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EXECUTIVE SUMMARY
To begin this work and start a much-needed conversation, the 
Pacific Institute for Climate Solutions, Smart Prosperity Institute, 
and the Transition Accelerator conducted a study of Canada’s 
prospects in a net-zero world. 

The first step of such an analysis is to think strategically about 
Canada’s position in a net-zero world. As a small open economy, 
Canada cannot break into mature global value chains that 
are dominated by big players without a clear strategy. Even in 
emerging industries, it is very difficult to maintain competitive 
advantages in technologies and products that are candidates 
for mass global production. This means Canada must identify 
niche areas where resource and innovation advantages promise 
a secure long-term position.

It is critical to use such a strategic lens to position Canada in the 
2050 energy system. The future energy system is clouded with 
uncertainties, but we can identify the technological solutions that 
we know the world needs, those that are probably needed, and 
those whose role is unknown. To better understand Canada’s 
potential to provide these solutions, we conducted a survey of 

A global energy transition is now underway. This transition 
is disrupting and reconfiguring all the world’s major industries. 
Automotive, aerospace, oil and gas, mining, forestry, steel, 
agriculture, and chemicals – all essential pillars of the Canadian 
economy – will be transformed over the coming decades.

Canada’s major trading partners and competitors are working to 
position themselves in the decarbonized industries of the future. 
The US, the UK, the European Union, South Korea, Australia, 
China, and Indonesia have all adopted green industrial strategies 
to support these efforts. 

While Canada has made important investments in the energy 
transition, these usually take the form of one-off grants to 
individual firms which are already commercial and often 
headquartered overseas. Investments are spread thin and 
fragmented across departments and provinces. Canada 
needs to take a more strategic approach to identifying 
opportunities and building industry before global value 
chains form.
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However, even if one disagrees with our list, the key contribution 
of our report is to lay out a four-part framework for a strategic 
approach:

1. Establish a vision of Canada’s place in a net-zero world.
2. Identify priority opportunities and build a focused portfolio 

of investments across sectors.
3. Develop sectoral strategies or roadmaps that show the 

sequences and policies that are needed to drive industrial 
development and transition.

4. Collaborate across public-private and federal-provincial 
lines to advance the roadmaps – evaluating, realigning, and 
adjusting as we go. 

Perhaps the most transformative shift we propose is to 
deliberately move from a risk averse approach to one that is 
experimental and strategic. A risk averse strategy will lead us to 
miss significant opportunities and fail to position Canada in a 
rapidly forming net-zero world. 

Industry and government need to work together to develop a 
portfolio of priority initiatives that establish Canada’s position 
in the net-zero future. These initiatives must be treated as 
experiments and all stakeholders must be willing to learn and 
change course as the global situation evolves. 

Canada’s Future in a Net-Zero World concludes by outlining 
principles for how Canada might forge ambitious public-private 
collaborations to build an industrial strategy. First, there is 
an important role for the government, which must articulate 
public purpose, set targets, leverage finance, and coordinate 
a whole supply-chain approach. Second, governments must 
work with intermediary organizations that can facilitate good 
information flows between governments and businesses, 
provide independent expertise, and serve as sites of learning 
and experimentation.

By implementing the framework in this report – developing and 
implementing roadmaps for the high-opportunity sectors that 
have been identified and forging ahead with an approach that 
is strategic and experimental – Canada can build a prosperous, 
inclusive, and sustainable position in the net-zero future. 

leading experts in climate solutions and market analysis. The 
survey asked participants to distribute “chips” across sectors and 
technologies. This produced a ranking of technological areas 
in which Canada could seek to develop a secure competitive 
advantage. We then subjected each technology on the list to a 
rigorous analysis according to five criteria:

• The role of the technology in the net-zero economy
• The maturity of the technology
• National resources that deliver long-term competitive 

advantages
• Innovation capacities that build upstream intellectual 

property and specialized skills
• Market potential in North American and global markets

Each opportunity was assessed on these criteria, and then 
subjected to an uncertainty analysis which accounted for 
geopolitical and economic factors. 

In Canada’s Future in a Net-Zero World, we identify and outline 
seven priority opportunity areas: 

• Medium and heavy-duty vehicles 
• Alternative proteins 
• Green aluminum 
• Mass timber 
• Green chemistry 
• Hydrogen
• Carbon capture, utilization, and storage 

To fully realize these opportunities, three enabling systems are 
needed: a clean grid, net-zero minerals, and robust carbon 
accounting. 

The strength of this list is that it focuses on Canada’s existing 
strengths in automotive manufacturing and parts, agriculture, 
heavy industry, forestry, chemicals, and fuels. In addition, this 
report identifies specific ways in which these industries can be 
transformed from current emissions profiles to green industry 
while building Canada’s economy. 

Importantly, we acknowledge that this list could be wrong. 
We may have downplayed good opportunities or ignored key 
uncertainties. Furthermore, the global and domestic situation is 
dynamic, as doors close and new opportunities emerge. 
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A global transition to a net-zero, low-
carbon economy is underway. To ensure 
future prosperity, Canada needs to 
strategically position its industries in the 
value chains of the 21st century green 
economy.1,2 

The federal government and many provinces have taken 
significant actions to accelerate Canada’s industrial transition to a 
low-carbon economy. However, Canada’s major trading partners 
and competitors are taking a more strategic approach to position 
their economies in rapidly-forming low carbon value chains. The 
EU has advanced battery and hydrogen strategies.3 Australia has 
a technology roadmap that aims to gain market share in many of 
the same net-zero industries that Canada operates in.4 The UK 
has deployed industrial strategies for offshore wind and carbon 
capture and storage.5 History has shown that industrial policy 

can be a powerful tool for transforming industries and initiating 
climate action,6 providing a way for Canada to keep up and 
secure its place in a global net-zero, low-carbon economy.

Canada must act quickly and decisively to promote clean 
competitiveness for two key reasons. First, a more coordinated 
approach will enable Canada to seize emerging economic 
opportunities for Canadian industry before global value chains 
form. Second, direct government support for clean growth will 
help meet climate mitigation objectives. Canada has a strong 
pricing system in the Pan-Canadian Framework, but it needs to 
be complemented by efforts to build green industry. If Canada 
simply raises prices on fossil fuels without lowering the costs of 
alternatives and building up industrial partners that are politically 
invested in the transition, there is a considerable risk that rising 
prices will produce a political backlash that undermines support 
for the carbon price.7 A more strategic approach to industrial 
transition can reduce the costs of new technologies, create 
jobs for transitioning workers, and build political support for 
decarbonization over the long run. 

1. INTRODUCTION
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transitioning its large emissions-intensive industries into green 
ones. Fifth, we sought to determine areas where Canada could 
build an innovation advantage on its highly educated workforce 
and strong knowledge base. Canada cannot rely on extraction 
alone and must seek to secure higher-value-added sectors.

Applying these criteria, we identify seven priority opportunity 
areas: medium and heavy-duty vehicles, alternative proteins, 
aluminum, mass timber, green chemistry, hydrogen, and carbon 
capture, utilization, and storage (CCUS). This list could be wrong. 
We may have missed opportunities with significant potential for 
Canada. More importantly, the global and domestic context 
continues to evolve as doors close and new opportunities 
emerge. Even if one disagrees with our choices, this report offers 
a four-part framework for strategic action that emphasizes the 
importance of identifying the top opportunities for Canada in the 
global transition and translating these into roadmaps.

Perhaps the biggest shift we propose is to move away from the 
current approach to clean growth, which is too risk averse and 
invests primarily in sure bets. Instead, Canada needs an industrial 
strategy that systematically looks to the future, embracing 
experimentation and risk diversification.

The rest of the report is structured as follows. Section 2 of this 
report summarizes Canada’s current initiatives and lays out the 
background that motivates our approach. Section 3 presents 
a framework for identifying potential areas of future clean 
competitiveness, thinking through the challenges facing a small, 
open economy that is dependent on the resource sector. Section 
4 presents seven priority opportunities that emerge from an 
initial application of our framework. Section 5 provides guidance 
on how roadmaps should be developed and placed within a 
green industrial strategy in order to cultivate these opportunities. 

Existing funds and policies correctly aim to support clean 
competitiveness, but: 

• investments are spread thin across sectors; 
• investments are often one-off grants to individual firms; and
• priorities are fragmented across departments, federal and 

provincial governments, and private actors.

In this report, we argue for a strategic approach that:

• focuses on the top economic opportunities;
• creates long-term strategies that integrate multiple policy 

tools; and
• aligns public and private actions by co-developing 

roadmaps in key sectors.

Our approach directly addresses a key recommendation of the 
Expert Panel on Sustainable Finance: “Map Canada’s long-
term path to a low-emission, climate-smart economy, sector by 
sector, with an associated capital plan.”8 To begin this work, we 
conducted a study on limited resources to start a conversation 
about how Canada should develop a strategic approach 
to industrial transition. Our goal was to create a conceptual 
and analytical framework and then ask where Canada’s best 
opportunities lie in the global net-zero economy. 

As a whole, this report aims to catalyze discussion around four key 
questions that cover the why, the what, and the how of Canadian 
green industrial strategy: 

• Why should Canada adopt a more strategic approach to an 
industrial transition to a net-zero economy?

• What strategy should Canada use to position itself in the 
global economy?

• What technologies and sectors offer the best growth 
opportunities for Canada in a global economy transitioning 
towards net-zero emissions? 

• How can Canada implement a green industrial strategy? 
What kind of strategic actions and coordination are required 
to realize those opportunities?

A central premise of this report is that Canada’s economic 
strategy needs to focus on a smart and limited portfolio of clean 
competitiveness opportunities.9 Given a number of apparently 
good opportunities, it is necessary to make difficult choices and 
prioritize. Our approach seeks to overcome this challenge by 
identifying specific sectors and clusters by applying five criteria. 
First, we look at the state of technology and build a vision of the 
net-zero energy system in 2050 (full details on this can be found 
in a companion report10). Second, we emphasize opportunity 
areas that have the potential for export-growth led by Canadian 
firms. Canada needs to bring domestic manufacturers to scale 
so that it can build innovation around globally competitive, 
locally grown industries. Third, our approach tries to privilege 
long-run economic value by identifying areas where Canada can 
capture upstream and high-value-added components of supply 
chains. Fourth, we aim to identify opportunities that leverage 
Canada’s existing strength as a resource economy. Canada can 
only achieve the scale required for global competitiveness by 

Four-part Framework for Strategic Action 

Establish a vision of 
Canada’s place in the 

global green economy of 
the 21st century.

Identify top opportunities 
and build a balanced 

portfolio of priority 
investment areas.

Develop sectoral 
strategies or roadmaps 

that chart the actions 
necessary to drive 

industrial development 
and transition.

Collaborate across 
public-private and federal-
provincial lines to advance 

the strategies. 
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Canada has made a number of important investments in 
sustainable prosperity and industrial transition, but these 
investments have been spread out across opportunity areas and 
have not been coordinated into a clear strategy. Canada can 
build on previous work by adopting a green industrial strategy 
that leverages the country’s strengths and seeks to take up a 
position in the global green economy. 

