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Abstract

There is a global focus by governments on retrofitting buildings, as well as incorporating energy efficiency into new con-
struction, as a means to address climate change. Initiatives to reduce energy use, source renewable electricity, and use low-
carbon materials are aimed at leading by example, where governments attempt to showcase innovation through green building
strategies. Greening government initiatives are promoted to reduce operating costs, improve energy system resilience, grow
the “green” economy, support clean energy development, and encourage sustainable building practices. Here, we outline the
benefits of greening government initiatives by examining Canada’s Greening Government Strategy as a case study approach
for transitioning to a low-carbon building portfolio. We focus our review on initiatives that outline how public institutions
can transition buildings to reduce their carbon footprint by (1) pairing greening government mandates with adequate sup-
port structures for public agencies, (2) using an integrated energy management process for the planning and development
of carbon-neutral portfolios, and (3) overcoming barriers to low-carbon project implementation with procurement standards,
financial instruments, and staff training. These approaches are defined to offer leadership in the green building industry,

strategically identify carbon reduction projects, and reduce barriers to a low-carbon building portfolio.

Key words: climate change, green public procurement, energy efficiency, energy performance, net zero, retrofit

Introduction

As governments implement policies and programs to ad-
dress climate change, energy efficiency in the built envi-
ronment has become a key focus. Globally, buildings con-
tribute 37% of total CO, emissions due to operation and ma-
terial needs (United Nations Environment Programme 2022).
Seventy-two percentage of building emissions are due to en-
ergy use for operational needs, such as heating and cooling,
and 28% result from manufacturing and processing build-
ing materials, such as cement, steel, and glass (Rock et al.
2020; Causone et al. 2021). Most emission reduction efforts
that focus on built infrastructure concentrate on improving
energy performance through retrofit measures, renewable
energy installation, and energy-efficient designs (Attia et al.
2017; Rock et al. 2020). In addition to providing funding for
regional energy efficiency initiatives and programs, govern-
ments can retrofit their own building portfolio and construct
more energy-efficient buildings to take the lead on a low-
carbon transition.

As of 2021, 41 countries have signed onto the Green-
ing Government Initiative (GGI) as part of the U.N Frame-
work Convention on Climate Change Conference (COP26;
CSO 2022). This initiative enables countries to exchange in-
formation, promote innovation, and share best practices
for green government operations (CSO 2021). These govern-
ments are already demonstrating leadership by formalizing
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green government policy commitments and establishing gov-
ernance structures that provide support and resources to
public agencies to reduce greenhouse gas (GHG) emissions.
For example, Finland has created a state-owned sustainable
development corporation to help support public adminis-
trations, businesses, municipalities, and consumers to im-
plement resource-efficient and sustainable practices (Motiva
2021). Norway has created a Sustainable Public Procurement
tool for the incorporation of environmental and social re-
sponsibility requirements and criteria (DFO 2022), and the
United Kingdom has set out actions for government depart-
ments and partner organizations to reduce GHG emissions
in their Greening Government Commitments (Department
for Environment, Food and Rural Affairs 2021). Canada’s
Greening Government Strategy (GGS) is the primary action
plan that outlines Canada’s net-zero by 2050 commitment
for government operations, including maintaining a net-zero
climate-resilient property plan (TBS 2022). Homes and build-
ings account for 18% of Canada’s GHG emissions, when also
factoring in electricity use for cooling, lighting, and appli-
ances (ECCC 2020). The federal government is the owner and
manager of the largest fixed asset portfolio in Canada, includ-
ing 32,000 buildings with 23 million m? of floor space; tran-
sitioning this portfolio to low carbon is a key aspect of the
GGS strategy and overall climate change goals in the country
(TBS 2021, 2022).
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While carbon emissions from sources owned or generated
by federal, provincial, and territorial governments in Canada
account for only 0.6% of national GHG emissions, govern-
ment leadership has impacts beyond specific emission reduc-
tion projects (ECCC 2016). Promotion and incorporation of
greening government strategies into non-governmental sec-
tors extends benefits such as energy cost reduction, building
comfort, energy system resiliency, growth of the green build-
ing industry and market, demonstrating economic competi-
tiveness of clean energy, and encouraging alternative sustain-
able practices (EPA 2009; ICF 2018). Greening government ini-
tiatives require low-carbon products, technologies, and solu-
tions; through public procurement, the government creates
demand for these innovative technologies (Uyarra and Flana-
gan 2010). Public procurement can be a tool to stimulate in-
novation in supply markets, support environmental objec-
tives, and grow local markets (Walker and Brammer 2009).
Investments in clean renewable electricity to reduce GHG
emissions also support increased adoption of renewables by
the broader public (TBS 2022). Government support to over-
come barriers to retrofitting or building new energy-efficient
and sustainable buildings can also include information gen-
eration and dissemination (Yu et al. 2021). By sharing infor-
mation, governments can reduce barriers to achieving high-
energy-performance buildings and bridge the gap between
government and private sector standards (Yu et al. 2021).

