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Agenda

ÅThe compelling trend beyond an energy focus to a zero carbon 
imperative

ÅIntroduction to Operational and Embodied Carbon 

ÅA case study contrasting an energy rating versus carbon accounting

ÅCarbon Accounting Metrics and Tools

ÅDesign and Material Selection Opportunities to Optimize Carbon 
Reductions

ÅNext Steps for designers and builders
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The Energy Focus

Since the 1970®s

Reduce the reliance on foreign 

energy

Reduce waste

±Research

±Voluntary programs such as 

ENERGY STAR

±Manufacturer innovations

±Code and Standards 

improvements



The Energy Focus

Since 1980

A 34% reduction per 

household

Despite houses 

getting bigger





Residential 
Code Adoption

as of March 2022 



The Energy Focus - Appliances improved

Gas furnaces - 20%

AC & HPs - 50%

Refrigerators - 65%
Clothes washers - 75%



The New Imperative - Greenhouse Gas Emissions

Zero by 2050



The Challenge - There is still an affordable housing crisis



Greenhouse Gas Fundamentals
±Gases that ¯trap° heat in the upper atmosphere.

±Producing, processing and burning of fossil fuels is 

most significant

±Chemical and agricultural processes are a significant 

source

±Carbon dioxide can be absorbed and sequestered.

±Forests and bio-based building products for 

example

±Each gas has a Global Warming Potential (GWP)

±GWP is often expressed as a comparison to 1 ton of 

CO2.

Source: EPA
In this workshop we will use Carbon Dioxide 

Equivalents (CO2e) in all calculations and exercises
Kg and Tonnes



The New Imperative - Greenhouse Gas Emissions

Buildings are a 
significant opportunity 

for meeting global 
targets

Operations + 
Construction



The New Imperative - U.S. Greenhouse Gas Emissions

Source: EPA



Builder & Developer
Environmental Social Governance ESGReporting
Finance Applications & Development Approvals

Of the largest Homebuilders in the US, 8 of 10 are now 

producing ESG or Carbon Benchmarking Reports

ñNo Longer Just a One-Off Trend

To be sure, Meritage is hardly alone as an ESG-focused 

home builder anymore. Visit the websites of industry 

stalwarts such as Beazer Homes, Century Communities, D.R. 

Horton, K. Hovnanian, KB Home, LGI Homes, Taylor Morrison, 

Toll Brothers, and Tri Pointe Homes, and youôll see a section 

on ESG highlighted either directly from the homepage or 

on the investor relations page ñ

Builder Mag April 2022



Emissions Scope 1,2,3 ²What does this mean for Homebuilding 

2021 World 

economic 

Forum



Emissions Scope 1,2,3 ²What does this mean for Homebuilding 



Carbon Emissions



Building Lifecycle



Embodied 
Carbon 
vs 
Operational 
Carbon



Chris Magwood, MAsc

EmbodiedCarbon

Å Passive Homes/ Net Zero Energy 

homes(Lots of insulation material), 

mayneed to operate for 100+ years 

to offset embodied energy of 

materials(concrete, insulation,etc)

Å Organic Cotton bag may need to be 

used 20,000 times to be an 

improvement over a plastic, single 

use bag

Å Stainless steel water bottles 

embodied carbon is 14x greater than 

single use plastic bottle

http://endeavourcentre.org/

Energy vs Carbon : The choices are complex

http://endeavourcentre.org/






Proposed NBC CANADA 2020 Tiered Energy Code Part 9.36 

Tier1πл҈
improvement

Tier2π10%
improvement

Tier3πнл҈
improvement

Tier4πпл҈
improvement

Tier5πтл҈
improvement

2015 
NBC 
9.36

What is the impact of 

a tiered ENERGY 

codes on 

EMBODIED 

CARBON?



Energy vs Carbon : The choices are complex

https://www.buildersforclimateaction.org/report---embarc-report.html
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ñIn 2021, Natural Resources Canada (NRCan) released the report 

ñAchieving Real Net Zero Emission Homes ò establishing that 

material carbon emissions (MCE) for new homes will outweigh 

operational carbon emissions (OCE) for electrified homes 

using relatively clean electrical grids such as that in the 

Greater Toronto and Hamilton Area (GTHA) for almost 120 

years. 

