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About this report

All regions in Canada are experiencing environmental, social, and economic impacts that can be
attributed to climate change. As such, Canada must adopt standards and related technical guidance
to ensure the construction of climate-resilient infrastructure in vulnerable regions.

Through funding announced in Budget 2021, the Standards Council of Canada (SCC) renewed its
Standards to Support Resilience in Infrastructure Program (SSRIP). Phase Il of SSRIP builds upon and
extends the activities of Phase | (2016-2021) and enables SCC to continue working with Canada’s
national standardization network to develop and implement standardization solutions that boost
infrastructure resilience and create stronger communities for Canadians. Furthermore, through
adopting the Canadian National Adaptation Strategy (NAS), SSRIP has been augmented to pursue
more standardization initiatives in climate-resilient infrastructure.

In support of the NAS, SSRIP will deliver projects across the following key priority areas:
1. Nature-based solutions,

2. New low-embodied carbon materials across sectors focusing on performance-based designs and
processes, and

3. Climate resilient transportation infrastructure.

This report supports the second key priority area. The goal is to establish best practices for residential
construction that contribute to Canada’s net-zero objectives while making homes and communities
safer and more resilient to extreme weather events. To support this goal, Part B of the report provides
an overview of the current whole-building life cycle assessment (wbLCA) landscape to identify gaps
between climate resilience and wbLCA practices, and to suggest changes to the wbLCA process and
methodology to better account for climate resilience.

To achieve this goal, the project team developed a proposed methodology for assessing the
embodied carbon impacts of residential building climate resilience measures and suggest material
options for potential low-carbon savings. This methodology will help building practitioners better
understand the lifetime carbon impacts of using climate-resilient building materials and practices
versus less resilient ones while also considering the need for retrofits, repairs, or replacements that
may be required due to increased climate stresses or natural disasters.
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Terms

e Business interruption: A form of insurance coverage that replaces business income lost due to
a business interruption event with three types of coverage provided (IBC, 2024).

¢ Climate adaptation: Action to prepare for and adjust to current and projected impacts of
climate change (GCA, 2024).

¢ Climate change: A change in the state of the climate that can be identified (e.g., by using
statistical tests) by changes in the mean and the variability of its properties and that persists for
an extended period, typically decades or longer (IPCC, 2021).

¢ Climate mitigation: Preventing or reducing the emission of greenhouse gases (GHGs) into the
atmosphere to reduce the impacts of climate change (EEA, 2023).

¢ Climate projection: Simulated response of the climate system to a scenario of future emissions
or concentrations of greenhouse gases (GHGs), aerosols, and changes in land use, generally
derived from climate models (IPCC, 2021).

e Climate Model Intercomparison Project (CMIP): A standard experimental framework for
studying the output of coupled atmosphere-ocean general circulation models (NCAR, 2024).

¢ Climate resilience measure: While adaptation is the process of adjusting to the actual or
expected climate and its effect, climate resilience measures are the actual capacity to prepare for
these effects, with emphasis on the capacity to “bounce back” from dangerous climate-related
events (DLA Piper, 2023).

e Coastal flood (storm surge): Inundation of land areas along the coast by seawater caused by
intense windstorm events occurring at the same time as high tide (storm surge) and tsunamis
(Zurich, 2023).

¢ Confidence: The ability to simulate the design variable in global climate models, the ability to
apply design variables at regional scales, and the uncertainty in future projections using different
climate models, and natural internal variability (‘'noise’) in the climate system (Cannon et al., 2020).

¢ Fire weather: Weather conditions conducive to triggering and sustaining wildfires are usually
based on a set of indicators and combinations of indicators, including temperature, soil moisture,
humidity, and wind (IPCC, 2021).

¢ Flood: The overflowing of the normal confines of a stream or other water body or the
accumulation of water over areas that are not normally submerged. Floods can be caused by
unusually heavy rain, such as storms and cyclones. Floods include river (fluvial) floods, flash
floods, urban floods, rain (pluvial) floods, sewer floods, coastal floods, and glacial lake outburst
floods (GLOFs) (IPCC, 2021).

¢ Fluvial flood (river flood): Occurs when the water level in a river, lake, or stream rises and
overflows onto the neighboring land (Zurich, 2023).

¢ Geographic information system (GIS): Technology used to create, manage, analyze, and
map all types of data. A GIS connects data to a map, integrating location data with all types of
descriptive information. A GIS helps users understand patterns, relationships, and geographic
context (ESRI, 2024).

e Global warming: The increase in global surface temperature relative to a baseline reference
period, averaging over a period sufficient to remove interannual variations (e.g., 20 or 30 years)
(IPCC, 2021).



Global warming level (GWL): 1.5°C in terms of projected 20-year averages relative to the
1850-1900 average and defines the year of exceedance of a Global Warming Level as the mid-
point of the 20-year period at that Global Warming Level (IPCC, 2021).

Global warming potential (GWP): An index measuring the change in energy balance
accumulated over a chosen time relative to carbon dioxide (CO2) (IPCC, 2021).

Hail: A form of precipitation consisting of solid ice inside thunderstorm updrafts (NOAA-NSSL, 2024).

High Winds: 70 km/hr or more sustained wind or gusts of 90 km/hr or more (Government of
Canada, 2024).

Pluvial flood (flash flood): Occurs when an extreme rainfall event creates a flood independent
of an overflowing water body (Zurich, 2023).

Reference service life: The expected service life of a construction product under a set of
reference in-use conditions, which can form the basis for estimating the service life under other
conditions (Bowick et al., 2022).

Representative Concentration Pathway (RCP): Scenarios that include time series of emissions
and concentrations of the full suite of greenhouse gases (GHGs) and aerosols and chemically
active gases, as well as land use/land cover (Moss et al., 2010). RCP2.6 represents a very stringent
GHG mitigation strategy by limiting warming below 2°C increase. An RCP8.5 calls for a business
as usual without climate policy.

Required service life: The service life required by the client or through regulations (Bowick et al.,
2022).

Resilience: The capacity of interconnected social, economic, and ecological systems to cope with
a hazardous event, trend, or disturbance, responding or reorganizing in ways that maintain their
essential function, identity, and structure (IPCC, 2021).

