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What & Why?



What is Embodied Carbon (EC)?
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https://www.c40knowledgehub.org/s/article/Embodied-Carbon-of-Buildings-and-Infrastructure-International-Policy-Review?language=en_US, BN-EN-159782011



https://www.c40knowledgehub.org/s/article/Embodied-Carbon-of-Buildings-and-Infrastructure-International-Policy-Review?language=en_US

By 2050 embodied carbon will make up HALF of Global Carbon Emissions in New

Construction
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Cumulative embodiedand operational CO2e emissions
for a newair-conditioned office over 60 years
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Embodied Carbon Industry Task Force Proposals by ARUP et al.
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https://asbp.org.uk/wp-content/uploads/2016/01/Embodied-Carbon-Industry-Task-Force-Proposals_June-2014_Final.pdf
https://asbp.org.uk/wp-content/uploads/2016/01/Embodied-Carbon-Industry-Task-Force-Proposals_June-2014_Final.pdf

Where is EC in Construction?



Foundation

Framing & Structural
Components

Enclosures

Insulation

This Photo by Unknown Author is licensed under CC BY-SA


https://en.wikipedia.org/wiki/Economy_of_Africa
https://creativecommons.org/licenses/by-sa/3.0/
https://diy.stackexchange.com/questions/164142/why-dont-conduit-fill-rules-apply-to-cables-encased-in-closed-cell-foam
https://creativecommons.org/licenses/by-sa/3.0/
https://diy.stackexchange.com/questions/164142/why-dont-conduit-fill-rules-apply-to-cables-encased-in-closed-cell-foam
https://creativecommons.org/licenses/by-sa/3.0/
https://diy.stackexchange.com/questions/164142/why-dont-conduit-fill-rules-apply-to-cables-encased-in-closed-cell-foam
https://creativecommons.org/licenses/by-sa/3.0/

EC of Building Materials by Weight

The Embodied Carbon of Building Materials
All figures in kg CO2/kg of building material
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MNote: This figure is intended as a beginners guide. Detailed estimation involves

considerable complexity for each product. Figures for metals assume virgin material.

Source: Inventory of Carbon & Energy (ICE) database.

Material Property Al Material A2 Transport A3 Manufacturing
Extraction
category
Structural | Approx. % of impact: = 5% <10%
T
steel Source of impacts: SteelmBking (includes Transportation | Fabrication (cutting,
materi§l mining, etc.) to fabricator welding, shaping steel)
Concrete® | Approx. % of impact: <5% <10%

Source of impacts: Production of cement, | Transportation | Mix design (recipe) and
aggregate, water and to concrete concrete mixing
admixtures (including plant
material mining, etc.)

Cement® | Approx. % of impact: | <10% 5% =a0%

Source of impacts: Raw material mining Transportation | Manufgtturing cement

to cement kiln

Clay Approx. % of impact: | <5% small =05%

masonry ) . . . .

. Source of impacts: Mining of clay Transportation | Firing agd factory
and storage operatigns

Glue Approx. % of impact® | <10% «5% =A0% I

Lﬂmmi'::Ed Source of impacts: Wood milling {includes | Transportation | Fabrication (drying,

eam

forestry harvest and
lumber shaping)

to a fabrication
facility

cutting, gluing, pressing)

*not including emissions from bio-fuel combustion or within the broader forest context.

Buy Clean Washington Study by Kate Simonen et al.



https://asbp.org.uk/wp-content/uploads/2016/01/Embodied-Carbon-Industry-Task-Force-Proposals_June-2014_Final.pdf

Where is EC in Construction?

