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As Interim Chair of the National Round Table on the Environment and the Economy (NRT), I am pleased
to present Framing the Future: Embracing the Low-Carbon Economy, the final contribution to the NRT’s
Climate Prosperity series. This report outlines the potential economic opportunity for Canada as the world
transitions to a low-carbon economy. It emphasizes Canada’s existing strengths and identifies areas for

action aimed at developing a strong, resilient, and less carbon-intensive Canadian economy.

A low-carbon economy is no longer a concept of the future. Governments around the world are moving
ahead, and a number of jurisdictions already have formal low-carbon growth plans in place. Our research
and convening led to a clear conclusion: Canada is well positioned to thrive in a low-carbon context but
needs to act now to maximize the potential benefits. While governments need to put in place the conditions
that will stimulate innovation, mobilize investment, enhance market access, and foster talent and skills
development, private interests need to drive the process, engage with governments, and play a leadership

role in developing a vision for Canada’s low-carbon future.

Framing the Future: Embracing the Low-Carbon Economy outlines a low-carbon growth framework for Canada,
highlighting the policy directions our leaders in public and private sectors need to pursue. Canada’s low-
carbon future is about energy, innovation, and trade. To get there Canada needs to ensure adequate
flows of investment, strengthen its governance and ensure it has the human capital to successfully pull off

the transition. The task is not a small one, but one Canadians must collectively pursue to prosper in the

twenty-first century.

R.W. SLATER, CM, PH.D.
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Through the development of innovative policy research and considered advice, our mission is to help Canada
achieve sustainable development solutions that integrate environmental and economic considerations to

ensure the lasting prosperity and well-being of our nation.

Emerging from the famous Brundtland Report, Our Common Future, the NRT has become a model for
convening diverse and competing interests around one table to create consensus ideas and viable sugges-
tions for sustainable development. The NRT focuses on sustaining Canada’s prosperity without borrowing

resources from future generations or compromising their ability to live securely.

The NRT is in the unique position of being an independent policy advisory agency that advises the federal
government on sustainable development solutions. We raise awareness among Canadians and their govern-
ments about the challenges of sustainable development. We advocate for positive change. We strive to

promote credible and impartial policy solutions that are in the best interest of all Canadians.

We accomplish that mission by fostering sound, well-researched reports on priority issues and by
offering advice to governments on how best to reconcile and integrate the often divergent challenges of

economic prosperity and environmental conservation.

The NRT brings together a group of distinguished sustainability leaders active in businesses, universities,
environmentalism, labour, public policy, and community life from across Canada. Our members are
appointed by the federal government for a mandate of up to three years. They meet in a round table
format that offers a safe haven for discussion and encourages the unfettered exchange of ideas leading

to consensus.

We also reach out to expert organizations, industries, and individuals to assist us in conducting our

work on behalf of Canadians.

The NRTEE Act underlines the independent nature of the Round Table and its work. The NRT reports,
at this time, to the Government of Canada and Parliament through the Minister of the Environment. The
NRT maintains a secretariat, which commissions and analyzes the research required by its members in

their work.
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A global transition to a low-carbon economy is afoot. Markets for low-carbon goods and services (LCGS)
are expanding. The upward trend in global investments in renewable and “clean” energy weathered the
economic downturn of 2008 and 2009 and remains strong, with investments growing by 30% over the past
two years. Nations are seeking first-mover advantages in this global transition. Several have issued low-
carbon growth plans, aiming to reduce the energy and emissions intensity of their economies all the while
building on their existing competitive advantage. Carbon is increasingly a factor in global trade. Absent a
cohesive global climate regime, countries are starting to employ trade measures to limit the entry of high-

carbon goods and help achieve objectives for mitigating domestic emissions.

Understanding the implications of the global low-carbon transition for Canada and making choices that
maximize the opportunities and minimize the risks are critical to Canada’s long-term prosperity. Taking
stock of the growing global and domestic demand for LCGS and the opportunity that exists for Canadian
firms to meet this demand is fundamental to designing policies that promote current LCGS sectors and
grow new ones. Canada can only gain from this. But that is only part of the story: Canada will inevitably
need to cut carbon emissions across traditional sectors of the economy. A challenge for Canada is to define
a long-term path that takes it from the energy and emissions-intensive economy of today to a future that
harnesses innovation and skills to achieve real emissions reductions and drive sustainable resource use.
What strategies are available to Canada in an increasingly carbon-constrained world? What are the payoffs
if Canada gets it right, the consequences if it gets it wrong? What roles do governments, the private sector,

and citizens play?

With this report, the National Round Table on the Environment and the Economy (NRT) lays the foundation
for a low-carbon growth plan for Canada. The report brings to a close the NRT’s Climate Prosperity series, a
policy research initiative spanning three years and six major publications that explores the economic risks
and opportunities of climate change for Canada. In this report, we combine original economic modelling and
qualitative analysis with the perspectives of close to 150 regional stakeholders and subject-matter experts
for two purposes: raise awareness of the implications of a carbon-constrained world for our country and
set out a framework for action to seize the economic opportunities and maximize Canada’s competitiveness

under future global carbon constraints.
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Canada needs a low-carbon growth plan. This is a basic conclusion of our analysis and of the feedback
received from regional stakeholders. The reality is that Canada is unprepared to compete in a carbon-
constrained world. Despite a growing cleantech sector, challenges remain in bringing low-carbon ideas to
market. Although venture capital investments in cleantech are at a healthy level, overall low-carbon invest-
ment and investor confidence is low. Canada’s current market share as a global supplier of LCGS is far from
what it could be. Canada’s LCGS sectors could well face labour shortages in a world competing for skills
and innovative talent. Regional emissions profiles and related economic interests differ markedly and have

precluded a comprehensive, long-term approach to climate policy to date.

Canada’s competitors and trading partners are actively planning for and initiating low-carbon growth.
Canada needs a low-carbon growth plan that builds on strengths, involves all governments, engages the
private sector, and makes good use of market signals. This plan needs to be developed with clear objectives
and through focused consultations. It should also be built on a strong foundation. Based on extensive
research and stakeholder consultations, we offer a low-carbon growth framework for Canada, which sets

out this foundation.

The NRT’s framework includes a low-carbon vision for our country and the objectives, key actions,

essential conditions, and governance required to achieve it.

diverse, clean, and sustainable energy and electricity systems;
responsible, respectful, and sustainable natural resource development;
reputable global exporters of low-carbon energy, technology, and expertise; and

innovators with renowned successes in bringing low-carbon ideas to market.

benefits from the growing demand for low-carbon jobs flow to all regions, and

citizens and decision makers in public and private sectors stay committed to meeting low-carbon goals.



FRAMING THE FUTURE: EMBRACING THE LOW-CARBON ECONOMY // 17

federal and provincial governments need to stimulate low-carbon innovation. Many actions
are important: putting low-carbon priorities on innovation policy agendas; providing incentives to under-
take and foster demand for low-carbon innovations; reviewing and streamlining funding programs and
frameworks within which innovation occurs; and establishing innovation clusters to bring together

innovators, potential users of the innovation, and investors.

public and private sectors need to mobilize investment in low-carbon infrastructure and
technology. Public investment is insufficient to finance Canada’s low-carbon transition. Government actions
that engage key players like institutional investors and balance the risk-reward ratios for low-carbon
investment will be necessary to leverage private-sector capital. Financial institutions, too, play a role:
they should create new vehicles for low-carbon investment; seek economies of scale in evaluating low-
carbon proposals to facilitate project finance; and build their advisory capacity on technical, regulatory,
commercial and financial risks of low-carbon technologies and projects. Partnered approaches that bring

ownership of low-carbon goods such as electric vehicles within Canadians’ reach are also important.

federal and provincial governments need to enhance Canadian firms’ access to fast-growing
low-carbon markets. Governments should expand trade promotion activities, make better use of
diplomacy and international standards-setting processes, and create domestic procurement policies and
technology verification programs to increase Canada’s market share as a global supplier of LCGS. Federal
action to rein in carbon emissions and contribute to multilateral climate initiatives will be necessary to
strengthen Canada’s “brand” internationally. Tackling interprovincial barriers to trade and augmenting
low-carbon thermal energy and electricity sources are key actions to bring down the emissions intensity

of the Canadian economy overall and that of economically important resource sectors.

federal and provincial governments need to work together to foster low-carbon talent and
skills development. As Canada transitions to a low-carbon economy, human resource requirements
will shift. Governments should move quickly to compile official statistics on skills requirements and
employment levels in LCGS sectors and related occupations. At the same time, governments can make use
of existing information on known demands for low-carbon skills to link innovation, energy, and climate

policies to job creation and skills development strategies.
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To increase Canada’s success in advancing the objectives and key actions that we set out here, some
fundamental changes to our economic and policy context are needed. We call these essential conditions
for low-carbon growth and they include the following:
policy certainty on climate, energy, and innovation;
economy-wide, long-term pricing of carbon;
a level playing field for energy investments; and
adaptive and outcome-oriented policy and regulatory approaches.
Strong low-carbon governance is a foundational element that sits alongside our essential conditions.
The NRT identifies five characteristics of governance that will help deliver on a low-carbon agenda:
a clear, coordinated, and politically supported national vision of Canada’s low-carbon economy;
participation of the private sector in the development and implementation of that vision;
engagement with Canadians on climate policy, Canada’s energy context, and low-carbon growth;
coordinated and integrated low-carbon efforts within and across levels of government; and
a credible, independent mechanism to monitor, advise, and maintain momentum on Canada’s low-

carbon performance.

Leadership by the private sector — in articulating a vision for Canada’s low-carbon future and determining

the path to achieving it — will be critical to progress and success.

The potential consequences of Canada’s collective failure to act promptly sum up as follows: missed oppor-

tunities and growing economic risk.

In the global low-carbon transition, firms supplying low-carbon goods and services will make money.
Annual global spending on LCGS is significant and growing quickly. Spending stood at roughly $339 billion
in 2010. Our analysis shows that global spending could reach between $3.9 and $8.3 trillion by 2050,
depending on climate policy assumptions. The growth potential in Canada is also notable. Taking into
account existing and proposed climate policies, annual domestic spending on LCGS could rise from the
$7.9 billion estimated for 2010 to $36 billion in 2050. Climate policies that cut emissions by 65% from
2005 levels could drive domestic spending of roughly $60 billion in 2050. In either scenario for 2050,

LCGS sectors grow more rapidly than the Canadian economy overall.
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Provided we as a nation go about it strategically, Canadian firms can become global suppliers of low-
carbon technologies, services, and know-how, and Canada can become a global player in low-carbon markets.
Canada’s diverse and abundant low-carbon natural resources, highly educated workforce, research capacity,
advanced manufacturing skills, and strong institutions are but a few reasons to support this. The challenges
our nation faces in bringing down the energy and emissions intensity of its economy also present oppor-
tunities. For example, solutions to cutting emissions from transportation, Canada’s single largest source of

emissions, could target export markets.

To remain competitive in a global low-carbon economy Canada needs to do more than harness the low-
carbon opportunities available to it. Governments should build on the current discussions about a Canadian
energy strategy and put in place stringent climate policy that would affect the country’s economic make-up.
The economic risks of inaction are too significant to ignore. For one, billions of dollars in Canadian exports
could be subject to trade measures that penalize emissions-intensive industries and products. For another,
our international reputation could suffer and with it the marketability of Canadian products and the ability
of Canadian firms to invest abroad. The cost of policy delay is also clear. Every year of delay in sending
strong, economy-wide policy signals represents a wasted opportunity to take advantage of natural cycles of
infrastructure and equipment renewal, making it more difficult and expensive to meet emissions reduction
targets. Our analysis shows that waiting until 2020 to implement climate policy aimed at cutting emissions
by 65% from 2005 levels by 2050 implies close to $87 billion in refurbishments, retrofits and premature

retirement of assets.

Canada needs to move quickly to seize the opportunities and manage the risks inherent in a low-carbon
future. The NRT offers a framework for action to get going. Our country’s approach will be uniquely

Canadian, and will undoubtedly involve course corrections along the way, but it needs to start now.
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A global transition toward a low-carbon economy is well underway. Climate
change, rising energy costs, security concerns, global population growth, and rapidly expanding economic
activity are combining with a growing understanding of limitations to ecosystem health to create increasingly
favourable conditions for countries and companies across the world to invest in and develop markets for
“clean” or “green” technologies. This investment has the potential to transform energy and transportation
systems around the world. In order to remain competitive, Canada’s economy will also need to transition
to a greener, less carbon-intensive state.* The manner in which this is done, the timing, pace, and scale at
which this is accomplished, will have significant implications for the Canadian economy and for individual

regions, sectors, and firms.

A study for the U.K.
government estimated the 2008 global market for the renewable energy and emerging low-carbon sectors
in the range of $4.4 trillion.">? This same study forecasted global market growth of 45% from 2007/08 to
2014/15. The International Energy Agency (IEA) estimates that achieving a low-carbon energy sector will
require total global investments of $136 trillion from 2012 to 2050.% Markets for low-carbon goods and

services are expanding quickly as nations look to reduce the carbon intensity of their energy systems.

Low-carbon and clean energy have increasingly been cited as
factors or motivations in global trade discussions and bilateral relations. As an example, the UK-China
Low Carbon Co-operation agreement, signed in January 2011, is a memorandum of understanding demons-
trating a commitment to collaboration on energy markets and low-carbon technology.* And in the context of
a climate change policy vacuum at the multilateral level, there is increasing use of unilateral trade measures
to achieve climate goals. France has mandated carbon labelling under its La Grenelle 2 Act,® potentially
introducing non-tariff trade barriers to imported products. Low-carbon fuel standards are under discussion
in numerous jurisdictions, and the relative carbon content of oil from Canada’s oil sands has been a subject
of much discussion south of the border and in the context of bilateral free trade discussions with Europe.
Border carbon adjustment (BCA) has cropped up as a proposed measure in many pieces of U.S. climate

legislation, and is being heavily promoted by France within the EU. The EU’s use of unilateral aviation levies
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is an example of this measure in practice.? Given Canada’s heavily resource-oriented economy with expec-
tations of continued strong growth in carbon-intensive oil and gas production and energy-intensive mining
operations, this focus presents obvious trade risks; however, given Canada’s fast-growing low-carbon goods
and services (LCGS) sectors that are disproportionately oriented toward international markets, the focus

on carbon also presents opportunities.

Low carbon is explicitly not about sacrificing the economic benefit Canada
is currently deriving from oil sands development and energy-intensive resource extraction more broadly. In
our modelling,® despite uncertainties, we assume significant growth in crude exports. It should be clearly
understood that growth in crude production is already heavily targeted toward exports with Canadian
demand for refined petroleum products growing more slowly than Canada’s population.t World oil prices
and world oil consumption are factors fully outside Canada’s control. International forecasts suggest
continued strong growth in global oil demand,? and in its 2011 energy market assessment, the National
Energy Board also projects significant growth in the production of Canadian crude with output doubling
2010 levels by 2035.° Canada is an energy-producing nation, and the global transition to a low-carbon
economy will impose costs on fossil energy producers. However, these costs do not necessarily preclude a
profitable energy sector. The advent of product carbon-footprinting will add a new dimension to competi-
tion; however, smart investments today to reduce the carbon intensity of the sector (e.g., through carbon
capture and storage [CCS]) will position it to compete well into the future. By making strategic investments
today, Canada can continue to benefit from its natural resource endowment while transitioning to a low-
carbon economy. There is also precedent for such a model in Norway, which despite continued development
of its significant oil interests has made marked progress on the path toward carbon neutrality." Suffice it

to say that low-carbon and oil sands production are not mutually exclusive in the time frames considered.

Canada’s competitors and trading partners are actively planning
for and initiating resource-efficient growth, and 2011 was a banner year: the European Commission
published its 2050 low-carbon growth roadmap in March 2011, UNEP published its Green Economy Report
in early May, and the OECD released its series Towards Green Growth in May.® Emerging economies are
also forging ahead: China released its twelfth five-year plan (its primary economic planning document)
in March 2011, highlighting climate change as a priority issue and the reduction of the carbon intensity of

the Chinese economy as an area for action.” This is notable as being the first of China’s economic plans to
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focus on the environment. South Korea, a pioneer among emerging economies, has been positioning itself
for low-carbon growth since launching its long-term “green growth” strategy in 2008. In June 2011, South

Korea also co-hosted the 2011 Green Growth Summit with the OECD.8

Worldwide annual private and
public investment in “clean energy” (excluding R&D) has grown over 600% to $242 billion since 2004,
growing in excess of 30% over the last two years as the world economy emerged from recession.” Following
the financial crisis of 2008, the world’s major economies committed $191 billion in clean energy stimulus
funds.!® Most OECD countries devoted significant shares of their economic stimulus packages to fostering
a “green recovery” with the EU at 64%, Norway at 30% and the U.S. at 12%.!! Despite successive cuts in
its recent federal budgets and a downward spending trajectory, the United States continues to invest in
low-carbon energy as part of its economic recovery and job creation strategy' and ranked first globally in
2011 in terms of attracting clean energy venture capital and equity investments.!? In 2010, the Australian
government announced a $664 million Renewable Energy Future Fund as part of its $5 billion Clean Energy
Initiative.'®* Investors in the EU, led by Germany (ranked third globally in attracting clean energy invest-
ment), are allocating significant capital to clean energy systems. In 2010, for the first time, renewable energy
investment in developing economies exceeded that in developed economies ($71 billion vs. $69 billion).'
China was ranked second only to the U.S. in terms of attracting renewable energy investment in 2011 and
currently leads the world in wind energy investment. China is also a leader in solar and wind manufacturing,

and in the deployment of wind power generation.

They are significant, diverse, and
regionally specific. Canada has substantial low-carbon electricity resources across the country. These
include vast hydropower capacity and potential in many provinces, significant on- and off-shore wind
resources across the country, high-quality tidal and wave regimes on both east and west coasts, a solar
regime that is better than Germany’s with particularly strong resources in the Prairie Provinces,'” sizeable
deep geothermal resources concentrated in western and northern Canada, and the second largest uranium
production globally coming from Saskatchewan.!'® Canada has national strengths in its highly educated
workforce, significant R&D capacity, and solid institutional support. There is advanced manufacturing
capacity present across the country, but concentrated in Ontario and Québec. The country has a history
of innovating and both depth and breadth in energy sector experience — Canada has the potential to be
a significant global player in low-carbon energy. Canada is also faced with significant challenges in which
lie opportunities: the country relies heavily on transportation to connect both people and goods across this
vast country, and transportation is the single largest source of GHG emissions; the buildings in which
Canadians live, work, and play have the potential to be far more efficient; industries, while improving in
their efficiency, have considerable remaining room for improvement; and remote communities need alter-
natives to expensive, polluting, and GHG-intensive diesel-generated electricity. There is both potential and

reason to be motivated.
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Canada’s low-carbon future will require vision and it will demand commit-
ment, resources, and effort. Canada needs to actively position itself to most effectively manage the risks and
harness the opportunities inherent in the global low-carbon transition. While it is not necessarily a matter
of “being left behind,” Canada does need to position itself to compete in those areas where it has economic
advantage. If Canada doesn’t occupy the space, someone else will. Existing windows of opportunity will
close if Canada is not prepared and positioned to take advantage of them. Canadians will not be leaders
in all areas related to “low carbon.” As recognized recently by the Council of the Federation, Canada will
need to focus and build on its strengths as it transitions.! If Canada approaches this inevitable global
transition in an ad hoc or delayed manner, it will unlikely be able to realize the full potential opportunity
and will incur higher costs. Planning and investing now provide opportunities to shape possibilities and

secure prosperity for the future.

While governments set the policy context — the environment within which
business operates — the private sector ultimately delivers. The innovation required, the scale of investment,
and the scope and magnitude of the change speak to the centrality of the private sector in effecting the low-
carbon transition. This requires leadership, collaboration, and proactive dialogue with government with
respect to both what the sector needs and what constitutes effective policy so that signals can be appro-
priately aligned. It will also demand increased proactive involvement in Canada’s national low-carbon
dialogue and the exercising of market leadership in promoting low-carbon approaches. In particular,
Canada’s financial sector, energy sector, and energy-intensive and trade-exposed (EITE) industries are
heavily implicated. Small- and medium-sized enterprises are expected to continue to be core to Canada’s

low-carbon innovation.
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Framing the Future: Embracing the Low-Carbon Economy is the final report in the Climate Prosperity series
by the National Round Table on the Environment and the Economy (NRT). Climate Prosperity is a compre-
hensive policy initiative spanning three years and six major publications, exploring the economic risks and
opportunities of climate change for Canada in the contexts of climate impacts and adaptation, and the global
transition to a low-carbon economy. It has sought to broaden the conversation about climate change through

the assertion that

In this report, we outline a national framework for low-carbon growth, highlighting the policy directions
Canada needs to pursue to harness this opportunity, mitigate risks, and minimize costs, and outlining
the main elements of a comprehensive low-carbon growth plan. This report considers the investment
required in the transition to a low-carbon economy and outlines the inherent opportunity. The federal
government’s moves to begin reducing the carbon intensity of the economy are positive; however, Canada
needs to continue to move forward, do more, and act boldly. This is not just about climate policy, though
it features strongly. It is also about energy, innovation, and trade — and the linkages and relationships
among all. It is about ensuring the flow of investment, strengthening governance, and ensuring Canada

has the human capital to pull it off.

to increase awareness on the part of Canadian public-sector and private-sector decision makers of
both the economic risks and opportunities associated with the expected reduction in the carbon intensity

of the global economy, and

to articulate a coherent and realistic policy framework for ensuring Canadian economic growth and
competitiveness under future global carbon constraints so that Canada’s economy and industry succeed

in this transition.

Creating a low-carbon growth plan (LCGP) is fundamental to furthering these objectives. This report
represents a first step in constructing an LCGP for Canada by putting forward a framework for low-carbon
growth, highlighting the policy directions Canada needs to pursue and outlining the main elements of a

comprehensive low-carbon growth plan.

The public policy debate in Canada has mostly revolved around issues of climate targets, carbon pricing,
and clean energy, rather than considering a comprehensive “low-carbon economy” approach focused on

opportunity and the preconditions for low-carbon growth. There is a growing consensus on the need to
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change the nature of the dialogue on climate policy to facilitate a meaningful path forward. This work is

intended to help spur this change in the dialogue.

There is also limited information available concerning the economic risks and opportunities associated

with the global low-carbon transition. Our analysis seeks to at least partially fill this gap.

1.3 OUR APPROACH

Our approach to the report aligns with NRT’s pillars: broad-based convening, thorough research and
analysis, and considered advice. In concert with our regional partners, we convened meetings across
Canada to gather input from a broad base of stakeholders to ensure our advice was sound, grounded,
and realistic We then combined this with insights from energy, trade, and innovation advisors. Our
research was conducted by some of Canada’s brightest minds and includes original modelling on both

risks and opportunities.

Our modelling and associated analysis focused on three related but distinct objectives: 1) developing
an understanding of both the current magnitude and future growth potential of Canadian and interna-
tional LCGS markets, 2) understanding the investment implications of a low-carbon growth trajectory
for Canada under a variety of plausible GHG policy futures, and 3) exploring the implications of emissions

“lock-in.” Our international analysis covers two scenarios as presented in Table 1.

TABLE |

INTERNATIONAL SCENARIOS

INTERNATIONAL

SCENARIOS DESCRIPTION

We used the IEA’s New Policies Scenario for our international

business-as-usual scenario. The New Policies Scenario is the

IS N B SR\ reference case used for the IEA’s 2011 World Energy Outlook. It
(BAU) SCENARIO assumes that policy commitments and plans announced by countries

around the world will be implemented, even where specific measures

have not yet been specified.

We used the IEA’s 450 Scenario as our global low-carbon scenario.

LOW-CARBON The 450 Scenario is consistent with a 50 % chance of meeting the
SCENARIO goal of limiting the increase in average global temperature to two

degrees Celsius (2°C) compared with pre-industrial levels.

j  We met with stakeholders in nine Canadian provinces. While the low-carbon transition is anticipated to have significant implications for Canada’s territories,
comprehensive treatment of their reality and opportunities was not possible within the scope of this work. In this report, discussion of governance, government

initiatives and actions, and related recommendations focus on federal and provincial governments.
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Our domestic analysis includes both an assessment of total spending on LCGS and an assessment of the
incremental investment implications associated with different domestic GHG policy approaches. This
included differences in targets and implementation timelines. A total of five scenarios were explored in
addition to the Reference Case (Table 2); however, for the most part our analysis focuses on the Reference
Case and the Target 2050 scenario. Descriptions of the other scenarios are also included below for the

readers’ reference.

TABLE 2

DOMESTIC SCENARIOS

DOMESTIC

SCENARIOS DESCRIPTION

“New Policies” reference case that includes existing and proposed
REFERENCE CASE abatement measures for both federal and provincial governments. This
Reference Case is consistent with NRT’s work in Reality Check.

TARGET 2050 Achieves emissions reduction target of 65% below 2005 levels by 2050
SCENARIO in the most “economically efficient” manner (largely consistent with
(CA“B‘JgéEﬁﬁITU“A'NED) NRT’s “Getting to 2050” and “Achieving 2050” analyses).

This scenario includes both short- (2020) and long-term (2050)
targets. The long-term emissions reduction objective is consistent
with the Target 2050 scenario (65% below 2005 levels by 2050). The
short-term requirement is to hit Canada’s 2020 emissions target of
17% below 2005 levels, starting in 2012.

S&L TARGETS
SCENARIO

Explores the implications of policy delay while striving for the same
annual emissions reduction target in 2050 as the Target 2050 scenario.

DELAY SCENARIO

Explores the implications of emissions’ “lock-in” through delayed
LOCK-IN SCENARIO implementation of climate policy while ultimately achieving close to the
same cumulative emissions reductions as the Target 2050 scenario.

BEST-IN-CLASS Approximates a best-in-class performance standard
REGULATORY regulatory approach and explores the associated emissions
SCENARIO and investment implications.

Low-carbon growth plans will all be unique to the circumstances and economies for which they are
developed. In our analysis and development of a low-carbon policy framework for Canada we have
chosen to focus on five areas: innovation, investment, trade and market access, labour markets and

skills, and governance.
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presents a discussion and analysis of Canada’s low-carbon opportunities, specifically in the
low-carbon goods and services sectors (LCGS). This chapter quantifies the global and domestic opportunity
in LCGS markets, and presents the NRT’s findings from its regional discussions assessing Canada’s low-

carbon opportunities.

explores the risks to Canada of delaying the development and implementation of a low-carbon

growth plan, further establishing the need for action.

presents the key elements of low-carbon growth planning and examines Canada’s low-carbon
preparedness in terms of innovation, investment, trade and market access, labour markets and skills,

governance, and economic competitiveness.

reflects on the challenges and barriers to harnessing these opportunities and identifies key policy

directions required for success.

The appendices present additional information on regional low-carbon opportunities and on Canada’s
preparedness for low-carbon growth, as well as supporting materials for some of our analysis and

background information concerning our convening activities.
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2.0 EXPLOITING OPPORTUNITIES IN THE GLOBAL LOW-CARBON TRANSITION

There is great opportunity for early movers in the low-carbon
transition. The global market for low-carbon goods and services
is growing rapidly, and may reach $4 trillion to $8 trillion by
mid-century. In Canada, the NRT estimates that total LCGS

spending will grow from $8 billion in 2010 to between
$36 billion and $60+ billion in 2050.

International debates about low-carbon fuel standards, the publication of a suite of low-carbon growth
plans around the world, and the clean energy stimulus spending in response to the global economic
downturn are all evidence that the world is in the midst of a transition to a low-carbon economy. As with
any economic shift, the low-carbon transition will create winners and losers. Growing demand for low-
carbon goods and services (LCGS) has already begun to create winners in the solar, biofuels, and energy-

efficient vehicle industries, among others.

This chapter assesses the opportunity for Canada. It sets out current and forecasts future LCGS
expenditures at the global and national levels. Our analysis considers how various climate policy futures
could influence that spending. From that basis, we identify Canadian LCGS sectors that are currently
capturing a greater than expected share of global expenditures and assess the trade balances of LCGS
sectors to identify areas where Canada may be well positioned to maintain or gain market share in
the future. This empirical analysis is complemented by a qualitative assessment of opportunities at the

regional level, informed by pan-Canadian discussions with expert stakeholders.
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Our consideration of Canada’s low-carbon opportunities is in the context of the global transition to a
low-carbon economy, which, for the reasons outlined in Chapter 1 we believe is already well underway.
We further suggest that to achieve Canada’s 2020 GHG mitigation targets and longer-term (e.g., 2050)
targets consistent with this level of effort, Canada will need to engage more fully in its own transition to

a low-carbon economy. But what do we mean by a “low-carbon economy”? What does it look like?

while we cannot describe with full certainty what a low-carbon economy for Canada would look
like once achieved, we can articulate our current understanding. The low-carbon economy is a transition —
a shift — in the existing economy from heavy carbon intensity to a significantly reduced average GHG
intensity of economic output; it is not a subset of the current economy. Furthermore, while the low-carbon
economy does imply a change in the GHG intensity of this production, it does not necessarily imply a

significant shift away from oil and gas production and other resource-based industries.

while there are many parallels in this conversation with the dialogue around the “green
economy,” we are not addressing the full suite of issues and considerations inherent in the broader green
economy discussion. A “green economy” is of necessity a “low-carbon economy,” but while low-carbon
is a significant consideration in what makes a “green economy” green, there are many other aspects of
sustainable development beyond climate change considerations that need to be factored into this broader
discussion. For the purpose of this work, we are exclusively focusing on the actions needed to bring about
the low-carbon aspect of the “green economy,” consistent with the vision for NRT’s Climate Prosperity

series that is focused on understanding how Canada can prosper through climate change.

While this chapter considers the potential growth in LCGS sectors, in a global low-carbon economy it is
not strictly these LCGS sectors that will provide economic growth. The LCGS sectors do not comprise the
low-carbon economy, but rather enable it. Low-carbon innovation in manufacturing will enable Canadian
firms to be more competitive in world markets, positioning them to gain market share. Innovation in the
extraction and processing of bitumen could ensure long-term opportunity for the oil sector. Highly GHG-
efficient mineral extraction and processing could position Canada to be recognized as a world leader
providing further opportunities to supply expertise and technology internationally. So, while we focus on
the opportunity available in the pursuit of LCGS to supply growing global demand, we also recognize the
broader economic benefits that the development of LCGS sectors and the pursuit of low-carbon innovation
can deliver to the economy as a whole. presents the key LCGS sectors considered in our analysis.

