGK /I Nb2y .dzRIS{iz¢ 6KAOK ¢2dz R OB YVdseinebyK S
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Emissions attributable to the UK Built Environment cut across several of ther@i€slon categoriesand the Sixth
Carbon Budget therefordoes not provide a clearly defined quantum of emissions for the built environment that
FftATYy 6AGK GKS !''YQa 2@0SNI NOKAy3d OIFNb2y o0dzRISG P

One of the overarching objectives of this project is to identify and set out an emissions hod@{&0for the built
environment, consistent with the wider UK carbon budget, with a suitable system bourtearigsions will be
brokendown by subsectorsand emissions categorieslevant to the built environment to enable specific actions to
be determined for responsible stakolders.

The benefit of identifying carbon budgets is thiley provide a eiling for allowable emissions, whilst enabling
choiceswithin that budgetaround how emissions are allocated between sabegories and different carbon
emitting activities. Vale judgements may be made around competing priorities and preferred pathbaged on
economic or technical considerations.

Determining and agreeing an overarching consumpbased carbon budget for the Built Environment will provide
a top-down datasetfom which to establish asset and project level targets.

3.2. Net Zero 2050 Target

The CCC'6Carbon budget sets outlzalancedpathwayfor carbon reductions across all sectors. Some sectors are
projected todecarbonige completely, whereastber sectors such as Manufacturing and Construction (which

includes territorial embodied carbon emissions from buildings), are not projected to reach full decarbonisation, and
are left with some degree of residual emissions.

Total lesidual emissions acroafl sectors are then proposed to be offset via both natbesed removals (i.e. lard

use change, increased forestation, peatland restoration), and engineered greenhouse gas removals (i.e. Bioenergy
with carbon capture and storage (BECCS), Direct Air Gapt@O2 with storage (DACCS) and increased use of
GAYOSNI AY [/ 2yadNHzOGA2y 0 (2 LISNXYIySyGdte NBY20S OFNb2Y
by 2050.

To align with a Net Zero UK by 2050, the UK Built Environment is therefore retjuiteliver significant
decarbonisation, but nohecessarilyachieve absolute zero emissio$he esidual emissions related tbe Built
Environmentwill howeverneed toNB ¥ £ SO I of tiheBvailag tétak WKNdnévatsidget as defined by CCC,
in order to not exceed theectorsd I f £ 2 O (wid2 yafuralaid engivieered carboemovals.Consumption
emissions (embodied carbon from imported construction materist®)uld be reducetb as low a level as is
practically possible.

Together for a better built environment
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This pioject proposesthat the UK Built Environment Net Zero targ#terefore takesthe form of a sector

SYyrAaaAizya o0dzRISHI gKAOK FfAdya gAGK GKS !'YQa bSdG %SNB Hn
consumptionemissions.
3.3. Net ZeroModelled Scenaio
.21 NRQ& [26 /NP2y w2dziSYF LI AY wWnmoX | ySg O2y(SEG KI &
To determine a carbon budget for the Built Environmami¢ceboundary conditiondiave beerestablished to
identify the starting position, projectionsan then bemade for the pace and scale @quiredcarbon reduction
interventions over time. The resultant projected emissions form the pathwagmission trajectory, with the
_ interventions forming theprojectedscenario.
STAYSR 0é UKS HAawmMp
Policy can then be identified to support and drive the interventions, via réigalaeconomic or fiscal incentivisation
ordo®e? NdviétArivdrdl & SYAdaAz2ya 02 Tyi: 0St26
2YYSYRFGAZ2Y a | tS3artfte oAyRAyYy3 GFNBSGO
In this project he pace and scale of interventiokst @S NBFSNBy O0S (2 ( & arépfimatha LI G Kgl & a
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informed by latest industry thinking and research via the Taskups.

3.4. Net Zero Scenario Principles

The roadmap contains twecenariosaReference Scenario, and a Net Zero Scen@omparison is also made to the
CCC balanced pathway for reference.

