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Overview

For Canada to achieve its 2030 and 2050 
climate targets, building owners and 
operators will need to upgrade, retrofit, and 
ultimately decarbonize hundreds of millions 
of square metres of space.1  

To get there, we will need new or strengthened regulations and 
policies, significant investments, innovative financing structures, 
and building-system advances, as well as a focus on energy grid 
optimization and a steadily increasing carbon price. 

The Canada Green Building Council (CaGBC) Roadmap for Retrofits 
in Canada2 report estimated that large building retrofits can reduce 
building-sector emissions by up to 51 per cent (21.2 million tonnes).

While governments and real estate industry leaders generally 
understand the potential and importance of deep-carbon retrofits, 
knowledge gaps remain in understanding implementation at the 
building level. It is important for policy-makers and building owners to 
understand the potential for carbon reductions and energy savings, 
as well as the costs of building retrofits, before developing policy or 
making investment decisions. 

In support of market advancement, CaGBC commissioned RDH 
Building Science in partnership with Dunsky Energy + Climate 
Advisors to evaluate the potential pathways to decarbonized building 
operations, including the estimated deep carbon retrofit costs. 
Decarbonizing Canada’s Large Buildings is the resulting technical 
report, and this document provides a summary of its key findings.

What is a net zero carbon building? 

A net zero-carbon building is a highly energy-
efficient building that either produces on-site 
or procures non-emitting renewable energy or 
high-quality carbon offsets to counterbalance 
the annual carbon emissions from its materials 
and operations.

1 Decarbonization in the built environment is the process of reducing greenhouse gas (GHG) 
emissions from building operations through energy demand reduction, electrification, renewable 
energy, and other measures. While decarbonization includes both operational and embodied building 
emissions, this research only addresses the former of the two. 2   https://www.cagbc.org/CAGBC/Advocacy/A_Roadmap_for_Retrofits_in_Canada.aspx
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The research team used whole-building energy modelling to evaluate 
deep carbon retrofit opportunities across 50 different building 
archetypes. These archetypes reflect a range of building types (office, 
multi-unit residential, and primary school), sizes (low-rise and mid-
rise), ages (1970s and 1990s) and regions (Halifax, Montreal, Toronto, 
Edmonton, and Vancouver). 

For each building archetype, the researchers developed baselines 
and assessed business-as-usual upgrades—that is, those activities 
routinely undertaken as building systems reach their anticipated 
service life. The researchers then identified and assessed the 
performance outcomes resulting from deep carbon retrofits and 
conducted financial analyses of the retrofit measures for each 
archetype.  

Finally, the researchers examined procurement approaches and 
recommended policy and support mechanisms needed to create 
actionable decarbonization pathways for building owners. 

Low-Rise Office
approx. 2 storey bldg.

3,000 m2

1970s
1990s

Low-Rise MURB
approx. 4 storey bldg. 

6,000 m2

1970s
1990s

Vancouver   |   Edmonton   |   Toronto   |   Montreal   |   Halifax

Mid-Rise Office
approx. 13 storey bldg.

21,000 m2

1970s
1990s

Mid-Rise MURB
approx. 13 storey bldg.

13,000 m2

1970s
1990s

Primary School
approx. 2 storey bldg.

6,900 m2

1970s
1990s
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What is a building archetype? 

An archetype is a theoretical baseline building 
which practitioners use to compare the 
anticipated real-world performance of a group 
of buildings of similar size, type, and use under 
different scenarios.
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What We 
Learned 

This study was geared towards helping 
equip Canadian building owners and policy-
makers with tools and information to scale 
up and accelerate deep carbon retrofits. The 
resulting technical report, Decarbonizing 
Canada’s Large Buildings, identifies the 
necessary actions in greater detail. 

We’ve distilled the key highlights from this report here:  

Every building has a path to decarbonization
First and foremost, every building archetype in our study can achieve 
deep reductions in carbon. All are positioned for the clean electricity 
grids of the future, and most achieve zero carbon today. This should 
serve as a call to action for building owners to begin planning deep 
carbon retrofits, and for governments to help pave the way to achieve 
this ambitious task.

There is good news for the deep carbon retrofit  
business case
As part of the study, key financial metrics were evaluated for retrofit 
measures, including net present value (NPV),3 internal rate of 
return (IRR),4 incremental capital cost (ICC),5 and the cost of carbon 
abatement (CCA)6 – assessed over a 40-year time horizon, using 
a five per cent discount rate for the cost of capital, and accounting 
for planned increases to carbon prices. While the study noted 
that for some archetypes the modelled business cases are not 
yet conventionally attractive, good news stories were uncovered, 
including that positive NPV values are possible for 17 out of 50 
archetypes, and that the CCAs generally aligned with industry norms. 
Additionally, positive internal rates of return were achievable for 45 
out of 50 archetypes, and business cases will strengthen over the long 
term due to planned carbon pricing increases.

Office buildings are the “low-hanging” segment
As demonstrated in this study, nearly all office building archetypes can 
reach net zero carbon operations, while at the same time achieving 
a positive NPV. This suggests that deep carbon retrofits make sense 
for these buildings today, especially for the 1970s archetypes, which 
included enclosure upgrades.

3 Investors calculate net present value (NPV) to evaluate and compare capital projects or financial 
products with cash flows spread over time. It allows them to understand the “time value” of money. 
4 The internal rate of return (IRR) on an investment is the rate of return that will be earned from 
implementing a retrofit or the rate of return that sets the net present value of all cash flows (both 
positive and negative) from the investment equal to zero. 
5 The incremental capital cost (ICC) is the estimated additional capital investment required for each 
retrofit measure relative to the corresponding business-as-usual upgrade investment needed.
6 The cost of carbon abatement (CCA) represents the dollars of funding that are required for some 
archetypes and bundles to off-set the additional life cycle costs of the measures and achieve the 
GHG emissions savings.

06
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What is a deep carbon retrofit? 

A deep carbon retrofit is the process of 
improving and updating a building’s systems 
with the primary goal of minimizing greenhouse 
gas emissions. It can include reducing building 
energy demand, replacing and/or electrifying 
heating and mechanical systems, and/or 
producing on-site renewable energy. 

Enclosure upgrades are a one-time opportunity that  
can’t be missed 
To significantly and cost-effectively reduce carbon emissions, building 
owners need to prioritize activities that reduce energy demand – 
with enclosure upgrades being the highest priority. These upgrades 
yield the greatest demand reductions, yet any building is likely to 
undergo only one enclosure renewal before 2050. This should serve 
as a call to action for building owners to leverage the study’s findings 
and systematically develop transition plans for each of their assets, 
prioritizing those with impending capital investments.

Governments must step in and step up
The time for strictly voluntary measures has passed. To meet Canada’s 
climate targets, governments will need to develop or strengthen 
new policy tools. Government action should include mandatory 
building performance requirements to ensure owners decarbonize 
their buildings quickly and efficiently. This includes encouraging and 
enabling sound procurement pathways.
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Recommendations 

As detailed in the full Decarbonizing 
Canada’s Large Buildings report, various 
technical and non-technical considerations 
guide deep carbon retrofit planning.  