Detailed profiles of these sectors are provided in Appendix 6.1.
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TABLE 3

LCGS SECTORS

DEFINITION DOMESTIC

CAPACITY
WIND Projects that generate power from wind 4,000 MW
Our analysis includes large scale utility wind projects (> 300 kW) (2010)?
Projects that generate power from the sun 95 MW
SOLAR Our analysis includes utility-sized solar projects (2009)
(grid connected solar PV and concentrated solar power)
HYDRO Projects that generate power from hydrological resources 69 GW
Our analysis includes small and large hydro-electric systems (2009)%
GEOTHERMAL
UPSTREAM BIOMASS

NUCLEAR
Projects that generate hiofuels used for transportation, heating, S

BIOFUELS and other end-uses 2'25(2'0";8;‘22"9'3
Our analysis excludes biofuels used for power generation

Projects that capture and sequester carbon from power plants

Projects that generate power from the use of super-heated water No significant capacity
or steam from the Earth’s interior (2010)

Biomass used for the production or cogeneration of electricity 5,050 MW (2008)
Our analysis includes large utility-sized projects thermal and electrical®

Projects that generate power from nuclear energy
Our analysis includes implementation and refurbishments of nuclear 13 GW25
power installations, but excludes uranium mining and nuclear medicine (2007)

CARBON . . Currently no capture,
CAPTURE AND ?)rt:? grl::ltyrsl?s! 7:5532 transportation to the storage site and geological 3MT per year
STORAGE (CCS) of CO, storage

storage or use in enhanced oil or gas recovery

Goods and services that contribute to emission reductions in industry

and manufacturing through energy efficiency, changing processes N/A
to less emission intensive processes or fuel switching to renewable

energy supplies

“Green” construction of residential and commercial buildings,
efficient HVAC equipment, major appliances, lighting equipment

BUILDINGS and water-heating equipment, non-grid connected electricity N/A
generation from solar PV or wind

Low-carhon passenger and freight vehicles including plug-in
hybrid electric vehicles, pure electric vehicles, and vehicles N/A
offering substantial emission reductions compared to current fleet

UPSTREAM &
DOWNSTREAM

DOWNSTREAM
\

EFFICIENT
VEHICLES
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2.2 LOW-CARBON GROWTH POTENTIAL

Due to the emerging nature of the LCGS sectors and the difficulty in isolating these “sectors” within
national economic accounts, measuring the current size of LCGS economic activity is a challenge. In
order to estimate the size of the LCGS market globally, we built on analysis conducted by the International
Energy Agency, which forecasts the evolution of LCGS sectors under both a business-as-usual future and
a future characterized by a significant carbon constraint, leading to a stabilization of atmospheric CO,
concentrations at 450 ppm. Our estimates of domestic market size were developed using a wide variety
of information sources including the CIMS energy-economy model, Statistics Canada data, and a broad
literature review (see Appendix 6.2 for a description of our methodology).? Table 4 presents our estimates
of 2010 domestic LCGS sector value to the Canadian economy in terms of total expenditures,® gross

domestic product (GDP, added value), and employment.

TABLE 4

-

ESTIMATED 2010 DOMESTIC LCGS MARKET DATA

ESTIMATED 2010 LCGS

CAPITAL EXPENDITURE MODELLED LCGS

VALUE ADDED (GDP)
(cs2010m)

MODELLED 2010
(APPARENT DOMESTIC MARKET)
(cs2010m)

EMPLOYMENT

$1,829 $494 7,470
$324 $120 1,720
$1596 $680 42,600
UPSTREAM $18 $15 4
$1,714 $979 8,460

BIOFUELS 3185 S8l 960
$23 §27 141
$45l $312 1,153
BUILDINGS $1,540 $501 5,436
DOWNSTREAM
s 5
m

a At the request of the NRT, quantification of low-carbon growth potential was undertaken by the Delphi Group in partnership with EnviroEconomics (Delphi Group
and EnviroEconomics 2012). Follow-up analysis was conducted by Stiebert Consulting (Stiebert 2012). All reports available upon request.

b Our estimates include domestic production plus imports, net of exports, and focus exclusively on capital expenditures.
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Our extension of analysis undertaken by the International Energy Agency? suggests that global
expenditure on LCGS is significant and growing quickly. Starting from a value of $339 billion in 2010,
the global market for LCGS will reach $3.9 trillion by 2050 under a business-as-usual scenario. Estimates
of 2050 expenditures more than double under an emissions-constrained scenario, reaching $8.3 trillion in
annual spending — a growth rate of about 8% annually relative to a growth rate of 6.3% under the BAU
scenario. For comparison, in their World Energy Outlook, the IEA assumes an average annual economic
growth rate of 3.6% from 2010 through 2035.

As illustrated in , global capital expenditures on LCGS are dominated by the efficient vehicles
sector. That sector alone accounts for approximately 40% of spending by 2025 and 64% of spending by
2050 in the low-carbon scenario, owing to the rapid turnover rate in vehicle investments as compared
with other sectors. Low-carbon buildings and efficient industrial processes account for an additional 12%
and 15% respectively by 2025 and 15% and 6% by 2050. Wind and hydro represent a larger portion of the
spending in the 2012-2025 period under the BAU scenario together representing over 20% of LCGS expen-
ditures in 2025. However, by 2050 the percentage breakdown of expenditures by LCGS sector is similar to
that under the low-carbon scenario with close to 90% of the expenditures distributed among low-carbon

vehicles (66%), efficient industrial processes (12%), and low-carbon buildings (11%).

GLOBAL LCGS CAPITAL EXPENDITURES (2010 TO 2050)

BUSINESS-AS-USUAL SCENARIO LOW-CARBON SCENARIO
(IEANEW POLICIES SCENARIO) (IEA 450 SCENARIO)
9,000 9,000
8,000 8,000
7,000 7,000
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These results demonstrate that there will be considerable new LCGS spending in the years to come.
Canadian firms and policy makers should consider how best to position Canadian industries to be suppliers
of choice as LCGS markets expand. The results further suggest that regardless of what climate policy path
is ultimately taken globally, efficient vehicles, and to a lesser extent low-carbon buildings and efficient

industrial processes, will feature strongly as growth sectors.

Our analysis establishes substantial growth potential for Canada’s LCGS sectors. Under the Reference
Case, total LCGS expenditures in Canada are expected to grow from an estimated $7.9 billion in 2010 to
approximately $36 billion in 2050, an annual growth rate of 3.9%. In a more carbon-constrained future
LCGS expenditures are estimated at just over $60 billion by 2050, corresponding to an annual growth
rate of 5.2%. Under both scenarios, the rate of value-added growth in the LCGS sectors is forecast to

substantially exceed average GDP growth.¢

Similar to the global results presented above, efficient vehicles and low-carbon buildings comprise a
significant portion of the overall domestic spending ( ). Other large domestic expenditures include

hydropower and wind, with CCS becoming an important expenditure in the carbon-constrained scenario.

These results demonstrate overall significant growth in domestic LCGS markets over time and show
the potential for future policies to influence the size of these markets. LCGS sectors including efficient
vehicles, buildings, industrial processes, hydro, solar, and wind are positioned to grow irrespective of
future policies. In contrast, significant expenditures on CCS and biofuels are only projected in the context
of additional carbon constraint imposed by new policies. The results also demonstrate sizeable domestic
market opportunities that merit consideration by Canadian firms as they develop business strategies for
the future. For example, Canada’s well-established automobile manufacturing sector will want to consider
what actions may be needed to benefit from the growing demand for energy-efficient vehicles. In addition,
expenditures on industries supporting low-carbon electricity development such as smart-grid and elec-
tricity storage technologies, while not explicitly captured by the modelled LCGS sectors, are anticipated
to increase substantially (particularly under the carbon-constrained scenario) as electricity meets a
significantly higher proportion of final energy demand and there is increased need for integration of

intermittent renewable power sources.

Our analysis estimated that direct employment in the LCGS sectors would increase from approximately
42,000 today to 91,000 and 159,000 by 2050 in the reference and carbon-constrained scenarios respec-
tively. Our analysis further suggested that LCGS investment would require total labour inputs (direct,
indirect, and induced) of about 96,000 full-time equivalents (FTE) in 2010 rising to 224,000 in 2050
under the Reference Case and 402,000 under the carbon-constrained scenario. Total cumulative employ-
ment in LCGS sectors over the forecast period is estimated to be more than 60% higher under the

carbon-constrained scenario.
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TABLE 5

DIRECT, INDIRECT AND INDUCED EMPLOYMENT FOR REFERENCE AND TARGET 2050 SCENARIOS

EMPLOYMENT (1000s FTE)

DIRECT INDIRECT INDUCED TOTAL DIRECT INDIRECT INDUCED TOTAL DIRECT INDIRECT INDUCED TOTAL

REFERENCE CASE 42 30 24 96 87 78 56 22| 9 77 57 224

MGt 42 30 24 9% 160 49 0 49 (59 140 104 402

FIGURE 2
DOMESTIC LCGS CAPITAL EXPENDITURES (2010-2050)
REFERENCE CASE TARGET 2050
(EXISTING AND PROPOSED FEDERAL AND PROVINCIAL POLICIES) (CARBON-CONSTRAINED SCENARIO)
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2.3 OPPORTUNITIES FOR CANADA

Canada’s share of the world economy, based on GDP for all goods and services, is estimated at approximately
1.8%.c Canada’s total share of the annual global LCGS market is approximately $6.3 billion of a total
of $339 billion (or approximately 1.85%). While this puts Canada’s current overall share of the global
LCGS market on par with its relative share of the world economy, the share for each individual LCGS
sector varies substantially. Figure 3 presents our estimates of Canada’s relative share of output for the
LCGS sectors. In 2010, Canadian output in the nuclear, hydro, biofuels, CCS, and wind LCGS sectors all

exceeded Canada’s share of the global economy.

Industrial Processes

FIGURE 3
/
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SOURCE: STIEBERT 2012

e Canada’s GDP compound annual growth rate averaged 1.7% between 2001 and 2010. Under the reference and carbon-constrained scenarios respectively, overall

LCGS value-added (GDP) growth is projected to be 3.4% and 5.1%, respectively.
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A comparison of the global share results presented above with our analysis of how LCGS sectors will
evolve over time reveals that the areas where Canada has a large share of the global market do not
coincide with the areas that are expected to benefit from the largest demand in the years to come (i.e.,
efficient vehicles, buildings). While Canada’s apparent existing strength in hydro would be expected to
continue under both the reference and carbon-constrained scenarios, the global share of Canada’s CCS,
and to a lesser degree wind sectors, would be expected to remain above average only under the carbon-
constrained scenario.t#" If Canada were to capture its average 1.8% of global LCGS output in 2050,
domestic production would range between $70 billion and $149 billion under the global BAU and carbon-
constrained scenarios, respectively. This represents roughly double Canada’s forecasted domestic market
under comparable scenarios and highlights the magnitude of the opportunity to supply growing global
demand for LCGS.

While in 2010 Canada came very close to a balanced position for merchandise trade, overall, Canada’s
trade balance for manufactured goods was negative, balanced by exports of raw materials, energy, and
primary / intermediate goods. Particularly given this overall trade landscape, Canada’s trade balance
for its LCGS sectors (presented in ) points to the potential significance of hydro, nuclear, and
efficient industrial processes, which exhibit sizeable, positive trade balances in 2010.! Biomass and CCS

also demonstrate net positive trade balances.

Combining Canada’s relative share of world output with information concerning Canada’s trade balance
provides a starting point for assessing Canada’s current contribution to meeting global demand in these
11 sectors. This can be seen as a rough proxy of Canada’s competitive position for these sectors, in the
absence of more comprehensive trade data that could provide an understanding of revealed compa-
rative advantage. Hydro and nuclear are uniquely positioned as exhibiting both above-average shares of
global output and significant positive trade balances. CCS also presents a small positive trade balance as
well as an above-average share of global output. The efficient industrial process sector is shown to have
a sizeable trade surplus and a below-average contribution to global output. This is perhaps indicative of

economic strength in an area currently in greater demand globally than domestically.
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CANADA’S LCGS SECTOR TRADE BALANCE (2010)
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While such analyses contribute to understanding Canada’s strengths, the potential for success of companies
in specific sectors and the benefits to the Canadian economy are not limited to product areas/sectors
identified through such methods. In a 2010 analysis of global climate-friendly trade, the Conference
Board of Canada highlighted a number of products for which Canada exhibited a revealed comparative
advantage (i.e., for which Canada’s proportion of global exports is greater than its overall average pro-
portion of global exports).?® It also highlighted four product areas where, despite lower-than-average
proportional trade, Canada’s global exports for each product category exceeded $100 million in 2008.
The analysis also identified Canada’s strength in the manufacturing of gas turbines of less than 5 MW.
While Canada’s exports accounted for fully 20% of global exports for this product category and its share
was growing rapidly, the overall market for this product was noted to be relatively small and growth had
been flat over the previous several years. Together, these examples point to the importance — particu-
larly from a supportive policy perspective — of understanding sector growth potential and the potential

benefit in capturing even a very small portion of a quickly expanding market.

As Canadian investors consider where the greatest potential for future growth lies and policy makers
assess how best to support low-carbon growth, they will require intelligence about Canada’s current
share of global LCGS markets, competitiveness, and forecast future spending domestically and abroad
to inform good decision making. Awareness of global markets for different LCGS sectors including the

presence of trade or other barriers to entry will be critical to the success of Canadian companies.
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Building on this empirical assessment of Canada’s relative strengths, additional insights were gained
from discussions with stakeholders across the country who had a more nuanced understanding of regional
strengths and weaknesses. Regional discussions, facilitated by the NRT and its Regional Partners (see

), highlighted strengths in terms of both Canada’s physical low-carbon resources and its intellectual
capital, related experience and expertise, and institutional capacity. Low-carbon opportunities were
described in terms of what currently exists and what could be given participants’ understanding and views
of existing strengths and capacity. and respectively provide a graphical representation
of Canada’s low-carbon energy resources and low-carbon electricity capacity, and Canada’s low-carbon

strengths and opportunities as identified by regional stakeholders.

Participants in our cross-Canada dialogue were united in identifying that Canada’s low-carbon oppor-
tunities are as significant and diverse as its geography. They were further unified in citing Canada’s
innovative capacity as an area of significant strength and potential (see for examples of centres
of low-carbon innovation). From Nova Scotia’s Fundy Ocean Research Centre for Energy (FORCE) to
Ontario’s MaRS Discovery District, Québec’s Ecotech, Saskatchewan’s Canadian Centre for Nuclear
Studies, Alberta’s concentration of CCS expertise, and B.C.’s thriving “cleantech cluster,”* Canadians see
their regions as being centres of innovation capable of contributing actively to a low-carbon future. They
also emphasized the need to do things “right” from the outset to minimize impacts and inconvenience
down the road (e.g., with respect to building energy efficiency and urban design). Regional challenges
(e.g., regional transportation networks, lack of sufficient inter-regional electricity infrastructure) were
also frequently identified as opportunities (i.e., the flip side of the coin). Energy efficiency in the context
of transportation, buildings, and industry was cited frequently as a key opportunity remaining to be
tapped. The potential for using electricity to displace fossil fuels where there is significant low-carbon
electricity potential (“electrification”) was also noted in several provinces. More detailed descriptions of
the opportunities identified in these discussions are presented in Appendix 6.2. We summarize the key

messages from each region below.
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WESTERN CANADA

NRT’S REGIONAL PARTNERS

Canadal/cs/

FOUNDATION

ONTARIO

The Canada West Foundation is an independent nonprofit organization that provides a common voice
for Canada’s West (British Columbia, Alberta, Saskatchewan, and Manitoha). Its vision is “a dynamic
and prosperous West in a strong Canada.” For over 40 years, the Canada West Foundation has
produced research and commentary that has improved government policy and decision making on a
range of issues including economy, environment, education, healthcare, taxes, energy, social services,
urban issues, provincial-federal relations, or any other policy area of importance to the West.

For more information visit www.cwf.ca

QUEBEC

The Mowat Centre for Policy Innovation is “Ontario’s voice on public policy” as an independent, non-
partisan think tank. In terms of its research agenda, the Mowat Centre conducts research, commis-
sions research from leading and emerging scholars, and engages in collaborative research projects
with other organizations. As its public policy approach, the Mowat Centre builds new connections
between government decision makers, public policy researchers, and groups and social innovators
in the broader community in order to help shape better policy outcomes considering Ontario’s

new realities. For more information visit www.mowatcentre.ca

ecotech
(Puebec

ATLANTIC CANADA

Ecotech Québec aims to position Québec and its regions as a centre of excellence for clean techno-
logies in North America. This Québec cleantech cluster unites and mobilizes the cleantech industry
around common goals and actions. It participates in the “greening” of the Québec economy through
sustainable development. It supports entrepreneurs in accelerating the design, development,
adoption, commercialization, and export of clean technologies.

For more information visit www.ecotechquebec.com

x

Atlanti Lansta

Agence de

Ay

ATLANTIC
PROVINCES
ECONOMIC
COUNCIL

e Crmls tlantique

Canadi

CONSEIL
ECONOMIQUE
DES PROVINCES
DE L'ATLANTIQUE

The Atlantic Canada Opportunities Agency (ACOA) is a regionally based economic development agency
of the federal government that has been operating for 25 years. ACOA’s goal is to create opportunities
for economic growth in Atlantic Canada by helping businesses become more competitive, innovative,
and productive; by working with diverse communities to develop and diversify local economies; and

by championing the strengths of Atlantic Canada. For more information visit www.acoa-apeca.gc.ca

Founded in 1954, the Atlantic Provinces Economic Council (APEC) provides the Atlantic region a
trusted source of analysis and advice. It is an independent think thank dedicated to the economic
progress in Atlantic Canada. APEC is currently studying economic development, labour markets
and education, trade and investment, and energy and the environment, among a variety of other

research themes. For more information visit www.apec-econ.ca
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FIGURE 5
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FIGURE 6

-

LOW-CARBON STRENGTHS AND OPPORTUNITIES IDENTIFIED BY STAKEHOLDERS

WESTERN CANADA

Strengths - intellectual capital

// AB: Energy sector financial expertise and resources

// AB: Energy expertise (drilling, project staging, etc.)

// BC: Emerging clean technology cluster

/| Sask: Nuclear research capacity

// Entrepreneurial spirit

Strengths - institutional capacity

// MB & BC: low-carbon electricity provider

// BC: Smart grid interest (smart meters)

// BC & AB: carbon-pricing programs

Opportunities - existing

// Resource industries (agricultural, hydropower,
oil & gas, mining)

/| Waste heat recovery for energy efficiency

// AB & Sask: efficient urban design, buildings, etc.
toaccommodate growth

Opportunities - potential

/| Energy expertise applied to geothermal resource use

// CCS commercialization

// Electrification

ONTARIO

Strengths - intellectual capital
// Nuclear expertise

/I Car manufacturing talent pool
// Financial expertise

// Several Cleantech companies, exporters of innovation

// Highly educated workforce, concentration of
innovation clusters

Strengths - institutional capacity

/I Low-carhon electricity provider

// Smart grid interest (smart meters, storage technologies)
/| Green energy regulations & programs

Opportunities - existing
/I Nuclear industry

// Regionally integrated car manufacturing industry

Opportunities - potential

/| Off-grid low-carbon energy technologies

for remote communities
/I Low-carbon vehicle manufacturing
// Energy and emissions literacy
// Waste CO, recovery from industrial emissions

QUEBEC

Strengths - intellectual capital
// Expertise in transportation equipment manufacturing
// Partnerships to develop and test low carbon aircrafts

Strengths - institutional capacity
// Residual materials management regulations
Opportunities - existing
// Manufacturing industry powered by
low-carbon electricity
// Transportation equipment manufacturing
// Information and communications technology (ICT) sector
// Cleantech industry
Opportunities - potential
// Energy recovery from non-recyclable residual materials
// Manufacturing of low-carbon transportation equipment
(electric buses, aircraft)

// Testing and deployment of electric vehicles
and related infrastructure

// Low-carbon products from forest sector
//'ICT applications for energy efficiency

73
ATLANTIC

Strengths - intellectual capital
/| Expertise in marine energy technologies
/' Innovative capacity a function of quality research
infrastructure, supportive start-up environment,
and high quality of life
Strengths - institutional capacity
// Regulations for offshore resource development
// Regional co-operation (e.g., Atlantic Energy Gateway)
Opportunities - potential
// Ocean technologies (e.g., remote sensing)
// Pilot site for yandr y pr
(NL: pilot site for off-grid low-carbon energy
| ies for remote ities)
// Proximity to U.S. (New England) Markets
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CANADIAN CENTRES OF LOW-CARBON INNOVATION

Canada’s National Research Council (NRC) supports collaboration through its Centres of Excellence for Commercialization and Research
(CECR) program and through support to technology clusters across the country. Many of these Centres and clusters include a low-carbon

focus within them. Examples include the following:

/I Greencentre Canada: This Kingston, Ontario-hased CECR works to commercialize chemistry research with the potential to make

products and processes more sustainable.?®

/I Centre of Excellence in Energy Efficiency: This Shawinigan, Québec-based CECR works to support the commercialization of new energy

efficiency and renewable energy innovations.*

/I Fuel Cell and Hydrogen Technologies Cluster: This Vancouver, British Columbia-based technology cluster groups much of Canada’s
expertise in this field and is home to many fuel cell companies and research organizations, including the NRC’s Institute for Fuel

Cell Innovation.®

Western Canada has diverse low-carbon resources and opportunities that vary substantially by province;
however, several common themes emerged in stakeholder discussions.! There was an emphasis on building
on strengths. Much of western Canada’s economic well-being centres on resource-based industries whether
that is agricultural resources, hydro power, oil and gas, or mineral extraction and mining. This expertise
was seen as a strong asset and as a platform for research and innovation. In particular, energy-sector
expertise and experience were seen as key strengths in developing low-carbon energy resources. Western
Canada was noted as being replete with low-carbon energy resources including hydropower, biomass,
solar (Alberta and Saskatchewan were noted by one participant as receiving more solar energy than
either Texas or Germany), wind (on- and off-shore), geothermal resources, and uranium. A significant
portion of electricity generated in Manitoba and British Columbia is already low-carbon. Western
Canada’s significant expertise in drilling, large project staging, and operating in harsh environments
were noted as having direct application with respect to geothermal resource development. As is often
the case, sources of great challenge (e.g., fossil fuel resources, transportation, etc.) also represent great
opportunity. Energy efficiency was noted as a resource that remains to be fully tapped (see for
an example of recent efforts). Participants noted a need for greater inter-regional co-operation on a
number of fronts, but particularly focused on the need for additional electricity infrastructure to allow
for increased longitudinal transmission. Western Canada was highlighted as having both a significant
interest and an existing advantage in the pursuit of the commercialization of CCS technologies. Two
additional noted strengths were western Canada’s entrepreneurial spirit, and its experience through
B.C. and Alberta with the implementation of carbon pricing programs. The need for a transition to a
low-carbon economy was balanced by recognition of the existing (and emerging) economic base, and the

need to reconcile these two realities (see ).
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ENERGY EFFICIENCY IN WESTERN CANADA — WASTE HEAT RECOVERY

Waste heat recovery (WHR) is an energy efficiency measure which captures excess heat from engines, turbines or processes, and
concentrates or converts what would be “waste heat energy” into a useful form of energy such as heating or cooling capacity or electricity.
In Western Canada, WHR is particularly prominent in its use to improve the energy efficiency of the natural gas turbines employed to
compress natural gas for transportation through pipelines.®2 Currently, there are four WHR units operating on the Alliance Pipeline system
in Saskatchewan, each with a capacity of 5 MW. A fifth facility — the Whitecourt Recovered Energy Project — with a capacity of 14 MW
will be introduced in Alberta. It is expected to yield GHG emissions reductions on the order of 70 Mt per year.®® An innovative application of
WHR will employ waste heat from transport trailer diesel engines to run auxiliary power units (APUs) with the capability to provide heating,
cooling or 10 hours of hotel load power (e.g., refrigerator, coffee pot, television, cell phone charger, etc.) for the truck’s sleeper cab without

any fuel consumption.®*

ALBERTA, THE ENERGY SECTOR, AND LOW-CARBON GROWTH

“If a low-carbon growth strategy is going to work for Canada, it has to work for the West.” That was a key message from participants at
the NRT and Canada West Foundation stakeholder sessions in Alberta and Saskatchewan in the fall of 20II. It’s clear to see why: the West,
Alberta and Saskatchewan in particular, has become a major engine of economic growth for Canada, with carbon-intensive industries such

as oil and gas extraction central to this growth.

The high-carbon make-up of western Canada’s economic activities however, was not seen as an impediment to a successful transition to a
low-carbon economy, but rather as an opportunity. For example, participants from our convening session in Calgary stressed the significant
gains in low-carbon innovation and investment to be made by Alberta’s energy sector, given the right market signals. A large corporate
presence, a high concentration of energy-savvy financiers, significant project management experience, and significant depth and breadth
of technical expertise are all factors that position Alberta and its energy sector as potentially significant contributors to the low-carbon
transition. The pioneering spirit of western Canada was a recurring theme in western discussions, exemplified by Alberta’s early action
on setting up a carbon pricing mechanism with a fund to stimulate industry-focused low-carbon innovation to go with it, and Alberta and

Saskatchewan’s leading efforts in carbon capture and storage.

What we heard in western Canada, and in Calgary most strongly, was both the desire and need for an energy strategy for Canada that embeds

low-carbon considerations, lays out expectations, goals and actions, and becomes the basis for private-sector planning for the future.
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The low-carbon economy stakeholder discussion in Ontario reflected the significant influence of the
provincial government’s Green Energy and Green Economy Act (GEA) on all aspects of energy supply,
technology and innovation in the province. Ontario’s existing strength as a predominantly low-carbon
provider of electricity was noted, but was balanced by the recognition of a need for more significant
dispatchable power capacity, particularly given the success of the feed-in-tariff program at encouraging
the development of intermittent energy resources (e.g., wind, solar). The opportunity for biomass to
contribute to filling this gap was emphasized. Ontario’s strength as the centre of Canada’s nuclear
industry was also noted. While the nuclear industry presents significant opportunity in the long run
(particularly with the development of next-generation reactors), Canada’s nuclear industry needs to
re-establish itself on the world stage if it is to remain viable. Ontario’s financial sector expertise also
has the potential to be brought to bear to address the financing challenges of the low-carbon transition.
This presents a win-win opportunity for both the financial sector and Canada’s low-carbon innovators.
Ontario’s potential for exporting “intellectual capital” was also highlighted. A number of low-carbon and
renewable energy technology companies in Ontario have been successful in developing and exporting new
and innovative adaptations of existing technology. Innovative off-grid energy technology is also needed
in many aboriginal communities, which offer an ideal testing environment and partnership opportunities
with longer-term potential for sales into international markets facilitated by domestic demonstration.
Related to this is Ontario’s emerging strength in smart-grid and energy-storage technologies. It was
also suggested that increased awareness, education and literacy around energy and emissions would in
itself yield efficiencies and reductions in electricity consumption. One example is the potential of the
“virtual world,” the “gamifying” of energy efficiency and the development of new technology solutions.
Focusing on Ontario’s manufacturing industries the automobile manufacturing sector was noted as
having potential to contribute to anticipated North American demand for low-carbon vehicles (see

). It was further noted that the top twelve industrial GHG emitters in Ontario produce 80% of the
province’s industrial emissions. Given this concentration of emissions, the waste CO, can be considered

as a resource if innovative approaches allow for its capture and use in, for example, biomass-based fuels.

LOW-CARBON VEHICLES

NRT’s modelling has demonstrated that anticipated growth in efficient vehicles greatly exceeds growth in all other LCGS sectors. At
present, road transportation is a substantial contributor to national GHG emissions (at nearly 20%), having grown almost 40% since 1990.%
Electric vehicles offer significant opportunities to not only mitigate much of the ground transportation GHG emissions, but also improve
grid performance, integrate renewables, and use surplus electricity production in times of low demand (e.g., at night). By tuning Canada’s
already established automobile manufacturing sector to this expected growth, Canada has the potential to realize significant economic

gains and achieve multiple low-carbon objectives simultaneously.
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Québec has significant existing low-carbon energy resources with substantial remaining opportunity
in the form of hydropower, wind, solar and biomass resources. Uranium resources and tidal power are
also highlighted in the Plan Nord as having potential in Québec’s north. Recent work undertaken for
Ecotech Québec highlighted significant potential for technology development related to hydropower,
energy efficiency, biomass, and residual materials management. The identification of opportunity related
to residual materials management was unique to Québec. Québec’s legislative framework for residual
materials management™ provides a strong base for increasing energy recovery from non-recyclable
residual materials not present to the same degree in most other Canadian jurisdictions. It was also noted
that Québec has a competitive advantage in manufacturing certain products due to their energy intensity
and the ability to employ low-cost, low-carbon electricity in their manufacturing (e.g., aluminum). More
broadly, due to Québec’s low-carbon electricity, most manufactured products compare favourably to their
competition with respect to carbon footprint. This presents an advantage and opportunity for Québec’s
manufacturing industry. Given Québec’s existing transportation equipment manufacturing base, well-
developed supply chains and depth of expertise, there is significant potential for Québec to develop
and manufacture low-carbon large-scale transportation equipment e.g., electric buses. Several projects
are currently underway including a collaborative initiative between universities and research centers in
partnership with government and leading firms to develop and test new low-carbon aircraft concepts.
It was also noted that with the historic presence and strength of the forest products industry in Québec,
there is significant potential for the reorientation of sector activities toward the production of low-carbon
products. In particular a forest biorefinery project was highlighted, the focus of which is to support
the development and demonstration of new products derived from forest biomass. Québec’s strong
information and communications technology (ICT) sector offers a strong base for the development of new
ICT products and systems that foster reduced energy consumption. Lastly, transportation was highlighted
as one of Québec’s most significant GHG challenges, with road transportation accounting for one third
of all GHG emissions in the province. With its existing low-carbon electricity supply and substantial
remaining untapped capacity, Québec presents an ideal context for the testing and deployment of electric

vehicles and related infrastructure.

While their distribution across the region is not even, Atlantic Canada is home to a diversity of low-
carbon energy resources. Unique to Atlantic Canada was the focus on the “salt water hinterland.” Marine
resource development is a driving force behind Atlantic Canada’s current economic success stories, and
has the potential to play a similar role in the low-carbon context. In addition to the potential development
of ocean (wave and tidal) and wind energy resources, the development of associated marine/ocean
technologies (e.g., remote sensing technologies) represents a significant long-term economic opportunity.

It was noted that technology development associated with marine oil and gas exploration are expected
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to generate significant low-carbon spinoff benefits. While there is global competition and Atlantic
Canada is a relatively small player, as one participant put it, Atlantic Canada is “no further behind than
anyone else” in the development of marine energy technologies and expertise. In addition, experience
in developing and regulating offshore resources and expertise in developing technologies for use in
offshore exploration and development position Atlantic Canada (and in particular, Newfoundland and
Labrador) well as a launch pad for the development of Arctic offshore resources. To the degree that
carbon reduction technologies (e.g., CCS) become viable, this resource has greater potential in a future
low-carbon context. Discussion of low-carbon opportunities also highlighted opportunities related to
regional co-operation particularly with respect to the development of hydropower (e.g., Lower Churchill
Falls") and related interprovincial transmission lines. As a source of dispatchable power, these potential
generating assets were noted as being key to the further development of intermittent renewable power
sources such as wind. Newfoundland and Labrador’s remote communities and mining sites were also
highlighted as providing ideal conditions for the piloting of off-grid low-carbon technologies. Many of
these sites currently use diesel generators, and connection to the grid is prohibitively expensive. Nalcor,
Newfoundland and Labrador’s energy crown corporation, is already piloting a project in the remote island
community of Ramea with the objective of using wind generation with hydrogen storage as the primary
backup (Ramea Wind-Hydrogen-Diesel Project®) integrated with secondary diesel backup generation.
Participants emphasized Atlantic Canada’s innovative capacity focusing on the combined strength evident
in its high quality educational and research institutions, a strong supportive start-up environment, and
an exceptional quality of life that provides an edge over other jurisdictions in the competition for skilled
labour. Lastly, it was also suggested that Atlantic Canada serves as an excellent test bed for small-scale
modelling whether for regulatory processes or pilot projects, and that this presents an opportunity for

Atlantic Canada to undertake projects that might not otherwise be pioneered in this region.

