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LETTER FROM
THOMAS MUELLER,

PRESIDENT AND CEO, CAGBC

In Spring 2016, Canada’s First Ministers signed the Vancouver Declaration
on Clean Growth and Climate Change, committing to meeting or exceeding
the federal government’s 2030 target of a 30% reduction below 2005
levels of greenhouse gas (GHG) emissions (“30 by 2030”). This milestone
agreement pushes emissions reductions to the forefront in a way not
seen previously at a national level, and is a call to action for governments,
the private sector, and all stakeholders. Now is the time to develop and
implement concrete and aggressive GHG emissions reductions plans.

A recent report by the American Council for Energy-Efficient Economy (ACEEE) ranks Canada 6tout of 23 countries
in terms of energy efficiency policy but only 18t on actual performance.' This signals that Canada still has room to
implement stronger energy efficiency measures, which are presently underutilized. Over the years, several national
and international reports have concluded that energy efficiency improvements in the building sector are the

most cost-effective approach to reduce energy use and carbon emissions than any other sector of the economy.

For example, a 2009 report by the UN indicates that the existing building stock represents the most important
opportunity to substantially cut GHG emissions, by virtue of the scale of the reductions that are possible and the
economic returns from doing so. 2

At the CaGBC, we are demonstrating that Canada can achieve real results in the battle against climate change by
investing in the building sector. We believe that in order to achieve the 2030 target, governments must commit to
policy initiatives that meet stringent high performance standards while engaging and supporting broader uptake
of energy efficiency and lower carbon emissions across the building sector. Together, we must pursue a concerted,
comprehensive approach to reach our targets and continue a culture of environmental leadership and innovation in
Canada’s building sector that we started with the introduction of LEED over ten years ago.

This report outlines the CaGBC’s formal recommendations and research to support the Government of Canada in
achieving the GHG emissions targets established under the Vancouver Declaration for Clean Growth and Climate
Change. Consistent with the federal targets, the CaGBC focuses on recommendations that would help achieve a 30%
GHG emission reduction from the building sector by 2030.

This report demonstrates that the progress towards a low carbon building sector can be widespread through
measures targeted at existing buildings and new construction projects that will accelerate GHG reductions. To realize
this potential, immediate action is needed by all levels of government and the private sector to put readily available
and well-understood practices, technologies and products for the building sector into action across Canada. The
federal government plays a key role in developing leading policies and programs in partnership with the Provinces
and the private sector and, at the same time, demonstrating leadership with its own portfolio of buildings as a model
for everyone else to follow. The CaGBC will continue working with the Government of Canada to provide advice and
support the implementation of the best mix of solutions to grow the green economy and reduce emissions in the
building sector. reducing the burden and future cost associated with climate change.

1 Canada ranks tenth among 23 countries in energy efficiency: study. The Globe and Mail. 2016.
2 Buildings and Climate Change. UNEP. 2009. http:/www.unep.org/sbci/pdfs/SBCI-BCCSummary.pdf
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EXECUTIVE SUMMARY

The Canada Green Building Council (CaGBC) believes that a strong
economy-and-.environmental leadership are intertwined. Canada
can achieve.economic growth and combat climate change by
investing:in targeted sectors that have long-term greenhouse
gas (GHG) emission reduction potential. The built environment
presents a significant opportunity for the federal government to
work with mu@ lities, provinces and territories, and industry to
bring abou vironmental change and create a sustainable
green ecojimx’f',:

=

In support ofthe Vancouver Declaration and Canada’s 2030 green-
house gas (GHG) emission target, the CaGBC submitted recom-
mendations to the federal Mitigation Working Group and the House
of . Commons Finance Committee for Pre-budget Consultations in
August.of 2016.-To substantiate its recommendations, the CaGBC
commissioned research examining the carbon savings potential
of existing buildings and net zero buildings, as well as an analysis
to demonstrate the required investment and economic benefits.

A well-defined leadership position for the federal government is
offered and recommendations are proposed which will advance
the transformation and growth of Canada’s green building industry
and real estatessector, create jobs, and develop green expertise
while positioning Canada as a leader in the global green economy.
The proposed measures will also contribute to economic growth
in Canadian communities while reducing the burden and future
cost associated with climate change.



7 Building Solutions To Climate Change

Our recommendations will fuel the growth of Canada’s
sustainable building industry and real estate sector
while positioning Canada as a global leader, through
four key areas:

A. Meet Canada’s Climate Change Targets by investing
in and providing incentives for energy efficiency
improvements in existing buildings to reach a high-
performance standard -- with an immediate focus
on recommissioning and retrofitting;

B. Strengthen Building Performance by advancing
building energy benchmarking, reporting and
disclosure initiatives -- including expanding the
ENERGY STAR Portfolio Manager Program; and

C. Invest in Net Zero Buildings by supporting a
National Net Zero Building Initiative to create a
Canadian standard to guide the industry in building
net zero buildings and neighbourhoods.

D. Reduce the Government’s GHG Emissions by
adopting advanced high-performance green
building measures for federal building renovations,
new construction and leased properties, to meet
LEED standards and, where appropriate, net zero
for new construction;

Together, we can achieve substantial GHG reductions in
the building sector through a concerted approach that
meets rigorous international standards. This approach
will not only help achieve Canada’s 2030 targets, but
also bolster our environmental credibility at home and
abroad.

How Green Buildings Can Help Meet Canada’s 2030 Emissions Targets

Recommendation A: Meeting
Canada’s Climate Change
Targets

Canada needs to reduce greenhouse gases
by 208 megatonnes from the 2014 baseline
of 7323 megatonnes, in order to achieve its
climate change target of 5244 megatonnes.

In 2014, the building sector in Canada emitted 87
megatonnes of greenhouse gases from on-site
combustion of fossil fuels.® Buildings are also
responsible for a significant proportion of the emissions
associated with the consumption of electricity. While
building owners and governments have made some
progress in reducing energy use and GHG emissions,
a WSP report commissioned by CaGBC finds that
they must dramatically accelerate energy efficiency
improvements to buildings in order to reduce GHG
emissions.® By developing a suite of grant programs,
tax incentives and pilot projects that focus on
high-performance standards, the federal government
can help public and private building owners achieve
significant emission reductions and contribute
significantly to meeting Canada’s 2030 target.

3 Greenhouse Gas Emissions. Environment and Climate Change Canada.
2016.

4 Progress Toward Canada’s Greenhouse Gas Emissions Reduction Tar-
get. Environment and Climate Change Canada. 2016.

5 Canadian Environmental Sustainability Indicators. Environment and
Climate Change Canada. 2016.

¢ National Carbon Forecast. WSP. 2016.
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In order for the building sector to achieve its share of
the federal emissions reductions target by 2030, the
following initiatives need to be implemented for public
and private sector buildings over 25,000 square feet
across Canada’:

Recommission the 80% of buildings that have yet to
undertake any retrofitting activity to high-performance
standards in order to optimize existing systems

in buildings for improved control and operational
performance;

Undertake deep retrofits for 60% of buildings to
high-performance standards such as LEED, ensuring
that key building systems such as lighting, HVAC and
envelopes are upgraded;

Incorporate solar or other renewable onsite energy
systems for 40% of buildings; and

* Work with jurisdictions and the private sector to
switch fuel sources to generate emissions reductions
in 20% of buildings.

If these four initiatives are implemented between 2017
and 2030, our analysis demonstrates that Canada can
achieve a 44% reduction in emissions for buildings over
25,000 square feet by 2030, surpassing the Canadian
target®. These savings amount to 19.4° million tonnes
of GHGs in 2030, and energy-related cost savings of
approximately $6.2 billion.

7 For the purposes of this submission, we are focused on buildings over
25,000 square feet. While the measures identified could be applied to
buildings under 25,000 square feet as well, the costs and challenges of
implementation will be less strenuous for the larger class of buildings.
Therefore, we have proposed measures to achieve reductions greater
than 30% in the class of buildings over 25,000 square feet.

8 National Carbon Forecast. WSP. 2016.

® This includes 1.8 million tonne carbon emission reductions from im-
provements to the electricity grid from 2005 - 2030.

How Green Buildings Can Help Meet Canada’s 2030 Emissions Targets

Economic Benefits

Implemented in 2017-2030, findings show that the
CaGBC’s recommendations are expected to deliver
positive, sustained results. The total associated GHG
emissions savings from the carbon forecast model is
19.4 million tonnes, equivalent to a 44% reduction in
2030 from 2005 levels. This is valued at $960 million
in avoided emissions based on 2030 dollars, or $729
million in 2016 dollars.

According to an economic analysis commissioned

by CaGBC', the estimated net present value of all
GDP impacts of these activities will be $261 billion.
Implementing this initiative will result in direct and
indirect GDP impacts of $32.5 billion in 2030, reaching
$42.9 billion inclusive of induced impacts.

Employment gains from building upgrades are
anticipated to average 260,741 equivalent full-time
jobs annually, with labour income peaks in 2030 at
$26.8 billion (in 2030 dollars). When direct, indirect
and induced impacts are combined, construction
activity in 2030 alone will generate $5.2 billion in taxes
accruing to the federal, provincial and municipal orders
of government. In 2030, the social cost of the GHG
emissions avoided will be $960 million in 2030 dollars
($729 million in 2016 dollars).

The economic report also identifies that, in the
short-term, design, manufacturing, installation and
construction jobs will be created from the initiatives
that generate GHG reductions. The impacts of adopting
green building deep retrofits, recommissioning,
renewables, and fuel switching will stimulate 16 industry
sectors across the supply chain in Canada, including:
manufacturing, professional services, trade, real estate,
construction, and telecommunications. Over the
long-term, the initial costs associated with the upgrades
can be recouped through energy savings, which are
expected to reach approximately $6.2 billion annually in
2030.

° High-Performance Building Scenarios in Canada: An Economic Impact
Assessment. Acton White Associates Inc. 2016.
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Figure 1: Building Solutions to Climate Change to Meet Canada’s 2030 Emissions Target
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We cannot take targeted measures to reduce emissions
without having an accurate baseline picture of how
individual buildings perform, and when and where
emissions are generated. Energy benchmarking enables
the measurement of energy use and year-over-year
GHG emissions reductions in existing buildings. It
empowers building owners in the public and private
sectors to pinpoint exactly how energy is used. It
provides them with the data they need to strategically
invest in improvements in operations, technology
upgrades and retrofits to reduce GHG emissions. The
data that is generated, along with industry support

and incentives, stimulates private and public sector
investment in efficiency measures.
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The federal government can demonstrate leadership

in achieving its GHG reductions goals by advancing
energy benchmarking, reporting and disclosure in the
public and private sector including buildings in its own
portfolio. To strengthen Canada’s energy benchmarking
regime, we propose the federal government:

1. Invest in ENERGY STAR Portfolio Manager to
support a wider range of building types and
develop dynamic data analysis and reporting
capabilities for the industry;

2. Collaborate with provinces and territories to adopt
the national framework for energy benchmarking,
reporting and disclosure, developed by CaGBC
with industry input”, as a guide to support each
jurisdiction in implementing a program that
addresses the specific needs of their region; and

3. Encourage provinces, territories and municipalities
to adopt an energy benchmarking, reporting and
disclosure program for buildings over 25,000
square feet.

Energy benchmarking and its associated data will
provide the government with:

e Access to data on buildings in the public and private
sector portfolios can be used to track and verify
the impact of government programs to encourage
energy efficiency, and to optimize programs by
identifying buildings with the greatest opportunity for
improvement;

Improved energy conservation awareness among the
civil service;

* A measured approach and outcomes to demonstrate
that the federal government is taking action toward
achieving climate and energy goals from existing
buildings, and

Access to key data on the performance of its
buildings, enabling targeted improvements to building
operations and retrofits;

Once the federal government understands actual
energy use and emissions, it can more strategically
implement targeted measures to get Canada to a 30%
reduction and beyond.

" http://www.cagbc.org/cagbcdocs/CaGBC_National_Energy_ Bench-
marking%20_Framework_April_2016.pdf.

How Green Buildings Can Help Meet Canada’s 2030 Emissions Targets

Recommendation C: Develop
Net Zero Buildings

If all new buildings over 25,000 square feet
were built to be net zero carbon between
now and 2030, GHG emissions for the large-
building sector would be 17% lower than
those in 2005, equal to 7.5 megatonnes of
GHG emission reductions.

CaGBC proposes to partner with the federal
government on a National Net Zero Energy Building
Initiative to create a Canadian standard to guide and
support developers, owners, designers and builders

in building net zero buildings and neighbourhoods. A
national net zero initiative would also drive innovation
in the building sector and further strengthen Canada’s
position as an international leader and innovator in net
zero buildings. This would open up trade opportunities
for Canada in the growing international market for
green buildings.

We recommend the federal government:

1. Work with provinces, territories and local
governments to adopt the net zero carbon standard
and paths being developed by CaGBC with key
stakeholders to ramp up the adoption of net zero
carbon buildings in the private and public sectors;

2. Develop a critical path to make suitable new federal
government buildings such as offices, research
facilities, and military buildings net zero carbon; and

3. Encourage jurisdictions to develop a critical path
to make suitable new government-owned, funded
or leased buildings (e.g. offices, schools, research
facilities) net zero carbon.