Embodied Carbon in the Leadenhall Building UK

* EC can be found in every
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Tackling Embodied Carbon in Buildings by The Crown Estate & UKGBC

https://en.wikipedia.org/wiki/122 Leadenhall_Street



https://www.ukgbc.org/sites/default/files/Tackling%20embodied%20carbon%20in%20buildings.pdf
https://en.wikipedia.org/wiki/122_Leadenhall_Street

Quantifying EC: Environmental Product

Declarations

* Life cycle emissions per unit of material

* Importance: ubiquity and transparency

Beware:
e EPD # Green

 Different calculation methods complicate
comparisons

e Different materials use different units

EPD “Nutrition” Label

Your Bullding Product
]

Amount per Linit

LCA IMACT MEASURES TOTAL
Primary Energy [(M.J) 124
Global Warming Potential (kg CO° eq) 0.96
Ozone Depletion (kg CFC- 11 &q) 1.80E-08
Acidification Potential (mol H &q) 0.93
Eutrophication Potential (kg N-2q) 6.43E-04

Photo-0Oxidant Creation Potential (kg 03 aq) 0121

Your Product’s Ingredients: Listad Hare

EPD “nutrition label” for concrete mixes

https://westcoastclimateforum.com/cfpt/concrete/strategyl



https://westcoastclimateforum.com/cfpt/concrete/strategy1
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Environmental Product Declaration
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Life Cycle Impact Results (per m’)

Deciared Unt 1 m’ of 3.000 psi concrete
L 3

OPERATIONAL IMPACTS (per m’) s
Plant Operating Energy Consumption (MJ) 158
On-Site Plant Fuel Consumption (MJ) 1729
Concrete Batch Water (m”) 1.94E.01
Vehicle and Equipment Wash Water (m”) 6.2E-01
On-Site Waste Disposed (kg) 0.68
ENVIRONMENTAL IMPACTS

Total Primary Energy (MJ) 3,136
Climate Change (kg CO; eq) 364
Ozone Depletion (kg CFC11 eq) 1.34E-08
Acidification Air (kg SO, eq) 241
Eutrophication Air (kg N eq) 5.55

Photochemical Ozone Creation (kg O3 eq) 1.14



https://www.master-builders-solutions.com/en-us/sustainability/quantifying-sustainability

Reduction Strategies




3 Guiding
Principles

s Use Smart

e Reuse, smaller footprint, program
efficiency

== Build Smart

e Alternative materials, efficient structure,
life cycle thinking

s BUY Smart

e Transparency, policy, codes/specs




Design Strategies: Concrete/Cement

Avoid over-engineering (e.g. lighten
slabs)

Use timber

Use smart concrete materials
* Mixing methods
* 56 or later day strength

* Carbon sequestering/CO2
injected concrete technology

e Portland Limestone Cement
(PLC) instead of Portland
Cement (PC)

e Specify hard, clean & strong
aggregates

Consider innovative products: glass
Eozzolan rice husk ash concrete,
empcrete

Use regionally specific data

Include environmental impact in
specifications

CARBON IMPACTS OF CONCRETE

CHEMICAL
REACTION

FOSSIL

1 400-2 000° C FUEL
INGREDIENTS: i
LIMESTONE Co,
SILICA
ALUMINA
GYPSUM

co,

0
-}

END OF LIFE:

Concrete can be ground up at the end of its useful
life to make aggregate for new concrete.

* If exposed to air, concrete will absorb some CO,

AIR | CEMENT WA'i'ER AGGREGATE
COMPONENTS OF CONCRETE

©2019 2030 Inc./Architecture 2030, All Rights Reserved https://materialspalette.org/concrete/



https://materialspalette.org/concrete/

Design Strategies: Steel

Use shapes compatible with electric
arc furnaces (rather than basic
oxygen furnaces)

Braced frames instead of moment
resisting frames

Joists and trusses reduce amount of
steel compared to rolled shapes

Avoid over-engineering
Replace steel with timber

Innovative products to look forward
to: Hydrogen steel production

Specify 90-100% recycled content
where possible

Choose North American

CARBON IMPACTS OF STEEL

BASI(;(OXYGEN FURm\GF (BOF)

BOF INGREDIENTS: ELECTRIC ARC FURNACE (F'AF)
IRON ORE
LIMESTONE co, EAF INGREDIENTS:

RECYCLED STEEL (~25%) RECYCLED STEEL (~97%)

