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Executive Summary 
Mantle Climate is pleased to present the Canadian Precast/Prestressed Concrete Institute (CPCI) 
with this report estimating and comparing whole-life carbon (operational carbon + embodied 
carbon) for the Precast envelope with Cast-in-Place (CIP) Structure building making use of 
different precast concrete structural and envelope systems across five Canadian cities 
(Vancouver, Edmonton, Toronto, Montreal, and Halifax). The study evaluates both embodied 
carbon emissions (due to manufacture, transport, and construct/assembly of structure and 
envelope) and operational carbon emissions (due to annual heating, cooling, ventilation, etc). The 
life cycle stages considered include A1-A5 (product manufacture, transport, and construction), B1-
B5 (use stage), and C1-C4 (end-of-life), aligned with the National Whole-Building LCA 
Practitioner’s Guide. 1 

The building typology modelled is Precast envelope with Cast-in-Place (CIP) Structure – Cast-in-
Place concrete structure and slabs + precast envelope. 
 
The building has two levels of parking, one underground and one at grade. To help isolate and 
compare the embodied carbon impact of the various structural systems, the parking levels of the 
buildings have been excluded from the main results presented below. Section 2.5 provides 
additional results with parking added and using various area definitions (with and without parking 
being included in the normalization areas). 

The embodied carbon emissions were calculated using the appropriate regions in the precast 
concrete industry average CPCI EPDs (Western Canada, Central Canada, and Eastern Canada). 

The calculated embodied carbon was compared against several targets, mainly from the Canada 
Green Building Council’s Zero Carbon Building Design Standard v4 which is 425 kg CO₂e/m².  

In all cases, the embodied carbon emissions for the buildings calculated in this study were 
below these industry limits, demonstrating precast concrete’s ability to achieve low-carbon 
construction below current market limits in all Canadian markets examined.  

Total embodied carbon (life cycle stages A-C) ranges from 197-239 kg CO₂e/m² across the cities 
as follows (see Figure ES.1): 

 
 
 

 

 
1  National Research Council Canada: National whole-building life cycle assessment practitioner’s guide 

https://mantledev.com/
https://nrc-publications.canada.ca/eng/view/object/?id=533906ca-65eb-4118-865d-855030d91ef2
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Figure ES. 1: Total Embodied Carbon (A-C) for the building across the five cities. 

* The Canada Green Building Council’s Zero Carbon Building Design Standard v4 sets an embodied carbon limit of 425 kg CO2e/m2 of 
building built floor area. 
 

The majority of these values represent low-carbon construction. A comprehensive embodied 
carbon benchmarking report for 292 buildings in the US and Canada was released by the Carbon 
Leadership Forum (CLF) in April 2025. 2 It shows the following results for multifamily residential 
buildings of the same LCA scope (structure and envelope) and life cycle stages (A-C):  

• 75th percentile “high” = 520 kg CO₂e/m²  
• 50th percentile “typical” = 390 kg CO₂e/m²  
• 25th percentile “low” = 320 kg CO₂e/m²  

In comparison: 
• All buildings modelled in this study are below the the CLF “low” benchmark (25th percentile 

= 320 kg CO₂e/m²) for the same LCA scope (structure + envelope, A–C). 
• All city results fall below 250 kg CO₂e/m², indicating very low embodied carbon intensity 

relative to current North American benchmarks. 

 

 
 

 
2 Carbon Leadership Forum: The Embodied Carbon Benchmark Report 
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Carbonation: 
• Carbonation uptake, calculated and reported separately in accordance with relevant 

standards. The value is nominal, at roughly 1% of embodied carbon sequestered over 60 
years. The building Structure system reaches an uptake intensity of 3.2 kg CO₂e/m² over 
60 years.  

Operational carbon observations as shown in Figure ES.2 include: 
• In cities like Montreal and Vancouver (and to a lesser extent Toronto), where 

operational carbon is already low, embodied carbon becomes the dominant factor in 
whole-life carbon emissions. Therefore, projects in these regions should pay special 
attention to prioritizing low embodied carbon construction. 

Operational carbon intensity (GHGi, kg CO₂e/m² annually) values were calculated based on 
current policy / regulation for new building construction in each market, which applies equally to all 
building types (no matter what type of material they are made from). Currently, the operational 
carbon impact is roughly 182 times higher in Halifax than it is in Montreal (largely due to Montreal’s 
new ban on combustion heating): 

● Halifax has the highest operational carbon intensity (75 kg CO₂e/m²). 
● Montreal has the lowest operational carbon intensity (0.41 kg CO₂e/m²). 