3.4.1. Reference Scenario

The reference (or business as usual) scenarwodelled based on the BEIS energy and emissions projections
research and represeat T2 NBF NR Go0dzA Ay Saa eéxiatingdgmverriment policyCo8tidkNR 2 o a S

Each year BEIS publistesergy and Emissions ProjectidBEPS), analysing and projedifuture energy use and
INBSyK2dzaS 3l a SYAaarzya Ay (GKS !'Yo ¢KSaS LINR2SOiGAz2ya
carbon budgets and are used to inform energy policy and associated analytical work across government

departments.

The prgections are based on assumptions of future economic growth, fossil fuel prices, electricity generation costs,
UK population and other key variables regularly updated. They also give an indication of the impact of the
uncertainty around some of these inpassumptionsEach set of projections takes account of climate change

policies where funding has been agreed and where decisions on policy design are sufficiently advanced to allow
robust estimates of policy impacts to be made.

The roadmap trajectory modellingkesa simplified approach wherby the future emissions profile (curve shape)
presented in the selected BEIS scenario will be applied from the baseline year of built environment emissions. As the
BEIS data only projects 2040, the scenario will utilise the profile data to 2040, with the trending line then

PXERIREO 0PV 2 5 1IKSENB YR F OKASHS GKS ! YO4 bSi %BSNE
CKAZ oAff GKSNBF2NB ONBEGS | F2NBFNR

G+ NB S

aodzarySaa | a
3.4.2. Net ZeroScenario

For the UKGBC Roadmap Scenario, the pace and scadoh reduction measuregppliedwasinformedthrough
research undertaken by the Task Groups and Steering Group, refldotitatest industry thinking, research and
publications
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3.4.3. Guiding Principlefor the Roadmap Scenario

An overarching principlef the Roadmap projeds that the UK Built Environmentill seekprogress towardzero
emissions (including capital and operational emissidP®ject team membershus consideed which measures,
interventions and solutionshouldbe implemented in the drive towards Net Zero and in the context of the climate
emergency and with consideration of the following:

- Technological feasibilitysolutions and measures reflect what is currently considered tretienically
feasible as we look to the future. Technical feasibility of implementatsmeferenced throughtechnical
studies and background evidenaceith the quality, transparency, objectivity, scalability and applicabdity
different resources consided throughout the process.

- Economic viabilityThe scenario includes measures which maybe currently viewed asconomically
viable or do not have a positive return on investment (lagge scale retrofit of hard to treat domestic
properties) and which would therefore require financial mechanisms, incentivekesnatively regulation
to encourage omandateadoption.

- Market viability Measures proposetbr implementtion in the shot and mediumterm are cognizant of
currentmarketposition and enabling actions required, i.e. unrealistic step chaslyesld beavoided.
Measures proposed further into the future are likely to increasingly rely on positive progregsipalicy
and marlet landscape.

The project tearmalso assumethe following direction of travel over the 3@ear period from 2022050for the Net
ZeroScenario, Policy Recommendations and Stakeholder Action Plan:

1 An overarching shift in national and local policy lavagse towards Net Zero as part of a green recovery
strategy.

1 Increasing urgency for the implementation of Net Zero solutions, including fundamental changes in
approach where necessary.

9 Strong drivers toward Net Zero from both the investment community eoclipiers.

1 A responsibilityownershipand drive from within the construction industry and supply chains to accelerate
change.

1 Increasing consumer and societal pressure and appetite for climate actiomjgimeracceptance of
disruption.

The Roadmap does not attempt to quantify, model or predict specific impacts related to the-Cbpiandemic
within the built environment albdat some recent trends are captured within the projected growth rates for certain
building sectors.

