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Whole-Life Carbon



Cradle to Gate

Cradle to Grave

Operational carbon: the greenhouse gas 
emissions due to the in-use phase of a 
building, such as energy consumption.

Embodied carbon: greenhouse gas emissions 
from supply of raw materials, manufacturing, 
transport, construction/installation, 
maintenance and repair, 
deconstruction/demolition and waste 
processing/disposal. 

Whole-Life Carbon
Whole Life Carbon = Embodied Carbon + Operational Carbon
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Whole-Life Carbon
Today and in the Future

Images adapted from Architecture 2030 (2019)
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Embodied Carbon 101: Envelope, Boston Society for 
Architecture

“Insulation occupies the unique 
position at the intersection of 
embodied and operational carbon 
emissions for a building. Insulation is 
the only building material that directly 
offsets operational emissions. It can be 
said to pay back its embodied carbon 
debt with avoided emissions during 
the building’s lifetime.” 
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Roof Insulation
LCA Example



Roof Insulation LCA Example

Source: xlibber (CC BY 2.0 DEED) Building Enclosure Science and Technology 8
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Roof Insulation LCA Example
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Roof Insulation LCA Example
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Roof Insulation LCA Example

▪ Stand-alone retail, DOE prototype 
building, approx. 25,000 sq.ft. (178 ft. x 
139 ft.)

▪ Climate Zone 4A 
▪ Modeled to ASHRAE 90.1-2019 
▪ ASHRAE 90.1-2004 insulation 

requirements as a baseline 
▪ CO2e from DOE 2011 Buildings Energy 

Data Book 
▪ Insulation embodied energy and carbon 

data from PIMA’s industry-wide EPD
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Roof Insulation LCA Example

Look what happens when 
you compare operational 
energy savings for initial 
insulation levels beyond the 
R-15 assumed by the PIMA 
EPD!
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Roof Insulation LCA Example

Assumptions:
▪ 75-year building life
▪ Begins at R-30
▪ Increased every 20 years by R-

10 (with roof replacement)
▪ Embodied carbon, replacement 

embodied carbon, and end-of-
life disposal are taken into 
account.
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Roof Insulation LCA Example

Energy savings track with 
carbon savings
▪ Increase in embodied 

energy from R-15 to R-30 
is 38.3 GJ

▪ Pays back in less than five 
months!
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Life-Cycle Benefits of Energy Code-Compliant Roof 
Replacements
by ICF, October 1, 2021

2021 PIMA Report
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2021 PIMA Report: Methodology
4 Commercial Building Types in 5 Climate Zones

Small office building model 
roof construction modified 
from “Typical Wood Joist 
Attic, Floor Insulation Only” 
to  low-sloped roof with 
“Insulation Entirely Above 
Deck.”

Source: PIMA, used with permission.



2021 PIMA Report: Methodology

Baseline Roof Insulation
■ Assumes R-Value of 12.5 for all 

buildings and climate zones, based on 
PIMA’s research on typical buildings.

Code-Compliant Roof 
Insulation
■ Meets requirements of ASHRAE 90.1-

2019/2021 IECC-C for each climate 
zone

Source: PIMA, used with permission. Building Enclosure Science and Technology 17



2021 PIMA Report: Key Learnings
Code-Compliant Roof Replacement Analysis Results
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■ Absolute energy savings are 
primarily driven by a reduction 
in natural gas use.

■ Energy fuel type saved is 
generally a function of climate 
zone.

■ Relative energy savings tend to 
be greater for larger buildings.

Source: Elizabeth Grant, all rights reserved.



2021 PIMA Report: Key Learnings
Life-Cycle Benefits of Code-Compliant Roof Replacements 

Source: GAF, all rights reserved. Building Enclosure Science and Technology 19

■ Roof replacements are economical 
under various conditions.

■ Roof replacements support 
transition to building electrification.

■ Roof replacements support 
building performance standards 
and carbon reduction goals.



2021 PIMA Report: Key Learnings
Results by Climate Zone

Source: PIMA, used with permission. Building Enclosure Science and Technology 20
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Support for Carbon 
Investment Decisions



Support for Carbon Investment Decisions

The whole-life carbon 
approach means considering 
both embodied and 
operational carbon when 
evaluating the performance 
of building materials. 

Source: GAF, all rights reserved.2024 Building Enclosure Science and Technology 22
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We can consider product 
embodied carbon as a potential 
investment. 

Design choices and product 
selection can have a significant 
impact on whole-life carbon 
targets for a building.



Thank You
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