2.1 Current Initiatives

Canada has taken some steps towards a strategic 
approach to secure its future economic prosperity. For 
example, the federal government convened Economic Strategy 
Tables, which focus on advanced manufacturing, agri-food, 
clean technology, digital industries, health/biosciences, and 
resources of the future.11 These Economic Strategy Tables were 
subsequently complemented in 2020 with the establishment of 
the Industry Strategy Council, to counter the impact of COVID-19 

and improve Canada’s competitiveness. The Council is based 
on four pillars: 1) becoming a digital and data-driven economy; 
2) becoming the Environmental, Social and Governance (ESG) 
leader in resources, clean energy, and clean technology; 
3) building innovative and high-value manufacturing where 
Canada can lead globally; and 4) leveraging Canada’s agri-food 
advantage to feed the planet.12 

In a set of related initiatives, Canada has promoted a 
sectoral approach to economic strategy in collaboration 
with different stakeholders. Some of the strategic initiatives 
to support emissions reductions and clean growth across 
different sectors include: 

• Small Modular Reactor (SMR) Roadmap, which aims to 
understand SMR’s value, identify key issues around usage, 
potential risks, and challenges, and suggest policies that 
could influence the feasibility of SMRs in Canada13; 

2. CANADA’S STRATEGIC 
LANDSCAPE
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to expedite decarbonization projects with large scale emitters 
and scale-up cleantech.17 The federal government provided 
C$200 million from the Net Zero Accelerator (out of C$420 
million) to Algoma Steel Inc., a flat-rolled steel producer in 
Sault Ste. Marie, Ontario.18 The purpose of this funding is to 
aid transition from the coal requiring basic oxygen furnaces to 
electric arc furnace technology. While this investment will reduce 
emissions, it does not address the carbon intensity of the primary 
material required by electric arc furnaces, which might not result 
in the industry wide emissions reductions that are required to 
support the net-zero transition from ‘hard to abate’ emissions 
industry. The investment leaves Algoma Steel Inc. far behind 
other experiments in low-carbon steel. Without complementary 
actions up and down the steel value chain, the investment may 
end up creating competitiveness problems if it raises Algoma’s 
costs without radically reducing emissions. The Algoma Steel 
Inc. funding is emblematic of the risks that arise in the absence of 
a strategic, whole cluster approach to clean growth strategy. 

Without a strategic approach to clean growth, Canada 
runs the risk of uncoordinated capital spending that not 
only misses industry-wide emissions reductions targets 
but also reduces competitiveness in the low-carbon 
economic transition. As a small economy, Canada must 
concentrate its scarce resources so that it can develop clusters of 
expertise and bring industries to global scale. This is even more 
important in Canada given the need to promote opportunities 
across various regions due to its large geography and small, 
dispersed population.

2.2  A Strategy for Canada

Canada must build a strategy for industrial transition that 
reflects its strengths and position in the global economy. 
In the context of the global economy, Canada is a small, open 
economy. Small means that it cannot directly compete with 
larger countries that have more capital and capacity to scale. 
Open means that Canada is dependent on exports, and that 
lower-cost competitors can and will enter domestic markets.19 

Canada’s future competitiveness will be shaped by 
when and how it moves into the value chains for 21st 
century low-carbon technologies. Canada cannot expect to 
dominate or own these global supply chains so it must play a role 
in their emergence, but other countries are moving quickly. The 
Green Deal for Europe includes strategic initiatives on hydrogen, 
batteries, buildings, agriculture, public transportation, and the 
circular economy. The Bipartisan Infrastructure Law in the US 
devotes US$80 billion to a range of key requirements of the 
energy transition such as Hydrogen, CCUS, electric vehicle 
(EV) procurement/infrastructure, smart grid buildout, net-zero 
mineral supply chains, and clean energy demonstration and 
commercialization.20 South Korea has announced a “green new 
deal” that outlays US$60 billion on domestic hydrogen market, 
green infrastructure, and advanced technological research.21 
Australia has advanced a Technology Investment Roadmap with 
strong initiatives for CCUS, hydrogen, and other low-emissions 

• Hydrogen Strategy, which sets the framework to position 
hydrogen as a key part of Canada’s path to net-zero carbon 
emissions by 2050 and make Canada a global leader in 
hydrogen technologies14; and

• Net-Zero Carbon Concrete Roadmap, which plans to 
provide the Canadian cement and concrete industry with 
the technologies, tools and policies needed to achieve 
net-zero carbon concrete by 2050 and position the industry 
as a competitive global leader in low-carbon cement and 
concrete.15

Taken together, the Economic Strategy Tables and the 
experiments with sectoral roadmaps provide a foundation for 
more action. However, these experiments need to be focused, 
scaled, and integrated into a broader green industrial strategy. 
Furthermore, these approaches can benefit from international 
best practices on green industrial strategy (more on that in 
section 5). 

To be effective, these initiatives must focus on 
developing a portfolio of clean competitiveness 
opportunities for public and private investment. The 
identification of these prospects is part of an economic strategy 
process that leads also to the development of roadmaps for 
policies and investment programs. 

The success of such a strategy will depend on the 
effective deployment of capital. Canada has a wealth of 
funds and financing initiatives that can be aligned to achieve scale 
and focus. At the federal level, the Strategic Innovation Fund, 
the Canadian Infrastructure Bank, the Business Development 
Bank of Canada, Sustainable Development Technology Canada, 
the Industrial Research Assistance Program, the Zero Emissions 
Transit Fund, among others, provide the funding basis of a 
strong innovation ecosystem.16 However, to maximize their 
potential, these funds need to be focused strategically. First 
Nations development funds can play a key role here. Many First 
Nations have made strategic investments in the energy transition 
and other governments should work to support Indigenous 
economic development by orienting their initiatives in support 
of First Nations’ sovereignty and priorities. The Provinces 
also have their own agencies and funds. In BC, for example, 
there is the Innovation Clean Energy Fund, the Advanced 
Research Commercialization Fund, the Center for Clean Energy 
Innovation, and InBC Investment Corp. These provincial 
initiatives also need to be focused and aligned with Federal 
funds. Private finance is also setting up more environmental, 
social, and governance funding mechanisms. Nonetheless, 
our research revealed that the main problem was not available 
capital, but rather the inability to form deals due to lack of 
options and a lack of policy certainty. Without clear investment 
roadmaps, finance will continue to sit on the sidelines. 

Previous investments from existing government funds have 
tended to be one-off commitments and divorced from a public 
strategy that would allow other elements of the relevant clusters 
and finance to crowd in. For example, Budget 2021 announced 
that the government will be investing C$8 billion over five years 
through the Strategic Innovation Fund’s Net Zero Accelerator 
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existing industries and what Breznitz calls second-generation 
innovation. Second-generation innovation focuses on 
continuously improving existing product and technological 
expertise.32 An economic strategy based on second-generation 
innovation, along metrics of reliability and sustainability, would 
help future-proof legacy industries by building on and innovating 
existing industrial capacity.

However, Canada cannot create an innovative industrial transition 
with one-off investments. It must build clusters of excellence that 
bring together firms, universities, and governments into creative 
spaces. These clusters must bring together supply-push with 
demand-pull policies to accelerate change.33

Canadian economic strategy and policy should better 
encourage our domestic market to be a ‘pull’ on the 
development of nascent cleantech sectors, with policy 
designed to stimulate demand. At the same time, Canada 
must compensate for our smaller pool of investment capital by 
using public investment more effectively to ‘push’ cleantech 
development towards desired directions. The Canadian state 
must wield public capital in a way that better crowds-in and 
risks-shares with private capital with the objective of a sector-by-
sector transition to net-zero. 

Public research and development (R&D) expenditures 
function as a critical push factor to developing nascent 
enabling technologies. Canada should look to bolster the 
relevant research capacity in sectors that have been identified 
as priorities for the transition to a net-zero economy. This needs 
to be matched by private R&D, which is currently often weak. 
For instance, Canada has the highest rate of public agricultural 
R&D spending among the three largest agricultural exporters 
(including the Netherlands) but lags considerably in business 
expenditures on R&D.34,35 The effectiveness of economic policy – 
in agriculture and industry – depends in part on better synergies 
between the private and public sectors to achieve a common 
agenda. 

Proactive government leadership is needed. Propelling 
industry into the future will require a coordinated effort by 
business and government to ensure the necessary investments, 
not just in R&D. Government leadership should aim to establish 
a shared understanding of sectoral priorities, including in terms 
of goods and services, that will contribute to a net-zero global 
economy. Partnerships are necessary to provide and enable 
access to resources necessary for the development of those 
goods and services. This is increasingly being recognized by 
business leaders and others in Canada.36

History has demonstrated the importance of all these points. 
Governments, in Canada and elsewhere, have been crucial in the 
invention, improvement, and diffusion of many of the key general 
use technologies required by our current economy.37 This is 
particularly true for transformative technologies that catalyze 
broad structural change. Technologies such as electrification, 
computers, the internet, and renewable energy have all involved 
a significant public sector role in their creation and uptake. Now, 
this role needs to be more strategic than ever before. 

technology.22 Canada must move quickly before global value 
chains in these crucial areas scale to be beyond reach. 

Canada’s economy is export driven, so its economic 
strategy should encourage sectors that will have a 
competitive advantage in the production of goods for 
the global market in a low-carbon world. A greater pool of 
dedicated investment finance, as well as an initial niche domestic 
market more open to cleantech procurement, will not only help 
cleantech firms grow but also help keep these industries in 
Canada as they scale up.

With this backdrop, our approach begins by looking at the 
global state of technology. Full details on this can be found in 
a background paper.23 We also build on recent reports that 
grapple with Canada’s uncertainty about which technologies 
will provide emissions reductions.24 However, our approach 
is distinct from these earlier efforts because we foreground 
Canada’s position as a small, open economy in a rapidly 
transitioning world. An economic strategy also needs to assess 
which technologies will be produced here in Canada, and which 
will be imported. To do that we need to evaluate Canada’s 
strengths and weaknesses.

Canada has core competitive advantages in clean energy 
and natural resources, a strong business environment, and an 
educated labour force, all of which have contributed to its high 
degree of global competitiveness.25 Canada has a large clean 
energy supply with 81% of electricity generated from non-
emitting sources.26 It also has the 3rd largest endowment of natural 
resources in the world behind China and Saudi Arabia.27 The 
business environment is buoyed by Canada’s macroeconomic 
stability, ease in starting a business, rule of law, obtaining credit, 
and the ability to resolve insolvencies.28 Moreover, Canada’s 
quality education system and merit-based immigration system 
ensures that the country is able to attract top talent.29 

To secure its position, Canada must first transform its historic 
strength in heavy-emitting resource industry into green 
industries while building up new sectors and opportunities. 
While Canada’s economy is primarily dominated by services, 
a significant footprint of GDP is still held by legacy natural 
resources industry, with energy, mining, and forestry comprising 
16.9% of GDP in 2019.30 Expertise in oil and gas, mining, 
forestry, and chemicals can all be harnessed to turn Canada into 
a leader in the 21st century global green economy.