3.4.4. CCC Aligned Scenario

The intention of the CCC Aligned Scenario is to provide reference against the Balanced Pathway as published by CCC
in 6" Carbon Budet report. The UKGBC Scenario is calculated on a consumption basis, including emission from
imported materials to account for all emissions for which the Built Environment is respon3ibé&eCCC balanced

pathway and the UK Net Zero target is based omestic or territorial emissions, i.e. only those emissions arising

within the UK. The approach takéor the purpose of comparisonas been to present the UKGBC Scenario showing
domestic emissions only, i.e. excluding imported emissions.

5 https://scbrims.files.wordpress.com/2013/10/routemafinal-report-05032013.pdf
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This comparison was established through dialogue with the CCC and its publishedlveockmparison maps the
national emissions budgets estabkshby the CCC, alongside the UKGBC Scenario, alongside emissions from the CCC
balanced pathway relating to the built environment definition and scope as defined by the project.

3.5. Modelling Methodology

The objective of théuilt EnvironmentNet ZeroRoadma model is to provide a calculation platform that can be
used to develop an emissions profile setting out the pace and scale of actions across the sector to stgport it
achieve net zero by 2050. This has been delivered through two key steps including

1. Updating the 2013 Low Carbon Routemap model for the UK Builtonmen#; and
2. Qeating and then applying a net zero carbon scenario for the UK built environment to 2050.

Both thesestepshave been undertaken and supported through a detailed consoliand engagemengxercise
with UKGBC projetask groups who have played a central role in bring forward data to inform the model as well as
providing steer as to the pace and scale of actions it has applied

3.5.1. Scopeof the model

The scope of th2021 Roadmamodel includes new and existing buildings with detail of both domestic and non
domestic subsectors. It also covers infrastructure with a series of subsectors addressed. Across buildings and
infrastructure, the focus ien Operational andEmbodied carbon emission$he model provides a timeseries

approach to its calculations including historical outturn emissions from 1990 to a baseline calculation year of 2018
(the most recent year in which full emissions datasets are availadte)then he ability to apply projected

emissions scenarios to 2050.

3.5.2. Modelling approach

Model Structure

The structure and calculation methods of the 2021 built environment carbonRaaadnodel are basedn the 2013
Routemapproject The focus in 2021 has been torly forward new data to update the existing calculation methods
including rebaselining to the year 2018; alongside establishingelected areas

0 New calculation methosl(to improve previous model approach);
0 The inclusion ofi number of additional mdelled actions/interventions (not covered in the 2013 woik)d
which reflectcurrentthinking for sector decarbonisatioapproaches

In addition to the summary method description provided here, a more detailed technical addendine
publishedto accompany the final Roadmap repodovering modelling approach and updatesisTisdesigned to be
read together with the original 2013 Low Carbon Routemmaqulel technical repoftmuch of which remains relevant
because of the same structural underpinnings.

Thecalculation and analysis floof the 2021 built environment carbon Raadp model is shown ikigurel.Here it

can be seen that the model is based around a key number of calculation modules covering aspects such as historical
outturn emissions, capital carbon and the use of the UKMRIOthanduildingstock/and energy models for

domestic and nordomestic huildingsoperational carbon. The calculation modules are driven by a wide range of
specific datasets. In the cases of the baseline year and historical emissions this tends to be long running
authoritative national sources, as for example is the case wsthgithe Digest of UK Energy Statistics (DUKES 2020)

for historic operational carbon emissions. When it comes to modellingteeariosthis is made up of a more

5 Ibid



variedmix ofdata requirementdriven by differentV t S @ $hFaddel (for examplecharges in heating
technologies mix, building fabric standards,)efthe data for thesdefining the timing and scale of actitvas been
taken from a diverse mix of references.

Scenario Demand

Background

Trends

Levers Projections

Development
CCC, BEIS
=== Historic = === r=--- Future ---- (ref) scenarios
Ft_.rfu_re
emissions -
Energy Emissions projections lé'KGBC Bulltt
Consumption nvironmen
NZ scenario

—
R

-
1
W
Emissions \l\ Emissions Model (calculations)
I
1%
Emissions 1
Intensities : Energy  _| OpCarb Future
b \ Consumption Module Emissions
. \ projections
AN
1 Y .
\ New Build &
1
i | A\ Retrofit CapCarb
b e 1 | e e = a Y Expenditure Module
A\
"‘.