OTHER ELEMENTS (3%)

vs ~50%
LESS CO,
EMISSIONS

co,

M d &

e e

MOST STEEL MEMBERS ARE RECYCLED
AT THE END OF THE BUILDING'S LIFE

TYPICALLY 25% RECYCLED CONTENT TYPICALLY 97% RECYCLED CONTENT

71% OF GLOBAL STEEL PRODUCTION 29% OF GLOBAL STEEL PRODUCTION

©2018 2030 Inc./Architecture 2030. All Rights Reserved https://materialspalette.org/steel/


https://materialspalette.org/steel/

Steel shapes

Hot Rolled Shapes made with electric arc Hollow Structural Shapes Steel Decking
furnaces: wide flange, angles, channels, rebar made with basic oxygen furnaces

https://www.canam-construction.com/en/construction-products/steel-deck/

C Channel U Channel

https://www.steel-
sections.com/steelsections/steel-

http://www.chamberssteel.com/Wide dharmiE Hbasies il

%20Flange%20Beams.htm

{
“

d_1319.html http://www.hgmetal.com/products/hollow-section/

https://www.engineeringtoolbox.com
/american-wide-flange-steel-beams-




Design Strategies: Insulation

. : Blowing
 Design compact enclosures nsulation | Rvalue | Density Blowing Agent
Material R/inch Agent (GWP) GWP/
. . . bd'&
* Minimize thermal weak spots =
vlose 37 3.0 2.1 0.106 0.0033 None 0 N/A 0.0033
(dense-pack)
Fibergluss batt 383 1.0 28 1.44 0.0165 None 0 N/A 0.0165
Rigid mineral 40 40 17 1.2 0.0455 None 0 N/A | 00455
wool
Polyisocyanurate 6.0 1.5 72 3.0 0.0284 ( gwgz;l 0.05 0.02 0.0317
Spray polyure-
thane foam HFC-245fa
(SPF) - closed-cell 6.0 2.0 72 3.0 0.0379 (GWP=1,030) on 8.68 1.48
(HFC-blown)
SPF - closed-cell Water (CO,)
ey S 50 2.0 72 3.0 0.0455 (GWP=1] 0 0 0.0455
SPF - open-cell Water (CO,)
(water-blown] 3.7 0.5 72 3.0 0.0154 (GWP-1 )2 0 0 0.0154
Expanded Pentane
polystyrene (EPS) 39 1.0 89 2.5 0.0307 (GWP=7) 0.06 0.02 0.036
Extruded HFC-134q’
. 5.0 2.0 89 2.5 0.0379 0.08 8.67 1.77
I XPS GWP=1,430
* Review EPDs to ensure polystyrene (XPS) (GWP-1430
. . https://www.buildinggreen.com/news-article/avoiding-global-warming-impact-insulation
sustainable harvesting of

natural products _ , _
More insulation does not always equal lower carbon footprint



https://www.buildinggreen.com/news-article/avoiding-global-warming-impact-insulation

B U | | d | N gS dS d Ca rbO N Sl N k Case Study: Closed Cavity Roof Insulation Retrofit by

New Frameworks

HFO-BASED SPF | CELLULOSE AND
, , 6000 | AND INTUMESCENT AIR BARRIER  [$15/5F
* Insulation made from natural materials PAINT MEMBRANE
can sequester CO, e ; ; $10/SF
* Buildings have potential to be a carbon - ”
sink 2000
* Requires intentional use of low carbon 0 ;
. o e 0 kg CO,e '
materials throughout a building NG -2100
g CO.e kgCO,e
» Operational performance need not be orsramons evssions
compromised Sl
« Beware: All natural materials are not 20202050
equal due to harvesting, processing and NET RESULT NET RESULT
transportation. Transparency is key: 0 -5200
Forest Stewardship Council, Declare kgCOse, 2020-2030 kgCO;e, 2020-2030