Overall lowest and highest whole-life carbon buildings: 
● Lowest-carbon scenario: The building in Montreal 
● Highest-carbon scenario: The building in Halifax 

  

https://mantledev.com/
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Figure ES. 2: Whole-life carbon intensity (A-C) over 60 years. Embodied emissions are orange and 
operational emissions are blue.  
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1. Introduction 
Precast concrete presents an opportunity to meet Canada’s dual housing needs of speed and low-
carbon. Accordingly, CPCI seeks to better understand the whole life carbon (embodied carbon 
from materials and construction plus the operational carbon from operations) of various 
applications of precast concrete, while considering regional differences, various service life 
scenarios, and the impact of carbonation. This study compares the embodied and operational 
carbon (together, the “whole life carbon”) intensity of precast envelope with cast-in-place (CIP) 
structure and slab building design. The building design is from a real-world recently constructed 
building by a CPCI member company.  

The building design is evaluated in five major Canadian cities: Halifax, Montreal, Toronto, 
Edmonton, and Vancouver. These cities were chosen as key markets representing a range of 
material embodied carbon footprint varying for Eastern, Central, and Western Canada, alongside 
these regions’ variable climates and electricity carbon intensity values. Figure 1 illustrates the 
building archetype selected for the analysis.  

 
 
Figure 1: 3D illustration of the Precast envelope with CIP structure building included in this study. 
 
 

 

 

https://mantledev.com/


FINAL REPORT (May 13, 2026)  
 

 
mantleclimate.com  Page 8 of 31 

Building Details: 

• Building height: 7 storeys, plus 2 below-grade / at-grade parking levels 
• Built floor area (including parking): 19,745 m² 
• Gross floor area (excluding parking): 15,750 m² 
• Total dwelling units: 98 
• Structural system: Cast-in-place concrete 
• Envelope: Single-wythe precast concrete panels with 4 inches of spray foam insulation 
• Floor system: Cast-in-place concrete slabs 

 
 

Detailed descriptions of the building assemblies—including structural systems, envelope 
components, and material specifications—are provided in the Bill of Quantities (BOM) and mapped 
Environmental Product Declarations (EPDs) in Appendix F. This appendix present comprehensive 
quantities and associated Global Warming Potential (GWP) data used for life cycle assessment 
(LCA) modeling in One Click LCA. Material breakdowns are categorized by function and location 
(above/below grade). 
 

2. Embodied Carbon 
2.1 Product Stage Carbon (A1-A3) 

The building design was modelled based on the materials used in that particular design and the 
same quantity of building materials was used to assess the design’s carbon across all five cities. 
No modifications were made in building design across regions, including structural seismic system, 
insulation, and foundation. 3 The industry average global warming potential (GWP) of each 
material, which indicates the embodied carbon, was sourced from published environmental 
product declarations (EPDs). Additionally, regional variations in industry averages were accounted 
for, as demonstrated in Table 1.2, for precast concrete and ready-mix concrete. 4  

This relied on the Canadian Precast/Prestressed Concrete Institution’s (CPCI) available EPDs 
representing regionalized industry averages for precast concrete produced by CPCI members 
across Western, Central, and Eastern Canada. These EPDs are business-to-business type III 
EPDs and have been prepared in accordance with the governing precast concrete category rules, 
ISO 14025:2006 and ISO 21930:2017, and ASTM International’s EPD program operator rules 
(Table 1). For ready-mix concrete, the provincial average values published by the Carbon 
Leadership Forum (CLF) were used, representing standard industry practice across Canada. 5  

 
3  Disclaimer: All building material quantities were provided by members of the CPCI Task Group. In cases 
where information was missing, Mantle Climate followed industry best practices to develop estimates and 
utilized the services of a professional quantity surveying firm (BTY).  
4 Mantle used the regional industry average ready-mix concrete EPDs and picked the mix GWPs associated 
with the cement and SCMs specified per major building element; the buildings primarily used low carbon 
ready-mix concrete; when this information was not available, the “baseline” mix GWPs are used.  
5 The Carbon Leadership Forum - 2023 CLF North American Material Baselines Report 

https://mantledev.com/
https://carbonleadershipforum.org/clf-material-baselines-2023/
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To ensure consistency across regional comparisons, it is important to clarify the distinction 
between Built Floor Area (BFA) and Gross Floor Area (GFA), as this directly affects embodied 
carbon intensity metrics. According to the National Whole Building Life Cycle Assessment 
Practitioner’s Guide 6, BFA refers to the total enclosed floor area including attached parking, while 
GFA excludes attached parking.  