With current advances in innovation, it is reasonable
for the federal government to be a leader in net zero
buildings by setting a goal of net zero new construction
for government-owned or leased buildings.
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Net zero policy development in Canada is underway
and CaGBC is working to define the parameters

for the Canadian context. CaGBC has established a
national Working Group, including federal government
representation, which engages leading Canadian
building energy experts to:

e Define net zero and develop metrics for use by the
Canadian industry;

¢ |dentify pathways for the industry to move toward net
zero construction and retrofit; and

* Develop a standardized verification and monitoring
protocol to ensure performance targets are being met
and maintained over the life of a building.

To manage future growth in Canada’s building footprint
in @ manner that is in line with a low-carbon economy,
CaGBC is developing a regionally-based, net zero
framework and certification program (to be developed
by Fall 2016 and Spring 2017, respectively).

Figure 2: Net Zero Carbon Impacts of New Buildings
(2016-2030)

NEW BUILDINGS > 25,000 sq. ft

NET ZERO
CARBON

2016 02030

-17%

GHG emissions
from 2005 levels

How Green Buildings Can Help Meet Canada’s 2030 Emissions Targets

Recommendation D: Reducing
the Federal Government’s GHG
Emissions through Advanced
High-Performance Green
Building Standards for Federal
Building Renovations and New
Construction

Implementing carbon reduction activities

for federally-owned buildings over 25,000
sq.ft, which account for 3-5% of building
sector emissions, will result in GHG emissions
reductions of approximately 480,000 tonnes
and cost savings of approximately $170
million annually.

The federal government successfully adopted a LEED
Gold policy for new federal office buildings in 2005."?
Expansion of this policy to large building retrofits across
the entire portfolio of government buildings would
signal government leadership to the industry.

The following are specific recommendations for actions
the federal government can undertake to reduce the
GHG emissions in its own building portfolio by 30% by
2030:

1. Establish high-performance targets for energy
efficiency to help achieve maximum carbon
reduction benefits, for both the construction
and operating components of new and existing
buildings;

2. Adopt an energy benchmarking program across
the federal government’s building portfolio to
better understand energy use and target strategic
investment in building performance improvements;

3. Assess and prioritize the retrofit potential of federal
buildings that are the best candidates for high
performance green standards;

2 Government of Canada Adopts New Environmental Standard for
Buildings. Public Works and Government Services Canada. 2005.
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4. Mandate that 60% of all government-owned
buildings scheduled for significant renovations
by 2030 meet high-performance targets for deep
retrofits and recommissioning;

5. Adopt and implement an official policy committing
to achieving LEED Platinum for retrofits and
recommissioning of large existing buildings within
the federal government’s building portfolio, building
on the 2005 policy for new builds;

6. Further improve the performance of new buildings
by moving toward LEED Platinum or achieving zero
carbon targets through a renewable energy or fuel
switching options and use these as demonstration
projects for industry; and

7. Define strong procurement policies, leasing
requirements and infrastructure program guidelines
for new and existing buildings, reflecting the
importance of reducing emissions.

Economic Benefits

The WSP report determined that the carbon reduction
measures in federal buildings would yield cost savings
of approximately $170 million annually. A 2014 CaGBC-
McGraw Hill Construction study’™ demonstrated that
LEED-certified buildings yield savings in energy and
water costs, and increased employment well-being and
productivity, with a significant return on investment
over the lifecycle of a building.

The study also found that the majority of building
owners who retrofitted their properties to a LEED
standard in Canada expected to recoup the cost of their
renovation within just three to five years. Respondents
also expected to see a decrease in operating costs for
their retrofitted building of 3-10% within the first year,
and up to a 32% decrease within five years.

3 CaGBC. Canada Green Building Trends. 2016.
http://www.cagbc.org/cagbcdocs/resources/CaGBC%20McGraw %20
Hill%20Cdn%20Market%20Study.pdf

How Green Buildings Can Help Meet Canada’s 2030 Emissions Targets

Conclusion

Green building embodies a vision for Canada’s future
by providing jobs, boosting GDP and providing an

actionable solution to contribute to meeting our GHG
reduction commitments. Perhaps, just as importantly,
green building and sustainable infrastructure ensures
resilient cities that are ‘future proof’ to the impacts of
climate change and associated economic volatility.

But we must aim higher to see real and sustainable
results. The Government of Canada has an opportunity
to advance Canadian excellence in green building
design, construction, retrofit, manufacturing and
innovation, support the economy and reduce GHG
emissions to achieve our 30% target by 2030. There
are clear opportunities with targeting improvements
in existing buildings and driving innovation in new
buildings. These initiatives provide direct economic
benefits for Canadian businesses, governments and
citizens.

The CaGBC emphasizes that innovative policy measures
and government leadership are required to achieve real
results. There is no doubt that over their lifecycle, green
buildings deliver dollar savings and lower environmental
footprints. Alternatively, not investing in green building
means that the environmental costs continue to be
pushed into the future. Today’s governments have a
clear opportunity to advance Canadian excellence in
green building design, construction, manufacturing and
innovation, and support the Canadian economy while
reducing GHG emissions.



A. MEETING CANADA’S CLIMATE
CHANGE TARGETS

The WSP Group determined the GHG reduction potential in
the buildings sector using publicly available data combined
from'several.sources and a calculation model that forecasts

energy consumption and GHG emissions between 2005 and

20304
Xy,
ay

A scenario IF ofiinvestment options is detailed for
existing cMé‘F‘cial and institutional bgil\dings over 25,000
sqguare feet and residential buildings \?5 or more storeys.
Although measures identified could also be applied to
buildings.under 25,000 square feet, greater cost-effectiveness
and-reduced challenges are expected for implementing
measures across.a larger class of buildings.

* No complete inventory of buildings in Canada exists. See Methodology A - Establishing a National Carbon Forecast
for details.
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. Figure 3: Number of Commercial and Institutional
1) Carb_on FOI:ecaSt MOdeI' Buildings in Canada over 25,000 sq.ft
Scenario Options to Reach 2030
GHG Emission Reductions

Canada’s Inventory of Existing Buildings

Commercial
There are approximately 100,000 large buildings over 17%
25,000 square feet in Canada out of a total of 470,000.
Figure 1 illustrates the quantity of commercial and
institutional buildings over 25,000 square feet in size by
building type. These building categories represent the
greatest opportunities to contribute to GHG reductions

in the building sector.

- Education
12%

Healthcare

3%

Retail

15%

To capture residential building data, Natural Resources
Canada (NRCan)’s Comprehensive Energy Use Database
and the Canada Mortgage and Housing Corporation
(CMHC)’s Occupied Housing Stock were used.

Although data for the number of residential buildings is
unavailable, CMHC identifies 1,200,000 residential units
located in Canadian buildings five storeys or greater
(Table 1).

Table 1: Carbon Forecast Model Large Building Inventory®™

Building Type Category SCIEU 2009 Building Types Inventory over 25,000 sq.ft
. e Office Building (non-medical) -
Commercial « Medical Office Building 18,000 buildings
Education e Elementary or Secondary School 12,000 buildings
e Nursing or Residential Care Facility o
Healthcare ) 3,000 buildings
* Hospital
Residential e High-Rise with 5 or More Storeys* 1,200,000 units
Retail * Food or Beverage Store -
(excluding shopping centres**) * Non-Food Retail Store 15,000 buildings
Other * Warehouse
55,000 buildings
(excluding hotels and motels***) e Other °

*Number of multi-residential buildings is not included in SCIEU 2009. Data from Natural Resources Canada Comprehensive Energy Use Database for
residential buildings and Canada Mortgage and Housing Corporation Occupied Housing Stock used instead.

** Shopping centres are included in the “Other” category as per SCIEU 2009. It would have been preferred to incorporate shopping centres in the “Re-
tail” category but their associated data could not be broken out from the SCIEU 2009’s “Other” category and no other reliable sources were available.

*** The SCIEU 2009 Hotel or Motel category was excluded due to insufficient data for calculations.

5 Natural Resources Canada (NRCan) “Survey of Commercial and Institutional Energy Use - Buildings 2009” (SCIEU, 2009 for non-residential buildings)
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Carbon Forecast Scenarios

Current conditions and possible future scenarios relating
to GHG emissions in buildings are analyzed to evaluate
their reduction potential, with carbon, energy, and cost
savings highlighting opportunities for government
leadership in these areas. To ensure a viable path for
achieving a minimum 30 percent GHG reduction in
buildings over 25,000 square feet, the GHG savings
potential was evaluated for four primary scenarios:'®

1. Re-commissioning and upgrading building
control strategies

2. Deep energy retrofits
On-site renewable energy generation

4. Switching building systems to use lower-carbon
fuel sources (e.g.: electricity in place of natural
gas, within certain regions)

Recommissioning (RCx) optimizes existing systems

in buildings for improved control and operational
performance. Recommissioning is a cost-effective,
simple best practice. It is reasonable to establish an
objective of recommissioning all buildings above 25,000
square feet that have not already implemented this
practice; this represents 80 percent of the buildings in
this sector.

Deep retrofits (DR) involve major system and
equipment replacement or upgrades, such as lighting
retrofits, replacement of HVAC equipment, and
improvements to the building envelope. While deep
retrofits can be highly disruptive to buildings and
businesses - and best occur when there is full vacancy
as part of a larger renovation - this is a critical area for
immediate action. An adoption rate of 60 percent can
reasonably be achieved amongst buildings over 25,000
square feet.

8 Information for buildings from Canada’s northern territories including
Yukon, Nunavut and Northwest Territories is excluded from this report
due to insufficient data available to calculate viability and impacts of
Scenarios to these regions.

How Green Buildings Can Help Meet Canada’s 2030 Emissions Targets

Renewable energy systems (RES), such as on-site
solar photovoltaic (PV) panels installed on available
roof or grounds area offsetting a portion of facility
energy use, will be an important source of greenhouse
gas reductions. Due to the low carbon intensity of the
electric grids in British Columbia, Manitoba and Quebec,
carbon savings for solar installations is negligible in
these regions. Therefore, this activity will need to be
focused in provinces where they will contribute to
cleaner sources of energy production. An adoption rate
of 40 percent amongst buildings over 25,000 square
feet is achievable.

Fuel switching (FS) generally involves replacement of
natural-gas heating with high-efficiency electric heat
pump equipment, reducing emissions where electric
grids have low carbon intensities. An adoption rate of
20 percent is considered possible amongst buildings
over 25,000 square feet.

Electric grid carbon intensity dramatically influences
future building carbon emissions. In order to consider
the potential confined in the buildings sector itself, the
model acknowledges improvements to electric grid
carbon intensity between 2005 and 2014, but assumes
no further changes through to 2030. If grid carbon
intensity decreases during that time, specifically in high-
intensity regions such as Alberta and Saskatchewan,
additional emissions savings would be achieved.

Business as Usual

The Scenarios are compared to a baseline “Business as
Usual” (BAU) scenario that assumes no action is taken
to reduce GHG emissions. It should be noted that the
BAU scenario sees upward pressure from population
growth, with an overall 4% reduction in GHG emissions
is likely to occur due to changes in the electric

grid emission factors between 2005 and 2014. This
represents a reduction of 1,775,516 tonnes CO,e in 2030
from 2005 levels.
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Figure 4: 2030 Business As Usual (BAU) GHGs from 2005 Levels'
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Figure 5 presents the potential national GHG reductions that can be achieved by implementing each scenario based
on the uptake percentages identified in Table 2.

Figure 5: Large Building Emissions 2030 Forecast Compared to 2005 Levels

% GHG emission
reductions (2030)

”
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-20%
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Target -30%
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-40%
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-50%

Business As Usual Scenario 1 Scenario 2 Scenario 3 Scenario 4

7 Atlantic (includes New Brunswick, Nova Scotia, Prince Edward Island, Newfoundland & Labrador) and Prairies (includes Alberta, Saskatchewan and
Manitoba) regions are grouped accordingly based on availability of building energy data for these regions (see Methodology A: Carbon Forecast
Model).
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Table 2: Scenario Specifications

How Green Buildings Can Help Meet Canada’s 2030 Emissions Targets

Implementation Duration to

Scenario RCx (%) DR (%) RES (%) FS (%) = Start 2030 (years)
O - Business as Usual 0 0 0 0 2016 14
1 - Recommissioning (RCx) 80% (0} O (0} 2018 12
2- Deep Retrofits (DR) 80% 60% 0 0 2019 n
3 - Renewable energy systems (RES) 80% 60% 40% 0% 2021 9
4 - Fuel Switching (FS) 80% 60% 40% 20% 2021 9

Table 2 provides a summary of the specific levels

of adoption assumed for each of the measures to
reduce GHGs, summarizing uptake, completion of
implementation, and duration of implementation

for each scenario. The uptake rates represent the
percentage of all buildings that are assumed to adopt
the specified measures. The implementation completion
date represents the year in which implementation
could begin for the last of the measures included in the
scenario. Notice that each subsequent scenario builds
upon the last.

Furthermore, GHG intensity varies across regions and
building types. It is therefore necessary to examine
specific regions and building types in order to help
identify the most impactful mix of government and
industry initiatives that will help Canada reach its
greenhouse gas target. For example, encouraging solar
power initiatives in Atlantic Canada or the Prairies
would be more beneficial than in provinces with lower
carbon grids.

Scenario 1: Recommissioning (RCx)

While recommissioning uptake has increased in recent
years, particularly in large or complex buildings, it is

still a relatively new energy saving activity. The carbon
forecast model assumes that 20% of Canadian buildings
above 25,000 square feet have already achieved
available savings from RCx and has conservatively
assumed negligible additional savings from future RCx
activity from these buildings.

