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THE POTENTIAL OF BUILDINGS AS A SOLUTION TO CLIMATE CHANGE
Following the ratification of the Paris Agreement on climate change, Canada established the Vancouver Declaration on
Clean Growth and Climate Change, a pan-Canadian commitment to meet or exceed international carbon emissions targets
and to transition to a more resilient, low-carbon economy, while improving quality of life. National carbon targets were set
with the aim to reduce emissions 30 per cent by 2030 as compared to 2005 emissions levels.
Buildings – which contribute up to 35 per cent of Canada’s carbon emissions – can be part of the solution by improving
energy performance and relying on low carbon energy sources1. In 2005 large buildings in Canada were responsible for
an estimated 41.8 megatonnes (MT) of annual greenhouse gas emissions. Reducing this by 30% would require 12.5 MT in
emissions reductions.
In response to the Vancouver Declaration, previous CaGBC research identified four actions that need to be implemented
across Canada for buildings over 25,000 square feet, and multi-residential buildings five storeys or greater, in order for the
building sector to contribute as fully as possible to achieving deep emissions reductions. The impact of these measures
has been updated herein and now includes the National Energy Board’s forecasted grid carbon intensities, as well as minor
improvements to the estimated size distribution of buildings2.
1

Recommission buildings that have yet to achieve
high performance status by optimizing existing
building systems for improved control and
operational performance;

2

Undertake deep retrofits in buildings to highperformance standards such as LEED, focusing on
energy reduction and ensuring that key building
systems such as lighting, HVAC and envelopes
are upgraded;

3

Incorporate solar or other on-site renewable energy
systems in buildings; and

4

Work with jurisdictions and the private sector to switch
to low-carbon fuel sources in buildings.

These four actions could enable large
buildings in Canada to achieve a 51%
reduction in carbon emissions (21
Megatonnes of carbon dioxide equivalent
greenhouse gas emissions), surpassing
the Canadian 30% reduction target3.

51%
Carbon Emissions

CaGBC. “Building Solutions to Climate Change: How Green Buildings Can Help Meet Canada’s 2030 Emissions Targets”, September 2016.
CaGBC. “Building Solutions to Climate Change: How Green Buildings Can Help Meet Canada’s 2030 Emissions Targets”, September 2016.
3
Assumes population growth consistent with current trends, and changes to provincial electricity generation emission factors consistent with National Energy
Board forecasts. If provincial emission factors maintain current (2014) levels instead, these activities would result in a 44% net decrease in carbon emissions from
large buildings by 2030.
1

2
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TARGETED ACTIONS
The aim of this report is to empower government and industry with
recommendations that drive uptake in building retrofits, introduce a carbon
perspective on building performance, and enable the growth of Canada’s
clean economy.
In this report, we build on our previous research with
the specific goal of identifying targeted actions that will
achieve Canada’s 2030 emissions reduction target of 30%
below 2005 levels.
The energy and carbon performance of large buildings
in Canada differ depending on size, age, energy source,
regional electrical grid, and building type. Analyzing
the relationship these characteristics have on building
efficiency requires identifying the carbon reduction
potential in specific asset classes and provincial regions.
This enables us to identify which buildings would most
benefit from carbon reduction actions, what actions are
needed for each building type based on the regional grid
intensities, and what pathways are available from a policy
and program perspective to accelerate the uptake of
retrofits across Canada.

To determine the priority assets and retrofit activities for
the buildings, we focused on the following principles to
guide our findings:
›› ●Energy choices for building upgrades will vary across
Canada based on the electricity grid and other factors,
impacting the feasibility of clean energy production
and use;
›› ●Understanding how building characteristics impact
performance will inform recommendations to optimize
carbon emission reductions and energy efficiency
from retrofit actions; and,
›› ●Examining buildings by asset class will require a
customized and prioritized approach to policy and
program solutions to maximize reductions.
With this path forward, we can guide better decisions on
existing building retrofits and support strong policies to
lead Canada’s retrofit economy.
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A SHIFT IN FOCUS: FROM ENERGY TO CARBON
Energy is often used as a proxy for
carbon as a performance metric
because it is more readily available
and relates directly to costs. However,
evaluating a building’s energy
performance alone fails to consider
how carbon emissions vary between
electricity grids across the country,
and between fuels used on site.

Consider identical buildings in Quebec, one heated with natural gas and the
other heated with electricity. While each building may have an energy footprint
of 200 kWh/m2 (kilowatt-hours of annual energy used per square meter of
building area), the electrically heated building would emit about 0.5 kg CO2e/m2
(kilograms of carbon dioxide equivalent emissions per square meter of building
area) while the gas-heated building would emit about 18 kg CO2e/m2.
Two equally energy-efficient buildings, one emitting
thirty-six times as much greenhouse gas as its twin.