Here, we examine current greening government initiatives
with Canada as a case study and outline the approach be-
ing used to transition to a low-carbon building portfolio for
both existing buildings and new construction. The Govern-
ment of Canada has provided a methodological framework
for their initiatives (NRCan 2018a), which is based on pol-
icy commitments, governance structure, and government-
sponsored resources to achieve GHG reductions; however,
non-government entities and other jurisdictions would need
to further design pathways to effectively implement and
achieve the same goals. As such, we review an approach that
focuses on transitioning public buildings to reduce their car-
bon footprint by (1) pairing greening government mandates
with adequate support structures for public agencies, (2) us-
ing an integrated energy management process for the plan-
ning and development of carbon-neutral portfolios, and (3)
overcoming barriers to low-carbon project implementation
with procurement standards, financial instruments, and staff
training. By reviewing Canada’s federal green governance
strategy and comparing other global initiatives, we are able
to outline how the transition to a low-carbon building portfo-
lio can be applicable beyond specific government portfolios
and help inform asset managers, non-government agencies,
and global carbon reduction initiatives.

Greening government mandates and support
structures
Leadership commitments and legislation

Under Canada’s Pan-Canadian Framework on Clean
Growth and Climate Change, federal, provincial, and territo-

rial governments have agreed to be leaders in sustainable and
low-emission practices that support clean growth in Canada
and address climate change (ECCC 2016). This now includes
Canada’s Greening Government Strategy, which commits to
transitioning to low-carbon buildings and zero-emission fleet
vehicles, utilizing green procurement approaches for goods,
services, electricity, and clean technology, and implementing
adaptation measures for resilience against climate change
impacts (TBS 2022). Adoption of the strategy is mandated
for all core departments and agencies of the Government of
Canada (TBS 2022).

Governments can also enshrine greening government
plans and strategies in legislation, which may be more ef-
fective when reduction targets and actions must continue
in the long term, usually defined by 2050. Legislation has
an advantage in that it can allow for the incentivization of
green procurement for both market development and pub-
lic procurer engagement (Pouikli 2021). For example, the Eu-
ropean 2010/31/EU Directive legislates public administration
and institutions of EU member states to lead on energy ef-
ficiency in the building sector. Distinct from regulations, di-
rectives within the 2010/31EU Directive set out goals for EU
countries they are bound to; however, the pathway to achieve
these goals is up to an individual EU member state to define
(European Union 2023). Yet, member states must ensure that
all new public buildings meet nearly zero-energy standards
(Ascione et al. 2016).

Governance structure for public agency support
and oversight

The Government of Canada is required to establish GHG re-
duction targets and demonstrate strategies for reductions in
government operations under the Canadian Net-Zero Emis-
sions Accountability Act (Government of Canada 2022). On a
provincial level, British Columbia legislated that all provin-
cial public sector organizations achieve carbon neutrality
with required annual reporting on progress (SBC 2007). Nova
Scotia has set a GHG reduction target of 75% for government-
owned buildings by 2035 (SNS 2021). To effectively imple-
ment these commitments, the Government of Canada recom-
mends establishing a governance structure. For example, the
Centre for Greening Government (CGG), housed at the Trea-
sury Board of Canada Secretariat, acts as a governance entity
for greening government activities. By leading and coordinat-
ing initiatives, sharing knowledge and guidance with public
agencies, tracking and disclosing GHG reductions and envi-
ronmental performance, and driving results, the CGG is a key
part of Canada’s implementation strategy (TBS 2022).