Residual risk profile: The remaining level of risk following the development and implementation
of the entity’s response (TN, 2024).

Risk: The potential for adverse consequences for human or ecological systems, recognizing the
diversity of values and objectives associated with such systems (IPCC, 2021).

Scenario: A plausible description of how the future may develop based on a coherent, internally
consistent set of assumptions about key driving forces (IPCC, 2021). Currently, CMIP6 uses SSPs.

Shared Socioeconomic Pathways (SSPs): Developed to complement the Representative
Concentration Pathways (RCPs) by mapping societal data like population, education, and
government policies to climate targets (ClimateData, 2024).

Vulnerability: The propensity or predisposition to be adversely affected. It encompasses a variety
of concepts and elements, including sensitivity or susceptibility to harm and a lack of capacity to
cope and adapt (IPCC, 2021).

Wildfires: Unplanned or unwanted natural or human-caused fire in live or dead combustible
vegetation, as contrasted with prescribed fire (Bénichou et al., 2021).
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Appendix A: Climate Resilience Measures

e Lists a sample of residential resilience measures that can increase residential resilience against
flooding, wildfires, hail, and high winds.

e Contains all relevant sources used to identify climate resilience measures in residential
housing.

Appendix B: Embodied Carbon for Climate Resilience Measures

e Lists materials that homeowners and policymakers can use to increase climate resiliency while
recognizing its embodied carbon impact and suggests material options for lower-carbon
alternatives.

e (Contains all relevant sources addressing embodied carbon in the building industry relevant to
residential housing.

Appendix C: Steps 1-5 — Climate resilience considerations influencing carbon
impacts of CRMs

e Contains examples of proposed approaches and resources addressing steps 1 through 5
of this report methodology, with the distinction that users may have to select appropriate
resources on their own depending on the case study.

Appendix D: Guidelines and standards supporting climate resilience and Low
Embodied Carbon in residential housing

e Contains guidelines, tools, and standards supporting climate resilience in residential housing
applicable to Canada.

Appendix E: Available public and proprietary mapping resources

e Contains a sample list of mapping resources addressing climatic hazards selected in this study.



Executive summary

This report presents an exploratory study to understand the considerations needed to quantify the
embodied carbon of climate resilience measures (CRM) for residential housing. The study proposes a
standardized but flexible process for advising building professionals on identifying potential carbon
impacts in CRMs that can be used among four types of residential buildings: detached houses,
semi-detached houses, townhouses, and duplexes. Recognizing that several climatic hazards are
present across Canada, this study selected four distinct climatic hazards to support this exploratory
study: flooding, wildfires, hail, and high winds.

While this report focuses on quantifying potential carbon impacts in CRMs, it also suggests a high-
level six-step methodology (Figure 1) combining climate resilience considerations that could influence
CRMs' carbon footprint. The study uses Ontario and British Columbia as two examples of how the
process could be implemented via the use of public mapping resources, recognizing that users can
adapt its process to other Canadian provinces and territories by selecting appropriate resources on
their own. This methodology acts as an initial framework and considers factors for improving climate
resilience and emissions mitigation in residential construction.

Figure 1. Methodology to assess the embodied carbon impacts of residential CRMs (simplified)

Step 1: Identify likely Step 3: Identify loss scenarios Step 5: Consider the
. current and future climatic that owners or residents are feasibility of implementing
Assessing the hazard(s) in a region willing to accept the resilience measure
Embodied Carbon l i i
. . O e a
Impacts of Residential 9, T O T O T
Climate Resilience
Measures Step 2: Identify the most Step 4: Select the Step 6: Embodied carbon
vulnerable building elements measure(s) to support estimation and low-carbon
against each climate hazard resiliency against the hazard alternatives

The project summarizes findings in two option maps, each providing valuable insights into the
industry-disclosed resilience measures. The maps analyze typical housing material assemblies and their
expected embodied carbon footprint. Each option map is designed for use by building professionals,
homeowners, and other interested parties responsible for assessing or reducing the embodied carbon
of resilience measures as part of the overall proposed methodology, and it is composed of:

Option Map #1 This resource offers examples of climate resilience measures designed to
Appendix A: strengthen residential buildings’ resilience against flooding, high winds,
Climate Resilience hail, and wildfire risks. Enriched with granular information on typical
Measures materials present in each product and associated carbon footprint, the
map empowers decision-makers to make informed choices.

Option Map #2
Appendix B:
Embodied Carbon of

Climate Resilience

Measures




By leveraging this information, interested parties can make informed choices that contribute to
sustainable and resilient building design, material selection, and construction.

Further to providing a methodology to quantify potential carbon impacts in CRMs, this report also
recommends potential adjustments to the whole-building lifecycle process in the areas of:

e Likelihood of climatic hazards, life expectancy of building assemblies and components, and
preventive maintenance guidebooks.

¢ Trade-offs between building elements with the highest upfront embodied carbon and those
prone to damage.

e Expanding LCA to include mechanical, electrical, plumbing, interiors, and site embodied carbon.
e Examining the embodied carbon impacts of proactive vs. retroactive loss scenario approaches.

e Carbon emission quantification methods for different end-of-life scenarios.

Limitations of this study include non-prescriptive recommendations instead of a detailed step-by-step
process for steps 1 through 5 of the proposed methodology: addressing climate resilience
considerations, priority selection of climate resilience measures (CRMs), the feasibility of
implementing CRMs, costing, benefit-cost ratios, durability, and performance that can influence the
potential carbon impacts of each product.

The gaps identified in this report demonstrate the need for more data on the lifetime embodied
carbon of a retrofitted building with resilient measures, compared with residential homes currently
built to code but subject to considerable losses from predicted extreme weather. An immediate step
recommended to further expand on this study is for building professionals to perform a whole-
building life cycle assessment of the potential use of CRMs in tandem with loss scenarios describing
the severity of property damage and mitigation to inform the embodied carbon benefits associated
with proactively implementing resilience measures. These results will inform other aspects considered
when selecting resilience measures, such as cost and intricacies of choosing between building to code
minimums versus proactively building to increased levels of resilience.



