


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  



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." 

Estimating Material Carbon Emissions (MCE)

TIMBER - 42.56 kg CO2e/m3

STEEL - 1.16 t CO2e/ton
CONCRETE - 304.53 kg CO2e/m3

e.g.,



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
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…and help you compare whole houses
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2022 2082?

AREA under the line is the positive climate impact 
from CO2 removal and storage

AREA above the line is the ongoing climate 
warming impact from CO2 emissions

Comparison should be the total difference 
in area at any given point in time

Impact of carbon storage on climate change



Ton year accounting

Storing 1 ton of CO2 for 46 

years is equivalent to 

eliminating the damage of 1 

tonne of CO2 emissions

Establishing a Carbon Offset Equivalence
for Temporary Biogenic Carbon Storage in Buildings 
© 2021 Aureus Earth, Inc. 
http://www.aureusearth.com  

Value of carbon storage on climate change



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*



Nelson implications

The 2020 Nelson-Castlegar 
study indicates annual 
emissions from new home 
materials is ~2,100 - 4,200 
tonnes 

80% reduction in our MCI
150 kg of CO2e/m2 -> 30

Nelson has a 80% reduction 
target for 2040 (17 years away)

2020



Planning the pathway
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Embodied Carbon Reductions

80% reduction by 2040

2022 2040

4.5% reduction per year

We’ve seen this curve before!
Residential Code Improvement
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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
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Embodied carbon study

Rosewood ‘A’ Model

EC Model AS-BUILT AS-BUILT, revised 
insulation

NEAR TERM 
1:1 SUBSTITUTIONS

MEDIUM-TERM 
2-5 YEARS

FUTURE SCENARIO 
5-10 YEARS

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

Percent reduction 21% 65% 83% 99.7%



Footings & Slab - Doug Tarry Homes, Rosewood A Model
CATEGORY MATERIAL NET CARBON FOOTPRINT [kg CO2e]

FOOTINGS & PADS Concrete - 0-25 MPa, Canadian Benchmark Average 1,572 1,572

Concrete - 0-25 MPa, 35-50% Slag, GU / CRMCA 1,234 1,234 1,234
REBAR FOR FOOTINGS Rebar / Concrete Reinforcing Steel Institute / / 15M 228 228 228 228 228
REINFORCING MESH Welded wire mesh 250 250 250
CONCRETE SLAB FLOOR(S) Concrete - 0-25 MPa, Canadian Benchmark Average 4,238 4,238

Concrete - 0-25 MPa, 35-50% Slag, GU / CRMCA 3,326
OTHER SLAB FLOOR(S) Plywood / 3/4" - "Slabless slab" 1,275

Cob Floor / Site made 4" 53
SUB-SLAB INSULATION

Spray polyurethane foam - Closed Cell (HFC) 3,536

Spray polyurethane foam - Closed Cell (HFO) 1,118

EPS foam board with graphite / BASF / Neopor /Type IX 919

Foam glass aggregate / Misapor / Glavel 616 616
BASEMENT FLOORING Vinyl flooring - AVERAGE 89 89

Carpet / / / Average from 150 samples in EC3 1,894 1,894

Linoleum flooring - AVERAGE 2.5 mm 8 8

Cork flooring -390 -390



Foundation Walls - Doug Tarry Homes, Rosewood A Model

Element Product As-built As-built (best 
insulation)