All intensity calculations in this report have been standardized by removing parking from 
the embodied carbon and using GFA unless otherwise noted such as in Section 2.5.  

  

 
6 National Research Council Canada: National whole-building life cycle assessment practitioner’s guide 

https://mantledev.com/
https://nrc-publications.canada.ca/eng/view/object/?id=533906ca-65eb-4118-865d-855030d91ef2
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Table 1: CPCI EPDs used in this study, provided by CPCI. Table 1 1 

 EPD Name Purpose in this Study 

 

A Regionalized Industry Average EPD for 
Structural Precast Concrete 

Columns, Slabs, Beams 

 

A Regionalized Industry Average EPD for 
Insulated Precast Panel Concrete  

In any insulated precast 
assemblies  

 

A Regionalized Industry Average EPD for 
Below Grade Precast Concrete 

Not used 

 

A Regionalized Industry Average EPD for 
Architectural Precast Panel Concrete 

Building Facade/ envelope  

 
  

https://mantledev.com/
https://www.cpci.ca/en/sustainability/enviromental_product_declarations
https://www.cpci.ca/en/sustainability/enviromental_product_declarations
https://www.cpci.ca/en/sustainability/enviromental_product_declarations
https://www.cpci.ca/en/sustainability/enviromental_product_declarations
https://www.cpci.ca/en/sustainability/enviromental_product_declarations
https://www.cpci.ca/en/sustainability/enviromental_product_declarations
https://www.cpci.ca/en/sustainability/enviromental_product_declarations
https://www.cpci.ca/en/sustainability/enviromental_product_declarations
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Table 2: Example of EPDs and GWPs used in different locations in this study. 

City Precast concrete Ready-mix concrete All other 
materials 

Toronto “Central Canada” GWP in industry 
average EPD 

Concrete Ontario 
Member Industry-Wide 
EPD 

Industry 
average EPDs 
using single 
national values 

Montreal 
“Eastern Canada” GWP in industry 
average EPD 

Association béton 
Québec Member 
Industry-Wide EPD 

Halifax 
Atlantic Concrete 
Association Member 
Industry-Wide EPD 

Vancouver 
“Western Canada” GWP in industry 
average EPD 

Concrete BC Member 
Industry-Wide EPD 

Edmonton Concrete Alberta Member 
Industry-Wide EPD 

2.2 Cradle-to-Grave (A-C) 

For transportation and construction factors, default values provided by the One Click LCA software 
were applied for life cycle phases after the manufacturer’s gate (A4 onward), including the use 
phases (B) (e.g., maintenance, repair) and end-of-life phases (C). As per the NRC’s National 
Whole-Building Life Cycle Assessment Practitioner’s Guide 7, interim assumptions should only be 
used when the tool does not estimate values for full life cycle stages. Since One Click LCA 
provides these estimates, 8 its values have been adhered to, ensuring compliance with the guide’s 
methodology and maintaining consistency across the assessment. Overall, both upfront embodied 
carbon emissions (A1-A5) and cradle-to-grave embodied carbon emissions (A-C) were calculated 
and are reported. Table 3 outlines the default transportation (A4) distances and associated 
transport modes used in One Click LCA for key construction materials. Distances reflect assumed 
average supply chain scenarios, with typical vehicle types and fill rates applied in the embodied 
carbon analysis. 

 
 
  

 
7  National Research Council Canada: National whole-building life cycle assessment practitioner’s guide 
8 One Click LCA is a comprehensive lifecycle assessment software widely used in the construction industry 
to estimate environmental impacts across all life cycle stages of building materials and systems. 

https://mantledev.com/
https://nrc-publications.canada.ca/eng/view/object/?id=533906ca-65eb-4118-865d-855030d91ef2
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Table 3: Default Transportation Distances (A4) and Modes Used in One Click LCA 
No. Material Distance 

(km) 
Mode of Transportation 

1 Ready-mix concrete 200 Concrete mixer truck, appr. 8 m3, 100% fill rate 
2 Structural precast concrete 200  

 
 
 
 
Trailer combination, 40 ton capacity, 100% fill 
rate 

3 Reinforcement steel (rebar) 580 
4 Structural Steel 580 
5 Steel Studs 580 
6 Architectural steel framing 580 
7 Wood 560 
8 Concrete masonry unit (CMU) 200 
9 Gypsum board 200 
10 XPS/ foam Insulation 350 
11 Roof insulation - Board/ Bitumen 350 
12 Mineral wool insulation 200 
13 Acoustic Insulation 200 
14 Vapour barrier 350 
15 Metal doors 550 
16 Fiberglass doors 200 
17 PVC Windows 650 
18 Aluminium curtain walls 200 