Emissions
Intensities

Figurel: 2021 BuilEnvironment Roadmagalculationand AnalysisHow

Within the model update and development many different reference gatints areapplied across a mix of
calculation modules. A summary of the most important highlight a number of key model features

OperationalCarbon

Historic operational carbon emissions are primarily calculated from data for UK energy consumption sourced from
the Digest of UK Energy Statistics (DUKES) developed by BEBI®N8ergy data has then been combined with
GHG emissions factors talculate the operational carbon contribution from various built environment sectors. For
the modelling of future energy demand of domestic buildings, a hybrid approach is applied using a deconstructed
version of the DECC 2050 Pathways Calculator. Thizekasmodified with bespoke data for parameters such as
electricity grid decarbonisation, heat delivery modes, and timeseries thermal loss profiles across both existing and
new stock. For nodomestic buildings, a similar approach is applied, projectangosal energy demand based on
future growth rates. Retrofit measures are introduced according to building and system lifecycles. The expenditure
for new building and retrofit construction is estimated and imported into the capital carbon model.

Capital/l EmbodiedCarbon

The capital carbooomponentof the model has been updated to use the 202KMRIO modgincorporating data

up to 2018 at a greatezconomic sectodisaggregation (126 economic seapthan used ithe 2013 Routemap.
The UKMRIO modghks Greenhouse Gas Emissiamish final consumption through understanding global supply
chains. The University of Leeds uses this model of th®& t#tbon footprint toprovideconsumptionestimates to
Defra (https://www.gov.uk/government/statistics/uksarbonfootprint). The model uses m@ulti-regioninput-

output (MRIO) model, to link the flows of goods and services described in monetary terms, with the emissions
generated in the proess of production. It is a sophisticatadalysisnodel that can assingte data on emissions and
product flows from diférent countries and years in different classifications and valuations, dealing with the data
gaps and reconciling inconsistencies.

Together for a better built environment

This was combined witthe UK Buildings and Infrastructure Embodied CarborBUEC) modelhichcan take the
MRIO economic sector inputs and allocate them into the built environreghsectorghat we are familiar with and
apply in the RoadmapAn important part of updatinghte capital carbon model was also to include the latest
updates from5 ST NI Q& wHnwunAn | Ygedefntiod dnditiedtr@eat 2y 21 aid S

3.6. Scope of UK Built Environment Emissions
Within its analysis and reporting, the CCC splits UK emissionghéfollowingOF § SI2NA S& 2NJ ¢aSOi2NEE T

associated mitigation measures and recommended actions per sd€igure 2 below showbe breakdown of UK
emissions (2018 data):

mm Residential buildings

w== Non-residential buildings
Manufacturing & construction
Electricity supply

mm Fuel supply

539 (703) mmm Surface transport
Mtcoze Waste

= [-gases
mm= Aviation
= Shipping

wem Agriculture

Land Use, Land-Use Change & Forestry

Figure2: UK greenhouse gas emissions 2018 (MeL@rey buble represents consumptidrased emissions (i.e. including
imports and excluding expojts

Emissions related to the UK Built Environment cut across several of these CCC sectors, most obviously Buildings, but
also elements oManufacturing andConstruction Waste, Surface Transport@ases and others. Furthermore,

although a proportion of embodd carbon emissions from construction are captured withinM#ufacturing and
Construction a significant proportion (3@0%) relate to noderritorial emissions, i.e. construction materials and

products produced overseas and imported to the UK.

Therefae, in order to accurately determine a carbon footprint for the UK Built Environment and identify tailored
stakeholder actions, an appropriate system boundary andaatbgories are required. Stgector categories enable
more effectively visibility of theegree of control or influence of each stakeholder group, and therefore allow for a
more consistent roadmap of actions toward the end goal.

