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Embodied carbon
Dr Jannik Giesekam 

Chancellor’s Fellow & Deputy Director of Knowledge Exchange: 
Policy Engagement
Department of Civil & Environmental Engineering
jannik.giesekam@strath.ac.uk
@jannikgiesekam
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Embodied carbon
• Foundations

• Recent developments

• Where next?

• What should I be teaching?

• Q&A
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Hands up if you’ve used this guidance
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Hands up if you use EPD like these
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FOUNDATIONS
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Climate change – already >1°C

Screenshot from Carbon Brief interactive depicting how an average surface temperature rise plays out differently across the globe

http://www.carbonbrief.org/mapped-how-every-part-of-the-world-has-warmed-and-could-continue-to-warm
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From Paris to projects…

International agreement

National policies

Sub-national requirements

Project implications
Icons from the Noun project (Andrei Yushchenko, Tom Walsh, Vectors Point & Randomhero)

  
   

   
   

   
   

   
   

Corporate goals + 
voluntary standards
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UNFCCC 2022 NDC Synthesis Report

Progress since Paris Agreement
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Climate Action Tracker (2022)

https://climateactiontracker.org/global/temperatures/
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UNEP/GABC 2022 Global Status Report

2021 global energy & process CO2 emissions

https://www.unep.org/resources/publication/2022-global-status-report-buildings-and-construction
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Adapted from UNEP/GABC 2022 Global Status Report

2021 global energy & process CO2 emissions

28% Operational carbon

15% Embodied carbon

Everything 
else 57%

https://www.unep.org/resources/publication/2022-global-status-report-buildings-and-construction
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Definitions

WLCN et al. (2023) Carbon definitions for the built environment

https://www.leti.uk/carbondefinitions
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UK Greenhouse Gas Emissions

Whole-life carbon in the built environment

Embodied carbon Operational carbon

MaintenanceConstruction End-of-life Power, heating, cooling, waterProducts

Other sectors of UK economy25%
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Available from: ukgbc.org/ukgbc-work/net-zero-whole-life-roadmap-for-the-built-environment/

https://www.ukgbc.org/ukgbc-work/net-zero-whole-life-roadmap-for-the-built-environment/
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UK built environment
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Net Zero Roadmap

Outlines a common vision & 
industry-wide actions for 
achieving net zero carbon in the 
construction, operation, & 
demolition of buildings & 
infrastructure in the UK. 
Based on input from >100 
stakeholders across industry

see ukgbc.org/ukgbc-work/net-zero-whole-life-roadmap-for-the-built-environment/

https://www.ukgbc.org/ukgbc-work/net-zero-whole-life-roadmap-for-the-built-environment/
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Available from: ukgbc.org/ukgbc-work/net-zero-whole-life-roadmap-for-the-built-environment/

https://www.ukgbc.org/ukgbc-work/net-zero-whole-life-roadmap-for-the-built-environment/
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Splits based on 2023 analysis of housebuilder designs from Future Homes Hub

Typical housing project split

54%46%

Current mass 
housebuilder 
designs that 
meet regs

Embodied carbon

Modern, 
low-energy 
design that 
meets FHS

28%72%

Operational carbon

Unregulated Regulated

https://irp.cdn-website.com/bdbb2d99/files/uploaded/Embodied%20and%20Whole%20Life%20Carbon%20Implementation%20Plan%20-%20final.pdf
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Scale – buildings

1t 10t 100t 1kt 10kt 100kt

4x brick pallets 
~1 tCO2
At 232 kgCO2e/t brick 
(A1-A5) from UK clay 
brick EPD

5 Broadgate
46,324 tCO2e 

13 storeys, 65,300m² of office 
space to practical completion

Development 
Pipeline
209,051 tCO2e
Forecasted total 
embodied carbon in 
2021 Sustainability 
Report

King’s Cross Sports Hall
709 tCO2e

2000m2 facility, LETI B-rated for embodied 
carbon & sequesters 638 tCO2
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Scale – infrastructure
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Basic calculation
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Software/tool
e.g. OneClickLCA

Typical assessment of a building

Assessment methodology
e.g. BS EN 15978 + RICS PS

EPD or generic 
carbon factors

Material quantities
e.g. from building 

model or BoQ
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What is an EPD?
• An Environmental Product Declaration provides 

environmental information from a LCA in a standardised 
format using a consistent methodology

• Based on standards (e.g. EN 15804) combined with 
Product Category Rules (PCR) and independently verified 