2.3 Carbonation  

The effects of concrete carbonation were assessed using data provided by a CPCI Member 
Company, as detailed in Appendix A, according to the National Research Council (NRC) National 
guidelines for whole-building life cycle assessment 9 (and as outlined in the previous Mantle memo 
dated October 16, 2024; included in Appendix A). These values were applied proportionally to 
each building based on gross floor area. A link to the full calculation methodology is provided in 
Appendix B. 

As outlined in the National Whole-Building Life Cycle Assessment Practitioner’s Guide, 
carbonation should be reported separately from the LCA results, similar to biogenic carbon. The 
estimated CO₂ uptake from carbonation over 60 years, normalized per square meter per year, is 
summarized in Figure 2. 

The carbonation value calculated is nominal for all buildings, at roughly 1% of embodied carbon 
sequestered over 60 years. The corresponding carbonation uptake intensity is estimated at 3.2 kg 
CO₂e/m², equivalent to approximately 51 t CO₂e over a 60-year service life. 

 
9 National Research Council (NRC) - National guidelines for whole-building life cycle assessment (“NRC 
guidelines”) 

https://mantledev.com/
https://nrc-publications.canada.ca/eng/view/ft/?id=f7bd265d-cc3d-4848-a666-8eeb1fbde910
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Figure 2: Carbonation uptake intensity (kg CO₂e/m²) over 60 for the structural system. 

The embodied carbon intensity and total embodied carbon emissions for each building design in 
each city were calculated, measured in kg CO₂e/m² and t CO₂e, respectively. These values are 
displayed in tables and figures throughout this report and do not include carbonation (as per the 
NRC Practitioner’s Guide).  

When comparing carbonation and embodied carbon values, take care to compare the absolute 
values only (t CO₂e,) or the intensity values only (kg CO₂e/m²).  

2.4 Embodied Carbon Results 

Figure 3 shows the embodied carbon intensity cover stages (A-C) for the building and region 
compared against the Zero Carbon Design v4 limit of 425 kg CO₂e/m². In all cases, the 
embodied carbon emissions for the buildings calculated in this study were below these 
industry limits, demonstrating precast’s ability to achieve low-carbon construction below 
current market limits.  

Table 4 presents the embodied carbon values for the building, excluding the effects of 
carbonation. Refer to Appendix D for a detailed breakdown of embodied carbon by element and 
life-cycle stage. Appendices E and F provide the list of materials included in each structural 
design and the corresponding EPDs mapped in One Click LCA. 
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Figure 3 : Total embodied carbon intensity (Modules A–C) for the structural designs across five Canadian cities. 

* The Canada Green Building Council’s Zero Carbon Building Design Standard v4 sets an embodied carbon limit of 425 kg CO2e/m2 of 
building built floor area. 
*** All intensity values are calculated based on Gross Floor Area (GFA). 

 
Table 4: Total embodied carbon emissions intensity and absolute values in five cities. 

City 
Cradle-to-Grave Embodied Carbon (A-C) 

Intensity (kg CO₂e/m² ) Absolute (t CO₂e) 

Toronto 201 3,164 

Montreal 220 3,459 

Halifax 239 3,759 

Vancouver 197 3,096 

Edmonton 227 3,576 

 

2.4.1. Alternative Results Using CPCI Member Facility-specific EPDs Instead of CPCI 
Industry Average EPDs 

To provide a more representative comparison, this section includes an alternative analysis using 
CPCI member facility-specific EPDs. This was necessary due to the limited product specialization 
available in the CPCI’s industry-average EPDs. The member-specific EPDs include a broader 
range of product categories, allowing for a more accurate and detailed assessment of embodied 
carbon. 
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Figure 4 shows that using product-specific precast EPDs in place of CPCI industry averages can 
lower the embodied carbon in some cases (see Total Precast and Steel Frame buildings reports), 
while the Cast-in-Place building remains unchanged. Appendix G presents a comparison of the 
embodied carbon values between the CPCI industry-average EPDs and the member EPDs used. 

 
Figure 4: Total embodied carbon intensity (Modules A–C) for the structural design in Toronto, using a CPCI member’s product-specific 
precast concrete EPDs instead of the industry-average CPCI EPDs. 