Bureaucratic leadership is required to ensure management
control frameworks incorporate environmental considera-
tions ranging from procurement planning, identification and
definition of requirements, acquisition, operation, and main-
tenance of assets to disposal of goods or closure activities
of services. These are supported by other agencies, such as
Natural Resources Canada, which extends technical support,
guidance, and training across federal organizations (NRCan
2022).
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Fig. 1. Integrated energy management process to optimize energy usage in building portfolios and implement low-carbon

measures.
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As part of the World Green Building Council’s Net Zero Car-
bon Building Commitment, 19 cities around the world have
regulations in place requiring new buildings to be carbon
neutral by 2030 and existing buildings to reach the same goal
by 2050 (Causone et al. 2021). As 0f 2019, the European Union
has requirements that all public administrations build exclu-
sively “nearly zero energy buildings” (Ascione et al. 2016).
Canada’s Greening Government Strategy requires all new fed-
eral buildings to be net zero carbon by 2025, which includes
the carbon input necessary for construction materials (TBS
2022). For example, the Province of Nova Scotia now requires
any new build or major retrofit in government buildings en-
tering the planning stage after 2022 to have net-zero-energy
(NZE) performance and be climate-resilient (SNS 2021).

The concept of green buildings emerged with the growing
awareness of GHG emissions from the building sector (Darko
et al. 2017). Green buildings are designed, built, and oper-
ated to use resources such as energy, water, materials, and
land more efficiently than conventional buildings that meet
code (Darko et al. 2017). The source of electricity is also a
strong factor in whether buildings are designated as “green”,
where on-site or off-site renewable energy production is in-
corporated into construction or retrofitted during renovation
(Zuo and Zhao 2014). Natural Resources Canada advocates
for an energy reduction process that includes making a com-
mitment, assessing performance, setting goals, creating an
action plan, implementing the action plan, and evaluating
progress (NRCan 2019). As the portfolio is reassessed, con-
tinuous improvements can be made through an integrated
energy management process (Fig. 1). As an example, evalu-
ating and updating policy goals ensures that energy man-
agement and actions reflect changing needs and priorities
(NRCan 2019).
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While lacking a standard definition, a NZE building is a
highly energy-efficient residential or commercial structure;
any energy used is sourced from on-, or near-site, or renew-
able energy sources (Torcellini et al. 2006; Shirinbakhsh and
Harvey 2021). The term “net” implies that there is a net bal-
ance between energy consumed and energy output (Resende
et al. 2021). The energy usage of NZE buildings can be re-
duced through an energy-efficient building envelope, heating
and cooling equipment, appliances, passive solar design, and
renewable energy sources to meet energy needs (Efficiency
Canada 2021; Makvandia and Safiuddin 2021). Key consider-
ations for net zero standards can include the building en-
velope, mechanical systems, energy performance targets, in-
door air quality, water conservation, and other environmen-
tal features such as raw materials (NRCan 2018Db).

Green building certification systems outline criteria that
are used to evaluate GHG emissions from buildings (Roh et al.
2014). These certification systems reveal the resource and car-
bon intensity of buildings while objectively measuring their
energy performance (Han 2019). Energy efficiency certifica-
tion and labelling are used to assess and demonstrate a build-
ing’s achievement in energy savings and sustainability (Yu et
al. 2021). Widely recognized high energy performance and
net zero standards for new construction and major retrofits
(Table 1) all focus on improved resource efficiency and envi-
ronmental responsibility, including R-2000, LEED, Net Zero
Home Labelling Program, Passive House, Zero Carbon Build-
ing Standard, Green Globes, and BOMA BEST (Green Building
Canada 2022).

Although net zero or carbon-neutral building standards are
regarded as an emerging innovative and sustainable building
approach, there is a need for a shared definition of what these
terms mean, a greater understanding of the energy use for
specific building services, what life cycle stages are included,
the inclusion or not of embodied carbon and its accounting,
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Table 1. Examples of green building standards in Canada for new construction and major renovations across building types
(NRCan 2018b; BOMA Canada 2021; Green Building Initiative 2021; CAGBC 2022a, 2022b; Canadian Home Builders Association
[CHBA] 2022; Green Building Canada 2022).

