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Portraying stocks and flows: The “Carbon Bathtub” (Source: Graphic: Nigel Holmes. Sources: John
Carbon Sterman, MIT; David Archer, Univ. of Chicago; Global Carbon Project. National Geographic, Dec.
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What is embodied carbon?

Embodied carbon:

the greenhouse gas (GHG) emissions generated from the
manufacture, transport, installation, maintenance, and
disposal/recovery of construction materials



What is embodied carbon in the built environment?
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How do you measure embodied carbon?
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What are the climate impacts
of the built environment?
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Global greenhouse gas emissions by sector (2019)
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Data Source: World Greenhouse Gas Emissions:
2019, World Resources Institute (WRI), 2022.
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https://www.wri.org/data/world-greenhouse-gas-emissions-2019
https://www.wri.org/data/world-greenhouse-gas-emissions-2019

Global greenhouse gas emissions by sector (2019)
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https://www.wri.org/data/world-greenhouse-gas-emissions-2019
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https://www.wri.org/data/world-greenhouse-gas-emissions-2019
https://www.wri.org/data/world-greenhouse-gas-emissions-2019

Global greenhouse gas emissions by sector (2019)
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Data Source: World Greenhouse Gas Emissions:
2019, World Resources Institute (WRI), 2022.
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Embodied carbon at the building scale
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Example from analysis of 30 buildings in the State of California.
Benke et al. (2024). The California Carbon Report: Six Key Takeaways for Policymakers. Carbon
Leadership Forum, University of Washington. Seattle, WA. http://hdl.handle.net/1773/51415
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Embodied carbon at the building scale
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Example from analysis of 30 buildings in the State of California.
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Benke et al. (2024). The California Carbon Report: Six Key Takeaways for Policymakers. Carbon
Leadership Forum, University of Washington. Seattle, WA. http://hdl.handle.net/1773/51415



Embodied carbon at the building scale
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Example from analysis of 30 buildings in the State of California.
Benke et al. (2024). The California Carbon Report: Six Key Takeaways for Policymakers. Carbon
Leadership Forum, University of Washington. Seattle, WA. http://hdl.handle.net/1773/51415
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Embodied carbon at the building scale
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Example from analysis of 30 buildings in the State of California.
Benke et al. (2024). The California Carbon Report: Six Key Takeaways for Policymakers. Carbon
Leadership Forum, University of Washington. Seattle, WA. http://hdl.handle.net/1773/51415
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Embodied carbon at the building scale
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Example from analysis of 30 buildings in the State of California.
Benke et al. (2024). The California Carbon Report: Six Key Takeaways for Policymakers. Carbon
Leadership Forum, University of Washington. Seattle, WA. http://hdl.handle.net/1773/51415
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Embodied carbon at the building scale
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Example from analysis of 30 buildings in the State of California.
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Benke et al. (2024). The California Carbon Report: Six Key Takeaways for Policymakers. Carbon
Leadership Forum, University of Washington. Seattle, WA. http://hdl.handle.net/1773/51415



Which materials have the highest impacts? (30 California buildings)
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Example from analysis of 30 buildings in the State of California.
Benke et al. (2024). The California Carbon Report: Six Key
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Which materials have the highest impacts? (EU building stock in 2050)

1008

Upscaled Valias
£

40K

Carbon
c L F Leadership
Forum

PamL.and

Ingulation Dl.h:l' Other Metal Pla:i.lt

Constructl..

Image from (2023)

Alumanium B:famlcl Electronics  Woad

Life Cycle Stage
W 41-A3: Production

[ BS: Refurbishment
[ BA: Repiacement

B2 Claaning, maintanance, repair
I A4 Transpart 1o site

AS5: Construction and instaliation
I CZ: Waste transport
[ ©1: Daconstruction, demalition
B C4: Waste disposal

3 Waste processing

Projected material
impacts (MtCO,e) in 2050
for the EU building stock
based on business as
usual scenario

Gypsum Sand Undefined  Coppar

Supporting the Development of a Roadmap for the Reduction of Whole Life Carbon of Buildings



https://7520151.fs1.hubspotusercontent-na1.net/hubfs/7520151/RMC/Content/Ramboll%2c%20BPIE%2c%20KU%20Leuven_Technical%20Report_July%202023.pdf

Which materials have the highest impacts? (503 residential homes in Toronto)

INSULATION

5,242,864kg COe

26.1%

Includes walls, roofs,
floors and foundations

CLADDING

2,575,309kg CO_e

Figure 9. Total emissions from 503
homes by material category.
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CONCRETE

6,647,924 kg CO,e

33*

Includes footings,
foundation walls & fioor slabs

Modeled material impacts
for 503 residential homes
in the Toronto, Canada
area

WINDOWS
1,385,851 kg CO2e
6.9% J
"\ ROOFING
447537 kg0
STRUCTURAL FRAMING 2 2%
POSTS AND BEAMS 633257 koCOe
1,022,555 kg 0O 3.0%
-
5.1%