While Canada is a global leader in clean
electricity generation with 80 percent
of electricity sourced from low-carbon
sources, our electricity generation still
has a large carbon footprint, and we
disproportionately rely on fossil fuels to
heat our buildings.
Building owners, managers, tenants,
service providers, and policymakers
need to adopt a subtle yet important
shift from exclusively addressing energy
use to a view that prioritizes focusing
on carbon emissions. If the goal of
undertaking building improvements is to
reduce carbon emissions, we must move
towards terms such as “total carbon
footprint” and “carbon performance”
alongside “energy use intensity” or
“energy performance”.

Twin 1

Electric energy heating source
0.5 kg CO2e/m2 carbon emissions

Twin 2

Gas energy heating source
18 kg CO2e/m2 carbon emissions

Source: WSP
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EMISSIONS FROM CANADA’S ELECTRICITY GRIDS IMPACT
BUILDING CARBON PERFORMANCE
Canada’s National Energy Board
forecasts indicate that national carbon
emissions will decrease by about 14%
if population growth remains steady.

ELECTRICITY GRID CARBON INTENSITY FORECAST
1000

The carbon intensity of most provincial
electricity grids will decrease by 2030.
The grids with the highest carbon
intensities will see improvements as they
transition away from coal. Nonetheless,
New Brunswick, Saskatchewan, Nova
Scotia and Alberta are expected to
remain the most carbon intensive grids.
British Columbia, Ontario and Prince
Edward Island will see an increase in
emissions.
As the carbon intensity of the electrical
grids decreases, the GHG-reduction
benefit from electrification will
rise, increasing the importance of
encouraging the transition away from
a reliance on fossil fuels to heat our
buildings. The anticipated continued
reliance on fossil fuels for electricity
generation points to the need to
emphasize renewable energy generation
at all scales (including the building
scale).
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ADDRESSING BUILDING EMISSIONS REQUIRES
A VIEW BEYOND GRID INTENSITY
ELECTRICITY GRID CARBON INTENSITY IS ONLY ONE FACTOR
CONTRIBUTING TO TOTAL CARBON EMISSIONS FROM BUILDINGS
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Examining the impact of building emissions requires a more complete view of emission sources. While carbon intensive
grids relate directly to higher emissions from individual buildings, sector emissions are also impacted by building efficiency,
the forms of energy used, and total building floor area in a given region . For example, ON contributes among the greatest
emissions from buildings in Canada despite its relatively clean grid, as a result of the province’s large total building floor area
and the reliance on natural gas for heating and hot water.

QC

Source: 2014 emission intensities from Canada’s National Inventory Report 2017, 2016 emissions from WSP National Carbon roadmap model.

Source: WSP National carbon roadmap model
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GHG EMISSIONS BY BUILDING ASSET CLASS VARY
ACROSS CANADA
Sixty building segments were formed from the ten
provincial regions and six asset classes. These segments
were evaluated to determine the relative contributions
of each to potential emissions reductions. The following
six asset classes were used for this analysis:

2016 LARGE BUILDING CARBON EMISSIONS
BY BUILDING TYPE

Commercial: Office buildings (including
medical offices)

Retail: Food, beverage, and non-food
retail stores.

Commercial

7.6 MT
Other 1

Health care: Hospitals, nursing homes, and
residential care facilities.

13.8 MT

Residential

3.0 MT
Residential: High-rise buildings with five
or more storeys.

Education

3.0 MT
Retail

Education: Elementary and secondary schools.

Other: Warehouses, universities/colleges,
shopping malls, entertainment, leisure,
recreation & arenas, and other facilities not
included the above typologies.

5.3 MT

1

Healthcare

2.7 MT

“Other” includes: Warehouses, Universities & Colleges, Shopping Malls,
Entertainment, Leisure, Rec. Arenas, and Other Facilities

Source: WSP National carbon roadmap model
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3.0 MT

2.5 MT

0.0 MT
ON Other
AB Other
AB Commercial
AB Retail
ON Commercial
ON Residential
ON Retail
NS Other
QC Other
ON Education
SK Other
ON Health Care
SK Commercial
BC Other
AB Education
SK Retail
NB Other
NS Retail
AB Residential
AB Health Care
NS Commercial
BC Retail
QC Retail
QC Education
QC Commercial
NS Education
QC Residential
BC Commercial
NS Health Care
MB Other
NL Other
NB Retail
SK Education
QC Health Care
BC Education
BC Residential
MB Retail
SK Residential
NB Commercial
MB Commercial
NB Education
SK Health Care
NB Health Care
NS Residential
BC Health Care
NL Retail
MB Education
NL Education
PE Other
NL Health Care
NL Commercial
MB Residential
NB Residential
MB Health Care
PE Retail
PE Education
NL Residential
PE Health Care
PE Commercial
PE Residential