Green building standard

Building characteristics

Administrator

Description

R-2000

LEED

Net Zero Home Labelling
Program

Passive House

New construction;
residential

New construction, major
renovations; commercial
and institutional,
residential

New and existing
buildings; residential

New construction
(EnerPHit for existing

Natural Resources Canada

Canada Green Building
Council

Canada Home Builder’s
Association

International Passive
House Association

Voluntary national standard to improve energy
efficiency of new houses. Technical requirements
include performance goals and prescriptive
measures to be eligible for certification

Most widely used green building rating system in the
world, available for virtually all building,
community, and home-project types. Over 8500
buildings registered in Canada

753 homes labelled across Canada (463 detached, 250
attached, 34 MURB units, and 6 renovations).
Recognizes NZE and NZER homes

Focus on optimizing a building’s envelope and
maintain heat through super-insulation, air

buildings)

Zero Carbon Building
Standard

New and existing
buildings; commercial,
institutional, Multi-unit
residential buildings
(MURBS)

New and existing
buildings; commercial,
institutional, MURBS,

Existing buildings

Council

Green Globes

BOMA BEST

Canada Green Building

Green Building Initiative

Building Owners and
Managers Association

tightness, high-performance windows, efficient heat
recovery ventilation, and minimizing thermal
bridges. High standard for lowering heating
consumption

Certified buildings produce onsite or renewable
energy, or high-quality carbon offsets to
counterbalance the annual carbon emissions from
building materials and operations.

Online assessment protocol, rating system, and
guidance for green building design, operation, and
management

North America’s largest environmental assessment
and certification program for existing buildings.
Over 5000 buildings obtained a certification or
recertification

and less vagueness around net zero commitments (Causone
et al. 2021). Natural Resources Canada (NRCan 2019) identi-
fies setting goals as a key step of the building energy man-
agement process before further steps of planning and im-
plementation are pursued. Further definition of the desired
building performance and qualities is required to ensure net-
zero building commitments are understood by public asset
managers and achieve the desired GHG reductions for gov-
ernment buildings.

Understanding building energy usage

To inform investment decisions on energy efficiency up-
grades of existing buildings, access to quality information on
energy and carbon performance within a portfolio is needed.
By measuring the performance of a building against other
similar archetypes, energy usage, potential energy-saving op-
portunities, and energy management action plans can be
identified and prioritized (Arjunan et al. 2022). Monitoring
energy usage can help governments identify gaps in perfor-
mance and quick pathways to reduce GHG emissions in the
short term (Jradi et al. 2020; Ghajarkhosravi et al. 2020).
Benchmarking, where buildings’ energy usage is evaluated
against others in a portfolio, informs carbon-neutral portfo-
lio plans to help determine what energy upgrades should be
implemented based on reduction potential (Ghajarkhosravi
et al. 2020). It is especially useful for convincing senior man-

agement to pursue energy savings opportunities as it pro-
vides objective feedback on energy performance and poten-
tial (NRCan 2014).

Governments have started implementing energy bench-
marking programs to improve the energy efficiency of com-
mercial buildings (Arjunan et al. 2022). Some governments
are monitoring and benchmarking within their own build-
ing portfolio, in addition to administering programs for other
organizations. Canada’s Greening Government Strategy has
committed to metered energy use for government-owned
buildings of more than 1000 m? and incorporating all facil-
ities in the RETScreen Clean Energy Management Software
by 2025 (TBS 2022). The RETScreen software was released by
NRCan and allows energy efficiency and renewable energy
projects to be assessed with tools to also track ongoing en-
ergy performance (NRCan 2021).

With energy usage data, GHG inventories can be de-
veloped for all of the public service or by individual de-
partments and agencies. In British Columbia, each provin-
cial public sector organization, including school districts,
health authorities, crown corporations, post-secondary insti-
tutions, and the provincial government, prepares its own
inventory with a centrally provided tool to standardize
and support reporting (ICF 2018). Other provincial gov-
ernments have also taken measures to track and report
energy consumption and GHG emission data from their
own operations. For example, Ontario’s Ministry of Energy
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has energy benchmarking programs and databases in place
(CaGBC 2018).