Our analysis demonstrates the growing importance of LCGS sectors both globally and domestically. The
scale of the market opportunity is considerable, and makes a case for why Canada’s public and private
sectors should make strong efforts to understand the global low-carbon transition and benefit from it.
Canada’s regional opportunities are significant and diverse including both low-carbon resources and the
capacity to deliver added value low-carbon products and services. Common threads include an emphasis on
innovation, energy efficiency, and inter-regional grid connectivity as well as the expanded development of
more localized renewable energy resources. Later sections of this report discuss actions that are needed to

position Canadian firms to succeed and meet the market needs.
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3.0 RISKS IN DELAYING CANADA’S LOW-CARBON TRANSITION

Along with opportunities come risks. Delaying Canada’s
transition to a low-carbon economy could limit firms’ access
to international markets, compromise Canada’s reputation
abroad, and impose economic costs associated with the
lock-in of high-emitting infrastructure and equipment.

In the previous chapter, we discussed the growing global and domestic demand for low-carbon goods
and services (LCGS) and the opportunity that exists for Canadian firms to meet this demand. Our analysis
of global and domestic spending on LCGS out to 2050 pegs the size of the potential opportunity at
$70-$149 billion. It also highlights hydro, CCS, nuclear, and efficient industrial processes as areas of
current strength with strong growth potential in the long term. We show just how much promoting
current and developing new LCGS sectors matters to Canada’s low-carbon transition. But that’s only part
of the story: Canada and the rest of the world must inevitably cut carbon emissions across traditional

sectors of the economy.

With growth in the fossil fuel industry on the horizon, moving to a low-carbon economy presents a
formidable challenge. Canada is well positioned to be a significant global supplier of oil in the years to come
and to benefit economically from selling its crude to fast-growing economies. The International Energy
Agency estimates a 36% rise in global energy demand between now and 2035, much of it in the form of
fossil fuels.?® The National Energy Board’s forecast to 2035 includes record growth in Canadian oil and gas

supplies and expansion in unconventional sources of oil in particular.’”

Yet the economic risks of delaying action and of not preparing and planning for the global low-carbon
transition are too great to ignore. This chapter explores two key economic risks for Canada: market access
and competitiveness risks posed by the continued carbon intensity of trade and changing expectation of
consumers, and risks from investment decisions on equipment and infrastructure that “lock-in” emissions

for decades.
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As nations take action to reduce their carbon emissions and as markets for low-carbon goods and services
expand, the carbon intensity of imports and carbon risk of business ventures so too gain profile. Nations
with stringent climate policies could well implement trade measures to protect domestic sectors from
being outcompeted by sectors in jurisdictions without comparable climate policies. These measures pose
direct risks to high-carbon exporters by imposing additional costs upon entry or by limiting demand for
high-carbon goods outright. Border carbon adjustments (BCAs), low-carbon fuel standards and product

carbon-footprinting are examples of measures jurisdictions are either contemplating or enacting.?

Several sectors in Canada could be exposed to such competitiveness and market-access risks in a global
low-carbon economy. In the short term, border penalties against Canadian goods based on production
and transport emissions are conceivable.” In the NRT’s 2011 analysis of Canada-U.S. climate policy
choices, Parallel Paths, we assess competitiveness risks (including border carbon adjustments) as moderate
under Canada’s current policy trajectory (i.e., “harmonize on targets”). Energy-intensive sectors like
petrochemical manufacturing and iron and steel mills manufacturing could be vulnerable. Overall,
$67 billion per year of Canadian exports to the U.S. (roughly 26% of exports to the U.S. in 2009) would
be covered by a hypothetical U.S. scheme similar to those previously proposed.c Designing measures
like BCAs to be both effective and legal under provisions of the World Trade Organization (WTO) is not
without challenges, limiting their applicability in practice. However, there is no legal consensus on the
potential for BCAs to be able to survive dispute settlement in the WTO.3 Furthermore, WTO obligations
don’t always prevent countries from implementing controversial measures. One reason for this is the
significant lag time that tends to transpire between implementation and any final resolution under the
WTO’s Dispute Settlement Mechanism. Ultimately, Canada would be gambling were it to count on WTO

challenges to mitigate the risk of economic impacts associated with the potential application of BCAs.

California and the EU are implementing low-carbon fuel standards (LCFS), which penalize petroleum-
based fuels that are energy intensive in the production phase. Because of its effectiveness in cutting
carbon emissions from transportation, the U.S. has seen repeated calls for adopting a national LCES.
Absent commercial-scale CCS, application of such a standard would clearly hinder Canada’s export of oil
sands-based crude oil to the U.S., overwhelmingly the largest customer. While the legality of LCFSs under
international trade law (as a standard they would be covered by the provisions of the Technical Barriers
to Trade Agreement) has yet to be tested and is therefore uncertain, forthcoming research suggests that
LCFS would be considered legal.*’
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Short-term trade measures are one thing, but long-term risks of a high-carbon economy are also apparent;
a key one pertains to reputation. A country’s reputation is like its brand and is important to its ability to sell
goods globally. The combination of a perceived image of Canada lagging on climate policy and promotion
of labelling schemes that help consumers manage embodied emissions associated with their consumption
is particularly powerful. Such an image may also leave Canadian products exposed to consumer actions
like boycotts. Modern campaigners are sophisticated enough to try, for example, to track Canadian oil
sands products through the supply chain to the retail level, and to urge consumers not to buy. In a sector

with such homogeneous products as retail-level gasoline, such actions might be significant.

A negative view of Canada also has implications for Canadian firms’ ability to invest abroad and for public
acceptance of high-emitting activities here at home. Just as Canada seeks to screen foreign direct investment
that it doesn’t want, foreign policy makers could feel pressure to do the same to Canadian firms that bid on
projects and concessions in foreign countries. An added dimension of this risk is the increasing challenges
to development that Canada’s natural resource sectors are facing from local communities and interested
parties across the country and abroad (e.g., the 2011 protests in New Brunswick concerning exploratory
testing for shale gas, protests in Washington and elsewhere in 2012 concerning the Keystone XL pipeline
in particular and Canadian oil sands development more broadly, the protests in 2012 concerning the
proposed Northern Gateway Pipeline, and protests in 2012 around metal mining in Ontario’s “Ring of
Fire”). At a basic level, the manner in which Canada is perceived abroad can affect Canadians’ perception
of their industries, which can in turn influence a company or sector’s social licence to operate. A plan
that spells out the goals and targets needed for Canada’s low-carbon transition and actions to show for it

would help alleviate concerns on all sides.

Finally, the economy’s high-carbon intensity relative to others’ and reliance on high-carbon exports will,
in the long term, affect Canada’s trading position. So-called green stimulus spending that occurred in
2008 in several parts of the world signalled confidence in the higher growth potential of low-carbon
economic activity relative to growth in traditional sectors.*® Although not all players will benefit from
a first-mover advantage, the value of strategically assessing and seizing niches in a nascent low-carbon
economy is unequivocal. Conversely, allowing an economy to centre its trade on high-carbon exports
in the absence of a long-term transition plan can lead to long-term stagnation and economic malaise.
Reduced carbon-competitiveness — the relative carbon intensity of one’s economy or a specific product
as compared to that of one’s peers — can ultimately result in a decrease in the terms of trade for affected
products (i.e., decline in the relative value of the product traded resulting from decreased demand). In
the context of multinational branch plants, the lack of a supportive policy environment can also make

the capital investment required to improve one’s competitive position internationally difficult to acquire.
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The NRT has consistently concluded that delay in government action to meaningfully cut emissions is
costly.** Here, we quantify the implications of delay in sending strong, economy-wide policy signals to
guide investment and technology choices toward low-carbon goals: the economic risk of emissions lock-in.
G8 countries, including Canada, have acknowledged the importance of limiting global warming to no
more than 2° Celsius over pre-industrial temperatures, and have agreed that “urgent action” should be
taken to meet this long-term objective.** For Canada, this corresponds to a 65% reduction in emissions
from 2005 levels by 2050.¢

The emissions profile from infrastructure or equipment currently in place or under construction is,
essentially, “locked-in” for the future: avoiding these emissions involves refurbishments, significant
retrofits, slowing or stopping operations — all actions that impose substantial costs on businesses,
potentially compromising their competitiveness. For example, once a coal-fired power generation facility
has been commissioned, it is in place for a minimum of 30 years.! Undertaking significant retrofits or
refurbishing the facility to meet new GHG emissions standards before this time would 1) typically cost
more than it would have to have incorporated the new performance objectives in the original design and
2) present costs to the proprietor that were not factored into the initial business case for the facility. Every
year of delay in implementing “loud, long, and legal” climate policy represents a wasted opportunity to
take advantage of natural cycles of infrastructure and equipment renewal, making it more difficult and

expensive to meet emissions reduction targets.

We used the well-known CIMS energy-economy simulation model to quantify the emissions stemming
from locked-in infrastructure and equipment in buildings, transportation, electricity, manufacturing, and
oil and gas sectors.! Based on the , we quantified the emissions from locked-in infrastructure
and equipment out to 2050, taking into account their average lifespans. We considered two cases of infra-
structure lock-in. The first case looks at emissions from Canada’s stock of infrastructure and equipment
in place and under construction as of 2012 (see ). The second case looks at the 2012 stock plus
infrastructure and equipment built and installed between 2012 and 2020 (see ). Neither case
assumes additional climate policies beyond what’s included in the Reference Case (all significant existing

and proposed federal and provincial/territorial abatement measures).
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FUTURE EMISSIONS LOCKED IN BY 2012 FUTURE EMISSIONS LOCKED IN BY 2020
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Sectors included buildings, transportation, electricity, manufacturing industry, and oil and gas. “Buildings” captures heating
and cooling equipment but not the shells, which can last much longer than this equipment.

The infrastructure and equipment in place today and by 2020 could be responsible for 40% to 56% of
Canada’s emissions by 2030, with their share of emissions declining to between 4% and 7% by 2050.

and show the emission profiles of the Canadian stock of infrastructure and equipment
in 2012 and 2020, based on the Reference Case. The relative share of emissions from 2012 and 2020
stocks of infrastructure and equipment declines as these assets reach the end of their useful lives. A
comparison of both figures shows the additional locked-in emissions that result from the eight-year
modelled delay in policy implementation. Infrastructure and equipment in the oil and gas sector is the longest
lived, comprising about 47 per cent of locked-in emissions by 2030 but 71% by 2050 (locked-in emissions
2012 case). Emissions from 2012 and 2020 transport and building stocks are close to zero by 2050.

We also compared the emissions profiles from locked-in infrastructure and equipment in 2012 and 2020
to an emissions profile that would allow Canada to cut cumulative emissions' by 65% from 2005 levels in

2050. This is what we found:

Delaying implementation of strong climate policy to 2020 could require retrofits or premature retirement
of infrastructure and equipment until at least 2025, if Canada is to meet the 2050 target. The triangular
area identified above the Target 2050 scenario in represents emissions from capital assets that
would have to undergo significant retrofitting, refurbishment, or slow or cease operations (i.e., premature
retirement) in order for the country to maintain an emissions trajectory consistent with the Target 2050

scenario (i.e., these represent avoidable economic costs associated with delayed action).
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Policy delay compromises Canada’s ability to cut emissions cost-effectively. The cost per tonne of cumu-
lative abatement under the Target 2050 scenario is just under $56. Our analysis indicates that delaying
clear policy signals until 2020 raises the cost of abatement to $71 per tonne. Canada would need to invest
$2.9 billion per year between 2020 and 2050 to achieve cumulative emissions cuts comparable to the
Target 2050 scenario to make up for the eight-year delay in policy action — a total additional investment

of roughly $87 billion over this period.

Emissions resulting from locked-in infrastructure and equipment leave little headroom to grow the
economy and meet the 2050 target. shows the potential for locked-in emissions pertaining to
the 2020 stock of infrastructure and equipment to limit options to reduce emissions across the economy
through 2050 without costly retrofits or premature asset retirement. Had the appropriate signals been in
place, less emissions-intensive technology would have been employed, allowing more room for emissions

associated with economic expansion.

The emissions lock-in risk could be greater than what we have shown here, for two reasons. First, our
analysis excludes the potential for factors like the shape, size, and density of Canada’s cities; the lack of
regulatory frameworks; and the path dependency created by existing land uses to further constrain the
long-term emissions profile. For example, the existence of natural gas infrastructure paves the way for
continued use of natural gas for space and water heating, despite the option to replace this equipment
with new zero-emission technology prior to the end of a building shell’s lifespan. Second, some equipment
and infrastructure applications can be maintained to run for much longer than their average lifespan. For
example, it is possible that with appropriate overhauls, coal plants in existence today could be maintained

to operate to 2050.
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Canada needs to move now. The significant opportunity in moving to embrace a low-carbon future for the
country discussed in Chapter 2 and the economic risk of delaying action discussed in this chapter provide
compelling reasons to act. Canadians can adjust the pace as they move forward, but they cannot let the
perfect be the enemy of the good. Policy-makers need to expect to iterate, to not get it right the first time
round, and need to build in flexibility. Canada cannot afford to wait for the “optimal” system/approach to
arrive — it never will. Canada can build on the pioneering work undertaken by world leaders, addressing
key gaps in existing approaches, and contributing to the state of knowledge. The approach will be uniquely

Canadian and will need to evolve over time, but it needs to start now.

Innovation is essential. Our earlier assertion concerning continued market demand for oil sands crude
likely depends heavily on the successful commercialization and deployment of carbon capture and
storage (CCS) technology. Innovation is crucial to the long-term success and economic resiliency of
Canada’s current economic base and is also fundamental to the development of LCGS, which have the

potential to contribute significantly to the economy in the long term.

Canada will need to be strategic. Many players have moved and are moving to secure a place in the clean
technology and clean energy space. Much of this is low-carbon. In looking to support the transition to a
low-carbon economy, Canada needs to identify those areas where it has both existing strength and the

potential to build upon that strength.

Although Canada can continue to benefit from the extraction and sale of unconventional crude and other
energy-intensive resources, Canadians should not take them for granted. A transition plan — a low-

carbon growth plan — is required for the long term.
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4.0 CREATING A FOUNDATION FOR LOW-CARBON GROWTH

Canada needs a low-carbon growth plan to guide a strategic
transition toward a low-carbon economy. An effective plan will
augment Canada’s policies related to innovation, investment,
trade, and labour markets and skills to support the transition
and ensure appropriate governance mechanisms are in place.

Low-carbon growth is central to greening the global economy, recognized the world over as critical to
sustainable development. In a green economy, wealth and jobs derive from public and private investments
that reduce carbon emissions and pollution, enhance energy and resource efficiency, and prevent the loss
of biodiversity and ecosystems. Low-carbon growth, then, implies economic growth in the context of both

the reduction of GHG emissions and the enhancement of energy efficiency.

Gathering knowledge about where Canada is today is an important step toward articulating what actions
and focus are needed to enable low-carbon growth in Canada into the future. This chapter first summarizes
commonalities and differences across international low-carbon growth plans and defines the key elements
required for a Canadian plan. It goes on to acknowledge the importance of underlying “essential conditions”
in shaping Canada’s success and then provides an overview of each key element and assesses Canada’s

low-carbon-preparedness with respect to each.

4.1 KEY ELEMENTS IN LOW-CARBON PLANNING

A low-carbon growth plan (LCGP) charts a path toward a prosperous low-carbon economy. Maintaining
economic growth while addressing climate change is a central feature of existing plans around the world.
Many link a country’s economic competitiveness to environmental objectives like developing clean energy
capacity, improving energy efficiency, and reducing the carbon-intensity of specific sectors. Drivers for
undertaking comprehensive planning range from energy security, sustainable development, and competi-
tiveness, to economic development and the establishment of an analytical basis for discussions around
burden sharing in the context of common but differentiated responsibility. The framing and reach of LCGPs
differs among countries (e.g., a “green growth strategy” for South Korea or a “low-carbon transition plan”
for the U.K.), but all seek to build on existing competitive advantage through economy-wide improvements
in the energy and emissions intensity of the economy. Table 6 lists a number of countries that have issued

low-carbon growth plans.
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EXAMPLE OF COUNTRIES WITH LOW-CARBON GROWTH PLANS

Australia Brazil Bangladesh
Japan China CostaRica
South Korea Mexico Guyana
The United Kingdom South Africa Indonesia

Plans tend to include detail on GHG reduction pathways and associated costs but are less precise on require-
ments to enable the low-carbon transition and are variable in setting targets and timelines. Although it is
too soon to evaluate the effectiveness of existing plans or any implementation barriers and challenges, the

lack of attention to the following elements is noteworthy:

comparisons of carbon-intensity between a nation and its trading partners or competitors;

leading indicators of performance such as levels of spending on research and development (R&D),

targeted education spending, and levels of low-carbon infrastructure investment; and

analysis of economic dependence on carbon with particular reference to large economic sectors that

may be carbon-intensive.

This report builds on earlier NRT publications that address the need for widespread carbon-pricing policy
to drive domestic reductions in GHG emissions. Because of the world’s dependence on fossil fuels, ceasing
production of Canada’s fossil-fuel energy supplies is not an option that is feasible or desirable in the short to
medium term. The challenge for Canada is to define a long-term path that will transition Canada from the
current carbon- and energy-intensive economies of today to a future that involves sustainable resource use
and substantially lower GHG emissions. Canada’s federal, provincial, and territorial energy ministers
recognize the onset of a transition to a lower-carbon economy.** Recent discussions on pan-Canadian
collaboration with respect to Canada’s energy future have covered the need to diversify Canada’s energy

sources and the importance of long-term transition to a low-carbon economy.

The NRT sees a need for a more comprehensive low-carbon growth plan for Canada to guide a strategic
transition. Through our research and stakeholder consultations we have concluded that a low-carbon
growth plan for Canada should include the following elements: innovation, investment, trade and market
access, labour markets and skills, and governance ( ). Each of these elements can create value
through supporting a reduction in the emissions intensity of the Canadian economy and through capitalizing

on opportunities to respond to shifts in international demand for LCGS.
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We conducted an in-depth analysis of each of these elements to understand the current state of play globally
and within Canada and to identify strengths and weaknesses and policy gaps for each. A more fulsome

analysis is presented in Appendix 6.4, but we present the highlights of our analysis below.

FIGURE 9
e N
KEY ELEMENTS OF A LOW-CARBON GROWTH PLAN FOR CANADA
TRADE & LABOUR MARKET
INNOVATION INVESTMENT MARKET ACCESS &SKILLS
ESSENTIAL CONDITIONS
- %

4.2 INNOVATION

Innovation is “the implementation of a new or significantly improved product (good or service), or process, a
new marketing method, or a new organizational method in business practices, workplace organization or
external relations.”** Innovation is in itself a process encompassing basic and applied research, development

and demonstration, commercialization and market development, and market entry.

Overall, the strengths and weaknesses of Canada’s innovation system sum up as follows. The country
focuses most on and succeeds at basic science and research and adapting (already) commercial products to
meet industry requirements. Canada is less effective than its OECD peers in product demonstration and in
the transition to commercial scale and market development, owing to challenges in accessing risk capital,

the limited size of the internal market, and fragmentation among key players.*46

Innovation is key to supporting a low-carbon transition. It can close the gap between the low-carbon
technologies of today and the low-cost, high-performance — breakthrough — technologies that are needed
for the future. In today’s global economy, Canadian firms are up against counterparts facing lower labour

costs¥ and, to an extent, greater access to capital and policy certainty. Rather than trying to compete on
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“last generation” technology by cutting input costs, a focus on innovation can enable the rise of Canada’s
LCGS sectors in global low-carbon value chains. Innovation is also the only way to enhance environmental

performance of traditional industries despite increased use of natural resources, including energy.

Canada’s $2 billion cleantech industry,* of which LCGS sectors form a substantial portion, is mostly made
up of young and small firms. This emerging industry posted double-digit growth rates through the global
financial downturn and is expected to achieve $10 billion in revenue by its twentieth-year milestone.*
Canada’s cleantech SMEs are a strong source of Canadian low-carbon innovation and represent a key
national strength. Cleantech SMEs have benefited from government support through the Scientific
Research and Experimental Development tax-credit program, the Industrial Research Assistance Program,
and Sustainable Development Technology Canada’s Tech Fund.*® Other federal R&D programs, however,
present high barriers to entry for SMEs; streamlining administration and approvals for federal R&D
programs would increase their attractiveness. Cleantech SMEs see the need for enhanced domestic adoption
of their innovations for Canada to benefit from public and private R&D investments.*! If unaddressed, the
lack of domestic adoption and support could hinder export growth. For innovative clean technologies,

international customers expect domestic references before making procurement decisions.*?

For low-carbon innovators (largely SMEs), overcoming the “valley of death” or bridging the commerciali-
zation gap (the intermediary stage between early-stage research funding and full-project financing, in
which innovators attempt to achieve proof of concept to attract venture capital) is a particular financial
challenge worth noting. It is one of the most common challenges in the clean technology sector (par-
ticularly where projects face high technology risk and are capital intensive), and one that is not unique to
Canada. Sustainable Development Technology Canada (SDTC) has played a significant role in assisting
emerging Canadian cleantech companies through the valley of death; however, challenges remain. Discus-
sions with stakeholders identified the lack of broader support for demonstration projects as a significant
barrier in moving innovative ideas from concept to commercialization, and accessing international markets
and developing relationships with larger, established firms (e.g., the Global or Fortune 1000) were noted as

presenting further challenges.

In discussions with stakeholders, technological innovation was noted consistently as a significant oppor-
tunity related to Canada’s highly skilled labour force, strong education institutional capacity, and strong
record with respect to research and development. While it was noted that Canada cannot compete on basic
economic inputs (e.g., labour, resources, cost of capital), it has the capacity to develop and globally market
intellectual capital. Specific examples of emerging and next generation technologies discussed during NRT’s
convening sessions are CCS (expertise and intellectual property), carbon precipitation technologies,
algae-based biofuels, and advanced solar technologies. Stakeholders emphasized that Canada’s potential
contribution to reducing global GHG emissions is not limited to its domestic mitigation potential but

extends globally through the potential development and deployment of disruptive technologies.
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Innovation, whether low carbon or otherwise, is closely related to investment. Investment in each phase
of the innovation process plays a key role in enabling growth and ensuring that Canadian firms remain
competitive in a global low-carbon economy.* Canada’s total private R&D expenditures were estimated at
$16.3 billion in 2009, of which $8.5 billion (52%) were in manufacturing, $6.9 billion in services (42%),
and only $0.9 billion (6%) in all other industries combined.>> Canada’s energy-intensive primary industries
account for 4% of private R&D spending. Insufficient information was available to identify the low-carbon

component of private R&D investments.

Economy-wide investment in non-residential structures, machinery, and equipment (i.e., commercial
products) provides a measure of the degree to which Canadian businesses are renewing capital assets and
updating (and possibly adapting) technology to remain competitive. In Canada, such investment has averaged
$234 billion annually over the past decade, 81% of which has been private investment.>® Spending on
machinery and equipment alone accounts for an average of approximately $137 billion (58% of spending)

per year.*’

A transformation of the one envisioned for a global low-carbon economy hinges on mobilizing financial
capital and delivering it where it is needed. At stake is the development of LCGS and their economic,
profitable, and complete deployment domestically and globally — as well as the related environmental
benefits. Public investment in clean energy has been a key driver of recent LCGS growth. The emphasis on
low-carbon spending was first evident as a response to the global recession through “green stimulus” funding,

signalling that a green economy was a source of future growth.

Based on a review of federal and provincial programs that include a significant low-carbon focus in their
funding allocation criteria, we estimate that public and private investments prompted by these programs
amount to approximately $5.7 billion per year.’®® These investments are predominantly targeted at
commercial products including machinery and equipment. Comparing this figure with the previously noted
$137 billion annual investment in machinery and equipment suggests that Canadian low-carbon spending

as a proportion of overall capital renewal is modest, in the range of 5%.

Additional analysis of government-led low-carbon investment suggests that the majority of government
programs target products that are already established commercially with only CCS demonstrating significant
R&D and product-development spending allocations. While the investments considered represent only a
subset of the low-carbon investments being made, they are explicitly programs where government and
industry have partnered to address the challenge of reducing GHG emissions. The clear message is that

innovation-oriented low-carbon spending is under-represented.
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Venture capital activity in Canada appears healthy: as recently as 2011, Canada ranked fourth behind the
U.S., China, and the U.K. in terms of investments in cleantech.> Much of the venture capital investment
activity in cleantech takes place in Ontario with the province accounting for 48% of total Canadian invest-
ment since 2005.%° Growing and maintaining investor confidence in Canada’s LCGS markets is key to the
low-carbon transition. Public investment, regulatory stringency, and a climate regime characterized by

transparency, longevity, and certainty stand out as factors with the potential to do just that.®

As a small, open economy, Canada relies on trade for economic growth and prosperity.®? Although Canada’s
dependence on trade may be less than it once was,5® trade remains a significant contributor to national GDP,

and Canada’s further integration into global value chains is critical to its future prosperity.

In a global economy, success in low-carbon competitiveness includes the efficient flow of low-carbon goods
and services across geopolitical boundaries. As nations take action to reduce their GHG emissions and
markets for low-carbon goods and services expand, the carbon intensity of imports and carbon risk of
business ventures are gaining profile. Canada’s trade is heavily weighted toward emissions-intensive industries
and products. Emissions-intensive sectors — that is, sectors exceeding 0.5 kt CO,e / $GDP — accounted for
44% of Canada’s exports in 2010. With steady growth in oil and gas extraction, mining, and primary metals

manufacturing,© the emissions intensity of Canada’s exports is on an increasing trajectory.¢

Currently low-carbon goods represent less than 1% of Canadian merchandise exports and approximately
1.6% of merchandise imports.c Canada is failing to capitalize fully on the opportunity to sell its low-carbon
services in global markets.®* Analysis of 45 climate-friendly commodity groups shows an overall negative
trade balance of $3 billion for Canada.%®> Adjusting for inflation, Canada’s exports of low-carbon techno-
logies declined on average by 2% annually between 2002 and 2008.5¢ Over the same period, the global

low-carbon market experienced 10% annual compound growth.’

Looking to the future, Canada is well positioned to benefit from the relative size and growth trajectories
of its trading partners’ LCGS markets. While by far, the United States is Canada’s main import and export
market, a trend in diversification is apparent, with growing trade flows with China and the U.K.®® Six of
Canada’s top ten export markets are also countries with the largest LCGS markets, and these countries

represent 49% of the global low-carbon market.f Furthermore, analysis of Canada’s likely trading partners
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in 2040 undertaken by DFAIT? projects growth in trade with nations that represent a larger portion of the
world low-carbon market than today, and for which low-carbon market growth rates are high. Ensuring

open access to these expanding global low-carbon markets is key to the success of Canada’s LCGS sectors.

Canada continues to struggle with higher levels of unemployment due to the recent recession, with a national
unemployment rate of 7.4%, as of February 2012, up from the pre-recession low of 5.9% two years ago.®’
The situation is highly variable across regions and industries, with the lowest unemployment rates in
Alberta and the highest rates in Newfoundland and Labrador, and service-based industries and resource
industries experiencing employment growth while employment is falling particularly in the manufacturing

and utilities sectors.”®

The global low-carbon transition will, in the long term, influence the structure of the Canadian economy,
irrespective of domestic policy. Industries will evolve — some will shrink, some may disappear, others
will grow, and new and innovative industries will emerge. Such shifts will undoubtedly alter Canadian
livelihoods. The extent to which and pace at which the economy and its component industries reduce their
carbon intensity, and Canada’s capacity to reap the economic rewards of aiding global low-carbon efforts,

influence and are influenced by the country’s collective human capital.

Canada would benefit from better labour market data and information related to the low-carbon economy
to understand its current footing and future trends. Analysis commissioned by the NRT to estimate the
present and potential future size of Canada’s low-carbon economy estimates that Canada’s LCGS sectors
directly employed in the range of 42,000 people in 2010. The years 2008 to 2010 saw exceptional annual
employment growth rates in cleantech at 11%.”* As Canada’s economy reduces its carbon intensity, the
electricity sector will see substantial employment growth. NRT’s own analysis suggests that even in the

absence of additional policy, direct employment in LCGS sectors will grow to 91,000 by 2050.

A low-carbon economy will require talents and skills to match. Current general unemployment rates and
labour shortages in particular sectors hint at a potential mismatch in Canada’s labour market and are a
reminder of the importance of preventing such structural imbalance. Labour shortages are especially
prevalent in resource sectors, and while much of the attention has been focused on the acute labour
shortages in the oil sands industry, labour shortage concerns exist broadly across the energy and resource
sectors. LCGS industries, a large proportion of which involve energy production, transfer, and end-use, are
also exposed to this risk, and representatives of many LCGS industries have either experienced or anticipate

a lack of skilled labour to meet their needs.”?
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Governance “determines who has power, who makes decisions, how other players make their voice heard,
and how account is rendered.”” Governance looks beyond government as a single actor; in fact, it includes
a wide range of involvement from governments, civil society, different sectors, and business communities.
Canadian federalism presents unique governance challenges. The federal government has regulatory control
of interprovincial trade and international trade and commerce; other areas offer decentralization and
delegation of authority to the provinces, as with energy and natural resources. Yet other areas, such as
the environment, are a shared responsibility. Divisions of power make tackling far-reaching policy issues a

challenge in practice.

Governance shapes a nation’s response to and management of the global transition to a low-carbon economy.
A transformative shift in policy direction and objectives, such as that required for countries to prosper in
a low-carbon transition, requires vision and leadership above all else.” Without exception, political leader-

ship was necessary to propose, endorse, and embed the low-carbon growth plans where they exist.

Canada as a whole does not have a coherent climate change strategy or a low-carbon growth plan. The
failure to bridge regional interests and perspectives over the past 20 years has resulted in a patchwork of
uncoordinated federal and provincial actions to reduce emissions. Four key contributing factors are apparent:
disparity in regional economic interests, a commitment to equitable burden sharing, a lack of institutional

intergovernmental relations capacity, and a polarized or unengaged public.

The market implications of gaps in leadership and coordination are significant. Simply put, key sectors of
the Canadian economy lack the policy certainty or support to prioritize low-carbon investments. Instead,
investors, firms, and households may postpone investment decisions or choose conventional options with

known payoffs.

In NRT convening sessions, stakeholders across the country identified inter-regional co-operation as an
opportunity to increase the supply of low-carbon electricity, the availability of hydro-based energy storage,
and/or bolstering the reliability of the regional electricity system. Interprovincial and inter-regional collabo-
ration was also noted with respect to trade policy and the harmonization of standards. It was also suggested
that inter-regional co-operation with respect to technology development could benefit all parties — for
example, harnessing the innovative capacity in central and eastern Canada to contribute to the work already

being done in western Canada to find solutions for sustainable oil sands development.

Stakeholders also saw increasing awareness of and education about energy and emissions as a strategy to
change: the manner in which resources are used, the political environment for decision making, and the

willingness to pursue new opportunities.
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Trends and conditions shaping Canada’s national competitiveness matter. Analysis by the World Economic
Forum (WEF) for the Global Competitiveness Index (GCI) ranks Canada twelfth overall out of 142 economies,
moving down from tenth place in 2010-2011 and ninth place in 2009-2010.”> Ahead of Canada are
Switzerland, Singapore, Sweden, Finland, the United States, Germany, the Netherlands, Denmark, Japan,
the United Kingdom, and Hong Kong. Although Canada has some clear areas of strength — for example,
Canada ranked fifth and sixth overall for labour market efficiency and health and primary education,
respectively — Canada has two areas of notably mediocre performance": macroeconomic environment and
business sophistication. While many of Canada’s peers (e.g., U.S., UK, France) were similarly poorly ranked
for macroeconomic environment indicators, Canada stands out (along with Australia) as having lower

overall business sophistication.