2.5 Underground Parking and Embodied Carbon 

The embodied carbon results for the Toronto buildings are presented for two scenarios: one 
including underground parking and one excluding it, to assess the impact on both embodied 
carbon intensity and total (absolute) emissions. The building has two parking levels (one 
underground and one at grade) 
 
The results, summarized in Table 5, show that removing parking reduces absolute embodied 
carbon (tCO₂e) due to a smaller building scope but increases the carbon intensity (kgCO₂e/m²). 
This is because the gross floor area (GFA) used to calculate intensity is reduced when parking is 
excluded, while the structural elements contributing to carbon emissions remain significant. 
 
For example, in the building, removing the two parking levels reduces the total embodied carbon 
from 3,722 tCO₂e to 3,164 tCO₂e. However, the embodied carbon intensity changes from 189 
kgCO₂e/m² (includes parking embodied carbon, using BFA) or 236 kgCO₂e/m² (includes parking 
embodied carbon, using GFA) to 201 kgCO₂e/m² because the normalizing area in the denominator 
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is significantly reduced when parking is excluded. 
 
This highlights how removing underground parking lowers total emissions but can raise the 
intensity value if the reference floor area is reduced. If GFA remains constant in both scenarios, 
carbon intensity would also decrease alongside total emissions. 
 
Table 5: Total embodied carbon intensity (A–C) and absolute emissions with variations in gross 
floor area (GFA) or building floor area (BFA) depending on parking inclusion.  

* Intensity values in this table—and throughout the report—are reported based on Gross Floor 
Area (GFA) unless otherwise stated. 

Parking Inclusion  GFA (m²) or BFA (m²) 
See section 2.1 

Embodied Carbon 
Intensity (A-C)  
(kg C O₂e/m²) 

Embodied Carbon 
Absolute  
(t CO₂e) 

Excluding Parking GFA = 15,750 m2 201 3,164 
Including Two 
Parking Levels 

BFA = 19,745 m2 189 3,722 
GFA = 15,750 m2 236 3,722 

3. Operational Carbon 
Operational carbon emissions vary across regions due to differences in climate (energy demand), 
energy efficiency requirements from provincial building codes and municipal green development 
standards, and the emission intensity of local energy systems including the electricity grid.  

To quantify the operational energy for new buildings in each region, Mantle used standard values 
derived from relevant provincial and municipal building codes / green development standards. 
When possible, city-specific greenhouse gas intensity (GHGi) targets were used as indicated in 
Table 6 below.  

Table 6 : City-specific operational GHGi values: 
No. City GHGi Values (kg CO₂e/m²) 
1 Montreal 0.41 
2 Vancouver 3 
3 Toronto 10 
4 Edmonton 61 
5 Halifax 75 

See below for further details on each location.  

3.1 Montreal  

Quebec’s electricity grid is nearly carbon-free, predominantly powered by hydroelectricity, with a 
carbon intensity of 0.0017 kg CO₂e/kWh. 10 Additionally, Montreal has recently enacted a ban on 

 
10 Government of Canada -Emission factors and reference values 2025 

https://mantledev.com/
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combustion heating in new buildings. 11 As a result, the GHGi per square meter in Montreal is 
negligible, calculated at 0.41 kg CO₂e/m². 

3.2 Vancouver 

In Vancouver, the requirements for Part 3 buildings are guided by the Vancouver Building By-law 
(VBBL) and the Green Building Policy for Rezoning, which are components of the Zero Emissions 
Building Plan (ZEBP). 12 These policies align with Emissions Level 3 (EL-3) or higher, depending 
on the building type and use. Updates to these policies, approved by the City Council, took effect 
in January 2025, as outlined in the City of Vancouver Climate Emergency Report – Bylaw and 
Policy Updates Applicable to New Buildings, May 17, 2022. These updated requirements were 
used in this analysis (3 kg CO₂e/m²). 13  

3.3 Toronto  

In Toronto, although the current Toronto Green Standard (TGS) Part 3 building GHGi limit is 15 kg 
CO₂e/m2, 14 the city reported that the average value built for new construction over the past few 
years is 10 kg CO₂e/m2. Therefore, this value was used instead as it is representative of the 
current new building performance in Toronto.  