• Basically LCA+PCR = EPD

See these introductory resources on EPD from the Alliance for Sustainable Building Products for further information

https://asbp.org.uk/workstream/environmental-product-declarations
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How might I use an EPD?
• Selecting a product (e.g. comparing two different suppliers)

• Comparing design options

• Meeting a reporting requirement of clients

• Supporting a marketing claim

• Integrating EPD into a larger assessment of a building or 
infrastructure asset
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Calculation tools

Click logos for the tools. The Carbon Leadership Forum also provide a good overview of most tools

+ many more!

https://www.oneclicklca.com/
https://www.hawkinsbrown.com/sub-services/hbert-emissions-reduction-tool/
https://portal.fcbstudios.com/fcbscarbon
https://www.istructe.org/resources/guidance/the-structural-carbon-tool/
https://carbonleadershipforum.org/
https://carbonleadershipforum.org/tools-for-measuring-embodied-carbon/
http://www.buildingtransparency.org/
https://www.zebra-model.org/
https://etool.app/
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RECENT DEVELOPMENTS



X
T

H
E

 U
N

IV
E

R
S

IT
Y

 O
F

 S
T

R
A

T
H

C
L

Y
D

E

Recent developments
1. Data availability

2. Standards & guidance

3. Benchmarking & grading

4. Planning

5. Public procurement

6. Regulations



X
T

H
E

 U
N

IV
E

R
S

IT
Y

 O
F

 S
T

R
A

T
H

C
L

Y
D

E

Recent developments
1. Data availability

2. Standards & guidance

3. Benchmarking & grading

4. Planning

5. Public procurement

6. Regulations
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Jane Anderson (2023) ConstructionLCA blog

Growth in EPD to EN15804

https://infogram.com/constructionlcas-2023-guide-to-epd-1h0n25yvdgz7l6p?live
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Recent developments
1. Data availability

2. Standards & guidance

3. Benchmarking & grading

4. Planning

5. Public procurement

6. Regulations
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Evolution of reporting standards

British & European standards
BS EN 15978 etc.

RICS PS Built Environment Carbon Database
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PAS 2080:2023

Defines common language for 
carbon management with defined 
requirements for each value chain 
member at each work stage  
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Other key UK guidance

CIBSE TM65 IStructE methodology LETI primer
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Recent developments
1. Data availability

2. Standards & guidance

3. Benchmarking & grading

4. Planning

5. Public procurement

6. Regulations



X
T

H
E

 U
N

IV
E

R
S

IT
Y

 O
F

 S
T

R
A

T
H

C
L

Y
D

E

RIBA & LETI targets
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LETI grades – King’s Cross Sports Hall

LETI have published a great series of case studies including this example here

https://www.leti.uk/_files/ugd/252d09_c841faf2cd354bab9d178bb6e552261e.pdf
https://www.leti.uk/carbonalignment
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SCORS example

Find out more about SCORS or view the latest Price & Myers dataset (v3 2023)

Price & Myers 2021 projects dataset SCORS

https://www.istructe.org/journal/volumes/volume-98-%282020%29/issue-10/setting-carbon-targets-an-introduction-to-scors/
https://www.pricemyers.com/climate-action/price--myers-embodied-carbon-database---3rd-edition-73
https://www.pricemyers.com/climate-action/price--myers-embodied-carbon-data-and-targets-57
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Company benchmarking – Arup Zero

Slide from Nigel Tonks (Arup)

Since our commitment in 2021 we have assessed:

950+
Assets

30
Countries

5
Continents

650m2
Gross floor area

16
Building 

typologies

1100+
Arup engineers 
contributed data
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Example insight – carbon creep

Slide from Nigel Tonks (Arup)

Buildings' whole life 
carbon is lowest at concept 
stage, and then creeps up.
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Recent developments
1. Data availability

2. Standards & guidance

3. Benchmarking & grading

4. Planning

5. Public procurement

6. Regulations
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London Policy SI2

3 stage process
1. Pre-application

2. Stage 1 submission (i.e. RIBA Stage 2/3)

3. Post-construction

Results submitted using common template

F  Development proposals referable 
to the Mayor should calculate whole-
life cycle carbon emissions through a 
nationally recognised Whole Life-
Cycle Carbon Assessment and 
demonstrate actions taken to reduce 
life-cycle carbon emissions

https://www.london.gov.uk/sites/default/files/gla_wlc_assessment_template_may_2020_v.1.2_0.xlsx
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“Large scale new-build developments 
(a minimum of 50 dwellings or a 
minimum of 5000m2 of commercial 
floor space) are required to submit an 
Embodied Carbon Assessment having 
regard to the Sustainable Construction 
Checklist SPD that demonstrates a 
score of less than 900kgCO2e/m2 can 
be achieved within the development 
for the substructure, superstructure 
and finishes.”