GHG EMISSIONS BY BUILDING ASSET CLASS VARY
ACROSS CANADA
POTENTIAL FOR CARBON EMISSION REDUCTION BY 2030 (MTCO2E)

3.5 MT

Up to 60% of opportunities are in the top 8
building segments and can achieve a 30.2%
reduction in GHGs (12.6 MT CO2e). An additional
8.6 MT in GHGs (21%) are achievable in the
remaining 52 building segments to achieve a
total 51% carbon emissions reduction from
buildings by 2030.

2.0 MT

Prioritizing actions
in 8 segments
could deliver 30%
GHG emissions
reduction
in Canada’s
large buildings.

1.5 MT

1.0 MT

0.5 MT

Source: WSP National carbon roadmap model
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BUILDING CHARACTERISTICS INFORM
APPROACH TO REDUCING CARBON
Emissions from building segments are influenced by building size, age, choice of energy sources, regional electricity
grid, and building type.
›› Building Size: Buildings from 25,000 to 50,000 ft2
offer a greater potential for total carbon emissions
reductions than the 50,000 to 200,000 ft2 or the
200,000 ft2 and larger categories.
BUILDING SIZE (FT2)

REPRESENTATIVE BUILDING TYPE

25,000

5-storey low-rise apartment
(approx. 5 units per floor)

50,000

Small to mid-sized retail strip
mall
(approx. 10-15 units)

100,000

High school

200,000

Big-box retail store

400,000

Large commercial office building

›› Building Age: Buildings tend to reflect building code
requirements in use at the time of construction;
older buildings were often constructed to lower
energy-efficiency standards. Major building renewal
activities, which typically occur in 30- to 50-year
cycles, are an ideal intervention point to drive deeper
GHG reductions.

›› Energy Source (Fuel Type): Natural gas, a carbon
intensive energy source, is the most common heating
method in many regions of Canada. Air and ground
source heat pumps are able to use electrical energy
very efficiently and will continue to see increased
adoption.
›› Regional Electricity Grid: Provinces with high-carbon
intensity grids – such as Alberta, Saskatchewan,
Nova Scotia, and New Brunswick – could achieve the
greatest emissions reductions from the installation of
renewable energy systems.
›› Building Type: Within each province, carbon emissions
vary by building type due to differences in operation
and energy demand profiles. In all provinces, the
“other” asset class category represents the largest
opportunity for carbon emissions reductions. This
asset class includes warehouses, entertainment
venues, leisure and recreation buildings, shopping
centres, and colleges and universities.

A ROADMAP FOR RETROFITS IN CANADA

|

8

BUILDING CHARACTERISTICS INFORM
APPROACH TO REDUCING CARBON

TOTAL 2016 BUILDING CARBON EMISSIONS FROM ELECTRICITY AND NATURAL GAS: 35.3 MT CO2E

Share of large building GHG emissions

PROVINCE

YEAR OF
CONSTRUCTION

BUILDING SIZE

BUILDING TYPE

FUEL TYPE

1

AB
36%

1960-1979
37%

25,000 – 50,000 sf
36%

Other 1
39%

Electricity
44%

ON
27%

SK
9%

1980-1999
29%

QC
9%

Pre-1960
19%

NB 3%
MB 3%
NL 1%
PE 0%

BC
6%

2000 or after
15%

200,000+ sf
30%

50,000-200,000 sf
34%

Commercial
22%

NS
7%

Retail
15%

Natural Gas
51%

Healthcare Residential Education

8%

8%

8%

Fuel Oil &
Propane
5%

“ Other” building types include warehouse, and the SCIEU 2009 database “other” category including entertainment, leisure and recreation buildings, shopping centres, colleges and
universities. Cross-referencing with NRCan’s Comprehensive Energy Use Database, floor area of the “other” category appears to consist of 5% entertainment/leisure/recreation, 4% info
& cultural industries, 6% colleges & universities, 23% warehouses, 59% other / unknown building types. Due to the nature and differences in data collection and application between
these two data sources, the uncertainty in this allocation should be considered significant.