The research team concludes that full decarbonization by 2050 is 
technically viable for all studied building archetypes, though some 
archetypes are more financially attractive than others.

Broadly speaking, the key technical solutions are:

1. Reduce/replace fossil fuel use for space heating, mainly through 
electrification,

2. Implement energy demand-reduction measures and, 

3. Incorporate and/or install on-site renewable energy systems.

Going beyond changes to physical building systems and efficiency 
improvements, industry must develop or strengthen carbon reduction 
management best practices. Governments must introduce innovative 
policy and program measures.

For their part, building owners and/or managers must:

1. Align low-carbon improvement activities with building-specific 
infrastructure and equipment maintenance renewal cycles, with 
special attention given to “once in a building lifetime” enclosure 
renewals.

2. Move away from one at a time improvement measures to single 
systems and embrace a more holistic and comprehensive 
approach to retrofit project planning.

3. Do it now. As we enter the critical decade of climate action, 
building owners and managers need to either develop transition 
plans to significantly reduce carbon or implement proven 
reduction measures now.

4. Expand the use of innovative approaches for project development, 
implementation, and procurement, such as no up-front capital 
payments, off-balance sheet debt treatment, owner-tenant shared 
costs and benefits, and reduced project risk through performance 
guarantees.

08
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To do their part, policy-makers must:

1. Continue to align retrofit cost savings and deep carbon reductions 
through planned carbon pricing increases and/or other means.

2. Support and establish innovative retrofit loan programs, such as 
property-assessed clean energy (PACE) and on-bill financing (OBF),7 
and develop credit enhancements, such as loan-loss reserves, loan 
guarantees, and interest buy-downs.8

3. Expand incentives, rebates, and supportive programs for deep 
carbon retrofits.

4. Develop and enforce mandatory performance standards for existing 
buildings.

5. Develop and enact mandatory energy performance benchmarking 
and disclosure programs.

6. Ramp up education, low-carbon skills training, and industry capacity.

7. Accelerate the shift in focus of building performance policy from 
energy reductions to carbon reductions.9 

Although deep carbon retrofits are technically possible and, in 
some cases, very financially viable, a range of market barriers makes 
developing attractive business cases challenging. 

For the building sector to maximize its contribution to Canada’s climate 
goals, it needs to address existing buildings using a combination of 
strategies and supports. We summarized these key strategies and 
mechanisms below. Ideally, the real estate sector and governments 
would implement these mechanisms in a coordinated manner, 
but the urgency of climate action is now overwhelming. All these 
support mechanisms should be developed now, and implemented 
simultaneously, to support retrofit market transformation.

7 PACE and OBF programs allow for the needed retrofit capital to be loaned to an owner and are typically tied to the building, with the required loan payments processed through a municipal property tax or utility bill system.
8 Credit enhancements are ways in which retrofit financing costs can be reduced, allowing for marginally attractive investments to be better positioned.
9 Certain policies and standards, such as British Columbia’s BC Energy Step Code, focus solely on energy efficiency but are silent on fuel source and greenhouse gas emissions.
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Retrofit Existing Buildings to Help Meet 2050 GHG Targets   
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Figure 1: Steps towards net zero carbon buildings
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Canada’s existing buildings contribute 
about 17 per cent of the nation’s overall 
greenhouse gas emissions. 

Introduction   While new buildings are increasing in efficiency, many of the apartment 
complexes, offices, and schools built in the 1970s and 1990s – when 
energy performance codes were less stringent or even non-existent – 
will still be in use through to 2050. By that time, all buildings will need to 
be upgraded and overhauled to achieve net-zero carbon performance.

The work to decarbonize Canada’s built environment is daunting for 
the many decision-makers across the building sector, from policy-
makers, to utilities, to building owners and managers. But it must 
begin now. We can no longer ignore climate change and leave 
action to future leaders. Canada’s building sector must recognize its 
contribution to the climate challenge and become a significant part of 
the solution.

To understand the challenge of scaling up retrofit action, support 
industry decision-making, and inspire leadership, CaGBC 
commissioned an ambitious assessment of the costs and approaches 
intertwined in the need for retrofits. We have compiled the key findings, 
as captured in the full Decarbonizing Canada’s Large Buildings 
technical report, in this summary. Further detail on the archetype 
specifics, the baselines developed, and the assumptions that were 
used are provided at the end of this report in the appendix.

We hope decision-makers across governments and the building 
sector will find this summary report helpful. The necessary transition 
of existing buildings to net-zero carbon operations will require these 
leaders to address barriers, ramp up investments, strengthen policy 
tools, explore support programs and expand incentives.
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While the business case for energy 
efficiency retrofits is well established, the 
financial argument for deep carbon retrofits 
is not. A collection of economic, market, and 
financial barriers, along with competing 
priorities, prevent the building sector from 
pursuing deep carbon retrofits at scale. 

Key Market 
Insights

Some of these barriers are specific to deep carbon retrofits, while 
others are common to all construction-related activity. We summarize 
these known barriers below.

With these barriers in mind, the research team assessed potential 
technical pathways, costs, and the need for supportive procurement 
and policy mechanisms. Based on their findings, the research team 
developed key insights to help drive increased retrofit market activity.

Economic Barriers

• Lack of alignment of carbon savings with energy  
cost savings

• Long payback periods 

• Large incremental capital cost requirements

Market Barriers

• Lack of energy or carbon awareness

• Low return on investment and implementation hassle

• Cost saving split incentives

• Lack of confidence of project performance and 
results

• First-mover disadvantage, technological and 
logistical readiness

Financing Barriers

• Lack of access to attractive financing

• Uncertainty with developing standard investment risk 
profiles

• High loan transaction costs

• Availability of secured, on-balance sheet debt

• Breaking ground on a new market
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Key findings from the Decarbonizing Canada’s Large Buildings report 
include the following:

1. Canada can decarbonize all existing large buildings  
by 2050 if we get started today. 
To decarbonize buildings, owners and operators must dramatically 
reduce fossil fuel use by converting to electric space heating and 
domestic hot water. They must implement demand-reduction 
measures, especially envelope upgrades, and incorporate on-
site renewable energy systems. Broadly speaking, these same 
measures must be implemented across all building types and 
every region. 
 
Using building practices, products, and technologies that are 
currently available, these three measures achieved complete, or 
nearly complete, elimination of fossil fuel in every archetype:  
 

The figures below illustrate that deep carbon retrofits in Vancouver, 
Toronto and Montreal (locations with low carbon intensity grids) 
can enable all studied building archetypes to achieve net-zero 
carbon operations today. Even in Halifax and Edmonton, locations 
where currently the electrical grids carbon intensity is higher, carbon 
reductions averaged over 55 per cent.10 As coal is phased out and 
renewable energy production increases, the carbon intensity of the 
electrical grids, and the buildings that rely on them, will improve. 
 