At the highest levels of energy efficiency proposed by codes, 

this imbalance extends to 166 years of OCE to equal MCEò

Energy vs Carbon : The choices are complex

https://www.buildersforclimateaction.org/report---embarc-report.html



Embodied 
Carbon 
vs 
Operational 
Carbon

A house is a 30 year product with emissions 



WHY Embodied CarbonBECOMES MORE IMPORTANT 
WITH TIME

Scenario assumes decarbonizationof grid-ŜƴŜǊƎȅΧΦΦ.ǳǘ ǿŜ ƴŜŜŘ ǘƻ ƪƴƻǿ ǿƘŀǘ 
THAT(decarbonisation of grid) means for our future. 



Carbon is coming to 

building codes



Carbon is coming to 

building codes

Carbon Emission 

Benchmarking is first 

step.

Carbon Emission 

Reduction is step 2 .



Carbon is coming to 

building codes

For Low Rise 

Residential  the 

picture is a little 

different é



Carbon is coming to 

building codes



Carbon is coming to 

building codes

AND to Home 

Performance 

Ratings
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Carbon is coming to 

building codes

AND to Home 

Performance 

Ratings



Carbon is coming to 

building codes

AND to Home 

Performance 

Ratings

Are we ready for this ?

What can we do to prepare ?



GWP Global Warming Potential
/ŀǊōƻƴ άŜǉǳƛǾŀƭŜƴŎȅέ
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MATERIAL CARBON EMISSIONS : Understanding A base metric:  

GWP Global Warming Potential

Global Warming Potential (GWP) Factors

GWP factors depend on 

ÅHow much heat is trapped by 1 kg of the GHG (or some other unit of mass)

ÅHow long the GHG persists in the atmosphere

ÅTime horizon over which the heat trapping is being considered (usually 100 years 
Ą GWP100)
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MATERIAL CARBON EMISSIONS : Understanding A base metric:  

GWP Global Warming Potential

Greenhouse 
Gases 
Important 
for Buildings

There are thousands of GHGs; a few are very important 
in buildings: 

ÅCarbon dioxide (CO2)

ÅMethane (CH4)

ÅNitrous oxide (N2O)

ÅFluorinated gases, such as 
hydrochlorofluorocarbons (HCFCs) ïused as 
propellants (spraying) and refrigerants (for cooling 
systems)

E.g., R-134a (HFC-134a) - CF3CH2F - used in cooling
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MATERIAL CARBON EMISSIONS : Understanding A base metric:  

GWP Global Warming Potential

Global 
Warming 
Potential 
(GWP) 
Factors

Some greenhouse gases (GHGs) trap 
more heat than others

ÅIf 1 kg of methane (CH4) is 
emitted, how much heat will be 
trapped compared to CO2 over a 
100-year timeframe?  

This is the global warming potential 
(GWP100) of CH4

Å1 kg of CH4 is equivalent to 25 kg 
CO2 over a 100-year time horizon*

ÅFor CH4, GWP100 = 25 
kgCO2e

ÅSometimes called ñcharacterizationò 
or ñemissionò factors

* Based on GWP100 from TRACI v2.1, 2014, USEPA

https://www.epa.gov/chemical-research/tool-reduction-and-assessment-chemicals-and-other-environmental-impacts-traci
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MATERIAL CARBON EMISSIONS : Understanding A base metric:  

GWP Global Warming Potential

GWP Changes 
Over Time

ÅUsually, shorter-term effects are 
greatest

ÅMost reports use 100 years (GWP100)

ÅGWP100 can vary from source to 
source depending on factors used in 
calculation and sometimes are updated 
with new findings

From Allen, D.T. 2014. Methane emissions from natural gas production and use: reconciling bottom-up 

and top-down measurements. Cur Op Chem Eng 5:78-83. Link

https://www.sciencedirect.com/science/article/pii/S2211339814000525
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MATERIAL CARBON EMISSIONS : Understanding A base metric:  

GWP Global Warming Potential

GWP Factors are 
Used to Calculate 
CO2 Equivalents 

E.g., Kilograms of carbon dioxide 
equivalents (kgCO2e)

E.g., Tonnes of CO2 equivalents (tCO2e)

ÅCan be calculated for any product or 
service

ÅE.g., tCO2e of embodied carbon 
for construction of a residential 
home

ÅE.g., kgCO2e for production of 1 
kWh of electricity in a gas-fired 
power plant



TEST YOUR KNOWLEDGE

What is the GWP100 factor 
(Global Warming Potential -100 
years) of CO2 ?