To do industrial transition well, Canada cannot simply 
rely on traditional extraction to drive the generation of 
value-added activities. Innovation must be built into and 
around traditional industries. Industrial transition requires a 
different model of innovation than the one that currently captures 
the public imagination. As Dan Breznitz has argued, discussions 
of innovation are often framed in terms of replicating the Silicon 
Valley experience.31 This suggests an emphasis on developing 
new, disruptive technologies that create entirely new markets, 
scaling exponentially. However, this approach has limitations 
and cannot be pursued by everyone, everywhere. Instead, other 
forms of innovation are important, such as the transformation of 
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3.1  A Global Strategy: Opportunities 
for a Small Open Economy

Canada must act now to secure its place in emerging global 
value chains. However, early entrants can end up taking the first 
loss or gaining early positions only to be overtaken by bigger 
latecomers. Canada needs to identify areas where it has long-
term competitive advantages or where industry will be relatively 
protected from intense global competition. 

The open economy strategy presented in Table 1 offers one 
possible starting point for thinking about what these areas might 
be.39 It explores two features of economic opportunity areas. The 
first feature is the level of maturity of the technology in the area, 
which at its simplest can be divided into two groups: emerging 
technologies and mature technologies. Emerging technologies 

How do we identify Canada’s top economic 
opportunities in the global economy of the 21st century? 
To answer this question, we outline an investment strategy and 
our assessment framework. As mentioned in the introduction, 
we do not presume to be providing the final word on these 
questions, but rather seek to start a conversation about what 
a global strategy for Canada looks like, how to conceptualize 
industrial and transition, and how to assess economic 
opportunities.38

3. IDENTIFYING STRATEGIC 
OPPORTUNITIES 

Canada needs to identify areas 
where it has long-term competitive 
advantages or where industry will 
be relatively protected from intense 
global competition.
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are those in the demonstration and early commercialization 
phases. Mature technologies have complex global value chains 
in place and are entering the diffusion stage.40

The second feature concerns the type of production. First, there 
are technologies and products that can be mass-produced for 
global markets. This means the products can be standardized 
and will see the kind of aggressive cost declines as they scale 
that solar and wind did. Technologies that are amenable to mass 
global production may seem like good investments41; however, 
the potential for major cost reductions is a good proxy for how 
intense global competition is likely to be.42 Second, there are 
products with contextual applications, where lower economies 
of scale are expected due to the nature of the technology or due 
to the need to customize and tailor specific national markets. 
(These are just two simple distinctions that could be made, and 
either aspect could be subdivided further.)

Table 1 presents these economic features as a matrix, and places 
a high burden on mature, mass production technologies. Each 
quadrant contains a key question which is meant to serve as a 
starting place for conceptualizing an open economy strategy, 
rather than a reductive formula. 

From the categorization in Table 1, we can infer: it is much more 
difficult, as a small open economy, to maintain competitive 
advantage in technologies and products that are candidates for 
mass global production. An early lead in emerging technologies 
of this sort may be sustained, provided there are ways to limit 
competitors and protect the innovative advantage. This might, 
for example, be based on a high degree of tacit knowledge 
associated with protectable intellectual property.

Overall, investments in contextual applications might be better 
areas to concentrate for open economies. However, there are 
important lessons here, too. First, in emerging areas where 
uncertainty is high, it makes sense to concentrate on upstream 
capacities such as knowledge and R&D capacity. Those 
upstream capacities will allow the economy to continually draw 
on expertise to adapt to changes in technologies and markets 
downstream. Mature contextual areas, such as CCUS, are good 
places to invest if you have established firms. Otherwise, it may be 
difficult to break into global value chains that are already formed. 

3.2  Building Innovation Clusters

An open economy strategy helps to focus investments. However, 
it does not identify where to focus those investments or present a 
theory of industrial transition. Instead of supporting specific firms 
with one-off grants, Canada should build innovation clusters. 
Building innovation clusters is essential to building competitive 
industries in the global economy. Innovation clusters bring 
together universities, firms, investors, and governments to learn 
together over time. They are the foundation of the transformative 
and second-generation innovation strategies we are arguing 
for. Taking this approach to building green industry would build 
on Canada’s supercluster approach by institutionalizing it and 
increasing its scale. 

In our approach, innovation clusters are centered on a core 
technology or service, where core technologies directly 
contribute to decarbonization. A cluster approach situates a core 
technology in the entire value chain, or vertical: from upstream 
research, resource inputs, and supporting technologies to 
downstream end-uses and markets. 

The structure and boundaries of a cluster are necessarily open, as 
the emergence of new technologies and services will change the 
functional arrangement necessary to deliver a competitive core 
technology. 

Recent decarbonization strategies highlight the importance of 
taking a sectoral approach.43 A sectoral approach divides the 
challenge of decarbonization into emissions sectors. While our 
analysis started with a sectoral approach, when engaged with 
the practical problems of political economy, a more systemic, 
value chain approach becomes necessary. 

Creating new industries and transitioning old ones is 
challenging. A full theory of industrial transition is beyond the 
scope of this report, but it is important to consider the following: 
All the elements of a value chain need to be brought together 
under the right social, political, and economic conditions. 
Usually, value chain coordination is left to the market, but as we 
outline below, the government has a key role to play in ensuring 
these supply chains come online within the timeframe needed to 
serve the public good. 

Table 1: An Open Economy Strategy

Maturity of technology Mass global production Contextual applications

Emerging 
Do you have the expertise or cost advantages to gain 
a secure long-term position?

Can you develop lasting upstream capacities or 
intellectual property (IP) in the technologies needed?

Mature
Can you do better than reap the benefits of 
deploying foreign technology?

Are there competitive existing firms to invest in or 
can you break into global value chains?
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For example, many stakeholders and commentators tout 
the economic value of developing minerals for the net-zero 
supply chain.46 However, those minerals alone do not provide 
a decarbonization technology. Without an end-use or target 
market, these questions cannot be answered definitively. Instead 
of making minerals a cluster, minerals become an upstream 
piece of a cluster focused on medium- and heavy-duty electric 
vehicles. 

This is the advantage of the cluster approach – by centering on 
a core technology with a large end-use market, we bring focus 
to the whole value chain. In this manner, upstream opportunities 
can be supported by the demand-pull necessary to bring the 
value chain online. 

To build industry around a core technology, it is necessary to 
combine push factors and pull factors.44 Supply-push factors 
ensure that necessary inputs and technologies are available 
and affordable. Supply-push policies center on investment 
in research, development, and demonstration (RD&D) but 
could also include subsidies and incentives to bring resource 
inputs to market. Demand-pull factors include procurement, 
tax incentives, and pricing mechanisms that bring the end-use 
market online.45 

We focus our clusters on core technologies because they can 
be the center of market development strategies that bring an 
entire value chain online. This would then allow decisions to be 
made about how to arrange all the complex parts of a net-zero 
economy into a cohesive, strategic framework. 

Figure 1. The cluster for medium and heavy duty vehicles
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The third feature is market potential. This involves estimating 
the export potential of a particular technology, either within the 
North American market or overseas markets. It is also relevant 
to gauge the size of the domestic market, as the ability to serve 
this, and reduce or avoid imports, may also provide considerable 
potential. We sought to identify core technologies and services 
that would have large market potential to provide a pull on 
upstream elements. 

This assessment framework is complemented and informed 
by an expert consensus survey. The goal of this survey was 
to collect quantitative and qualitative information from experts 
in decarbonization. We spoke with individuals from Canadian 
business, finance, government, First Nations, and civil society. 
The goal of these surveys was to distill the knowledge held by 
experts on Canada’s options within the energy transition. 

The quantitative exercise was a “chips study” or resource 
allocation game. Participants were asked to allocate 1000 
chips to technological opportunity areas across sectors such 
as renewable power for export (electric power sector) or 
medium- and heavy-duty vehicles (transportation sector). This 
generated quantitative data which we incorporated into our 
analysis. The experts were also interviewed about their choices, 
and we recorded this qualitative data and followed up on their 
suggestions. 

A key aspect of the analysis is the identification of important 
uncertainties affecting the likely prospects of the various 
technologies. None of criteria in the framework can be assessed 
with complete certainty. It is therefore helpful to make key 
areas of uncertainty clear, particularly as it will be important to 
address these in future roadmap exercises.47 This could involve, 
for example, the development of approaches to stress-testing 
identified technological prospects.

3.3 Assessment Framework

The open economy strategy and cluster approach suggest the 
importance of building industries around globally competitive 
core technologies. However, this leaves a central question 
unanswered: How do we identify the domestic expertise 
and market positions that could provide global 
competitiveness for Canada? 

To do this, we designed an assessment framework for the 
possible technologies spanning multiple sectors, or clusters. This 
first involved assessing the technology and the role it is likely to 
play in a net-zero future, including the maturity of the technology 
and the associated abatement potential.

Then we analyzed three features of the cluster, looking 
upstream to resources and inputs and downstream to markets. 
The first feature is national advantage, which assesses 
whether Canada is likely to develop and maintain long-term 
cost advantages. These may be due to the availability of 
relevant natural resources (natural capital), upstream inputs, or 
specialized labour skills (human capital), particularly in a regional 
and global context.

The second feature is competitive advantage through 
innovation. This criterion assesses whether Canada could 
build an advantage in the production of a technology and 
product, due to the nature of innovation in the relevant 
associated sector or industry. For instance, in sectors such as 
specialized machinery suppliers, leading companies protect 
their technological lead through a combination of specialized 
skills and intellectual property rights (including patents, 
trademarks, and trade secrets). Such an industry may be better 
placed to maintain its lead over foreign competitors than one 
where innovations are primarily embodied in purchased inputs 
from innovative suppliers. Agricultural crop production is one 
example: innovations come in the form of seed, chemicals, and 
equipment, and therefore those upstream stages play a key role 
in generating a secure stream of profits.

We focus our clusters on core 
technologies because they can be 
the center of market development 
strategies that bring an entire  
value chain online.
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4. PROSPECTS FOR 
CANADA
In this report, we highlight seven top cluster opportunities 
and three enabling conditions. Taken together, these seven 
clusters provide a strong portfolio of opportunities that balance 
opportunities for 2030 and 2050, include some low-risk 
and some high-risk, high-reward opportunities, and provide 
opportunities for all regions of Canada. The opportunities 
highlighted in this report also center on potential large markets 
and so can provide the demand-pull necessary to help industries 
upstream of them to achieve competitiveness. They draw on 
Canada’s strengths in resources, while presenting the possibility 
of adding value to those legacy industries. They also take 
advantage of Canada’s entrepreneurial advantage and seek to 
build on its strengths in cleantech. 

The seven top priority cluster opportunities are:

• Manufacturing medium- and heavy-duty zero-emission 
vehicles

• Alternative proteins for the agricultural sector
• Aluminum refining
• Mass structural timber for buildings
• Green chemistry for biofuels, plastics, net-zero fertilizer
• Green and/or blue hydrogen production 
• Carbon capture, utilization, and storage and direct air 

capture

Taken together, these top priorities cover all of Canada’s largest 
economic sectors: primary energy, automotive, agriculture, 
heavy industry, chemicals, and forestry. They combine to form 
the basis of an industrial transition strategy that seeds change 
across the economy. 