Source: WSP Roadmap for Retrofits model
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REDUCING DEPENDENCE ON NATURAL GAS
AND ELECTRIC RESISTANCE HEATING

The carbon emission profiles of buildings in
Ontario, Quebec, British Columbia, and Manitoba
are dominated by emissions from natural gas.
Reducing dependence on natural gas will play
an important role in reducing carbon emissions.
Actions may include recommissioning, waste heat
recovery, deep retrofits focusing on gas reduction,
and fuel switching via electrification.

In addition, 41% of Canada’s large residential
buildings use electric-resistance heating. Highly
efficient electric heat pump systems could save
energy. Targeting retrofits in buildings that use
electric-resistance heating can significantly
impact both cost and emissions in provinces with
high-intensity carbon grids – such as Alberta,
Saskatchewan, Nova Scotia and New Brunswick.

TOTAL GHG EMISSIONS (MTCO2E)
BY PROVINCE 2016

SHARE OF LARGE MULTI-FAMILY RESIDENTIAL
BUILDINGS USING ELECTRIC RESISTANCE HEATING

12.6
9.4
Natural Gas
Electricity
3

AB

ON

SK

3.1

QC

2.6

NS

2.1
BC

1.0

0.9

0.5

0.1

NB

MB

NL

PE

Total carbon emissions (megatonnes CO2e) by province in 2016
Source: WSP National carbon roadmap model

QC
NL
NB
MB
CANADA
ATL
BC
NS
ON
SK
PEI
AB

77%
61%
59%
42%
41%
40%
34%
26%
17%
7%
5%
4%

Priority provinces based
on GHG potential

Share of large multi-family residential buildings using electric resistance heating
Source: Natural Resources Canada Comprehensive Energy Use Database, 2014 data
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A ROADMAP FOR RETROFITS IN CANADA
CaGBC’s Roadmap for Retrofits presents the recommended actions
necessary to meet our 30% emissions reduction target:
Reductions in the carbon intensity of the electrical grids are expected to offset population growth and result in a 5.9 MT CO2e
(14%) decrease in Canada’s emissions by 2030. Meeting the 30% national target will require strategic action in each province and
every building segment. As a whole, large buildings in Alberta and Ontario currently emit the most carbon and so they have the
greatest potential for reducing emissions. The specific benefit of the actions undertaken will vary depending on the size, age,
and type of buildings, as well as the choice of energy sources and the carbon intensity of the regional electricity grid.
ACTION #1 – Recommissioning in 60% of
very large buildings (over 200,000 ft2) and
40% of large buildings (25,000 to 200,000 ft2)
to optimize existing buildings equipment and
systems. Recommissioning has greater benefit
to commercial, health care and retail buildings.
Prioritizing this action for these building types
will cut 2.1 MT CO2e emissions, 31% of the
reduction activity needed by large buildings to
meet Canada’s 30 percent reduction target.

ACTION #3 – Switching to low carbon fuel sources
(electrification) in 20% of buildings over 35 years old
in all regions. In complex buildings (e.g.: commercial
and health care) this must take place as part of major
building renewal. Approximately 40 to 80% of these
buildings are slated for natural renewal of their major
equipment by 2030. Achieving this level of renewal
in combination with the recommendations above
will result in a 1.6 MT CO2e reduction, 25% of the
reduction activity needed

ACTION #2 – Deep retrofits in 40% of buildings
over 35 years old, which will soon require
renewal activities, and of buildings heated using
electric resistance systems in regions with
carbon-intensive electricity grids (e.g. Alberta,
Saskatchewan, New Brunswick and Nova Scotia).
In most provinces, the retail building segment
should be prioritized. This will cut 2.0 MT CO2e
emissions, 31% of the reduction activity needed.

ACTION #4 – On-site renewable energy systems
installations (e.g. solar) in 30% of buildings located
in provinces with carbon-intensive electricity grids
(e.g. Alberta, Saskatchewan, New Brunswick and
Nova Scotia). Focusing on buildings with large roofto–floor space ratios, such as retail, education and
institutional buildings, will optimize energy gains in
the Prairie and Atlantic regions. This will cut 0.9 MT
CO2e emissions, 13% of the reduction activity needed.