1. 25
2. 298
3. 1
4. 0
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Operational Carbon



Operational Carbon

A function of energy use:

ÅAnnual energy consumption

ÅFuel / energy choice

ÅEmissions in generating the energy



Energy Use in Homes - EEBA Carbon House - Chicago

Energy Use from Your Energy Rater

Gas:      81.7 MMBTU/yr

Electric: 26.4 MMBTU/yr

Total:    108.1 MMBTU/yr

This is converted to Tonnes of Carbon based on fuel use x the energy source emissions 



Energy Use in Homes - EEBA Carbon House - Orlando

Energy Use from Your Energy Rater

Gas:      23.4 MMBTU/yr

Electric: 36.4 MMBTU/yr

Total:    59.8 MMBTU/yr

This is converted to Tonnes of Carbon based on fuel use x the energy source emissions 



Energy Use in Homes - EEBA Carbon House - Portland

Energy Use from Your Energy Rater

Gas:      84.3 MMBTU/yr

Electric: 24.9 MMBTU/yr

Total:    109.2 MMBTU/yr

This is converted to Tonnes of Carbon based on fuel use x the energy source emissions 



Energy Use in Homes - EEBA Carbon House - Minneapolis

Energy Use from Your Energy Rater

Gas:      108.5 MMBTU/yr

Electric:  25.6 MMBTU/yr

Total:    134.1 MMBTU/yr

This is converted to Tonnes of Carbon based on fuel use x the energy source emissions 



They vary significantly:

Coal

Diesel

Natural gas

Nuclear

Hydro-electric

Wind

Solar

https://www.epa.gov/system/files/documents/2022-04/ghg_emission_factors_hub.pdf

Every utility has 

different 

emission factors

Emissions from electrical generation 



https://www.epa.gov/system/files/documents/2022-04/ghg_emission_factors_hub.pdf

Emissions from electrical generation 



Every utility has different emission factors

https://www.nytimes.com/interactive/2020/10/28/climate/how-electricity-generation-changed-in-your-state-election.html



https://www.epa.gov/system/files/documents/2022-04/ghg_emission_factors_hub.pdf

Every utility has different emission factors

U.S. Average   370
Orlando            379
Atlanta              392 
Portland            274
Chicago             449
Minneapolis     448 
¦ǇǎǘŀǘŜ b¸       ноо  ά[ƻǿŜǎǘέ
hŀƘǳ                 трл   άIƛƎƘŜǎǘέ