Introduction

To effectively combat the impacts of climate change on the built environment, it is crucial to
construct buildings that are both low-carbon and resilient to the changing climate. Currently, industry
experts on climate resiliency and life cycle assessment / embodied carbon are mainly working in silos.
The embodied emissions impacts due to unexpected building damage and reconstruction/repair from
climate loss events should be accounted for in the current whole building life cycle assessments
(WbLCA) practice. Current wbLCA modeling relies on default material service life estimates to
calculate the embodied carbon emissions from only regular/predicted material repair, maintenance,
and replacement. Damages resulting from unpredicted climate change / extreme weather impose
significant financial burdens on Canadians, costing an estimated $3.1B annually (IBC, 2024).

Studies have indicated that proactive investments to increase building resilience measures can yield
substantial cost savings by performing benefit-cost ratios (Porter, 2023). However, the total carbon
footprint of implementing climate resilience measures (CRM) in homes still needs to be fully
understood and incorporated into wbLCAs. With the expected increase in severity and frequency of
climatic hazard events, embodied carbon emissions from damages and building repair are
significantly underrepresented.

Mitigation involves reducing carbon emissions, while resilience " Canada’s climate has warmed
focuses on the capacity to prepare for and cope with hazardous
events. Articulating the interaction between these two topics is
critical for creating a sustainable and resilient future for residential

and will warm further,
driven by human influence.

construction. This approach also ensures a united front at individual Global emissions of carbon
and communal levels to address climate change in our communities. dioxide from human activity
Despite solutions that balance climate resilience and emissions will largely determine how
mitigation measures in residential construction, homeowners, much warming Canada and

code officials, builders, and other stakeholders often lack clear

. . the world will experience in
direction and accessible resources.

the future, and this warming is
The Institute for Catastrophic Loss Reduction (ICLR) and Mantle

Developments conducted an initial pre-feasibility study, which

concluded that climate resilience measures could impact embodied (Bush, E, and Lemmen, D.S., 2019)
carbon of the product stage (life cycle phases A1-A3") from 0 to

19% per measure against a pre-existing residential benchmark for

Ontario buildings (Komisar et. al., 2023). This implies that some

resilience measures may have negligible carbon impact while others require careful consideration due

to their high carbon impact.

effectively irreversible.”

This project, supported by the Standards Council of Canada (SCC) and ICLR, is part of a larger study
led by ICLR and Mantle Developments to measure the embodied carbon emission impacts associated
with resilience measures for new Part 9 homes.

T Refer to Figure 4 for life cycle stages.



The embodied carbon impact of construction and retrofit measures have gained more focus recently,
but the impact of CRMs still needs to be better understood. Although there are life cycle assessment
(LCA) standards, guidelines, and best practices, including the recently published National Guidelines
for Whole-Building Life Cycle Assessment (wbLCA) and National whole-building life cycle assessment
practitioner’s guide by the National Research Council (NRC), there is also a lack of research dedicated
to quantifying the potential embodied carbon impact that can occur when implementing climate
resilience measures after a climatic hazard occurs (due to more resilient buildings requiring less repair
and/or rebuild after a climatic event).

This project provides a better understanding of the embodied carbon footprint of various CRMs and
provides an initial framework to quantify the potential carbon impact of CRMs to mitigate and
address the effects of climate change on residential homes. Additionally, the project identifies current
gaps between climate resilience and wbLCA practices, while suggesting five key considerations for
adapting the wbLCA process to better identify the potential carbon impact of CRMs.



Project Overview

Objectives

This study aims to inform building professionals about the potential carbon impacts when selecting
CRMs based on a proposed methodology that supports climate resilience in residential buildings while
incorporating low-embodied carbon considerations.

The main objective of this study is to provide a methodology to support overall decision-making
regarding the development of codes and standards, create a future standard compatible with
quantifying carbon emissions of climate resilience measures, and provide a framework for ongoing
improvement of Canada’s material library development.

Deliverables

This project consisted of two final deliverables:

e Part A: A methodology and additional guidance describing how standardized and innovative
building products? should be vetted as low-carbon and climate-resilient while maintaining
minimum building code standards.

e Part B: Guidance on how best practices for wbLCA should be updated or adapted.

These findings can help reduce product stage embodied carbon (A1-A3) associated with resilience
measures and justify them by analyzing their long-term embodied carbon impacts. The study
answered the following questions:

1. How can public and private entities adopt CRMs to housing while minimizing the building’s
overall embodied carbon impact?

2. How can we ensure CRMs consider the carbon from construction and the overall embodied
carbon impact from the building’s life cycle?

The final deliverable details how building materials can be selected to address CRMs’ embodied
carbon. Building practitioners can use these findings to select materials and resilience measures to
reduce potential damages from climate shocks and greenhouse gas emissions.

Scope

The project’s scope was to develop a flexible process to advise building practitioners on choosing
materials that are both low-embodied carbon and resilient against climatic hazards. This process can
be used for new residential housing construction, retrofits, and post-disaster reconstruction. The study
identifies resilience measures for detached, semi-detached homes, townhouses, and duplex residential
buildings. The four distinct climatic hazards chosen for this study were flooding, wildfires, hail, and
high winds in Ontario and British Columbia.

2 The CCMC defines standardize products as acceptable products meeting building code requirements, while innovative products
as alternative solutions using proprietary CCMC-developed set of criteria to establish code compliance.



Out-of-scope themes and topics

Recognizing there are many factors influencing the decision-making of selecting resilience measures
in residential homes, the following factors are considered out of scope for this project, as the main
focus of this report resides in providing a methodology to quantify potential carbon impacts for a
sample of CRMs identified in this study. As such, the following list summarizes out-of-scope topics
discovered throughout the development of this report that could influence the potential carbon
impacts of CRMs:

e The costs of implementing or installing resilience measures, including social costs of climate
change and the potential cost savings of resiliency efforts.
¢ Damages to other non-building assets, such as cars and home furniture.

e Transportation (A4) emissions associated with product sourcing prior installation, construction /
installation (A5), use (B1-B7), and end-of-life stages (C1-C4).3

e The service life of materials or products for the identified resilience measures.
¢ The frequency, probability, and intensity of climatic hazards within a building’s lifetime.
¢ A comprehensive methodology for prioritizing and selecting CRMs for each climatic hazard.