A single action will not reach our carbon emission reduction targets. Rather, a combination
of actions is required for Canadian large buildings to achieve our climate commitments.
A ROADMAP FOR RETROFITS IN CANADA
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A ROADMAP FOR RETROFITS IN CANADA

Strategy and 2030 carbon
impact for proposed actions
by region

Moderate & Low Carbon Grid

Recommissioning
60% above 200,000 ft2 &
40% of buildings over 25,000 ft2

Recommissioning
60% above 200,000 ft2 &
40% of buildings over 25,000 ft2

Deep Retrofits
40% over 35 years old and 40%
of electric-resistance heated

Deep Retrofits
40% over 35 years old
Renewables
None

Renewables
30% of all buildings

0.5
MT

High Carbon Grid

2.0
MT

Fuel Switching (electrification)
20% over 35 years old

Fuel Switching (electrification)
20% over 35 years old

0.4
MT

0.1
MT

0.2

High
Carbon
Grid

MT

2.1
MT

Moderate
Carbon Grid

0.7
MT

Low
Carbon
Grid

0

MT

0.2
MT

Source: WSP National carbon roadmap model

0.4
MT
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A ROADMAP FOR RETROFITS BY REGION AND ACTIVITY
MEGATONNES GHG EMISSIONS REDUCTION BY 2030
Net emissions reductions in 2030 are influenced by changes in population and the carbon intensity of the electrical grids
(business as usual scenario, or BAU) as well as emissions reduction activities . Alberta and Ontario have the largest roles,
followed by Saskatchewan, Quebec, Nova Scotia, and British Columbia. The uptake of each activity is ambitious and requires
significant contribution by every province and real estate segment to meet Canada’s target. Emissions reduction shown as
negative (-) values, emissions increases shown as positive (+) values.

LEGEND
Recommissioning

Deep Retrofits

Fuel Switching

Renewables

-0.03
-0.21

-0.02

-0.14

-0.15

-0.14

-0.03

-0.59 -0.62
-0.63

-0.13

-0.13

-0.10

-0.06
-0.06

-0.14

-0.01 -0.01
-0.73 -0.73

-0.01

-0.19
-0.32
-0.18

-0.68

-0.02
-0.04
-0.04

BC

AB

SK

MB

ON

QC

NB

NS

PE

NL

Grand Total

BAU

0.31
(15%)

-2.34
(18%)

-0.91
(-29%)

0.17
(21%)

-1.9
(-13%)

0.24
(7%)

-0.37
(-28%)

-1.02
(-34%)

0.01
(13%)

-0.06
(-14%)

-5.86
(-14%)

Actions

-0.49
(-23%)

-1.97
(-15%)

-0.43
(-14%)

-0.21
(-25%)

-2.15
(-14%)

-0.69
(-22%)

-0.2
(-15%)

-0.38
(-13%)

-0.03
(-23%)

-0.07
(-17%)

-6.62
(-16%)

Total

-0.18
(-8%)

-4.31
(-34%)

-1.34
(-43%)

-0.04
(-5%)

-4.04
(-27%)

-0.45
(-14%)

-0.58
(-43%)

-1.4
(-47%)

-0.01
(-10%)

-0.13
(-31%

-12.49
(-30%)

Source: WSP National carbon roadmap model

-0.02

-0.06

-0.06

-0.13

-0.11
-0.12
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CARBON SAVING ACTION #1: RECOMMISSIONING

How a building is controlled, operated and
maintained influences how much energy it
uses. Even high-performance buildings need
to have their energy systems readjusted over
time. Optimizing the performance and operation
of an existing building’s system is known as
recommissioning (RCx).
Recommissioning generally involves improved control and
operation of existing assets – making the best of systems
already installed. The re-commissioning process begins
with an in-depth investigation of existing system design,
controls and operational performance. The resulting
optimization recommendations (typically related to control
adjustments, maintenance, and minor equipment retrofits)
are then implemented. Re-commissioning or ongoing
commissioning should be undertaken on a recurring basis
to ensure that energy reduction persists over time.
Recommissioning must be completed in 60% of very
large buildings (over 200,000 sq.ft.) and 40% of large
buildings (25,000 to 200,000 sq.ft.) to achieve the carbon
reduction target.
Recommissioning will benefit all building types and can
be implemented at any time in a building’s lifecycle. It is
most effective for intricate systems in large or complex
buildings. Initial priorities should include recreation/
other buildings, commercial offices, health care and retail.
Residential and education facilities must then follow.

KILOTONNES GHG EMISSIONS REDUCTION BY 2030 WITH
RECOMMISSIONING

Other
Commercial
Health care
Residential
Retail
Education

56
37
10
9
16
11

10
3
3
0
2
2

212
215
37
21
94
39
45
45
8
5
20
8

21
21
4
2
8
5

262
188
90
77
62
54

4
1
1
0
1
1

90
35
22
13
14
18

27
8
8
1
7
5

Prioritizing recommissioning in commercial, health care and
retail buildings will cut 2.1 MT CO2e in carbon emissions.
A ROADMAP FOR RETROFITS IN CANADA
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55
17
15
2
14
10