CANADA’S FUTURE IN A NET-ZERO WORLD  | 11 

Table 2 presents two kinds of findings. First, we conducted an 
expert survey that asked respondents to allocate 1000 chips 
across opportunity areas. The table reports the median score 
across all respondents. Second, we assessed each opportunity 
according to three criteria: national advantage, innovation 
capacity, and market potential (see Table 2 for details). After 
exploring the seven top clusters and three enabling conditions, 
Table 2 offers eight additional opportunities that are not 
expanded upon in this report but may be interesting areas for 
future consideration.

Top Opportunities in the Energy 
Transition

Medium- and Heavy-Duty Zero-
Emissions Vehicles 

Canada has world-leading firms in electric and fuel-cell school 
buses, municipal vehicles, forklifts, and other important niches, 
as well as upstream capacity in mining and battery metals. 
There is an urgent need to bring this industry to scale and build 
innovation clusters around it. Canada must convert its existing 
light duty automotive sector and its 500,000 jobs to electric 
vehicles manufacturing.48 This is a clear government priority, but 
Canada does not have the domestic manufacturing and design 
firms necessary to expand its global market share in this area. 
Building up the nascent medium- and heavy-duty automotive 
sectors presents a unique opportunity to create an innovative, 
made-in-Canada industry that is globally competitive. 

National Advantage

Globally, approximately 80% of electric vehicles sold are 
produced in their local regions.49 Accordingly, Canada’s 
proximity to the United States is a significant national advantage 
for medium and heavy-duty vehicle manufacturers in Canada. In 
addition, the weight of battery packs for electric vehicles (EVs) 
favours their production as close as possible to their end-markets 
due to the increasing prominence of border carbon adjustments 
or market pressures for sustainability. Transportation of heavy 
objects via long-distance maritime shipping will increasingly 
come with a significant carbon penalty, which will be a 
determining factor in deciding where things are manufactured.

Carbon cost of shipping aside, another factor influencing 
the low carbon cost of vehicle manufacturing in Canada 
is its low emissions electricity grid. If manufacturers locate 
their operations in Canada, industrial firm power can be sourced 
from Canada’s low emissions electricity grid, thereby reducing 
the emissions intensity of battery packs and fuel cells compared 
to other jurisdictions. EVs have a larger manufacturing emissions 
footprint than fossil fuel alternatives because of their battery packs.50 

Canada also extracts and processes key minerals required 
for battery and hydrogen fuel cell manufacturing, and an 
opportunity to develop greater capacity. Therefore, the 
combination of a secure supply of key inputs, a a low emissions 
footprint, and proximity to the US make Canada a promising 
location to produce medium- to heavy-duty Zero-Emissions 
Vehicles (ZEVs) for the North American market.

Manufacturing medium 
and heavy-duty zero-

emission vehicles

Green chemistry for 
biofuels, plastics, net-zero 

fertilizer

Carbon capture, 
utilization, and storage, 

and direct air capture 

Alternative proteins  
for the agricultural  

sector

Green and blue 
hydrogen production

Mass structural timber  
for buildings

Aluminum refining

High Priority Opportunities for Clean Growth
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Table 2: Canada’s Top Opportunities in a Net-Zero World

Top Opportunites Value Proposition
Expert Score  
(Chips Study)

National Advantage (Resources)
Innovation Capacity (Research 
Clusters & Existing Firms)

Market Potential
Overall Rating  
(Priority, Probable, 
Possible)

Medium- and Heavy-Duty 
Zero-Emission Vehicles

Manufacturing vehicles in niche markets such as school buses, 
garbage trucks, and forklifts. Creates market pull for mining, battery 
metals, and hydrogen.

69 3 – Clean grid reduces manufacturing 
emissions footprint.

3 – Leading firms in Medium-duty and 
leading researchers in battery metals.

North Am: Large. Global: Unknown. Priority

Alternative Proteins Process, package, and market plant-based proteins. Develop IP in 
emerging tech for cell culture and fermentation. Creates market pull 
and focus for agriculture.

21.6 3 – Builds on strengths in primary 
agricultural production.

2 – Large ag-science R&D research 
infrastructure; domestic processing 
industry to build on. 

North Am/Global: Large, fast growing global 
market. 

Priority

Aluminum Aluminum refining to utilize intermittent renewables is advanced 
sufficiently (likely 20 years) to enable refining near the source of 
bauxite extraction.

Green Steel, Aluminum, & 
Cement – 58.4

3 – Significant aluminum refining 
footprint.

2 – Existing efforts by firms to develop 
new IP.

North Am: Large. Priority

Mass Timber Structural wood for building, including development of underlying 
technology.

15.4 3 – Extensive forest resources. 3 – World-class wood science research 
capacity, several commercial firms.

North Am: Large. Global: Limited. Priority

Green Chemistry Build upstream innovation capacity in biofuels, plastics, net-zero 
fertilizer, and battery processing.

Biofuels – 42.5; Plastics & 
Chemicals 31.2

3 – Sizable biomass production. 3 – Comparative advantage in green 
chemistry IP & commercialization.

North Am/Global: Large. Priority

Carbon Capture, 
Utilization, and Storage

Integrated services for CCUS project planning and development. 
Develop innovative negative emissions technologies, such as Direct 
Air Capture (DAC). 

30.5 3 – Single point sources for carbon 
capture; downstream advantages in 
storage and blue hydrogen production.

2 – Existing R&D clusters; fossil fuel 
industry support.

North Am: Small, US has expertise. Global: Large. Priority

Hydrogen Green and/or blue hydrogen producing capacity. Development of 
downstream technologies such as hydrogen fuel cells.

80.6 3 – Sizeable hydro-electric capacity, gas 
resources, and CO2 storage. 

3 – Leading fuel cell research cluster.  
1 – Electrolyzers. 

North Am: Large. Global: Small in the long-run 
(favours local production).

Priority

Enabling Conditions

Net-Zero Minerals Mining and processing of critical minerals for net-zero supply chains. 50.7 3 – Key deposits. 3 – Existing firms. North Am/Global: Large. Probable

Strong Carbon Accounting Necessary for the operation of effective carbon markets. 33.1 1 – Expertise must be redeployed. 1 – Expertise must be redeployed. North Am/Global: Small. Possible

Clean Grid Expand existing clean grid. 32.5 3 – Clean power. 3 - Mature grid intertie. North Am: Small. Probable

Important Opportunities

Net-zero mining operations Environmental mining equipment to a growing minerals sector. 42.1 3 – Mining sector can provide demand-
pull.

3 – Existing cleantech mining firms. North Am/Global: Large. Probable

Battery Metals Develop upstream capacity in the production of battery metals. 36 2 – Mining resources could be 
developed.

3 – IP advantage in upstream 
components.

North Am/Global: Large. Probable

Energy Management Tech for 
Buildings

Manufacture smart thermostats and other tech for buildings. 35.1 1 – No significant national advantages. 3 - Existing cluster of companies. North Am/Global: Small. Possible

Marine Shipping Manufacture net-zero vessels and components. 25 2 – Leading fuel cell capacity upstream. 2 – Existing Ocean supercluster. North Am: Large. Global: Small. Possible

Aviation Manufacture short-haul aircraft and develop sustainable aviation fuel. 23.7 2 – Existing industrial capacity. 2 – Research capacity and existing firms. North Am/Global: Small. Possible

Vertical Agriculture Niche market for vertical agricultural systems. 21.9 1 – Large ag science focused on outdoor. 2 – Several domestic firms in space. North Am/Global: Small. Possible

Low Emissions Fertilizers Low or zero emissions fertilizers from sustainable inputs. 22 2 – Feedstocks and industrial capacity. 1 – No advanced projects. North Am/Global: Large. Probable

For National Advantage (resources) a 3 means Canada has high 
existing capacity, 2 that Canada has potential and an existing model or 
demonstration, and 1 that there is untapped potential only. 

For Innovation Capacity, a score of 3 means that Canada has a 
mature cluster of 5 or more firms in the sector, 2 that Canada has 
strong research capacity in universities and other institutions plus some 
promising startups, and 1 that there is research capacity only. 

Finally, we considered whether the market potential for the product was 
small or large, both regionally and globally. Top priority opportunities 
scored well on all three dimensions. 
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Uncertainties

• Canada’s ability to capitalize on its mineral-rich status to 
focus on the minerals necessary to manufacture lithium-ion 
batteries is unknown. Currently, most of the minerals mined 
for battery manufacturing are exported to China, where 
the minerals are processed so that they are ready for use by 
battery manufacturers. 

• Canada has a narrowing window of opportunity to respond 
to the needs of the industry with a comprehensive and 
long-term industrial strategy. Other countries, prominent 
among which are China and Germany, are moving fast and 
developing the needed capacity to supply the world.  

Alternative Proteins

Canada has an opportunity to make alternative proteins the focal 
point of an agricultural processing and manufacturing industry. 
As Canada is already a world leader in the production of lentils 
and peas, it should seek to move down the value chain. Bringing 
an industry like alternative proteins up to scale would provide a 
pull for agricultural decarbonization techniques while displacing 
future growth in meat consumption and its respective carbon 
footprint. 

National Advantage

Canada’s advantage in the alternative proteins space 
stems from its agricultural expertise in cultivating the 
inputs for a growing alternative proteins industry.61 
Canada is the largest producer and exporter of lentils, and dried 
peas,62 and is a significant producer of dry beans, chickpeas, and 
grains, all of which are components of plant based alt-proteins.63 
Canada also produces significant starches and sugars which 
could be the inputs for emerging markets in fermentation based 
and cell culture based alternative protein industries respectively. 

However, as in other industries, Canada has not turned this 
strength in primary production into a world-leading secondary 
industry. Canada has the 8th highest number of pure play 
companies involved in alternative protein production (19 
according to the Good Food Institute).64 It trails the US and the 
UK, which together have a clear lead in this space and are home 
to the headquarters of 42% of pure play plant-based proteins 
firms.65 Yet, there is an opportunity here because Canada has 
major firms and innovation clusters that are positioned to support 
a global push. 

Competitive Advantage in Innovation

There is momentum towards re-configuring Canada’s agricultural 
economy to capture more of the added-value components of 
the emerging alternative protein market. Canadian firm Maple 
Leaf Foods has invested US$310 million into a new plant-
based meat processing facility. Canada’s leading global role 
in pea cultivation has also attracted investment from firms such 
Roquette and Merrit to open fractionation plants whereby pea-

Competitive Advantage in Innovation

In 2019, Canada accounted for approximately 2.3% of the global 
heavy truck production and 7% of light commercial vehicle 
production.51 While this number includes all vehicle production 
and not just ZEV production, Canada has the conditions for a 
strong domestic market in medium- and heavy-duty ZEVs and a 
robust number of firms that could form the nucleus for a larger 
producing sector. Quebec-based Lion, for example, designs, 
builds, and assembles all components including chassis, battery 
packs, and the bodies for its electric school buses, midi/
minibus for special needs, urban transit, and urban trucks.52 What 
differentiates Lion from its competitors is its ZEV-centered diverse 
product offering particularly in the e-school bus and e-garbage 
truck segment.53 Winnipeg-based NFI Group (erstwhile New 
Flyer), which manufactures EV transit buses and motor coaches 
and has production facilities in Winnipeg as well as five locations 
in the United States, is another key Canadian player. 