B&NES Policy SCR8

Keep an eye out for summer 2023 report on project assessing implementation over first 6 months

https://www.bath.ac.uk/announcements/university-of-bath-and-b-nes-partner-on-ambitious-sustainable-construction-policies/
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Others with emerging requirements

• Bristol City Council
• North Somerset
• Greater Cambridgeshire
• Central Lincolnshire
• Leeds City Council
• Milton Keynes
• Cornwall
• And more…
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Impact on high profile developments
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Recent developments
1. Data availability

2. Standards & guidance

3. Benchmarking & grading

4. Planning

5. Public procurement

6. Regulations



X
T

H
E

 U
N

IV
E

R
S

IT
Y

 O
F

 S
T

R
A

T
H

C
L

Y
D

E

Objective 2: 
Construction Embodied 
Carbon

The majority of projects should target 
no more than 600 kgCO2e/m2”
Appendix B sets outs detailed guidance
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Net Zero Estate Playbook

As Net Zero Whole Life is still a developing 
and challenging area, further work will be 
needed to define the scope and requirements 
for this approach in a future version of this 
guidance. At present, organisations should 
follow the guidance set out in the 
Construction Playbook regarding the use of 
Whole Life Carbon assessments to inform 
decisions at early stages of project definition 
and option assessments”
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Contracting authorities should adopt 
the use of whole life carbon 
assessments to understand and 
minimise the GHG emissions 
footprint of projects and programmes 
throughout their lifecycle...
Contracting authorities should 
require that solutions put forward by 
potential suppliers are accompanied 
by a whole life carbon assessment.”
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NHS Net Zero Standard

Requirement to “Ensure a WLC assessment 
is undertaken at each design stage, and used 
to inform design decisions, with data 
assessed, captured, and reported for all 
materials”
“Project bespoke Upfront Carbon Limits must 
be established by the client and project 
team...for sub-structure, super structure and 
facade…all other building components and 
lifecycle stages must be assessed and 
reported”
See Chapters 3-4 & Whole Life Carbon 
Compliance Tool for further detail



X
T

H
E

 U
N

IV
E

R
S

IT
Y

 O
F

 S
T

R
A

T
H

C
L

Y
D

E

Indicator to be developed on 
embodied carbon of Homes England 
supported development”

Homes England KPI15



X
T

H
E

 U
N

IV
E

R
S

IT
Y

 O
F

 S
T

R
A

T
H

C
L

Y
D

E

Recent developments
1. Data availability

2. Standards & guidance

3. Benchmarking & grading

4. Planning

5. Public procurement

6. Regulations
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International regulatory trend

For interactive summary with links to regulations see jannikgiesekam.co.uk/embodiedcarbon/

http://www.jannikgiesekam.co.uk/embodiedcarbon/
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Example phasing and tightening of criteria from Denmark bolig og planstyrelsen (2022)

Example approach - Denmark

https://nordicsustainableconstruction.com/Media/637985265579506749/NCFC_2022_Limit%20values%20Denmark.pdf
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2022 reports from Ramboll & OneClickLCA

Recent international policy reviews

https://c.ramboll.com/reducing-whole-life-carbon
https://www.oneclicklca.com/construction-carbon-regulations-in-europe/
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International workshop
• Organised by BEIS, IDDI, GABC, 

UNEP LCI, Uni. of Strathclyde 

• Hybrid event for 300 policy 
makers & influencers from 41 
countries sharing international 
best practice on whole life carbon 
policy development

• 10 sessions with 40 speakers 
from 20 countries

For further information see event website

https://international-workshop-on-whole-life.b2match.io/
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Local policies

CNCA & One Click LCA (2020) City Policy Framework for Dramatically Reducing Embodied Carbon
C40 (2020) Clean Construction Policy Explorer 

Uptake based on C40 Clean Construction Policy Explorer

https://www.embodiedcarbonpolicies.com/
https://www.c40knowledgehub.org/s/article/Clean-Construction-Policy-Explorer
https://www.c40knowledgehub.org/s/article/Clean-Construction-Policy-Explorer
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Set out a plan to make an assessment of 
whole-life carbon and material use of 
public and private construction projects 
mandatory by 2025, to enable minimum 
standards to be set. The whole life 
carbon assessment should be sought at 
the planning stage to enable efforts to 
reduce embodied carbon and materials.”