Scenario 1requires the remaining 80% of large buildings
to complete their first RCx activity by 2030, resulting

in 100% RCx completion overall. This scenario builds

in a two year implementation delay, during which
programs are set up to encourage all building owners to
participate in RCx, after which savings begins to accrue.
Based on an 80 percent adoption rate, recommissioning
of all large buildings could achieve an 18% reduction in
greenhouse gas emissions (see Table 3). The uptake of
recommissioning activities is expected to be highest

in regions where incentives for energy conservation
investigation and implementation exist.”®

8 There is no known data reporting recommissioning activity to date
across Canada, indicating the need for benchmarking programs that
track building performance and impacts of improvements and up-
grade activities.
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Table 3: Scenario 1 - Change in Large Building GHG Emissions by 2030* (Relative to 2005)

Business As Usual Scenario 1 Scenario 1

(Baseline) Recommissioning (RCx) relative to Baseline
Atlantic (AT) -35% -44% -9%
British Columbia (BC) 21% 4% -17%
Ontario (ON) -19% -31% -12%
Prairie (PR) 1% -5% -16%
Quebec (QC) 15% -2% -16%
Comadacch) s e s
Target -30%

‘Negative values represent a reduction in carbon emissions.

Scenario 2: Deep Retrofits (DR)

Implementing deep retrofits in 60 percent and
re-commissioning the remaining 80 percent of Canada’s
large existing buildings provides significant carbon
savings in almost all building types and regions.
However, there is less opportunity to cut emissions from
healthcare buildings due to the specific requirements of
their base systems and the lack of attainable sustainable
alternatives. Yet deep retrofits are notably effective

in retail and commercial buildings, which are optimal
building categories to target for decreasing Canada’s
overall GHG emissions.

Table 4 outlines the GHG reductions that can be
achieved by implementing Scenario 2 (recommissioning
and deep retrofits in a portion of large buildings) by
region and building type, predicting that a combination
of recommissioning and deep retrofits could achieve

a 31% reduction in GHG emissions, meeting the 2030
national target by a 1 percent margin.

Table 4: Scenario 2 - Change in Large Building GHG Emissions by 2030*

Commercial Residential Education Healthcare Retail Other All Types
Atlantic (AT) -56% -50% -52% -45% -59% -53% -53%
British Columbia (BC) -17% -6% -13% -1% -21% -12% -13%
Ontario (ON) -45% -39% -38% -29% -50% -41% -41%
Prairie (PR) -24% -14% -19% -8% -28% -19% -21%
Quebec (QC) -21% -11% -19% -7% -25% -16% -17%
Target -30%

‘Negative values represent a reduction in carbon emissions.
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Table 5: Scenario 3 - Change in Large Building GHG Emissions by 2030*

Commercial Residential Education Healthcare Retail Other All Types

Atlantic (AT) -57% -51% -57% -47% -66% -57% -57%
British Columbia (BC) -17% -6% -14% -2% -23% -12% -14%
Ontario (ON) -46% -39% -A% -31% -55% -43% -43%
Prairie (PR) -26% -16% -32% -13% -42% -27% -29%
Quebec (QC) -21% -11% -19% -7% -25% -17% -17%
Canada (CA) -33% -30% -36% -26% -46% -35% -36%
Target -30%

‘Negative values represent a reduction in carbon emissions.

Scenario 3: Renewable Energy Systems (RES) decrease overall GHG emissions. On the other hand,
the impact in regions with carbon-intensive grids can

be critical. For example, installing solar energy on 40
percent of large buildings in the Prairies could result in
GHG reductions of 8 percent for this sector.

The addition of renewable energy systems to re-
commissioning and deep retrofits can further reduce
GHG emissions to 36 percent below 2005 levels (see
Table 5). This implementation strategy achieves the
2030 target of a 30 percent decrease in building GHG Scenario 4: Fuel Switching (FS)
emissions. As the amount of possible solar energy is
proportional to the available roof area, solar panels have
the most impact on building types that are, on average,
shorter.

Table 6 illustrates the impacts of fuel switching in
addition to implementing Scenario 3, which allows
Canada to exceed its GHG reduction goals in the
building sector. Yet, achieving a 20% fuel conversion
goal may stress the capacity of regional electric
grids, which will require close examination. Scenario 4
represents particularly dramatic changes to provincial
GHG emissions where the grid has a low carbon

Assessing the viability of renewable energy systems
provincially, the savings that result from a renewables
strategy in Quebec, Manitoba and British Columbia are
negligible due to the low GHG intensity of the electric
grid in these regions. Since the grids in these regions intensity, namely British Columbia (-30% beyond

are aI'ready Ia.rgely based on Iow—carl?on source§, Scenario 3), Ontario (-15% beyond Scenario 3) and
creating on-site renewable energy will not considerably Quebec (-31% beyond Scenario 3)
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Table 6: Scenario 4 - Change in Large Building GHG Emissions by 2030*

Commercial Residential Education Healthcare Retail Other All Types
Atlantic (AT) -57% -51% -57% -47% -66% -57% -57%
British Columbia (BC) -32% -40% -47% -29% -58% -45% -44%
Ontario (ON) -53% -54% -59% -46% -70% -59% -57%
Prairie (PR) -26% -16% -32% -13% -42% -27% -29%
Quebec (QC) -37% -46% -51% -35% -62% -50% -48%
Target -30%

'Negative values represent a reduction in carbon emissions.

Figure 6: Change to Large Building Carbon Emissions Relative to 2005: Summary of Regional Impacts

Summary of Regional Impacts
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Carbon Model Outcomes

To achieve meaningful GHG reductions within each
building category and region, Canada requires an
approach that encompasses a combination of the
measures presented. Each will play an important role
in adding to the solution that helps Canada achieve a
minimum 30 percent reduction in the large-building
sector.

Based on this framework, four activities are outlined for
immediate action:

e Action 1: The first step in achieving our GHG reduction
target is to ensure that recommissioning is performed
on the 80 percent of buildings that have yet to
undertake this activity.

e Action 2: Deep retrofits should be implemented in
60 percent of buildings, ensuring that key building
systems such as lighting, HVAC and envelopes are
upgraded.

e Action 3: On-site renewable power generation should
be installed in 40 percent of buildings.

How Green Buildings Can Help Meet Canada’s 2030 Emissions Targets

e Action 4: Building energy systems should be switched
to use lower-carbon fuel sources in up to 20 percent
of the large-building stock.

In the carbon forecasting model outcomes illustrated
in Figure 6, we discover that Scenario 2 provides a
path to reach the target of a 30% GHG reduction from
2005 levels by 2030 for non-residential buildings over
25,000 sq.ft and residential buildings 5 storeys or
more. However by adopting Scenario 3, which adds
onsite renewables to the components of Scenario 2,
the chances of reaching this target are increased, with
a 36% reduction. Taking the final step of encouraging
fuel switching (Scenario 4) generates combined
emission reductions of 44% in the large-building sector,
far surpassing the Canadian target and providing the
highest likelihood of reaching Canada’s 2030 targets.
In all cases, the results rely on savings and uptake rates
being achieved for each scenario. A summary of the
regional impacts of each scenario to GHG reductions is
depicted in Figure 8.

Table 7: Total GHG Savings from Carbon Forecast Model Scenarios (tonnes)

GHG Savings (tonnes CO,e) % of Total Savings

Scenario 1 6,085,209 35%
Scenario 2 5,790,622 33%
Scenario 3 2,021,680 N%
Scenario 4 3,715,432 21%
Sub Total 17,612,943 100%
Business as Usual
GHG reductions in 2030 1.775,516
TOTAL CO.e tonnes reduced from

19,388,459
2005 baseline in 2030
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Notable considerations from these results include: Figure 7: Most Effective Scenarios by Building Type

e Re-commissioning and deep retrofits will benefit most

building types in all provinces, impacting commercial MOSt EffeCtlve Scenarlos
and healthcare the most, and residential the least. by Bu i Id i ng Type

¢ Deep retrofits in healthcare building types will have
minimal relative impacts.'”

o N Commercial: &)@
Renewable energy will impact low-rise building
types (retail, education and other) the most, and -
high-rise and high-energy building types (commercial, Ed ucatlon: @ @ @ G
residential, and healthcare) the least. Renewable
power installation has the greatest impact in the Hea Ithca re: @ e
Atlantic and Prairie regions (though not in Manitoba),

with the least impact in BC and Quebec.

Residential: &

healthcare building types the most. This appears to be R t = I .
due to more of these building types being located in etall.
regions with low carbon intensity electric grids where

the benefit of fuel switching is greatest. In BC, Quebec
and Ontario where electric grids have the lowest

Fuel switching will impact residential, education, and

LEGEND:
‘}) RECOMMISIONING @ DEEP RETROFITS

e carbon intensity, fuel switching is particularly valuable,
whereas it is negligible in the Atlantic and Prairie

-
regions (with the exception of Manitoba). ‘@ RENEWABLES 4m” FUEL SWITCHING

e The total associated greenhouse gas (GHG) emission
reductions from Scenario 4 are expected to save
17,612,943 CO,e tonnes by 2030 in addition to the
baseline savings of 1.7 million tonnes, as summarized
in Table 7.

9 Based on data from Department of Energy Advanced Energy Retrofit
Guides, which may merit further consideration.
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Implementation Costs

The evaluation of implementation costs is $2.3 billion for
Scenario 1, achieving annual cost savings of $2.5 billion.
Scenario 2 implementation costs for deep retrofits and
retro-commissioning is estimated to be $12 billion with
annual cost savings of $4.8 billion, indicating a 2.5 year
payback period. Deep retrofits represent the most

costly scenario with average costs of $54.92/sq.ft.2°

The capital costs of Scenario 3 and 4 however, assume
the completion of Scenarios 1 and 2. Scenario 3 on-site
solar installations will add incremental project costs
ranging from $4.50 to $6.33 per sq.ft and Scenario 4
provides geothermal incremental cost estimates ranging
from $12.75 to $19.15 per sq.ft.!

Figure 8: Change to Large Building Carbon Emissions Relative to 2005: Summary of Regional Impacts
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20 Methodology B: Economic Impact Assessment, References pg. XX.
2 Methodology B: Economic Impact Assessment, References pg. XX.



24 Building Solutions To Climate Change

2) Economic Impacts from
Carbon Forecasting Model
Results

Greening the building stock is a major initiative requiring
sustained economic activity over many sectors for over
a decade. When assessing long term investments in
improving building performance, an economic analysis
of current conditions and potential future scenarios
provides strategic direction for decision-making. This
section details the economic study findings on the
impacts and benefits from the implementation of the
Scenario 4 activities outlined in the carbon forecasting
model. The impacts are measured in 2030 dollars, which
takes into account inflation that will occur between 2016
and 2030.

The building upgrades included in this analysis are those
from Scenario 4, namely deep retrofits, on-site solar,
and fuel switching (primarily geothermal). Together,
these measures account for 65% of the GHG reductions
identified in the carbon forecasting model over and
above the business as usual (with the remaining 35%
deriving from recommissioning, see Figure 6).

Figure 9: 2030 Savings from Carbon Forecast Model
(tonnes GHGs independent of BAU savings)

Total
1,527,734
65%

Scenario 2
5,790,622
33%

Scenario 1 ...
6,085,209
35%

Scenario 3
-+ 2,021,680
1%
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3,715,432
21%

How Green Buildings Can Help Meet Canada’s 2030 Emissions Targets

Estimating the costs of green retrofits is difficult and
complicated, even at a scoping level. Particularly
challenging is the proper allocation of specific energy
retrofit costs from total retrofit budgets, which includes
capital equipment replacement and other factors. In
assessing paybacks on green technologies alone, only
marginal incremental costs of green premiums may

be considered above the adoption of conventional
technologies.

Yet, the direct impacts provided in this assessment

are subsequently inclusive of all building upgrades,

not exclusively their green components. This study
measures the total upgrade project impact based on
the assumption that incentives are needed for the broad
adoption of the proposed measures.

Measuring the total project costs is consistent with
the approach employed in a recent Green Building
Economic Impact Study commissioned by the US
Green Building Council, which states that “If a project
is determined to meet the (green) criteria ... the

entire project value is deemed to be part of the green
construction market, not just the share of the project
that can be traced to green building elements. The
economic impact from annual green construction
spending and savings was calculated for the entire
U.S. The national economic impacts, in terms of direct,
indirect, and induced effects were then disaggregated
by states based on each state’s ratio of green spending
and savings relative to the nation.”??

22 Green Building Economic Impact Study, 2015, prepared for the U.S.
Green Building Council by Booz Allen Hamilton
https://kapost-files-prod.s3.amazonaws.com/published/56438d

353dab34e8a1000061/green-building-economic-impact-study.
pdf?kui=ntZXxSELUijOYNSWkwEO_ Kw. Direct effects include all ex-
penditures to actually undertake an economic activity such as buying
a car. The indirect effects occur, upstream in the production of that
vehicle - assembly and further upstream to producing parts and parts
for the parts, and even production of the raw materials for parts. In-

duced effects come from subsequent labour spending large shares of
incomes earned from those supply lines.
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Approach to Economic Impact
Assessment

Based on the carbon forecasting model results,

the Scenario impacts of building upgrades are
measured using Statistic Canada’s Input-Output
(I/0) macroeconomic model to determine the
national and provincial impacts of investments from
2019 (the first proposed year of implementation)
through to 2030.