In first principleterms, the built environment encompasses all elements of smade infrastructure and buildings. If
the construction, operation and use of all these elements are included fordooting purposes, such as the supply
and distribution of fuel and power, @nall vehicle usage on our transport networks, the resultant quantum of
emissions is nearly 70% of the UK emissions total bas@@ D8 data (se&igure3).



A significant proportion of this is from the transport (vahiosage), and energy (supply) sectors, dadarbonising
iKSaS aS0G2NA A& Of SINX¥& ONRGAOIEt Ay G(KS O2yGSEG 27
the wider Built Environment, and ultimately a systems viewpoint is require/éduate the wider interconnected

carbon impacts and reduction opportunities.

idKS

However in order to provide adequate focus and depth to the industry within the programme constraints, the focus
of this report is on embodied and operational carbon of buigimnd infrastructure, and excludes emissions related
to surface transport and energlistribution (infrastructure user emissions).

For the purposes of this exercise the following scope of emissions archsegpories have been determined to
represent theUK Built Environment:

Capital / Embodied | Operational / Regulated Use / Unregulated FGas
Carbon Carbon: Carbon
Domestic Carbon emission from Carbon emission from
Buildings regulated unregulated energy
energy uses within uses
buil d?r)(gs,' FGasleakage
' Cooking from heat pumps
Heating Appliances \?v?t?]icnhlllers
Non-Domestic | Embodied carbon Cooling Lifts buildings
Buildings from Ventilation& Pumps Small power plug
Construction, Lighting loads
Maintenance & Hot Water IT / servers
Demolition.
Both UK and
international Carbon emissions from the
(imported) operation of infrastructure:
emissions.
Infrastructure ﬁgtﬁﬁ]tg& public realm Not in scope Not in scope
Comms networks
Water supply & treatment
Wastetreatment

Tablel. Emissions Scope for the UK Built Environmewlefined for the Roadmap.

Together for a better built environment

Sectors Boundary

mmm Residential buildings Waste

Non-residential buildings = F-gases UK Territorial

Manufacturing & construction === Ayiation
Electricity supply s Shipping
== Fuel supply wem Agriculture

mmm Surface transport Land Use, Land-Use Change & Forestry

UK greenhouse gas emissions ’
539
MtCQO.e |

'

370
¥

Built environment controlled
123 Influence only
Y
Operational carbon
emissions from built assets

Figure3. UK greenhouse gas emissions 2018 (Melshowing influence and control of the built environméatey bubble
represents consumptiebased emissions (i.e. including imports and excluding ejports

Other sectors

Built environment influenced

Capital carbon

associated with the construction,
operation & maintenance of built assets
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3.7. Whole Life Carbon Emissions Categories

The vision for the Roadmap is to create a pathway to et Zor the built environment, including both buildings
and infrastructure, and considering wheié& carbon emissions. That is to say greenhouse gas (GHG) emissions
relating to the construction, operation and estd-life processes for buildings and infteucture assets.

Following this approact becomes immediately apparent that differences exist in terminology and categorisation of
GHG emissions between the buildings and infrastructure elements of the construction industry. This section briefly
presents these alongside each other, to aid urstending of the terms used throughout this report, given that it is

unlikely most readers will have an overarching understanding of all terminology used across all parts of the industry.

This report does not take a view on the merits of the different terology, but simply aims for clarity on what is
described by the language used.

3.7.1. Infrastructure

PAS2080 (Carbon Management in Infrastructure) was produced in 2016 and showhblewife carbon in
infrastructure can be managed more rationally and stgagally. PAS 2080 adopts the terms Capital, Operational and
User carbon as follows:

0 Capital Carbon GHG emissions that can be associated with the creation, refurbishment and end
of life treatment of an asset. This includes the emissions associated \ai#rials, construction plant,
transport of materials to sites, and will occur for all construction activities be they directed to new build,
maintenance or refurbishment. Capital carbon emissions also arise at end of life associated with demolition,
wasteprocessing and any final treatment/disposal.