As mentioned earlier, Canada also manufactures key 
components that are an integral part of the supply chains for 
a lithium-ion battery operated ZEV, and hydrogen-based road 
freight sector. Ontario-based Electrovaya is a pure-play 
lithium-ion battery manufacturer with 100+ patents in lithium-ion 
battery manufacturing and manufactures batteries for e-buses, 
e-forklifts, and e-delivery trucks.54 Additionally, as of 2018 
Canada had the largest number of hydrogen and hydrogen 
fuel cell research facilities globally and had deployed the most 
number of demonstration projects for Hydrogen and Hydrogen 
fuel cells anywhere.55 Canadian companies such as BC-based 
Loop Energy and Ballard Power Systems, specialize in the 
manufacture of hydrogen fuel cells for medium and heavy-duty 
vehicles.56,57 Overall, Canada’s advantage in the R&D of vehicular 
hydrogen fuel cell technology gives it an innovation advantage 
in the production of decarbonized medium and heavy-duty 
vehicles.

Market Potential

Canada holds a small share (0.1%) of global electric heavy-duty 
vehicle production yet ranks sixth in the world in the sector.58 
The US is the final destination for more than 95% of Canada’s 
medium and heavy-duty vehicle exports.59 These markets are 
still nascent and will grow quickly over the coming years.60 While 
Canada has an opening to establish itself within supply chains 
for the production of full vehicles or parts (such as hydrogen fuel 
cells), the sector is nearing the diffusion phase, leaving a very 
narrow window for Canada to act in order to place itself within 
the sector before supply chains are fully established. China, 
the US, Germany, and France are some of the other important 
players in this space.
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Especially relevant to Canada is the emerging potential 
from fermentation based dairy technologies to 
outcompete traditional dairy operations due to growing 
demand, increasing climatic impacts, and efficiency 
improvements in the underlying technology. Existing 
demand for milk products from Asia has already stretched the 
limits of current dairy production capacity.76 Shrinking demand 
for dairy milk, counterbalanced by rising demand for products 
in which milk is a processed component (like cheese, yoghurt, 
or whey protein) creates a greater opening for value-added 
uses of “alternative milk” proteins.77 Meanwhile, climate change 
will continue to impact the dairy industry both by influencing 
milk production in dairy cattle78 and the availability of feed.79 
As the underlying technologies improve, experts believe that 
“it becomes far less efficient to keep an entire animal alive to 
produce milk, when a genetically modified bacteria or yeast can 
produce the same proteins much more efficiently.”80

Opportunities for synergies exist between traditional aspects 
of Canada’s agricultural economy, and the alternative protein 
sector, if more of the production and processing of alternative 
protein value chains can be located domestically. Pea starch, 
currently a waste product from the fractionation of peas 
for protein which lacks a suitable end market,81 makes a 
suitable carbohydrate input for fermentation-based protein 
technologies.82 Other carbohydrates such as agricultural waste 
could also be utilized as feedstock for fermentation based 
protein, and Canada’s sugar beet cultivation which currently is 
heavily subsidized could find a viable end market in providing 
sugars for cell culture operations.83 All this requires that Canada’s 
agri-food sector invest more in machinery. However, between 
1998 and 2016 investment in new machinery and equipment by 
Canadian food manufacturing businesses fell from 2.3% to 1.2% 
of sales.84 

One way the market for alternative proteins could expand would 
be for emissions pricing to incorporate the environmental impact 
of meat and pulses into protein prices. Other or complementary 
policies would likely be needed to ensure food security is not 
compromised for various consumer groups.

Table 3: Global emissions from protein production

Protein
Mean CO2e/kg of Protein 
from Global Production85

Beef 500

Pork 76

Poultry 56

Grains 27

Legumes 4

protein is extracted for use in alt-proteins.66 Roquette already 
has invested C$400 million domestically in pea-processing 
and will soon open the world’s largest fractionation plant near 
Portage la Prairie.67

The global industry for cell-cultured and microbial meats is less 
established than plant-based alternatives.68 Canada has players 
in the underlying technologies behind these more nascent 
technological sectors, with Cell Ag Tech and Future Fields 
specializing in technologies related to cell culture, and Halifax-
based Smallfoods focused on developing fermentation based 
protein processes.69 Domestic centres of potential research 
capacity within the fermentation and cell based alternative 
proteins spaces include Guelph, Waterloo, and Concordia’s 
Genome Foundry. That said, Canada is currently behind 
jurisdictions like Israel, Singapore, the Netherlands, and Silicon 
Valley in developing suitable firms, research capacity, and 
government-industry-academia linkages.70 Building sufficient 
academic capacity in the alt-proteins spaces is especially 
important as the industry follows talent, and the development of 
a strong research base is one of the ways Canada could stop the 
hemorrhaging of promising startups to the US.71 

Canada is also putting forward resources to move into the plant-
based alt-protein market, with Canada’s Protein Industries 
Supercluster making C$153 million available to firms that can 
increase the values of “key Canadian crops” such as wheat, 
pulses, and canola.72 Funding streams available through the 
Protein Industries Supercluster could be used to scale 
up Canadian plant-based protein firms located elsewhere, as 
well as to develop domestic firms. However, the supercluster 
is currently closed to firms in the fermentation and cell culture-
based markets, a critical gap in industrial policy that should be 
corrected either with their inclusion or the development of a new 
supercluster. 

Market Potential

Global meat production is expected to rise by between one-
half and one-third by 2050 from 2018 levels (341.6 million 
tonnes). Current meat and dairy consumption requires the use 
of 77% of all agricultural land currently cultivated though only 
providing 37% of land-based protein.73 Meeting the rising 
global demand for protein from animal husbandry alone 
is impossible given the lack of available lands for the 
spatial expansion of agriculture. Furthermore, limits on 
future growth in agricultural GHG emissions could be achieved 
by increasing consumption of proteins based on lower trophic 
levels, made up to a greater extent from plants, microbes, and 
cells cultivated in the medium. This creates an opening for 
Canada to supply demand with alternative proteins (i.e., grains, 
legumes, and alternative dairy products). Market trends already 
indicate an increased shift to alternative proteins with a market 
valued at about US$11.5 billion globally expected to grow at 
a rate of CAGR 11.2% to a market cap of US$27.05 billion by 
2027.74 In just the US, the grocery market for alternative proteins 
was US$5 billion as of 2020.75
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energy used from non-emitting sources. China may smelt over 
half of the globe’s primary aluminum, but it does so primarily 
through coal fired electricity. Looking globally, 71.5% of the 
energy demand of the aluminum industry is met through a 
combination of natural gas and coal.89 Canada’s clean grid 
presents an opportunity to capture global market share.

Canada’s competitive advantage in aluminum smelting will likely 
last at most around 20 years.90 Currently aluminum smelting 
requires clean firm power, and with existing technologies 
it makes economic sense to transport refined alumina from 
locations with significant bauxite deposits, such as Australia, 
Guinea, or China, to locations such as Canada with abundant 
hydro-electric capacity. Over time, advances in grid scale 
storage, and better temperature management of aluminum 
smelters will make intermittent renewables compatible with 
industrial aluminum smelting at which point smelting close to the 
point of extraction will be economically preferred.91  

Competitive Advantage in Innovation

Canada’s competitive advantage comes from its existing 
industrial capacity in aluminum smelting with 10 aluminum 
smelters (all located in Quebec).92 Alcoa and Rio-Tinto have a 
joint venture located in Montreal called Elysis to manufacture 
inert anodes that don’t produce emissions as part of aluminum 
smelting.93 It is likely that Rio-Tinto may seek to transfer this 
technology to other sites, but it seems unlikely that this would be 
done in markets that undermine any advantage of their Canadian 
production capacity. 

Market Potential

Aluminum production is projected to grow to 170% of 
2010 production by 2030.94 In 2019, Canada produced 
4.5% of primary aluminum for the global market.95 Aluminum 
production has also increasingly been suggested as partial 
replacement for single use plastics demand, due to its theoretical 
infinite recyclability.96 However, tradeoffs exist when substituting 
primary aluminum for other materials in some product end 
uses, such as a greater emissions footprint of primary aluminum 
cans compared to PET plastic bottles.97 Improvements in the 
circularity of aluminum materials flows can address some of these 
tradeoffs but may reduce the market demand for additional 
smelting capacity.

Production of aluminum from mined materials is 10 times 
more energy intensive than from recycled scrap.98 Under 
the IEA’s sustainable development scenario, 40% of aluminum 
would need to be collected from scrap by 2030.99 While 
Canada is well positioned to produce more primary aluminum, 
the country may face challenges scaling up a scrap recycling 
industry. Growing East and Southeast Asian markets have 
larger materials flows to mine for aluminum feedstock. Efforts to 
develop greater aluminum recycling capacity in Canada could 
link with Canada’s ambitions to become a greater recycling 
hub for lithium-ion batteries, possibly within a circular economy 
policy framework.

Development of Canada’s alternative protein sector could be 
configured to provide co-benefits of agriculture-based carbon 
sequestration. Existing research has demonstrated that current 
soil carbon sequestration practices could potentially offset 
the emissions involved in the cultivation of some agricultural 
commodities used in alternative proteins, specifically 
wheat.86 Current generation soil sequestration techniques, if 
implemented, likely have the potential to offset much of the 
sector’s own emissions; however, their sequestration potential 
beyond the offset of cultivation-based emissions is minimal.87

Uncertainties

• Potential to combine different kinds of alternative protein 
production methods (i.e., products derived from plant and 
fermentation processes, or cell cultured products with some 
plant-based ingredients).

• Potential for rapid shifts in public perceptions on the ethics 
of the current animal operations, especially surrounding 
factory farms. Potential comparisons include the rapid shift in 
consumer views around cigarettes. This is counterbalanced 
by unknown openness of consumer markets to cell cultured 
meat.

• The domestic agri-food sector’s ability to overcome 
underinvestment in new new-machinery and equipment. 

Aluminum

Green steel, cement, and aluminum are crucial considerations 
in making the energy transition – they are heavy emitters tied to 
good jobs in strategic industries. Our expert survey ranked them 
as the third top priority. Our analysis concluded that green steel 
and cement are essential to Canada’s decarbonization goals but 
there is a limited opportunity for Canada to generate exports or 
a world-leading industry in those areas. Instead, Canada has the 
potential to lead in the low-carbon aluminum supply chain.

National Advantage

Aluminum production from primary materials is divided into 
two main steps: the refinement of bauxite ore into alumina, and 
the smelting of aluminum from alumina. Canada’s potential 
advantage is in the smelting of alumina into aluminum, 
an energy intensive process that can be decarbonized 
over the short-run using abundant domestic hydro-
electric power. Canada also has potential to capture 
intellectual property from the development of underlying 
aluminum processing technologies. 

Emissions reductions in the production of aluminum have over 
the past two decades primarily come from the deployment of 
efficiency measures and technologies in production facilities. 
China produces over half of the world’s primary aluminum, 
and it has achieved the greatest average energy efficiency of 
production compared to other jurisdictions due to an aggressive 
national strategy of deploying best available technologies 
relative to other producers.88 There are, however, limits to what 
efficiency measures can achieve without sourcing the primary 
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Canada will have to develop a forest industry that can 
make better use of wood waste and secondary growth to 
take advantage of this opportunity.