This type of modelling represents the flow of
economic activities and broad scope of impacts.
For this study, the outcomes measured include
value shipped and GDP; direct, indirect, and induced
outputs; multipliers; supply chain; labour income;
employment; income measures; and tax revenues
generated.

The data used for the investment and consumption
components rely on Statistic Canada’s Interregional
Input Output (I/O) Model which classifies results

by province and territory, providing greater
granularity of impacts than the carbon forecasting
model. Because the results from the 1I/O model can
be expressed in current or real dollars, inflation,
exchange rate fluctuations and future energy prices
and rates are adjusted.

How Green Buildings Can Help Meet Canada’s 2030 Emissions Targets

Consumer price index (CPI) grows from 130 in 2016
to 166 by 2030 while one U.S. dollar buys $1.24

to $1.26 CAD throughout the period, indicative of
relatively stable forecast exchange rates compared
to recent history. Interpreting 1/O results requires
adjustment of labour for price changes and
increases in productivity. Following Sargent and
Rodriguez, annual labour productivity gains are set
at 1.0% annually with inflation assumptions derived
from National Energy Board of Canada’s 2016
Outlook.

To evaluate the project impacts of building
upgrades, calculation models were created to
determine reasonable averages of square foot costs
by building category for the measures (presented in
Table 8).

Table 8: Square Footage Capital Costs of Deep Retrofits, On-Site Solar and Geothermal 2015

Commercial, Retail, Other

Deep Retrofit $54.92
On-Site Solar $4.50
Geothermal $16.69
Geothermal (Atlantic) $14.09

Cost per square foot ($/sq.ft)

Residential Health Care Education
$54.92 $54.92 $54.92
$6.33 $4.50 $4.50
$15.87 $19.15 $17.59
$12.75 $14.75 $14.25

Calculation of square foot costs are detailed in Methodology B: Economic Impact Assessment, p. 65.

Source: Timothy C. Sargent and E. G. Rodriguez, Labour or Total Factor Productivity Do WE Need to Choose?, Department of Finance,

Working Paper 2001-4, p. 6.
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Overview of Economic Impacts in 2030

The economic impact analysis has been limited to
the impacts accrued in 2030 from implementation
of the carbon forecasting model’s Scenario 4
recommendations.?

Examining economic impacts allows for a multi-layered
assessment of the outcomes of an initiative. Reliable
indicators such as gross domestic product (GDP);
direct, indirect, and induced effects; and net present
value (NPV), provide the projected estimates for market
evaluation of economic flows and income generating
potential.

Based on direct GDP impacts of $15.9 billion in building
sector upgrade activities, national GDP direct and
indirect impacts reach $32.5 billion in 2030, and $42.9
billion inclusive of induced impacts. The corresponding
national multipliers are 2.06 and 2.69. Implementation
of Scenario 4 from 2019 onward results in extensive
income impacts. Alternative income measurements
peak in 2030 at $90.6 billion for value shipped, $42.9
for Gross Domestic Product (GDP) and $26.8 billion for
labour income (all in current dollars).

The net present value (NPV) of all GDP impacts from
2019 to 2030 discounted at 6% amounts to $255 billion.
The NPV of direct and indirect impacts from 2019 to
2030 is $202 billion, while direct impacts alone are $98
billion (assuming a 6% discount rate).

Labour force income impacts have a NPV of $160
billion using a 6% discount rate. The NPV of direct and
indirect impacts from 2019 to 2030 is $138 billion, while
direct impacts alone are $79 billion. Discounting at

12% annually (more in-line with private sector costs of
capital) results in total NPVs of $165 billion for GDP and
$107 billion for labor force incomes.?*

23 Limited to deep retrofits, on-site solar and geothermal
for fuel switching.

24 At the 12% discount rate for direct and GDP alone is valued at $130
billion and direct GDP at $63 billion. Similar estimates for labour force
income are $89 and $51 billion.

Terminology

Direct effects refer to all expenditures involved in
undertaking a specific economic activity, such as
purchasing an end-use product (e.g. building sale).

Indirect effects occur upstream in the production
cycle - manufacturing, assembly, and the production
of parts and raw materials for the end product (i.e.
the sum of secondary and tertiary purchases that
precede the final sale of the product).

Induced effects come from spending wages that are
earned as a result of economic activity.

Multipliers are ways of measuring the ratio of direct,
indirect or induced effects relative to the original
impact assessed. For example, multipliers can be
used to assess the relative benefits of different
forms of economic stimulus.

Net Present Value (NPV) is the difference between
the present value of cash inflows and the value of
cash outflows, and is used in capital budgeting to
analyze the profitability of a projected investment or
project.

Discount rate refers to the interest rate used in
discounted cash flow (DCF) analysis to determine
the present value of future cash flows.

Gross Domestic Product (GDP) refers to the total
value of goods and services produced within a given
year.

Value shipped measures the sum of the values of
goods shipped along a supply network. This metric
is an indicator of the growth potential of a market
or sector and involves repeated counting of early
inputs into any productions stream. For example,
when raw material is shipped to manufacturing,
and again from manufacturing to a wholesaler, and
finally to retail.

Labour income is the measure of employment
income.
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The proposed initiatives are superior to many others

in the construction sector because of their ability

to generate sustained work across the country.
Employment peaks in 2021 at 261,218 FTEs or about
2.0% of the labour force. For ten consecutive years from
2021 to 2030, it is expected to generate a minimum of
260,741 FTEs annually above base case levels.

Inclusive of direct, indirect and induced impacts,
construction activity in 2030 alone generates $5.2
billion in taxes accruing to provinces ($2.5 billion), the
federal government ($1.2 billion), and municipalities
($1.5 billion).

Table 9: Net Present Value (NPV) of Scenario 4
Implementation Impacts (2019-2030, 6% discount rate)

Direct,
indirect
and induced

Direct
and indirect

Direct

GDP $98 billion  $202 billion  $255 billion
Labour o ilion  $138 billion  $160 billion
vincome

Value Shipped

In 2030, the direct Canadian value shipped is expected
to be $42.9 billion, direct and indirect shipments $74.1
billion and total shipments $91.0 billion in current
(2030) dollars. These outcomes lead to national
multipliers of 1.73 for direct and indirect impacts

and 2.12 inclusive of induced demand. The provincial
multipliers are illustrated on pg 28.

Provincial multipliers differ from each other largely
due to net interprovincial trade flows and the strength
of internal provincial industrial linkages. The higher a
province’s net share of interprovincial trade and the
stronger its internal trading ties, the greater its value
shipped multipliers. The highest provincial multiplier

is for British Columbia at 2.38 followed by Alberta at
2.32 while all other provincial multipliers are below the
national multiplier which is 2.16. Provincial multipliers in
most provinces exceed two, indicating that total value
shipped is expected to at least double the direct output
in those provinces.

Gross Domestic Product at Market Prices

Gross domestic product (GDP) is the total value of all
goods and services produced within a given year, and
avoids multiple counting by measuring value added

at each stage of production. Included in value added
are the wages and salaries, profits, and corporate
profit taxes generated at each stage along a product’s
production process. GDP is a gross measure estimated
before depreciation, so even though it is used as

a measure of how well the economy is performing
(including depreciation), it still may be an exaggeration.
GDP is reported here in 2030 dollars. Given its more
highly concentrated manufacturing and financial
institutions,?® in 2030 Ontario generates more GDP and
Alberta less so compared to their direct value shipped
as indicated in Figure 7.

Multipliers for GDP at market prices are higher than for
value shipped, as the end price of products is naturally
higher than the sum of the composite parts. National
GDP direct and indirect impacts reach $32.5 billion in
2030, and inclusive of induced impacts reach $42.9
billion.

Figure 10: Provincial Distribution of Green Building Di-
rect GDP 2030 (Direct $15.8 Billion in 2030 Dollars)
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25GDP at market prices nets out imports from value shipped. It includes
all the elements of value added including product and production
taxes paid to governments as well as labour income and incomes ac-
cruing to owners and operators prior to depreciation.
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The corresponding national multipliers are then 2.06
and 2.69, indicating that more than half the domestic
value added in the production of the goods and services
needed for green buildings occurs upstream from
primary suppliers, and the induced impacts significantly
add to total GDP impacts. Total multipliers in four
provinces exceed the national multiplier (Nova Scotia,
Manitoba, Alberta and British Columbia), suggesting a
stronger than average presence of construction industry
suppliers of both goods and services in those provinces
(Figure 11).

Supply Chain

The analysis applied to assess macroeconomic impacts
also yields information on the industries affected, which
can be useful in identifying potential allies for the

Figure 11: 2030 Provincial Impacts

How Green Buildings Can Help Meet Canada’s 2030 Emissions Targets

initiatives. The value shipped impact of each industry
sector in 2030 (including direct, indirect and induced
impacts) appears in Table 10 (by order of importance).
The two most heavily impacted industries are non-
residential and residential construction.

The top 16 most highly impacted industries ship

in excess of $1.0 billion each and collectively ship
$62.0 billion arising from capital expenditures, which
represents over two-thirds of the value shipped
impacts. These industries include both residential and
non-residential construction and four manufacturing
industries - (1) fabricated metal products, (2) cement
and concrete products, (3) petroleum and coal
products, and (4) wood products.

Provincial
Impacts

BRITISH
COLUMBIA

NEWFOUNDLAND

& LABRADOR

ONTARIO

ALBERTA MANITOBA

NOVA SCOTIA

Multipliers: : Total GDP @ = Value Shipped = Employment = Labour Force Income

Direct Capital Expenditures: @
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Table 10: Direct, Indirect and Induced Value Shipped by the Top 30 Industries 2030

Value Shipped in

Dl 2030 (000, 2016$)
Non-residential building construction 30,655,866
Residential building construction 5,984,569
Legal, accounting and architectural, engineering and related services 3,837,573
Wholesale trade 2,873,198
Fabricated metal product manufacturing 2,271,418
Other fi'nance, insurance and real estate services and management of companies and 2146.482
enterprises o
Owner-occupied dwellings 2,091,062
Retail trade 2,069,296
Depository credit intermediation and monetary authorities 1,573,240
Cement and concrete product manufacturing 1,509,995
Lessors of real estate 1,331,737
Publishing, pay/specialty services, telecommunications and other information services 1,221,059
Computer systems design and other professional, scientific and technical services 1,121,040
Administrative and support services 1,118,941
Petroleum and coal product manufacturing 1,112,140
Wood product manufacturing 1,054,998
Accommodation and food services 801,371
Truck transportation 785,948
Plastic product manufacturing 764,056
Insurance carriers 760,645
Electric power generation, transmission and distribution 621,281
Primary metal manufacturing 598,095
Oil and gas extraction 596,065
Rental and leasing services and lessors of non-financial intangible assets (except

copyrighted works) 501,873
Non-metallic mineral product manufacturing (except cement and concrete products) 486,606
Repair construction 434,066
Crop and animal production 425,744
Transit, ground passenger and scenic and sightseeing transportation, taxi and limousine

service and support activities for transportation Ciiese
Health care and social assistance 391,490

Machinery manufacturing 382,033
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In 2030, legal, accounting and architectural, engineering In order of sales, service industries with shipments of
and related services will be stimulated by $3.8 billion. Of a billion dollars or greater in 2030 include: (1) legal,
the five industries impacted in excess of $2 billion but accounting and architectural, engineering and related,
less than $3 billion, only fabricated metal products is a (2) wholesale trade, (3) other finance, insurance and
manufacturer, the rest are all services. Eight industries real estate services and management of companies
are impacted by more than $1 billion but less than $2 and enterprises, (4) owner occupied dwellings, (5)
billion. Among them are three manufacturers including retail trade, (6) depository credit intermediation and
cement and concrete products, petroleum and coal monetary authorities, (7) lessors of real estate, (8)
products, and wood products; the rest are service publishing, pay/specialty services, telecommunications
providers. and other information, (9) computer systems design

and other professional, scientific and technical, (10)
administrative and support.

Figure 12: Value Shipped by Industry Sector in 2030 (‘O00, 2016%$)
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Figure 13: Market Share of Top 5 Industry
Sectors in 2030
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Labour Income

In this section, labour income is reported in 2030
dollars. Like value shipped, which accounts for the value
of goods such as the supply chain contributions to GDP.
Labour force Income consists of three parts. Among
these, wages and salaries from the incorporated sector
predominate nationally at 74.6% followed by wages

and salaries from the unincorporated sector such as
private companies (13.1%), and supplemental benefits
such as pensions and health benefits (10.4%). This
metric is important because labour force incomes fund
further rounds of consumption, thereby driving induced
impacts.

Implementation of Scenario 4 results nationally in $12.7
billion paid directly to labour and a further $9.5 billion
paid by suppliers for direct and indirect impacts of
$22.2 billion in labour income in the year 2030. Figure
14 shows that direct labour income is concentrated in
Ontario (46%) followed by Quebec (20%) and Alberta
(13%).

Part of these incomes is subsequently spent, thereby
generating additional labour income so that the total
impacts on labour incomes reach $26.8 billion. The
resulting national multipliers relative to direct labour
income are 1.74 for direct and indirect impacts, and 2.11

How Green Buildings Can Help Meet Canada’s 2030 Emissions Targets

Figure 14: Provincial Distribution of Green Building
Direct Labour Income 2030 (Direct $12.7 Billion in
2030 Dollars)
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inclusive of induced impacts. Figure 11 illustrates
provincial multipliers for labour force incomes (p. 28).
With relatively high incomes per capita, the two
western-most provinces continue to have multipliers
that are above national levels.