0 Operational Carbor GHG emissions associated with the operation of an aské origins of operational
carbon emissions varies across infrastructure sectors due their different functions.

8 User Carborr GHG emissions associated with the uShtiisation of infrastructure (i.e. emissions arising
from the user utilising infrastructure servicegh example of user carbon emissions are emissions arising
from vehicles utilising road infrastructure, asthrepresent the user utilising the infrastructure service
provided.

PAS2080 states that the boundary on where to draw the distinction between operational and user carbon is not
always clear. Therefore to differentiate between these, PAS 2080 usesittoipfe of control and influence,
whereby asset owners who have a significant level of influence to reduce user emissions through their
organizational activities, will be allocated the emissions (and hence they shall be termed operational emissions).

Figure4 opposite shows an extract from PAS20&kén from BS EN 15978:2011 and adapted for PAS 2080 and
infrastructure) which sets out thenodular approach showing the life cycle stages and individual modules for
infrastructure GHG emigms quantificationThe colour coding across the modules show how the different
categories of Capital, Operational and User emissions map across the various lifecycle stages.

Together for a better built environment

Infrastructure assessment life cycle information

Before use stage

A0-5

Pre-construction stage (AQ)

Product stage (A1-3)

Construction process stage (A4-5)
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o
]
@
>
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c
E
2
o

Raw material supply
Transport

Manufacture
Transport to works site

@ Capital GHG emissions
® Operational GHG emissions

® User GHG emissions

A-4 A-5

Construction / installation processes

Use stage

B1-9

Use stage

Replacement

®
e
c
©
c
2
=
@
=

B-6 Operational energy use

B-7 Operational water use

B-8 Other operaional processes

B-9 Users utilisation of infrastructure

Refurbishment

Deconstruction

End of life stage

C1-4

End of life stage

Transport

Waste processing for recovery

Disposal

Supplementary
information beyond
the infrastructure
life cycle

D

Benefits and loads beyond
the system boundary

D

GHG emissions potential of:

- Recovery including:
- Reuse
- Recycling

- Benefits and loads of
additional infrastructure
functions

Figure4. Extract from PAS 2080 showing the modalaproach showing the life cycle stages and individual modules for
infrastructure GHG emissions quantification.
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3.7.2. Buildings

The RICS Professional Statement on Whole Life Carbon Assessment for the Built Environment was published in 2017
and was intendedd standardise whole life carbon assessment and enhance consistency in outputs by providing
specific practical guidance for the interpretation and implementation of the methodology in EN15978 in carbon
calculations. The RICS Professional Statement categ@inissions across lifecycle modules, against a breakdown

of building material categories.

Recently there have been efforts pwovide a common set of definitiondeveloped by the Whole Life Carbon

Network (WLCN) in collaboration withy R dza G4 NB = | y R Qarkod Ddfifuorts forQie 8uiltz y 2 F
Environment, Buildings and Infrastructéfe This document sets out to achieve greater consistency across the built
environment industry. Figuré below shows the summary of lifecycles modules and the various terms that are used.
As can be seen, the key terms used are

0 Embodied Carbon Total GHG emissions and removals associated with materials@mstruction
processes throughout the whole life cycle of an asset (ModuleAAB1B5, CiC4).

0 Operational Carborr GHG emissions arising from all energy consumed by an asesejrover its lifecycle,
plus GHG emissions arising from water supply\aastewater treatment for an asset-use, over its life
cycle. For infrastructure assets this also includes GHG emissions associated with the operation of
infrastructure, as required to enable it to operate and deliver its service.

