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Air Barrier 
Embodied Carbon: 
A Critical Review Learning Objectives

1. Identify the embodied 
carbon impact stages for air 
barrier.

1. Determine Clear Field vs 
Linear Impacts.

1. Illustrate the impact of air 
barrier on the embodied 
carbon of building envelope 
assemblies.

1. Identify the impacts of 
common air barrier strategy 
selections.

Randy Van Straaten P.Eng
President and Building Science Specialist 
at Building Enclosure Labs Inc. (BELi) in 
London, Ontario.  He has conducted 
embodied carbon analysis for building 
envelopes and whole buildings for 
architects and certification along with 
systems and products for contractors and 
manufacturers.

Adam Broderick
Research and Development Scientist 
with 10 years experience applying 
material science principles and building 
science fundamentals to drive towards 
innovative building envelope products 
and applications (plus another couple of 
years as a lab coat polymer chemist / 
material scientist).



What’s the Data on Global Warming?
• A few of the many factoids:

⮚ Global CO2 levels now at their 
highest in the last 800,000+ 
years

⮚ 2024 was the warmest year on 
record

⮚ Oceans are hottest on record

4

Global Mean Surface Temperature Ocean Heat Content

Refs: 
https://www.climate.gov/media/16408
https://wmo.int/sites/default/files/2025-03/WMO-1368-2024_en.pdf

The world is heating up because 
carbon dioxide (CO2) and other 
GHGs are accumulating in the 
atmosphere, meaning less heat 
can escape to space

Atmospheric CO2
420 ppm

https://www.climate.gov/media/16408
https://wmo.int/sites/default/files/2025-03/WMO-1368-2024_en.pdf


Buildings account for roughly 34% of global GHG emissions

Notes: “Buildings construction industry” and “Other construction industry” refers to concrete, steel and aluminum for 
buildings and infrastructure construction. The boundaries of the emissions (energy and process) account for construction 
materials including from raw materials preparation and processing and the different steps to produce the materials. For 
example, for cement this includes the entire manufacturing process, from obtaining raw materials and preparing the fuel 
through to grinding and milling. 
The numbers in the pie chart are rounded values and therefore do not necessarily sum to the total value for a given sector.

Share of Buildings in 
Global Energy and Process Emissions in 2023



Life cycle thinking for Buildings and associated GHG 
emissions: defining Embodied and Operational Carbon

Direct 
emissions from 

building 
operation 

Purchased energy 
used to operate 

the building

Building 
Materials 

Production

Building 
Materials End 

of Life

Operational CarbonEmbodied Carbon Embodied Carbon

GHGs GHGs GHGs GHGs



Embodied Carbon Lifetime Emissions Reference: AIA-CLF Embodied Carbon Toolkit for Architects
Data Sources: Embodied Carbon Benchmark Study and Commercial Buildings Energy Consumption Survey (CBECS), 
assuming a medium-sized commercial office building. Assumes gradual grid decarbonization to zero by 2050.

A Building Life Cycle Look at Embodied and Operational 
Carbon

https://www.aia.org/sites/default/files/2024-11/AIA_CLF_EmbodiedCarbonToolkit_Part1.pdf


Life Cycle Analysis (LCA)
• LCA is the calculation and evaluation of the potential environmental 

impacts associated with all the stages of the life cycle of a commercial 
product, process, or service.

• Goal & Scope Definition
What is the goal of the study? What is the functional unit? What are the 
product system boundaries? 

Inventory analysis
Life Cycle Inventory (LCI): What are the flows from and to nature (ecosphere) 
for a product system? Environmental inputs and outputs refer to the demand 
for natural resources and to the emissions and solid waste. 

• Impact Assesment
What are the potential environmental and human health impacts resulting from 
the flows determined in the LCI?

• Interpretation
What significant issues are identified from the study?  How complete, sensitive, 
and consistent is the study?  Conclusions, limitations, and recommendations are 
stated.



Welcome to the wonderful world of EPDs!

a reasonably good 
representation of PCR, LCA, 

and EPD from Building 
Green:

Collect LCI 
data

Build LCA 
model

Write LCA 
report

3rd party 
LCA review Draft EPD 3rd party 

EPD review
Publish 

EPD
overview of the 

process:

~1 year



• Taken from Carbon Leadership Forum 2 - EPD 101: Embodied Carbon Accounting for Materials - Carbon Leadership Forum

Embodied Carbon and life cycle stages

https://carbonleadershipforum.org/environmental-product-declarations-epd-101/


What it looks like: the numbers and where to find them

Styrofoam EPD 
published in 2021



EPDs can (should!) change over time

Sustainable 
Innovation

Styrofoam Brand XPS Insulation in 
2020

Styrofoam Brand XPS Insulation in 
2023

Embodied Carbon* = 

100
kg CO2eq/(m2K/W)

Embodied Carbon* =

6.2 
kg CO2eq/(m2K/W)

94% reduction in 
Embodied Carbon

*Sum of A1-C4 as reported in the EPD



A few tips for comparing EPDs!
DISCLAIMER

Required language* that must be stated in 
EPDs:

“EPDs regularly rely on estimations of impacts; 
the level of accuracy in estimation of effect 
differs for any particular product line and 

reported impact.

EPDs from different programs may not be 
comparable.  

Full conformance with a PCR allows EPD 
comparability only when all stages of a life cycle 

have been considered.  

However, variations and deviations are 
possible.