Our macroeconomic environment influences the attractiveness of the Canadian economy for investment
and is a fundamental prerequisite to growth — low-carbon or otherwise. Key additional enabling condi-
tions' include the presence of appropriate price signals' and an efficient but robust regulatory framework.*
Factors like the nature of Canada’s competitive advantage and value-chain breadth affect business sophisti-
cation, hindering or enabling how the country competes on a low-carbon basis. Canada was ranked low for
both these categories. In the first case, the low ranking (71) results from the relative emphasis on natural
resources and primary commodities in the economy.”® Trade and market access are also critical in terms of
both influencing the country’s economic focus and fostering growth given the relatively small size of the

Canadian market.

Recognizing that traditional competitiveness metrics are insufficient to assess the implications of the manner
in which countries respond to the opportunities and costs inherent in the global low-carbon transition,””

they are still an important part of the picture.

Innovation, investment, trade and market access, labour markets and skills, and governance are all key
elements of effective low-carbon planning. Our analysis reveals that Canada has strengths in each of these
areas upon which it should capitalize. It also identified weaknesses that should be addressed. The impor-
tance of the macroeconomic environment and overall economic competitiveness was also established. We
build on these findings in our final chapter to identify priorities for action going forward and to set out the

essential conditions for low-carbon growth.
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5.0 HARNESSING CANADA’S LOW-CARBON OPPORTUNITY

A successful transition to a low-carbon economy will be
underpinned by policy certainty, a price on carbon, a level
playing field, and efficient regulations that complement market-
based measures to reduce GHG emissions. This final chapter
sets out the NRT’s framework for low-carbon growth, including
our vision for 2050, key low-carbon growth objectives, and
essential conditions for success.

The NRT’s Measuring Up report concluded that Canada is not yet well positioned to compete in a carbon-
constrained world.”® Despite a strongly growing cleantech sector,”” Canada currently faces challenges in
low-carbon innovation particularly with respect to commercialization. While strength is evident in Canada’s
cleantech venture capital investment record,® overall low-carbon investment and investor confidence is
low.! Though clear exceptions exist, Canadian companies are failing to fully capitalize on the opportunity
to supply growing global demand for LCGS, in part due to the significant effort required to access interna-
tional low-carbon markets.®? LCGS sectors also face the potential for labour shortages as demand for skilled

labour is high across the Canadian economy and innovative talent is highly sought after the world over.®*

But what will it take to put Canada firmly on a path to low-carbon growth? Our research and convening
show that vision combined with leadership and the collaboration to achieve it is critical. Above all else,
there needs to be a conscious decision that low-carbon development is a desirable goal for Canada and
that governments should bring to bear the policy tools needed to realize it. Strong communication of this
decision is essential. Private sector support for and engagement with this process is crucial. A focus on
accelerating innovation and investment in low-carbon infrastructure and technology, enhancing LCGS
market access, and boosting Canada’s capacity and understanding of low-carbon skills and labour require-
ments is also key. Political and corporate leaders must recognize that successful realization of this long-term
goal will require action in the short term accompanied by regular re-evaluation of the path forward —

in short, a plan.

This chapter presents the NRT’s contribution to the development of a low-carbon growth plan for Canada.
Here, we offer a low-carbon vision for the country and discuss the strategies, actions, and governance

required to achieve it.
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The NRT’s vision of what a low-carbon economy could look like for Canada recognizes the country’s
realities and strengths in both contributing to global efforts to arrest the speed and scale of climate change

and taking advantage of the economic opportunities that lie ahead. The vision we propose is as follows:

has diverse, clean, and sustainable energy and electricity systems;

continues to be a nation of abundant natural resources that are developed in a responsible, respectful,

and sustainable manner;

is a global marketer of low-carbon energy resources, technology, and expertise, and is seen as a respon-

sible trading partner and energy producer;

has become renowned for its innovation, particularly in the cleantech sector, and is a country where

ideas and collaboration flourish within its academic institutes and in its private sector;

employs coordinated and collaborative approaches to governance that continue to support and prioritize

its low-carbon economy; and

has a diverse, skilled labour pool that supports its low-carbon economy and responds to growing

demands for skills and technologies.

The vision we propose could well be incomplete, not having benefited from the direct input of regional
discussions. However, it’s a starting point for considering what is desirable and possible, and what actions
need to be taken to get there. The following sections present our view of the critical elements of a frame-
work for low-carbon growth. Combining a competitive economic context with collaborative and coordinated
approaches to governance, as well as measures to stimulate innovation, mobilize investment, enhance
access to LCGS markets, and foster talent and skills development, will position Canada to prosper through

the low-carbon transition.
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A competitive economic context is prerequisite to a nation’s low-carbon success. When it comes to competi-
tiveness, Canada has had mixed performance in the past compared to its peers. However, recent budgets
tabled and actions taken by both the federal and provincial governments are set to address the weaknesses
highlighted in the Global Competitiveness Index® (i.e., government budget balance, gross national savings,
and general government debt). This same global index notes Canada’s institutions, goods market efficiency,
labour market efficiency, and financial market development as strengths of the country’s economic frame-

work conditions.

Canada should make use of market forces to foster low-carbon growth. Economic analysis has consistently
demonstrated that market-based mechanisms are typically most effective and efficient in guiding investment
decisions as they drive private-sector action while minimizing intrusion by government. Low-carbon growth
requires a reorientation of the economy over the long term to take into consideration existing externalities.
While progressing on this front, Canada needs to make certain that any measures taken by governments
do not introduce unnecessary administrative or compliance burden so as to ensure effective use of govern-
ment resources and continued competitiveness on the part of Canadian companies. Our analysis builds on
the work of the OECD®® and identifies four essential conditions related to Canada’s economic framework that
need to be addressed to efficiently advance low-carbon growth: 1) providing policy certainty, 2) appropriately
pricing pollution and natural-resource use, 3) establishing a level playing field for energy investments, and,

4) ensuring regulatory coherence and a focus on outcomes.

Long-term certainty around climate, energy, and innovation policy must be established. Policy certainty
is fundamental to providing the private sector and individual Canadians with the signals they need to make
decisions that factor in the global low-carbon transition. A lack of policy certainty is the single most signi-
ficant barrier to investment in low-carbon innovation and, more broadly, interest in finding solutions to
other investment challenges critical to the low-carbon transition.* While the literature focuses significantly
on certainty with respect to climate policy, the principle applies to all significant related areas of policy
development. Not only does Canada need “investment-grade climate change policy,”®® but it also needs
investment-grade energy and innovation policy. Policies that reflect transparency and longevity and that

engender certainty can help materialize the required low-carbon investments.®”

Transparency speaks to the clarity and predictability of laws, regulations, and policies. Government
credibility relates to this, and hinges on how laws, regulations, and policies are developed and interpreted.®
Clear communication of meaningful information, advanced notification, and prior consultation with respect
to regulatory and policy changes, and consistent administration and application of laws and regulations all
influence government credibility. Transparency with respect to how governments implement and change

rules and regulations dealing with investment is a critical determinant in investment decisions.



84 // NATIONAL ROUND TABLE ON THE ENVIRONMENT AND THE ECONOMY

Long-term commitment periods for policy are vital to establishing predictability and certainty for
business decisions. The time frame to achieve policy goals and targets should match the expected time
frame required for investments to generate an appropriate return. In the case of investments in low-
carbon energy, a return period between 15 and 25 years is not uncommon.® Investor confidence takes
time to develop but can be undermined very quickly. Negative investor experience can spill over to other
regions — for example, Spain’s cuts to feed-in tariff levels for existing projects in 2011 damaged investor

confidence internationally.”®

Certainty requires both transparency and long-term time frames, but speaks more fundamentally to both
government commitment and performance. It requires clear commitment by the political leadership and a

coherent long-term vision for growth, as well as actual delivery on the vision.

To induce low-carbon activity across the economy, market prices need to account for the full cost
of production and resource use. Market mechanisms to internalize the social and environmental cost
of pollution and capture the long-term costs of transforming natural capital into other forms of capital
are among the most cost-effective and efficient policy instruments.”* A price on carbon is fundamental to

achieving the required efficiency gains and innovative drive to support low-carbon growth.??

A level playing field is required. Subsidies that encourage pollution or the over-extraction of resources
ultimately place a drain on the public purse and need to be discontinued. Fossil fuel subsidies often work
counter to and are ultimately incoherent with the introduction of a carbon price.”® Consistent with commit-
ments of the G-20°* in 2009 and Asia-Pacific Economic Cooperation®® (APEC) in 2011, and building on the
federal commitment in Budget 2012,° federal and provincial governments should “phase out inefficient
fossil fuel subsidies that encourage wasteful consumption.” Research by the International Institute for
Sustainable Development’s (IISD) Global Subsidies Initiative estimated Canada’s federal and provincial
subsidy® support for upstream oil activities in 2008 at $2.8 billion, with the federal share accounting for
half.”” The research found non-conventional production followed by exploration (new drilling) as dispro-
portionately benefitting from these subsidies. It concluded that subsidies to the oil and gas sector resulted
in only a slight positive benefit to the economy, and that they stimulated exports but were not critical to the
growth of the sector (the sector is projected to be about twice as large in 2020 as in 2005 with or without
subsidies). Impacts on total employment were found to be negligible, and government balances were found
to be lower, even with higher corporate taxes and royalty payments. It was further suggested that continued
subsidization of this rapidly expanding sector risks long-term growth in subsidy obligations. Federal action
to adjust subsidies focuses on aligning support for oil sands development with support for conventional oil
and gas by 2016.¢ The playing field for low-carbon energy resources (e.g., renewable electricity, biofuels)

remains uneven, relative to fossil energy sources.”®
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Efficient, effective, and outcome-oriented regulations are required. In addition, regulatory frame-
works should support both economic prosperity and positive environmental outcomes. Regulations
are sometimes necessary complements to market-based mechanisms. This is the case for reducing GHG
emissions from buildings (e.g., energy efficiency standards in building codes) and transportation (e.g.,
Canada’s Passenger Automobile and Light Truck Greenhouse Gas Emission Regulations). Efficient regulatory
approaches focus on outcomes and provide flexibility in attaining the performance objective, ultimately
reducing compliance costs and spurring innovation,” thereby ensuring the ongoing competitiveness of

Canadian businesses.

In addition, coherence across environmental and economic regulations and policies is important. Inter-
departmental policy coherence within federal and provincial governments, interprovincial coherence with
respect to policy and regulatory frameworks, and federal-provincial policy and regulatory coherence are
all necessary. For example, clear and consistent grid-connection standards across Canada could facilitate
increased penetration of small-scale renewable generation capacity, and provincial waste management
regulations could interfere with provincial plans to make use of biofuels derived from waste. The adoption
of a systems perspective is necessary to tackle an issue as multi-faceted and complex as low-carbon growth.
Such a perspective would consider the implications of all policy and regulatory initiatives on GHG emissions,
innovation, low-carbon investment and economic growth. The expanded use of regulatory impact assess-

ments to broadly include GHG emissions implications would assist this process.

Innovation is one of the most important enablers of a low-carbon economy. Two trends in particular speak to
the necessity for innovation in the low-carbon context: (1) intensified global competition and (2) continued
and accelerated degradation of global ecosystems. As international competition increases, greater product/
service differentiation will occur, and carbon intensity is already emerging as an important performance
metric. The global economy is growing to meet the increased needs of an expanding population, and there
is a need for less resource-intensive and environmentally damaging methods of production to permit the

continuation of economic growth. Innovation is essential to driving this change.

Just as Canada needs to reframe the traditional model of economic growth and prosperity to integrate a
low-carbon focus, it needs to do the same for innovation policy. Although businesses implement innovations,
governments shape the environment within which innovation occurs.’® Our research and stakeholder
discussions indicate the need to sharpen the focus of Canada’s innovation agenda: an innovation agenda

that is aimed at developing a stronger, more prevalent clean technology, or more specifically, LCGS sector,
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absolutely necessary if Canada is to advance toward a low-carbon economy. While innovation writ large
is broadly a federal and provincial priority, low-carbon or cleantech innovation is only evident as a clear
strategic priority for a limited number of provinces.? Setting an innovation policy agenda that is closely tied
with clean and/or low-carbon technology will go a long way toward stimulating innovation. We see the

following actions as priorities:

To spur private sector innovation, governments must signal their commitment to achieving low-carbon
objectives. Signals can take many forms, but could include policy instruments such as clean energy targets,
standards for cleaner fuels, and more stringent energy efficiency requirements in building codes. With
clear, sustained signals from government, investors would be more confident in supporting innovative ideas

that move low-carbon technologies out of the labs and into the market.

Policies that provide both “supply-push” and “demand-pull” will be necessary. An example of a demand-pull
policy instrument is a feed-in tariff (FIT) program. An example of supply-push policy instrument is a tax
credit for certain types of R&D. Canadian LCGS innovators could use more “push” in the form of organiza-
tions such as SDTC that provide both direct funding for demonstration projects and technical assistance and
support. The need for additional organizations of this type is unclear, but long-term and expanded funding
to existing organizations could go a long way in addressing unmet needs. The need for additional “pull”
to increase demand for innovation is also apparent.!®! In providing direct funding to support low-carbon
innovation, Canada should be focused and seek to identify and support key strategic market niches. China,
Korea, and others have created huge barriers to entry in the solar and wind markets through support to
their respective manufacturers and exporters. Rather than attempting to compete head-to-head in these
well-developed sectors, Canada should be investing in less developed and strategically important sectors
such as CCS, and building on its existing manufacturing base and expertise in such areas as clean auto-
mobile manufacturing where there is a clear strategic benefit going forward.© Building on existing strengths

in Canada’s resource base and areas of expertise, positions the country well to compete.

Governments need to review and streamline innovation funding frameworks within which innovation
occurs. Some in the innovation field have noted that overly burdensome regulations and policies often drive
innovators to other countries to take their ideas to pilot or full scale.!®? They have also noted that govern-
ment support is frequently scattered under numerous federal and provincial programs with access requiring
significant investment of time, effort, and resources. This presents a particular challenge for SMEs that
form the majority of low-carbon innovators in Canada. It may be possible to address some of the noted
challenges by reviewing policy and regulatory frameworks related to innovation and financing low-carbon

technologies to ensure that they are efficient and yet robust enough to support development of the sector.
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Establishing innovation clusters could help narrow current gaps between innovators, particularly SMEs,
potential users of the innovation, and investors. Although innovation clusters’ are in their infancy in
Canada, there is a need to quickly develop and support them to address these two key challenges, facilitate
the exposure of their ideas and innovations to a global audience, and bring in the expertise and resources

needed to attain the next level of development.

The low-carbon transition requires investment in innovation across the full spectrum from technology
research and development to demonstration and ultimately deployment. Investment in the physical infra-
structure that supports the uptake of innovative products and processes is also critical. The scale of this
investment — the investment required to drive the low-carbon transition such that it prevents dangerous
climate change® — is sizeable. The International Energy Agency estimates that an incremental annual
investment of $158 billion in the decade from 2011 to 2020 and $1.1 trillion annually by 2035 will be
required to achieve a global emissions pathway with a reasonable chance of limiting global average

temperature rise to 2°C over pre-industrial levels.!®

Canada needs to significantly step up its low-carbon investment with a focus on electricity infra-
structure and the oil and gas sector. We estimate that for Canada to reduce GHG emissions by 65%
below 2005 levels in 2050, annual investment on the order of $13 to $17 billion (Target 2050 and Lock-in

, respectively) could be necessary in addition to that already anticipated under existing and
proposed policy measures." presents the forecasted investment requirements by scenario and
sector (additional analysis concerning estimated investment required under a simulated regulatory approach
is presented in ). Roughly 85% of these annual amounts (i.e., between $11 and $15 billion) will need
to be allocated to the electricity sector. For context, between 2000 and 2010, annual investments in the
electric power sector averaged $12 billion.!** This means that Canada would need to roughly double the
investment rate for the foreseeable future to meet the specified emissions reductions. Incremental invest-
ments modelled for the oil and gas sector are also noteworthy, amounting to $1.6 to $1.7 billion per year
(or a 4-5% increase over current levels). This investment is largely focused on CCS. Additional investment
in energy efficiency improvements, alternatively fuelled equipment, and building-shell retrofits in the
commercial sector average between $360 and $560 million per year. Switching from road transportation
to rail freight results in reduced investment requirements between $1.0 and $1.1 billion; however, the
changes to investment in freight transport embody some additional uncertainty due to the infrastructure
requirements of expanded rail service. Overall, the extra private sector investment amounts to an increase

of between 5% and 8% per year over current levels, focused largely in the electricity and oil and gas sectors.



88 // NATIONAL ROUND TABLE ON THE ENVIRONMENT AND THE ECONOMY

TABLE 7

/

.

INCREMENTAL AVERAGE ANNUAL LOW-CARBON
INVESTMENT REQUIREMENTS BY SCENARIO

TARGET 2050 S&LTARGETS LOCK-IN

$0.38 $0.48 $0.4B $0.58
-$1.08 -$1.08 -$1.18 -$1.0B
$10.88 $10.98 $12.4B $15.48
$0.88 $0.7B $0.98 $1.38
$1.7B $1.7B $1.58 $1.68

$12.8B $12.6B $14.2B $17.98

Source: Navius Research Inc. 2012
Note: totals may not sum due to rounding

Patient and risk-tolerant capital needs to be made available to Canadian LCGS entrepreneurs to allow
them to succeed. One of the most significant challenges to innovators, particularly SMEs, is a lack of access
to risk capital — in some cases the barrier is venture capital, in others it is an issue of significant project
financing required for full-scale developments. Related to this is the challenge of time required for an
innovative idea to come to maturity; it typically takes between 10 and 15 years! to reach commercial
maturity which means that the availability of patient, risk-tolerant capital will be a key driver to the LCGS
industry’s success. Government policies must help de-risk the financing of new innovative technologies
and ideas to significantly improve commercialization of low-carbon technologies. While the Canadian

government continues to fund innovation and has recently placed greater emphasis on early-stage risk

capital'®®, additional funding geared specifically toward LCGS would be helpful.

i In its analysis for the 2010 SDTC Cleantech Growth and Go-To-Market Report, the Russell Mitchell Group presents a benchmark for the maturation timeline for high-

growth technology-based companies. The authors suggest that high-growth technology-based companies achieve revenues of $100 million within 10 years of start-up.

Based on survey results, they estimate that Canadian cleantech companies take between 10 and 15 years to reach this revenue benchmark (Sustainable Development

Technology Canada and Russell Mitchell Group 2010).
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BEST-IN-CLASS REGULATORY SCENARIO

In addition to the four scenarios exploring the investment and emissions implications of short- and long-term GHG emission targets
and implementation timing, the NRT undertook new modelling to assess the abatement performance and investment requirements for a
simulated “Best-in-Class” (BIC) GHG performance standard regulatory approach. We undertook a review of technologies and processes
to identify the appropriate options by sector and region. This highlighted two facts: ) best-in-class technologies in one sector affect
those in other sectors and 2) differences in fuel options and other factors mean that best-in-class technologies may not be identical
across regions of Canada. In particular, the presence of substantial hydro resources in some provinces represented a significant

distinction from those with fossil resources.

To implement the BIC scenario, we conducted a simulation in which capital stock currently in place is permitted to operate until it
reaches the end of its natural lifespan, at which time new stock is required to meet best-in-class emission performance standards. A
notable risk of this scenario — as with any technology-specific regulation — is the possibility of requiring investment in equipment that
is significantly more costly than alternatives, thus driving abatement that is not least cost. Additionally, such an approach to climate

policy lacks the capacity to drive innovation beyond the best-in-class technologies specified.

Implementation of this scenario assumed that performance standards were implemented for those assets reaching the end of their

useful life starting in 2012, We found the following:

/I A BIC regulatory approach can achieve significant long-term emissions reductions. The modelled scenario achieved GHG reduc-
tions of 15% and 61% below 2005 levels in 2020 and 2050, respectively. Annual emissions abatement in 2050 is estimated at 445 MT
as compared with 475 MT for the Target 2050 scenario. The BIC scenario also achieved similar cumulative abatement to that of the
Target 2050 scenario (9.5vs. 9.2 GT CO,e).

/| The change in overall cumulative investment is substantially CHANGES IN ANNUAL

lower compared with other scenarios because more expensive FIRM INVESTMENT IN THE BIC SCENARIO
retrofits do not occur (they are not induced by carbon pricing
as in the other scenarios) and because reduced electrification

results in reduced electricity generation expansion.

/' The manufacturing sector absorbs a significantly higher pro-

portion of abatement costs. In the BIC scenario, more oil and gas N/A
investment occurs without guidance from a strong carbon price N/A
such that the investment is more evenly spread between manufac-

turing and oil and gas sectors. Abatement from some other sectors 59.98
is precluded. $2.1B
/I The BIC scenario is less cost-effective than the Target 2050 or $1.58

S&L Targets scenarios; however, at close to $62, the cost per tonne
of cumulative abatement remains noticeably below that associated

with either scenario involving delayed policy implementation.
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Beyond putting in place the essential conditions for low-carbon growth and establishing policy certainty
through clear economic signals in particular, action is required on the part of both governments and the
private sector to succeed in meeting the necessary scale and pace of investment. We have identified two key

areas for action:

Governments and financial institutions need to work together to substantially increase access to
capital. The substantial investment required to finance the low-carbon transition requires deploying
a combination of public- and private-sector capital at greater levels than today. While the public sector’s
continued role is critical, particularly in investing in areas of significant provincial, regional, or national
interest, or R&D where the spinoff benefits are large, private-sector sources of capital will need to play
an increasingly prominent role going forward. For this to occur, a greater diversity of sources of capital is
required than is available today. This involves reaching out and creating ways for those who currently are
not investing in low carbon — including untapped sources of capital such as institutional investors (e.g.,

pension and insurance funds) and even individual investors to do so.

To increase access to these alternative sources of capital, financial institutions need to develop and popu-
larize new vehicles for low-carbon investment. Secondary markets for low-carbon project finance debt
packaged as “green bonds” could provide banks with the ability to make additional loans and create a
promising growth area.!® For broad adoption, green bonds (and other low-carbon securities) would need
to adhere to standards that provide investors with certainty about the underlying investments.!”” Leases for
energy-efficient equipment also have significant potential. In addition to requiring no up-front costs from
the purchaser, leases provide the opportunity for aggregation of projects into larger quantities more suitable

for debt financing through partnerships with utilities or banks.!%®

New approaches to financing are also required to reduce transaction costs due to project size and due
diligence requirements. Low-carbon infrastructure and technology investments tend to be fragmented and
unstructured, consisting of a large number of small projects requiring individual financing rather than a
small number of large, more structured projects.’®® At the same time, requirements for due diligence —
regulatory, technical, commercial and financial — tend to be similar, leading to comparatively high transac-
tion costs. This frequently renders the projects unsuitable for financing by large corporate and investment
banks despite the potential benefit from their in-house expertise. The development of tools and products
that aggregate both the risk and the financing requirements into larger, more structured transactions could

lower overall transaction costs and provide an entry point for larger financial institutions.

Banks and other financial institutions need to strengthen their capacity to perform risk assessments of low-
carbon technologies and projects.!'® Low-carbon technologies tend to be complex and relatively speaking,

immature, leading investors to attach greater risk to LCGS investments.!'! Many low-carbon investments
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also have long-term horizons with respect to payback periods and investors require the financial return
on their investments to be guaranteed over this time frame. In addition, revenue streams for low-carbon
technologies are typically more complex to estimate than traditional technologies, compounding the risk
attached to them. For example, the intermittent nature of many renewable energy sources increases the
uncertainty associated with the revenue stream. To better understand these added dimensions of invest-
ment risk and to facilitate the development of customized investment vehicles structured to mitigate such
risks, banks and other financial institutions need to increase their advisory capacity on technical, regulatory,
commercial, and financial aspects of low-carbon technologies and projects.!'? Developing capacity to fairly
assess the risk of these investments is of particular importance with respect to attracting investment by insti-

tutional investors such as pension and insurance funds, which tend to have low levels of risk tolerance .31

Governments need to be open to providing incentives to encourage low-carbon investment. Incentives
could balance the risk-reward ratios for low-carbon investment. Where perceived risk is high, balancing
risk-reward ratios is necessary to improve the financial attractiveness of investments and to generate the
desired levels of private sector investment.!'>!*® In some instances (for example with renewable energy
technologies where grid parity has not yet been attained), support may be required for the development or
introduction of emerging low-carbon technologies. Direct subsidies (e.g., feed-in tariffs) are often used in
the absence of stability and clarity with respect to carbon markets.!'” Other methods by which public funds
are used to leverage private investment in low-carbon technologies include capital gains tax credits (direct
equity or funds), tax-equity/debt schemes, and matching participation in venture capital equity invest-
ments. Such use of public funds can make sense where public spinoff benefits (e.g., from early stage R&D)
are expected or where long-term benefits of initial investments are significant (e.g., increased deployment
of renewable electricity technologies [RETs] brings them closer to grid parity) and would not be otherwise
valued in private decisions (i.e., where there are specific market failures). Such incentives should be subject to
regular review, keeping in mind requirements for long-term policy certainty and the principle of providing

a level playing field across all technologies.

Incentives could also address barriers to low-carbon investments by Canadian households. High up-front
costs can be a major barrier to consumer purchases of renewable micro-generation, electric vehicles, or
low-carbon buildings, despite net savings over the lifetime of these technologies.!!® Reducing up-front costs
through low-interest loans, leases, or special mortgage arrangements would encourage purchasing decisions
with carbon impacts in mind. Several of these programs are in existence in North America, but in Canada,

the coverage of these programs is incomplete, and the strength of existing programs can be increased.
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Trade is and will continue to be critical to Canada’s prosperity. Trade related to Canada’s traditional, resource-
oriented economic base and to low-carbon goods and services are both important. Ensuring access to key
LCGS markets will support the growth of the low-carbon industrial base. Undertaking targeted activities,
strengthening the international brand and, removing sector-specific barriers to trade are key strategies to
pursue on a priority basis. A final priority lies in reducing the carbon intensity of the resource-oriented
component of Canada’s economy; its continued success and access to global markets is at stake if Canada

doesn’t act on this priority.

The federal and provincial governments should step up their roles in facilitating Canadian access to
global LCGS markets. Canadian companies already target international markets disproportionately to the
domestic one for two reasons: the small size of the domestic market and the absence of domestic signals
to stimulate LCGS uptake. Access to global LCGS markets is currently inhibited by limited opportunity for
domestic demonstration and by gaps among innovators, investors, and potential users of new products or
processes. Governments need to make it easier for Canadian companies to tap into the growing global demand

for LCGS. Key actions are as follows:

Engage in international diplomacy to build the broad conditions necessary for investment and trade
in Canadian LCGS. Canada should continue to actively participate in bilateral and international efforts to
build capacity and remove barriers to investment in other countries. Tackling regulatory, policy, and tech-
nical barriers to the adoption of low-carbon energy applications in developing countries, in particular, not
only encourages the flow of investment toward low-carbon energy provision but also opens up markets for

countries that supply LCGS.1*

Proactively participate in the formulation of standards and labels of critical importance to Canadian
exports. Canada should, for example, work to get a low-carbon fuel standard taken up by ISO for consistent
application across states. Efforts to get hydropower recognized by U.S. federal and state governments as
eligible for satisfying renewable portfolio standards requirements would position Canada’s electricity

sector to benefit from access to premium rates for electricity exports.

Convene stakeholders in LCGS innovation and promote LCGS sectors internationally. Governments can act
as conveners to close the gaps between innovators, investors and users of innovative technology, particularly
when it comes to SMEs. SMEs are leading low-carbon innovation in Canada. Our discussions with stakeholders
suggest that their chances of success in global markets would greatly improve by connecting to and collabo-
rating with large corporations that provide access to resources and expertise to help with commercialization.
Governments are well situated to foster these strategic collaborations. Internationally, an expanded trade
promotion and convening role by the Canadian government would support growth of Canada’s LCGS sectors.
Such a role would involve linking up the strengths of Canada’s innovation with emerging international

demand and potential sources of international finance. Benefits to Canadian innovators include reduced
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time, effort, and expense to gauge international interest and potential partnerships, which is important
given the limited opportunity for domestic demonstration. Indirect government endorsement of Canadian
LCGS innovations would also benefit Canadian companies. Though not a standard requirement in dealing
with most industrialized economies, government backing can be critical to sealing a deal in some emerging
economies. The kind of government support described here will require the federal government to maintain
a comprehensive global awareness of technology and innovation needs, as well as an in-depth and current

understanding of solutions being developed within Canadian LCGS sectors.

Put in place domestic procurement policies and technology verification programs. Canada’s small market
and low risk tolerance when it comes to technology adoption means Canadian entrepreneurs often seek out
international markets to prove the viability of their products and services before ever entering the domestic
market. The added effort and expense by Canadian entrepreneurs to go international is incurred despite the
noted preference of international purchasers for domestic demonstration. Domestic low-carbon technology
testing, evaluation, and validation through government procurement and the development of a rigorous
and internationally recognized low-carbon technology verification program (e.g., the U.S. EPA’s Environ-

mental Technology Verification program) would provide significant support to Canadian firms.

The federal government needs to strengthen Canada’s international “brand,” particularly on climate
policy. Canada’s brand is a form of currency in itself, influencing the ability of Canadian firms to trade and
invest internationally, and affecting the inflow of foreign direct investment (FDI). Canada’s domestic and
international climate policy positions and the communication of those positions on the international stage
shape perceptions of Canada on a host of other issues and topics. The reality is that Canada is currently
subject to substantial international criticism over climate policy and fossil resource development.* This
has the potential to jeopardize trade and investment related to Canada’s current heavily resource-oriented

economic base as markets begin to discriminate and investors begin to hedge against climate-related risks.

Improvements to Canada’s brand will come from actions that elaborate and demonstrate the country’s
commitment to reduce GHG emissions and build capacity to engage domestically and internationally on
climate change policy. This could include building effective and realistic pricing of carbon to meet current
and future goals; developing and communicating clear, transparent, and realistic plans to meet Canada’s
internationally-pledged target for 2020; and establishing a clear GHG reduction target for 2050. Canada
should also seek opportunities to build on its strengths in the financial sector and its commitment to providing
“fast start financing” (under the Copenhagen Accord and Cancun Agreements) as a contribution to the United
Nations Framework Convention on Climate Change’s (UNFCCC) Green Climate Fund. Canada should continue
contributing to bilateral and regional initiatives, such as the multi-lateral commitment tackling short-lived

climate pollutants.!
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Federal and provincial governments should remove sector-specific barriers to trade. Where illegitimate
trade barriers exist and Canada has a long-term interest in maintaining the viability of a strong sector, the
federal government should consider measures available to it under international trade law. For example, the
U.S. recently enacted countervailing duties to address alleged “dumping” of solar PV equipment by Chinese
manufacturers. Where interprovincial barriers to trade exist, provinces should collaborate to remove them.
For example, domestic content requirements in Québec and Ontario disadvantage firms in other Canadian
provinces that could sell into their markets. Content requirements could be framed so as to broadly benefit
Canadian production as opposed to targeting exclusively in-province production, though it should be noted
that Ontario’s domestic content requirements are currently being appealed internationally through the
WTO. Specific interprovincial barriers include a regulatory vacuum on ownership of geothermal resources

and the lack of key infrastructure such as interprovincial transmission capacity.