Competitive Advantage in Innovation

There are 15 firms in North America producing mass timber, 
among them several Canadian firms such as Structurlam, 
Nordic Structure, and Structure Craft.106 In support of this is 
a dedicated Canadian research infrastructure on the underlying 
technologies behind added value timber products. Canada has 
a ready-made network that can be tapped to further advance 
Canadian innovation capacity in this sector. Research networks 
and partnerships have already brought together universities, 
forest product innovations, the National Research Council of 
Canada, and the Canadian Wood Council to drive innovation in 
the area.107 

Market Potential

Interest in mass timber has grown due to lower cradle-
to-grave emissions than alternative building materials, 
and the potential for mass timber buildings to store 
carbon over long product lifecycles. Compared to other 
materials, such as concrete or steel, mass timber has a lower 
carbon footprint from production. Additionally, claims have 
been made regarding the potential of structural wood to further 
reduce materials emissions through embodied carbon storage 
in the product itself. However, embodied carbon storage claims 
should be tempered by robust lifecycle analysis. In going from 
the forest to components of its wood being embedded in a 
product, a tree can lose up to 70% of its carbon.108 

Interest in mass timber is also attributable to reforms in buildings 
codes. As of 2021, the International Building Code has been 
updated to allow construction of mass timber buildings up to 
18 stories tall where its standards are accepted.109 It is projected 
that by 2034, over 24,000 mass timber buildings could be 
constructed in North America.110 This would require 12.9 billion 
board feet, 28% of current North American supply in 2020,111 
and the conversion of 77 million acres of forest into timber 
usage.112

Table 4: Emissions from selected building materials

 Wood Alternative  Current Material

Canadian Produced 
Mass Timber (production 
emissions) 211-300kg of CO2e 
per tonne of material113

One tonne of steel produces on 
average: 

 >1.1t CO2e from domestic 
Canadian production114

 >2.4t CO2e global average115

 One tonne of cement produces: 

 >.8-.9 t of CO2e116

Uncertainties

• Canada’s potential to increase aluminum exports is 
dependent on end-market adoption of carbon pricing 
policies, such as border carbon adjustments.

• Canada’s relative advantage in meeting global demands for 
low-carbon aluminum will be curtailed at the point where 
technologies which allow intermittent renewables to be 
utilized in industrial processes are commercially viable for 
aluminum refineries.

Mass Timber

Mass timber can add value to the forestry industry in Canada 
while displacing carbon intensive materials like cement and 
steel. Opportunities in manufactured wood are an immediate 
priority, but there is also an opportunity to develop a 
prefabrication industry for modular building design.

National Advantage

Canada has the third most extensive forested area on 
Earth, meaning a significant supply of timber stock is 
available to meet growing demand for mass timber. 
In 2018, Canada was the greatest exporter of sawn wood, 
capturing 19.3% of global exports.100 The size of Canada’s 
forestry and wood processing sectors creates an industrial base 
that could be retooled to meet a growing demand for mass 
timber. 

Demands on forests are multifold, however, and growth in the 
timber industry must be managed against benefits that come 
from the maintenance of forest ecosystems in a cohesive state 
such as carbon sequestration, and biodiversity. One study 
looking at representative forest types across Canada found that 
if land areas can be maintained in an undisturbed state for a 
200-year period, they will sequester more carbon than if they are 
logged periodically over the same time span.101 

Leaving old growth with a mean age of 280 years undisturbed 
could sequester 4.1 MT of CO2e a year.102 Correspondingly, 
only in forest stands in which non-disturbance over a 200-year 
period cannot be maintained, does managing forests for timber 
yields make sense from an emissions reduction standpoint. 
Unfortunately, Canada is likely to see a decline in suitable 
forested areas that will be able to remain in an undisturbed state 
for 200 years due to the increasing domestic prevalence of 
insect infections and fires under climate change. Average annual 
acreage of forest disturbed by forest fire between 2009-2019 
increased by 40% compared to between 1991 and 2000.103

 

Similarly, annual acreage disturbed by insects increased by 800% 
between 2009-2019 when compared to the previous decade.104

 

Naturally disturbed stands have the potential to provide a supply 
of biomass for the structural timber industry without increasing 
net-emissions from changes in land usage. Insect degraded 
stands present significant potential, as dead wood stands 
caused by mountain pine beetle have already been utilized to 
create a mass timber product known as cross laminated timber.105
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also be responsible for substantial indirect emissions from the 
displacement of food crops.123 More research is required to 
determine if Canada’s current canola to bio-energy supply chain 
has a suitably low carbon footprint. Corn-stover (corn husk) is 
another agricultural waste product that has the potential to be 
used for producing low-emissions intensity biofuel. Woody forest 
biomass can also serve as raw material, but only if collected from 
forest residues, salvage logs, or sawmills residues.124 Harvesting 
more traditional timber resources or “round wood” to displace 
Canadian domestic energy end-uses would not meet 2050 
emissions targets.125 Similarly, forest stands that have been 
degraded by natural disturbance could also provide a potential 
reservoir of suitable woody biomass for biofuels. Approximately 
4.1 million hectares of forest are degraded each year in Canada 
from fire and pest infestation.126 

Competitive Advantage in Innovation

Canada closes more venture capital deals per capita than 
the US in the biochemical and biofuel sectors, and has 
a comparative advantage to the US in green chemistry 
technologies.127 A greater percentage of Canadian “cleantech” 
patents are also in biofuels and biochemical technologies 
than the US.128 Part of this comparative advantage comes from 
existing research capacity such as Green Centre Canada, an 
accelerator headquartered in Kingston, Ontario, with hubs in 
all non-territorial regions of Canada. Having supported over 
100 green chemistry and materials companies,129 Green Centre 
Canada credits its success to the provision of facilities to early 
firms as opposed to just mentoring.130 Providing access to lab 
equipment valued at C$5-10 million, Green Centre Canada 
helps firms with a Technology Readiness Level (TRL) of 3-4 
engage in extensive product development they would not 
otherwise be able to accomplish. Though hemorrhaging of 
green chemistry firms to the US remains a challenge, the facilities 
offered by Green Centre Canada have been able to reverse this 
trend at times and attract some US firms north.131 

Canada also has an opportunity to move into the 
production of sustainable aviation biofuels as no 
potential competitors have emerged with significant 
production capacity to meet expected needs. In 2018, 
aviation biofuel production of ~15 million litres accounted for 
less than 0.1% of total aviation fuel consumption.132 Canada, 
therefore, starts at the same place in terms of an existing 
industrial footprint in the sector as potential competitors, but 
with a comparative advantage in green chemistry. Canada also 
likely has an advantage in the production of aviation biofuels due 
to a readily available surplus of suitable biomass inputs. 

Market Potential

It is projected that by 2050, the biosphere can 
sustainably support between 70 and 100 exajoules of 
biomass cultivation. Given a projected global net-zero energy 
demand of ~550 exajoules, the number of sectors that can rely 
solely on bio-energy is limited.133 Air travel is likely one of the few 

Uncertainties

• Potential for the utilization of fire degraded wood is less 
certain than that disturbed by insects, and depends on 
the nature of fire disturbance, time since disturbance, and 
ecological benefits from leaving dead wood in place (e.g., 
nutrients, soil materials).117

• Ability to access degraded wood stands in remote locations 
and the ecological impact of current means present industry 
challenges.118 

Green Chemistry

Canada has an opportunity to develop a world leading 
upstream industry in green chemistry. This cluster could support 
downstream markets in biofuels (especially aviation fuel), 
plastics, sustainable chemicals, fertilizers, and battery metals. 

National Advantage

Given the uncertainties in biofuels, plastics, and 
sustainable chemicals, it makes sense to invest upstream 
in innovation capacity that can generate technologies 
through the net-zero transition. 

Biofuels did well in the chips study with a mean of 42.5, ranking 
it sixth in the survey. However, respondents could not agree on 
what form of biofuels would be best. Support for biofuels from 
wood (19.51) and biofuels from agriculture (17.03) was roughly 
equal. And biofuels from waste was a very strong write-in 
candidate (5.95). Rather than focus on one of these pathways, it 
makes sense to focus on innovation, knowledge, and experience 
that might apply to all three depending on how technologies 
and markets form.119 

As we pointed out in section 3, there is a danger that upstream 
investments alone would be unable to bring an industry online. 
Downstream markets are necessary to help upstream capacities 
develop and achieve the necessary scale. So, the green 
chemistry cluster would need to be connected to downstream 
market opportunities in an ongoing way. 

Our expert survey noted the potential to produce biofuels and 
biomaterials from forest and agriculture waste. Assuming a 
woody biomass to sustainable aviation fuel conversion rate of 
1 tonne to 50 gallons,120 annual forest residues from Canadian 
timber operations in managed stands alone could meet the 2019 
fuel needs of Canadian air carriers.121 Canada’s biomass capacity 
is thus sufficient to decarbonize fuel for its own aviation sector, 
while leaving a surplus for export. 

However, biofuels might create greater emissions 
than fossil fuel equivalents from both direct and 
indirect emissions.122 For example, cultivation of canola for 
biodiesel requires significant fertilizer application, and can 
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Greater grid integration could even see Canada’s 
largest trading partner, the US, produce significant 
concentrations of hydrogen at a much lower cost than 
through importation from Canada. Electricity is less costly 
to transport than hydrogen as a finished product, provided the 
suitable transmission infrastructure is built. For US customers, if 
sufficient trans-border transmission capacity were constructed, 
it would be far cheaper to purchase Canadian electricity to 
generate hydrogen in the US, than to purchase and ship 
Canadian hydrogen. 

Competitive Advantage in Innovation

Canada has world-leading research capacity in the 
development of hydrogen technologies. British Columbia 
has been so fundamental to the emergence of the hydrogen fuel 
cell market that the province has been referred to as the “cradle” 
of the fuel cell industry.147

Canada is, however, unlikely to develop a competitive 
advantage in the manufacture of electrolyzers. 
Electrolyzers are a mass produced, mature technology in 
the terms of the open economy strategy. Cost reductions in 
electrolyzer production are likely to come from economies of 
scale in supply chains and learning from experience.148 Given 
the entrenchment of alkaline electrolyzer manufacturing capacity 
in China,149 and PEM as well as Solid Oxide in the EU, UK, and 
US, it is likely that Canada has missed the boat in developing 
production capacity and research capacity for current 
electrolyzer technologies.150 There is room for a possible play in 
the production of more nascent electrolyzer technologies such 
as Anion Exchange membranes,151 or specialized electrolyzers 
such as Dartmouth’s Planetary Hydrogen which produces an 
alkaline byproduct to address ocean acidification.152 Superiority 
of improved versions of novel electrolyzer technologies in end-
use cases must be demonstrated before they are considered as 
promising sectors for industrial policy. 