It should also be noted that even though the percentage of 
emission reductions were lower in Edmonton and Halifax, 
archetypes in these cities showed the largest absolute carbon 
reduction. 
 
 
 
 

10 All the low carbon retrofit pathways established during this study were based on currently available products, technologies, and building practices. As technology performance improves over time, companies develop 
alternative systems, and as costs decrease, we expect to see a greater number of viable net-zero carbon pathways.

Eliminate 
fossil fuel 

combustion for 
all mechanical 

systems

Conduct 
enclosure 

upgrades and 
other demand 

reduction 
measures

Incorporate 
on-site 

renewable 
energy
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Figures 1 and 2: Baseline, BAU and Deep Carbon Retrofit with PV Scenario GHGI for Each Archetype (kgCO2eq /m2/yr)
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2. Energy use reductions of more than 70 per cent yield 
significant cost savings. 
Almost all archetypes could realize energy reductions greater than 
70 per cent compared with business as usual measures. These 
reductions would yield significant energy cost savings for building 
owners and/or tenants. 
 
The research demonstrates that the high performance 
requirements being adopted in some jurisdictions for new 
construction are within reach for owners of existing multi-unit 
residential buildings (MURBs) and office buildings across the 
country. Modelled total energy use intensity (TEUI)11 results reveal 
that the deep retrofit of MURB archetypes align with the high-

performance efficiency requirements for the upper steps of the 
BC Energy Step Code (BC ESC) and Toronto Green Standard (100 
kWh/m2/yr). Similarly, analysis of the office building archetypes 
shows that most owners could achieve the upper step high-
efficiency requirement of the BC ESC, which is also 100 kWh/m2/yr.  
 
Overall, office archetypes, with their higher TEUIs, have the best 
potential for energy savings. The greatest savings were with 1970s 
office building archetypes, which included enclosure upgrades. 
For all archetypes in all locations, space heating proved the largest 
energy draw. 
 
The final modelled TEUIs per archetype are shown in the figure on 
the next page.

17
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11 The total energy use intensity (TEUI) of a building is a yearly measure of a building’s overall energy use, per square meter of floor area.
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Figure 3: Total Energy Use Intensity (TEUI) Per Archetype (kWh/m2/yr)
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3. There is good news for the deep carbon retrofit business case. 
The research team assessed some of the financial realities of deep carbon retrofits. They focused on evaluating key financial metrics including net present 
value (NPV), internal rate of return (IRR), incremental capital cost (ICC), and the cost of carbon abatement (CCA). The team built deep carbon retrofit 
business cases over a 40-year time horizon, using a five per cent discount rate for the cost of capital, and accounting for planned increases to carbon 
prices ($170 a tonne by 2030 to $300 a tonne by 2050).  
 
Fundamental to developing an attractive deep carbon retrofit business case is ensuring that the environmental, social, and governance (ESG)12 value of 
reduced carbon emission is fully recognized and tracked. While the business case for some archetypes might not yet be conventionally attractive, the 
research team did uncover good news stories, including the findings below. 

3.1.   It pays to reduce carbon for many archetypes today. 
Given the significant potential for energy-cost savings, deep carbon retrofits are viable right now for many low- and mid-rise office 
archetypes, as well as a few MURBs and primary school archetypes (17 of the 50 archetypes). This highlights how “quick wins” could kickstart 
the decarbonization retrofit market.

Even for archetypes with negative NPVs, the capital needed to address the investment gap is generally aligned with industry values for typical 
internalized carbon abatement costs. As shown in Table 1 below, of the 50 archetypes studied, 45 had CCA values below $300 per tonne of 
carbon – archetypes with a CCA of $0 per tonne indicates a positive NPV, therefore no additional abatement costs are required.

Low-rise Office Mid-rise Office Low-rise MURB Mid-rise MURB Primary School

1970
Vancouver $374 $0 $252 $109 $52 

Edmonton $0 $2 $78 $74 $0 

Toronto $0 $0 $140 $136 $6 

Montreal $0 $169 $378 $45 $41 

Halifax $0 $0 $0 $0 $0 

1990
Vancouver $377 $0 $248 $211 $29 

Edmonton $63 $0 $371 >$500 $29 

Toronto $0 $0 $68 $48 $0 

Montreal $45 $41 $260 $230 $120 

Halifax $116 $0 $156 $166 $48 

Table 1: Cost of Carbon Abatement Per Archetype ($/tCO₂e)

12 Environmental, social and governance (ESG) reporting refers to the disclosure of data and business operations information in three key sustainability related areas: environmental impact, social 
responsibility, and corporate governance. This type of reporting is increasingly being relied upon by investors to evaluate companies and/or investments as part of their due-diligence..
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3.2   Decarbonizing investments yield a partial return for almost all studied archetypes.
In most cases where the models returned a negative NPV, the IRR was positive (i.e., between 0% and 5%). In other words, owners would see a 
positive financial return, but less than the estimated cost of capital or borrowing rate. While deep carbon retrofits for some specific archetypes 
might not be financially attractive today, owners should not rule them out. Instead, they should consider a life-cycle-cost analysis on a 
building-by-building basis, to optimize the timing of improvements as the cost and risk of carbon escalate.

1970s Vintage Buildings

HalifaxMontrealToronto

NPV Positive with Positive IRR NPV Negative with Positive IRR NPV Negative with Negative IRR
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Figures 4 and 5: Net Present Value ($/m2) of the Deep Carbon Retrofit with PV Scenario by Archetype (relative to BAU Scenario)

1990s Vintage Buildings

3.3   Carbon price increases will continuously improve the business case.
A steadily increasing carbon price strengthens the business case for deep carbon retrofits over the long term. The researchers assessed the 
business case for retrofits that begin in 2022, incorporating currently planned carbon price increases. With carbon pricing levels planned to be 
increased to $170 a tonne by 2030, followed by increases to $300 a tonne per year by 2050, the estimated NPV values for projects implemented 
after 2022 will be greater, making decarbonization retrofits even more financially attractive moving forward.