Governments should support the development of low-carbon thermal energy and electricity sources
to limit the “carbon exposure” of key sectors. Of particular concern are Canada’s energy-intensive trade-
exposed (EITE) sectors. Addressing the carbon exposure of these sectors represents an opportunity for
domestic LCGS innovation. However, government support for LCGS innovation, such as we discussed above,
combined with flexible and adaptive regulatory and environmental approval frameworks (and in particular,
provincial frameworks) are necessary. Regulators tend to be inherently risk-averse, and new technologies,
new approaches, and new fuels can present evaluation challenges. New proposals and approval applications
in heavy industry also frequently generate substantial interest from local community members, presenting
a need for significant communications efforts and community engagement. Governments can actively
promote positive innovation by developing approval frameworks that encourage demonstration projects

and the generation of data required for technology verification and further development.

Our collective talent can be a driver of a low-carbon transition, but a lack of preparation can be a barrier. A
low-carbon transition will cause a shift in demand for certain occupations, may result in the emergence of new
occupations, and may require existing occupations to take on new skillsets. However, issues of labour shortages
and skills gaps can curtail growth and cause structural unemployment. Globally, the International Labour

Organization (ILO) states that present shortages are already hindering a global low-carbon transition.'°

Federal and provincial governments must increase their knowledge of the human resource require-
ments of LCGS sectors and of economy-wide changes to employment resulting from a low-carbon
transition. Canada’s ability to prepare for the low-carbon transition is currently hindered by gaps in
knowledge, including the absence of official statistics on skills requirements and employment levels in
LCGS sectors and related occupations. Without such understanding, developing, coordinating and deploying

training and employment programs to facilitate low-carbon growth is difficult for all labour market actors.
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ECO Canada, an industry-led environmental-careers organization, reports that there is a need for better infor-
mation on the skills and employment needs of Canada’s growing green economy.'?* Governments must lay

the groundwork by generating employment and economic statistics for current and emerging LCGS sectors.

Federal and provincial governments need to collaborate on the design and implementation of a coor-
dinated jobs policy that explicitly addresses LCGS sector needs in the context of broader economic
development objectives and competing demands for human resources. Energy and climate policies must
be linked with job creation and skills development strategies. There is sufficient information to move
forward and encourage training for skills Canada knows will be in demand. Other major industrialized
nations, as well as many emerging economies, have moved forward with aggressive low-carbon growth
plans, many of which are linked to job creation and skills strategies.'?> Coherence between these two priorities
is the key to a successful transition, as the ILO noted in its foundational report comparing 21 such strate-
gies.!?2 The lack of such a strategy risks losing economic and employment opportunities associated with the
low-carbon economy. Science, technology, engineering, and math — the so-called STEM skills — form the
core skillsets upon which many more detailed occupations are formed. These skillsets have been in high
demand in the past, are presently, and will continue to be in the future. These skills are also essential in
building a leading-edge, innovative low-carbon economy. The most recent C-Suite Survey™ acknowledges
that the hardest jobs to fill are those that require STEM skills.!?4 Skills for efficient and low-carbon buildings
will also be in very high demand. Governments should ensure that the scale of training for low-carbon

trades exists, is accessible, and meets high standards.

In addition to the broader essential economic conditions for low-carbon growth and specific actions required
to position Canada on a low-carbon growth trajectory, strong governance is foundational to effectively
advancing the low-carbon agenda. The NRT identifies fives ways in which governance will contribute to
successful development and implementation of the NRT’s low-carbon growth framework: vision and
commitment, coordination, private sector engagement, engagement with Canadians, and the development

of a mechanism for the ongoing assessment of progress and provision of advice.

Canada’s federal and provincial governments need to articulate a clear coordinated vision and
demonstrate sustained commitment to the transition to a low-carbon economy. The development of low-
carbon growth plans internationally has taken place under different contexts and with different motivating
factors, depending on the state of the public discourse on climate change, the understanding of related risks
and opportunities, and government priorities. For example, in the U.K., the low-carbon growth plan set in
place by the government leadership was necessitated by public demand. At the time of its implementation,
the agenda was broadly endorsed and doubt with respect to climate change science was not a substantive

issue.'® In the case of the Republic of South Korea, the president championed the initiative announcing a
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“low-carbon, green growth” plan in a 2008 national address commemorating South Korea’s independence.?
No matter the impetus, successful implementation requires political commitment from all orders of govern-
ment, commitment and follow-through on the part of central agencies, and in a federation such as Canada,
a coordinated federal-provincial approach. The NRT has articulated an initial vision that will require further

refinement based on broad consultation.

Federal and provincial governments need to increase the effectiveness of coordination within and
across departments as well as between levels of government. While facilitated when leadership clearly
promotes a low-carbon transition, effective coordination requires improved communication within and across
relevant government departments to better align objectives and efforts and achieve results. Departmental
accountability mechanisms also greatly facilitate coordination. Improved communications across govern-

ments leads to streamlined responsibilities and greater policy coherence.

Improving interdepartmental dialogue to tackle the crosscutting issue of low-carbon growth requires both
organizational specialization and the adoption of a holistic approach. For example, the United Kingdom
created the Department of Energy and Climate Change (DECC) in 2008 to address tensions arising from the
sometimes conflicting policy mandates of climate change and energy departments and to balance environ-
mental and economic objectives. To develop the LCGP, DECC adopted the model used for other issue areas:
create a core group of 10-12 people to lead and coordinate strategy development and consult across govern-
ment to gain diverse policy and technical input. This approach builds buy-in from all departments involved.
In the U.K/s case, the legally binding commitment to meet emission reduction targets across government
and related carbon budgeting exercises has helped ensure policy coherence.!?” British Columbia’s Climate
Action Secretariat (CAS) provides an example of a successful Canadian approach. The CAS “drives change
to achieve B.C’s GHG emission reduction targets by coordinating climate action activities across govern-
ment and with stakeholders”.}?® While housed in the Ministry of Environment, the CAS works across the
provincial government to support integration of climate change considerations into planning and operations,
from both mitigation and adaptation perspectives.'? Whether by using existing mechanisms, reorganizing,
and/or developing new mechanisms, integration across both federal and provincial governments will be

necessary to achieve a successful low-carbon transition in Canada.

Increased inter-governmental coordination is also required to maximize low-carbon outcomes and minimize
policy and program overlap. Given the diversity of interests, resources, and opportunities across Canada’s
provinces, regional representation in any discussion of a national low-carbon strategy is critical. Further-
more, stimulating low-carbon growth will require action at all levels of government on a diversity of files.
Minimizing jurisdictional fragmentation and increasing alignment of policies will increase efficiency and
improve overall cost-effectiveness. Where expertise is more concentrated within a given level of govern-
ment, greater coordination would also provide the opportunity for more effective delegation to the party

best equipped to address the issue. Intragovernmental coordination is an important related issue. Climate
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policy, a component of low-carbon growth, has historically resided in environment departments. However,
given the broad, crosscutting implications of low-carbon growth and the intersection of energy, environ-

mental, and economic considerations, a new approach and new champions may be required.

The participation of municipalities will be critical in meeting federal and provincial GHG mitigation targets,
a key aspect of low-carbon growth. The Federation of Canadian Municipalities published a discussion paper
in January 2012 entitled Building Canada’s Green Economy: The Municipal Role, demonstrating that munici-
palities are on board and acting already to implement low-carbon solutions.!*® Greater collaboration with
municipalities stemming from more coordinated federal-provincial action would be beneficial. The impor-
tance of aligning national policies with local and regional policies and practices such as land-use planning

to ensure that climate change is fully integrated into development plans is broadly recognized.!*!

The private sector needs to step up and engage proactively with governments concerning its vision
for the low-carbon economy and the optimal path to achieve it. The necessity of the direct involvement of
the private sector in low-carbon planning was a recurring message throughout the NRT’s discussions across
Canada. In our conversations, private-sector representatives broadly acknowledged that the transition to
a low-carbon economy is inevitable. While concern was raised about the implications for more carbon-
intensive operations, there was also recognition that most issues could be addressed provided the existence
of open, frank dialogue on objectives, impacts and options, and the presence of all implicated parties at the
table. It is particularly important for sector leaders to be engaged in such dialogue. Within most if not all
sectors, leading companies are innovating and planning for low-carbon growth. It is essential that these

voices are present at the table to avoid descent to the lowest common denominator.

Governments need to more actively engage Canadians with respect to climate policy, Canada’s energy
context, and low-carbon growth. Building Canada’s energy and emissions literacy will enhance individuals’
capacity to contribute to conservation efforts, and increase understanding on the part of citizens with
respect to both the need for and opportunity in the low-carbon transition. Information and tools are already
available to enhance energy and emissions education and awareness in the form of national programs (e.g.,
Canada’s Centre for Energy and SEEDS Energy Literacy Series), provincial programs (e.g., New Brunswick’s
Climate Change Public Education and Outreach Hub and Climate Change Education Saskatchewan), and
municipal initiatives (e.g., the City of Vancouver’s Climate Protection Program).” Enhancing Canada’s
existing efforts in a broad-based manner and expanding the discussion to incorporate low-carbon growth
considerations could lead to a better informed public discussion on this issue of national importance. The
multi-stakeholder public interest model being pioneered through QUEST presents significant potential for
advancing both knowledge and public dialogue and ultimately generating more sustainable approaches to
community development (see ). Public awareness and understanding of and dialogue about the
opportunities as well as the trade-offs involved as the world moves to a low-carbon economy are key to

long-term policy development.
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QUEST"?

Quality Urban Energy Systems of Tomorrow (QUEST) is a non-profit that offers education and research on integrated energy systems
to promote deployments of these systems in Canadian communities. QUEST, which brings together diverse stakeholders, is supported
financially by a broad selection of public and private sector players. Incorporated in 201l after a number of years in formation, the
collaborative approach pioneered through QUEST holds promise for increasing engagement by decision makers and advancing bhoth

knowledge and implementation of solutions.

Specifically, governments need to engage in conversation with Canadians on the price of electricity. Given
the substantial additional investment required in the electricity system over the next forty years both to cut
emissions and for the sector to remain in compliance with regulations, a rise in electricity prices over this
time frame is likely. In some cases, Canadians do not currently pay the full price of the electricity they use.'*®
Although social equality can be a consideration in setting energy prices (particularly where electricity meets
heating needs), the broad subsidization of consumer pricing simply conveys the wrong market signals.
Alternative and more directed social policy targeting affordability issues should replace current, broad-
based approaches. Low-cost electricity has historically been a key economic advantage in many regions in
Canada, but electricity prices paid by industry have risen in most areas in recent years,® eliminating or greatly
reducing this advantage. Electricity prices continue to be a key cost consideration for many manufacturers
and industry players. Policies or programs aimed at enhancing industrial or manufacturing competitiveness
should consider the long-term value of full-cost pricing and where necessary, governments should identify

alternatives to price subsidization to mitigate significant cost increases that compromise competitiveness.

Lastly, establishing an impartial, credible mechanism to both monitor Canada’s performance with respect
to its low-carbon objectives and provide unbiased advice to governments regarding the path forward would
greatly help Canada achieve low-carbon growth. An independent, non-partisan entity can bring together
disparate views and shed objective light on the path forward. In contrast, entities within or close to government
can suffer from partisan views lacking in perspective and departmental advice can be influenced by perceived,
and often shorter-term, government priorities. International precedence for such a mechanism exists. In
Germany, the German Advisory Council on the Environment and the German Advisory Council on Global
Change provide independent, scientific advice to government. The U.K. Committee on Climate Change
(CCQ) is a permanent independent group that provides advice to the central government and the devolved
administrations on progress toward a low-carbon economy and reports annually to Parliament. The CCC

plays an important integration role across departments and among levels of government in the U.K.13*
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Moving toward a green economy is one of the most important issues for the twenty-first century.!* A green
economy is, of necessity, a low-carbon economy. Much of the world is already moving to reduce the carbon
intensity of economic growth and, in this way, transitioning to a low-carbon economy. While the Rio+20
Conference in June 2012 did not culminate in substantive agreements or new commitments on the part
of nation states concerning the path toward a global green and in particular low-carbon economy, it did
highlight the role of domestic and local action in effecting this transition and of the potential opportunity
for countries that strategically take early action to transition.'*® While there are components of a low-carbon
economy policy discussion developing in parts of Canada, such as the continuing pan-Canadian energy

dialogue, there is no cohesive, collaborative, and comprehensive national approach to this issue.

Canada needs a low-carbon growth plan that builds on strengths, involves all governments, engages the
private sector, and focuses on market mechanisms. The development of a low-carbon growth plan needs
to be a comprehensive, inclusive, and transparent process. In Canada, this will demand open dialogue and
regional input from all corners of the country. It will require strategic foresight necessitating truly pan-
Canadian thinking that transcends parochial interests while giving due consideration to regional issues and
concerns. This report is a starting point to get the country moving forward. The NRT has laid out a framework
for low-carbon growth containing what we believe are the critical areas to be addressed and outlining
necessary foundational considerations. We have offered the beginnings of a pan-Canadian vision for a
low-carbon economy, and have identified actions we believe to be fundamental to stimulating low-carbon
growth. These ideas are meant to lay the foundation for future work. Firstly, it is imperative to ensure that
Canada has the right policy context, and so it should start with the essential conditions for low-carbon
growth: creating certainty around climate, energy, and innovation policy; implementing a clear, strong, and
long-term price signal on carbon emissions; establishing a more level playing field by eliminating inefficient
subsidies supporting fossil fuels; and ensuring that policy and regulatory approaches are outcome-oriented,

adaptive, and responsive to changing economic and environmental realities.

Secondly, it is imperative that Canada get the governance “right” to enable a transition to low carbon.
Together with the essential conditions, strong governance provides the underlying support for the critical
actions. Of all the governance considerations, it is imperative that federal and provincial governments
show leadership and demonstrate their strong commitment to the transition toward a low-carbon economy
through the articulation of a clear, coordinated and collaborative vision for Canada. This would be further
enhanced by the development of a national strategy that builds upon the many regional strengths and
opportunities across the country. To support the vision and strategy, implementation will require more effective
coordination and integration within and across departments in both federal and provincial governments,
active engagement on the part of the private sector, broader engagement with Canadians, and the establish-

ment of a mechanism for assessing performance and providing ongoing advice.
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All our ideas in this chapter merit consideration in developing a low-carbon growth plan for Canada. How-
ever, we are suggesting here that a few are critical for getting started on a low-carbon growth strategy now.
The criteria against which we considered these top priorities are few and simple: implementation of the
action must have broad and significant impacts in realizing a transition to a low-carbon economy; must be
achievable in the near term; and should generate benefits beyond those associated strictly with the transi-

tion to a low-carbon economy.

Of all our key components of a low-carbon strategy, the most important and necessary is the establishment
of long-term certainty on climate, energy, and innovation policies. For many years now the NRT has
advised governments of the critical need for policy certainty on climate change. Through this most recent
work, we are now concluding that in order to move to a low-carbon economy this must be complemented
with policy certainty on a pan-Canadian energy strategy and an innovation policy that is focused on low-
carbon and clean technology. Long-term certainty must be established to send the right signals to the
private sector that Canadian governments are serious about the transition to a low-carbon economy. It will

give the necessary certainty to move the private sector, including the financial sector, to act.

Figuring out the investment and financing aspects of a low-carbon transition will be among the most
challenging components; they are also, in our view, some of the most important pieces to figure out in
the short term. In particular, it will be imperative that governments and financial institutions work
together to substantially increase access to capital, one of the most notable barriers to supporting clean
technology innovation and SMEs in Canada. While governments will need to establish the correct signals,
there is a clear private sector imperative both with respect to meeting the significant investment require-

ments and in establishing the mechanisms for tapping larger more diversified pools of capital.

Given the forecasted growth in global LCGS markets and the relatively limited size of Canada’s domestic
market, the opportunity in the global transition to a low-carbon economy lies primarily in the potential
for Canadian companies to supply a portion of the anticipated growth in global demand. Canadian firms
need to be strong players in international markets. There is an important role for federal and provincial
governments to improve and facilitate increased access to global markets for trade and investment in LCGS.
In particular governments can reduce barriers to commercialization by facilitating international
collaboration between firms and between innovators and investors. They can further strengthen
domestic innovation capacity and international competitiveness by implementing procurement,

demonstration and verification programs.
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Finally, there is an important public engagement aspect to the low-carbon transition. Many stakeholders
identified further electrification of the economy as an important element of the transition. Canada has some
of the lowest electricity rates in the world, but with the need for full-cost pricing of new and existing
supplies, the price of electricity will rise. Therefore, there is a need for governments to engage Canadians
in a conversation with respect to the real price of electricity, and why this price will likely need to
increase over time. Without this understanding Canadians are not likely to be supportive of reducing GHG
emissions and ultimately unlikely to support the transition to a low-carbon economy. Politicians look to
their constituents for guidance on policy direction. Therefore, the low-carbon dialogue must occur throughout

all sectors and levels of Canadian society.

presents a graphical overview of the priorities laid out in this document — NRT’s framework for
low-carbon growth. It encompasses the vision, essential conditions, required governance context, and

actions to move toward a low-carbon economy.
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FIGURE IO
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6.1 CANADA’S LCGS SECTORS

Canada’s low-carbon opportunities are as significant and
diverse as its geography. The distribution of low-carbon energy
resources and of LCGS opportunities across Canada varies by
region, and even within regions.

The types of low-carbon energy resources available, and the broader nature of the regional economies,
can have significant influence over what opportunities are viable, and can influence regional priorities for
development. Despite this significant variation in regional economies and natural resource endowments,
a number of opportunities were identified consistently across Canada. In addition, a number of opportu-
nities were highlighted as being of national significance. The following LCGS sector-specific overviews
are informed by both our research and these discussions and provide a high-level qualitative characteri-

zation of the opportunity as a function of Canada’s perceived strengths.?

RENEWABLE ELECTRICITY GENERATION®

There is significant opportunity in the further exploration and development of renewable electricity sources.
These can be used to power Canada’s added-value economy, and the electricity and/or technology (and
intellectual property) can be exported in its own right. Renewable electricity sources noted across Canada

include biomass, hydropower, solar, onshore and offshore wind, wave and tidal, and geothermal power.

/| BIOMASS:* Canada has large biomass resources and the bioenergy industry is well positioned to claim
a significant portion of the international bioenergy market. Installed thermal and electrical capacity from
biomass was approximately 5,050 MW in 2008.1*” The electrical capacity of this biomass was approximately
1,400 MW. This generation includes independent power producers and industry — particularly the pulp
and paper sector. British Columbia and Ontario have aggressive plans to increase biomass power generation
within their provinces. The Ontario Power Authority currently has 54 MW of bioenergy capacity generated by
biomass and landfill waste under contract, with an additional 125 MW of bioenergy under development.'®
BC Hydro has a number of initiatives underway to procure bioenergy from projects that use wood fibre

and other biomass fuel sources.

a Some LCGS sectors consider aspects that were not included in the quantitative analysis.

b Much of this material references work undertaken by Delphi Group and EnviroEconomics (Delphi Group and EnviroEconomics 2012) as well as Stiebert Consulting
(Stiebert 2012) in the quantification of Canada’s low-carbon opportunity.

¢ The biomass subsector has been delineated to include only biomass used for the production or cogeneration of electricity in large utility sized projects. This definition
excludes the use of biomass to produce biofuels for transport and to substitute existing fuels such as heating oil for small end uses; such uses are included in the

Biofuels subsector described later.



108 NATIONAL ROUND TABLE ON THE ENVIRONMENT AND THE ECONOMY

As a subset of biomass, biogas was highlighted as an opportunity that has seen significant penetration
in Europe, but is currently significantly underdeveloped in Canada. Biogas can, at large scale, be used to

generate electricity or can be used for direct heating applications on a smaller scale.

Hydropower is the leading source of electricity in Canada, providing for approximately
60% of the national electricity generation. Canada is currently the second-largest hydro producer in the
world, producing close to 12% of the world’s total hydroelectric output, with a depth of experience going
back over 125 years. In addition, 65% of electricity exports from Canada are hydropower. Canada’s total
hydroelectric installed capacity exceeded 69,000 MW in 2009. It is estimated that about 2,000 MW of this
installed capacity is small hydro facilities.’®® Significant potential for future investment in hydropower
remains and there are an estimated 23 GW of future hydro developments currently under review by electric
utilities.'® Recent estimates suggest that Canada could develop about 29 GW of hydropower over the next

20 years.*!

While starting from a small base, recent expansion in Canada’s total PV power installed capacity
has been rapid. In 2009, installed capacity reached 95 MW up from under 33 MW at the end of 2008 and
the grid-connected market accounted for 87% of the market as compared to only 33%.14? This significant
growth was mostly spurred by Ontario’s feed-in tariff (FIT) program. Forecasted solar PV growth in Ontario
is expected to continue to be very rapid with the Ontario Power Authority anticipating over 2,000 MW
being installed by 2015 as a result of the FIT program. Despite this rapid regional growth, the Canadian
solar PV industry, sized at 350 companies, is small and has limited R&D and capital investments when
compared with the U.S. or on a global scale. The Canadian industry does nonetheless appear to be well
positioned to participate in global supply chains for PV components (e.g., PV system controllers, solar
collectors, photovoltaic cells, etc.). In a 2010 report, the Conference Board of Canada highlighted Canada’s
small revealed comparative advantage in PV system controllers (second largest global low-carbon trade
category by value) and noted several other product categories for which Canada did not have a revealed
advantage, but nonetheless exports more than $100 million annually.’** Global trade in these product
categories was also noted as growing by more than 10% annually. Interestingly, while Germany has the
highest level of solar PV installations of any market in the world, with current installed capacity of 9.6 GW —
roughly 145 times Canada’s current capacity'*® — Canada’s solar resources are considerably stronger than

those of Germany — an indication of the potential.
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Despite almost 4,000 MW of installed wind energy capacity at the end of 2010 less than 1%
of Canada’s electricity comes from wind. According to the Canadian Wind Energy Association (CanWEA)
wind energy could satisfy 20% of domestic electricity demand by 2025. Achieving this vision could
generate $80 billion of investment, create 52,000 full-time jobs, add 55,000 MW of generating capacity,
and reduce Canada’s annual greenhouse gas emissions by 17 Mt.!¥ Regional growth would be expected to
vary significantly across Canada. As an example, a study in Québec projected that by 2015, the wind energy
industry could develop 4,000 MW of generating capacity, resulting in $10 billion in new investment, more
than 5,000 jobs, and significant economic benefits for regions hosting wind power facilities. With regard to
trade, Canada is a leader in the manufacturing of small turbines, and has four manufacturers in the small
30-100 kW range and seven manufacturers in the <30 kW range. These small-scale wind manufacturers

captured 15% of the global market and exports accounted for 86% of their 2009 sales.

The wave and tidal subsector includes all manner of ocean energy projects that harness
the power of ocean waves and tidal flows. Currently there are only a few operational ocean energy systems
in the world, but significant development is underway. Canada has substantial wave and tidal energy
resources not only because of its extensive coastline, but also because the energy density of waves tends to
be the highest between 30 and 60 degrees latitude, and because it has areas with some of the highest tidal
stream energy levels in the world. Canada’s only commercially operational ocean energy system is the
18 MW Annapolis Royal Tidal Plant in the Bay of Fundy. The Bay of Fundy between New Brunswick and
Nova Scotia is the most promising location in Canada for tidal energy, and could potentially produce as much
as 30,000 MW of energy. On a national scale, wave, tidal, and in-stream energy sources could contribute
generating capacity of 75 MW by 2016, 250 MW by 2020, and 2,000 MW by 2030.“8 There have been no
new large-scale installations since the Bay of Fundy project; however, there is renewed activity in Canada,
and many active companies. For example, in 2010 a collaboration between Minas Basin Pulp and Power,
Nova Scotia Power, Alstom, the Nova Scotia government, OpenHydro, and Marine Current Turbines, made a

commitment to install four 20 MW 34.5 kV off-shore cables to pilot tidal array power plants.

The Geothermal subsector includes all projects that generate power from the use of super-
heated water or steam from the earth’s interior. There is currently no domestic geothermal power produc-
tion in Canada and only a small number of companies are active in Canada. The potential for geothermal
energy in Canada has been estimated to be over 5,000 MW of power production from shallow geothermal
resources.'* Most of this potential is believed to be in western and northern Canada. Approximately five
geothermal power projects in Canada are under some stage of development in British Columbia and
Alberta. Geothermal energy was highlighted in NRT’s dialogues where several participants noted that the
exploration and drilling expertise in Canada is the best in the world as a result of the oil and gas exploration

and production sector, and that this expertise should be brought to bear on this resource.
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As a particular niche within the renewable electricity
technology category, off-grid renewable electricity and distributed generation technologies have significant
potential in international markets given the number of regions worldwide that are currently bereft of
large centralized energy infrastructure. Canada’s remote communities, many of which are aboriginal
communities located in Canada’s north, provide an ideal opportunity for exploring the deployment of
off-grid renewable electricity technologies (RETs) and the integration of RETs with existing conventional
electricity supply. Frequently, costs associated with connection to the centralized grid are prohibitive.
Conventional off-grid electricity generation, often using diesel generators, is also expensive to operate and
subject to increasing price-risk. These elevated costs create conditions in which the deployment of off-grid
RETs has the potential to be cost-competitive. Furthermore, many aboriginal communities have additional
concerns such as the environmental footprint of their community and energy security, which make pursuing
such opportunities attractive.? Canada’s strength in small-scale wind turbine design and manufacturing is

an example of alignment between an existing strength, domestic need, and international opportunity.

In addition to renewable electricity supplies,
Canada is home to significant expertise and resources associated with nuclear energy, a critical low-carbon
electricity source, and carbon capture and storage, a technology with the potential to increase low-
carbon electricity generation, particularly in the West. As highlighted most recently in the International
Energy Agency’s 2011 World Energy Outlook, these two low-carbon electricity sources are critical to

easing the transition to a low-carbon world.

Nuclear energy includes the implementation of nuclear power,® as well as refurbish-
ments of nuclear power plants. Canada operates 17 nuclear reactors at five sites in Québec, Ontario, and
New Brunswick. These reactors contribute approximately 15% of Canada’s total electricity generation,
including 55% in Ontario. All of the commissioned reactors are based on Canada’s CANDU technology that
uses Pressurized Heavy Water Reactors. The last domestic CANDU reactor was completed in 1993; however,
Atomic Energy of Canada Limited (AECL) sold and built 11 CANDU reactors outside of Canada between
1971 and 2007.

Canada’s nuclear sector is a $6.4 billion per year industry generating $1.4 billion in federal and provincial
revenues from taxes, and providing 66,000 direct and indirect jobs. Canada’s nuclear sector represents
150 firms, generates $1.2 billion per year in exports, and provides over 50% of the global supply of
medical isotopes that find use in over 50,000 procedures per day.'*® In addition, Canada is the world’s

second-largest uranium producer and exporter.
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Canada’s nuclear industry has seen a decline in recent years; however, there remains significant capacity
and Canada has been a world leader in nuclear technology for over 60 years.'>! While several nuclear power
plants are undergoing upgrades in Canada, no new generation has been approved.! CANDU Energy Inc.
(formerly AECL) is currently awaiting a decision with respect to its proposal for constructing an Enhanced
CANDU 6 reactor at Ontario’s Darlington facility. Securing this project is seen as pivotal in terms of the
potential for winning new international projects. Given the positive international reputation of Canada’s
CANDU technology for safety, performance and reliability, and the competitive advantages of CANDU
technology over other technologies,? there is significant potential for next generation CANDU reactor
technology to be sold on international markets. This would also bring opportunities for Canadian companies

to provide ongoing related services.

The CCS subsector includes all components of carbon sequestration
including capture from power plants or industrial sources, transportation to the storage site, enhanced
oil or gas recovery sites, and geological storage in deep saline formations, depleted oil and gas fields, or
un-minable coal. Carbon capture and storage (CCS) offers a significant opportunity for Canada to exploit
its substantial natural fossil fuel endowments in a manner that respects its international commitment
to reducing GHG emissions. As the global economy becomes more carbon-constrained, CCS also has the
potential to assure the ongoing viability of this commodity as a source of prosperity for Canada. Expertise
and intellectual capital developed around CCS is also expected to offer opportunities in global markets.
In 2011, Canada was ranked third in the world (behind the U.S. and Europe) in terms of the number
of CCS projects and fourth in the world in terms of the volume of CO, potentially stored. The recent
cancellation of the Project Pioneer demonstration project has highlighted the importance of a supportive

market-oriented policy context in achieving domestic commercial success.

The biofuels LCGS subsector includes the use of biofuels for transport and to substitute existing fuels such
as heating oil for small end-uses.” With abundant biomass resources in Canada, the biofuel industry is well
positioned to claim a significant portion of the international bioenergy market, and Canada is currently
among the leading nations in the development of bio-fuel technologies, equipment, and services. Canadian
firms have gained expertise in the design, construction and operation of large-scale production plants for
bioethanol, biodiesel, and biogas products. From an R&D perspective, Canadian firms are leading the way
in the development of second-generation biofuels, using distinct feedstock, such as wheat stalks, wood

chips (also pine beetle affected wood mass), and municipal waste.
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The major driver in Canada of biofuels investment is the renewable fuel standard in Canada that requires
5% renewable content in gasoline by 2010 and 2% renewable content in diesel and home heating oil by
2012. It was estimated that Canada would need to produce a total of 3.1 billion litres of biofuel to meet this
regulation. As of the end of 2010, there were more than 28 biofuel plants operating in Canada, producing
more than two billion litres of biofuels. The domestic and international potential for biofuels for trans-
portation is significant. While some regions in Canada will look to electrification of their transportation
systems, this may make less sense for other regions with more limited access to low-carbon electricity

sources. Biofuels offer significant potential as a low-carbon alternative fuel.!

Energy efficiency, demand-side management (DSM), and low-carbon fuel switching continue to offer signi-
ficant cost-saving and GHG reduction potential to the Canadian economy. While it was broadly suggested in
our consultations that the energy efficiency and DSM potential was spread across a number of activity areas
including industry and manufacturing, energy efficiency in existing and new residential and commercial
buildings was highlighted as being substantial and easily served by existing technology. It was also noted
that there was a particular opportunity for building energy efficiency gains in areas subject to rapid expan-

sion and growth in the building stock (e.g., Saskatchewan, Newfoundland and Labrador).

The industrial processes subsector
includes LCGS that are deployed in a vast array of industries and manufacturing. Ultimately these LCGS
contribute to emission reductions either through energy efficiency, changing processes to become less
emission intensive, or through fuel switching to renewable energy supplies. This LCGS subsector is essential
to the continued competitiveness of many of Canada’s resource sectors and requires significant innovation
to identify new approaches and technologies that can reduce the carbon intensity of the processing and

manufacturing that forms a significant part of the Canadian economy.

Right across Canada, the ability to reduce carbon emissions through both
new green buildings and green retrofits is a real opportunity that Canada can and must act upon/ This
opportunity presents itself both on the commercial as well as the residential sides. Canada’s commercial
building sector is a significant energy user and producer of carbon emissions. It accounts for 14% of
end-use energy consumption and 11% of the country’s carbon emissions. Energy efficient technologies exist
that could reduce costs to businesses and consumers while reducing the environmental impact of this major
economic sector. The opportunity in the residential building sector provides a similar opportunity especially

for new construction within cities that are planning for significant growth, infill, and urban intensification.
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The estimated incremental capital investment in Canada for new green construction in 2009 represents
approximately $950 million in total construction costs.'*? Total residential and commercial construction costs
exceed $110 billion per year.!®® Green retrofits to buildings are not counted in this total of new construction.
However, between 2007 and 2009, the EcoEnergy Retrofit Program delivered approximately $100 million
in grants to 99,863 residential property owners.** Investment in more efficient buildings is expected to
continue beyond these current trends, with investment increasing over seven times between now and 2050.