3.4 Edmonton 

Edmonton does not have a building-level emissions requirement therefore operational carbon 
estimates were derived from energy models used in three recent case studies. The ‘reference 
building’ results from these case study energy models represent the current 2020 National Energy 
Code for Buildings (NECB). Then, emissions factors provided by Environment and Climate 
Change Canada (ECCC) 15 were applied (0.49 kgCO₂e/kWh for electricity and 0.191 kgCO₂e/kWh 
for natural gas). The averaged GHGi for three recently modelled buildings in Edmonton was 
calculated as 30 kgCO₂e/m² for electricity and 31.4 kgCO₂e/m² for natural gas, and the total GHGi 
per square meter for Edmonton was calculated as 61.4 kgCO₂e/m². 16  

A similar approach to that used for the City of Edmonton was applied to both Montreal and Halifax 
due to the absence of GHGi targets or historical GHGi data repositories for buildings in these 
cities. 

 
11 City of Montreal: Ban on combustion heating devices in new buildings. Existing buildings are not targeted 
by this by-law. The by-law will come into force gradually, starting on October 1, 2024 for small buildings and 
then on April 1, 2025 for all others. 
12 Zero Carbon Step Code  / British Columbia Building Code 
13 City of Vancouver - Climate Emergency Report – Bylaw and Policy Updates Applicable to New Buildings 
14 Toronto Green Stabdard Version 4 - Buildings Energy, Emissions & Resilience  
15 Government of Canada -Emission factors and reference values 2025 
16 The modeled buildings are mid-rise multi-unit residential buildings, ranging from four to seven storeys in 
height and gross floor area range from 18,000 m² to 22,000 m². These buildings were modeled in 2023 
following the NECB 2020 standards. For cases where a building was originally modeled to NECB 2017, an 
adjustment factor was applied to align the energy requirements with those specified in NECB 2020. 

https://mantledev.com/
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https://www2.gov.bc.ca/assets/gov/farming-natural-resources-and-industry/construction-industry/building-codes-and-standards/revisions-and-mo/bcbc-revision-3/bcbc-revision-4/bcbc_2024_web_version_20240409.pdf
https://council.vancouver.ca/20220517/documents/R1a.pdf#page=34
https://www.toronto.ca/city-government/planning-development/official-plan-guidelines/toronto-green-standard/toronto-green-standard-version-4/mid-to-high-rise-residential-non-residential-version-4/buildings-energy-emissions-resilience/
https://www.canada.ca/en/environment-climate-change/services/climate-change/pricing-pollution-how-it-will-work/output-based-pricing-system/federal-greenhouse-gas-offset-system/emission-factors-reference-values.html
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3.5 Halifax  

The Edmonton case studies were also used as a conservative baseline. Mantle adjusted the 
Energy Use Intensity (EUI) for electricity and natural gas based on differences in Heating Degree 
Days (HDD) and Cooling Degree Days (CDD), using historical climate data from 1976–2005 
obtained from the Climate Atlas of Canada. 17 Based on these values, space heating was reduced 
by 23% to account for Halifax’s milder climate, while space-cooling was increased by 24%. This 
adjustment resulted in an overall reduction of Halifax’s building EUI by 11% (kWh/m²). 
Subsequently, emission factors from Environment and Climate Change Canada (ECCC) 18 were 
applied (0.7 kg CO₂e/kWh for electricity and 0.187 kg CO₂e/kWh for natural gas). The total GHGi 
per square meter in Halifax was calculated as 75 kg CO₂e/m². Note that even though Halifax has a 
relatively mild climate, it’s increased summertime cooling requirements combined with a very 
carbon-intensive electricity grid resulted in the highest operational emissions. 

Operational carbon modeling was performed for the three building archetypes across five cities, 
considering 60-year (typical wbLCA duration), as detailed in Tables 7 in this section. Figure 5 
present the absolute operational emissions for the 60-year scenarios. 

  

 
17 Prairie Climate Centre - Climate Atlas of Canada. Heating Degree Days and Cooling Degree Days 
historical respiratory,  
18 Government of Canada -Emission factors and reference values 2025 
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3.6 The Building Operational Carbon  

Table 7: Total operational carbon emissions intensity and absolute values in five cities for the 
building. 
 
* Intensity values (kg CO₂e/m²) are reported based on Gross Floor Area (GFA). 

City 
Operational Carbon 

Intensity (kg CO₂e/m²) Absolute (t CO₂e) (60 years) 

Montreal 0.41 387 

Vancouver 3 2,835 

Toronto 10 9,450 

Edmonton 61 58,023 

Halifax 75 70,752 

 

 
Figure 5: Absolute operational emissions for the 60-year for the building. 
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4. Whole Life Carbon 
To compare the carbon contributions over the lifecycle of the building, both embodied and 
operational carbon were assessed. Region-specific operational energy use data, as detailed in the 
previous section, was incorporated alongside the embodied carbon calculations. The following 
section presents the combined embodied and operational carbon emissions to illustrate the whole-
life carbon impact of the building design across all five cities (does not include carbonation 
removed as per the current rules in the NRC Practitioner’s Guide). 