Figureb: Life Cycle Modules adapted from BS EN 15978 and PAS2080 (for Infrastructure) with relatetbggyrn8ource: Carbon
Definitions for the Built Environment, Buildings and Infrastructure, Version A, May 2021

3.7.3. Approach taken in this Report

This project builds on the work of the 2013 Low Carbon Routemap, which used the same terminology as PAS2080 of
Cajtal, Operational and User carbon. In the context of buildings, the 2013 Routemap split Regulated and
Unregulated energy usage into Operational and User emissions. This follows the logic contained in PAS2080 around
control and influence, i.e. regulated emgy uses (heating, cooling, lighting, ventilation, auxiliary) are directly within

the control of building designers and operators, whereas unregulated energy uses (lifts, IT, plug loads, etc) relate
more to building users, and therefore building designermsanagershave lesgontrol of these elements.

As this project builds on the approach and model architecture of the 2013 Low Carbon Routemap, there is merit in
retaining the categorisation and terminology used in 2013 in order to enable clear compafigmdatasetsand
evaluate progress to date.

Therefore, this report uses the term Capital Carbon within the carbon trajectory results, for consistency with how
the datasets have been presented historically. However, within the narrative the term EedbGdrbon is used
interchangeably with Capital Carbon, with no differential in meaning intended.

Unregulated energy usage of buildings has been included in the scope of this exercise, but to enable consistency
with the previous 2013 Routemap, these entiss are categorised as User emissions.

d User Carbon (Infrastridare only)-D1 D SYA&daAizya NBfFGAy3a (2 dzZASNRQ dziAtAaldAzy 2F AYTFNIF adNuzOGdzZNBE yR (KS

service it provides during operation.

EMBODIED CARBON

CIRCULAR ECONOMY :
BEYOND BUILDING
LIFE CYCLE

Benefits and Loads

END OF LIFE

Transport

@
v
c
]
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]
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[
=
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Refurbishment E

Deconstruction
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"NB:"Hatched modules are for infrastructure only.

7 https://b80d7a041c2845e2b904-e0715cface93.filesusr.com/ugd/2508 879ch72cebead587aa860b05e187a32a.pdf
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4. Built EnvironmentCarbon Footprin(20102018)

4.1. Previous Projections

In 2015, the original Routemaypas updated with 2012 data against its 1990 baseline, but no updates have been
made since then. Tracking emission activity within the Built Environment sector is necessary for understanding
where progress is being made and where further efforts are reglir

In 2013, the GCB Low Carbon Remt&p showed Built Environment emissions decreasing from a 1990 baseline of
209 MtCQre to 191 MtCQee by 2010 measured data seeFigure6 below). The Routemap then projected steep
reductions through the 2010s, with emissions reachi@g MtCQe by 2018. Reduction profiles then tapered, off
with overall emissions trendin@wards the 80% reductiotarget by 2050.It should be noted that tis data did not
Ay Of dzRS & ! a SoNBereférerthedesekgg déata B bakseyl on regulated energy uses only and excludes
unregulated energy from buildings.

Figure 7: Actual emission data to 20IB1tCQe ¢ excluding unregulated energy usage)

4.3. Analysis(2010¢ 2018)

4.3.1. Grid Decarbonisation

Figure6: 2013 Routenmap carbon projection@tCQe ¢ excluding unregulated energy usage)

4.2. Progress in theast decade (201Q 2018)

Updated analysis based on the latest availdbledatasets(2018)enables a comparison of actual emissions over the
last decade versus the previous projections from 2(ERFigure 7 below). It can be seen that total emissions

during the period 2012018 are closely aligned with the previous projectionstal emissions in 2B reach143
MtCQe, slightly shorbf previously projecteé@missions by this poinThisalignmentis likely driven by the accurate
representationof the pronounced grid electricity decarbonisatiaich occurredover this period2010¢ 2018).1t
should be noted that minoupdates to historical data lead to a slight change in baseline position. Figures: Grid Electricity Carbon Intensity (kgCO2e/kWh)

Grid electricity decarbonisation was pronounced between 22018, with a50% reduction in carbon intensity
achievedargelyas a result osignificantS E LJ- y & A 2 Y  2shoreiwkdScagdacity@eeFig2irésy.
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