¢ The effectiveness, performance, durability, and maintenance requirements of each CRM for
specific provinces.

¢ Interaction between implementing resilience measures and residual risk profiles in residential
homes.

e Considering losses to community infrastructure due to climatic hazards and interaction between
community resilience and home-ownership resilience.

e The relationship between business interruptions and insurance when residential homes act as
work-from-home or self-employed situations.

e Evaluating climate resilience measures that enhance health and safety amidst climatic events.

3 Refer to Figure 4 for life cycle stages.



Part A: Methodology to quantify the potential carbon
impacts of resilience measures

This methodology aims to assist building professionals in better understanding the embodied carbon
impacts of various CRMs for flooding, wildfires, hail, and high winds in Ontario and British Columbia.

The methodology consists of six steps established after reviewing existing climate resilience guidelines
and low-carbon material resources. Each step describes criteria that influence potential carbon
impacts of CRMs. Steps 1 to 5 address climate resilience considerations, while step 6 focuses on
identifying CRMs’ carbon footprint and suggest material options, through its dedicated option map,
for potential low-carbon savings.

Two option maps were developed to apply the methodology. Appendix A is a repository of resilience
measures, and Appendix B provides their embodied carbon impact. Each option map can be used by
building professionals responsible for assessing the embodied carbon of resilience measures and
homeowners or interested parties looking to implement these measures.

While this report focuses on quantifying potential carbon impacts in CRMs, it also suggests a high-
level six-step methodology, with propoposed approaches for each step, as shown in Figure 2, listing
climate resilience considerations that could influence CRMs’ carbon footprint. However, it is important
to note that individual projects may require different approaches. Furthermore, the methodology also
shows where the use of each option map can be used as part of the proposed process.

When combined, these two option maps provide a valuable resource to assist decision-makers
seeking to enhance resilience against climatic hazards while minimizing carbon impacts.

While the overall methodology addresses two provinces when relying on the use of public mapping
resources to identify current climatic hazards, the process can be adapted to other Canadian provinces
and territories by selecting appropriate resources on their own.



Figure 2. Methodology to assess the embodied carbon

impacts of residential climate resilience measures
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Existing standards and guidelines supporting climate
resilience in residential housing

Before describing the proposed process to estimate CRMs’ embodied carbon, it is imperative to
recognize existing standards and guidelines developed to address climate resilience in residential

housing.

Appendix D lists the guidelines and standards identified from the desktop review in areas of climate
resilience in residential housing, residential communities, water/wastewater/stormwater, and
development, including applicability to climatic hazards identified in this study and whether these act
as code or non-code reference standards.* These highlights are presented in Tables 1 and 2 for

standards and guidelines, respectively.

Table 1. Critical standards addressing climate resilience in residential housing

Name ‘ Description

CSA S478-19 — Durability in Buildings

Provides criteria and requirements for designing durable
buildings, including cost analysis and management provisions.

CSA S504:19 Fire resilient planning
for northern communities

Provides a guideline for planning and designing new fire-resilient
northern wildland-urban interface (WUI) community subdivisions
and developments.

CSA A123.26:21 - Performance
requirements for climate resilience of
low slope membrane roofing systems

Outlines performance requirements based on the level of climate
severity and the need for resilience.

CSA S520:22 - Design and
construction of low-rise residential
and small buildings to resist high wind

It aims to improve the wind resistance of buildings designed as
per Part 9 of the National Building Code of Canada.

Table 2. Critical guidelines identified addressing climate resilience in residential housing

Name ‘ Description

National Guide for Wildland-Urban-
Interface Fires

Currently under development to become a standard, this guide
addresses how to reduce the wildfire threat posed by the
surrounding environment and enhance the fire protection
provided by structures.

Guide for designing flood-resistant
buildings (Coulbourne et al., 2021)

Allows designers to calculate flood loads and choose an
appropriate flood design.

Guidelines for improving flood-
resistance for existing buildings

Guideline on how to increase flood resilience based on five
distinct foundation types.

Global Building Resilience Guidelines

Informs the development of building codes and standards that
incorporate future-focused climate resilience and responses to
projections of climatic hazards.

4 Code reference standard means standards currently being reference in the National Building Code (2020 edition), while non-code
reference standards are considered climate resilient standards and currently acting as above and beyond code minimum.



Steps 1-5: Climate resilience considerations influencing
carbon impacts of CRMs

This report offers a selection of non-prescriptive recommendations for steps 1 through 5 as the main
focus is centered on addressing the embodied carbon for climate resilience measures (Part A — step 6),
which subsequently leads to advising on how best practices for wbLCA should be updated or adapted
for CRMs (Part B). As such, Appendix C provides examples of proposed approaches and resources that
can address steps 1 through 5, addressing climate resilience considerations of CRMs that could
influence potential carbon impacts of CRMs.

All steps and proposed approaches are execution samples, recognizing individuals may have to select
appropriate resources on their own.



Step 6: Embodied carbon estimation and low-carbon alternatives

Option Map #2 (Appendix B) should be used after Option Map #1 (Appendix A) once users have
identified which CRMs are preferred and which materials are needed. While the current approach
proposed in this study is to select resilience measures of interest via the first use of Option Map #1,
Option Map #2 can help inform users of the embodied carbon impact associated with the CRMs they
enact and highlight gaps in the analysis. This option map is not intended to be a whole-building LCA
tool or to replace existing EPD databases. Instead, it pulls key material benchmarking data for
materials solely relevant to the identified CRMs in this study and suggests options for lower-carbon
alternatives. The embodied carbon values do not include biogenic carbon.

Option Map #2 is intended to be flexible for easy sorting and filtering based on the desired search for
product impacts and climatic hazards. The table is organized into three main sections:

¢ Columns A to F: Approaches that address and mitigate wind, flood, hail, and wildfire.

¢ Column G: High/moderate/minimal overall embodied carbon impact for a residential building.

¢ Columns I to P: The global warming potential (GWP)° from the EPDs and material baseline
reports are mapped to each product type.

Figure 3. Example of how to use Option Map #2 to find the lowest carbon product option to
protect the exterior walls of a house against hail

Example search: the lowest carbon product option to protect the exterior walls of a
house against hail.