HalifaxMontrealTorontoEdmontonVancouver

1000
900
800
700
600
500
400
300
200
100

0
-100
-200
-300
-400
-500
-600
-700

Lo
w

-r
is

e 
O

�
ce

Lo
w

-r
is

e 
M

U
RB

M
id

-r
is

e 
O

�
ce

N
et

 P
re

se
nt

 V
al

ue
 ($

/m
2)

M
id

-r
is

e 
M

U
RB

Pr
im

ar
y 

Sc
ho

ol

Lo
w

-r
is

e 
O

�
ce

Lo
w

-r
is

e 
M

U
RB

M
id

-r
is

e 
O

�
ce

M
id

-r
is

e 
M

U
RB

Pr
im

ar
y 

Sc
ho

ol

Lo
w

-r
is

e 
O

�
ce

Lo
w

-r
is

e 
M

U
RB

M
id

-r
is

e 
O

�
ce

M
id

-r
is

e 
M

U
RB

Pr
im

ar
y 

Sc
ho

ol

Lo
w

-r
is

e 
O

�
ce

Lo
w

-r
is

e 
M

U
RB

M
id

-r
is

e 
O

�
ce

M
id

-r
is

e 
M

U
RB

Pr
im

ar
y 

Sc
ho

ol

Lo
w

-r
is

e 
O

�
ce

Lo
w

-r
is

e 
M

U
RB

M
id

-r
is

e 
O

�
ce

M
id

-r
is

e 
M

U
RB

Pr
im

ar
y 

Sc
ho

ol

NPV Positive with Positive IRR NPV Negative with Positive IRR NPV Negative with Negative IRR



22

3.4   Enclosure upgrades are a one-time opportunity that can’t be missed.
Completing energy demand reduction measures helps to minimize the size, scope, and cost of mechanical system upgrades. This reduces 
costs, provides increased comfort for occupants and, in many cases, improves building resilience. For most owners, high-performance 
enclosure upgrades will have the most impact on energy-demand reduction. 

Any building standing today will likely be around in 2050 when all buildings must be net zero carbon. In the intervening time, a building will 
likely undergo only one enclosure upgrade. Owners should take advantage of this singular opportunity to maximize carbon reductions, energy 
savings, and cost effectiveness. This requires planning ahead, systematically developing zero carbon transition plans for each building and 
prioritizing those with impending capital investments.

Owners and policy-makers must be aware and work to mitigate certain challenges before green lighting a deep carbon retrofit, including:  

3.5   MURBs and primary school archetypes will need special attention.
Deep carbon retrofits for almost all MURBs and primary school archetypes yielded negative NPVs, while office archetypes returned mostly 
positive NPVs. This is partially due to office archetypes being able to manage increases in peak demand more easily and their higher 
electricity-use baseline starting points. That said, the incremental capital costs for MURBs and primary schools were similar or lower 
than those of offices, especially in 1990s archetypes. Multi-family housing and primary schools are critical social infrastructure; as such, 
governments will need to develop specific policies and make strategic investments that support their upgrades and decarbonization. 

Low-Rise Office
3,000 m2

Low-Rise MURB
6,000 m2

Mid-Rise Office
21,000 m2

Mid-Rise MURB
13,000 m2

Primary School
6,900 m2

1970s  
Vintage 
Buildings   
Vancouver

100% $320 99% $330 97% $280 97% $290 100% $360

-$160 1.4% $210 8.4% -$160 0.5% -$110 2.4% -$90 3.4%

Edmonton   
84% $390 62% $440 61% $330 44% $295 100% $380

$620 12.2% -$10 4.9% -$140 2.2% -$100 2.8% $210 7.8%

Toronto   
100% $420 98% $335 98% $355 95% $335 100% $525

$540 11.4% $560 13.2% -$170 1.7% -$170 1.3% -$10 4.8%

Montreal   
100% $340 100% $475 96% $300 98% $270 100% $460

$180 7.8% -$200 2.2% -$230 -1.8% -$60 3.5% -$100 3.6%

Halifax
89% $230 59% $250 60% $310 61% $285 59% $425

$1,790 31.8% $440 13.1% $40 5.7% $140 7.7% $140 6.8%
22
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Low-Rise Office
3,000 m2

Low-Rise MURB
6,000 m2

Mid-Rise Office
21,000 m2

Mid-Rise MURB
13,000 m2

Primary School
6,900 m2

Vancouver
100% $440 98% $490 98% $375 83% $425 100% $300

-$260 0.6% $110 6.3% -$240 0.0% -$250 0.6% -$50 4.0%

Edmonton   
59% $885 67% $585 39% $540 23% $595 99% $540

-$280 2.9% $110 6.1% -$440 -2.6% -$520 -3.8% -$160 3.1%

Toronto   
100% $420 97% $725 98% $285 93% $265 100% $700

$310 8.9% $420 8.2% -$80 3.2% -$60 3.6% $150 6.3%

Montreal   
99% $860 100% $690 98% $525 97% $515 99% $500

-$170 3.8% -$90 4.2% -$370 -0.7% -$340 -0.3% -$250 1.3%

Halifax
43% $650 72% $510 45% $485 39% $485 39% $550

-$260 2.3% $570 10.5% -$190 2.3% -$170 2.6% -$210 2.3%

GHGI Reduction ICC ($/m2)

NPV ($/m2) IRR%

Figures 6 and 7: Summary of Key Building Archetype Modelled Results

3.6   The most critical building system upgrades are also the costliest.
Mechanical system upgrades, which ensure greater electrification of heating and domestic hot water, are the most critical element of a deep 
carbon retrofit. However, these upgrades represent the most costly line item for most archetypes. New HVAC equipment typically represents 
more than 75 per cent of the total incremental capital costs needed for 1970s archetypes and more than 90 per cent for 1990s archetypes. This 
suggests that governments and owners will need to invest strategically in building mechanical system retrofits and space heating electrification, 
and optimize the sequencing of demand reduction activities and infrastructure upgrade events to maximize cost effectiveness.

3.7   Time to reset your traditional payback-period expectations.
Forty-five of the 50 studied building archetypes reveal discounted payback periods greater than 15 years. Only low-rise offices in Halifax offer 
a payback period of fewer than five years (as shown in the table below). The unconventionally long payback period highlights the need for new 
and innovative approaches to assess carbon reduction investments and evaluate the financial viability of deep carbon retrofit projects. It also 
underscores the need for owners to schedule their deep carbon retrofit projects in conjunction with regular upgrades to minimize costs and to 
search out sources of more patient capital. Remember, the average building will be around for a century.   

1990s  
Vintage 
Buildings   
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Vancouver Edmonton Toronto Montréal Halifax

Low-rise Office 1970s • • • • •
Low-rise Office 1990s • • • • •
Mid-rise Office 1970s • • • • •
Mid-rise Office 1990s • • • • •
Low-rise MURB 1970s • • • • •
Low-rise MURB 1990s • • • • •
Mid-rise MURB 1970s • • • • •
Mid-rise MURB 1990s • • • • •
Primary School 1970s • • • • •
Primary School 1990s • • • • •

Between 0-5 years Between 5-15 years > 15 years

• • •

Table 2: Discounted Payback Period  
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4. Manage changes to peak electricity demand. 
For some archetypes, especially the 1990s buildings, the research 
team found that space heating and service hot water electrification 
will increase annual peak electricity demand,13 while also shifting 
the annual peak demand from the summer to winter months in 
some cases.  
 
It was noted that fuel switching measures could increase a 
facility’s electrical demand beyond its design capacity, although 
it is expected that these cases would be rare given the typical 
use of high efficiency heat pumps and the oversizing of building 
electrical distribution capacity. Archetypes without an existing 
cooling system and/or low cooling load experienced the highest 
increase in annual peak demand. The anticipated energy demand 
shifts illustrate the importance of demand reduction strategies to 
minimize both project costs and the potential increased strain on 
regional electrical grids. 
 