Growth could climb from current levels of about $1.5 billion to over $9.7 billion in 2050.'>°

Low-carbon transportation encompasses efficient or low-carbon vehicle
technology including both passenger and freight technologies ranging from personal vehicles to natural
gas engines for trucks and heavy vehicles, to advanced rail technologies and advanced aviation materials.
In addition to the benefits to the Canadian economy derived from the increased resource efficiency, some
regions may benefit through their participation in global manufacturing supply chains for transportation
equipment. The Canadian automotive industry is a major contributor to the Canadian economy, employing
over half a million people. The industry produces light-duty vehicles, heavy-duty vehicles, and a wide
range of parts, components, and vehicle systems, a large portion of which is slated for export. The current

on-road vehicle market in Canada is significant.!>®

Our analysis estimates a Canadian market (total spending) for efficient vehicles at approximately $1.6 billion
in 2010. Going forward, there appears to be a considerable opportunity specifically in two types of next
generation electric vehicles being developed, both of which can offer substantially lower GHG emissions.
These are Plug-In Hybrid Electric Vehicles (PHEVs) that are powered by both re-chargeable batteries as well
as by a normal internal combustion engine, and a new generation of pure electric vehicles (EVs) that have
only an electric motor. Relative to its size in the global economy, Canada currently has a significant share of
companies that are involved in manufacturing electric vehicles or components. However, to date, no mass

production PHEVs or EVs are being assembled in Canada.

IHS Global Insight forecasted that the global production of pure EVs would be more than 60,000 in 2011,
and growing to more than 150,000 in 2015."” Major automakers have announced over 50 new electric
vehicle models will be launched over the next three to five years; most of these will be PHEVs but many

automakers are planning to offer pure EVs as well.

Given the rapid turnover rate in vehicle investment as compared to other sectors, vehicles are expected to
be one of the highest growth areas in international investment. This will also likely be true for domestic
deployment rates of efficient vehicles. Our forecast indicates that investment could increase almost 15 times

between now and 2050, from about $1.6 billion currently to over $24.2 billion in 2050.1%
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Land-use planning was highlighted in a number of jurisdictions as presenting
significant opportunity, particularly in the context of rapid growth and urbanization. Advance planning
using a systems perspective and anticipating levels of growth provides the opportunity to develop
communities that are less energy and resource intensive, requiring less energy for transportation, water
treatment/distribution, etc., and which are ultimately less costly to maintain and inhabit. This opportunity

is less achievable in areas with significant existing development and infrastructure.

Sourced data from IEA’s World Energy Outlook 2011.

Extended forecast from 2035 to 2050 using additional data from IEA’s Energy Technology Perspec-
tives 2010.

Supplementary forecast information for efficient vehicles was used to estimate total low-carbon
investment from additional investment relative to the current IEA’s World Energy Outlook 2011 scenario.
Additional information included short-term forecasts for efficient vehicles and investment costs from J.D.

Power and Associates.'

Reviewed literature to estimate current domestic LCGS investment and economic activity for wind,

solar, biomass, hydro, nuclear, biofuels, carbon capture and storage (CCS), and efficient vehicles.

Used CIMS model to estimate current LCGS investment for geothermal, buildings and industrial
processes; CIMS is an economy-environment model that estimates investment in technologies based on

equilibrium in the markets for energy, goods and services.
Forecasted future spending for all LCGS sectors using CIMS model.

Apportioned total investment of each LCGS sector into different capital components, drawing from

project implementation costs identified through economic reviews.

Related (mapped) each capital component to the corresponding North American Industry Classification
System (NAICS) Codes of the highest possible resolution, or using trade information on individual product/

service codes (HS codes) where possible.

Extracted Statistics Canada data on employment, trade, GDP and output for identified six-digit NAICS

sectors and forecasted future NAICS economic activity using Informetrica forecasts.
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Compared market size of each LCGS sector to market size of NAICS parent sectors to determine

apportionment ratios for spending, employment, trade and GDP.

Applied apportionment ratios to break-out Statistics Canada data for each LCGS sector from the NAICS
parent sectors, thereby specifying the spending in each NAICS sector.

Developed multipliers from Statistics Canada data to relate total spending to employment, trade and
GDP for all relevant NAICS sectors.

Applied identified multipliers to spending identified for each NAICS sector to quantify employment,

trade, GDP and output based on forecast future spending from CIMS model.

Applied additional Statistics Canada multipliers to estimate indirect and induced effects of LCGS on

the economy.

The CIMS Model is a domestic model, independent of and unresponsive to the level of global invest-
ments. As a result estimated LCGS investment and trade is related only to the assumed policy scenario
in Canada and is not affected by the global demand for LCGS. Given the strong international focus of
the Canadian clean technology industry, this may result in an underestimation of the growth in LCGS
sectors particularly under the Reference Case. The CIMS model has no capacity to measure the effect of
international demand on the development of Canadian LCGS sectors or compare its influence to that of

domestic policy.

Whereas characterization of technology for some LCGS sectors such as solar and wind energy is fairly
straightforward, and statistics concerning production and trade exist and are for the most part accessible,
characterization of other LCGS sectors — including efficient industrial processes, low-carbon buildings
and efficient vehicles (low-carbon transportation) — is more complex. For these sectors, individual tech-
nology components may be considered low-carbon or not, depending on the manner or context in which
they are used. An added complication is the evolutionary aspect of these sectors, For example, what is
“efficient” or “low-carbon” now, may be standard or inefficient in 10 years. No authoritative definition for
these sectors has been published and as a result, NRT’s characterization may be different from that used

by the IEA or other organizations. This makes direct comparison with other estimates difficult.

The CIMS model draws from a database of known technologies as well as technologies that are
anticipated to become commercially viable within the study period. It does not consider breakthrough
technologies that may result from innovation — by their very nature these are impossible to predict. Were
major breakthroughs to occur, it would likely lower the estimated overall low-carbon investment. On the
other hand, if costs for presently non-commercial technologies (e.g., CCS) were found to be higher than

anticipated, the overall investment in low-carbon technologies could be higher.
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The CIMS model assumes capital and operating costs related to different technologies and employs
declining cost functions over time to capture the technology “learning curve.” Estimation of costs and
development of declining cost functions for markets that are evolving rapidly — e.g., solar energy — presents

a challenge. As a result, some sectors with rapidly evolving cost structures may be under-represented.

The apportionment of LCGS apparent domestic demand to NAICS is an indirect method of estimating
the output, trade, GDP and employment of the LCGS sector. Actual production of LCGS is likely to have
a different profile than the other goods and services that are also included within the NAICS sector and
it is likely that there are many additional smaller NAICS sectors contributing to the LCGS than identified

in the analysis. This introduces uncertainty with respect to the estimates.

While every effort has been made to align the global and domestic forecasts, the global LCGS forecast
has many inherent assumptions including economic growth, technology costs, energy prices and country
policies that may be different from Canada’s projected baseline. For this reason, our use of comparative
analysis in this regard is limited, and readers should employ caution in directly comparing outputs from

domestic and global scenarios.

The following summaries of regional opportunities were developed based on a series of stakeholder
convening sessions held by the NRT together with its regional partners in November and December 2011.
The statements herein reflect the views of the participants about the low-carbon strengths and opportunities

in their respective regions.

Western Canada’s low-carbon opportunities vary provincially; however, when looked at in aggregate,
common themes emerge. As is often the case, sources of great challenge (e.g., fossil-fuel resources, trans-
portation, etc.) also represent great opportunity. Western Canada has a number of strengths on which its

low-carbon opportunities can be built:

western Canada is replete with low-carbon energy resources including
hydropower, biomass, solar, wind (on- and off-shore), geothermal power, and uranium. A significant portion

of electricity generated in Manitoba and British Columbia is already low-carbon.
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as the centre of Canada’s oil and gas extraction industry, western Canada has a
large capital base which provides a strong platform for research and innovation. For the same reason,
western Canada has strong energy sector and related expertise including project financing capacity and

broader energy markets expertise.

the presence of many energy sector head offices in Calgary and the large
number of energy exploration and production start-ups provides an ideal environment for starting up

innovative energy-related endeavours.

western Canada is home to an entrepreneurial spirit not typically seen else-

where in Canada.

Key low-carbon opportunities identified in western Canada include the following:

biomass, passive solar and waste-to-energy
were noted as particularly viable low-carbon energy sources for Manitoba, along with further development
of its hydropower resources. One participant noted that Alberta and Saskatchewan received more solar
energy than either Texas or Germany.* In fact, Alberta is noted as having some of the best solar resources
in the country with its average solar resource measuring between 1,100 and 1,400 kilowatt hours of
electricity per kilowatt of installed photovoltaic (PV) capacity per year.'®® Comparatively, Germany
receives on average less than 1,000 kWh/kW/year.!! Significant wind capacity (on- and off-shore), biomass,
biofuels and non-biofuel low-carbon fuels were noted in British Columbia. Geothermal energy was noted
in both Alberta and British Columbia as having significant potential. It is clear that there is extensive

opportunity for low-carbon energy resource development across Canada’s west.

due to western Canada’s significant experience in oil and gas
and the broader energy and resource sectors, Canada has significant expertise in exploration, extraction
and production, including drilling, large project staging and operating in harsh environments. This
experience is directly applicable to the development of deep geothermal energy resources and is marketable

the world over.

offers a significant opportunity for western Canada
to exploit its substantial natural fossil-fuel endowments in a manner that is substantially less carbon-
intensive than current extraction methods. As the global economy becomes more carbon-constrained,
CCS also has the potential to assure the ongoing viability of this commodity as a source of prosperity for
Canada. Expertise and intellectual capital developed around CCS is also expected to offer opportunities
in global markets. In 2011, Canada was ranked third in the world (behind the U.S. and Europe) in terms

of the number of CCS projects and fourth in the world in terms of the volume of CO, potentially stored.
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there remains significant opportunity to improve energy efficiency, both at the
community level with respect to transportation and urban planning, and in buildings. It was noted that
governments have significant sway in setting direction — for example, they could decide tomorrow that
capital projects should target energy efficiency, and efforts would follow. Furthermore, it was noted that
while even more efficient technologies will no-doubt be invented, significant progress can be made using
existing technology and knowledge. It was further noted that significant opportunity is presented in the
context of urban growth (such as is being experienced in some parts of Alberta and Saskatchewan), both
for putting in place high-efficiency buildings and for planning the growth in such a manner as to maximize

efficiency and enable more efficient transportation options (e.g., urban transit).

the potential for using electricity to displace fossil fuels where there is significant
low-carbon electricity potential was noted. One specific example noted in Manitoba was the potential
for using electricity (hydropower) to power oil and gas extraction operations in the province rather than
diesel. This concept has broader application in the residential and commercial sectors in the context of a
significant shift toward a low-carbon economy and has been identified as a necessary measure for deep

carbon reductions in previous NRT work.!62

was noted as providing opportunities on a number of fronts — from improved vehi-
cular efficiency to fuel substitution (e.g., biofuels) and/or electrification, to reduced transportation require-
ments as a function of urban design. It was put forward that 61% of oil is consumed for transportation
purposes.' In addition to the fuel-switching (biofuels and non-biofuel low-carbon fuels) and electrifi-
cation potential around personal transportation, the use of natural gas engines for heavy-duty trucking
and the opportunity for increased long-haul freight fuel efficiency resulting from the standardization
of load limitations between Canadian provinces and with U.S. states were noted as specific freight-

related opportunities.

western Canada is host to significant low-carbon innovative potential, and the focus of
that innovation should be “building on our strengths.” As the centre of the oil and gas industry in western
Canada, Calgary was put forward as having the potential to host the creation of an energy cluster with
the opportunity to become a centre of energy technology innovation, exporting expertise and intellectual
capital across the world. Innovation was also highlighted in discussions in Saskatoon both with respect
to nuclear energy and agriculture. The University of Saskatchewan is host to the Canadian Centre for
Nuclear Studies. The centre encompasses six research clusters: innovation; northern development; nuclear
medicine and health; mineral research and environmental science; neutron, radiation and nuclear science
and engineering; and, nuclear, hydrogen and novel fuel energy.!s® Agricultural innovation both with respect
to new varieties that reduce the overall energy inputs for crops, and specific development of biodiesel
feedstocks, was also noted in Saskatchewan. Discussions in British Columbia highlighted the presence of
an emerging clean technology cluster with a strong focus on low-carbon technologies and the potential

for this sector to provide continued growth and prosperity to the province.™
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it was noted that increased connectivity between provincial electricity trans-
mission networks, allowing increased east-west/ west-east flow of electricity could provide greater oppor-
tunities for Canadian jurisdictions to benefit from excess low-carbon electricity from their neighbours. In
particular, it was noted that Alberta’s electricity grid is an island, and that increased connectivity with
British Columbia could assist in providing much-needed hydro-based storage capacity as well as providing
the possibility for interprovincial flow of Canadian low-carbon electricity. It was suggested that an east-west

grid is required to allow Canada to benefit more broadly from its own natural low-carbon advantage.

Several strengths upon which Ontario’s low-carbon opportunities depend were noted:

a significant fraction of Ontario’s current electricity generating
capacity is already low-carbon (in 2011, electricity generation supplied was 56.9% nuclear, 22.2% hydro,
2.6% wind, 14.7% natural gas, 2.7% coal and 0.8% other — greater than 80% low-carbon) . In addition,

Ontario was noted as having strong biomass energy potential.

Ontario has significant pools of capital that can, in the right envi-
ronment (i.e., in a supportive context), be brought to bear for the commercialization of low-carbon tech-
nology. As a major financial centre in Canada, Ontario also has significant banking expertise which can

be employed to address the barriers currently slowing access to these resources.

Ontario hosts a highly educated workforce and intellectual thought-leaders with
strong post-secondary and research institutions. It is also host to a high concentration of innovation clusters

and supporting organizations.

while it has its supporters and detractors, the Green
Energy and Green Economy Act was noted as providing a strong regulatory framework in support of low-
carbon electricity and renewable energy technologies. The Integrated Power System Plan (IPSP), which
provides a mid-term supply-side outlook, was also cited as strengthening the regulatory and planning

framework for Ontario’s electricity system.

Ontario is the centre of Canada’s nuclear industry and home to significant
sector-specific expertise. This provides a strong base for the potential development of advanced nuclear

reactor designs.
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Key low-carbon opportunities identified in Ontario include the following:

biomass for electricity generation was noted as a significant oppor-
tunity for Ontario in that it would make use of existing renewable resources (forestry and agricultural
biomass resources), use existing transmission infrastructure, and provide instantaneously dispatchable
power capable of balancing the introduction of other renewable energy technologies that are subject to
variability (e.g., wind), significantly reducing the need for backup / peaking natural gas-fired electricity

generation capacity.

enhanced geothermal was noted as a significant opportunity for Canada. It
was noted that while the technology remains in its early stages and needs to be de-risked to fund further

R&D and commercialization, the resource potential across Canada is significant.

was noted as an “energy orphan,” not being included in the provisions of Ontario’s Green
Energy and Green Economy Act, but having significant potential particularly for agricultural and food
processing facilities. Another participant noted that biogas is a proven technology and that Germany
produces large quantities of biogas and expects it to ultimately represent a significant portion of its total
energy supply.” The potential in Ontario remains largely untapped due to regulatory hurdles and disin-
centives (e.g., it does not meet the requirements for inclusion in the feed-in tariff program, and is dis-
advantaged by consumer price indexing). This potential includes the displacement of propane in rural

Ontarian communities through the use of combined heat and power (CHP) generation technology.

in addition to being home to three nuclear power generating stations
(Pickering, Darlington, and Bruce), Ontario is home to Canada’s nuclear industry housing a large portion
of Canada’s nuclear power expertise including academic training and research centres, applied research
facilities and laboratories, fuel processing, manufacturing and conversion service companies and related
manufacturing facilities. While there remains some uncertainty around the plans of CANDU Energy
(wholly owned subsidiary of SNC-Lavalin Group Inc.) to pursue the development of new CANDU reactor
designs since their acquisition of AECL's commercial division in 2011, Ontario has significant supporting
expertise, supply chains and infrastructure that positions it well to pursue this work. Discussion is ongoing

around the development of four new reactors at Ontario Power Generation’s Darlington site.

it was noted that there are a number of low-carbon and renewable
energy technology companies in Ontario and that these companies are successful primarily in developing
new technologies and innovative adaptations of existing technology — intellectual capital. Due to relatively

low uptake in Canadian and North American markets (Ontario being an exception with the introduction
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of its generous feed-in tariff), these companies frequently target international markets. In addition,
they tend to outsource the majority of manufacturing to jurisdictions with lower-cost economic inputs.
It was noted that where Ontario excels and where it should focus, is on the development and export of

intellectual capital.

it was noted that investment in power supply for aboriginal communities represents an
ideal opportunity for exploring the deployment of off-grid renewable energy technologies. Many aboriginal
communities are self-contained and remote, and are currently under-serviced or serviced by diesel generators
which are carbon-intense, operationally expensive, and subject to price-volatility. Development of techno-
logies for such off-grid, remote application has worldwide applicability. It was further noted that a number

of Aboriginal organizations have access to capital and are actively making investments.

was noted as a significant opportunity that continues to exist despite years of efforts.

The energy efficiency discussion primarily focused on building energy efficiency. Specific examples included:

Less than 1% of new commercial buildings are LEED or BOMA Best certified;

The National Energy Code of Canada for Buildings requires a maximum energy usage of 38 kWh/

ft2/year while participants suggested Canada could easily achieve 20 kWh / ft?/ year;
Ground-source heat pump (GSHP) technology is highly underused; and

Phantom load was estimated as representing between 12 and 15% of electricity costs.

given the concentration of Ontario’s population in major urban centres, more efficient
mass transportation and urban planning represent significant opportunities for GHG emissions reductions.
It was noted that transportation and buildings are the big two emissions reduction opportunities in Ontario

once coal-fired electricity is phased-out (2014).

it was suggested that increased awareness, education and literacy around
energy and emissions would in itself yield efficiencies and reductions in consumption. One example is the
potential of the “virtual world,” the “gamifying” of energy efficiency and the development of new technology
solutions. This potential is premised on the development of smart-grid infrastructure in Ontario that
would permit the increased use of information and communications technology (ICT) in managing

household and business energy profiles.
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a participant noted that the top twelve GHG emitters in Ontario produce 80% of the emissions.
It was further suggested that innovative processes and approaches could substantially reduce emissions
from industrial and manufacturing facilities. There is a need to turn problems into opportunities. How
can Canada use waste CO, to benefit society? In addition to sourcing renewable energy technologies for
electricity generation, there is significant opportunity for using low-carbon fuels in Ontario’s industrial and
manufacturing sector. Innovations on this front include the use of biomass-based fuels and the development

of carbon absorption technologies which create useful products from the waste CO, stream.

Ontario is home to an established automobile
manufacturing industry with integrated North American supply chains, existing talent pool and infra-
structure. It was noted that this opportunity remains mostly latent as Ontario has yet to become home to

any low-carbon vehicle manufacturing lines.

Québec is noted to have a number of low-carbon strengths on which it can build:

Québec’s electricity supply is already completely low-carbon with
hydropower, wind and nuclear making up 97%, 1% and 2% of its supply, respectively.’®> Electricity
accounts for approximately 38% of Québec’s overall energy consumption. There is strong potential for
increased wind and solar as well as potential for geothermal power generation. Uranium resources and

tidal power are also highlighted in the Plan Nord as having potential in Québec’s north.

Québec has significant innovative capacity. Home to strong research
institutions, Québec has a highly educated workforce with a focus on manufacturing and information and

communications technology. It is also host to a nascent cleantech cluster.

it was noted that a recent survey indicates that 80% of the Québec population is in
favour of provincial energy independence and supports measures to reduce dependence on fossil fuels.

Expenditures on imported petroleum products currently costs Québec in the range of $20 billion per year.!¢°

Key low-carbon opportunities identified in Québec include the following:

it was noted that Québec has significant
remaining hydropower, wind and biomass resources. Also, Québec’s regulatory framework for the mana-

gement of residual materials provides significant opportunity for energy recovery from residual materials.'¢”
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a recent report on Québec’s cleantech sector highlighted significant
potential for Québec in technology development related to hydropower, energy efficiency, biomass and

residual materials.

Québec has a competitive advantage in manufacturing certain products
due to their energy intensity and the ability to employ low-cost, low-carbon electricity in their manu-
facturing (e.g., aluminum). More broadly, due to Québec’s low-carbon electricity, most manufactured
products compare favourably to their competition with respect to carbon footprint. This presents an

advantage and opportunity for Québec’s manufacturing industry to position itself.

given Québec’s existing transportation equipment manu-
facturing base, well-developed supply chains and depth of expertise, there is significant potential for
Québec to develop and manufacture low-carbon large-scale transportation equipment e.g., electric buses.
Several projects are currently underway including a collaboration between universities and research centers

in partnership with government and leading firms to develop and test new low-carbon aircraft concepts.

it was noted that with the historic presence and strength of the forest
products industry in Québec, there is significant potential for the reorientation of sector activities toward
the production of low-carbon products. In particular a forest biorefinery project was noted, the focus of

which is to support the development and demonstration of new products derived from forest biomass.

Québec’s strong information and
communications technology sector offers a strong base for the development of new ICT products and/or

systems that foster reduced energy consumption.

there remains significant opportunity for improving energy efficiency in Québec’s
building sector. It was noted that the low cost of electricity in Québec has historically made capturing

these opportunities more challenging.

transportation (road, air, marine, railway, off-road) is Québec’s most significant GHG
challenge accounting for 44% of provincial GHG emissions. Road transportation alone accounts for more
than 70% of transportation-related emissions or 33% of all GHG emissions. This also represents a
significant opportunity for reducing emissions through increased vehicular efficiency, more extensive
use of mass transportation/ transit options, and community development and re-development using more
energy efficient urban designs that promote alternative transportation options over the use of personal
vehicles. In addition, due to the low-carbon nature of its electricity supply, Québec presents an ideal

context for the deployment of electric vehicles.
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Discussions in Atlantic Canada highlighted several key strengths that underlie its
low-carbon opportunities:

while their distribution across the region is not even, Atlantic Canada
is home to abundant and diverse low-carbon energy resources including hydropower, on- and off-shore

wind, marine (wave and tidal) and biomass.

Atlantic Canada’s proximity to the New England states
has historically provided its firms with access to a much larger market into which to sell its goods and
services. While recent natural gas prices have reduced the viability of the New England states as an
export market for low-carbon electricity in the near term, this market proximity was consistently cited

as an advantage of the region.

Atlantic Canada’s high-quality education system and numerous educational
and research facilities produce a highly educated and talented labour force and represent significant
innovative capacity. There are a several examples of programs/approaches to furthering the development
of innovative technology which speak to this strength (e.g., FORCE) as well as a large number of post-

secondary institutions relative to the population.

the business environment for start-ups was noted as excellent in Atlantic

Canada, being very supportive and collaborative.

in the competition for talented labour, Atlantic Canada was noted as having an

advantage, providing a high quality of life (including short commutes) at relatively low-cost.

Key low-carbon opportunities identified in Atlantic Canada include the following:

Atlantic Canada has significant low-carbon
energy resources at its disposal; however, it currently has one of the most carbon-intensive electricity
supplies in Canada due to a significant historical reliance on coal and oil-fired electricity generation in
Nova Scotia, New Brunswick and Prince Edward Island.’*® The further development of Atlantic Canada’s
low-carbon energy resources has the potential to significantly reduce the carbon-intensity of electricity
production in the region. In particular, the proposed development of the Lower Churchill Falls hydro-
power generating stations (Muskrat Falls and Gull Island) has the potential to contribute a combined
capacity of 3,074 MW to Atlantic Canada’s electricity system, and would include provision for transmission

capacity between Labrador and Newfoundland and also between Newfoundland and Nova Scotia, and
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through Nova Scotia to New Brunswick and P.E.I. Atlantic Canada is also home to significant additional
smaller scale hydropower resources, on-shore and off-shore wind resources, and in the long term, significant

wave and tidal energy capacity.

marine resource development (offshore oil,
gas, wind, tidal and wave energy) and the development of associated marine/ocean technologies (e.g.,
remote sensing technologies) represent a significant long-term economic opportunity. While some of
these resources are high-carbon, the spinoff technology and expertise can be employed in the pursuit of
low-carbon opportunities. It was noted that the rest of Canada has expanded in terms of land mass post
confederation and that this expansion into the “hinterland” has provided significant resource opportu-
nities; however, Atlantic Canada has not expanded, and its hinterland is the ocean. While there is global
competition and Atlantic Canada is a relatively small player, as one participant put it, Atlantic Canada is
“no further behind than anyone else” in the development of marine energy technologies and expertise.
In addition, experience in developing and regulating offshore resources and expertise in developing tech-
nologies for use in offshore exploration and development, position Atlantic Canada (and in particular,
Newfoundland and Labrador) well as a launch-pad for the development of Arctic offshore resources. To
the degree that carbon reduction technologies (e.g., CCS) become viable, this resource has greater potential

in a future low-carbon context.

Newfoundland and Labrador’s remote communities and mining sites provide ideal
conditions for the piloting of off-grid low-carbon technologies. Many of these sites currently use diesel
generators and connection to the grid is prohibitively expensive. Nalcor, Newfoundland and Labrador’s
energy crown corporation, is already piloting a project in the remote island community of Ramea with
the ultimate objective of using wind generation with hydrogen storage as the primary backup (Ramea

Wind-Hydrogen-Diesel Project)® integrated with secondary diesel backup generation.

represents a significant opportunity for reducing carbon emissions but also presents
significant challenges. Atlantic Canada’s population is widely distributed with lower population concen-
tration in urban centres than typical in the rest of Canada. This provides less opportunity for public transit
solutions, and results in long trucking distances to supply the dispersed population. Several possible options
were put forward in different consultation sessions including increased rail penetration (Nova Scotia), the
potential of natural gas as a transition fuel for freight (Nova Scotia), and, fleet electrification (Newfoundland
and Labrador was proposed as an “ideal test-bed” due to the significant hydropower capacity). Some parti-
cipants noted that interprovincial collaboration on a regional transportation system could reduce the
carbon-intensity of transportation in Atlantic Canada. It was further noted that regional supply chains are
typically not well understood and that regionally coordinated efforts at optimizing supply chains could

reduce the associated carbon footprint.
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there was consistent agreement across all convening
sessions that there remains significant opportunity for energy efficiency improvements particularly in the
residential and commercial sectors (building energy efficiency). Atlantic Canada has higher rates of fuel
oil use for heating than the rest of Canada and it was suggested that there is significant potential for the
increased use of natural gas for residential and commercial applications. It was noted that there is significant
opportunity in the context of Newfoundland and Labrador’s high growth rates to build energy-efficient
structures. It was also noted that industrial energy efficiency assists with building resiliency for energy-
intensive and trade-exposed sectors that have a significant presence in some parts of Atlantic Canada (e.g.,

oil and gas, mining, cement manufacturing).

as well as discussing the need to better link the Atlantic Canadian electricity
supply network, participants across Atlantic Canada suggested that Canada should consider further
developing east-west transmission corridors — in particular for hydroelectricity — rather than expanding
existing north-south transmission capacity. They noted that power from the Lower Churchill Falls
development would be instantaneously dispatchable, making it an excellent balance to other renewable
energy development in the region. Significant co-operation and collaboraton is required from all Atlantic
Provinces to fully realize the potential of this project. It was also noted that existing inter-regional
processes such as the Atlantic Energy Gateway have proven almost as valuable in terms of their process

as in their end result(s).

it was suggested that Atlantic Canada serves as an excellent test bed for small-scale modelling
whether for regulatory processes or pilot projects, and that this presents an opportunity for Atlantic

Canada to undertake projects that might not otherwise be pioneered in this region.

A low-carbon economy is one that functions at a low carbon intensity — emitting low levels of GHGs
per unit of GDP.’®® What does this involve? For Canada and the rest of the world, achieving low carbon
intensities across the economy inevitably involves cuts in energy-related emissions in targeted industrial
sectors. Most developed countries and an increasing number of emerging and developing economies
are working toward lowering their carbon emissions, either in absolute or relative terms, by improving
energy efficiency and replacing GHG-intensive energy systems with ones that have lower or no net emis-
sions. Achieving low carbon intensities also involves promoting current and developing new low-carbon

goods and services (LCGS) sectors, such as those discussed in Chapter 2.
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The transformation of Canada’s energy systems will need to be a central component of a low-carbon growth
plan for three reasons. First, many of the energy systems across Canada, as well as energy exports, are
carbon-intensive and present risks and costs to parts of Canada’s economy in a low-carbon future. Second,
energy activities contribute significantly to the economy. Third, diverse energy resources combined with

technological innovation and a strong skills base are comparative strengths to be harnessed.

Canada’s energy sector is a significant contributor to economic well-being. The energy sector accounted
for 6.7% of Canada’s GDP and 81% of Canada’s total GHG emissions in 2010.'7° The oil and gas service
sector, which supports the oil and gas production sector, is a key contributor in its own right, accounting for
4.8% of Canada’s GDP in 2006.7* The energy sector directly employed approximately 264,000 Canadians

and was responsible for over one fifth of all new capital investment in the country in 2010.'72

But the emissions profile that goes with it presents challenges to meeting environmental goals. Canada’s
total GHG emissions in 2010 amounted to 692 Mt, representing about 2% of global GHG emissions or
20.3 tonnes per person (amongst the highest in the world).”® Between 1990 and 2010 total emissions in
Canada grew 17%, while in the shorter-term, since 2005, total emissions have decreased 6%.7* From
1990 to 2010, energy-related GHG emissions grew by 95 Mt CO,e. This represents about 92% of the total

increase in GHG emissions over that period.'”®

The energy sector is comprised of stationary combustion? emissions, transportation emissions, and fugitive
sources of emissions. Stationary combustion alone represents almost half of Canada’s total emissions. Its
growth is attributable to an increase in fuel consumed by mining and oil and gas extraction which leaped
from about 7 Mt CO,e in 1990 to 38 Mt CO,e in 2010. Another key emissions source in Canada is trans-
portation. Emissions from the transportation sector in Canada increased 30% from 1990 to 2010 in part
because of “a shift from light-duty gasoline vehicles such as cars to trucks, minivans, sport-utility vehicles;
increased vehicle usage overall; and greater use of heavy-duty diesel vehicles.”’”® Fugitive sources denote
the intentional and unintentional releases of GHG emissions from coal mining and oil and natural
gas exploration, production, transportation, and distribution. Emissions from fugitive sources increased

40%9 since 1990 due primarily to growth in oil and gas extraction.!””



-
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Regional emissions profiles — both sources and emissions levels — and related economic interests differ
markedly and have precluded a comprehensive approach to climate policy to date. On an absolute basis,
the majority of emissions in Canada in 2010 originated from just two provinces — Alberta (233 Mt) and
Ontario (171 Mt).778 Alberta is the largest energy producer in the country and generates a significant portion
of its electricity from thermal sources (55% coal and 35% natural gas in 2011).7° In 2010 Alberta’s
electricity and heat generation, fossil-fuel production & refining, and mining and oil & gas extraction
accounted for 48.1 Mt, 32.0 Mt, and 29.8 Mt, respectively.’® Its population, energy consumption and
transportation emissions make Ontario the second highest emitter in Canada.!® In Ontario in 2010,

transportation accounted for 60.7 Mt, and manufacturing industries contributed 15.3 Mt, followed closely

by electricity and heat generation with 19.8 Mt.!82
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Based on Canada’s 2012 National Inventory Report (NIR), this chart provides a breakdown of GHG emissions by sector (2010 data).
Data from CIEEDAC was used to develop a more detailed profile of the Mining & Oil and Gas Extraction sector presented in
Canada’s NIR.