Income Measures

Value shipped, GDP and labour income all represent
income impacts. Their evolution between 2019 and
2032 is calculated based on the dynamic model and
summarized over time in Figure 10.2¢ Uptake of the
program accelerates from 2020 to 2021 and then
expands with project growth and with inflation through
to 2030.

With its inherent multiple counting, value shipped
accounts for the largest measure, peaking in 2030
at $90.6 billion. It is followed by the more reliable
prediction which nets out multiple counting and
presents GDP impacts at $42.2 billion. Of the peak
GDP gains, $26.8 billion accrues in labour incomes.

26 See Methodology B - Economic Impact Assessment, “Dynamic
Model.”
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How Green Buildings Can Help Meet Canada’s 2030 Emissions Targets

Figure 15: Income Impacts 2019 - 2032 (Billions in Current Dollars)
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Employment

As noted earlier, correcting for inflation and labour force
productivity gains is important in assessing employment
impacts. That is, wages will rise with inflation so future
economic activity inclusive of labour income needs

to be discounted to today’s dollars when converting
future economic activity to employment. Further, due

to productivity gains fewer positions will be needed

for the same level of economic activity in the future,

so future activity must be adjusted for those expected
productivity gains.

Running Statistics Canada’s input/output system
with current, rather than 2010 dollars, exaggerates
employment impacts by about 74.6% by 2030.%” For
these reasons, the adjusted (or discounted) expected
employment gains for retrofitting buildings and

27This measure is based on the NEB’s expected rate of inflation times
the estimated accumulated increase in labour productivity at 1% per
annum from 2010, the base year of the I/O table.

installing solar and geothermal systems has been used.
Direct employment by 2030 will nonetheless remain
impressive with direct gains of 116,923 FTEs, direct
and indirect gains of 202,250 FTEs, and 255,331 FTEs
inclusive of induced impacts. These total employment
impacts in 2030 represent 1.3% of the Canadian labour
force in 2015.

Note that these figures represent static employment,
that is, employment directly tied to economic activity
in the given year. In reality, there is a lag in induced
spending and thus employment; this is discussed in the
next section in greater detail, with employment figures
adjusted for this lag.

All FTEs are paid employment, excluding volunteerism.
Given the current economic structure, 2030 direct
employment impacts will be distributed among the
provinces as shown in Figure 16. Shares of direct
employment rise marginally in the relatively low-wage
Maritimes and fall in the higher wage Alberta.
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Figure 16: Provincial Distribution of Green Building
Direct FTEs 2030 (116,923 Direct FTEs in 2030)
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Figure 17: Employment Impacts 2019 - 2032 (#FTEs)

When looking at employment multipliers for 2030,
national multipliers relative to direct employment,
reach 1.73, and 2.18 for indirect and induced impacts.
Consistent with previous indicators, three of the four
Western provinces have multipliers above national
norms. They are also joined by Quebec, which has
extensive engineering resources (Figure 11, p. 28).

Using the same distributions over time, employment
patterns differ because they are net of inflation. Figure
17 depicts annual employment impacts over the years.
Employment rises quickly to 261,218 FTEs in 2021, then
growth is slowed by slower expansion of construction
on green builds and ongoing improvements in labour
productivity. Over 10 years, average employment gains
are 260,741 FTEs annually. The subsequent decline is
exaggerated after 2030, when only induced lagged
effects are calculated for their contributions to growth.?®
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28This measure is higher than the static one for 2030 due to the lagged

effects on induced income from the two previous years rather than the

annual figure for employment initiated in 2030 which was analyzed
earlier.
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GHG Emissions Abatement

In 2030, these initiatives will save 17.6 million

tonnes of GHGs after discounting savings from grid
improvements, valued at $960 million in avoided
emissions based on 2030 dollars, or $729 million in 2016
dollars.?® As Figure 18 demonstrates, avoided GHGs
occur across the country, but Alberta can expect a
higher share of the GHG emission impacts compared to
its share of the macro economic impacts.

Figure 18: Distribution of Provincial Avoided GHG Emis-
sions (17.6 million tonnes 2030)
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Taxes

All jurisdictions benefit from additional tax revenues

as noted in Table 11. These increments are for projects
undertaken in 2030 and do not include any taxes
pertaining to augmented tax bases from earlier retrofits
and upgrades to solar and geothermal. As such, they
understate total tax impacts in 2030. Nevertheless,
total taxes increase by $5.2 billion with a little less

than half attributed to provinces ($2.5 billion), the rest
split between the federal government ($1.2 billion) and
municipalities ($1.5 billion).

Table 11: Incremental Tax Revenues from 2030 Projects by Order to Government 2030 ($1,000s)

Direct & Indirect

Jurisdiction

Induced

Federal Taxes 610,258 565,594 1,175,853
Provincial Taxes 1,416,709 1,094,099 2,510,808
Municipal Taxes 979,544 531,833 1,511,377
Total 3,006,511 2,191,526 5,198,038

29 This calculation relies on Environment Canada’s social cost of CO,,
emissions set at $54.50 per tonne. See Methodology B, Reference #27.
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Table 12: Meeting Canada’s Climate Change Targets: Overview of Economic & Environmental Impacts in 2030

Business as L Deep Fuel
Usual Recommissioning Retrofits Renewables Switching Canada
% GHG reductions o 100 210 20 a0 VG
from 2005 Baseline 4% 18% 31% 36% 44% 44%
v ms  sm3 ;s sa Szl
Savings billion billion billion billion gy
costs
C'iHG Savings 1775,516 6,085,209 5790,622 2021680 3715732
(tonnes) 19.4 million COze
Implementation o . o . Feinest
Rate (%) 0 80% 60% 40% 20%
Implementation 2016 2018 2019 2021 2021 2030
Start
Taxes Employment Multipliers st\:_alued Il_abour Dlrec;cs/llansjlrect
Economic (B InE@nnE
Indicators in 2030
$5.2 billion 260,741 FTEs/yr 2.09-2.69 $906 $268 $32.5 billion
billion billion

*This total includes 17.6 mt in GHG savings from implementing the four actions outlined on slide 4, as well as 1.8 mt in savings from ongoing upgrades

to the electrical grid (“Business as Usual”)



B. STRENGTHENING BUILDING
PERFORMANCE THROUGH ENERGY
BENCHMARKING

Transformative building policies are needed that will drive im-
mediate reductions in GHG emissions and accelerate market
transition. Traditionally, building code changes drive performance
improvements ew buildings. However, such changes not only
lag behind in@ e design and construction practices, but codes
do not ad@hﬂ uired. upgrades in reducing GHG emissions
from.the existing building stock: This-pg@@mmendation outlines
energybenchmarking, reporting, and digéiﬁosure as a leading policy
initiative for-existing buildings that has the potential to drive GHG
reductions from all building types, and can be introduced at all
levels of government.
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Energy Benchmarking,
Reporting & Disclosure

Measuring and reporting energy use and GHG
emissions is foundational to improving building
performance and the first step in meeting reduction
targets. Energy benchmarking allows measurement

of energy consumption patterns and provides data

to calculate GHG emissions in existing buildings. This
allows owners in the public and private sector to better
understand building’ energy use and carbon emissions,
and prepares them for optimizing investments in
operational improvements, technology upgrades, and
retrofits.

The requirement to report building energy consumption
drives quality data collection and has been proven

to help in identifying and improving building
performance.?® For example, Ontario has initiated an
energy benchmarking regime that can be adapted by
other Canadian jurisdictions which are beginning to
consider similar regulations. The adoption of energy
benchmarking programs by large cities in the US
provides a replicable framework for the buildings sector
in Canada.

To address this gap and promote the uptake of
benchmarking programs nation-wide, the CaGBC'’s
National Energy Benchmarking Framework provides
a comprehensive overview of the considerations and
challenges in implementing benchmarking policies in
Canada. The framework provides a template to local
and provincial governments interested in developing
energy benchmarking programs and regulations.

A standardized approach to energy benchmarking
could accelerate policy development and produce
reliable data for the pursuit of strategic investments
in building performance improvements and energy/
GHG emissions reduction. A common approach to
energy benchmarking on the national scale be realized
would provide consistency for building owners

and governments that participate in benchmarking
programs throughout Canada.

30 ENERGY STAR Portfolio Manager Data Trends: Benchmarking and
Energy Savings. US EPA. October 2012. https:/www.energystar.gov,
ia/business/downloads/datatrends/DataTrends_Savings_20121002.
pdf?3d9b-91a5

How Green Buildings Can Help Meet Canada’s 2030 Emissions Targets

Why Benchmark Buildings?

* Energy benchmarking provides building
owners and operators with:

e Access to key data on the performance of
their buildings, enabling targeted retrofits and
improvements to building operations;

e Improved energy conservation awareness and
literacy; and

* A measurement framework to demonstrate
that industry and all orders of government are
taking action toward achieving climate and
energy goals.

CaGBC’s National Energy Benchmarking Framework
recognizes the important role ENERGY STAR Portfolio
Manager plays in providing critical market support to
benchmark and rate building energy efficiency. To date
over 13,000 buildings have used Portfolio Manager,
however, investment is needed to expand this service
to support a wider range of building types and develop
reporting capabilities for the industry. Once building
owners in the public and private sector can accurately
assess exactly where and when emissions arise, further
analysis can be conducted for strategic implementation
of targeted measures to contribute to Canada’s 30
percent reduction target.



C. INVEST IN NET ZERO BUILDINGS

The importance of reducing GHGs from existing buildings
cannot'be understated. However, it is also incumbent upon us
to minimize the carbon footprint of new buildings to minimize
future GHG emissions from the buildings sector. Canada can
be aleaderin | carbon buildings by investing in a national
net zero initi “or new building construction.

Sy, |
If all nev!@@l‘hgs above 25,000 square feet were built to
be netyzero‘carbon between now an{?:éo, GHG emissions
for.this sector would be 17 percent lower than those in 2005,
equalto a 7.5:megatonnes GHG emissions reduction.’ A
national'net zero initiative would drive innovation in the
building sector and would further strengthen Canada’s
positionas.an international leader and innovator in net
zero buildings. This would open up trade opportunities
for Canada.in the growing international market for green
buildings.3?

31 National Carbon Forecast: Buildings. WSP, 2016.
32 World Green Building Trends SmartMarket Report. McGraw Hill Construction, 2013.
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Net Zero Carbon for New
Buildings

Net zero policy development in Canada is underway
and CaGBC is working to define the parameters

for the Canadian context. CaGBC has established a
national Working Group, including federal government
representation, which engages leading Canadian
building energy experts to:

e Define net zero and develop metrics for use by the
Canadian industry;

e |dentify pathways for the industry to move toward net
zero construction and retrofit; and

e Develop a standardized verification and monitoring
protocol to ensure performance targets are being met
and maintained over the life of a building.

How Green Buildings Can Help Meet Canada’s 2030 Emissions Targets

To manage future growth in Canada’s building footprint
in @ manner that is in line with a low-carbon economy,
CaGBC is developing a regionally-based, net zero
framework for commercial, institutional, and high-rise
residential buildings in Canada. To undertake this
initiative, the CaGBC has completed a thorough review
of existing research in net zero building metrics and
assessment, consulted with high performance building
experts in Canada and the U.S., and undertaken a
substantial peer review process. The framework

builds upon the need for efficacy, flexibility, longevity,
and transparency, principles identified as critical to
enhancing a consistent definition and understanding of
net zero buildings in Canada. This first phase of work
will published in a report to be released in Fall 2016.

The second phase of this work will involve identifying
pathways to net zero and the development of a
certification program to evaluate net zero commercial,
institutional and high-rise residential buildings in
Canada, to be completed in Spring 2017. Defining a path
and program for net zero will support the recognition
of high-performance buildings in the large building
sector and provide a valuable model for consistency,
understanding and uptake in the building industry
across Canada.

Figure 19: Net Zero Carbon Impacts for New Buildings (2016-2030)
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D. REDUCE GOVERNMENT GHG
EMISSIONS

Industry.is taking its own steps to green the building sector,
pbut without government intervention and encouragement

at the federal, provincial/territorial and municipal levels,
achieving GH issions reduction targets from the building
sector will uceessful. Canada’s national leaders have
expresse ong motivation to encourage cooperation across
different orders of government towar?veloping plans to
reduce greenhouse gases. }

Federally-owned buildings over 25,000 square feet, account
for 3-5% percent of building sector emissions and can
demonstrate a.significant internal commitment to achieving
Canada’s-greenhouse gas target by implementing the
recommended measures laid out in Scenario 4 of this report.
While this.may not be a sizable reduction relative to overall
goals, it'is animportant indicator to industry and other orders
of government that the federal government is committed to
reducing GHGs through all levers within its jurisdiction. The
resultant benefits of this initiative would include greenhouse
gas emissions reductions on the order of 480,000 tonnes and
cost savings'onthe order of $170 million annually.3

This section offers expertise to support recommendations

for reducing the.government’s GHG emissions 30% by 2030
through advanced building standards for building renovations
and new construction.