Development of carbon-neutral portfolios

A key aspect of greening government initiatives is based
on planning and implementing projects that include GHG
reduction potential. In the “Roadmap for Retrofits” report
by the Canadian Green Building Council (CAGBC 2018), it
was recommended that provincial public sector entities de-
velop multi-year property retrofit strategies that include mea-
sures and metrics to both increase energy efficiency and
reduce carbon emissions from building portfolios. Strate-
gic evaluation of property portfolios is encouraged to deter-
mine cost-effective strategies to reduce emissions (TBS 2022).
Under the Canadian Net-Zero Emissions Accountability Act
(SC 2021), Canada has committed to net-zero emissions by
2050. This is reflected in the GGS requiring all federal de-
partments to develop and maintain a real property portfo-
lio plan outlining the pathway to the complete decarboniza-
tion of departmental real property holdings (TBS 2022). Car-
bon neutrality is defined as the efficient operation of build-
ings and portfolios to conserve energy and reduce GHG emis-
sions internally, with fuel switching and renewable energy
generation installation (PSPC 2017). Any energy consump-
tion can be neutralized by procuring renewable electricity,
RECs, or carbon-offset credits (PSPC 2017). Carbon-neutral
action plans outline the approach to implementing climate
change mitigation and resilience strategies. Usually, specific
goals and targets are included, along with policies, programs,
and projects (ICF 2018). The development of a carbon-neutral
action plan includes prioritizing areas for reduction using
GHG inventories, collaboration to identify actions and es-
tablish targets, developing evaluation criteria for action op-
tions, selecting options using the evaluation criteria, and
identifying monitoring mechanisms to report on outcomes
(ICF 2018).

Public Services and Procurement Canada (PSPC) published
a carbon-neutral implementation plan in 2019, which iden-
tifies initiatives to achieve carbon neutrality across its port-
folio of publicly owned buildings. High-level evaluations
of energy savings, GHG emission reductions, and incre-
mental capital and operational costs are identified (PSPC
2017). These measures exist within the main investment
areas of operational carbon management, major retrofits,
energy conservation measures, and clean electricity pro-
curement. Deep retrofits, clean electricity procurement,
asset divestment, district energy (DE) system moderniza-
tion, procurement, fuel switching, smart buildings technol-
ogy, LED lighting, retro commissioning, solar PV, and bat-
tery storage are the most significant measures to achieve
GHG reductions in the PSPC government building portfolio
(PSPC 2017).

Using an integrated design process

The integrated design process is an example of a best prac-
tice that governments can trial when it comes to designing
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and constructing NZE buildings and also undertaking major
renovations to their existing portfolio. IDP is a widely used
tool and best practice to achieve the required levels of en-
ergy performance (Lu et al. 2022). By viewing a building as a
single integrated system that includes the building envelope,
heatig, ventilation, and air conditioning (HVAC) system, re-
newable energy system, and operations, it can be analyzed
and designed collectively rather than in isolation (Zhivov and
Lohse 2021). If the relationship between these components
when designing or retrofitting a building is considered, ben-
efits such as reducing energy demand can be optimized. IDP
brings together different project stakeholders to collaborate
and share information in the design phase (Zhivov and Lohse
2021). Traditionally, information flow is linear from one dis-
cipline to another, but IDP involves a collective study of the
design. Some project team members may include the client
or owner, project manager, architect, engineers, landscape ar-
chitect, and general contractor. Compared to a conventional
design process, with IDP, the client is more involved, the ar-
chitect becomes a team leader, and the engineering team, in-
cluding climate and energy roles, is active early in the design
process (Lu et al. 2022).

Stakeholder collaboration allows for a whole-building anal-
ysis that identifies synergistic relationships between system
components (Zhivov and Lohse 2021). For example, a build-
ing with an improved envelope has less heating and cooling
demand, which reduces the required size of duct systems, air-
handling units, boilers, and chillers (Zhivov and Lohse 2021).
PSPC’s Real Property Branch is responsible for real property
assets and provides accommodation to federal departments
(PSPC 2019). They have adopted IDP for new construction, in-
cluding major fit-ups or renovations (PSPC 2019). The benefit
is that PSPC is better able to improve the energy performance
of their building portfolio and meet their GHG reduction tar-
gets (PSPC 2019). By identifying optimal design solutions, IDP
can help achieve higher energy performance, simplify con-
struction, decrease costs, and shorten the build schedule (Lu
et al. 2022).