Market Potential

Reports suggest that by the end of the decade, 
renewable green hydrogen from electrolysis will be 
more cost competitive than blue hydrogen from natural 
gas (steam methane reformation) with CCUS.153 The 
limited availability of green electricity for hydrogen will likely 
restrict green hydrogen production for some time after that. 
However, blue hydrogen has a limited window of opportunity 
and Canada must act now to take advantage. Blue hydrogen also 
faces challenges in a net-zero world. Blue hydrogen production 
is not a carbon neutral technology without offsets. One 
study commissioned by the BC government showed process 
emissions of current CCS technologies demonstrating 56-
90% capture effectiveness producing 2 kg CO2e per kilogram 
of hydrogen.154

 Accounting for current upstream methane 
leakage from the oil and gas sector, the same study projects 
that blue hydrogen would have a carbon footprint of 2.7tCO2e 
per tonne of hydrogen.155 Green hydrogen is likely to become 
the preferred option in meeting global hydrogen needs once 
electrolyzer prices come down.156

 Demand for blue hydrogen, 

sectors for which the use of bio-energy will be prioritized owing 
to a lack of other near-term options to totally decarbonize the 
sector.134 Globally, demand for passenger aviation is projected 
to grow by 31% in 2030 and 146% in 2050,135 from 2019’s 
8,686 billion passenger kilometres.136 Current aviation technical 
specifications allow biofuels produced from 4 of the 5 major 
biofuel production pathways to be blended up to 50% with 
kerosene for use in commercial aviation.137 Global demand for 
Sustainable Aviation Fuels (SAF) is thus projected to rapidly 
grow at a rate of CAGR 72.4% from US$66 million in 2020 to 
US$15.3 Billion in 2030.138 Under the sustainable development 
scenario outlined by the IEA, global consumption of SAF will 
need to grow from its current level to 5% of all aviation fuels in 
2025, and 10% in 2030.139 As Canada determines how it wants 
its bioenergy economy to develop, the aviation sector should be 
kept foremost in mind as an end-market, and associated supply 
chain to integrate into the sector. 

Hydrogen

Canada is a world leader in low-carbon blue hydrogen 
with carbon, capture, utilization, and storage (CCUS). It has 
unmatched research capacity in fuel-cell technology. Canada 
must take advantage of these opportunities. However, there 
is a short window of opportunity for exports before cheap 
renewables and electrolyzers give production in other countries 
an advantage. 

National Advantage

With the second greatest potential for hydroelectric 
capacity globally, and significant natural gas deposits in 
Alberta as well as BC, Canada is well placed to produce 
green and blue hydrogen.140 Canada’s energy resources 
will, however, only translate into export potential if domestic 
production in prospective markets is insufficient or more 
expensive. 

Canada will be able to export hydrogen to the United 
States, but conversion and transportation costs will 
put it at a disadvantage in overseas markets. Hydrogen 
will most likely need to be converted to ammonia to ship 
overseas, and then converted back again upon arrival. This 
adds additional costs,141 so jurisdictions that are able to produce 
hydrogen locally and transport it through a pipeline will be at 
an advantage.142 The EU, one potential market for Canadian 
hydrogen,143 would see a projected price difference of US$1.5/
kg for Canadian imports compared to domestically produced 
green hydrogen.144 If greater grid integration is constructed, 
water-poor Southern Europe could sell energy resources to 
water-rich Northern Europe, with total surface water resources in 
Europe being more than sufficient to meet the bloc’s 2050 target 
of 2251 terrawatt hours (TWh) of hydrogen consumption.145 
China, another potential market, while lacking sufficient solar 
and wind to meet increasing electrification needs and increased 
hydrogen penetration, could import electricity from renewable-
rich Mongolia and Russia to produce sufficient hydrogen 
domestically.146 
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Carbon Capture, Utilization, & Storage

Canada has expertise in carbon capture, utilization and storage 
(CCUS) deployment with hydrogen production, emerging 
utilization firms, and a nascent direct air capture industry. Each 
of these opportunities is ready to scale up, but policies and 
investments are needed to bring downstream markets online. 

National Advantage

Canada has advantages in single point sources of carbon 
capture, downstream advantages with geological 
formations for storage (but not enhanced oil recovery 
[EOR]) and requires CCUS for commercial blue hydrogen 
production. The single point concentrated emissions come 
from oil and gas projects, which account for 26% of national 
emissions.161 Canada also has seven large sedimentary basins 
for permanent geological sequestration of captured CO2 and 
approximately 1 in 6 of all tonnes of anthropogenic CO2 that have 
been sequestered globally have been injected in Canada.162

 

Additionally, as Canada drives a hydrogen agenda, CCUS 
integration with coal or natural gas production would help the 
sector benefit from economies of scale. According to Canada’s 
Hydrogen Strategy, domestic production of hydrogen from 
natural gas alone could increase in a 2050 net-zero energy 
system by a maximum of eight times current levels.163 The CCUS 
requirement for this magnitude of hydrogen production would 
be approximately 203 million metric tonnes CO2 per year, which 
is far greater than the operational capacity of 4 million metric 
tonnes CO2 per year.164

 

The country also has advantages in carbon utilization and 
sequestration through EOR. For example, the Weyburn oil field 
in Saskatchewan has sequestered over 35 million tonnes of CO2 

over the last 20 years through EOR processes.165
 EOR, however, 

is a mature industry and does not typically result in “zero carbon 
emissions” oil, hence there is likely little or no national advantage 
in this segment.166

 

Competitive Advantage in Innovation

Canada can potentially build CCUS project planning 
and development services based on existing expertise 
in the oil and gas industry and has R&D and scaleup 
clusters advancing innovation. Different CCUS processes 
such as capture, transport, utilization and/or storage need to be 
integrated.167 This feature complements Canada’s existing oil and 
gas engineering and operational expertise. Canadian project 
engineering, execution, and operational knowledge have the 
potential to be mobilized as valuable services.168 As a result, 
Canada should focus on providing integrated services in CCUS 
planning and development. Canada already has a research 
cluster for carbontech R&D. There are also several testbed and 
pilot demonstration facilities which focus on: oxy fuel use, pre-
and post-combustion techniques to simulate CO2 capture from 
industrial flue gas; and monitoring short to long-term behaviour 

meanwhile, will come from chokepoints in the production of 
green hydrogen. Total availability of electricity is likely to be 
a significant bottleneck in the rollout of green hydrogen.157

 In 
a scenario where 24% of 2050 global final energy usage (99 
exajoules) is met through hydrogen, an estimated 3,000 TWh 
more of energy would be required.158

It is critical, therefore, that public support to develop 
capacity in hydrogen is not limited to one specific 
technology (blue versus green). Technologies should 
be allowed to prove themselves based on how well they can 
supply market needs. Canada should look to support the 
development of its hydrogen economy by building the pipeline 
infrastructure required to transport hydrogen to end users, 
and by helping Canadian consumers transition to hydrogen 
compatible infrastructure. One policy that would allow Canada’s 
hydrogen economy to grow rapidly is mandating that new 
equipment purchases by industrial users such as direct-reduced 
iron furnaces and natural gas turbines also be compatible with 
hydrogen inputs. Building new hydrogen refueling stations at 
strategic locations for use by long haul transport would also 
aid the domestic expansion of the hydrogen sector. To ensure 
suitable emissions reductions from the uptake of hydrogen, 
Canada’s clean fuel standard should be extended to hydrogen. 
Audits of hydrogen providers should then be conducted 
regularly to assess whether they produce a suitably low 
emissions hydrogen product when all scope 3 emissions are 
counted.

Uncertainties

• The strength of carbon pricing enforcement will be crucial 
to hydrogen demand domestically, especially the extent 
to which large industrial emitters are exempted from 
legislation.

• Geopolitical considerations may get in the way of greater 
grid regionalism for resource poor large energy consumers 
like Japan, South Korea, Vietnam, and Taiwan.159

• Uptake of hydrogen globally will be highly determined 
by the policy environment implemented in end-markets 
regarding carbon pricing. At a production price of US$1/
kg, it is estimated that a US$100 carbon price could allow 
hydrogen to become the preferred molecule for critical 
industrial sectors such as ammonia, aluminum, cement, and 
steel.160 Canada’s domestic carbon price level is also an 
important factor.
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Uncertainties

• One study suggests that 80% of new CCUS projects fail to 
become commercially viable, with high capital costs and 
the credibility of project revenues cited as key factors.174 
There are proven technologies in the space, but financial 
innovations and smart policy supports are needed to scale 
them up. 

• Canada’s export market is not in the physical CCUS 
equipment. Countries such as China have a competitive 
advantage in this segment. Rather, it is in integrated 
planning and development services, which different 
countries will need to develop and commercialize their own 
CCUS projects. These export markets will be affected by 
the development and stance taken by the fossil fuel market 
segment.

• With the integrated services approach, there are 
uncertainties related with talent recruitment and possible 
merger and acquisitions by larger oil and gas multinational 
companies. 

• DAC has only reached demonstration levels. Until it reaches 
commercial scale, its potential to help achieve net-zero 
emissions remains uncertain. 

of sequestered CO2 in geological formations and aquifers to 
address life cycle concerns regarding permanence.169

 Notably, 
there are no established Canadian firms with high technology 
readiness levels in carbon capture. 

However, direct air capture (DAC) is an emerging technology 
where Canada has the potential to perform well. As DAC 
technologies extract CO2 directly from the atmosphere, they 
stand out from CCUS as a separate carbon dioxide removal 
industry. Currently, there are 15 DAC plants globally capturing 
more than 9,000 tonnes of CO2 per year. In the long run, carbon 
removal is expected to play a key role in the transition to a 
net-zero energy system. For example, in the IEA’s Sustainable 
Development Scenario, DAC is expected to capture more than 
10 million metric tonnes CO2/year by 2030.170

 However, due 
to the relatively low concentration of CO2 in ambient air, DAC 
requires large installations and faces challenges in terms of high 
capital costs. Analysis shows that total DAC costs typically range 
anywhere from US$100/tonne to US$1,000/tonne.171

 

Canada has a few innovative companies in the DAC space. 
Carbon Engineering has intellectual expertise in direct air 
capture and air to fuel conversion. Svante has expertise in 
nano-sized absorbent materials, which allows quick separation 
of CO2 from post-combustion flue gas from industrial processes. 
Entropy specializes in modularization of carbon capture by 
improving capture and process efficiencies. 

To advance Canada’s global competitive advantage, the 
government and various stakeholders need to come together to 
support domestic firms and advance the technology.

Market Potential

As the global carbon capture market size is projected 
to increase over the next 30 years, Canada can provide 
integrated services for CCUS projects. Out of the 27 
operational commercial CCUS facilities globally capturing 
around 40 million metric tonnes of CO2 per year, 12 are in the 
US and 4 are in Canada.

172
 IEA projections suggest that in 2050, 

CO2 capture will be around 4 gigatonnes per year – a 100-fold 
increase from current levels. Market projections show that the 
global CCUS market size is expected to roughly double from 
US$1.6 billion in 2020 to US$3.5 billion by 2025, at a CAGR of 
17% during the forecast period.173

 The main factors influencing 
CCUS market growth are: 1) increasing usage of carbon capture 
and storage systems in heavy industries where emissions are 
hard to abate; 2) establishing investment tax credits and other 
financial incentives in other countries, similar to those which 
have driven US adoption of CCUS; 3) developing hubs and 
clusters which bring about significant economies of scale; and 
4) introducing blue hydrogen requirements, as it is currently 
(but will not remain) the lowest cost novel option for producing 
commercial quantities of hydrogen. Therefore, Canada should 
focus on developing integrated services in these markets. 