If a building owner pursues electrification measures without first 
investigating and mitigating potential peak-demand increases, 
project costs could soar as a result of needed building electrical 
distribution upgrades and localized improvements to electrical 
grid distribution. 
 
High-performance enclosure upgrades typically have the greatest 
impact on energy demand. Thermal and battery storage, on-site 
solar PV, and demand response programs offer other options to 
help harness available energy and mitigate higher peak demands 
on the grid. 

 
 
 
 

13 Peak annual demand describes a period in which utilities must provide electrical power for a 
sustained period at a significantly higher than average supply level, e.g., during an extreme cold or  
hot weather event.

25
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Pathway to Deep Carbon 
Retrofits for Large 
Buildings
1. Develop zero carbon transition plans with care.  

To ensure deep carbon retrofit projects truly drive down emissions, 
building owners will need to take a holistic approach by replacing 
major building systems and/or structural components, and align 
those upgrades with regular maintenance and renewal cycles. A 
building-specific zero carbon transition plan, which identifies how 
decarbonization can be achieved by 2050, should be developed 
well in advance of any scheduled investment in a major building 
system. By carefully planning and scheduling deep carbon 
electrical, enclosure, and mechanical upgrades, owners can 
minimize project costs and improve overall business cases. 
 
Natural Resources Canada’s Major Energy Retrofit Guidelines 
highlights that a staged approach to retrofits delivers the biggest 
bang for the retrofit buck.14 Ideally, an owner would first roll out 
energy-demand-reduction measures before turning to HVAC 
systems. If they take that approach, new HVAC units will likely be 
more modestly sized to address smaller space conditioning loads 
which will, in turn, reduce costs. 
 
Additionally, if a building owner upgrades to a more efficient low-
temperature heating system, they could unintentionally reduce the 
heating capacity of a radiant hot-water heating system. Without 
significant enclosure upgrades to reduce overall heating demand, 
a building owner may be on the hook for costly changes to their 
heating and cooling distribution systems. 
 

2. Choose your procurement pathway wisely and tackle 
barriers early. 
Owners can choose from various retrofit implementation pathways, 
each with a different level of flexibility, capital requirement, risk, 
benefit, and duration. For deeper carbon retrofit activity and to avoid 
known barriers, owners must consider innovative approaches to 
develop and implement projects. Options on the table include zero 
up-front capital payments, off-balance sheet debt treatment, sharing 
project loan costs and benefits with tenants, and reducing building 
owner risk through performance guarantees.  
 
To date, most retrofit procurement approaches assume financial 
savings from retrofits will more than pay for financing costs. Yet 
carbon reduction actions do not always maximize energy cost 
savings, and in many cases conventional project development and 
financing approaches fall short. This is even the case for approaches 
that can promote more holistic outcomes, such as the turnkey 
delivery methods utilized by energy service companies (ESCOs). 
Turn-key delivery methods take a deep carbon retrofit from start to 
finish, including managing the financial, technical, and operational 
complexity and risks. They can be well suited for whole-building 
deep retrofits. Public sector organizations have primarily used this 
method, since the investment horizons for the buildings they manage 
are typically long-term and they typically have a bigger stake in 
optimizing operation than their commercial sector peers. 
 
Governments, lending institutions, and stakeholders must identify 
new turnkey retrofit providers and approaches to design, implement, 
and finance deep carbon retrofits to scale up effective whole-building 
commercial-sector retrofits. These could be Super ESCOs, Special 
Purpose Vehicles,15 or aggregated project financing programs such as 
the Canada Infrastructure Bank’s $2 billion Building Retrofits Initiative. 
 
There is no “one size fits all” solution for implementing and procuring 
a deep carbon retrofit project for the building archetypes studied. 
But there is a common best practices approach, illustrated below, 
that all building owners and operators should follow to help ensure 
successful and effective deep carbon retrofits.  

14 Natural Resources Canada. Retrofitting - Major Energy Retrofit Guidelines. Accessed at https://www.nrcan.gc.ca/energy-efficiency/buildings/existing-buildings/retrofitting/20707.
15 Super ESCOs and Special Purpose Vehicles are specific retrofit project contractual arrangements to help support the development and scaling up of activity.

https://www.nrcan.gc.ca/energy-efficiency/buildings/existing-buildings/retrofitting/20707
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Figure 8: Steps for Achieving Deep Carbon Retrofits
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3. To supercharge deep carbon retrofits, governments 
must dig into the policy toolbox, including 
implementing mandatory building performance 
requirements.  
Governments have multiple policy tools at their disposal to 
increase deep carbon retrofit activity. They should assess all 
available options, while enhancing or developing additional tools 
as needed. At this stage of the climate crisis, the industry needs an 
“all hands-on deck” approach. 
 
Some local governments have said that they will be implementing 
mandatory energy and/or emissions performance requirements. This 
move signals the importance of emission reduction and increases 
stakeholders’ capacity to deliver results.  To be effectively and sensibly 
implemented, mandatory performance requirements must consider 
many factors such as variations in the carbon emissions intensities 
of regional electrical grids, different building types and occupant 
behaviors, verifiable building performance data metrics, and levels of 
incentives and penalties needed to boost compliance rates. 
 

City of Vancouver Carbon Pollution Limits

In November 2020, The City of Vancouver 
approved a Climate Emergency Action Plan 
that includes annual carbon pollution limits for 
existing buildings. Initially, limits will only apply 
for detached homes and large commercial 
buildings with targets that must be achieved by 
2025. The carbon limits will be set to only impact 
the 10 to 20 per cent worst performing buildings, 
which can be addressed with simple, low-cost, 
and high-savings measures.
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Most provinces have adopted at least one policy to promote 
voluntary building carbon retrofits, but mandatory performance 
requirements remain rare. Only Ontario requires building energy 
rating and disclosure, while all other provincial disclosure initiatives 
remain voluntary. However, British Columbia, Quebec, and the 
federal government are working on retrofit codes and performance 
requirements. Furthermore, most provincial retrofit policies focus on 
energy efficiency and not carbon emissions. To spur the deep carbon 
retrofit economy, policy decision makers need to shift this balance.

 

Other available policies and actions include:

• Continued escalation of the carbon price

• Expanding available incentives, rebates, and support 
programs for deep carbon retrofit activities and 
specific technologies

• Developing national mandatory energy and carbon 
performance benchmarking and disclosure programs 
requirements

• Implementing an existing building retrofit code

• Establishing and supporting the development of deep 
carbon retrofit loan programs, such as PACE

• Enhancing available and attractive credit, such as with 
loan-loss reserves, loan guarantees, and interest buy-
downs, and

• Implementing and supporting innovative retrofit 
projects as case studies and ramping up industry 
education and capacity through training.