Overcoming barriers to project implementation

Green procurement standards and approaches

Public expenditures on goods and services are significant,
often representing between 8% and 25% of GDP (Walker and
Brammer 2009). Green public procurement (GPP) can be de-
fined as the procurement of goods, services, and works by
public institutions that includes environmental criteria, re-
sulting in the purchase of products and services that have a
lesser negative impact on the environment compared to what
would otherwise be procured (Pacheco-Blanco and Bastante-
Ceca 2016; Pouikli 2021; Mendez and Atkinson 2021). There
is increasing recognition of the importance of green pro-
curement to drive innovation and incentivize industry to de-
velop sustainable works, products, and services, especially in
sectors such as construction where public purchasers repre-
sent a large share of the market (Walker and Brammer 2009;
Uyarra and Flanagan 2010; OECD 2015).
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Procurement can include various standards to transition
public building portfolios to low-carbon. In the case of the
EU, GPP criteria under the 2014/24/EU Directive provide for
a supporting framework with clauses on public purchasing
of greener products and defining the levels required (Pouikli
2021). GPP standards can include environmental require-
ments, criteria for environmental labels, and accounting for
environmental factors in production and life-cycle analysis
to ensure low-carbon investments and operational cost sav-
ings (ICF 2018; Pouikli 2021). The Government of Canada,
as well as some Canadian provinces such as Newfoundland
and Labrador, has green procurement policies where en-
vironmental performance must be considered in procure-
ment decisions. For example, the “Policy on Green Procure-
ment” defines objectives, expected results, and requirements
for the government of Canada’s Greening Government pro-
curement strategy (Government of Canada 2018). Newfound-
land and Labrador proclaimed the Public Procurement Act
in 2018 to modernize procurement by provincial public bod-
ies with provisions to incorporate environmental consid-
erations in general procurement policies (ICF 2018). Pro-
curement for services, such as electricity and rental prop-
erties, can also include environmental criteria, such as re-
newable energy standards, or require higher levels of energy
performance.

The integration of standard environmental criteria into
procurement procedures can facilitate GPP and eliminate
barriers due to a lack of expertise (ICF 2018). The inclusion
of existing environmental certification programs, such as
ENERGY STAR, LEED certification, and eco-labelled product
lists, in procurement specifications can facilitate the process
of identifying vendors and products (OECD 2015; ICF 2018;
Pouikli 2021). British Columbia has developed green procure-
ment criteria and evaluation guidelines that can be used in
Request for Proposals, with current resources for central sup-
ply arrangements for LED streetlights and electric vehicle
chargers (Government of British Columbia 2022).

Project outcomes relating to sustainable design, construc-
tion, and management of buildings at the tender stage can
also be prioritized (Lam 2020). Lam (2020) notes that public
sector clients should be measuring project outcomes, rather
than using prescriptive inputs. Outcome-based or solution-
based procurement is a model whereby the procurement
specifies the desired outcome rather than the means to
achieve it (ICF 2018). Instead of focusing on the cost or num-
ber of a specific product required, solution-based procure-
ment requests a “best value solution” and outlines the cir-
cumstances in which it is needed as a means to help drive
innovation and encourage creative solutions (ICF 2018).

To ensure decisions favour optimal GHG reductions over
the life of a building, procurement and specifications can
include the use of life cycle assessment (Jalaei et al. 2022).
Whole-building life cycle cost assessments help quantify en-
vironmental costs along a building’s life cycle before and
after ownership (ICF 2018). It is a comparable basis for as-
sessment when evaluating various solutions to reduce envi-
ronmental impacts (Jalaei et al. 2022). Life-cycle assessments
can factor in GHG-related components such as embodied car-

bon, operational emissions, and the shadow price of car-
bon (ICF 2018; TBS 2022). Embodied carbon means supply
chain emissions resulting from the processing, manufactur-
ing, construction, and transportation of building products
and materials (Jalaei et al. 2022). New approaches, regula-
tions, and planning are required in construction procure-
ment to reduce these embodied carbon emissions and are
key for influencing how buildings are planned and designed
(Jalaei et al. 2022). As part of the GGS, government prop-
erty investments and major project funding proposals will
require the submission of a life-cycle cost analysis, including
the shadow price of carbon (TBS 2022). This helps to ensure
investments are low-carbon and frames carbon emission re-
duction as cost-effective (Pouikli 2021).