Table 8 summarizes the whole-life carbon emissions (life cycle stages A–C) for the building type 
across the five cities.  

Table 8: Whole-life carbon emissions in five cities (A-C). 

* Intensity values (kg CO₂e/m²) are reported based on Gross Floor Area (GFA). 

City 

Absolute  
(t CO₂e)  

Intensity 
(kgCO₂e/m²·y) 

Carbon Contribution 
60 Y 

60 Y 60 Y Embodied Operations 

Montreal 3,847 4 90% 10% 

Vancouver 5,931 6 52% 48% 

Toronto 12,614 13 25% 75% 

Edmonton 61,599 65 6% 94% 

Halifax 74,511 79 5% 95% 
 
 
Figure 6 further illustrates and compares the contributions of embodied and operational carbon 
over 60 years. These graphs highlight the proportion of emissions attributed to embodied 
emissions (in orange) and operational emissions (in blue) using the same scale to make 
comparisons easier.  
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Figure 6: Whole-life carbon intensity (A-C) over 60 years. Embodied emissions are orange and operational emissions are blue.  
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5. Conclusion 
In all cases, the embodied carbon emissions for the buildings calculated in this study were 
below the industry limits, demonstrating precast concrete ability to achieve low-carbon 
construction below current market limits. Both material selection and geographic location 
significantly influence a building’s embodied carbon impact. 19 In this study, differences in 
embodied carbon results across locations are solely attributable to regional variations in material 
GWP factors. 

Embodied Carbon of building ranges from 197 kg CO₂e/m² in Vancouver to 239 kg CO₂e/m² in 
Halifax. 

Operational carbon varies by city, with Halifax having the highest emissions at 75 kgCO₂e/m² 
annually due to its carbon-intensive electricity grid, and Montreal performing best at just 0.41 
kgCO₂e/m² due to its low-carbon grid and newly enacted ban on combustion for heating.  

Carbonation uptake, calculated separately in accordance with applicable standards, offers 
modest reduction in embodied carbon over time. For the building, carbonation uptake is estimated 
at 3.2 kg CO₂e/m², corresponding to approximately 51 t CO₂e over a 60-year service life, 
representing roughly 1% of total embodied carbon. 

While carbonation provides incremental mitigation, it is insufficient to offset the higher embodied 
emissions of more carbon-intensive systems. As such, selecting lower-carbon structural options 
and minimizing upfront emissions remain critical for meeting climate targets. 

 

 

 

 
  

 
19 See Appendix C for a comparison of carbon emission intensities between 25 MPa non-air-entrained 
ready-mix concrete and precast concrete across five Canadian cities. 
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6. Appendix A – Carbonation Methodology 
Mantle Developments performed the carbonation quantification scenario in alignment with the 
National Research Council (NRC) National guidelines for whole-building life cycle assessment 
(“NRC guidelines”) which is considered the official approach to WBLCA in Canada. The NRC 
guidelines are recognized as industry best practices for completing whole building life cycle 
assessments in Canada. The guideline is aligned with and recommends the carbonation 
calculation methodology from the European PCR for concrete products, EN 16757:2017, Annex 
BB.  
 
The NRC guideline approach required the following data from CPCI to support this carbonation 
quantification:  
 

1. Exposed concrete surface area (m2).  
2. Concrete exposure type per compressive strength class (from options presented in NRC 

guidelines Table 13, pg. 109).  
3. Additional mineral components for cement or concrete by weight % (from options 

presented in NRC guidelines Table 14, pg. 109). 
4. Confirm using the average reactive CaO “w” factor, as per NRC guidelines, or CPCI to 

provide an alternative value.  
5. Estimated concrete waste during transportation and construction, if applicable (for exposed 

concrete products). 
Estimated percentage or surface area of exposed concrete products replaced or refurbished at 
specified intervals during the building’s life cycle, if applicable. 
 

https://mantledev.com/
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Mantle received the below data from a CPCI Member Company and adjusted it linearly to be used across 
all the three buildings' concrete areas. 