Ia be I S NESEA: Embodied Carbon in Materials: Real Steps to Drawing Down Carbon in our Buildings



https://nesea.org/civicrm/mailing/url?u=21932&qid=4009550

Design for Deconstruction/Reuse

* Building re-use has potential to reduce EC
e Document materials and methods

e Design for deconstruction
* Reduce chemical connections
* Accessible connections
* Mechanical fasteners
e Simplicity
* Separate systems



https://www.re-thinkingthefuture.com/fresh-perspectives/a973-designing-for-deconstruction/

Tools and Resources



“In order for action to scale, we need easy
access to data and tools” Kate Simonen, CLF

Estimating Embodied Carbon

H Athena
i DeSIgn LCA TOOlS % Impact Estimator

for Highways

e Athena Impact Estimator
e SE-2050

* eTool (LCA)*

* One Click LCA*

* Tally (Revit application)* hitos://erantimberlake.com/pagetally

e Carbon Accounting Tools
* EC3 Tool — uses EPDs to guide procurement
» Specialty tools: Beacon (Revit plug-in), Woodworks, climate earth, etc.

* Material Databases
e Carbon smart materials palette
* The Quartz Project
* Ecological Building Network (EB Net)
* Building for Environmental and Economic Sustainability (BEES)
* Bath Inventory of Carbon and Energy (ICE)

https://calculatelca.com/

ooooooooooooooo

https://se2050.org/

* = payment required

One Click

Product of Bionova Ltd
https://www.oneclicklca.com/

Tool

https://etoolglobal.com/

https://www.buildingtransparency.org/en/

<> CARBON SMART
MATERIALS PALETTE"

https://materialspalette.org/



https://etoolglobal.com/
https://www.buildingtransparency.org/en/
https://calculatelca.com/
https://www.oneclicklca.com/
https://kierantimberlake.com/page/tally
https://carbonleadershipforum.org/what-we-do/initiatives/se2050/
https://materialspalette.org/

Embodied Carbon in Constructlon Calculator (EC3)

E.n EC3

Cycle impact Results (per m
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https://www.bimplus.co.uk/technology/free-embodied-carbon-calculator-help-move-greener-/

1. Design & Plan Buildings

GWP SAVINGS OPPORTUNITIES

Conservatiye
EC Estimate

kgL O2e merboding per 1 iba

’15-07-23 = SUperstructure C,

ent Constru...ete

https://www.buildingtransparency.org/en/ec3-resources/ec3-downloads


https://www.buildingtransparency.org/en/ec3-resources/ec3-downloads/

2. Find and Compare Products

COMPARE BY MANUFACTURERS

= 2 T
: g - 42
E : z y
Ny - -
= S 353 = i
. | GRS — - . - s ww
261
m------------ --------ﬁ\

201 e

w— 124

https://www.buildingtransparency.org/en/ec3-resources/ec3-downloads/



https://www.buildingtransparency.org/en/ec3-resources/ec3-downloads/

3. Declare Products

g
" owner |t

ENVIRONMENTAL PRODUCT DECLARATION

% AMaterials = Concrete = Ready Mises

P * Issue * Vali il +
Verify & Audit C; roduct Name Date of Issue alid Unti
; 6RCA41425 DOWNLOAD = 2019-09-04 v 5] 2024-09-04 v
User Groups
EMBODIED ENVIRONMENTAL IMPACT PRODUCT SPECIFICATIONS for "6RCA41425"
Declared Unit * Mass per 1 m3 * ) Product Description *
1m3 2400 kg 3/4" Agg, 40% RCA, 5" Slump
. Embodied GWP per 1m3 * - Normalized Standard ...
259 kgCO2e + % Industry standards D
- -“'_'F_-_-_F
__'______...—-— —
100 v Manufacturer Specific r____-.EemﬁFE?sive Strength 28D Aggregate Size Max
oo + PlantSpecific 4 Compressive Strength Other Compressive Strength Other Days
N e v Product Specific 41.4MPa 56d -
o E —=Slum,| .
= p Max Slump
10 O\ g 77 _—]]u5ll|.'|T| 1
Su 6in
500 480
= ine Size W/C Ratio
400 -
a0 * -
= - n SCM Max
200 — 187
100
Slag
CATEGORY THIS EFD

https://www.buildingtransparency.org/en/ec3-resources/ec3-downloads,


https://www.buildingtransparency.org/en/ec3-resources/ec3-downloads/

Embodied Carbon in Construction (EC3) in Focus

Utilizes robust dataset of construction material
EPDs

Applies conservative estimate for data gaps
Displays uncertainty

Allows users to combine materials for a whole _
building assessment "