CARBON SAVING ACTION #1: RECOMMISSIONING
CASE STUDY – HUDSON’S BAY CENTRE
© Brookfield

The Hudson’s Bay Centre, a 1M sq.ft. mixed-use office and
retail building in Toronto, underwent recommissioning
in 2015.
The investigation phase of a recommissioning process uncovered
several opportunities for energy conservation, including both
operational and retrofit measures. Some of the most significant
measures implemented at the building included: readjusting the
differential set-points for various building systems; expanding the use
of free cooling during the winter and shoulder seasons; rescheduling
operational hours; and upgrades to the chilled water system and
heat exchanger.
The cost for implementing the recommended recommissioning
measures was approximately $900,000. In just one year, following
implementation of the recommended measures identified during the
recommissioning process, the 43-year old building reduced energy
use intensity by almost 10%, reduced electricity use by 17%, and saved
$1.2M in utility costs (compared to a 2011 baseline), yielding a simple
payback of just over one year.
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CARBON SAVING ACTION #2: DEEP RETROFITS

Deep retrofits involve major system
and equipment replacement or
upgrade, and often require greater
upfront investment in design, analysis,
and communication between owner
and tenants.
They are typically best pursued during
building renewal events such as envelope
and major equipment replacement, new
ownership or occupancy, and green
building certification.
Deep energy and carbon retrofits must be
completed in 40% of all buildings over 35
years old to achieve the carbon reduction
target, as well as in 40% of buildings heating
with electric resistance systems and located
in regions with carbon-intensive electricity.
Since major equipment renewal typically
takes place on 15 to 30 year cycles, across
Canada in any given year it is estimated that
about 3 to 6% of major equipment is replaced
or renewed. Therefore, between 2017 and
2030 (13 years), approximately 40 to 80% of
major equipment may naturally undergo
major renewal.

KILOTONNES GHG EMISSIONS REDUCTION BY 2030 WITH
DEEP RETROFITS

Other
Commercial
Health care
Residential

53
26
1
12
31
15

Retail

10
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Deep retrofits should be prioritized in buildings over 35 years old and in
buildings heated with electric resistance systems in provinces with carbonintensive electricity grids. In most provinces, the retail building segment
should be prioritized. This will result in 2.0 MT CO2e of emissions reduction,
31% of the reduction activity needed by large buildings to meet Canada’s 30
percent reduction target.
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CARBON SAVING ACTION #2: DEEP RETROFITS
CASE STUDY – ATCO CENTRE

The ATCO Centre is a 20-storey Class A commercial office building in Edmonton that is managed
by Triovest Realty Advisors Inc. Constructed in 1983, the building achieved LEED® EB:O&M Gold
certification in 2016.
The building underwent performance assessments, energy audits,
and retro-commissioning that first focused on proper operation
and systems optimization, with equipment being replaced only if
needed. Lighting was the first priority and was retrofitted with LEDs
resulting in a payback of 2-3 years.

RETAIL

EDUCATION

HEALTH CARE

RESIDENTIAL

As a result of implementing the low- or no-cost energy
conservation measures prioritized in the most recent retrocommissioning process, the building has reduced annual energy
use by 270,000 ekWh. Over the next 10 years these improvements
represent $180,000 in cost savings and 2,600 tonnes of avoided
GHG emissions, equivalent to taking 55 cars off the road.
The building has also achieved an ENERGY STAR score of 98
(performing better than 98% of similar facilities nationwide), having
increased from a score of 46 just seven years prior.

OFFICE

Rather than undergoing retro-commissioning just once, an iterative
process helped to progressively prioritize new retrofits each year,
eventually leading to window retrofits, the addition of variable
frequency drives and sub-meters, as well as the replacement
of boilers and cooling towers. By spreading out retrofits over
multiple years, management was able to better financially plan
and implement more upgrades, leading to greater energy and cost
savings over a longer time.

The upfront cost of a deep retrofit may be difficult to
justify on the basis of energy and maintenance cost
savings alone. However, the business case is much
easier to make when planned upgrades and the avoided
cost of equipment and assembly replacements are
taken into account. Longer term payback periods are
to be expected for measures to achieve even deeper
retrofits (e.g. over 50% reductions in energy or carbon).