33 National Carbon Forecast. WSP. 2016.
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The Role of Government

Government can demonstrate leadership in the built
environment in two ways: 1) by showing leadership

in reducing emissions in their own building stock; 2)
encouraging Canada’s provinces, territories and local
governments to reduce emissions in their buildings and
adopt innovative building policies; and 3) by creating
the right mix of financial and regulatory levers to incent
private sector action.

Government as a Building Owner

The government successfully adopted a LEED Gold
policy for new federal office buildings in 2005. Since
then, LEED has become the de facto international
standard for green building construction and retrofits
with projects in over 160 countries. Expansion of this
policy to large building retrofits across the entire
portfolio of government buildings would signal
government leadership to the industry. The LEED
policy for new builds needs to be updated to a LEED
Platinum standard that is rigorously applied, and the
federal government should update its policies to adopt
a LEED Platinum policy for large building retrofits

and recommissioning across the entire portfolio of
government buildings. This would be a strong signal to
industry in Canada and governments around the world
that the Government of Canada is aiming higher and
taking a leadership role in green buildings.

How Green Buildings Can Help Meet Canada’s 2030 Emissions Targets

The federal government can take immediate action
to reduce the GHG emissions in its own building
portfolio by advancing high green building standards
for renovations and new construction across the
government portfolio of owned and leased buildings,
including:

1. Establish high-performance targets for energy
efficiency to help achieve maximum carbon
reduction benefits, for both the construction
and operating components of new and existing
buildings;

2. Adopt an energy benchmarking program across
the federal government’s building portfolio to
better understand energy use and target strategic
investment in building performance improvements;

3. Assess and prioritize the retrofit potential of
buildings that are the best candidates for high
performance green standards;

4. Mandate that 60% of all government-owned
buildings scheduled for significant renovations
by 2030 meet high-performance targets for deep
retrofits and recommissioning and ensure large
properties meet the LEED standard;

5. Adopt and implement an official policy committing
to achieving LEED Platinum for retrofits and
recommissioning of large existing buildings within
the federal government’s building portfolio, similar
to the 2005 policy for new builds;

6. Further improve the performance of buildings by
achieving zero carbon targets through a renewable
energy or fuel switching options and use these as
demonstration projects for industry; and

7. Define strong procurement policies, leasing
requirements and infrastructure program guidelines
for new and existing buildings, reflecting the
importance of reducing emissions; for instance,
LEED Platinum or zero carbon targets



42 Building Solutions To Climate Change

Government as a Leader

Government can demonstrate leadership in the built
environment by encouraging provinces, territories and
municipalities to reduce GHG emissions in their own
building portfolios and adopt innovative policies to
incent further uptake.

To encourage action by the provinces, territories and
municipalities in their own building portfolios, the
federal government should:

1. Encourage the jurisdictions to establish high-
performance targets for energy efficiency to help
achieve maximum carbon reduction benefits, for
both the construction and operating components of
new and existing government buildings;

2. Encourage the jurisdictions to adopt an energy
benchmarking program across the provincial
government building portfolio to better understand
energy use and target strategic investment in
building performance improvements;

3. Encourage the jurisdictions to mandate that 60%
of all government-owned buildings scheduled
for significant renovations by 2030 meet high-
performance targets for recommissioning and deep
retrofits, and ensure large properties meet the LEED
standard;

4. Encourage the jurisdictions to adopt renewable
energy or fuel switching options in 40% and 20%
(respectively) of government-owned buildings;

5. Work with the jurisdictions on best practices to
define strong procurement practices, leasing
requirements and infrastructure program guidelines
for new and existing buildings, reflecting the
importance of reducing emissions in the public
sector; for instance, targeting LEED Platinum or net
zero buildings. The commercial real estate sector
is prepared to provide governments with building
options that would meet advanced government
requirements.

How Green Buildings Can Help Meet Canada’s 2030 Emissions Targets

The federal government can demonstrate leadership
in existing buildings by strengthening Canada’s
energy benchmarking policies. We propose the federal
government:

1. Invest in ENERGY STAR Portfolio Manager to
support a wider range of building types and
develop dynamic data analysis and reporting
capabilities for the industry;

2. Collaborate with provinces and territories to adopt
the national framework for energy benchmarking,
reporting and disclosure, developed by CaGBC
with industry input®*, as a guide to support each
jurisdiction in implementing a program that
addresses the specific needs of their region; and

3. Encourage the jurisdictions to adopt an energy
benchmarking, reporting and disclosure program for
buildings over 25,000 square feet.

With respect to new buildings, we recommend the
federal government:

1. Work with the jurisdictions to adopt the net zero
carbon standard and paths being developed by
CaGBC with key stakeholders to ramp up the
adoption of net zero carbon buildings in the private
and public sectors;

2. Develop a critical path to make suitable new federal
government buildings such as offices, research
facilities, and military buildings net zero carbon; and

3. Encourage the jurisdictions to develop a critical
path to make suitable new government-owned,
funded or leased buildings (e.g. offices, schools,
research facilities) net zero carbon.

34 http://www.cagbc.org/cagbcdocs/CaGBC_National_Energy Bench-
marking%20_Framework_April_2016.pdf
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Government’s Role in the Private Sector

A rigid, top down regulatory regime will hinder the
private sector’s ability to effectively and efficiently
implement the changes needed to achieve national
GHG targets. All orders of government should work
together to provide tax and funding incentives and
flexible regulatory frameworks to encourage the private
sector to make the investments that will reduce GHG
emissions.

There are various levers for governments to increase the
pace of building retrofits and the adoption of renewable
energy and fuel switching options in the private sector.
Governments at all levels can play a leadership role by
mandating energy benchmarking for all buildings over
25,000 square feet in their respective regions.

Governments can invest in research and development
to support the industry to move toward net zero
performance, providing incentives to the private sector
to bridge the additional cost for net zero building
projects, and supporting a national standard to guide
and verify net zero performance. Changes to the
building code could also be considered to move the
industry toward higher performance.

How Green Buildings Can Help Meet Canada’s 2030 Emissions Targets

To incent action in the private sector, the federal
government should:

1. Create a green building investment fund that
provides grants and loans to provinces and
territories to help incent building owners to make
investments that reduce GHG emissions;

2. Work with the provinces and territories to reduce
taxes on capital spending for building retrofits; and

3. Work with the jurisdictions to establish high
performance targets for energy efficiency for all
buildings within their regions in order to help all
levels of government achieve maximum carbon
reduction benefits. For example, strengthening the
National Building Code could give provinces and
territories more guidance on how to move toward
energy-efficient high performance buildings in the
private sector.

By developing a suite of grant programs, tax incentives
and pilot projects that focus on high-performance
standards, the federal government can help public and
private building owners achieve significant emission
reductions and contribute significantly to meeting
Canada’s 2030 target.
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A. National Carbon Forecast

Developing the carbon forecast model to assess the
potential GHG reductions from Canada’s existing
buildings requires setting limits on which buildings
will be included in the dataset. Large buildings tend to
have a greater carbon impact than smaller buildings,
providing the best opportunity to meet carbon
reduction targets from the building sector. For this
reason, WSP prepared a carbon forecasting model that
identified saving opportunities for commercial and
industrial buildings with over 25,000 square feet (sq.
ft) of floor space, and residential buildings with five or
more storeys.

Note: The results obtained were derived according to
the specified assumptions made. These assumptions
must be met by policies implemented and future
conditions in Canada to allow for the predictions made
in this report to be an accurate representation of carbon
emissions in Canadian buildings.

Establishing a Building Inventory

A baseline of carbon emissions was established based
on a documented population of Canadian buildings over
25,000 sqg.ft and their related floor areas, building types
and current energy consumption. Primary data sources
included:3®

1. Natural Resources Canada (NRCan) “Survey of
Commercial and Institutional Energy Use - Buildings
2009” (SCIEU, 2009 for non-residential buildings);

2. Natural Resources Canada (NRCan) “Comprehensive
Energy Use Database” for residential buildings; and

3. Canada Mortgage and Housing Corporation (CMHC)
“Occupied Housing Stock by Structure Type and
Tenure, 1991 - 2011.”

NRCan'’s “Survey of Commercial and Institutional Energy
Use - Buildings 2009” (SCIEU, 2009) provides data
for all commercial and industrial buildings. Building
inventory and total floor space are reported by building

35 Note that a complete inventory of Canadian buildings and their
energy use does not exist. The above resources are based on data
collected by Statistics Canada and can be considered the best avail-
able national data.
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type and subdivided into groupings of 10,001 to 50,000
sq.ft; 50,001 to 200,000 sq.ft; and above 200,000 sq.ft.
The number of buildings over 25,000 sq.ft is not directly
available and was estimated by assuming building size
increases linearly between 10,000 sq.ft and 50,000
sq.ft. Future research may be necessary to validate or
refine this assumption.

e Retail buildings, typically included in the “Commercial”
category, were separated due to the large share of
retail buildings in the Canadian building sector, and
the significant differences between traditional office
and retail buildings.

e “Other” building types are described in the SCIEU
2009 database as including buildings with more than
50 percent of their floor space used for commercial
activities or for activities focusing on not-for-profit
services in the public’s interest not covered by
other SCIEU 2009 categories. Examples include
entertainment, leisure and recreation buildings,
shopping centres, colleges and universities.

Residential building data was collected from NRCan’s
Comprehensive Energy Use Database and the CMHC'’s
Occupied Housing Stock. Data for the number of
residential buildings is unavailable as the CMHC only
reports on the number of residential units, identifying
1,200,000 residential units located in Canadian
buildings five storeys or greater.

Industrial buildings are excluded because their energy
consumption is significantly impacted by industrial
processes. The energy use and greenhouse gas
emissions of industrial buildings and their process
loads cannot be reliability separated with the data
available. Manufacturing and industrial processes
constitute 30% of Canada’s emissions, and are
classified as a separate greenhouse gas emissions
sector.

The model assumes that together, the three resources
(SCIEU 2009 for non-residential buildings, Natural
Resources Canada Comprehensive Energy Use
Database for residential buildings, and Canada
Mortgage and Housing Corporation) will represent all
buildings in Canada.
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Assessing Building Energy Use and
Greenhouse Gas Emissions

Building data was further categorized by location
according to regional groupings defined in SCIEU 2009:

1. Atlantic
2. Quebec
3. Ontario
4. Prairies
5. British Columbia

Note: Reliable data is unavailable at the provincial scale
for the Atlantic and Prairies regions, and for Yukon,
Nunavut and the Northwest Territories. SCIEU 2009
also categorizes data by climate, but regions were used
in this report to better align with Provincial boundaries
and data sources such as utility costs and GHG
emissions. Provincial data was assigned to the Atlantic
and Prairie regions using population-weighted averages.

Estimating Population Growth

Statistics Canada data was used to identify the current
population and projected growth for each region.
Building floor area is assumed to increase in proportion
to regional population growth, and the effect is
assumed to be similar for each building type.

Table 13 presents population growth data collected from
Statistics Canada and Table 14 summarizes the most
recent provincial population values. Statistics Canada
identifies 5 medium growth scenarios projected from
2013/2014 to 2037/2038, the average of which was used
in this report.

Table 13: Population Growth3®

Region % Growth

Total 0.85
BC 0.95
ON 0.82
QC 0.58

Atlantic -0.09
Prairie 1.50
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Table 14: Population by Province®”

Population Population
(2015) (‘000s) (2030) (‘000s)
Total 35,851 40,729
BC 4,683 5,396
ON 13,792 15,580
QC 8,263 9,012
NL 527 486
NB 753 751
NS 943 938
PE 146 164
MB 1,293 1,503
SK 1133 1,261
AB 4,196 5,458

Electric Grid Greenhouse Gas Emission
Intensity

The most recent greenhouse gas intensities of regional
electric grids (from the latest National Inventory
Report) were used to represent current grid intensities.
The actual regional grid intensities for 2005 were used
for the 2005 baseline.

Significant reduction to greenhouse gas intensity of
electric grids was achieved between 2005 and 2014,
the last year for which reliable electric grid intensity
data is available. Changes in the GHG intensity of
electric grids since 2014 cannot be quantified, and
future grid greenhouse gas intensity reductions are not
certain; for this reason it was assumed that future grid
carbon intensities will equal 2014 intensities.

If grid carbon intensities decrease, specifically in high-
intensity regions such as Alberta, further GHG emissions
savings will be realized by 2030.

36 Statistics Canada: Table 3.2 Average Annual Population Growth

37 Statistics Canada - CANSIM - table 051-0001
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Building Energy Use by Fuel Type

Fuel types included in the model were limited to
electricity and natural gas. According to Natural
Resources Canada’s SCIEU 2009 report, these represent
about 91% of all building energy use. The remaining 9%
of building energy use is consumed in the form of a fuel
other than electricity and natural gas.

The same report provided the average fuel mix for

each building type. Electricity provides 35% to 61% of
building energy (varying by building type), while natural
gas or other fuels provide the remainder. We note

that regional variances in fuel mix do exist, but do not
appear to be significant. National averages were applied
for simplicity.

Energy Cost and Savings

Due to the inability to accurately predict future cost
fluctuations, it was assumed that the price of utilities
such as electricity and gas along with costs associated
with the implementation of carbon saving measures
would not change from their present values.

Utility rates are highly variable based on building
type, time of use, and other factors. Utility rates were
determined based on past WSP experience. Atlantic
rates were only available for Nova Scotia, which was
used to approximate overall Atlantic rates.