Example of variations: Different LCA software 
and background LCI datasets may lead to 

different results”
*Required by UL Part A Product Category Rules for Building Products

Make sure that the EPDs are actually comparable
• Need to follow the same PCR
• Ensure the products deliver the same function
• Should use the same software/background datasets

Make sure you are looking at the most recent EPD
• Current EPDs must be accessible from the 3rd-party Program Operator 

(e.g. UL, ASTM, NSF, SCS)
• When in doubt reach out to the product manufacturer

If you have comparable EPDs, follow a good LCA rule of thumb: 
embodied carbon differences of < 5-10% may not be meaningful

• Keep in mind we’re not actually measuring anything, we’re attempting 
to model a very complex concept

If understanding the impact of your product choices on carbon is 
really important, seek professional LCA help

• LCA expertise is available to help you draw sound conclusions when 
comparing product options

• Best option: avoid comparing product EPDs, instead conduct a building-
level LCA



Early Embodied Carbon

Harvey, L. D. (2007). Net climatic impact of 
solid foam insulation produced with 
halocarbon and non-halocarbon blowing 
agents. Building and Environment, 42(8), 
2860-2879

• Estimated payback for insulation energy 
savings to offset GHG from blowing agents

• Found that high insulation thicknesses do 
not pay off in terms of direct energy saving



Embodied Carbon comes to LEED v4

• Option 1. Environmental product 
declaration (EPD)

• Option 2. Multi-attribute optimization

• Option 1. historic building reuse (5 points)
• Option 2. renovation of abandoned or 

blighted building (5 points)
• Option 3. building and material reuse (2–4 

points)
• Option 4. whole-building life-cycle 

assessment (3 points)



CaGBC Zero Carbon Standard v4

• Embodied Carbon Path 1 (for most buildings): max 450 kg C02e/m2

• Embodied Carbon Path 2: 10% less than a baseline 



Façade Contractor Support



BC Housing Study 
Objectives: 
1. The optimal strategies to capture maximum energy 

efficiency gains and overall carbon emission reductions 
during manufacturing, construction, operation, and 
deconstruction,

2. How to reduce embodied carbon of the building 
envelope, and 

3. How to accurately determine building embodied 
carbon in an efficient and consistent manner. 

www.bchousing.org/sites/default/files/media/documents/Low-Carbon-Solutions-for-Multi-Unit-Residential-Buildings.pdf





Methodology
A1-A3 Raw Materials, Transport, Manufacturing
• Plant specific data typically not available
• Too many comparisons of functionally different materials 
• Industry averages vs product data

Recommendations
• BC Support plant specific EPD for regional manufacturers
• Encourage projects to consider suitable materials and 

specific products with low GWP



Methodology
A4 Transportation to Site
• Burdensome and inconsistent calculations within tools
• Significant impact for many materials in BC projects

Recommendations
• Offer default regional source per kg assumptions (Below fo BC based on UK approach)



Methodology
A5c Installation Emissions
• Big impact for heat/flame applied roofing
• Impact for off gassing products
A5w Construction Waste
• Inconsistent assumptions used in industry
• Big impact for most materials

Recommendations
• Provide list of materials where A5c emissions cannot 

be ignored
• Provide standard industry wastage rate assumptions 

(now available in City of Vancouver standard)



Methodology
B1, B2, & B3 – Use, Maintaince, & Repair
• Inconsistent assumptions used in industry
• Small impacts
B4 & B5 – Refurbishment and Replacements
• Limited users service live knowledge

Recommendations
• Provide simple per kg assumption

for B1-B3
• Provide default component service

life values
• Provide incentive and analysis method for 

more durable design, construction, and 
maintenance



Methodology
C1-C4 Demolition, Transportation, Waste 
Processing, & Landfill
• Complicate and inconsistent assumptions used 

in industry
• Small impacts = limited incentives

Recommendations
• Provide simple default per kg assumptions
• Conduct baseline and best practice studies to 

understand impacts and incentivize  
improvements



Environmental Product Declarations (EPDs)
Randy’s EPD Gripes: 
1. Provide current EPDs
2. Don’t make users register with some third party to download 

an EPD
3. Keep expired EPDs available as users often need them to 

supplement missing data points 
4. Provide adequate product details – more product variations 

the better within an EPD
5. Provide the kg weight for product with per m3, per m2 and per 

RSI m2 reporting





Loose Sheet
Air Barriers



Fully Adhered
Air Barriers



Liquid Applied
Air Barriers



All

Air Barriers

Average Impact
2.4 kg eCO2/kg



Liquid Applied

Air Barriers

Lower Impact
0.30 kg eCO2/m2 per mil

Higher Impact
0.07 kg eCO2/m2 per mil



Clear Field (Wall) Analysis



The “Average Wall” for Zone 5 (London Ontario)



Clear Field (Wall) Analysis Example



Clear Wall Heavy Masonry Interior Retrofit (A-C)



Clear Wall Heavy Masonry Interior Retrofit (A-C)



Clear Field (Wall) Analysis





www.bchousing.org/sites/default/files/media/documents/Low-Carbon-Solutions-for-Multi-Unit-Residential-Buildings.pdf





* London, Ontario in building with 90% efficient NG heating



Contact Details:
Adam.Broderick@DuPont.com

https://www.linkedin.com/in/adam-

broderick-412bs/

Adam Broderick

Presenter Name 2

Randy@beli-eng.com

https://www.linkedin.com/in/randy-van-

straaten-b91a7b85/
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