Find and compare material choices for design and
procurement stages

https://www.buildingtransparency.org/en/

Free, open source
Connectivity to A360 & Tally


https://www.buildingtransparency.org/en/

EC in Policy & Credentials

* LEED v4 offers points for WBLCA's and
reduction of EC

e States and townships are beginning
to incorporate EC into building codes

e Buy Clean California (BCCA)

« UN Sustainable Development Goals 9, ‘ BUY CLEAN \

1 1, 1 2 https://buyclean.org/buy-clean-california/

https://www.cdrecycler.com/article/leed-usgbc-top-10-states-2019/



https://sdgs.un.org/goals
https://www.cdrecycler.com/article/leed-usgbc-top-10-states-2019/
https://buyclean.org/buy-clean-california/

Set Internal Targets

Use Smart

Build Smart
Wrap Up

Buy Smart

Advocate for Change & Transparency

Share Resources & Knowledge



EMBODIED CARBON

FINISHES

B Getting to Zero
Embodied Carbon

Envelope material selection

Low-carbon insulation
Bio-based insulation
Panelized products
Engineered wood products
Metal supply-chain sourcing
Durability/replacement rates
urgoitep Structural timber
CONCRETE Building massing
& Reduce cement quantity Material reuse
MASONRY | iohtweight structure - Circular economy
Reduced concrete scope
Reduced masonry scope -
Carbon capture / storage
Standard Concrete Low Carbon
Construction Specifications Envelope & " | -
Practice & Massing Finishes t_ructura
Timber & Purchased offsets
Biobased Net Z
Materials et zero

https://carbonleadershipforum.org/news-and-events/webinars/



https://carbonleadershipforum.org/news-and-events/webinars/

Challenges in quantifying EC

e Data Gaps and barriers: availability, consistency, transparency
Variation in the harvest and processing of natural materials
Complexity of existing buildings
Geographic and climatic conditions can limit material options
* Cost
Understanding the impact of furnishings and MEP

What to Look for moving forward

* Policy drivers

* New technologies: bio-based insulation, steel manufactured with hydrogen, carbon
sequestering concretes

* |Increased awareness of EC calculators and tools



Resources

* CLF: Broad range of resources and guidance for reducing EC in the building
industry. Creators of EC2 tool.

e Urban Land Institute EC Guide: Aimed at helping real estate developers
understand and reduce embodied carbon

e Buy Clean Washington Study: A review and evaluation of policies and regulations
to limit embodied carbon of structural materials used in state building projects

 Living Future Embodied Carbon Guidance: Guidance on calculating and reducing
embodied carbon

e ASTM2921-16a: Guide to comparing WBLCAs

* International Green Construction Code (IGCC): recommended practices for
reducing EC in built construction

* EC3 Tool Video Tutorials: Video guides on using EC3 tool



https://carbonleadershipforum.org/videos/
https://americas.uli.org/research/centers-initiatives/greenprint-center/greenprint-resources-2/best-practices-in-sustainable-real-estate/embodied-carbon-in-building-materials-for-real-estate/
https://carbonleadershipforum.org/buy-clean-washington-study/
http://living-future.org/wp-content/uploads/2019/12/EC-Guidance-Document.pdf
https://www.astm.org/Standards/E2921.htm
https://www.iccsafe.org/products-and-services/i-codes/2018-i-codes/igcc/
https://www.buildingtransparency.org/en/ec3-resources/videos/
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