British Columbia, Ontario, Quebec, and Nova Scotia are the 
jurisdictions best positioned for financing deep carbon retrofits. 
These provinces already offer several tools, and some offer PACE 
enabling legislation (and On Bill Financing - OBF - in Ontario. 

However, even in provinces with enabling legislation, only the City 
of Toronto has adopted C-PACE. On-bill financing (OBF) / on bill 
repayment (OBR) programs are primarily available for residential 
customers from utilities. As a result, owners of large commercial, 
institutional, and industrial buildings have few deep carbon retrofit 
support options.

At the federal level, the Canadian Infrastructure Bank (CIB) 
Building Retrofits Initiative could help to transform the retrofit 
market by providing large-scale financing for the archetypes 
in this report. Financing availability could spur new innovative 
business models, attract private capital, and help establish 
retrofits as a distinct asset class.  
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Efficiency  
Canada Score16

EE/RE  
Rebates17

C-PACE
Programs18

OBF  
Programs19 BERDO20

Code and 
Performance 

Requirements

Ecosystem 
Maturity21

BC 58 High • • High

AB 24 Low / Mid • Mid / High

SK 17 Low • Low

MB 29 Mid • Mid 

ON 45 High • High  

QC 52 Mid / High • Mid / High

NB 27 Low / Mid Low / Mid

NS 49 Mid • • Mid / High

NL 17 Mid • Low / Mid

PE 37 Mid Low / Mid

Mandatory Program Voluntary Program PACE-Enabled Legislation Planned Mandatory Program Planned Voluntary Program
Planned PACE-Enabled 

Legislation

• •

Table 3: Key Policy and Financing Mechanisms and Ecosystem Maturity Level by Province and Territory

16 From Efficiency Canada Provincial Energy Efficiency Scorecard 2020. Provinces receive a total score out of 100 across five policy areas: energy efficiency programs, enabling policies, buildings, transportation, and industry. 
17 High/Medium/Low Energy Efficiency EE /Renewable Energy RE rebates offering. Data collected via: https://www.nrcan.gc.ca/energy-efficiency/energy-efficiency-homes/financial-incentive-province/4947.
18 Pembina Institute, 2020. Property Assessed Clean Energy in Canada. Ontario is the only province with an active municipal C-PACE program (Hi-RIS Toronto). 
19 Circles denote jurisdictions where on bill financing (OBF) programs have taken place. Note that enabling legislation may not be required to launch OBF programs, as it may already be permitted. Further research is required to in 
   jurisdictions without precedence. Program precedence from: Efficiency Canada. Energy Efficiency Policy Database. Support for Financing. (May 2021). Accessed at: https://database.efficiencycanada.org/policies/.
20 Building Energy Reporting and Disclosure Ordinance (BERDO).
21 Qualitatively assessed as low, medium, and high.

https://www.nrcan.gc.ca/energy-efficiency/energy-efficiency-homes/financial-incentive-province/4947
https://database.efficiencycanada.org/policies/
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Regulators across North America and Europe have already deployed some of the retrofit policy tools listed above, while others are just emerging. Given 
the number of barriers, no single policy strategy will address them all. Instead, all governments will inevitably need to use a mix of strategies.
Summarized below are the benefits and implications of different policy measures that would seek to lower known economic, market, and financing 
barriers for deep carbon retrofits. 

Substantial Potential Impact Moderate Potential Impact Low Potential Impact Little or No Potential Impact

• •

Table 4: Potential Impact of Strategies on Market Barriers

Lack of Energy 
or Carbon 

Awareness

Return and 
Logistics

Split Incentives
Performance 
Skepticism

First-Mover 
Disadvantage

Cost-
Effectiveness

Re
gu

la
to

ry
 

M
ec

ha
ni

sm
s

Incentives

Local Requirements and Incentives • •
Energy Rating and  Disclosure • • •
Performance Requirements • •
Carbon Pricing • • •

Fi
na

nc
in

g 
M

ec
ha

ni
sm

s C-PACE •
On-Bill Financing

Credit Enhancements

O
th

er
 

St
ra

te
gi

es

Public Procurement

Demonstration Projects •
Retrofit Support Services •
Education and  Training
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The Race 
is On

For some owners, the road will be easier and financing relatively 
straightforward. Others will need additional supports.

To maximize the cost effectiveness of deep carbon retrofit activity, 
building owners and operators must approach measures thoughtfully. 
The transition to net-zero carbon operations will likely include adding 
renewable energy generation, with governments and utilities working 
to further decarbonize regional grids.

While the study proves there is a path to zero for most buildings, a 
range of market barriers undercuts the business case for some. Yet this 
cannot stop the decarbonization of existing buildings, which is critical 
to reach Canada’s climate target. To zero-out operational emissions in 
existing buildings, governments will need to turn to a suite of strategies 
and support mechanisms. 

The analysis of deep carbon retrofit pathways provides important 
information to guide building owners and policy-makers. However, it 
does not replace the imperative to analyze each individual building 
and jurisdiction before getting underway. Each retrofit project will be 
unique, and best practices, transition planning, and retrofit results will 
vary from project to project, as well as region to region.

Figure 9: Steps Towards Zero Carbon (below) highlights the strategies 
and mechanisms fundamental to success. Each time a building owner 
or policy-maker puts one of these strategies into action, the market 
moves one step closer to transformation. We recommend building 
owners and governments address these critical areas as soon as 
possible to support market transformation, increase deep carbon 
retrofit activity, and drive down building related emissions.

The study results are clear. 

Canada can fully decarbonize all the 
building archetypes we assessed by 
2050 and building owners have multiple 
pathways and strategies to do it. 
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Retrofit Existing Buildings to Help Meet 2050 GHG Targets   

Figure 9: Steps Towards Zero Carbon
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A Recipe for Fast  
Tracking Deep Carbon 
Retrofits
If Canada is to cut built-environment emissions at the needed scope, 
scale, and speed, stakeholders must shift their mindset from energy 
savings to carbon reductions. This means looking beyond individual 
measures to consider systemic improvement – such as replacing 
major building systems and/or structural components. To enable this, 
we recommend the following:

1. Owners must pursue the right measures at the appropriate times. 

Building owners must develop zero carbon transition plans for 
each asset to ensure they schedule and sequence their deep 
carbon reduction measures (CRMs) with care. Deep carbon 
retrofits require replacing major building systems and/or structural 
components. These are expensive investments, and not always 
cost-effective over the operational lifetime of the new equipment 
or system. To improve the numbers and capture deep carbon 
reductions, building owners should align CRMs with regularly 
scheduled building renewals, and follow proper sequencing, 
like working on energy demand measures before upgrading 
mechanical systems, if possible. 

2. Governments must support on-site renewable generation, 
especially in provinces with more carbon intensive grids. 

Policies to support distributed renewables can play a key role in 
reducing emissions. There should be no arbitrary limits on energy-
system size to help maximize renewable system inputs and reduce 
energy grid management challenges long term. 