Table 15: Scenario Specifications

How Green Buildings Can Help Meet Canada’s 2030 Emissions Targets

Scenario Modelling
Four GHG emission scenarios were developed:

1. Re-commissioning and upgrading building control
strategies to optimize energy efficiency

2. Scenario 1 plus deep retrofits
3. Scenario 2 plus the installation of renewable energy

4. Scenario 3 plus fuel switching

Scenarios are compared to a baseline scenario that
assumes no action is taken to reduce GHG emissions.
The four scenarios are further detailed. Table 14
provides a summary of the specific levels of adoption
assumed for each of the measures to reduce GHG,
summarizing uptake, start delay, and implementation
period for each scenario. The percent represents the
uptake of the specified measure, and the adjustment for
energy and carbon savings by region and building type
is implemented using a multiplier.

Zero percent uptake is specified during the start delay
period and the total uptake percentage is divided
equally throughout the implementation period. Notice
that each subsequent scenario builds upon the last, and
is assumed to require a greater start delay to effectively
implement.

Implementation Duration to

Scenario RCx (%) DR (%) RES (%) FS (%) P Start 2030 (years)
O - Business as Usual 0 0 0 0 2016 14
1 - Recommissioning (RCx) 80% (0} O (0} 2018 12
2- Deep Retrofits (DR) 80% 60% 0 0 2019 M
3 - Renewable energy systems (RES) 80% 60% 40% 0% 2021 9
4 - Fuel Switching (FS) 80% 60% 40% 20% 2021 9
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Scenario 1 (Re-Commissioning):

How a building is controlled, operated and
maintained has a big impact on how much energy
it uses. Even buildings with energy efficient systems
fall out-of-tune as buildings age and adjustments
are made without fully considering energy impact.
Optimizing the performance and operation of a
building’s system is known as re-commissioning
(RCXx).

Re-commissioning begins with an in-depth
investigation of existing system design, controls
and as-operated performance. The resulting
optimization recommendations (typically related
to control adjustments, maintenance, and minor
equipment retrofits) are then implemented. After
initial optimization if systems are not optimally
maintained, then performance will again begin to
drift. Re-commissioning or ongoing commissioning
should be undertaken on a recurring basis to ensure
that energy reduction persists over time.

A multi-year Lawrence Berkeley National Labs
survey of re-commissioning at 643 buildings
identified over 10,000 energy-related opportunities.
On existing buildings, correcting problems led to
an average 16% energy savings with an average
payback of 13 months.

Savings potential:

Energy savings data was obtained from the US
Department of Energy’s Advanced Energy Retrofit
Guides (AERGSs), which provide a percent energy
savings for re-commissioning as compared to

a baseline for commercial (24%), educational
(16%), healthcare (22%) and retail buildings (15%).
Residential energy savings for re-commissioning
were based on RCx energy savings for “lodging”
building types (12%) as described in Lawrence
Berkeley National Laboratory’s Building
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Commissioning report. Due to the variety of
buildings included in the ‘other’ building type
category, an average of the identified RCx energy
savings for the other categories was used.

Re-commissioning savings vary by climate. The
AERG guides present energy savings for hot

& humid, hot & dry, marine, cold and very cold
climates as well as an average, overall value. The
values for cold climates were used to best reflect
average Canadian climates.

Considerations:

This scenario assumes two years during which
programs are set up to encourage all building
owners to participate in RCx, after which savings
begins to accrue.

Uptake:

While re-commissioning uptake has increased

in recent years, particularly in large or complex
buildings, it is still a relatively new energy saving
activity. Existing uptake is expected to be highest
in regions where incentives for energy conservation
investigation and implementation exist. However,
there is no known data reporting RCx activity
to-date across Canada. Further research may be
warranted.

We have assumed that 20% of Canadian buildings
above 25,000 sf have already achieved available
savings from RCx and have conservatively assumed
negligible additional savings from future RCx
activity at these buildings. We have assumed that
the remaining 80% will complete their first RCx
activity by 2030 resulting in 100% RCx completion
overall.
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Scenario 2 (Addition of Deep Retrofit):

As stated in the U.S. Department of Energy’s
Advanced Energy Retrofit Guide:

“A deep retrofit project provides an opportunity
for a building owner to reduce energy consumption
significantly. [...] Deep retrofit projects combine
many O&M and standard retrofit measures in an
integrated whole-building design approach. [...]
These projects affect multiple building systems
and assemblies (e.g., envelope, lighting, and HVAC)
and the retrofit of each system and assembly must
be designed in close consideration of the other
retrofits. [...] 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.”

The Guide identifies specific events in a building
lifecycle which create opportunities to perform a

deep retrofit, including:

* Roof, window and siding replacement

End of life major equipment replacement
* New owner or refinancing

* Major occupancy change

e Building greening

e Large utility incentives

Savings potential:

Deep retrofit energy savings data was obtained
from the US Department of Energy’s Advanced
Energy Retrofit Guides (AERGS), which provide a
percent energy savings (beyond those achieved by
RCx) for commercial (25%), educational (31.5%),
healthcare (3.6%) and retail buildings (42%).
Energy savings of 23% for multi-unit residential
building deep retrofits were estimated based on the
American Council for an Energy-Efficient Economy’s
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Multifamily Energy Savings Project, which specifies
energy savings of between 15% and 30% for this
building type. Due to the variety of buildings
included in the ‘other’ building type category, an
average of the identified RCx energy savings for
the other categories was used.

Deep retrofit savings vary by climate. The guides
used as reference provide values for energy savings
for hot & humid, hot & dry, marine, cold and very
cold climates as well as an average, overall value.
The values for cold climates were used to best
reflect average Canadian climates.

Considerations:

This scenario assumes three years during which
programs are set up to encourage all building
owners to participate in deep retrofits, after which
savings begins to accrue.

Uptake:

While deep retrofits can be highly valuable,
particularly when aligned with the building
lifecycle events noted above, access to financing
can limit uptake. We have assumed that 60% of
Canadian buildings above 25,000 sf will undergo
deep retrofits by 2030 (in addition to RCx
implementation per Scenario 1). Further research
into the rate deep retrofit opportunities and
building renewal may be warranted.

Re-commissioning, energy audits and even energy
efficiency retrofits are being required by an
increasing number of U.S. cities, counties and states.
As of April of this year periodic re-commissioning is
mandated in Boulder, New York City, San Francisco
and Seattle; periodic Energy Audits are mandated in
Atlanta, Austin, Boston, Boulder, New York City, San
Francisco, and Washington State. Energy efficiency
upgrades are mandated in Austin, Boston, Boulder,
New York City and California.?®

38 http:/www.buildingrating.org/graphic/us-commercial-building-

policy-comparison-matrix
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Scenario 3 (Addition of On-Site
Renewable Energy):

According to the U.S Environmental Protection
Agency, a growing number of local governments are
turning to renewable energy as a strategy to reduce
greenhouse gas emissions, improve air quality and
energy security, boost the local economy, and pave
the way to a sustainable energy future.

On-site renewable energy generation can be
installed in both new and existing buildings. While
many forms of on-site renewable energy generation
exist including solar, biomass, wind, and micro-
hydro, solar photovoltaic electricity generation is
the most common type, particularly for existing
buildings. Solar thermal power is another proven
on-site renewable energy technology, albeit less
widespread.

Savings potential:

The model assumes that on-site renewables will

be in the form of solar photovoltaic power. An
average annual solar insolation (kWh/m2/day),

and a solar panel efficiency of 15%, were applied to
estimate annual solar energy use per square foot of
solar collection (building roof) area. Savings were
reduced by 30% to reflect the existence of rooftop
equipment that cannot be covered in solar panels.
Adjustments to solar insolation by region were also
applied.

To predict the amount of building energy “reduction”
from on-site renewable energy, solar generation
must be compared to building energy use.

Tall and short buildings with the same roof area
will capture similar amounts of solar energy, yet
tall buildings will consume more energy. Therefore,
solar energy can “reduce” a small amount of a tall
building’s energy use, or a larger amount of a small
building’s energy use.
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Retail, education, and ‘other’ buildings tend to

be short, while commercial, healthcare and large
residential buildings tend to be taller. We estimated
an average number of floors per building type
based on reference buildings identified by the U.S.
Department of Energy, and then estimated the total
building energy “reduction” achievable by installing
on-site solar generation. See appendices for further
detail.

Considerations:

While the presented scenario assumes renewables
are in the form of solar photovoltaic power alone,

a hybrid solar system generating photovoltaic
electricity as well as thermal heat has the potential
to contribute (and therefore offset) more energy in
a building. The scenario did not consider this option,
because such hybrid systems are still relatively
uncommon. However, their potential for net carbon
reduction merits further consideration.

The presented scenario assumes solar panel
efficiency of 15% (current installed panels typically
average 15% to 22% efficiency). Future efficiency
improvements would result in further carbon and
cost reductions.

Uptake:

Following re-commissioning and deep retrofits
(per scenario 2), this scenario forecasts the
implementation of renewable strategies (mainly
solar) in 40% of Canadian buildings above 25,000
sf by 2030; meaning about 3% of these buildings
would install rooftop solar each year.

The current rate of solar power installation on
existing buildings is unknown, and an area for
further investigation. The rate of uptake proposed
here is likely significantly higher than current
industry average. However, as solar technology
continues to rapidly advance, installation becomes
easier and cost is reduced. A combination of new
technologies, policies, and incentives may enable
the target penetration rate to be achieved.
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Scenario 4 (Fuel Switching):

Facilities consume energy in many forms. Most
facilities consume multiple fuels such as electricity,
natural gas, or district heating/cooling. Fossil fuels
such as natural gas emit greenhouse gas as they
are consumed. Other fuels such as electricity and
district heating/cooling can be generated from
multiple sources. In provinces with low-carbon
electricity grids (where hydro, nuclear, solar and
wind power are common), facilities can reduce
carbon emissions by converting an existing facility’s
HVAC systems to efficiently consume electricity
rather than natural gas or other carbon-intensive
fuels.

Savings potential:

Fuel switching can involve the replacement of
gas-fired heating furnaces, boilers, and distributed
equipment with high-efficiency electric heat pump
alternatives. We have assumed that the majority

of fuel switching will involve installation of heat
pump systems (assumed average coefficient of
performance of 3) in place of conventional natural
gas boilers (assumed efficiency of 80%), causing
an approximate 75% reduction in heating energy
use. Switching to non-electric low-carbon fuels,
such as biomass and low-carbon district heating/
cooling systems, can be similarly beneficial. We
have assumed the benefit from these systems is
roughly equivalent to that noted above. This merits
further future research if increased model accuracy
is desired.

Considerations:

Fuel switching on a mass scale will increase
provincial electricity use. Electricity generation
and distribution infrastructure will need to be
added. Government must commit to installing only
low-carbon generation, if fuel switching is to result
in national carbon reductions.

Despite recent advances in technology including
heat pump quality and efficiency, the economics
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of fuel switching retrofits remain uncertain.

The low cost of natural gas relative to electricity
has historically led building owners to fuel switch
from electricity to natural gas - the reverse of

the carbon-saving strategy proposed herein. The
financial viability of fuel switching will need to be
effectively proven and widely communicated if it
is to be adopted as common practice. Measures to
decrease the capital costs of switching away from
fossil fuels and/or raise the long term costs

of using fossil fuels (such as carbon pricing) may
be required.

Uptake:

Equipment may be located centrally or distributed
throughout the building in enclosed ceiling and
crawl spaces and within occupied spaces. Fuel
switching can be particularly complicated and
costly in the latter case. Often, a space must be
vacated to accomplish an effective full building
fuel switching retrofit. For these reasons, fuel
switching in complex buildings (e.g.: commercial
and healthcare) is assumed to take place as part of
major building renewal.

Complex buildings tend to be built to last for a long
time, perhaps 50 or even 100 years. As such, it may
be reasonable to assume that each year 1to 2% of
all existing buildings will undergo major retrofit as
they reach a natural lifecycle renewal milestone. This
is the ideal occasion to implement fuel switching.
Between 2016 and 2030 (15 years), 15 to 30% of
complex facilities may naturally undergo a major
retrofit.

Fuel switching in simpler buildings (e.g.: residential,
education, retail and other), is assumed to take
place as part of major equipment renewal. Since
major equipment renewal typically takes place on
15 to 30 year cycles, across Canada in any given
year about 3 to 6% of major equipment is replaced
or renewed. Therefore, between 2016 and 2030 (15
years), 45 to 90% of major equipment may naturally
undergo major renewal.

(Continued on next page)
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In this scenario in addition to re-commissioning,
deep retrofit and renewable energy installation

per previous scenarios, we have assumed that by
2030, 20% of commercial, 40% of residential, 40%
of education, 30% of healthcare, 50% of retail and
40% of other buildings above 25,000 square feet

in Ontario, British Columbia and Quebec switch
from conventional natural gas heating to efficient
electric heat pump heating. Accomplishing this level
of uptake would not be easy; it would require a firm
commitment or significant incentives and perhaps
even regulation requiring fuel switching at the time
of equipment and building renewal.
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B. Economic Impact Assessment

Acton White Associates Inc. analyzed the economic
impacts predicated on the National Carbon Forecast
prepared by WSP. The economic impacts are based
on deep retrofits, on-site solar, and fuel switching
which accounts for a total of 65% of CO:ze reductions
scoped in scenario 4 (over and above business as
usual). Scenario 1 forecasts that the remaining 35%
of reductions will come from recommissioning, which
would generate economic activity (primarily in the
service industry) but for simplicity and conservatism
was not modeled in this report.