Filter Column D (hail) to show only “X.” Filter Column G to “02 20 10 Exterior Walls.”

Sort Column J by the lowest GWP value.

Filter by climate Filter by application

hazard (building element)

product

Embodied carbon
Sort by GWP »  impact of desired

H-Haill = Application = GWP = | Product name
@ @ Sort smallest to Engineered wood

largest siding
(Blanks) < 022010
< X Exterior Walls

5 In this context of building materials, embodied carbon and GWP are used synonymously.
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To define lower-carbon materials, baselines were derived from industry-average product stage
(A1-A3) GHG emissions for specific materials and are identified in Column K. Table 3 summarizes the
sources for material baseline data.

Table 3. Summary of material baseline data sources

Type Ill Industry

Average EPDs®

CLF 2023 Material
Baselines

Nelson BC's Material
Carbon Emissions

The Embodied Carbon
in Construction (EC3)

Guide tool
Format
PDF PDF PDF Cloud-based
Description

Serves as the primary
source for evaluating a
material or product's
impacts. Type Ill EPDs are
third-party verified,
registered by a specific
program operator, and
compliant with 1SO 14025.

Represents an estimate of
industry-average GHG
emissions for common
construction materials in
North America. Relies on
industry-average EPDs and
in-house calculations.

Compiles embodied
carbon material findings
from the Low Carbon
Homes Pilot (LCHP) in
Nelson and Castlegar, BC.
It includes averaged and
ranked EPD data by
material type.

Includes a robust digital
EPD database and
statistical averages of
carbon emissions by
material type.

All EPDs in Column K are labeled “Other” to signify no material baseline for that product. Some
products identified in Option Map #1 have limited publicly available EPDs, especially in North America.
For example, materials and products relevant to the site, as well as mechanical, electrical, and plumbing
(MEP), are typically excluded from the current common wbLCA scope, contributing to limited embodied
carbon emissions data. Where possible, proxy data was used for the product in Table 4.

Table 4. Product proxies for CRMs

Product ‘ Proxy

Aluminum gutter

Aluminum extrusions

Steel wire fencing

Wire rod

Steel window well

Steel decking

Flood alarm

Motion sensor

Soil

Biochar

Hurricane straps

Cold-formed steel framing (baseline) and fabricated
hot-rolled steel sections (lower-carbon)

Modified bitumen tape

SBS-based, self-adhering rubber tape

Perforated PVC pipes and weeping tiles

PVC pipe, 100 mm (4 in)

Water-resistant barrier (WRB), liquid applied

Applied liquid air/vapour barrier membrane, water-based

Steel gutter

Stainless steel pipe

Polyvinyl butyral (PVB) impact resistant film

Acrylonitrile butadiene styrene (ABS) impact-resistant film

Reinforced synthetic felt paper

SBS polymer-modified bitumen roofing membrane

6 Type Il EPDs are a type of environmental claim that reports third-party verified data about products and services’ environmental
performances from a lifecycle perspective (EPD International, 2024).
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Selecting low-carbon materials

In Option Map #2, EPDs identified with lower product stage GWP than the baseline material types
(see Table 3) are labeled “low-carbon”. Lower-carbon options are identified for rebar, gravel, plywood,
stone decking, concrete masonry units (CMU), exterior window glazing, asphalt shingles, glue-
laminated timber (GLT), polyisocyanurate (PIR) insulation, self-adhered air/vapour barrier membrane,
steel for hurricane straps (proxy), and fiber cement boards for cladding and roofing.

Currently, there are no existing standards that define low-carbon material criteria. Evaluating the
embodied carbon of conventional construction materials and/or practices can be used as a baseline to
define a “low-embodied carbon” material. For example, concrete manufacturers can use different
supplementary cementing materials (SCMs) to replace some cement content to reduce embodied
carbon. This strategy may result in lower carbon compared to the concrete baselines published by
Concrete Canada (Concrete Canada, 2023).

Existing grants or programs like the low-carbon construction materials grant from the National Research
Council of Canada (NRC) and Innovation, Science and Economic Development Canada (ISED) seek ways
to create low-carbon construction materials, prioritizing concrete/cement and steel (Canada, 2023).
One program outcome that could help define "low-embodied carbon” materials is to “provide a
product that has significantly lower carbon emissions than its current counterpart or demonstrate its
ability to reduce embodied carbon in high carbon construction materials.”

Other resources and programs supporting the use of low-carbon materials

Users are encouraged to review the other resources and programs below to help identify low-carbon
materials.

¢ Health Materials Lab: Products labeled ‘LEC’ have an embodied carbon impact of less than 5 kg
CO,e per square meter (Parsons, 2024).

¢ CLF low materials sourcing guide for BC: “This guide aims to serve designers by providing a list
of materials that are readily available within BC and also provide builders and contractors with direct
links to suppliers of these materials” (CLF, 2024).

¢ Carbon Smart Materials Palette: Identify “carbon-smart materials” with low carbon and/or
carbon-sequestering materials (Architecture 2030, 2024).

e Material Carbon Emissions Estimator: This tool allows users to compare material-embodied
carbon emissions by building elements. Carbon storage is also evaluated (Canada, 2022).

¢ Material Carbon Emissions Guide: Lower carbon options can be identified from the bar charts by
material type (City of Nelson, 2022).

¢ The US Environmental Protection Agency (EPA) has a low embodied carbon material
labeling program: It is currently in the draft stages of prescribing an approach to labeling low-
carbon construction materials (US EPA, 2024).

¢ US Federal Government'’s interim low embodied carbon material limits: The Inflation
Reduction Act (IRA) of 2022 provides the US General Services Administration (GSA) with a budget
of $2.15 billion for sourcing lower carbon construction materials compared to industry standards
(US GSA, 2023). GSA is initiating an IRA Pilot Program for a limited number of construction
projects, using interim IRA Low Embodied Carbon Material Requirements. These requirements are
specific to materials like concrete, asphalt, steel, and glass and have specified greenhouse gas
potential (GWP) limits.
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Part B: Guidance on best practices for whole-building
life cycle assessment

This section provides an overview of the current whole-building life cycle assessment (WbLCA)
landscape, identifies gaps between climate resilience and wbLCA practices, and suggests changes to
the wbLCA process and methodology to account for climate resilience.