CCC recommendation 
since 2018



X
T

H
E

 U
N

IV
E

R
S

IT
Y

 O
F

 S
T

R
A

T
H

C
L

Y
D

E

“Overdue” with “some but 
insufficient progress”

2023 Progress Report
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the single most significant policy the 
Government could introduce is a 
mandatory requirement to undertake 
whole-life carbon assessments for 
buildings. This requirement should be 
set within building regulations and the 
planning system. Following introduction 
of whole-life carbon assessments, the 
Government should develop 
progressively ratcheting carbon targets 
for buildings, to match the pathway to 
net zero. A clear timeline for introducing 
this should be set by the end of 2022.”

EAC recommendation
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We agree with the Committee that 
whole-life carbon assessments are 
likely to have a significant role to play 
in delivering decarbonisation across 
the sector… Government intends to 
consult in 2023 on our approach and 
interventions to mainstream the 
measurement and reduction of 
embodied carbon in the built 
environment.”

UK Govt response
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Responded to the Environmental Audit 
Committee’s report on Building to Net 
Zero, outlining our intention to consult 
this year on our approach to the 
measurement and reduction of embodied 
carbon in new buildings”

UK Govt Net Zero Plan
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Recruited consultants to deliver 6 
outputs staged across FY23/24 
Q1-Q4

Ongoing DLUHC research
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Available from part-z.uk

Part Z

Industry led proposed 
amendment to Building 
Regulations in England 
& Wales and suggested 
document for approval

https://static1.squarespace.com/static/60d9f44f29825255def91a2f/t/6246ffef95da570f43696fe3/1648820214156/Part+Z+Launch+Booklet+March+2022.pdf
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The Part Z authors

Will Arnold
Low-carbon structures

Simon Sturgis
Whole life carbon

Dr Julie Godefroy
Environmental design

Dr Jannik Giesekam
International policy

Tim den Dekker
Net zero architecture
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Further support

Tom Bunn
Low-carbon structures
Website

Jenny Stephens
Comms

Ludovica Pototschnig
Low-carbon structures
Website, blog
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Full proposals and commentary at part-z.uk/proposal 

Amendment to Schedule 1 of the 
Building Regulations (2010)

+
Requirement 
 
PART Z WHOLE LIFE CARBON 
 
Carbon assessment 
Z1. Whole life carbon emissions shall be 
assessed and reported for the building and any 
other parts of the project where Building 
Regulations apply. 
 
Carbon efficiency 
Z2. Reasonable provision shall be made for the 
minimisation of whole life carbon emissions by: 
(a) Minimising upfront embodied carbon; and 
(b) Where an item provides whole life carbon 

benefit, this is taken into account.  

Limits on application: 
 
 
 
 
Requirements Z1 and Z2 only apply to projects 
with a gross internal area of more than 
[1000]m2, or that create more than [10no.] 
dwellings.  

Requirement Z1 will apply to buildings other 
than dwellings from [1 January 2023], and 
dwellings from [1 January 2025].  

Requirement Z2 will apply to all buildings from 
[1 January 2027]. 

 

Z1

Z2

Proposed
Document Z 

https://part-z.uk/proposal
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See full statements of support for regulation of embodied carbon at part-z.uk/industry-support

https://part-z.uk/industry-support
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See more at part-z.uk/industry-support

Barratt Developments “welcome 
regulation to mandate the reporting of 
whole life carbon, leading to the 
eventual introduction of embodied 
carbon limits in construction”

“JLL supports amendments to Building 
Regulations requiring assessment of 
whole life carbon emissions and 
limitation of embodied carbon 
emissions”

“abrdn Investments are supportive of 
the regulation of embodied carbon.”

“Royal London Asset Management
endorses the concept of regulation 
that mandates the reporting of – and 
sets limits on – embodied carbon 
emissions in the built environment.”

“Stanhope fully supports the principle 
of regulating upfront embodied 
carbon in construction.”

“Landsec […] fully supports these 
assessments becoming a legal 
requirement as part of Building 
Regulations.”