Source: Canadian Industrial Energy End-use Data and Analysis Centre (CIEEDAC) 2010; Environment Canada 2012
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In 2010, as a signatory to the Copenhagen Accord, Canada committed to reducing its GHG emission to
a level of 607 Mt!% by 2020 — 17% below the level in 2005. As the NRT has shown in its 2012 report
Reality Check: The State of Climate Progress in Canada, “Canada will not achieve its 2020 GHG emissions
reduction target unless significant new, additional measures are taken.” According to original modelling
by the NRT, Canada is on track to achieve just under half of the emissions required to meet its 2020 target,
with a remaining 117 Mt gap to close.’®* In addition to the federal 2020 target of 607 Mt, each of the
provinces has its own target. However, with the exception of Saskatchewan and Nova Scotia, most provinces
are not currently in a position to achieve their own targets for 2020 based on existing and proposed federal

and provincial policies.!%

Because of the world’s dependence on fossil fuels, ceasing production of Canada’s fossil-fuel energy supplies
is not a feasible or desirable option in the short to medium term. The challenge for Canada is to define
a long-term path that will transition the country from the current carbon- and energy-intensive economies
of today, to a future that involves sustainable resource use and substantially lower GHG emissions. Canada’s
federal, provincial, and territorial Energy Ministers recognize the onset of a transition to a lower-carbon
economy.'®® Recent discussions on pan-Canadian collaboration with respect to Canada’s energy future
have covered the need to diversify Canada’s energy sources and the importance of long-term transition

to a low-carbon economy.

When it comes to energy and emissions, our assessment focused on four indicators of Canada’s low-carbon
preparedness: (1) emissions intensity of the economy, (2) industrial emissions intensity, (3) diversification
of energy sources, and (4) technology and infrastructure deployment to facilitate the decarbonization of

energy systems.

Despite improvements over the past two decades, Canada is one of the most emissions-intensive economies
of the G8 ( ) and rests in the middle of the pack among the G20.%” From 1990 to 2007, all G8
countries decreased emissions intensities by over 40% with the rate of intensity reduction being fairly
consistent over this period for most countries. Canada’s emissions intensity declined faster between 2000
and 2007 than between 1990 and 2000. Overall, the pace of change of emissions intensity in Canada was
on average slightly lower than that of its peers. While recent analysis suggests that Canada’s was one of
only a few national economies to reduce its GHG intensity in 2010 as the global economy climbed out of
recession, Canada’s overall emissions grew by 2.6%." Canada is also squarely in the middle of the pack
compared with the emerging economies (Brazil, China, India, and the Russian Federation) and countries
of strategic importance (e.g., Australia, Belgium, Mexico, Netherlands, Norway, and the Republic of South
Korea). A number of this broader group, and in particular, Australia and Mexico are making significant

headway in reducing the carbon-intensity of their economies.
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GHG EMISSION INTENSITIES OF THE G8
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This line graph shows the decreasing emissions intensity in the G8 economies over time. It is clear that Canada’s emissions intensity
levels, although closely aligned with the U.S., lag behind the G8 countries. Normalized to 1990 emission levels, Canada’s rate of
improvement in the emissions intensity of its economy was superior to that of Japan and Italy, remaining behind the rest of the G8.

Emissions and growth trends in Canada’s industrial and manufacturing sectors could worsen the emissions
intensity of Canada’s economy in the coming years. shows the rate of change in emissions
intensity for Canada’s nine most emissions-intensive industrial sectors over two periods. Three observa-
tions are noteworthy. First, the rates of efficiency improvements relative to growth are decreasing for all
but electricity generation. Second, some sectors show only marginal improvements in efficiencies (e.g.,
petroleum and coal products manufacturing) and one is actually worsening (metal ore mining). Third,
absent technological innovations, crude oil production in Canada could well become more emissions
intensive than it is today, due to enhanced crude production from in-situ oil sands development (as opposed

to surface mining).!s
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RATES OF CHANGE IN INDUSTRIAL AND MANUFACTURING
EMISSIONS INTENSITY OF CANADA’S MOST EMISSIONS-INTENSIVE SECTORS
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*Data for the Oil and Gas Extraction sector is only available for the 1990-2006 period and is measured in terms
of tonnes CO,e per thousand dollars of production. The numbers presented here represent the 1990-2006 and
2000-2006 periods.

Energy is Canada’s comparative advantage; opportunities exist to decrease reliance on emissions-intensive
energy sources by increasing renewable and low-carbon energy supplies, particularly for power generation.
Canada has both abundant energy resources and significant diversity in primary energy production and
electricity. Compared with the rest of the world, Canada is second in hydroelectricity production and in
uranium production and export and third in natural gas exports. It is also poised to expand its renewable
energy sources such as biomass, wind, solar, tidal and geothermal.’®® Three-quarters of electricity generation
in Canada comes from non-emitting or low-emitting sources: hydro, wave, tidal, uranium, biomass, solar,
geothermal and wind (see ). Projections of the Canadian electricity generation mix show
continued growth in low-carbon shares, with combined shares of biomass, solar, geothermal, and wind

quadrupling between 2010 and 2035.1%°
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FIGURE 14
/

CANADIAN ELECTRICITY GENERATION IN 2010 AND 2035
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The NEB-produced chart forecasts electricity generation mix based on economic growth, relative costs of generation; government and
industry efforts to curb energy-related GHG emissions; and accounts for existing provincial energy strategies. Any changes in the afore-
mentioned variables, such as fuel prices or policy initiatives, would change the forecast results.

Source: National Energy Board 20I1b

Successful reduction in the carbon-intensity of Canada’s energy systems depends on the rate and extent of
technology and infrastructure deployment — a process taking place unevenly across Canada with initiatives
by both governments and innovative industries. Key technology areas requiring deployment include smart

grids, power storage, fuel switching infrastructure, and CCS.

/| Smart grids are of interest to all of Canada’s provincial electricity regulators, but two provinces, Ontario
and B.C., are moving forward most aggressively by deploying smart meters.!”* Smart meters are a necessary

step in setting up grids conducive to growing low-carbon energy systems.!*?

/| Power storage is both complementary to and an enabler of smart grids. So far, only Ontario has deployed
both demonstration projects and grid-operational projects,'*® although small-scale demonstration projects

are also occurring in remote areas in Ontario and, to a limited extent, in other provinces.'



FRAMING THE FUTURE: EMBRACING THE LOW-CARBON ECONOMY // 133

Fuel switching is taking place in power generation via the introduction of biomass for coal generating
stations in Ontario.'”> Additional fuel switching from coal-fired electricity generation is expected across
the country as a result of other provincial initiatives and the new federal coal-fired regulations. The pulp
and paper industry has gained ground in substituting biomass for natural gas and the cement industry

has increased its use of renewable and alternative sources.’®

CCS is seeing heavy investments by both Alberta and the federal government, with Alberta introducing
legislation and regulation to guide the technology.!”” Canada is home to eight of the world’s 75 large-
scale CCS projects, but a recent project termination could imply shifts in the commercial viability of the

technology under current market conditions.!*®

SUMMARY OF LOW-CARBON PREPAREDNESS
OF CANADA’S ENERGY SYSTEMS

* Abundant and diverse low-carbon * High emissions intensity relative to peers
and renewable energy resources and trading partners

« Electricity sector already low-carbon * Differences in regional energy resources

« Technological innovation * Economic reliance on carbon-intensive
(e.g., smart grids, CCS) energy exports

Innovation is a tool for increasing productivity and competitiveness; it is also a building block of many
low-carbon growth plans (see for a definition). Innovation can close the gap between the low-
carbon technologies of today and the low-cost, high-performance — breakthrough — technologies that
are needed for the future. Why is accelerating low-carbon innovation key for Canada? In today’s global
economy, Canadian firms are up against counterparts facing lower labour costs'®® and, to an extent,
greater access to capital and policy certainty. Rather than trying to compete on “last generation” technology
by cutting input costs, a focus on innovation can enable the rise of Canada’s low-carbon goods and
services (LCGS) sector — a segment of cleantech — in global low-carbon value chains. Innovation is also
the only way to enhance environmental performance of traditional industries despite increased use of

natural resources, including energy.
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BOX 8

WHAT IS INNOVATION?

Innovation is “the implementation of a new or significantly improved product (good or service), or process, a new marketing method, or
a new organizational method in business practices, workplace organization or external relations.” 2°° Innovation is in itself a process
encompassing basic and applied research, development and demonstration, commercialization and market development, and market

entry (see Figure 15):

FIGURE 5 THEINNOVATION PROCESS, ACTIVITIES, AND FUNDING
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Who’s part of Canada’s innovation system? Basic and applied researchers, entrepreneurs, development and commercialization
specialists, investors, and governments all play a role in ensuring innovation performance. Innovation is largely a private-sector activity
but governments facilitate private sector innovation by putting in place enabling policy frameworks and by directly and indirectly
supporting R&D and commercialization. Federal support for innovation has tended to be indirect, focusing on enabling conditions via
R&D tax credits and spending on post-secondary education. Because of its broad-based nature, potential spillover effects, administrative
efficiency, and public benefits, indirect support of this kind is often the focus of government intervention. Recent studies suggest it’s

time to recalibrate both the reliance on indirect measure to spur business innovation and the focus on subsidizing R&D.?®

PROFILE IN BRIEF

Canada’s innovation performance has been subject to discussions for decades. Economic, policy, and bench-
marking studies all arrive at the basic conclusion that Canadian business innovation is underwhelming

relative to that of its competitors.2°? Several explore root causes of this chronic issue and recommend ways
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to narrow the gap between levels of support for business innovation and commercial success.! Since low-
carbon innovation is a subset of innovation at large, key characteristics of Canada’s innovation system are

worth noting.

Overall, the strengths and weaknesses of Canada’s innovation system sum up as follows. Canada focuses
most on and succeeds at basic science and research, and adapting (already) commercial products to meet
industry requirements. Canada is less effective than its OECD peers in product demonstration and in the

transition to commercial scale and market development.2®

Canada’s performance in early stages of innovation — idea generation, basic and applied research, labora-
tory demonstration, and related academic support — compares well to OECD peers’.2** Within the OECD,
Canada offers the second highest level of support to R&D at 0.24% of GDP. Over 90% of R&D support is
provided as tax credits (such as the long-standing Scientific Research and Experimental Development
program).2%> Public investment in universities and colleges is also notable. At approximately 0.7%, Canada
ranks second highest among OECD peers in higher education expenditure on R&D (HERD) as a proportion
of GDP.2%> The high quality of Canada’s education system overall — and specifically the high quality of
math, science, and engineering education and management schools — provides a strong base for innovation
in Canada. In contrast, private sector or business expenditure on R&D as a percentage of GDP is below the

OECD average (see ).

BUSINESS INNOVATION AND CANADA’S PRODUCTIVITY

Innovation is one of the most important drivers of productivity. It increases the development of higher-value products and results in the
more efficient use of production input?®® enhancing multi-factor productivity (MFP)." Businesses invest in innovation when they view
it as a necessary part of the business strategy, they face competitive pressures to do so, they have access to innovation financing, and
they recognize domestic market opportunities.?? In general, Canadian firms rely more on government support to motivate innovation
investment than their U.S. counterparts.?' Canadian business leaders’ interest in innovation investment may be dampened by several

perceptions, including the following:

/| government financial support programs for innovation are not easy to understand or access, especially for small firms?? — includes
support for R& D and commercialization;??®

/I lack of available risk capital to move R&D to commercialization;2"

/| burden of governmental administrative requirements and taxation levels; and #°

Interestingly, Canadian business leaders are 13% more risk-averse than their U.S. counterparts (based on evaluation of past business

performance), despite self-perception that they are not. Furthermore, Canadian firms that self-identify as risk avoiders are less likely

to invest in R&D than their U.S. counterparts.?'®
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But it is no secret that Canada is not reaping the economic benefits of public R&D investment as much as it
could be.?” Canada is strong in science and engineering R&D aspects of the innovation cycle but weak on
taking those ideas to market.?!® Three reasons for this are apparent.?’” The first is access to risk capital
(venture capital or angel investors) — the primary sources of funding for the transition from a demonstrated
product to a share of the market. The creation of Sustainable Development Technology Canada (SDTC) was
a federal response to bridge funding gaps preventing products’ transition from demonstration to commercial
success. British Columbia and Ontario have both established funds to co-invest in new technologies alongside
venture capital firms. The second is actual market development. Canada has a small internal market with
limited opportunities to demonstrate new technologies, inadequate government procurement and inadequate
adoption of domestic technologies.” As well, a large percentage of innovations occur upstream from the
end user. This not only runs the risk that Canadian firms will produce innovations that the market won’t
accept, but it also supports the tendency that firms will import technologies or machinery and adapt
them.??° The third is fragmentation among key players. A lack of efficient and targeted collaboration
between Canadian universities and businesses has hindered the translation of academic knowledge into

viable commercial applications.?*!

In its simplest form, low-carbon innovation is about bringing products, processes, or practices to market
that are better, cheaper, or more resource-efficient relative to conventional counterparts while reducing or
eliminating GHG emissions. Such innovation takes place within firms in traditional industry sectors and is
a major focus of firms in the “clean technology” or “cleantech” sector.” Because over 80% of Canada’s total
GHG emissions stem from production, transformation, transmission, or final use of energy, low-carbon

innovation tends to centre on energy.

When it comes to innovation, our assessment focused on three indicators of low-carbon preparedness: (1)
market presence, (2) LCGS firms’ propensity to innovate, and (3) government support for low-carbon R&D.
In describing low-carbon innovation much of the research and analysis covers cleantech at large, and so our

discussion below refers to cleantech and low-carbon innovation interchangeably.

Relative to its competitors, Canadian cleantech innovation is weak. Canada ranked twenty-third of 26 countries
evaluated regarding the sales of clean technology products in 2008, with Germany, the United States, China
and Denmark leading the pack by a considerable margin.??? Globally, Canada ranked fourteenth in terms of

the magnitude of clean technology exports and seventh in terms of imports.???
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Yet Canada’s cleantech industry is a viable and growing contributor to the economy. Over eight in ten firms
in this industry are small and mid-sized enterprises (SMEs),* reflecting its relatively young (15-year) age as
an industry. In 2009, these 436 firms amounted to a $2 billion industry,’ posting double-digit growth rates
through the global financial downturn. Based on current and projected growth rates, Canada’s cleantech
industry is on track to achieving $10 billion in revenue by its twentieth-year milestone, much like occurred

with the aerospace and defence industry. A snapshot of Canada’s cleantech SMEs appears in

WHO ARE CANADA’S CLEANTECH SMEs?

As of 2009, Canada’s cleantech industry was made up of 436 companies spread across the country, with 95 companies in British
Columbia, 106 in the Prairies, [12 in Ontario, 95 in Québec, and 28 in Atlantic Canada. The concentration of companies generally aligned
with each region’s share of GDP, with the exception of Ontario and British Columbia where cleantech companies are, respectively,
under- and over-represented. Cleantech companies are most active in the process efficiency and abatement, power generation, water
and wastewater, recycling and waste, and energy efficiency segments (see ). The intellectual property these businesses
are working to commercialize comes primarily from inventions by the company founder rather than intellectual property developed in

academic or private institutions.

NUMBER OF CLEANTECH FIRMS BY SEGMENT
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WHO ARE CANADA’S CLEANTECH SMES? (CONT'D)

Canada’s cleantech companies are 15 years old on average. They are small firms: roughly 84% of cleantech companies earned less
than $5 million in revenues in 2009 and the average workforce size is 34 employees. As the industry matures, it is advancing along the
innovation continuum, with 5% of firms focusing on R&D, 21% on technology development and demonstration, 27% on product commer-
cialization and market development, and 47% on market entry and market volume. As businesses move toward commercialization and

market development, 96% of companies are pursuing markets beyond national borders, aiming to compete globally.

Sustainable Development Technology Canada defines a clean technology company as one “that is predominantly engaged in the
development and marketing and/or use of its proprietary technology to deliver products or services that reduce or eliminate negative
environmental impacts, and address social needs; while delivering competitive performance, and/or using fewer resources than

conventional technologies or services.”

Canada’s cleantech industry is well positioned to become a globally competitive and innovative LCGS sector.
The single greatest motivation for business innovation is competition.?** Absent a domestic market and
despite a strong dollar, Canadian cleantech SMEs have ambitions to compete globally and take advantage
of growth in emerging economies. Canadian cleantech SMEs are nine times more likely to export than
Canadian SMEs overall and far less reliant on export sales from the U.S.??* By implication, they will have to
innovate to survive and could well do so. Canadian clean technology SMEs invest early and generously in

R&D — and this is with pre-profitability dollars and during times of recession.

Canadian governments perform and support R&D with the potential to spur low-carbon innovation that,
for the most part, aligns with cleantech firms’ needs. A look at three snapshots in time of Canadian govern-
ments’ R&D budgets targeting energy activities shows a shift from a heavy focus on fossil fuels and nuclear
to an increasing share of renewable energy sources and carbon capture and storage ( ). When it
comes to the needs of cleantech firms specifically, strengths and weaknesses of federal R&D programs are
apparent. Canadian cleantech SMEs have high regard for R&D programs that are business-oriented and
don’t require multi-year collaborations with academia and large companies. These include the Scientific
Research and Experimental Development tax-credit program, the Industrial Research Assistance Program,
and Sustainable Development Technology Canada’s Tech Fund.??® The majority of federal R&D programs,
however, present high barriers to entry for SMEs. Streamlining administration and approvals for federal

R&D programs would increase their attractiveness to SMEs.
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FIGURE I7
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The IEA data used for the NRT’s analysis is limited to government energy R&D budgets. This includes money spent on research, development, and
demonstration (i.e., prototype stage) related to energy production, transportation, distribution, and use. All types of energy are included in this
data. Deployment activities (i.e., business or government use of commercially available technologies, outreach, technical assistance, market
development, other activities to enhance market uptake of technologies, or practices) are not included.??’

Source: NRT analysis based on International Energy Agency (IEA) data.

A final message from Canada’s cleantech SMEs was clear: enhancing domestic adoption of their innovations
was necessary for Canada to benefit from public and private R&D investments.??® If unaddressed, the lack
of domestic adoption and support could hinder export growth. For innovative clean technologies, interna-

tional customers expect domestic references before making procurement decisions.??

TABLE 10

-

~
SUMMARY OF LOW-CARBON PREPAREDNESS FOR INNOVATION

STRENGTHS & OPPORTUNITIES WEAKNESSES & CONSTRAINTS

 Viable and growing cleantech industry * Limited cleantech innovation to date
relative to international peers
¢ SME investmentsin R&D .

* Effectiveness of flexible and business- * Challenges accessingrisk capital

oriented government R&D programs in * Limited domestic market uptake
supporting cleantech innovation of clean technologies

¢ Cleantech firms’ investment in R&D

¢ Cleantech firms’ global orientation
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A transformation to a global low-carbon economy like the one envisioned hinges on mobilizing financial
capital and delivering it where needed. At stake is the development of LCGS and their economical, profitable,
and complete deployment domestically and globally — as well as the related environmental benefits. The
emphasis on low-carbon spending was first evident as a response to the global recession through “green
stimulus” funding, signalling that a green economy was a source of future growth. Investment and financing
figure prominently in low-carbon growth plans, covering both the scale of investments required and the

steps needed to unlock the necessary capital.?°

Investment in LCGS is a leading indicator of potential shifts in the carbon or emissions intensity of an
economy. LCGS investment includes public or private expenditures, or a mix of both. These expenditures
may target specific LCGS segments like efficient vehicles or renewable energy, focus on infrastructure
deployment, or focus on a particular stage of innovation. What follows is an overview of low-carbon
investment across the globe. We next explore recent investment trends in Canada and assess their impli-

cations for the low-carbon transition.

The world is witnessing a growing investment in low-carbon goods and services. The upward trend in world
exports of “green” goods as a proportion of general merchandise exports began in 1990, posting higher
growth rates than general merchandise exports overall.?! Investments in clean energy alone show significant
gains. Since 2004, global new investment in renewable energy has increased roughly five and a half times.?*2
By way of rough comparison, annual investment in oil and gas increased four-fold between 2000 and 2011,
not accounting for inflation.2*® Strictly comparing investments related to electricity, in 2010, $185 billion
was invested in electricity generation from small- and large-scale renewables with an additional $46 billion
in large-scale hydro investments (roughly $230 billion in total).?** Combined, this exceeds the total 2010
investment in fossil-fuel plant capacity ($217 billion). Consideration of the net investment? in fossil-fuel
plant capacity ($155 billion) further increases this difference. Despite the global economic slow-down,

investment in LCGS is growing rapidly.

Public investment in clean energy has been a key driver of recent LCGS growth. The global financial crisis
was an opportunity for nations to sustain and expand low-carbon investment via economic stimulus. Twelve
members of the world’s major economies committed a collective $192 billion in government stimulus related
to clean energy.?*®> Many devoted significant shares of their economic stimulus packages to fostering a
“green recovery” with South Korea leading the way at 80%, followed by the EU at 64%, China at 38%, and
Norway at 30%.%° The green component of Canada’s economic stimulus was a modest 8.3% and primarily

focused on low-carbon power, including nuclear energy, energy efficiency, and research.?’”
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In spite of fiscal pressures, public investment in LCGS remains strong, with investments by emerging econo-
mies poised to outstrip those of their industrialized counterparts. The U.S., despite successive budget cuts
in its recent federal budgets and a downward spending trajectory, continues to invest in low-carbon energy
as part of its economic recovery,* and is ranked third globally in terms of attracting clean energy invest-
ment.?*® In Canada, LCGS growth continued during the recent financial crises, in part through initiatives
by certain provinces (e.g., growth in solar PV capacity stemming from Ontario’s Green Energy and Green
Economy Act)?*. The scale of investment occurring in emerging economies is remarkable. By sheer
magnitude, China is unparalleled in its level of investment in renewable energy - with a total investment
of $48 billion.?** In fact, 2010 marked the first time in which renewable energy investments by developing

economies exceeded that of industrialized economies ($71 billion versus $69).24

Private sector investment in low-carbon is also growing, more recently induced by public investment. Between
2004 and 2010, venture capital for renewable energy technology development saw an average annual
growth of 36%.2%2 Over the same time period, equipment manufacturing for renewable energy saw substantial
annual growth as well — 45% for private equity expansion capital, and 87% in public markets.?** According
to forecasts by the World Economic Forum private investment in renewable energy and energy efficient
technologies could amount to $445 billion in 2012 and $594 billion in 2020.2

Investment, whether low-carbon or otherwise, closely relates to innovation. Investment in each phase of the
innovation process plays a key role in enabling growth and ensuring that Canadian firms remain competitive

in a global low-carbon economy.

When it comes to low-carbon investment, our assessment focused on four indicators of preparedness: (1)
LCGS investment relative to overall investment spending in Canada, (2) the nature of investment in low-
carbon innovation, (3) alignment between public investment and GHG emissions abatement, and (4) investor

confidence in domestic LCGS markets.?

Data and information related to baseline and forecasted public and private low-carbon investments in Canada
is limited. The data and information that exist preclude a comprehensive analysis. Gaps in baseline information
relate to existing data collection systems, which were not designed to permit the separation of low-carbon

portion from the total. Despite data and information deficiencies, some observations are possible.
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Economy-wide investment in non-residential structures, machinery and equipment (i.e., commercial products)
provides a measure of the degree to which Canadian businesses are renewing capital assets and updating
(and possibly adapting) technology to remain competitive. In Canada, such investment has averaged
$234 billion annually over the past decade, 81% of which has been private investment.?* Spending on
machinery and equipment alone accounts for an average of approximately $137 billion (58% of spending)

per year.24

Based on a review of federal and provincial programs that include a significant low-carbon focus in their
funding allocation criteria, we estimate that public and private investments prompted by these programs
amount to approximately $5.7 billion per year.#’<¢ These investments are predominantly targeted at
commercial products including machinery and equipment. Comparing this figure with the previously noted
$118 billion annual investment in machinery and equipment suggests that Canadian low-carbon spending
as a proportion of overall capital renewal is modest, in the range of 5%. The programs we considered
in developing this estimate include those available through federal granting agencies, federal research
agencies, the Program for Energy Research and Development, the ecoEnergy Technology Initiative, the
Clean Energy Fund, Sustainable Development Technology Canada’s two funds, and 24 provincial climate
change technology investment programs. Our estimates included both public and private investments that

were motivated through these programs, but in many cases only partial funding data was available.4

Working from this same data set we disaggregated investments by sector and innovation phase, as set out
in . This exercise illustrates three things. First, residential, commercial/institutional, and trans-
portation sectors almost exclusively invest in already-commercial products and services. Second and not
unexpectedly, carbon capture and storage investments focus on R&D and product development with the
aim of overcoming cost and efficiency barriers and reducing technological risks related to its application.
Third, product development — typically the purview of private-sector activity — is not a major focus of
government-led investment programs. Overall, there is a heavy emphasis on investment in products that
are already commercially established with much lower levels of investment in R&D, product development

or product demonstration.
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FIGURE I8

4 N
LOW-CARBON INVESTMENT BY SECTOR AND INNOVATION PHASE

Residential
Commercial/Institutional

0il & Gas production

Other Primary Industries
Power Generation
Transportation
Manufacturing
Cross-cutting or unspecified

Waste management

Carbon capture and storage

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
. Research & . Product . Demonstration . Commercial
Development Development

Source: Conference Board of Canada 20llb

Figure 19 shows the shares of emissions and growth in emissions over the past 20 years for eight sectors,
and their respective shares of total and low-carbon investment from the sample of government programs
described above (excluding in-house R&D). Because available data sources do not capture investments that
are made outside of those programs, what’s shown below understates the total. Although simplistic, such
comparisons of Canada’s GHG emissions with low-carbon investments by sector can help identify whether
Canada is making investments in sectors facing the greatest emissions challenge, thereby improving

competitiveness for those sectors as well as other sectors that purchase their goods or use their services.
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FIGURE 19
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THE ANALYSIS RAISES A FEW QUESTIONS:

Is the scale of low-carbon investments by government directed at transportation less than it should

be? Several measures targeting transportation emissions are low cost, which partially accounts for the

low investment levels in that sector. For example, most provinces have programs in place to encourage

consumers, industry, and government departments to purchase fuel-efficient vehicles and adjust practices

to reduce fuel consumption. Québec pioneered the use of speed-limiting devices for heavy-duty trucks,

and other provinces are following suit. Finally, the federal government has imposed tailpipe emissions

standards on new vehicles, a step that is expected to reduce GHG emissions with a relatively modest level

of investment. As low-cost opportunities to reduce transportation emissions are exhausted, high-cost

measures and related investments will be necessary.

What accounts for the drop in emissions from manufacturing where emissions have declined in spite of a

very low level of government support as compared to other sectors? Two reasons stand out. One is regular

investment in machinery and equipment that is undertaken to modernize and remain competitive, over

and above any response to government initiatives. The other is the impact of capital cost allowances and

investment tax credits that are not directly measured in program investments.
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Is the scale of low-carbon investments by government directed at power generation more than it should
be? This sector’s share of low-carbon investments outweighs its share of emissions, and two factors could
help explain this. First, we allocated half of investments in carbon capture and storage to power generation
despite its uncertain future benefits to the sector. Second, government low-carbon investment programs
have focused on small-scale renewable electricity generation technologies, primarily wind power and solar
power. The low-carbon investment in this sector is even higher than shown in the figure since retail support
programs (such as the FIT program in Ontario) generate investments that we don’t capture in these data.
Regardless of the role of electrification in the low-carbon transition, significant reinvestments in Canada’s

electricity infrastructure are foreseeable (see ).

REINVESTING IN CANADA’S ELECTRICITY INFRASTRUCTURE

During the 1960s and 1970s, Canada invested heavily in expanding its electricity system with average yearly growth rates in capacity
of 6%.2*¢ Growth has been much slower in recent decades: 0.5% per year during the 1990s and 2000s.2*° After an extended period of
very limited investment, there is a need for Canada to upgrade existing and build new generation, transmission and distribution
infrastructure — to the tune of $294 billion between 2010 and 2030.2%° Hydroelectric development will be a key growth area in the

coming years, with nearly $50 billion in investments planned for this decade.?”'

Signs of investor confidence in domestic LCGS markets provide mixed messages. In the past five years,
renewable energy projects in Canada have received over $16 billion of asset financing.?> Much of the
financing has gone to on-shore wind, an energy application that’s attractive to investors due to its cost-
competitiveness and relatively low technological risk. Venture capital activity in Canada appears healthy:
as recently as 2011, Canada ranked fourth behind the U.S., China, and the U.K. in terms of investments in
cleantech.?*® Much of the VC investment activity in cleantech takes place in Ontario, with investment in
the province accounting for 48% of total Canadian investment since 2005.2>* Recent events suggest a drop
in investor confidence, however. Despite $742 million in federal and provincial subsidies and project costs
remaining within the expected range, industry partners terminated the Pioneer carbon capture and storage
project in Alberta in April 2012 because “the market for carbon sales and the price of emissions reductions
were insufficient to allow the project to proceed.”?* As part of its plan to “refocus strategies and activities,”
Ottawa-based Iogen abandoned a development project for a biofuel plant in southern Manitoba.?*® Growing
and maintaining investor confidence in Canada’s LCGS markets is key to the low-carbon transition (see

). Public incentives, regulatory stringency, and a climate regime characterized by transparency,

longevity, and certainty stand out as factors with the potential to do just that.?>”
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CHALLENGES FOR LOW-CARBON VENTURES IN GAINING ACCESS TO CAPITAL

Access to capital can be a challenge hoth in the early stages of innovation and technology deployment and in the later stages of
installing low-carbon infrastructure. In the early stages, before a technology has been proven, the government plays a large role in
project financing. The Business Development Bank of Canada (BDC) offers financing and capacity building to support entrepreneurship
in Canada, working primarily with small and medium-sized enterprises. Funding for low-carbon innovation is also available through
Sustainable Development Technology Canada’s $(2002)590 million SD Tech Fund. In 2010 the Government of Canada appointed a panel
of experts to provide advice on optimizing government support for innovation. The panel concluded, “too many innovative Canadian
firms that have the potential for high growth are unable to access the funding needed to realize their potential.”?%® To address this
difficulty, the panel recommended BDC focus more of its lending portfolio on early stage financing and be given new capital to support

the development of late-stage venture capital funds for investment proposals of over $10 million.?%®

Once a low-carbon technology is proven, firms seeking access to financing for renewable energy infrastructure projects confront
different challenges: project cost profiles are heavily skewed to the front end, thus increasing the costs of horrowing relative to fossil-fuel
projects;?® lending institutions may lack familiarity with some of the technologies and therefore overestimate the project risks;?' and
in instances where the business case for a project relies on public incentives or policy requirements, any change to government policy
would exacerbate project funding risk.?8? The financial crisis has had a mixed impact on renewable energy financing. Even though
investors are generally less willing to lend to all project types, the clean energy sector has been a key beneficiary of stimulus funding,
resulting in over US$190 billion in pledges globally in 2009-2010.2% Growth in public sector funding for the sector, through stimulus
programs and government incentives for renewable energy projects (e.g., the Government of Ontario’s Feed-in Tariff program), paves
the way for private sector investments to follow.?®* Renewable energy is also becoming an increasingly attractive area for investors as

the price differential between renewable and fossil-fuel energy falls.?5°

SUMMARY OF LOW-CARBON PREPAREDNESS FOR INVESTMENT

* Publicinvestment in clean energy ¢ Lack of sufficient price on carhon

L to drive investments
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¢ High upfront costs for renewable
energy projects
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In a global economy, success in low-carbon competitiveness includes the efficient flow of low-carbon goods
and services across geopolitical boundaries. As nations take action to reduce their GHG emissions and
markets for low-carbon goods and services expand, the carbon intensity of imports and carbon risk of
business ventures are gaining profile. Carbon-related trade barriers are beginning to materialize, with

reputation shaping trade and investment-related decisions.