Life cycle assessment (LCA) is a science-based methodology for estimating the environmental impact
of a product system throughout its life cycle. Whole-building LCA considers the entire life cycle,
including manufacturing, transport, use, and final disposal of the resources required for a building
over a certain assessment period. Figure 4 shows the life cycle activities of the building, called the
system boundary.

Figure 4. Life cycle assessment system boundary, as per EN 15978 and ISO 21930
(Bowick et al., 2022)

- 1 Benefits and loads
Product Construction process Use End-of-life beyond the building
‘ stage stage stage stage ‘ life cycle

1

A4 ¢ . ‘ D1

Raw material suppl Transport De-construction Recyclin
pply P demolition yeling

A5

A2 .
Construction- .
Transport . . Maintenance
installation process

Cc2 ‘ D2
Transport ‘ Reuse

A3 B3 c3 D3
Manufacturing Repair Waste processing Energy recovery

B4 D4
Replacement Disposal Exported energy

B5
Refurbishment

B6
Operational
energy use

B7
Operational

‘ System boundary
water use



The International Organization for Standardization (ISO) and the European Standards (EN, from the
German name Europaische Norm) are the leading organizations that set several standards for
describing the framework and principles for LCA and EPDs.” The American Society of Heating,
Refrigerating and Air-Conditioning Engineers (ASHRAE) is in the drafting stage of a new standard
called ASHRAE/ICC Standard 240P — Quantification of Life Cycle Greenhouse Gas Emissions of
Buildings, which will be pivotal to addressing embodied carbon in the built environment, particularly
with the inclusion of MEP systems and site quantification.

The NRC’s National Guidelines for Whole-Building Life Cycle Assessment (WBLCA) provide best
practices and comprehensive instructions for LCAs on a national level. The Royal Institution of
Chartered Surveyors (RICS) created similar guidelines that are more applicable to the UK/European
context, called the Whole-Life Carbon Assessment for the Built Environment.

Canadian policy has adopted whole-building LCA quantification in the last few years, starting with
the City of Toronto. On May 10, 2023, Toronto became the first North American jurisdiction to
require lower-carbon construction materials to limit the embodied carbon emissions for new city-
owned buildings (Mantle Developments, 2023). Soon after, on October 1, 2023, the City of
Vancouver required building permit applications for Part 3 buildings to complete an embodied carbon
assessment following Embodied Carbon Guidelines (City of Vancouver, 2023). Large federal building
and infrastructure projects also require wbLCA starting in 2025 as part of the Greening Government
Strategy (Canada, 2024).

Lastly, green building certifications like Leadership in Energy and Environmental Design (LEED) and
Canada Green Building Council Zero Carbon Building Standard (CAGBC ZCB) are widely used and
have shaped mainly the wbLCA landscape by focusing the object of assessment on envelope and

structure.
Long-term impacts of CRMs relating to wbLCA Unexpected building damages
Currently, industry experts on climate resiliency and life cycle from climate loss events and

assessment are mainly working in silos. carbon associated with repair

To address this, by considering a damage function and probabilistic and/or rebuild are not accounted
assessment of the likelihood of various types of damages at a site for in the current wbLCA practice
level, one can understand the relationship between the intensity of

a hazard affecting a building and material losses. This approach

involves a detailed analysis of potential damage scenarios based on

local climatic conditions and population density. However, further research is needed to develop

robust models that can predict the impacts of various climatic events on different building materials

and structures. This includes understanding how different adaptation strategies might mitigate these

impacts and how these strategies can be effectively implemented across diverse environments.

Additionally, improved data collection and sharing among climate scientists, engineers, and urban

planners are essential to create a comprehensive and resilient approach to climate resilience and life

cycle assessment.

7 See BRE's briefing paper on “Assessing the environmental impacts of construction — understanding European Standards and their
implications” for an overview of the interaction between EN and ISO standards.
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Figure 5. Hypothetical comparison of proactive and retroactive embodied carbon consequences associated with loss
scenario approaches
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against climatic hazards, once a hazard occurs, it may reduce the
lifecycle embodied carbon of a building by reducing the damages and
subsequent repairs or reconstruction.

Understanding these tradeoffs better is crucial, and having more exchange between the resilience
and sustainability industries is essential. Namely, comparing proactive and retroactive measures in
terms of embodied carbon is vital to better understanding the impact of climate events. Figure 5
shows a hypothetical example of the embodied carbon impacts of proactive and retroactive CRMs for
flooding and wildfires. On the left, wbLCA Type 1 shows no resilience measures taking place before a
climate event. On the right, wbLCA Type 2 shows that by proactively adding resilience measures,
there is a reduced carbon cost in repairing and renovating the building after a hazard occurs.

Although Figure 5 is a hypothetical display of reduced carbon cost, a proper wbLCA is highly
recommended as a separate study to verify comparison, carbon contribution to increase
a specific climatic hazard, and when acting as bundles.



Adapting the wbLCA process

A comprehensive decision-making guideline is imperative for integrating resilience planning for
multiple climatic hazards and sustainable building practices. Further analysis to quantify the embodied
carbon impacts of post-climate disasters is also needed to enhance our understanding of resilience
measures. For now, key considerations for adapting the wbLCA process to account for climate
resiliency are provided below.

Consider the likelihood and intensity of climatic hazard events by region to
understand the potential damages and building repairs and maintenance required
to protect or repair homes.

The increased frequency and severity of climatic hazards may result in more building maintenance and
repairs and, therefore, higher embodied carbon emissions.

Once identified, other considerations, such as the life expectancy of home components, support the
development of a home maintenance schedule. Examples are in the National Association of Home
Builders / Bank of America Home Equity report (Seiders et al., 2007). For buildings in general, the
Carbon Leadership Forum (CLF) provides recommended guidelines for building component lifespans
that should be considered for the whole building life cycle assessment (CLF, 2018).

Studies like these can also consider current preventive maintenance guidebooks, usually found for the
office building industry, to maintain efficient and sustainable buildings (Schoen, 2010). Guidebooks
can be adapted to residential housing to understand potential damage and the degree of building
repairs and maintenance when adding climatic hazards.