3. Owners should mitigate electricity peak demand. 

Except for office archetypes, our researchers found that space 
and water heating electrification will increase annual peak power 
demand. This points to the critical importance of demand reduction 
strategies, such as enclosure upgrades and heat recovery. 

Get Your Data House  
in Order 
To support the market’s transformation to zero carbon, building owners, 
investors, policy-makers and other stakeholders need better data. 
Improved data quality that is consistent and transparent will help 
increase awareness of decarbonization opportunities within buildings, 
property portfolios, and even cities. To this end, we recommend the 
following:

1. Governments must implement mandatory energy and emissions 
benchmarking. 

Energy rating and disclosure programs – and requirements for 
commercial and institutional buildings – are powerful tools for 
increasing awareness of deep carbon retrofit opportunities 
and driving results. Building owners will be far more informed 
and motivated to develop and implement deep carbon retrofits 
if they can better understand a building’s performance and 
potential savings as compared to its peers. Supporting increased 
benchmarking and providing relevant retrofit references can move 
the needle on Canada’s retrofit economy. 

2. Governments and owners must help standardize the deep carbon 
retrofit market. 

Standardized approaches to developing, implementing, measuring, 
and reporting on deep carbon retrofit projects can reduce 
investment risk and transaction costs. Governments and owners can 
support this standardization by leveraging programs like the Investor 
Confidence Project (ICP) protocols and achieving Investor Ready 
Energy Efficiency (IREE) certification, similar to the CIB’s Commercial 
Building Retrofits Initiative’s due-diligence requirements. 
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3. Governments and industry leaders must lead by example. 

Demonstration projects or case studies address the “first-mover 
disadvantage” barrier and provide evidence that deep carbon 
retrofits work. They are especially important when it comes to new 
and emerging carbon reduction measures and technologies. 
Governments should lead by example by committing to zero carbon 
operations in existing public buildings, and by following best 
practices when implementing and reporting on deep carbon retrofit 
projects.  Industry leaders should prioritize and implement deep 
retrofit projects and utilize innovative approaches that can be scaled 
up within a portfolio of buildings or by a building sector, as well as 
share their experience  and retrofit project data more readily. 

Grow the Deep Carbon 
Retrofit Workforce and 
Boost Industry Capacity 
Canada must retrofit hundreds of millions of square meters of floor 
space. To do so, our industry needs to build workforce capacity with 
new hires and training to deliver zero-carbon performance. To ensure 
this occurs, we recommend the following: 

Develop retrofit support services, education, and training. 

Governments, building owners, industry associations, and educational 
institutions need to ramp up their efforts to build capacity and support 
services. We propose a range of supportive actions to do so:

 
Leverage industry associations and existing training 
opportunities. Many associations representing building owners 
and property managers offer educational programs.  

For example, CaGBC offers a course on Zero Carbon Transition 
Plans. Likewise, the Building Owners and Managers Association 
(BOMA) offers an online eEnergyTraining course for building 
operators, engineers, and facility managers. Government should 
prioritize supports to the development of collaborative platforms 
and industry partnership initiatives that address siloed approach to 
skills development, such as Workforce 2030.  
 
Incorporate deep carbon retrofit training into continuing 
education requirements for architects and engineers. Schools 
have the opportunity to modify their accreditation standards to 
ensure their curriculum addresses energy and carbon reduction. 
There may also be an opportunity for architectural and engineering 
schools to establish programs or schools dedicated to carbon 
reduction retrofits of buildings. 
 
Invest in building-related retrofit training programs. Many unions 
and colleges run training programs for incumbent trades and 
apprentices. The federal and provincial government typically fund 
these types of programs and could encourage further building 
retrofit training through them. 
 
Collaborate with manufacturers. Manufacturers could incorporate 
deep carbon retrofit considerations as part of their client training 
and system support. This is one of the main routes available to 
reach retrofit contractors, and improve industry buy-in.

 
 
 

http://www.workforce2030.ca
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Tweak Incentives and 
Support Innovation
Financial incentives and financing programs can work with different 
procurement approaches to improve the business case for deep 
carbon retrofits. 

1. Broaden incentives to include carbon reductions and target 
markets that have limited cost-effectiveness. 

We recommend governments and utilities include fuel switching 
and other carbon reduction measures in incentive programs. 
Incentives are needed to close the gap and create a positive 
business case – especially for multi-unit residential buildings 
(MURBs), which are typically less cost-effective than the other 
archetypes modelled. Similarly, deep carbon retrofits in 1970s and 
1990s low-rise office buildings in Vancouver are less cost-effective 
than in other provinces, given their already relatively high efficiency 
values and lower carbon emissions.  

2. Support business model innovation for market transformation. 

New and innovative business models, such as Super ESCOs, 
are needed to deliver deep carbon retrofits at scale across the 
country.22 While ESCOs exist in Canada, they have historically 
focused on traditional energy savings targets and public buildings.  
 

 
 

Along with the Carrots, 
Bring Out the Sticks
With less than a decade remaining to cut carbon emissions by 40 to 45 
per cent, we cannot afford to wait any longer for significant action. After 
decades of carrots, the time has come for governments to also use 
some sticks: 

Enact carbon performance requirements and codes for existing 
buildings. 

The federal government has committed to developing a model code 
for existing buildings by 2025, which will be crucial to help drive 
activity and improvements. However, progress to date has been slow 
and implementation is not close on the horizon.23 
 
It is imperative that key federal departments step up and move quickly 
to finalize the code and ensure that carbon performance requirements 
are a core focus. Provinces should move quickly to adopt the model 
code or pursue their own mandatory performance requirements. 

All hands on deck
 
To scale up deep carbon retrofits, governments will need to effectively 
integrate and align policies and initiatives. Many of the policies 
described in this report are complementary. For example, building 
rating and disclosure policies can easily integrate performance 
requirements, and governments and utilities can roll together financing 
with incentives to offer building owners a seamless experience. 

In addition, with efforts underway at the local, regional, provincial, 
and federal levels, policy decision makers will need to coordinate 
and collaborate to avoid introducing a patchwork of policies across 
different jurisdictions.

22 Governments or public-private partnerships can establish a specialized energy saving company (“Super ESCO”) to serve as a liaison between the government, a building owner, and a traditional ESCOs on a school, library, 
hospital, or similar challenging public-sector energy efficiency project.
23 “We need a national retrofit code sooner, rather than later.” Kevin Lockhart. Efficiency Canada. September 29, 2021. Retrieved from https://www.efficiencycanada.org/national-retrofit-code-sooner/.

https://www.efficiencycanada.org/national-retrofit-code-sooner/
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The owners and operators of Canada’s 
larger buildings are critical actors in 
Canada’s climate emergency; their 
actions in the coming decades will help to 
determine whether or not Canada meets its 
emission reduction goals. 