Understanding Canada’s trade profile within the global context is thus essential to exploring the country’s
low-carbon competitivenessand therole of trade in supporting Canada’slow-carbon growth. Twodimensions
come into play: new opportunities to export Canadian goods and services and contribute to global low-
carbon value chains, and measures to “green” the traditional economic base, particularly the energy-

intensive and trade exposed (EITE) sectors that are of strategic importance to Canada.

As a small, open economy, Canada relies on trade for economic growth and prosperity.2°® Although Canada’s
dependence on trade may be less than it once was,?’ trade remains a significant contributor to national

GDP, and Canada’s further integration into global value chains is critical to its future prosperity.

Resource-sector exports figure prominently in Canada’s trade profile. Trade in resource-based products was
dominant until the 1990s when manufactured goods — like industrial and agricultural machinery, trans-
portation equipment, and consumer products — became Canada’s lead exports.?®® Growth in the export of
services and knowledge-intensive products characterized Canada’s trade profile in the 2000s, but remain
a relatively small fraction of Canada’s overall trade today (15% of total exports in 2010).2%° Analysis of
export data indicates a steady and strong resurgence of resource-based exports over the last decade
including energy products, metal ores, and processed metals.?’® Together, these high-growth sectors

accounted for approximately 38% of total exports in 2011, more than doubling their 2002 share.

Canada’s trade is heavily weighted toward emissions-intensive industries and products. Emissions-intensive
sectors — that is, sectors exceeding 0.5 kt CO,e/ GDP — accounted for 44% of Canada’s exports in 2010
(see ). With the steady growth in oil and gas extraction, mining, and primary metals manufacturing,

the emissions intensity of Canada’s exports is on an increasing trajectory.f
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FIGURE 20
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By far, the United States is Canada’s main import and export market, but a trend in diversification is
apparent.®® Trade with the U.S. accounted for 74% and 50% of Canada’s goods exports and imports
respectively in 2011, representing a drop in 13 percentage points compared to 2002 for both categories.
And, while overall trade is growing in absolute terms, exports to the U.S. have declined 4% since 2002
and imports have risen by only 1%. Canada’s export shares to China and the U.K. have more than tripled

between 2002 and 2011, and import shares from China have doubled over the same period.

LOW-CARBON PREPAREDNESS

Chapter 3 discusses trade in terms of economic risk to Canada if Canada delays in reducing the emissions
intensity of the economy. This section considers how trade and trade-related policy can contribute to a

prosperous low-carbon Canadian economy.

gg The figures presented in this paragraph are based on NRT analysis of Industry Canada data (Industry Canada 2012).
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When it comes to trade, we looked at three indictors of low-carbon preparedness: (1) Canada’s trade
relationship with key players in global low-carbon markets, (2) Canada’s current trade in LCGS relative to

overall trade, (3) use of trade-related instruments to further low-carbon growth.

Overall, Canada is well positioned to benefit from the relative size and growth trajectories of its trading
partners’ LCGS markets. At present, Canada’s top ten export markets are the U.S., the U.K., China, Japan,
Mexico, South Korea, Netherlands, Germany, France, and Hong Kong; Canada’s top ten import markets are
U.S., China, Mexico, Japan, Germany, the U.K., South Korea, France, Algeria, and Italy. shows
the ten largest countries for LCGS™ by market value as well as the growth rates for each country in 2009.
Together, these nations represent 64% of the world low-carbon market.?”! Seven of these nations —42%
of the world low-carbon market — are OECD members, and six — 49% of the world low-carbon market —

are among Canada’s top 10 export markets.

TOP TEN GLOBAL MARKETS FOR LOW-CARBON GOODS AND SERVICES (2009)
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Furthermore, analysis of Canada’s likely trading partners in 2040 undertaken by DFAIT projects growth
in trade with nations that represent a larger portion of the world low-carbon market than today, and for

which low-carbon market growth rates are high (see ).
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TABLE 12

~
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COMPARISON OF TOP 10 LOW-CARBON MARKETS WITH CANADA’S TOP 10 EXPORT MARKETS
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Source: NRT analysis using data from Foreign Affairs and International Trade Canada 20Ila; Innovas Solutions Ltd. 2010 )

Even though Canada’s trade in low-carbon goods and services comprises a small share of trade overall,’
low-carbon activity aligns well with the global market opportunity. Low-carbon goods represent less than
1% of Canadian merchandise exports and approximately 1.6% of merchandise imports.?’> What little
low-carbon trade Canada does undertake, is largely captured by the top 10 low-carbon markets shown
in Table 12. The United States is Canada’s largest market for 40 of the 45 commodities identified by the
United Nations as “climate-friendly” and is the largest source of imports for 34 of the 45 commodities.?”

Overall, 83% of Canada’s exports and 78% of imports of low-carbon goods are to the ten largest low-

carbon markets.?”

ji  Analysis undertaken by the Conference Board of Canada suggests that trade numbers may understate the degree of global business in low-carbon technologies (Gold-
farb 2010). Global business in some technologies, and particularly those that are difficult to transport, is likely better captured by foreign direct investment. For ex-
ample, cross-border investment is more important than trade in understanding global wind energy (Kirkegaard, Hanemann, and Weischer 2009). Particularly with
the rise in importance of global value chains, trade cannot be looked at in isolation but must be considered together with inwards- and outwards-bound investment.

kk Because the provision of low-carbon goods and services tends to be highly integrated, we can draw conclusions on low-carbon services based on data on exports

in low-carbon goods.
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Canada is failing to capitalize fully on the opportunity to sell its low-carbon services in global markets.?”
Analysis of 45 climate-friendly commodity groups shows an overall negative trade balance of $3 billion for
Canada. Exports amount to roughly $3.8 billion and imports roughly $6.8 billion net of re-exports (see

). Canada’s trade balance is positive for only 13 of the 45 climate-friendly commodities listed,
and for 15 categories, net imports exceed domestic exports by a factor greater than 3:1.2° The country’s
low-carbon export activity is stagnant, at best.?”” Adjusting for inflation, Canada’s exports of low-carbon
technologies declined by 2% annually on average over 2002 and 2008.?7® Over the same period, the global
low-carbon market experienced 10% annual compound growth and, with the exception of the U.K., the

top 10 global exporters of low-carbon technologies experienced annual growth in excess of 5%.27°

CANADA'S TRADE IN LOW-CARBON GOODS IN C$(2010) BILLION

Climate-Friendly Trade-Balance _
Clmate-Friendly Nt-Imports e
0 §2 $4

Climate-Friendly Exports

-$4 -§2 $ $6 $8

. us . Other Top 10 Rest of World

Relative to many of its trading partners, Canada makes little use of policy instruments to boost the
domestic growth of low-carbon goods and services sectors and promote their export viability."! Both direct
(trade measures such as tariffs, subsidies and conditional subsidies) and indirect (domestic regulations,
mandates or targets, and infrastructure investment) trade-related instruments exist and their application
varies widely.™™ For example, average tariff rates deployed by developing-country importers on low-carbon
goods tend to be higher than their industrialized counterparts,2®® with biofuels as an exception to this
pattern.”™ Subsidies are universally applied (see ). Conditional subsidies or support, such attaching
export performance conditions to subsidies, are uncommon and WTO-illegal. Domestic content require-
ments are broadly applied; China (Ride the Wind program) and India (Phase 2 of Jawaharlal Nehru National
Solar Mission) use this tool extensively. Joint venture requirements are quite common in China, but not as
common elsewhere. Ontario (currently being challenged at the WTO) and Québec currently make use of
domestic content conditions for their feed-in tariff programs, but performance conditions are not widely
employed in Canada. Export Development Canada (EDC) does provide some export credit financing; however,

this could be bolstered to provide further dedicated support for low-carbon goods and services sectors.*®



152 NATIONAL ROUND TABLE ON THE ENVIRONMENT AND THE ECONOMY

SUBSIDY TYPES APPLIED TO LOW-CARBON DEVELOPMENT

India, China, U.S., 16 of 27 EU
member states, others

China, U.S., India

U.S., China, South Korea, EU,
and others.

China, India

China, Germany, U.S.,
Sweden, many other EU
states — almost universal.

Almost universal

Trade and trade-related policy as well as trade instruments are also of relevance to Canada’s energy-
intensive and trade-exposed (EITE) industries. Where other nations are establishing carbon-related trade
instruments, Canada can attempt to intervene to ensure fair treatment for its sectors (e.g., this was the case
with the EU low-carbon fuel standard, and may be warranted were the U.S. to actively consider a national
LCFS). In addition, as Canada moves to put in place regulations or appropriate price signals on GHG

emissions, consideration must be given to measures for ensuring a level playing field with international

High degree of variability in application.

In Canada, accelerated capital cost allowance
(30% per year) for which LCGS sectors may qualify.

China’s substantial level of export credit is notable,
amounting to more than all the G7 countries
combined.?®' Many of its programs go beyond the
standards set by the OECD’s Arrangement

on Officially Supported Export Credits.”

Available to exporters through Export Development
Canada (EDC). Adheres to OECD Arrangement
on Officially Supported Export Credits; not
considered a subsidy under trade law.

Almost universally used; standard feature
of 2009 stimulus packages. Typically target
capital expenditures or investment, supporting
R&D or infrastructure development.

Widespread use as measure to overcome financing
barriers (e.g., high perceived risk by investors, high
up-front capital costs relative to 0&M, etc.). China

is the heaviest user of this tool. The U.S. Commerce
Department imposed customs tariffs on Chinese
imports of solar cells in response to subsidies

in May 20I2. Final determination on the tariffs

is expected to be made in October 2012.2%2

Widely used as a tool to drive innovation and create
domestic sectoral capacity.

In place in over 60 countries as of early 20II,
including I5 middle-income countries (e.g., South
Africa, Malaysia) and I3 lower-income countries
(e.g., India, China).?%3 The only OECD countries
without a FIT program in 20Il included Belgium,
Netherlands, New Zealand, Norway, and Sweden.

competitors that may not be subject to the same controls/signals.
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SUMMARY OF LOW-CARBON PREPAREDNESS FOR TRADE

* Solid trading position with ten largest  Declining low-carbon technology exports
international markets for low-carbon goods o Negative trade halance for climate-friendly
* Prominence of OECD countries in global commodity groups
low-carbon markets (fewer barrierstoentry Current exports skewed toward energy-
for Canadian firms relative to non OECD who intensive industries and products
stillimpose substantial trade barriers for
LCGS)?*

Governance shapes a nation’s response to and management of the global transition to a low-carbon
economy (see for definitions). A transformative shift in policy direction and objectives — such as
that required for countries to prosper in a low-carbon transition — requires vision and leadership above
all else.?®> Without exception, political leadership was necessary to propose, endorse, and embed the

low-carbon growth plans where they exist.

WHAT IS “GOOD” LOW-CARBON GOVERNANCE?

Governance “determines who has power, who makes decisions, how other players make their voice heard and how account is rendered.” 2%
Governance looks beyond government as a single actor; in fact, it includes a wide range of involvement from governments, civil society,

different sectors and business communities.
Much like traditional notions of good governance, principles of “good’ low-carbon governance include the following:?%

/I Leadership and vision
Il Legitimacy

/I Fairness

/I Accountability

/| Performance
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Coordination among institutions at similar levels of organization and across jurisdictional levels is key.
Mechanisms that facilitate engagement, co-operation, joint learning and information sharing all play a
role.?®® Canada’s federalist context combined with the need to integrate low-carbon growth across a number

of policy areas makes a focus on governance solutions all the more important.

Canadian federalism presents unique governance challenges. The federal government has regulatory control
of interprovincial trade and international trade and commerce; other areas offer decentralization and
delegation of authority to provinces, as with energy and natural resources. Yet other areas, such as the
environment, are a shared responsibility. Divisions of power make tackling far-reaching policy issues a

challenge in practice. Current structures governing energy and innovation are good illustrations of this.

Regulatory complexity and the cross-border nature of energy complicate achieving clean energy goals.
The energy sector involves numerous actors and regulators. Canada’s power industry encompasses Crown
corporations in some provinces, privately held utilities or both private and Crown corporations in others.?®
Several provinces also include independent regulatory boards that set electricity rates and arms-length
agencies that undertake long-term planning (e.g., Ontario Power Authority). The National Energy Board,
as an arms-length federal agency, regulates international and interprovincial aspects of the oil, gas and
electric utility industries. The nuclear sector is under federal government regulation through the Nuclear
Safety Commission. Environmental regulation around energy-related developments is also a mixed-

jurisdictional issue.

Previous NRT reports have discussed Canada’s governance performance in the low-carbon transition.
Key conclusions related to weaknesses in Canada’s policy signals: a lack of a low-carbon growth frame-
work; presence of medium-term GHG target but no systems to independently monitor and report on
performance; and absence of a unified, national carbon price. What follows is a discussion focused on

leadership and coordination.

Specifically, in assessing Canada’s low-carbon preparedness relating to governance, we looked at (1) oppor-
tunities and constraints to enhance leadership to set a low-carbon vision for Canada and follow through

with it and (2) the extent to which existing mechanisms facilitate coordination on low-carbon issues.
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Canada as a whole does not have a coherent climate change strategy or a low-carbon growth plan. The
failure to bridge regional interests and perspectives over the past 20 years has resulted in a patchwork of
uncoordinated federal and provincial actions to reduce emissions. Yet federations such as the European
Union and Australia have managed to develop low-carbon growth plans. Federalism aside, four key factors
are apparent for Canada: disparity in regional economic interests, a commitment to equitable burden sharing,

a lack of capacity in institutional intergovernmental relations, and a polarized or unengaged public.

Regional economic interests vary widely and differences in aspirations and identities surface immediately
in discussions on energy and GHG emissions. Earlier in this appendix we covered regional differences in
emissions sources and profiles. Provincial jurisdiction over natural resources can further distance regional
interests in cases where gains in resource developments in one region are perceived to damage another. The
public dispute in April 2012 between the Premiers of Ontario and Alberta over the net costs to Ontario’s
manufacturing economy of Alberta’s oil sands development is an example of this.?*° A renewed interest in
a collaborative, pan-Canadian energy strategy represents an opportunity to orient the discussions toward

low-carbon growth.?!

Burden sharing — internationally and domestically — while noble in intent is difficult to implement.
Canada has a principle that “no region shall bear an undue portion of the cost” to meet emissions targets;*
however, consensus on how this ought to play out in reality remains elusive. Canada’s regional diversity in
energy sources is a strength. This same diversity — and the diversity in the carbon intensity of the energy
sources — has made discussion of climate policy and mitigation difficult due to significant variation in

compliance costs across regions.

Intergovernmental fora for discussion of environmental issues are lacking in stability and, in some cases,
legitimacy. Gaps in stability refer for example to “participation rules that exclude first ministers” and processes
that are “subject to change or dissolution in the face of changes in the underlying interests of actors.”?*
Gaps in legitimacy become evident when actors choose to “opt out and work outside or around” existing
processes.?** The National Climate Change Process (1998-2002) is a case in point: Ontario, Alberta, and Québec
opted out of several ministerial decisions and remained unengaged at high political levels.?*> Governance
scholars have argued for the need to augment existing intergovernmental mechanisms in both substance
and process to effectively address environmental issues.??® Although legitimate and effective institutions
for intergovernmental relations exist, they have not been used well to make progress in tackling climate
change. Institutions such as the Canadian Council of Ministers of the Environment, Canadian Council of
Energy Ministers, First Ministers Meetings, and the Council of the Federation are mechanisms that could
be improved to facilitate Canada’s low-carbon transition in a way that strengthens participation rules to

guarantee appropriate decision making.
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Public opinion can help or hinder federal government leadership and, in the case of climate policy and
low-carbon growth, public and media interest have inhibited political endorsement to date. Framing of
low-carbon growth hasn’t aligned with Canada’s core interests. Due to Canada’s fossil-fuel energy wealth,
a low-carbon growth plan is not seen to promote either energy security or economic expansion, but rather
is seen to solely promote environmental merits. Public engagement on regional and national challenges
and opportunities in the global low-carbon transition is a key step to steer the country toward a low-carbon

economy (see ).

PUBLIC ENGAGEMENT AND LOW-CARBON GROWTH PLANNING

Public engagement is central to low-carbon growth planning. Communication, information sharing, education, and awareness building
are all essential. These activities legitimize low-carbon goals by clarifying what the low-carbon economy is and what its long-term benefits
could be. Engagement can occur at various levels and to various degrees, depending on the context and need. For example, South Korea’s
green growth plan included public hearings to present the strategy to the public.?%” Australia’s low-carbon planning included significant
government engagement and collaboration with the business community.? Although not always front and centre in low-carbon growth
plans, citizen engagement also occurs and can be important to foster societal buy-in. China’s climate change plan includes provisions

to create campaigns for public literacy on climate change and promote sustainable actions such as reducing energy use.?%®

In Canada, several engagement mechanisms exist to bring together governments, the private sector, and academia. They include the
Canadian Council for Public Private Partnerships,®®® multi-sectoral research partnerships such as that managed by the Social Sciences
and Humanities Research Council for innovation solutions,®® national consultations to build consensus on a future strategy such as
for the digital economy strategy,’®? and ministerial conferences that can include relevant ministers, government officials, private
sector executives, municipal authorities, NGOs, and academia. Their use in facilitating dialogues on Canada’s transition to a low-carbon
economy remains limited. The most promising development on this front has been the engagement of both private and not-for-profit

sectors in Canada’s energy ministers’ dialogue on an energy strategy for the country.

Baseline deficiencies in coordination within and across government departments and ministries could stifle
progress on low-carbon planning in the future. Horizontal coordination requires agreeing on objectives and
co-operation mechanisms to achieve them. At a high level, departments (or even groups within a department)
may be tasked with mandates that require the resolution of conflicting interests. In the absence of a “whole-
of-government” sense of purpose, departments may ultimately work at cross-purposes. More commonly,
“silos” exist within both federal and provincial government departments. Absent the appropriate tools to
break down silos, effective communication and information sharing does not occur. This leads to inefficiencies
at best and counter-productive efforts at worst. Perverse outcomes such as these are in most cases uninten-

tional, resulting from a lack of clear leadership.
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The market implications of gaps in leadership and coordination are significant. Simply put, key sectors of
the Canadian economy lack the policy certainty or support to prioritize low-carbon investments. Instead,
investors, firms, and households may postpone investment decisions or choose conventional options with

known payoffs.

SUMMARY OF LOW-CARBON PREPAREDNESS RELATING TO GOVERNANCE

* Experience navigating federalism * Lackof policy certainty

to make difficult decisions on other files « Absence of low-carbon growth framework

 Potential forincreased

. . * Absence of intergovernmental framework
regional co-operation

to address the challenge

» Shared jurisdiction over relevant
policy areas

* Regional disparities

The global low-carbon transition will, in the long term, influence the structure of the Canadian economy,
irrespective of domestic policy. Industries will evolve — some will shrink, some may disappear, others
will grow — and new and innovative industries will emerge. Such shifts will undoubtedly alter Canadian
livelihoods. The extent to which and pace at which the economy and its component industries reduce their
carbon intensity, and Canada’s capacity to reap the economic rewards of aiding global low-carbon efforts,

influence and are influenced by the country’s collective human capital.

The labour market and skills category appears to have the least quantitative rigour across existing low-
carbon growth plans. Our exploration covers the implications of the low-carbon transition on the workforce

and the preparedness of the workforce to meet its labour needs.

A low-carbon economy will require talents and skills to match. Current general unemployment rates and
labour shortages in particular sectors hint at a potential mismatch in Canada’s labour market and are a
reminder of the importance of preventing such structural imbalance. Labour shortages are especially
prevalent in resource sectors, and while much of this attention has been focused on the acute labour

shortages in the oil sands industry, labour shortage concerns exist broadly across the energy and resource
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sectors. LCGS industries, a large proportion of which involve energy production, transfer, and end use, are
also exposed to this risk, and representatives of many LCGS industries have either experienced or anticipate

a lack of skilled labour to meet their needs.3%

So what constitutes the low-carbon economy, what industries comprise it, how many people does it employ,
and what skills will be required in the future? Insufficient information exists to confidently answer these
questions for a “green” economy,*°* let alone the low-carbon subset. ECO Canada, Canada’s sector council%
for the environmental sector, attempted to define and quantify the size of the Canada’s green economy in
2010. Their study results suggests it is sizeable and rapidly growing: an environmental sector comprising
682,000 workers in 2010, up from 530,000 in 2007, and a further two million Canadians spending a

portion of their time at work on environmental activities.3

Two factors make it difficult to estimate employment within the low-carbon economy. One relates to
definitions. The continued lack of a consistent definition of the scope or breadth of what constitutes “low-
carbon” not only prevents accurate estimates of the size of Canada’s low-carbon economy but also prevents
comparisons among jurisdictions. The second is a lack of attention to baselines. The tendency exists for
studies to focus more heavily on anticipated future employment, notably relating to investment decisions,

than on statistics on present employment.

When it comes to labour markets and skills, we assessed low-carbon preparedness on four fronts: (1) current
employment in LCGS sectors relative to employment overall, (2) potential growth in low-carbon employment,

(3) availability of policy-relevant information, and (4) ability to retain and attract low-carbon workers.

The magnitude of current employment in the low-carbon economy is small. Analysis commissioned by
the NRT to estimate the present and potential future size of Canada’s low-carbon economy estimates that
Canada’s LCGS sectors directly employed in the range of 42,000% people in 2010.3°¢ This estimate is largely
consistent with analysis for Canadian cleantech industries, which places direct employment in cleantech at
44,000 and employment in LCGS sectors exclusively at close to 33,000.3%” Industry association studies and
government reports further support these macro-estimates and suggest that they may be on the conservative
side."* Inclusion of indirect and induced employment effects more than doubles the contribution of the LCGS

sector to employment (96,000).3%8



FRAMING THE FUTURE: EMBRACING THE LOW-CARBON ECONOMY // 159

Expected growth in LCGS sectors has several implications for Canada’s labour markets. The years 2008 to
2010 saw exceptional annual employment growth rates in cleantech at 11%.3%° The energy sector as a whole
is expected to undergo substantial transformation as it reduces its carbon intensity. At present, it alone
employs 300,000 people, 100,000 of which are employed in the electricity sector.®® As Canada’s economy
reduces its carbon intensity, the electricity sector will see substantial employment growth. Expert opinion
and trend analysis indicates “emerging/very high growth” expectations for LCGS sectors.*! NRT’s own
analysis suggests that even in the absence of additional policy, direct employment in LCGS sectors will grow
to 91,000 FTE by 2050 with total employment (including indirect and induced) reaching 224,000 FTE.

Canada has the talent and educational capacity to embark on its low-carbon transition; however, the
country continues to lack the information necessary to effectively plan for future low-carbon labour
demand. In the NRT’s report Measuring Up, we acknowledged that “data collection for education and skills
development needs to be improved.”®'? The same conclusion still holds true. The establishment of ECO
Canada as an environmental sector council was a necessary start, and that organization is working to fill
knowledge gaps on Canada’s green labour markets. A federal working group on green jobs established by

Human Resources and Skills Development Canada (HRSDC) is also a promising early step.

The fact remains that Canada’s statistical capacity is not attuned to tracking growth in the low-carbon
economy. Other nations also face this problem, but leaders are moving quickly to build the required

knowledge foundation.®"

Some major industrialized nations as well as many emerging economies have moved forward with aggressive
low-carbon growth plans, many of which are linked to job creation and skills strategies. As noted by the
International Labour Organization (ILO) in its foundational report comparing 21 such strategies, coherence

between these two priorities is the key to a successful low-carbon transition.3*

SUMMARY OF LOW-CARBON PREPAREDNESS
FOR LABOUR MARKET AND SKILLS

 Capacity of educational institutions ¢ Lack of reliable data on necessary skills

dlab ket need
 Emerging institutions (e.g., ECO Canada) andlabourmarketneeds
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6.5 STAKEHOLDER ENGAGEMENT

SCOPING SESSION

The NRT held a meeting to gather input on our scope, framing and analytical approach to low-carbon growth

and competitiveness.
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The NRT held one public sector consultation session to gather the input of government representatives with

respect to a low-carbon growth plan for Canada.
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The NRT held nine regional sessions in November and December 2011 to elicit stakeholder input on building

Canada’s low-carbon growth plan. Each session was jointly hosted by a regional partner: Canada West Founda-

tion in Vancouver, Calgary, Saskatoon and Winnipeg; Mowat Centre in Toronto; Ecotech Québec in Longueuil;

and the Atlantic Canada Opportunities Agency in Saint John, Halifax and St. John’s.

Jill Baker
Senior Policy Advisor
NRT

Shawn Burns
President and CEO
Carbon Credit Corp.

John Cuddihy
Senior Policy Advisor
NRT

Roger Gibbins
President and CEO
Canada West Foundation

Sarah Goodman
VP, Business Development and Services
Tides Canada

Doug Hooper
CEO and Chair
Canadian Bioenergy Corporation

Roslyn Kunin
Director of BC Office
Canada West Foundation

Tim McEwan
President & CEO
Initiatives Prince George

Richard Prokopanko

NRT Member

Director, Government Relations
Rio Tinto Alcan Inc

Juergen Puetter
President
Blue Fuel Energy Corp.

John Richards
School of Public Policy
Simon Fraser University

Shawna Stirrett
Researcher
Canada West Foundation

Erich Schwartz
Founder and President
Greenomics

Ian Thomson
Partner
Waterfall Advisors Group

Jasper Van de Wetering
Environmental Manager
Lehigh Cement

Jill Baker
Senior Policy Advisor
NRT

Rosemary Boulton
President
Kitimat LNG, Inc.

James Brown
Principal
Kaya Strategies

David Butler
Executive Director
Canadian Clean Power Coalition

Jenna Dunlop
Manager, Climate Change Policy
CAPP



John Cuddihy
Senior Policy Advisor
NRT

Gerry Ertel
Manager
Shell

Roger Gibbins
President and CEO
Canada West Foundation

Ken Hogg

Founder and President, Renewable Energy Solutions
Board Member of Alberta Energy Efficiency Alliance
(AEEA)

Peter Howard
President and CEO
Canadian Energy Research Institute

Eddy Isaacs
CEO
Alberta Innovate

Brenda Kenny
President
Canadian Energy Pipeline Association

Robert Kulhawy

NRT Member

Executive Chairman

Calco Environmental Group

Lois Macklin
Manager of Foresight Research
Alberta Innovates

Peter May
Director, Sustainability
Viterra

Susan Nelson
Owner
OpenGate Properties Inc

Robert Page

TransAlta Professor of Environmental
Management & Sustainability
University of Calgary

Shaun Peddie
Director, Policy
Western Economic Diversification Canada

FRAMING THE FUTURE: EMBRACING THE LOW-CARBON ECONOMY

Justin Pockar
Energy & Environment Coordinator
City of Calgary

Shawna Stirrett
Researcher
Canada West Foundation

Craig Abernethy
Analyst
Enterprise Saskatchewan

Jill Baker
Senior Policy Advisor
NRT

David Bishop
NRT Member
Partner
McKercher LLP

Dick Carter
CEO
Crown Investments Corporation of Saskatchewan

John Cuddihy
Senior Policy Advisor
NRT

Brett Gartner
Research Fellow
Canada West Foundation

Roger Gibbins
President and CEO
Canada West Foundation

Laura Hartney
Future Growth Manager
City of Saskatoon

Lisette Mascarenhas
Senior Innovation Officer
SpringBoard West Innovations

Shawna Stirrett
Researcher
Canada West Foundation

163



164 // NATIONAL ROUND TABLE ON THE ENVIRONMENT AND THE ECONOMY

Jill Baker
Senior Policy Advisor
NRT

James Battershill
Policy Analyst
Keystone Agricultural Producers

Norm Blagden
Vice President
Manitoba Trucking Association

Tom Carson
Director, Manitoba
Canada West Foundation

John Cuddihy
Senior Policy Advisor
NRT

John Fjeldsted
Executive Director
Manitoba Environmental Industries Association

Philip Gass
Project Manager
International Institute for Sustainable Development (IISD)

Roger Gibbins
President and CEO
Canada West Foundation

Thomas Henley

Executive Director

Natural Resources Institute

Associate Head and Associate Professor
University of Manitoba

Roslyn Kunin
Director, BC
Canada West Foundation

Ed Lohrenz
Vice President, Geo-Xergy Systems
Manitoba Geothermal Energy Alliance

Dan MacLean
President and CEO
Tundra Oil and Gas Partnership

Jane McDonald
Energy Policy Advisor
Manitoba Hydro

David McLaughlin
President and CEO
NRT

Dan MclInnis
Assistant Deputy Minister
Government of Manitoba

Shawna Stirrett
Researcher
Canada West Foundation

Ed Agar
Vice President Sales
Zerofootprint

Zel Artan
Eco-Social Entrepreneur

Jill Baker
Senior Policy Advisor
NRT

Michael Brooks
Chief Executive Director
Real Property Association of Canada

John Cuddihy
Senior Policy Advisor
NRT

Svetlana Diomin
Vice President, Policy
Ontario Energy Association

Denise Edwards
Administrative Assistant
NRT

Ken Elsey
President and Chief Executive Officer
Canadian Energy Efficiency Alliance

Garry Fortune
Consultant
Stanton Farms



Duncan Hawthorne
President and Chief Executive Officer
Bruce Power

Sasha Jacob
President and Chief Executive Officer
Jacob Securities

Robert Joshi
Executive Researcher in Residence, Energy Policy
Mowat Centre for Policy Innovation

Isabella Kavafian
Research Associate
NRT

Tatiana Khanberg
Energy Policy Associate
Mowat Centre for Policy Innovation

Robert Lyng
Acting Vice President, Sustainable Development
Ontario Power Generation

Dan McCarthy

Director, Energy, Environment Policy and Coordination,

Senior Vice-President, Policy and Programs
Atlantic Canada Opportunities Agency

David McLaughlin
President and CEO
NRT

Matthew Mendelsohn
Director
Mowat Centre for Policy Innovation

James Milway
Executive Director
Institute on Competitiveness and Prosperity

Tom Rand

Advisor, Cleantech and Physical Science
Venture Group

MARS

Nigel Taylor

Principal

Novus Environmental

Member, Environmental Committee
Ontario Energy Association

FRAMING THE FUTURE: EMBRACING THE LOW-CARBON ECONOMY

Martin Vroegh
Corporate Environment Manager
St. Marys Cement Inc.

Christine Wickett
Founder/Director
Seeds of Tomorrow

Ecotech Québec — 3e Forum des technologies propres

The NRT’s Director of Policy and Research, René Drolet,

165

moderated a panel session at Ecotech Québec’s 3e Forum des

technologies propres entitled “The low-carbon economy or

how to adapt to the winds of climate change.”
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