Financing instruments

Barriers to energy efficiency investments often exist, with
the requirements of up-front capital investment and risk-
averse lenders limiting traditional financing mechanisms
(Gouldson et al. 2015). While improved resource efficiency
in buildings can yield long-term cost savings, short-term risk
can make it difficult to secure the initial funding required
(van der Heijden 2017). With the intent to overcome barriers
to financing low-carbon building projects, governments have
started applying novel forms of financing instruments (van
der Heijden 2017). Energy performance contracts (EPCs) are
a financing mechanism that can be used to implement build-
ing retrofits. An energy service company (ESCO) assumes
the initial capital costs of energy upgrade projects (NRCan
2018c¢). In a shared savings contract, the ESCO and the cus-
tomer share the energy savings, with energy savings signifi-
cant enough to pay back the project installation and financ-
ing costs (Stuart et al. 2018). The organization, seeing the up-
grades, then repays the company over a specified period from
the resulting energy savings (NRCan 2018c¢). EPCs allow cus-
tomers to finance energy projects without high up-front cap-
ital (Stuart et al. 2018).

Arevolving fund can also be used to finance projects, where
the savings from investments in energy efficiency and other
low-carbon buildings can be realized and reinvested into fur-
ther projects (Gouldson et al. 2015). These types of funds have
been utilized for a variety of purposes, including energy ef-
ficiency upgrades, renewable energy, clean water provision,
and the clean-up of contaminated land (Gouldson et al. 2015).
The government of the Northwest Territories operates a Cap-
ital Asset Retrofit Fund (CARF), which is a type of revolv-
ing fund for energy efficiency improvements of government-
owned assets. CARF was created to target energy efficiency
investments in public buildings and aims to reduce energy
consumption and operational costs, improve building user
comfort, reduce GHGs, increase the life of assets, and identify
new energy technologies (Government of Northwest Territo-
ries 2020). Buildings first undergo an energy audit, including
facility benchmarking, to see how energy usage compares to
other buildings. The Department of Public Works and Ser-
vices is then responsible for determining which buildings to
retrofit and has completed over 30 retrofits ranging from
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$10,000 to $1 million between 2007 and 2014 (Government
of Northwest Territories 2020). This mechanism has sus-
tained funding for further investment in energy efficiency
projects.

Demand aggregation is another potential mechanism to re-
alize cost savings using purchasing power and provide con-
sistency to buyers (Uyarra and Flanagan 2010). This involves
aggregating demand for a product or service, pooling pro-
curement into one tender, and collaborating with multiple
organizations to drive down prices (Walker et al. 2013; ICF
2018). The province of British Columbia has developed cen-
tralized supply arrangements to be used by all provincial
public sector organizations and local governments, including
products such as LED streetlights and electric vehicle charg-
ing stations (ICF 2018). Centralized procurements also reduce
the time and cost for organizations to run procurements in-
dividually and reduce barriers to GPP (ICF 2018). Aggregat-
ing demand also benefits suppliers; demand supports inno-
vation when a significant level of production is guaranteed,
which reduces uncertainty for producers and allows produc-
ers to benefit from economies of scale (Uyarra and Flanagan
2010).