 
Note: if interior walls are not covered with drywall or paint, the k value would revise from 2.7 above 
to 3.8. A sensitivity analysis was performed to understand the impact of this change, which was 
calculated at 13% more carbonation removals for this case study. 
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7. Appendix B – Carbonation Calculations 
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8. Appendix C – Baseline Concrete Mix GWP Comparison 
The graphs below present the baseline Global Warming Potential (GWP) for 25 MPa ready-mix 
concrete (without air) and structural precast concrete in five Canadian cities, based on regional 
industry-average Environmental Product Declarations (EPDs). The comparison illustrates 
significant regional variation in carbon intensity, driven by differences in material sourcing, mix 
designs, manufacturing methods, and transportation. 
 
For 25 MPa ready-mix concrete, Vancouver reports the lowest GWP at 220 kg CO₂e/m³, while 
Halifax has the highest at 354 kg CO₂e/m³—a difference of over 60%. This variation reflects 
differences in cement content, supplementary cementitious material (SCM) usage, and local 
supply chains. 
 
For structural precast concrete, Toronto reports the lowest GWP at 0.21 kg CO₂e/kg, followed 
closely by Montreal and Halifax at 0.22 kg CO₂e/kg. Vancouver and Edmonton, however, show 
significantly higher intensities at 0.28 kg CO₂e/kg. 
 
These findings highlight that regional strengths vary by product: for instance, Vancouver performs 
best in ready-mix concrete, while Toronto and Montreal lead in precast performance. 
 
As noted earlier in the report, operational carbon differences across locations are even more 
pronounced. Together, this data provides an essential benchmark for evaluating the carbon 
intensity of materials and guiding regionally informed low-carbon construction strategies across 
Canada. 
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Figure 7: GWP of Ready-mix Concrete, 25MPA (without air) - GUL 15SL across five cities. 

 

 
Figure 8: GWP of Structural Precast Concrete across five cities. 
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9. Appendix D – Embodied Carbon Breakdown Graphs for the 
Building in the City of Toronto (Example) 
 

  

  
 
Figure 9: Life-cycle distribution of embodied carbon and material mass for the building, broken down by life-cycle stages, resource 
types, and building element classifications. 

 
 

Net Carbon kg CO2e - Life-cycle stages

A1-A3 Materials - 81.8%
A4 Transport - 10.5%
A5 Building site - 3%
C2 Waste transport - 2.2%
B4-B5 Replacement - 2.2%
C3 Waste processing - 0.4%
C4 Waste disposal - 0%

Net Carbon kg CO2e - Classification
Floor slabs, ceilings, roofing decks, beams and roof - 37.4%
Foundation, sub-surface, basement and retaining walls - 12.3%
External walls and facade - 9.1%
Columns and load-bearing vertical structures - 26.6%
Windows and doors - 7.9%
Internal walls and non-bearing structures - 5%
Other structures and materials - 1.8%

Net Carbon kg CO2e - Resource Types
Structural concrete (beams, columns, piling) - 4.6%
Structural steel and steel profiles - 1.3%
Concrete wall elements - 6.5%
Ready-mix concrete for foundations and internal walls - 2.9%
Ready-mix concrete for external walls and floors - 54.4%
Reinforcement for concrete (rebar) - 16.9%
PVC frame windows - 0%
Glass facades and glazing - 7.8%
Bitumen and other roofing - 1.3%
Other resource types - 0.9%
Specialty Gypsum Board - 3.4%

Mass kg - Classifications
Floor slabs, ceilings, roofing decks, beams and roof - 37.5%
Foundation, sub-surface, basement and retaining walls - 16.5%
External walls and facade - 9.5%
Columns and load-bearing vertical structures - 27.1%
Windows and doors - 0.5%
Internal walls and non-bearing structures - 7.5%
Other structures and materials - 1.4%
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10. Appendix E – Construction Materials Included for the Design 
 

 
Figure 10: Summary of construction materials included in the bill of materials for the building structural design —categorized by building level (above or below grade) and material type. 
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11. Appendix F – The Building Bill of Quantities & One Click LCA Mapping 
 

 
Figure 11: Bill of quantities and mapped Environmental Product Declarations (EPDs) for the building assemblies in Vancouver. Quantities are categorized by location (above/below 
grade), material type, and function, with associated GWP values used in One Click LCA software. 
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12. Appendix G – Precast EPDs Used and Corresponding GWPs 
 
The table below shows the EDPs used to model the embodied carbon for key structural building systems and the corresponding 
GWP. These values are shown for the main models (“CPCI EPD”) and for the secondary version using a CPCI member facility-
specific EPD (“Member EPD”); see Section 2.4.1.  
 

 

 
Figure 12: CPCI vs Member EPDs GWP 
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