Kgs of CO2 per MegaWatt 

Hour of electricity generated



Converting Energy Use to Operational Carbon Equivalents

Operational Carbon for EEBA House - Chicago

7.82 Tonnes CO2e / yr

30yr equivalent : 234 tCO2e

Fuel source x energy source emissions

Natural Gas = 53.06 kg CO2 per mmBtu

Electricity (Chicago) = 449 kg CO2 / MW

Gas:      81.7 MMBTU/yr

Electric: 26.4 MMBTU/yr

Total:    108.1 MMBTU/yr



Converting Energy Use to Operational Carbon Equivalents

Operational Carbon for EEBA House - Orlando

5.31 Tonnes CO 2e / yr

Fuel source x energy source emissions

Natural Gas = 53.06 kg CO2 per mmBtu

Electricity (Orlando) = 380 kg CO2 / MW

Gas:      23.4 MMBTU/yr

Electric: 36.4 MMBTU/yr

Total:    59.8 MMBTU/yr

30yr equivalent : 159 tCO2e



Converting Energy Use to Operational Carbon Equivalents

Operational Carbon for EEBA House - Portland

6.48 Tonnes CO 2e / yr

Fuel source x energy source emissions

Natural Gas = 53.06 kg CO2 per mmBtu

Electricity (Portland) = 274 kg CO2 / MW

Gas:      84.3 MMBTU/yr

Electric: 24.9 MMBTU/yr

Total:    109.2 
MMBTU/yr

30yr equivalent : 194 tCO2e



Converting Energy Use to Operational Carbon Equivalents

Operational Carbon for EEBA House - Minneapolis

9.12 Tonnes CO2e / yr

Fuel source x energy source emissions

Natural Gas = 53.06 kg CO2 per mmBtu

Electricity (Minneapolis) = 448 kg CO2 / MW

Gas:      108.5 MMBTU/yr

Electric:  25.6 MMBTU/yr

Total:    134.1 
MMBTU/yr

30yr equivalent : 273 tCO2e



Converting Energy Use to Operational Carbon Equivalents

Greenhouse Gases may come from your Energy Rater

Common energy modelling tools will be adding GHG reports 

- Some regional, annual fine tuning will be worked on to ensure consistency



Codes Have Changed¤ Operational Carbon has improved





The news on electrification is 

complex and grid-dependent

Å IMPACT on operating cost 

significant-Elec vs Gas

Å Enclosure and passive 

enhancements(with 

electrification) increase in ROI

Å Results will change overtime e.g. 

Grid changes and Energy 

production costs

Operational Carbon Emissions and heat pumps



A Tale of 2 Grids ςOntario vs Alberta
30 Year Impact, 2300 sqft SD Home. Ottawa, ON cz6
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A Tale of 2 Grids ςOntario vs Alberta
30 Year Impact, 2300 sqft SD Home. Calgary AB, ON cz7



Common Energy Efficiency Improvements

What improvements have you made in your homes?

ÅBetter air tightness

ÅMore attic insulation

ÅBetter windows

ÅImproved HVAC efficiency

ÅImproved water heater efficiency

ÅAdd a heat recovery ventilator

ÅThicker walls

ÅAdvanced framing

ÅMore insulation on foundation walls

ÅUnder-slab insulation

ÅBetter lights and appliances

ÅAddition of renewable energy generation - solar

Which of these might significantly impact embodied energy?



Choices, Alternatives & Options

vs



The Base EEBA Carbon House ςChicagocz5

Å2 Story, All brick

ÅFull basement

ÅR49 Attic insulation

Å2x6 Above grade walls - R21 Batts

ÅR11 Basement walls, no slab insulation

ÅDouble-glazed, Low E, argon windows

Å3.0 ACH@50Pa Air tightness

Å95% Gas furnace, 13 SEER AC

ÅPower vented gas water heater 0.56 EF

What improvements have you made already?



The Base EEBA Carbon House ςMinneapoliscz6

Å2 Storey, All brick

ÅFull basement

ÅR49 Attic insulation

Å2x6 Above grade walls - R21 Batts

ÅR11 Basement walls, no slab insulation

ÅDouble-glazed, Low E, argon windows

Å3.0 ACH@50Pa Air tightness

Å95% Gas furnace, 13 SEER AC

ÅPower vented gas water heater 0.56 EF

What improvements have you made already?



Three Examples of Enclosure Energy 
Improvements(Passive) on Operational Carbon

1. Improved air tightness
2. Addition of continuous insulation
3. Upgrade to triple-glazed windows

Cold Climate Upgrade Examples



Three Examples of Enclosure Energy 
Improvements(Passive)on Operational Carbon

1. Improved air tightness
2. Addition of continuous insulation
3. Getting ducts in conditioned space

Warm / Mild Climate Upgrade Examples



Chicago Base House cz5

ACH50 MMBTUs/yr CO2e Tonnes/yr

3.0 108.1 7.82

2.0 103.2 7.56

1.5 100.9 7.44

0.60 96.6 7.21

Energy and Carbon Impact of Improved Air Tightness

A 5% reduction in Tonnes CO2e/yr

What changes will be required?



There are helpful new 

technologies

Under 1.5 ACH50 is now 

achievable by all builders

Improved air tightness requires:

±Tapes,

±Caulks

±Sprays

±Committed, trained labor