Image: Magwood, C., Bowden, E., Trottier, M. Emissions of Materials Benchmark Assessment for Residential
Construction Report (2022). Passive Buildings Canada and Builders for Climate Action.
https://www.buildersforclimateaction.org/uploads/1/5/9/3/15931000/bfca_pbc-embarc_report-web.pdf



https://www.buildersforclimateaction.org/uploads/1/5/9/3/15931000/bfca_pbc-embarc_report-web.pdf
https://www.buildersforclimateaction.org/uploads/1/5/9/3/15931000/bfca_pbc-embarc_report-web.pdf
https://www.buildersforclimateaction.org/uploads/1/5/9/3/15931000/bfca_pbc-embarc_report-web.pdf
https://www.buildersforclimateaction.org/uploads/1/5/9/3/15931000/bfca_pbc-embarc_report-web.pdf
https://www.buildersforclimateaction.org/uploads/1/5/9/3/15931000/bfca_pbc-embarc_report-web.pdf

Embodied carbon is connected
to labor, pollution, climate
justice, and public health
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Forced/child labor
or unfair wages

Dangerous working
conditions

Health impacts
from manufactur-
ing pollution

Environmental justice
communities’ proximity
to manufacturing
facilities

Human impacts of embodied carbon across life
cycle stages of a building

o

|&]

Dangerous working
conditions

Unfair labor Health impacts
practices or |A | from material
wages exposure

Health impacts
from material and
installation
exposure

Environmental justice
communities’ proximity to
landfills or hazardous
waste sites




Erosion Ecological impacts of embodied carbon across
life cycle stages of a building
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How is embodied carbon
measured at the scale of a:

Government, Business, Individual
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Embodied carbon of construction in the United States (2010-2023)
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11% Buildings o00
(non-residential) E—

1% Residential

9% Highways
and street < L\

3% Other

Data sources: US Census Bureau (“Annual Value of Construction
Spending Put in Place” for 2012 - 2023); US EPA Office of Research
and Development (USEEIO v1.1 data).



https://www.census.gov/construction/c30/historical_data.html
https://catalog.data.gov/dataset/useeio-v1-1-matrices

Corporate/Organizational GHG Reporting: Scopes 1,2, and 3
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-
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transmission &
distribution
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r \ The Greenhouse Gas Protocol Corporate
Accounting and Reporting Standard splits GHG
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e -; '”E‘lgdgw °”t‘:f:;t°;gdaﬁ' A operations that are under a facility’s direct
aerioultune, — wastewater control, e.g., on-site fuel combustion;
forestry & other L.
land use A - ~ e Scope 2 emissions are from usage of
- emissions electricity, steam, heat and/or cooling

purchased from third parties; and

Scope 3 emissions are upstream and
downstream value chain emissions, including
upstream supply chain emissions from

pr'gg‘;’:;g:'& mEn [ purchased products, transport emissions, and
product use —— L8] business travel and downstream emissions
tr'“’b"”'r‘td;"_“’ - g Ll from transport of products, usage of sold
ar aton .
*po out-of-boundary products and product disposal.
transportation

L A
s |rwentory boundary (inchuding scopes 1, 2 and 3) == Ceographic dty boundary (induding scope 1) ===Grid-supplied energy from a regional grid (scope )
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Washington State Dept of Transportation GHG inventory

Greenh Gas Emissions Inventory
from Construction of Washington
State Department of Transportation
Roadways
FINAL REPORT
ot
April 13,2023
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Carbon
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2018 2019 2020 2021 5-Year
Average

Scope 1 and 2 Upstream Scope 3

Source: https://carbonleadershipforum.org/ghg-emissions-inventory-washington-roadways/



Community-based GHG emissions inventories

PRODUCTION-
BASED
INVENTORY

Quantifies emissions
produced within a
regional boundary

(power plants,
factories, cars, cattle,
forestry, etc.)

Methodology fairly standardized -
guidelines include IPCC (national), US EPA
(state), and CDP-ICLEI (city)

Carbon

CONSUMPTION-
BASED INVENTORY

Quantify emissions
consumed withina
regional boundary

(electricity, food,
construction goods, etc.)

Methodology not yet standardized;

state approach published by US
EPA

Leadership https://westcoastclimateforum.com/files/video/FINAL-WCCMMF-CBEI-Meeting_04-27-2023.mp4

Forum
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https://www.ipcc-nggip.iges.or.jp/public/2006gl/
https://www.epa.gov/statelocalenergy/state-inventory-and-projection-tool
https://www.cdp.net/en/cities-discloser
https://www.cdp.net/en/cities-discloser
https://www.cdp.net/en/cities-discloser
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=CESER&count=10000&dirEntryId=352619&searchall=&showcriteria=2&simplesearch=0&timstype=
https://www.epa.gov/statelocalenergy/state-inventory-and-projection-tool
https://www.epa.gov/statelocalenergy/state-inventory-and-projection-tool

Oregon’s greenhouse gas inventories (2015)

Production based inventory Consumption based inventory

20% building

11% operations

. —
agriculture =

36%
transportation

19%

industrial
8%
building
materials

34%
Residential + commercial

Total = 63 MMT CO,e Total = 88.7 MMT CO,e

Carbon
Leadership Source: Oregon GHG Emissions through 2015
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https://www.oregon.gov/deq/FilterDocs/OregonGHGreport.pdf

Moving beyond carbon
inventories
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Policy levers for reducing embodied carbon

Planned Actions

Climate action plans, pledges,
executive orders, and

Government Procurement

Green purchasing programs and
policies like “Buy Clean.”