The economic impacts methodology assumes that
all fuel switching activity takes the form of installing
geothermal systems. In reality, many alternatives to
fossil fuel based systems may be deployed, including
air source heat pumps and variable refrigerant flow
systems. These systems would likely have a lower
capital cost of installation.

The WSP report included all provinces but not the three
Territories, due to a lack of information. The impact

of the Territories is not likely to significantly impact

the GHG reduction benefits of the WSP report or the
economic benefits of this report.

This study estimates impacts in current dollars. Due

to budget limitations, Acton White has estimated the
direct impacts in 2030 and then used results from that
estimate to approximate those for earlier years from
2019 to 2030.

The following steps were undertaken:

1. Estimating annual costs by type of building in the
WSP data as the (number of available sqg. ft.) x
(percentage of sq. ft. in annual uptakes) x (the cost
factors per sq. ft.);

2. Adjusting the above for growth in the consumer
price index (CPI) and the Canada/U.S. exchange rate
where cost data are in American dollars;

Entering those values into the I/O and running it;

4. Because the dollars were inflated based on the CPI
in order to arrive at current dollars, and because
annual employment productivity gains are expected
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from 2070 (the I/O model’s base year) onward,

the resulting raw estimates for employment are
exaggerated and have been adjusted downward to
offset both inflation and productivity gains to yield
correct employment impacts in 2030;

5. After making these adjustments for 2030, estimating
similar impacts for 2019 to 2029 involves adjusting
all the results for lower levels of accumulated
inflation than in 2030 less accumulated increases in
factor productivity of 1% annually and differing levels
of annual expenditures, and

6. Finally, the data have been adjusted for lags in
induced demands.

All results are relative to failing to proceed with any
retrofits or any of the solar or geothermal projects.
Employment data are not generally cumulative across
the years. In other words, the final employment impacts
in each year are for the year stated. For example, it is
wrong to interpret final employment impacts in 2020
as the sum of those occurring in 2019 and 2020, unless
one is counting person-years of employment, not
incremental employment or employees.

Calculation of Square Foot Costs for Building
Upgrades:

Methodology: The WSP report provides the number

of square feet of expected annual conversions by each
technigue in each province and/or region. Because this
report covers total impacts of each technique,
external sources were used for square footage costs.

Whereas the WSP report contains square footage
assumptions for the Atlantic and Prairie Regions, the
1/0O analysis requires provincial level data. To bridge that
data gap, Acton White has allocated WSP regional data
to the provinces in each region in proportion to each
province’s Gross Domestic Product (GDP) at market
prices, thereby tying those allocations to the relative
sizes of the economies and their ability to pay.

This analysis establishes total impacts and not simply
benefits. Therefore, the costs provided are for the full
scope of the building upgrades, not only for greening
components as was the case in the WSP report. The
gross cost of deep retrofits varies greatly based on
many factors, “including building type, project team
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experience, project location, site conditions, the
varying ways energy use reductions are achieved, and
the significant underlying variances in building age,
construction type, and other variables”.*®

This research has revealed a wide range of costs in deep
retrofits. Costs for a 500,000 square foot office building
can range from $25 to $150 US/square foot. The range
in capital costs per square foot is substantial and at the
high end it can reach the $300/square foot range for
specialized instructional and government buildings (see
References).

Acton White utilizes a rate of $54.92/square foot based
on a typical building retrofit profiled by the Rocky
Mountain Institute°. In this 2015 case study, a 30,000
sq. ft. office building in Sunnyvale, CA, was retrofitted
to net-zero energy with a $1.6 million cost premium
(including a $345,000 solar PV system). If we net-out
the costs of the PV system the capital retrofitting costs
are $41.83/square foot US, which is $54.92 Canadian.*

e This rate is consistent with known costs based on a
university retrofit project in Metro Vancouver where
the known costs for the energy component of the
deep retrofit is estimated to be $58 per square foot*2.

* Regarding geothermal costs, Acton White based its
estimates on NRCan'’s cost estimates per building type
and geographic region in Canada.*?

e Solar costs were estimated through several sources
(see Appendix A), but a key reference point was the
US National Laboratory for Energy Renewal.*4

30 http:/www.rmi.org/retrofit_depot_deepretrofitvalue

40 http://www.gsa.gov/portal/mediald/121594/fileName/RMI_white_pa-
per_-_GSA_NZE-_2015-10-21.action

41 The Case for Net-Zero Energy in the GSA’'s Owned Building Portfo-
lio, Rocky Mountain Institute 2015 http:/www.gsa.gov/portal/me-
diald/121594/fileName/RMI_white_paper_-_GSA_NZE-_2015-10-21.
action

42 http://www.mnshi.umn.edu/cs/retrofit/multifamilyretrofitre-
port 2 1287596736.pdf

43 http://www.nrcan.gc.ca/energy/efficiency/buildings/eenb/16600

44 http:/www.nrel.gov/analysis/tech_Icoe_re_cost_est.html
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Dynamic Model

One of the advantages of adopting this initiative is that
retrofits, although varying, are sustained through time,
so unlike many short-term construction projects there
can be a degree of sustained stability in the staging of
greening of construction over time. Because the costs
in any given year are dominated by deep retrofits, it

is possible to adjust the 2030 results to gain ballpark
estimates of impacts for the years 2019-2030.

The adjustments to national data in the dynamic model
includes three transformations to adjust for inflation,
shifts in the exchange rates and labour factor productivity
growth. Additionally, current dollars, i.e. the inflation
adjusted dollars for the year in which they are spent in
each year, replaces “2030 dollars”. The level of direct
expenditures also varies among the years from $29.5
billion in 2019 to $42.8 billion in 2030 in current dollars.

Annual impacts from the 1/O framework has been
adjusted to accommodate lags inherent in the economy.
While it is clear that the direct impacts occur in the
year in which expenditures are made, that is slightly
less clear for indirect and induced impacts. Indirect
responses effectively require suppliers to replenish their
inventories when they have been drawn down from
each shipment they make. In this era of just-in-time
inventories when there are regular orders, time
differences between supplying finished products and
needing replacement inventories are short requiring no
adjustments through time for the indirect impacts.

Induced demands experience longer adjustment
periods. What is going on is the wage earners are
spending their earnings through several iterations and
that requires time. For that reason, and bearing in mind
that expenditures occur throughout the year, induced
impacts are spread so that 70% occurs in the year of
the direct expenditures, 25% in the subsequent year and
the remaining 5% two years down the road. These are
scoping estimates based in experience of dealing with
dynamic models rather than runs on fine-tuned and
highly integrated models. Such runs could be achieved
with a fully articulated and up-to-date Canadian model,
but such models are expensive to build, maintain

and utilize.
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energy micro-generation as part of their overall energy
conservation measures and to reduce their electricity bills.
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2008, and more than 100 times lower than they were back
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How Much Does it Cost to Install Solar on an Average US
House?

In the USA, a rule of thumb is that the average house
consumes electricity at the rate of 1 kW per hour (kWh).
There are about 730 hours in each month, and the
average price of a kWh of electricity is $0.10. So an
average monthly bill would be around $73 for 730 kWh of
electricity.

Assuming that installation and auxiliary equipment costs
can be reduced to around $1 per watt, then a 5 kW system
may cost as little as $10,000, and the payback period
would be 10 years, even without subsidies. This makes PV
solar installations much more attractive. Of course, all this
assumes that electric rates stay constant.
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Solar and Renewables FAQ’s

Q: How much roof space is needed?

A: A rule of thumb is 100 sq. ft. per every kilowatt (kW)
of electricity the PV system produces. Module efficiency
correlates with the power that is generated in a given
amount of roof space. For basic planning purposes,

a good rule of thumb is 10-12 watts per square foot.

A typical solar electric system for a home will require
approximately 200-400 square feet.

Q: What is the size of a typical solar electric system?

A: Averages are not a good way of sizing a solar system
for a specific home or business. Sizing a solar PV
system involves consideration of three factors: 1) project
budget, 2) electricity requirements, and 3) available
sunny space for the modules.
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Q: Can the cost of a solar system be determined based on
the square footage of a home?

A: A rule of thumb shows it can cost about $10 per
square foot (house size) to supply 100% of electrical
needs. But, again, rules of thumb are just good
estimates designed to fit all situations. It is best to
consider all aspects and plan and design a system
based on a specific site, its energy needs, and budget.

http://solarproservices.com/index.php/fags

23. Distributed Generation Renewable Energy Estimate of

Costs (updated February 2016), NREL

Most capital cost data used in the calculations are from
the 2012-2015 sources. 2012-2013 data was used to
supplement the update or when new data was unavailable.
The data behind the DG cost estimates were given as an
average or as a high/low range.

Photovoltaics (PV)

PV cost data is more numerous because it is a widely
deployed technology. The data, however, are often out

of date as a result of significant decreases in the price of
modules and moderate decreases in the price of inverters
and balance of system components over the last few
years. Installation costs have also decreased due to scale,
learning curves, and increased competition.

Ground Source Heat Pump (GSHP)

GSHP information came from listed sources as well as
interviews with subject matter experts at NREL and
installation companies. Capital costs vary significantly
depending on geographical location, which dictates

land prep prices and horizontal versus vertical drilling

for ground loops. Useful life varies significantly between
interior components with standard 20 year warranties and
ground loop components with 100 year expected lifetimes.

http://www.nrel.gov/analysis/tech_lcoe_re_cost_est.html
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Economic Impact

24.

25.

26.

Industry Brief: How Green Building Helps the U.S.
Economy, American Sustainable Business Council

According to a recent report released by the U.S. Green
Building Council, green construction growth rate is rapidly
outpacing that of conventional construction, and by 2018,
green construction will support more than 3.3 million U.S.
jobs - more than one-third of the entire U.S. construction
sector - and generate $190.3 billion in labor earnings.

http://asbcouncil.org/sites/default/files/asbc_green
building_industry brief 20160522a.pdf

Green Building Economic Impact Study, 2015 Booz Allen
Hamilton

Green construction contributed significantly to the
national GDP with a net direct economic impact of

$60.7 billion and an indirect impact of $68.9 billion in
2015. It is expected to grow to $85.4 billion and $98.3
billion respectively by 2018. This means that the green
construction market’s impact on GDP is projected to
increase by 41% from 2015 to 2018. It is estimated that in
2015, green construction will directly contribute 796,000
jobs to the U.S. economy, while $53.6 billion of all wages
will be directly accounted for by the green construction
industry. By 2018, these numbers will increase to 1.1 million
and $75.6 billion respectively. According to predictions, by
2018, the green construction industry will be in some way
responsible for 38% of all construction jobs. Twenty-one
indirect GDP contributions from green construction
between the years 2011 and 2014 total $188.8 billion and
are projected to rise to a four-year indirect contribution
total of $345.7 billion for 2015- 2018. Current induced GDP
contribution projections for 2015 total $70.8 billion and will
increase to approximately $100.3 billion by 2018.

https://kapost-files-prod.s3.amazonaws.com/published
56438d353dab34e8a1000061/green-building-economic-
impact-study.pdf?kui=ntZxSELUijOYNSWKwWEO_Kw

Green building boom is pumping billions into U.S.
economy - and retrofits are fueling the trend

Over the next three years, new LEED-certified construction
will contribute more than $303 billion to the United States’
economy, a recent study concluded. This year alone, the
industry will generate 2.3 million jobs.

Buildings use nearly 40 percent of all energy in the U.S.
and today a growing number of commercial real estate
leaders are looking for opportunities to upgrade what
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they’ve already got - rather than starting from scratch - to
save money and lessen their environmental impact.

https:/www.edf.org/blog/2015/11/10/green-building-

boom-pumping-billions-us-economy-and-retrofits-are
-fueling-trend

Cost of Carbon

27. Technical Update of the Social Cost of Carbon for

Regulatory Impact Analysis Under Executive Order
12866 (May 2013, Revised July 2015). Technical Support
Document (PDF, 21 pp, 1 MB)

Environment Canada has based its research into

these values on methodologies deployed by the U.S.
Environment Protection Agency. The EPA and other
federal agencies use the social cost of carbon (SC-COZ2) to
estimate the climate benefits of rulemakings. The SC-CO2
/s an estimate of the economic damages associated

with a small increase in carbon dioxide (CO2) emissions,
conventionally one metric ton, in a given year.

The EPA views its estimates as downward biased. It
argues that the social cost of Co2 (SC-COZ2) is meant to be
a comprehensive estimate of climate change damages and
includes changes in net agricultural productivity, human
health, property damages from increased flood risk, and
changes in energy system costs, such as reduced costs for
heating and increased costs for air conditioning. However,
given current modeling and data limitations, it does not
include all important damages. The SC-COZ2 estimates
omit various impacts that would likely increase damages.
The models used to develop SC-CO2 estimates, known as
integrated assessment models, do not currently include

all of the important physical, ecological, and economic
impacts of climate change recognized in the climate
change literature because of a lack of precise information
on the nature of damages and because the science
incorporated into these models naturally lags behind the
most recent research. Nonetheless, the SC-COZ2 is a useful
measure to assess the benefits of CO2 reductions.

EPA, The Social Costs of Carbon. https:/www3.epa.gov,

climatechange/EPAactivities/economics/scc.html
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