Steel Construction 
Institute

https://part-z.uk/industry-support
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Inform, educate & debate
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Read more at part-z.uk/press

Press coverage

https://part-z.uk/press
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Engaging with Parliament

https://www.parliamentlive.tv/Event/Index/8161a36d-c4b0-4354-ba0c-0f28bb05519c
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Carbon Emissions (Buildings) Bill
• UK Parliament Private Members’ Bill “to require the whole-life 

carbon emissions of buildings to be reported; to set limits on 
embodied carbon emissions in the construction of buildings; and 
for connected purposes.”

• Private members bill with 
support from 4 parties introduced 
following Part Z proposals

• 2022 bill withdrawn before 2nd

reading due to promotion of lead 
sponsor in DLUHC
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Carbon Emissions (Buildings) Bill – take 2
• Second take sponsored by Jerome Mayhew (Conservative)

• 2nd reading on 25/11/22

https://bills.parliament.uk/bills/3211

https://parliamentlive.tv/event/index/3ae6c148-5fa1-4a9e-89c7-1c82898fbed9


X
T

H
E

 U
N

IV
E

R
S

IT
Y

 O
F

 S
T

R
A

T
H

C
L

Y
D

E

Amendment 484 to the Levelling-up and 
Regeneration Bill

Debated in the House of Lords 
on 27 March 2023

Follow progress of the amendment

https://bills.parliament.uk/bills/3155/stages/17727/amendments/10008396
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Part Z timeline

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Part Z 
Proposed 

mandatory 
WLC reporting

Part Z 
Proposed limits 

on upfront 
Embodied 

Carbon
DLUHC 

proposed 
consultation
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2
Independent 

legislation

e.g. Private Member’s Bill:
“Carbon Emissions 

(Buildings) Bill” 

Three (or more!) implementation mechanisms
3

Added to other 
legislation

e.g. Future Homes (and 
Buildings) Standard

1
Secretary of State

Instruction

to update Building 
Regulations 

(Statutory Instrument)
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WHERE NEXT?
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Trends to watch
1. More science based targets

2. More mainstream disclosure

3. Moves towards regulation
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Trends to watch
1. More science based targets

2. More mainstream disclosure

3. Moves towards regulation
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What is the Science Based Targets initiative?

“The Science Based Targets 
initiative (SBTi) is a global body 
enabling businesses to set 
ambitious emissions reductions 
targets in line with the latest 
climate science.”
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Five step process

For more on each step of the process see this guide

https://sciencebasedtargets.org/step-by-step-process
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Uptake of Science Based Targets

SBTi companies taking action (numbers accurate as of 13/07/23)

https://sciencebasedtargets.org/companies-taking-action
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Current consultation

Draft guidance for sector out for 
consultation with draft buildings 
target setting tool until 16th July

You can read more or respond to the consultation

https://sciencebasedtargets.org/sectors/buildings
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UKNZCBS Consultation

Read and respond here

https://www.nzcbuildings.co.uk/
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Trends to watch
1. More science based targets

2. More mainstream disclosure

3. Moves towards regulation
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Future Homes Hub plan
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Future Homes Hub scenarios

Future Homes Hub (2023)

https://irp.cdn-website.com/bdbb2d99/files/uploaded/Embodied%20and%20Whole%20Life%20Carbon%20Implementation%20Plan%20-%20final.pdf
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Future Homes Hub distribution

Future Homes Hub (2023)

https://irp.cdn-website.com/bdbb2d99/files/uploaded/Embodied%20and%20Whole%20Life%20Carbon%20Implementation%20Plan%20-%20final.pdf
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Trends to watch
1. More science based targets

2. More mainstream disclosure

3. Moves towards regulation
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Typical distribution & suggested response 

Upfront carbon (kgCO2e/m2)

N
um

be
r o

f b
ui

ld
in

gs
Public sector + 

voluntary standards
Building 
Regulations
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March 2022 report
• Report sets out proposals for 

developing regulation of 
embodied carbon in Scotland’s 
buildings

• Reviews equivalent policies in 
other nations

• Considers the who, what, where, 
why & how of implementing 
regulations in Scotland

• Includes suggested timeline & 
programme of work
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Amendment 484 to the Levelling Up and 
Regeneration Bill

Debated in the House of Lords 
on 27 March 2023

Follow progress of the amendment

https://bills.parliament.uk/bills/3155/stages/17727/amendments/10008396
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WHAT SHOULD I BE TEACHING?
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Key elements
1. Assessment

2. Familiarity with EPD

3. Management

4. Communication

+ design options etc…
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ANY QUESTIONS?
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