RCX PAYBACK
(YEARS)

1

1.5

1.3

0.5

1.5

DEEP RETROFIT
PAYBACK
(YEARS)

6

4.7

3.8

7.2
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CARBON SAVING ACTION #3:
FUEL SWITCHING WITH LOW-CARBON ELECTRIFICATION

Existing buildings can reduce carbon emissions by switching
heating furnaces, boilers, and distributed equipment to highefficiency electricity-based systems or low-carbon fuels like
renewable biomass and low carbon district heating/cooling
systems, rather than natural gas or other carbon-intensive
fuels.
Fuel switching (electrification) helps in any region where the
electricity grid’s carbon intensity is below 530 gCO2e/kWh,
assuming a conservative air source heat pump efficiency
(COP) of 2.5. Every province in Canada is forecasting to
operate below this threshold by 2027, only 10 years from
now. This means that even regions with carbon-intensive
electricity grids today (Alberta, Saskatchewan, Nova Scotia)
will soon realize a carbon benefit from electrification.
In complex buildings (e.g.: commercial and health care) fuel
switching must take place as part of major building renewal.
Across Canada between 2017 and 2030, approximately 40
to 80% of major equipment may naturally undergo major
renewal.

KILOTONNES GHG EMISSIONS REDUCTION BY 2030
WITH FUEL SWITCHING
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Fuel switching must be completed in 20% of buildings over 35
years old in all regions to achieve the carbon reduction target.
This will cut 1.6 MT of CO2e emissions, 25% of the reduction
activity needed..
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PRICING SIGNALS
The low cost of natural gas relative to electricity has
historically led building owners to switch from electricity
to natural gas – the reverse of the electrification pathway
that would lead to carbon savings. The financial viability of
electrification needs to be effectively proven and widely
communicated if it is to be adopted as common practice.
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Currently, the combination of GHG reductions and
financial benefits make fuel switching particularly
attractive in British Columbia, Manitoba, Quebec, PEI and
Newfoundland & Labrador. In these regions, significant
effort should be put into reducing reliance on fossil fuels
for heating and increasing the adoption of highly efficient
heat pump technology. As grids become less carbon
intensive and carbon prices rise, heat pumps will very
rapidly become attractive throughout the rest of the
country.

15¢

¢/kWh of heat delivered

The following chart compares the cost of heating with
various types of fuel sources and heating systems in major
Canadian cities, and while electricity and gas prices vary
widely across the country, gas heating is consistently
cheaper than electric resistance heating. However,
despite the high cost of electricity, an electric heat pump
system will cost less to operate than a gas boiler in most
locations, assuming a carbon tax of $50/ton (required
across Canada by 2022).Heat pump systems exchange
heat with their surroundings instead of producing heat
directly, meaning they often perform with a coefficient of
performance of 2.5 or more (250% efficiency).

COST OF HEATING IN MAJOR CANADIAN CITIES

Electric
Resistance
Heating

Gas Boiler,
85% Efficiency
($50/t GHG)

Electric Heat
Pump, COP 2.5
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CARBON SAVING ACTION #4:
ON-SITE RENEWABLE ENERGY GENERATION

While many forms of
on-site renewable energy
generation exist, including
solar thermal, biomass, wind,
and micro-hydro, it is solar
photovoltaic (PV) electricity
generation that is the most
common, particularly for
existing buildings.
Renewable energy systems must
be installed in 30% of buildings
located in provinces with carbonintensive electricity grids (Alberta,
Saskatchewan, New Brunswick and
Nova Scotia) to achieve the carbon
reduction target.
Carbon savings through on-site
renewable energy are negligible
in British Columbia, Manitoba
and Quebec, owing to their low
carbon intensity electricity grids.
Nonetheless there remain other
benefits to on-site renewable
energy within these regions,
including increased resilience.

KILOTONNES GHG EMISSIONS REDUCTION BY 2030 WITH
RENEWABLE ENERGY
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On-site renewable energy systems installations should be prioritized in provinces
with carbon-intensive electricity grids for buildings with large roof-to-floor space
ratios, such as retail, education and institutional buildings. This will cut 0.9 MT of
CO2e emissions, 13% of the reduction activity needed,
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CARBON SAVING ACTION #4:
ON-SITE RENEWABLE ENERGY GENERATION

With the cost of commercial
solar photovoltaic (PV) systems
continuing to decrease steadily, it
is expected to one day generate
power at a levelized cost of
electricity (LCOE) that is less than
the cost of purchasing power from
the electricity grid. Known as “grid
parity”, this is the point when solar
power can become more viable
for widespread adoption without
additional subsidies or incentives.
It is estimated that as of December
2016, more than 30 countries
have reached grid parity without
subsidies, and around two-thirds of
the world should reach grid parity in
the next couple of years. If electricity
costs were to rise by 3% annually,
80% of the global market would
reach grid parity in the next couple
of years.4