-

Zoning and Permitting

Land-use regulations and
permitting incentive programs.

-
G

Building Codes and By-laws

Regulations designating embodied
carbon requirements.

commitments.

228

Industrial Regulations &
Incentives

Deconstruction and Reuse Green Building Rating

Extending the life of a material Systems

or building to avoid embodied
carbon emissions associated with
new materials.

Requirements in permitting,
zoning or in executive orders

Facility limits, Cap and trade
programs, trade regulations

Carbon
Leadership
Forum



Planned actions

MA Executive Order 594, Leading by Example: Decarbonizing and
Minimizing Environmental Impacts of State Government

Planned Actions

e Issued April 2021 by Governor Baker

Climate action plans, pledges,

ExacutivE oFderE, anid e Insupport of the statewide goal of achieving net zero greenhouse

commitments.

gas emissions by 2050; to be achieved through -
o Advancing high performance buildings for new construction;
o Expanding energy efficiency and decarbonizing fuels in existing
buildings;
o Acquiring fuel efficient and zero emission vehicles and
o  Continuing the deployment of new renewable energy.

Section 3: Massachusetts LEED Plus 2.0 Standard for New Construction
e PartVIIl: Additional Directives
o “Evaluate and implement strategies to reduce embodied
carbon contained in building materials, where possible
and cost-effective.”



AEC Industry levers
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Embodied Carbon Reduction Strategies

100% ‘ 100% Build nothing — challenge the root cause of

the need; explore alternative approaches to
achieve the desired outcome

‘ 80%  Build less - maximise the use of existing
assets; optimise asset operation and
management to reduce the extent of new
construction required

‘ 50%  Build clever — design in the use of low carbon
materials; streamline delivery processes;
minimise resource consumption

‘ 20%  Build efficiently — embrace new construction
technologies; eliminate waste

Carbon reduction potential

g

L d )
Image from UKGBC (2019)

Commissioning Net Zero Carbon Buildings:

Planning  Construction Operation and maintenance A Framework Definition

Carbon
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https://www.ukgbc.org/ukgbc-work/net-zero-carbon-buildings-a-framework-definition/
https://www.ukgbc.org/ukgbc-work/net-zero-carbon-buildings-a-framework-definition/

Embodied carbon reduction strategies

4

Reuse, renovation and
retrofitting

Reduce new floor area
Reduce below-grade
construction

Design lightweight,
efficient structures

Use WBLCA to optimize
envelope design
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Embodied carbon reduction strategies

Material and
System Selection

4

Reuse, renovation and
retrofitting

Reduce new floor area
Reduce below-grade
construction

Design lightweight,
efficient structures

Use WBLCA to optimize
envelope design

Carbon
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Embodied carbon reduction strategies

Material and
System Selection

Specification and
Procurement

4

Integrate EPDs & GWP
limits into project
specifications

Optimize concrete
specifications and mix
design

Source sustainable wood
Use to EPDs to identify
lower-carbon facilities and
products

Evaluate cost and carbon
in the bid process

4

Reuse, renovation and
retrofitting

Reduce new floor area
Reduce below-grade

.

Understanding high-
impact materials

Carbon storing materials
MEP refrigerants
Insulation

Select finishes carefully
Design for disassembly
Select salvaged or
refurbished materials

construction

Design lightweight,
efficient structures

Use WBLCA to optimize

envelope design

Carbon
c L F Leadership
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Embodied carbon reduction strategies

4

Reuse, renovation and
retrofitting

Reduce new floor area
Reduce below-grade
construction

Design lightweight,
efficient structures

Use WBLCA to optimize
envelope design

Carbon
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Material and
System Selection

.

Understanding high-
impact materials

Carbon storing materials
MEP refrigerants
Insulation

Select finishes carefully
Design for disassembly
Select salvaged or
refurbished materials

Specification and

Procurement

4

Integrate EPDs & GWP
limits into project
specifications

Optimize concrete
specifications and mix
design

Source sustainable wood
Use to EPDs to identify
lower-carbon facilities and
products

Evaluate cost and carbon
in the bid process

Process

4

Identify embodied carbon
as a priority

Set a project reduction
target

Use WBLCA to evaluate
design decisions

Use EPDs during
procurement

Make firm-wide
commitments




CLF Hub

Boston / Northeast

BUILT
ENVIRONMENT
PLUS

Local resources.
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