The Path 
Forward

The research summarized in this report demonstrates how they can 
pursue deep carbon retrofits to significantly reduce their carbon 
footprints and support Canada’s climate mitigation targets. Prompt 
action on this front will also provide added benefits such as healthier 
indoor environments for building tenants and occupants, as well as 
upgraded assets that will help to ensure long-term profitability and 
security of building-related investments. Governments will also play 
a critical role in lowering barriers to action, including improving the 
business case and enabling innovative financing where needed. 
Working with all stakeholders, private sector leaders should leverage 
their considerable influence to ask for what they need so that they can 
pursue the recommended actions shared here.

With this study, building owners and operators have a viable pathway to 
zero. We’ve presented concrete steps that can be taken today  to move 
toward the goal of decarbonizing Canada’s large buildings. Knowing 
how high the stakes are, it is clear that we need an all-hands-on deck 
approach if we are to succeed in meeting our decarbonization goal. 

36

The Phenix



37

Appendix
Assumptions

Some of the key general study assumptions utilized during the 
development of the archetype, baseline, and deep decarbonization 
retrofit pathways are detailed as follows:

1. To establish a baseline for envelope, and heating, ventilation, 
and air conditioning systems (and therefore energy use) for each 
archetype, the report drew upon industry knowledge and the 
researcher organization’s own experience. Baseline systems varied 
according to a given building’s age and location.

2. The business-as-usual retrofit assessment is based on standard 
renewals that most building owner/operators would undertake 
as equipment reaches the end of its service life (e.g., boilers) or 
as technology makes existing systems obsolete (e.g., lighting). 
These renewals are a reference point to determine the incremental 
costing requirements for the deep carbon retrofit pathways.

3. Carbon reduction measures were assessed as part of the deep 
carbon retrofit pathway based on what is currently feasible with 
available products and/or building practices.

4. To reduce retrofit timing and cost challenges, it was assumed 
electrical, enclosure, and mechanical upgrades would happen 
concurrently, in keeping with standard industry practice for 
infrastructure renewal. However, the retrofit measures were 
modelled to reflect potential project phasing and to understand 
the impact of electrical and enclosure upgrade measures before 
adding the mechanical scope of work.

5. A deep carbon retrofit for the 1970’s building archetype was 
assumed to include electrical, enclosure, and mechanical 
upgrades.

6. A deep carbon retrofit for the 1990’s archetype was assumed 
to include electrical and mechanical upgrades, but enclosure 
upgrades would occur in the future in line with regular building 
renewal cycles.

7. On-site solar photovoltaic (PV) systems were included in all deep 
carbon retrofit scenarios.

8. The deep carbon retrofit pathways were based on what is 
currently feasible with available products, technology, and building 
practices.

9. Deep carbon retrofits were assumed to be completed in 2022, 
when the price of carbon is projected to be $50/tonne.

10. The price of carbon was assumed to rise $15 per tonne, per year, 
until it reaches $170 per tonne in 2030.  After 2030, the price of 
carbon was assumed to rise $6.50 per tonne, per year, to 
reach $300 per tonne, per year, in 2050.24

24 Government of Canada (2020) A Healthy Economy and A Healthy Environment. https://www.canada.ca/content/dam/eccc/documents/pdf/climate-change/climate-plan/healthy_environment_healthy_economy_plan.pdf.

https://www.canada.ca/content/dam/eccc/documents/pdf/climate-change/climate-plan/healthy_environment
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Variable Value Justification

Timeframe for 
analysis

40 years Measures in this study include both mechanical and enclosure upgrades. These have significantly different 
life cycles. Subsequently, 40 years was used as an average. For simplicity and ease of comparison, the 
same value was used for 1990s retrofits that did not include enclosure upgrades. 

Discount rate 5% / year This rate represents a blend of lower discount rates expected by governments and in the institutional 
sector, and higher rates expected in the commercial building sector. 

Utility escalation 
rate

2% / year This rate reflects the past 20 years of the consumer price index (CPI) escalator. Over shorter-term 
timeframes utilities can have higher or lower values, however, when considering over longer terms, such as 
the 40 year timeframe used in this study, CPI and utilities are similar. 

Key Financial Analysis Variables
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Building System Building Sub-System Replacement / Renewal Cycle 

Electrical

Lamps 10 to 15 years, driven by improved lamps

Fixtures
15 to 20 years, driven by lighting system redesign to take 
advantage of improved lamps

Mechanical

Minor HVAC Equipment
e.g., fans and pumps

10 to 15 years

Primary HVAC Equipment
e.g., boilers, chillers, and rooftop units

15 to 25 years

HVAC Distribution
e.g., hydronic piping, ductwork and terminal  
heating/cooling, control valves and dampers

40 to 60 years

Enclosure

Windows 20 to 50 years

Opaque Enclosure – Roofs 20 to 30 years

Opaque Enclosure – Vertical 50 to 100 years

Structure 100+ years

Typical Renewal Cycle for Mechanical and Enclosure Systems
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Carbon Reduction Measures

To capture deep carbon reduction potentials, different packages of carbon reduction measures (CRMs) were selected for each building vintage. Obviously, it 
is most cost-effective to implement high-performance building upgrades when they are scheduled as part of a regular building system renewal, following a 
logical sequence. These renewals correspond to the periodic replacement of parts of the building or building systems that have reached their end of service 
life (e.g., replacement of a boiler system or replacement of a roof membrane). 

The CRMs selected for the study are in line with these two critical principles depending on the building archetype’s age:

1970s 
Deep Carbon 

Retrofit 
Electrical Enclosure Mechanical

1990s 
Deep Carbon 

Retrofit
Electrical Mechanical
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Electrical and Enclosure Mechanical

Baseline Building 
Condition

1970s
Lighting has been upgraded to electronic ballast 
fluorescent.

Original enclosure needs renewal.

Mechanical systems have been replaced, circa 
1990-2000, and require renewal again.

1990s
Lighting has been upgraded to electronic ballast 
fluorescent.

Original enclosure is not yet up for renewal.

Mechanical systems (boilers) have not been 
replaced and require renewal.

Business
as Usual Retrofit

1970s
LED lamp replacement: windows are replaced with 
code-minimum performance products; cladding 
renewal occurs without energy improvements.

Mechanical systems are replaced with code-
minimum efficiency equipment.

1990s
LED lamp replacement: in general, the enclosure is 
not renewed.

Mechanical systems are replaced with code-
minimum efficiency equipment.

Deep Carbon 
Retrofit

1970s

Lighting redesign with LED lamps and fixtures; 
windows are upgraded to high-performance 
products (triple glazed); exterior insulation is added 
during cladding renewal.

Mechanical systems are switched from fossil 
fuels to electricity and ventilation systems may 
be upgraded, as applicable. On-site solar PV is 
installed.

1990s
Lighting re-design with integrated LED lamps 
fixtures; in general, no enclosure renewal occurs.

Mechanical systems are switched from fossil 
fuels to electricity and ventilation systems may 
be upgraded, as applicable. On-site solar PV is 
installed.

Overview of Baseline Building Assumptions and Retrofit Measures
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