COMMERCIAL SOLAR PV SYSTEM (200KW) COST,
Q4 2009-Q1 2016 (2017 $CAD/W)
$7.01
$6.50

$4.48
$3.63

$2.96

Q4

2009
Renewable Infrastructure Investment Handbook:
A Guide for Institutional Investors. World Economic
Forum (2016)

$3.62

Q4

2010

Q4

2011

Q4

2012

Q4

2013

Q1

2015

$2.85

Q1

2016

4

Source: U.S. Solar Photovoltaic System Cost Benchmark: Q1 2016, National Renewable Energy Laboratory
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CARBON SAVING ACTION #4:
ON-SITE RENEWABLE ENERGY GENERATION
CASE STUDY – SOLAR ROOF FOR CAMROSE RECREATION CENTRE, ALBERTA

On October 14, 2016, the City of Camrose, Alberta and
ENMAX Energy proudly unveiled a large-scale solar
installation on Camrose Recreation Centre providing over
30 per cent of the facility’s current electricity needs and
reducing carbon emissions by about 690 tonnes annually.
Engineered and installed by Great Canadian Solar,
the system is the first in Canada to use LG’s new highefficiency NeON2 photovoltaic panel ,which improves
panel efficiency, helping the installation ultimately
produce over 25 per cent more electricity.

Fast Facts:
›› The entire solar array consists of 2,886 solar PV
modules covering about 33,000 sq. ft. and has a
maximum capacity of just over one MW (1,053 kW DC).
›› Based on current usage, this will meet about 31 per
cent of the facility’s annual electricity needs.
›› The system will generate enough electricity to
power the equivalent of 118 average Alberta homes,
offsetting about 690 tonnes of greenhouse gas
emissions annually.
›› Based on current demands, the installation is
expected to reduce electricity costs by up to
$60,000 annually.
›› Leverages the ENMAX solar leasing project to
increase adoption of solar technology province-wide.
›› Project cost of $1.7 Million (source: cbc.ca)

Source: ENMAX Energy/YouTube
The above is an abbreviated reproduction of an ENMAX press release dated October 14, 2016, “Camrose kicks carbon to the curb”
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RECOMMENDATIONS FOR THE TRANSITION TO
LOW-CARBON EXISTING BUILDINGS
Policies and Programs that Prioritize Action on Carbon
In order to move forward with the actions needed to improve the performance of large buildings and meet our 2030
commitments, the federal government should target investments to address strategic opportunities to reduce GHG
emissions in existing buildings throughout Canada.
1. Canada’s future retrofit code should include a GHG
metric along with energy thresholds.
A focus on energy alone will not yield the results
necessary to meet our GHG targets and transition to a
low-carbon economy. Given that carbon reduction is
the ultimate goal, carbon must factor into the policy
development for government levers that would trigger
upgrades in building performance, including the
retrofit code.
2. Develop regional roadmaps for publiclyfunded retrofits.
Each province should develop a roadmap for retrofits
to target areas where investments can yield the
highest economic and environmental benefits, taking
into account building size, age, choice of energy
sources, regional electricity grid, and building type.
The Low Carbon Economy Fund and future funding
programs should seek to deploy roadmaps to
yield the highest impact for carbon reductions in
commercial building retrofits.

3. Prioritize investments in retrofit projects
that can scale.
Investments should target opportunities to scale
interventions in building performance, such as
university and college campuses, hospitals and
military bases, where several buildings share the
same owner and management company. A campus
approach to retrofits may open the door for additional
opportunities to increase building performance, such
as waste heat recovery and neighbourhood renewable
energy systems.
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RECOMMENDATIONS FOR THE TRANSITION TO
LOW-CARBON EXISTING BUILDINGS (CONTINUED)
Policies and Programs that Prioritize Action on Carbon
4. Support mandatory energy benchmarking
program adoption.
Access to data helps markets compare performance
and assign value to efficient buildings, which motivates
competition and improvement. In Canada, available
building performance data has notable gaps. For
example, in developing this report, the activity type
of over one third of Canadian building assets could
not be classified. Federal and provincial governments
must enact and support energy benchmarking
policies that will provide a foundational body of data
to help owners, organizations and governments
develop building performance improvement policies
and programs that prioritize action on carbon.

5. Increase investor confidence in Canada’s
retrofit economy.
In Canada, the retrofit ecosystem is stunted by
limited access to financing, low investor confidence
in performance outcomes, and high transaction
costs. With no standardized measure for certifying
the ROI from a building retrofit or evaluating project
risks, securitization is difficult for Canadian banks
and financiers. Canada can demonstrate leadership
by adopting the Investor Confidence Project (ICP) to
unleash investment and support the existing building
retrofit market. The ICP is a standardized framework
for risk assessment and verification of building retrofits
that provides commercial investors and building
owners with confidence in project engineering,
performance outcomes, and financial returns.
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