


Today, we’re going to talk about…

what are embodied carbon emissions, 

how they are calculated, and 

why are they important to address?



We understand operational emissions:

ENERGY USE
X 
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We’ve been focusing our 
attention here…



…and have missed what’s going on over here
(i.e., the material emissions)
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2012:
What is the 
carbon 
footprint of 
this house?



Material emissions over the life cycle – “embodied carbon”

Cradle to gate

Up-front embodied carbon

Whole life cycle



65-80%

6-10% 8-15% 3-15%

Product emissions are the largest contributor  

of lifecycle emissions



EPD An Environmental Product 
Declaration (EPD) "quantifies 
environmental information on the life 
cycle of a product to enable 
comparisons between products fulfilling 
the same function." 

This methodology follows international standards
(ISO series 14040 requirements)

Estimating Material Carbon Emissions (MCE)



CO2e
Carbon Dioxide Equivalent

● allows a group of greenhouse gases (GHGs) to 
be expressed as a single number by 
converting amounts of other greenhouse 
gases, like methane, to the equivalent amount 
of CO2

● this metric is used to compare emissions on 
the basis of their global warming potential 
(GWP)

● metric of choice for EPDs etc.



Timber:

42.56 kg CO2e/m3

Concrete:

304.53 kg CO2e/m3

Steel:

1.16 t CO2e/ton

NOW WHAT?

Estimating Material Carbon Emissions (MCE)

EPD



A1-A3 biogenic 
carbon storage 

A1-A3 GWP 
factors from 
EPDs

Material quantity 
(based on 
dimensions)

Net emissions
kg CO2e

Estimating Material Carbon Emissions (MCE)



TIMBER

42.56 kg CO2e/m3

6x6 post =

4 kg CO2e

CONCRETE

304.53 kg CO2e/m3

6” dia. post =

12 kg CO2e

STEEL

1.16 t CO2e/ton

3.5” dia. post =

73 kg CO2e

Now we can start to make 
informed decisions!

Estimating Material Carbon Emissions (MCE)



The BEAM tool can help you compare materials



…help you compare assemblies

1,564

6,533

2,542

ASSEMBLY 2

ASSEMBLY 3

ASSEMBLY 1



…and help you compare whole houses



Structure, enclosure & partitions

● Largest data set

● Long life span for materials

● Most actionable analysis for users

MEP, appliances, finishes, millwork, 
yardwork

● Lack of data 

● Less actionable analysis for users

What’s accounted for? BEAM methodology for benchmark studies



Total Net
EMISSIONS

309
kg CO2e/m2

Total Net
EMISSIONS

150
kg CO2e/m2

Total Net
EMISSIONS

72
kg CO2e/m2

Low Carbon Homes Pilot
Nelson & Castlegar, BC

34 As-built homes

Total Net
EMISSIONS

561
kg CO2e/m2

Total Net
EMISSIONS

191
kg CO2e/m2

EMBARC Study
Greater Toronto Area, ON

503 As-built homes

Highest 
result

Average 
result

Lowest 
result

*All results based on A1-A3 analysis of structure, enclosure and partitions.
 Area based on heated floor area.

Total Net
EMISSIONS

339
kg CO2e/m2

Total Net
EMISSIONS

194
kg CO2e/m2

City of Vancouver Study
Vancouver, BC

13 As-built homes

Total Net
EMISSIONS

138
kg CO2e/m2

Total Net
EMISSIONS

116
kg CO2e/m2

BfCA Study Results*



Average of 
800 new 
homes 
across Canada

57 million m2

new low-rise residential 
in Canada

~12 million tonnes 
annual emissions

How much do Material Carbon Emissions matter?

which is equivalent to…



So how can you reduce the 
embodied carbon emissions in 
your building projects?
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Rosewood ‘A’ Model
Net Zero Ready

Ontario Code 
Minimum 
Baseline 

2021 As-built
2022 minor 
insulation 

substitutions

NEAR TERM 
1:1 

SUBSTITUTIONS

MEDIUM-TERM 
2-5 YEARS

FUTURE 
SCENARIO 5-10 

YEARS

Total kg CO2e 48,266 66,087 52,087 22,854 11,309 183

Percent 
reduction 21% 65% 83% 99.7%

A case study from Ontario…



NEAR TERM 
1:1 SUBSTITUTIONS

22,854
kg CO2e

65%
reduction

Concrete → High slag (35-50%) concrete mix

EPS foam board → Replace ccSPF below slab

Cellulose insulation → replace other cavity insulation materials

Cork & linoleum flooring → replace carpet and hardwood

Engineered wood cladding → replace brick



A Low Carbon Laneway House in Nelson
By Mike Coen 

Operational Emissions

Material Emissions

Tonnes CO2e/yr

Tonnes CO2e

0.14

0.10

= 4.4 
tonnes of total 
emissions by 
2050!

The 3 most significant actions 
taken in this project:

● built on concrete piers 
instead of a foundation 
wall 

● substituted regular 
insulation for cellulose

● used wood siding 

A local case study
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CO2e/m2 40% reduction by 2030

5% per year reductions

Year 1:  Concrete mix improvement
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Addressing Carbon Use Intensity (CUI)
Our real goal.
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Measuring Operational Emissions

Average of 34 homes in 
Nelson & Castlegar
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What is 
the total?

? If we don’t know this number, we don’t know 
the real carbon footprint of the home

What about Material Carbon Emissions?



To
n

n
es

 o
f 

G
H

G
 e

m
is

si
o

n
s

5 —

25 —

10 —

20 —

15 —

28.8 t
average 
material 

emissions

30 —

35 —

40 —

45 —

50 —

55 —

60 —

65 —

1.26 t 
per year avg 

operating 
emissions

2031 20412021

54 t
CUI-20

It will take an average of 23 years 
before operational emission 

equal material emissions

Carbon Use Intensity (CUI) - Nelson, BC

Average of 34 homes in 
Nelson & Castlegar
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MATERIAL 
EMISSIONS

OPERATIONAL 
EMISSIONS

CARBON USE 
INTENSITY

40.7 t 4.9 t/yr 139 t CUI-20

12.9 t 0.18 t/yr 17 t CUI-20

28.8 t 54 t CUI-201.26 t/yr

44 t CUI-2040.7 t 0.18 t/yr

38 t CUI-2012.9 t 1.26 t/yr

12.9 t 4.9 t/yr 111 t CUI-20

Carbon Use Intensity (CUI) - Nelson, BC



What about operating emissions?

“These results would suggest that 
material selection and quantity is 
the leading factor in driving MCI 
higher or lower, and that it is 
possible to achieve both high levels 
of energy efficiency and low MCI.” 

City of Nelson, 2021 
Benchmarking Report



Project flow stages

Schematic design phase
● To build or not to build?
● Location of building
● Size, shape, massing of building
● Basic material palette

Design development
● Assemblies
● Materials

Construction documents
● Procurement

➔ Rough dimensions & basic 
materials examined in BEAM

➔ Assemblies and materials 
compared in BEAM & 
building a full model

➔ Specific materials selected in 
BEAM where possible



Don’t lose sight of other goals…



More information:
www.buildersforclimateaction.org 
www.rmi.org 

hot off the press!



This workshop was made possible by FortisBC as part 
of the City of Nelson’s Low Carbon Homes Pilot.