1:1 
substitutions

Near-term 
substitutions

5-10 year 
substitutions

Concrete walls Concrete: Canadian avg. mix 8,826 8,826

Concrete: 35-50% slag mix 6,927

Rebar Avg. rebar

ICF - Wood/cement 14” with cork inserts -497 -248

Concrete: 35-50% slag mix 3,114 1,551

Continuous insulation XPS foam board: average 9,846

XPS foam board: DuPont reduced GWP 6,412

XPS foam board: Sopra 338

Interior framing SPF 2x6 avg. 258 258 258

Cavity insulation Rockwool R22 607 607

Cellulose batt R20 -953

Interior wall cladding Drywall ½” avg. 324 324 324 324

TOTAL kg CO2e 19,861 16,427 6,894 2,941 1,303



Exterior Walls - Doug Tarry Homes, Rosewood A Model

Element Product As-built As-built (best 
insulation) 1:1 substitutions Near-term 

substitutions
5-10 year 

substitutions

Wood framing SPF 2x6 @ 16” OC 206 206 206

Structural sheathing OSB, ZIP system 7/16” 425 425 425

Prefab panel Complete system -1,602 -3,069

Cavity insulation Fiberglass batt, R20, average 305 305

Cellulose batt, R20 -925 -601

Continuous insulation XPS foam, average 9,557

XPS foam, DuPont low GWP 6,224

XPS foam, Sopra 328

Shared garage wall SPF 2x6 @ 16” OC 44 44 44

Exterior cladding Brick, clay, average 4161 4161

Stone, Arriscraft 211 211

Fiber cement, average 107 107 107 107 107

Vinyl siding, average 40 40 40 40 40

Engineered wood, Smartside 257 257 586

Interior cladding Drywall, ½”, average 314 314 314 314 602

TOTAL kg CO2e 15,370 12,037 796 -1,485 -2,887



Trent University 
Forensic Crime Scene Building



Key carbon-storing materials:

Key low-carbon materials:

Foam glass gravel for 
sub-slab insulation

Low-carbon concrete (50% 
SCM content)

Wood-chip ICF foundation

Hempcrete block walls Cellulose insulation Wood fiber board 
insulation

Hemp batt insulation

Charred wood 
siding



Building Element Base Case
kg CO2e Material change As-Built

kg CO2e
As-Built, incl. timber 

storage

Footings & Slabs 29,516 Low carbon concrete & foam 
glass gravel

13,503 13,503

Foundation walls 13,108 Wood chip ICF & low carbon 
concrete

9,866 1,128

Exterior walls 123,900 Hemp block with hemp batt -6,967 -18,043

Exterior cladding 11,327 Charred wood 6,263 2,861

Windows & doors 3,378 3,378 3,378

Interior walls 6,968 Hemp batt insulation -4,900 -3,580

Floors 858 Linoleum flooring -15 -679

Ceilings 963 Best in category drywall 227 227

Roof system 21,138 Wood trusses & cellulose 
insulation

4,130 -5,624

NET TOTAL 211,156 25,484 -6,829
MCE Reduction 88% 103%
Net Carbon Intensity, 
kg CO2e/m2 498 60 -16.1
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200 m2 basement floor

● With 4-inch slab: 6,520 kg CO2e

● With 2x4 sleepers & two layers of 

⅝-inch plywood: 1,500 kg CO2e

77% reduction!



200 m2 main floor

● With 4-inch slab: 

4,235 kg CO2e

● With 2x4 sleepers & 

¾-inch bamboo: 

-850 kg CO2e

165% reduction!



200 m2 basement floor

● With 4-inch slab: 6,520 kg CO2e

● With 2x4 sleepers & two layers of 

⅝-inch plywood: 1,725 kg CO2e

74% reduction!



200 m2 main floor

● With 4-inch slab: 6,520 kg 

CO2e

● With clay floor: -130 kg CO2e

98% reduction!



Or, be more ambitious:

Projects near and below net 
zero embodied carbon
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Baseline
200 kg 

CO2e/m2 

Improved
120 kg 

CO2e/m2 40% reduction by 2030

5% per year reductions

Year 1:  Concrete mix improvement

Year 2:  One insulation best available

Year 3:  Drywall best available

Year 4:  One insulation best available

Year 5:  Cladding to best available

Year 6:  Change flooring to best available

Year 7:  Change one insulation type

1
2

3
4

5

6
7



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 



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