When undertaking projects for both retrofits and new con-
struction, standardized practices, such as retrofit underwrit-
ing, can make building renovation projects more appeal-
ing to investors. Additional quality assurance practices help
improve confidence in the viability of deep energy retrofit
projects as reliable investments (Zhivov and Lohse 2021).
Retrofit project underwriting standards can help assess the
quality and risk of retrofit projects, and the standard can
help reduce the uncertainty of investors that the project will
achieve the stated energy efficiency or carbon reduction tar-
gets (CAGBC 2018). A standard approach for retrofit under-
writing, such as the Investor Confidence Project (ICP), reduces
transaction costs and makes risk assessment more efficient
(CAGBC 2018). The ICP is becoming increasingly popular as
a global standard for underwriting, developing, and measur-
ing energy efficiency retrofit projects to measure project risk
against expected outcomes (CAGBC 2018). Projects based on
ICP protocols are certified with an Investor Ready Energy Ef-
ficiency (IREE) certification, which is made available to in-
vestors (CAGBC 2018).

Retrofit project bundling is another approach that reduces
project risk and makes retrofits more attractive. Buildings of-
ten require multiple renovations at the same time as energy
efficiency upgrades. By addressing multiple retrofit needs in
a single project, funding can be streamlined and asset condi-
tions can be improved. Likewise, not all efficiency upgrades
in isolation are cost-effective; yet, combining retrofits in
both heating systems with improved airtightness can achieve
greater efficiency at the same time (Zhivov et al. 2015). Thus,
bundling several retrofit upgrades is a more cost-effective
means of capitalizing on opportunities during a single ren-
ovation.

Training and capacity building

Greening government commitments and strategies for a
low-carbon portfolio require a large commitment to staff
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training and capacity for implementation. For example, bar-
riers to measuring and managing energy consumption exist
due to a lack of experience in energy management (CAGBC
2018). When it comes to GPP standards, a commitment to
training, counselling, and monitoring of both public procur-
ers and the administrative process is required (Pouikli 2021).
Public officials must be able to understand GPP regulations,
evaluate their benefits, and determine green criteria when
awarding tenders (Pouikli 2021). Where there are financial
constraints, ineffective administrative structures, and a lack
of human resources, barriers to implementation may arise
(Pouikli 2021). These challenges need to be acknowledged
and dealt with for proper implementation of low-carbon
building processes and measures.

Conclusion

Governments can retrofit their own building portfolios and
construct more energy-efficient buildings to lead the low-
carbon transition, in addition to providing funding and lead-
ing the initiative to deliver programs for energy efficiency.
While the federal, provincial, and territorial governments in
Canada account for a small amount of overall national GHG
emissions, government leadership has impacts beyond emis-
sion reduction. The incorporation of greening government
strategies has extended benefits beyond specific government
properties, such as reducing operating costs, building en-
ergy system resiliency, growing the green building industry
and market, demonstrating the economic competitiveness of
clean energy, and encouraging alternative sustainable prac-
tices.

Globally, governments have made greening commitments
through the adoption of directives, policies, and legislation.
Despite the importance of these mandates, targets and poli-
cies for energy efficiency are more effective when paired
with adequate governance structures, as exemplified by the
Government of Canada’s Centre for Greening Government.
When considering transitioning to low-carbon building port-
folios, the recommended energy management process by
Natural Resources Canada includes a commitment to as-
sessing performance, setting goals, creating an action plan,
implementation, and evaluation. While many jurisdictions
have set goals to achieve net zero standards in their build-
ing portfolios, further definition of these goals and GHG re-
duction targets is required prior to project implementation.
Through benchmarking and developing carbon-neutral port-
folio plans, asset managers can strategically identify GHG re-
duction projects and reduce implementation costs. By apply-
ing best industry practices such as the integrated design pro-
cess in the planning and construction of new buildings, gov-
ernments can share information on the process and project
outcomes with the private sector. To overcome barriers to
implementation, procurement standards can prioritize low-
carbon solutions and guide decision-making. For procure-
ment procedures, integration of standard environmental cri-
teria, prioritizing outcomes over inputs, and requiring life cy-
cle assessments all help support low-carbon and cost-effective
investments. Instruments such as ESCOs, revolving funds, de-
mand aggregation, retrofit project underwriting, and retrofit
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project bundling can help overcome financing barriers and
yield cost effective investments. Beyond making greening
government commitments and encouraging these measures,
training and capacity building within staff and project pro-
ponents is key for implementation. Through these actions,
implementing measures for a low-carbon building portfolio
can be streamlined to achieve climate change goals and en-
sure the government is leading in this transition.
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