Consider the trade-offs between the product stage embodied carbon (A1-A3) of
construction materials and building elements most likely to be damaged.

As mentioned earlier in this section, further analysis of potential damage scenarios is needed to
understand material losses. Many existing whole-building life-cycle assessment (wbLCA) studies show
that the framework of a building — footings, foundation walls, and concrete slab — contribute the
most to embodied carbon (Magwood et al., 2021; Magwood et al., 2022; US Department of Energy,
2023). However, these components are generally not very susceptible to damage during climate
events. Examples of these can be as follows:

¢ Severe flooding can damage the interior more significantly. It can damage and destroy furniture
and finishes more than the structure itself.

e Similarly, fire smoke can cause disposal and replacement of interior finishes and furniture.

e The facade is vulnerable to all four hazards discussed in this report. Paying attention to insulation
performance is critical, as it can be a significant source of embodied carbon.

Several published LCA case studies report insulation emissions as one of the highest emitting
materials, subject to the declared scope. The Low Carbon Homes Pilot (LCHP) completed by the

City of Nelson, BC, highlights that insulation is the second most significant contributor to product-
stage embodied carbon emissions from all the homes included in the study (City of Nelson, 2022).

In addition, Builders for Climate Action has published several embodied carbon case studies for Part 9
buildings. One study shows that the total materials embodied carbon from insulation for exterior
walls, foundation walls, slabs, and roofing is upwards of 68% based on a 2-story Toronto house
(Magwood, C. et al., 2021). When insulation acts as part of a building envelope assembly,
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comparative studies have looked at the embodied carbon resulting from 26 commonly used
enclosure systems in commercial buildings in Canada (Saunders K. et al., 2024). Studies like these are
recommended for the residential industry, especially when developing sign postings or playbooks
showing the potential carbon impact of each resilience measure by performing full LCA of each
measure to inform practitioners and homeowners.

Greater design emphasis should be placed on the facade and its interaction with other building
components to mitigate potential damage and tailor the design to the region’s climate risk. For
example, damages to the facade in colder cities compared to more temperate cities will drive
emissions from the replacement of thicker insulation.

Other aspects not related to embodied carbon, such as the performance of a building’s facade,
should be considered through the advisory of building science experts.

Expand the LCA object of assessment to include mechanical, electrical, plumbing
(MEP), interiors, and site.

Climate loss scenarios highly impact these elements but are typically not included in conventional
WbLCA scope, so their overall embodied carbon impact due to repair or replacement is not well
understood.®

This study identified resilience measures for MEP products such as sump pumps, flood alarms, plumbing
system repairs, and fire-resistant HVAC ducts. It recommends that the creation and use of EPDs
continue to be promoted to estimate carbon emissions contribution in the overall building assembly.

Further understanding of the embodied carbon impact of proactive versus retroac-
tive loss scenario approaches.

Proactive resilience measures may increase the embodied carbon but mitigate future damages and
emissions. More durable materials with a longer service life (e.g., metal vs. vinyl cladding) may
increase product stage embodied carbon (A1-A3) but decrease the use stage (B2-B5) embodied
carbon emissions since they need to be replaced less frequently. Some existing resources exist for
building material service life, and LCA tools have default values, but the industry needs consistent
and granular data. The material service life can inform the timing of preventative measures.

With these aspects in mind, it is recommended that a set of loss scenarios, similar to the ones
proposed in Step 3, should be set as a standard design practice for professionals to identify potential
embodied carbon gains or losses when performing wbLCA when retrofitting homes or having these
for new construction.

Include carbon emission quantification (“carbon accounting”) due to different
end-of-life scenarios due to climatic hazards.

At the end-of-life phase of a building, a differentiation could be made between conventional
demolition, transport, waste processing, and disposal (C1-C4) and building damage due to a climatic
hazard event. Some Canadian research has been done to estimate the GHG emissions from fires, mainly
focusing on interior residential objects (Bwalya et al., 2004), but no standard methodology exists.

8 Onamore granular level, materials such as fasteners and connections are typically excluded from the wbLCA scope as well.
However, these materials have relatively low embodied carbon impact on a full building scale.
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The SP Technical Research Institute of Sweden published a research paper in 2007 on estimating
CO, emissions from fires in dwellings, schools, and cars (SP, 2009). Building off previous work, they
describe the basic concept behind the methodology for fires in buildings, which is: “an estimate of
the amount of interior materials and materials from the house structure that are combusted in the
fires combined with an estimate of the emissions per material type, resulting in an estimate of the
overall emissions.” In addition to the quantities of materials inside and the construction of the house,
statistical information on the frequency of fires, the fire's size, and the materials’ emission factors are
also needed to estimate the emissions.

One important note is regarding current attempts at including resilience planning with carbon budget
decision-making, for example, The Federal Emergency Management Agency’s (FEMA) P-58 “Seismic
Performance Assessment of Buildings,” which is used to estimate building damage from earthquakes.
This framework was expanded in 2018 to include environmental impacts and lays a foundation for
understanding the carbon impacts of climate-related disasters. Developing a similar framework for
floods, wildfires, hail, and high winds (or an expansion of the FEMA P-58) will help understand the
trade-offs between proactive measures, reactive measures, and embodied carbon impacts if used as a
planning tool.
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Recommendations for future work

The findings in this proposed methodology provide an initial framework. They also sought to create
two resources to support the development of national standards and guidelines intended to help
identify potential carbon impacts for CRMs in residential construction.

Several factors influence the selection of appropriate CRMs for each specific region. When addressing
the embodied carbon of CRMs, an immediate recommendation is to perform a whole-building life
cycle assessment of the selected CRMs. This assessment should be done in tandem with loss
scenarios, expected property damage, and mitigation performance to better understand the
embodied carbon benefits associated with proactively implementing resilience measures. Furthermore,
creating a comprehensive methodology addressing climate resilience considerations influencing
potential carbon impacts of CRMs, such as identifying climatic hazards of the region, identifying the
most vulnerable building elements, identifying loss scenarios owners and residents are willing to
accept, priority selection of CRMs, feasibility of implementation is highly recommended, as these will
drive the scenarios the wbLCA should have to evaluate the benefits of proactive action.

Lastly, based on feedback received from members of the review panel and the general public who
assisted us in developing this report, the following tables list high priority and other considerations
recommended that can further enhance this report’s findings towards the development of national
standards and guidelines addressing potential carbon impacts of CRMs.

Table 5. High-priority recommendations for future research

No. ‘ Description

1 Perform whole building life cycle assessments to inform the embodied carbon benefits of
proactively implementing resilience measures using loss scenarios to guide the quantity and type
of CRMs.

2 Assess the importance of community-level vs single-home resilience measures, such as adding
stormwater retention ponds on a community level vs building-level measures to support flood
resiliency.

3 Determine the service life of a resilience measure. This process will indicate the maintenance and
replacement requirements necessary to achieve climate resilience performance goals. When
combined with previous studies on the expected lifespan of building components, it can assist in
determining whether a specific building component needs a retrofit, renovation, or complete
replacement to ensure long-term functionality and resilience to climate change impacts.

4 Consider the cost, availability, and performance of selected material assemblies in specific regions
across Canada prone to increased climatic hazards and intensities.

5 Research the performance of materials when responding to climatic hazards.

6 Investigate the potential to combine resilience measures in the home maintenance intervention
schedule and replacement cycles.

7 Engage with Indigenous communities (regardless of their location in urban, rural, and/or remote
areas).
8 Understand factors and constraints associated with application of resilience measures in rural and

remote areas.

9 Provide homeowners information about available grants, government funding, and rebates that
can support at-risk communities in implementing proposed solutions.
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Table 5. High-priority recommendations for future research ...continued

No. ‘ Description

10

Incorporate the feedback of builders, renovators, restoration contractors, and general contractors
in developing adaptation standards. GCs can provide a better understanding of the situation on
the ground and share insights into the feasibility of specific resilience measures designed in a
theoretical setting.

Identify climate resilience measures whose materials support decarbonization processes, such as
low-carbon concrete, steel, aluminum, and insulation.

Identify the availability of innovative building products and systems, as defined by the CCMC, to
address the priorities of climate resilience and low-carbon construction.

Disseminate the findings by developing a sign-posting or playbook showing the potential carbon
impact of each resilience measure after performing a complete LCA to inform building
practitioners and homeowners.

Research the carbon implications of implementing multiple resilience measures to address one or
two climatic hazards.

Increase the list of resilience measures for other types of climatic hazards, such as extreme heat.
This process should also include identifying available GIS mapping that supports vulnerable
populations.

Evaluate regional risks of climatic hazards and the performance of implementing resilience
measures to support the creation of residual risk profiles and to inform later the carbon
implications of installing these in residential homes.

Evaluate and research opportunities to increase collaboration between academia, construction,

and insurance industries to support adaptation and mitigation in residential homes. This process
should include vetting the use of existing and new products and forming partnerships between
organizations.

Table 6. Other recommendations and considerations for future research

No. ‘ Description

1 Explore appropriate assumptions for the timing of a “loss event” for each hazard.

2 Analyze the relationship and impacts (positive and negative) of implementing multiple resilience
measures against various hazards.

3 Provide CRMs specific to residential rental properties.

4 Leverage community groups working with under-represented/disadvantaged communities to
develop and socialize the information in various languages.

5 Consideration: Better articulate how cooperation between adaptation and mitigation is required
to address climate impacts. This process will ensure a united front at the individual and communal
levels when effectively addressing climate impacts.

7 Consideration: Drive market demand for low-carbon resilience measures and incentivize
consumers to request low-carbon and resilient construction materials.

8 Consideration: Develop an overall current event map across Canada illustrating the frequency of
climatic hazards.

9 Explore materials that examine the health impacts of climate disasters. This information can help
prioritize specific assemblies depending on the hazard resiliency.

10 Consolidate current municipal, provincial, and federal incentives for retrofitting residential homes
supporting resiliency against climatic hazards.

11 Consolidate and inform federal and provincial initiatives for research and development focusing
on the building industry and its relation with climate mitigation and resiliency.
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Conclusion

Addressing climate resilience and emissions mitigation in residential construction is essential for
building a sustainable and resilient future. This study provides an initial and proposed methodology,
disclosing various resources found to guide the selection of low-carbon construction materials while
supporting climate resilience. The proposed approach allows individuals and organizations to make
informed decisions, considering the embodied carbon impact and resilience against various climatic
hazards.

The methodology offers flexibility, enabling users to identify and prioritize resilience measures and
select low-carbon materials. It recognizes that resilience measures can vary depending on specific
climate risks, building types, and local conditions. The methodology balances resilience and
sustainability by considering climate resilience and low-carbon construction. The report also highlights
several useful approaches like environmental product declarations (EPDs) and low-carbon options
compared to industry averages or baseline sources. Examples include reinforcing steel, water-resistant
barriers, wood sheathing, cladding, CMUs, hurricane straps, insulation, and shingles. However, the
report also emphasizes the ongoing importance of promoting the decarbonization of materials
commonly used in resilience measures.

An immediate recommendation is to perform whole-building life cycle assessments to inform the
embodied carbon benefits of proactively implementing resilience measures using loss scenarios to
guide the quantity and type of CRMs. Additional research is recommended to develop a
comprehensive methodology that assists in selecting priority CRMs using climate resilience
considerations of the region, assess the relative importance of community-level versus single-home
resilience measures, investigate the performance of materials responding to climatic hazards, and
incorporate feedback from industry professionals and insurance companies on the preference of using
CRMs in residential construction. These areas of inquiry can further refine and improve the
methodology, ensuring its practical applicability and effectiveness in addressing the challenges posed
by climate change in the construction sector.

This work offers an initial framework that identifies potential carbon impacts of CRMs and suggests
future work to close the gap between climate resiliency and mitigation for residential construction.

It also sets the tone on the importance of evaluating proactive investments in resilient building
adaptation with CRMs’ embodied carbon. By addressing the recommended future work noted in this
report, the building industry can create a more sustainable construction approach, one that is
equipped to withstand the impacts of climate change and contribute to a more sustainable future.
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