Canada should focus on providing 
integrated services in CCUS planning 
and development.
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Carbon Accounting Standards

Carbon pricing and offsets can only work for clean 
growth with effective carbon accounting standards. 
Existing provincial carbon markets (Nova Scotia and Quebec) 
create a pool of human capital that could train others and 
expand a services sector focused on the vetting and sale of 
carbon offsets.180 Additionally, the now-inactive Ontario carbon 
market has left significant human capital that could be tapped 
to improve the quality and scope of Canadian carbon offset 
services.181 Canada also has a significant academic research 
capacity in the accounting of domestic natural carbon sinks that 
could be tapped to help bolster a carbon services industry.182 
Building greater capacity in carbon accounting could also 
have spillover benefits on issues of trade. Canada’s exports 
go out to a global market increasingly regulating carbon but 
through a range of policy systems. Developing greater domestic 
carbon accounting capacity will be critical as Canada considers 
developing its own policy of border carbon adjustments (or an 
alternative to serve the same objective), as this country’s largest 
trading partners, the US, EU, and China all have conflicting 
carbon regulatory systems.183

Further Opportunities

We also identify seven further opportunities: net-zero mining 
operations, battery metals, energy management technologies 
for buildings, marine shipping, aviation, vertical agriculture, 
and low emissions fertilizers. There are some important 
opportunities in these clusters and further analysis may identify 
low-cost experiments that should be tried to catalyze action. 
It is important to note that our list could be wrong. The main 
point we wish to emphasize, therefore, is the need to work 
systematically and strategically to explore the opportunity space 
through public-private collaborations.

Enabling Conditions

In addition to these top opportunities, we highlight three 
industries that provide essential enabling conditions for net-zero 
and clean growth goals. 

Clean Grid 

From a strategic perspective, Canada’s clean grid 
underpins its economic competitiveness in a global low-
carbon economy and Canada needs to continue investing 
in its grid to remain globally competitive. A relatively 
clean grid means that Canadian products have a lower carbon 
footprint. With a global market increasingly factoring in the 
carbon footprint of its imports, Canadian-made products have a 
significant head start. However, without continued investment, 
the clean grid advantage will not necessarily hold in the coming 
decades.175 Canada must increase electricity supply by between 
60% and 250% by 2050 to electrify transportation, buildings, 
and other industries.176 Integrating renewables will require load 
shifting, greater grid integration and energy storage. Canada 
needs expanded generation assets, bulk storage, energy 
management and load shifting, and transmission infrastructure, 
and these investment needs must be complemented by a 
national integration strategy. This will also help develop other 
high potential sectors such as medium- and heavy-duty ZEVs, 
and hydrogen, which will be of strategic importance in a global 
low-carbon economy.

Net-Zero Minerals

Canada needs to further grow its net-zero minerals 
supply chain to respond to a range of factors that could 
hold back the energy transition, threaten global security, 
or provide economic growth. From a demand perspective, 
a projected annual increase in demand of 450% by 2050 
for certain battery minerals requires global supplies to grow 
accordingly.177 Simultaneously, geopolitical trends provide 
an opportunity for Canada build the minerals supply chain for 
Western markets.178 Canada has an IP advantage in the upstream 
components of the battery supply chain (everything before 
the manufacture of the battery cells themselves). Canada has 
significant extracting and refining capacity for battery minerals 
harvested in nickel deposits. Nickel deposits are generally co-
located with significant intermixed cobalt, creating potential 
to expand Canadian primary production of these other key 
energy elements.179 Canada needs to take a more active role 
in expanding its minerals sector overall and shoring up its 
weaknesses where prudent. Growth in Canada’s net-zero 
mineral supply chain should not just be limited to the extraction 
of primary material but also the reintegration of recycled metals 
from battery waste back into production. 

Growth in Canada’s net-zero mineral 
supply chain should not just be 
limited to the extraction of primary 
material but also the reintegration of 
recycled metals from battery waste 
back into production.
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5. SEIZING OPPORTUNITIES 
FROM DESTINATION TO ROADMAPS   

Federal, provincial, and First Nations governments can work with 
experts and the private sector to pursue these opportunities by 
co-developing roadmaps that lay out targets, sequences, 
policies, and investments to bring the industries to scale. To do 
this effectively, Canada needs true collaboration across these 
communities to agree on and implement a strategy.

5.1  What is the role of governments 
in industrial transition?

Governments have three essential roles in driving industrial 
transition. 

1. Identify priorities and set clear targets. 

Given their scarce resources and small global scale, 
governments of small, open economies must promote the 
strategic focus needed for economic prosperity. This means 

identifying priority areas based on their potential contribution to 
the long-term welfare of society. Governments must articulate 
public purpose and set the agenda.

Governments must take an active role in setting priorities because 
they represent the intergenerational interests of all Canadians. 
If roadmapping processes are driven only by industries, they 
will privilege status quo interests. If roadmapping processes 
are driven by the financial sector, they may privilege short-term 
profitability, which may not allow Canada to build the industries it 
needs or construct coherent clusters in a short timeframe. 

Clear targets are necessary to establish the sequences and 
timetables that stimulate entrepreneurship and create investor 
confidence. A common concern in our expert survey was that 
investors and businesses need to know when market demand 
will be online so they can create bankable projects. For example, 
the UK’s industrial strategy establishes clear targets (e.g., create 
two CCUS clusters aiming to capture 10MtCO2/yr by 2030).184 
Leadership backed by credible targets is needed to catalyze action.
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to exchange information with one another by convening the 
whole value chain and by awarding contracts and incentives to 
national collaborations.

To begin the necessary work of 
setting targets, coordinating 
supply chains, and making smart 
investments, governments can 
co-develop clean competitiveness 
roadmaps in key sectors. 

5.2  What are Clean Competitiveness 
Roadmaps?

A clean competitiveness roadmap is a strategic 
collaboration between experts, industry, finance, 
and governments at various levels. Its power lies in the 
connections, commitments, and coordination that emerge from 
true collaboration across parts of society. This kind of roadmap is 
as much about the process behind as it is the content it contains. 

Roadmapping processes in these clusters would build on the 
current initiatives highlighted above. The ongoing experiments 
in roadmapping and pathway development are exciting, but 
there is a need to bring these efforts together, align them, and 
facilitate learning across the experiments.

A clean competitiveness roadmap for a vertical or a cluster is 
distinct from a net-zero industry pathway. A net-zero pathway 
identifies all the emissions produced by a cluster and seeks 
to source net-zero alternatives or offsets. In contrast, a clean 
competitiveness roadmap seeks to build the industries needed 
for net-zero targets at home and abroad. Such a roadmap is not 
focused solely on emissions. Rather, its goal is to produce long-
term economic value for the cluster and the country. 

When designing the process, there are a variety of 
methodologies pioneered by consultancies and non-profits 
to build on. The key is to enable strategic collaboration under 
uncertainty, incorporate technical knowledge and expertise, and 
foster creativity. 

An industry roadmap exercise focused on economic opportunity 
in the energy transition rather than net-zero needs to consist of a 
number of activities:

Look to 2050: The first step is a global analysis that positions 
the vertical or the cluster in the 2050 energy system. What 
technologies will the world need to reach net-zero? Which net-
zero technologies will have large global markets? What features 
of the industry will help make it competitive? This analysis 

2. Use public finance to facilitate 
experimentation and learning.

The importance of public money in the energy transition is widely 
recognized but its real purpose is misunderstood. Governments 
are needed to solve market failures in research, innovation, 
and environmental externalities, and to provide the incentive 
to act early. However, many are concerned that this amounts to 
“picking winners.” 

Smart industrial strategy is not about picking winners; it is about 
building a sector’s capacity for innovation and action over 
time. A publicly-funded strategy for research, development, 
deployment, and demand-pull allows public and private actors 
to learn collectively. Public finance is needed to ensure that the 
entire solution space is explored, and that potentially viable 
technologies and industries are not left behind because the 
market did not incentivize them properly.

In addition, the concern about picking winners is misplaced 
because Canada has a long history of using public funds and 
public-private institutions to bolster oil and gas, forestry, mining, 
and other sectors (see Box 1). Doling out one-off subsidies and 
grants to leading firms is an outmoded strategy that is likely to 
generate significant waste. Instead, the government needs a 
coherent strategy supported by smart, adaptable institutions.185

3. Engage and coordinate up and down the 
verticals.

As we have mentioned throughout the report, a central piece of 
industrial strategy is ensuring that all the elements of the cluster 
or vertical move together. The upstream components of the 
value chain must be developed at the same time as end-use 
markets are brought online. The government has an important 
coordination role to play here to ensure good relationships and 
communication up and down the supply chain.186 

A key task is to align the supply of inputs, the production 
of core technologies, and the scaling of end-use markets. 
Governments establish end-use markets through carbon pricing, 
domestic market coordination, smart regulation, and strategic 
procurement. The government also must look outward. The 
government must deploy Global Affairs Canada and Export 
Development Canada to help integrate Canadian firms in global 
value chains. Specific industries will need to be positioned vis-a-
vis carbon border adjustments or other international regimes.187

Finally, governments should directly support firm collaboration 
up and down the value chain by creating spaces for 
communication and collaboration. Governments can use these 
spaces to advance “high-road” supply chains with good jobs 
and high ESG standards. Research shows that companies often 
rely on outsourcing because it is easy, not because they have 
engaged in an exhaustive analysis of costs and benefits.188 
Simple network building and information exchange can help to 
build high-road supply chains. Governments can get companies 



CANADA’S FUTURE IN A NET-ZERO WORLD  | 25 

needs to respect the profound uncertainties inherent in such an 
exercise and lay out multiple possibilities. With a clear picture of 
the 2050 landscapes, strategic action can begin.

Co-design pathways to 2050: Build a shared roadmap 
that advances the upstream, midstream, and downstream 
elements of the cluster to 2050. The sequence of events is 
crucial to ensure that all the elements of the cluster move in step 
from upstream services, technologies, and resource inputs; to 
manufacturing and production of core technologies; to end-use 
and market development.

Advance to 2050: Finally, the partners need to co-design 
and co-deploy the policy and investment interventions that 
can deliver the 2050 vision. Here, governments need to take 
responsibility for a coherent mix of policies and instruments 
tailored to the cluster. These can be divided into four types: 
“push” instruments that drive research and technology 
generation; “grow” mechanisms that channel financing to 
emerging ideas; “pull” policies that develop market demand; 
and “strengthen” tools that broadly enable innovation and 
learning in the cluster.189 

Nonetheless, even well-laid plans will be undone by events, so 
the group must experiment, learn, and adjust over time.190 

5.3  What institutions are needed to 
support roadmap development 
and implementation?

The success of the roadmaps will depend on fostering 
strong collaborations between the public and the private 
sectors. When organizations on both sides can learn together, 
roadmapping processes can be co-developed and co-deployed 
with purpose and skill. 

Successful industrial policy is built on good information flows 
between the public and the private sectors.191 Governments 
need good quality information from the private sector to make 
smart investments in the energy transition. At the same time, the 
government must be careful not to become captured by special 
interests. If the private sector is the only source of information 
and analysis, governments risk making investments that do not 
serve the long-term interests of society. 

The Economic Strategy tables, the Superclusters and ongoing 
roadmapping initiatives are valuable precisely because they 
work to create the kinds of information flows needed to support 
strategic action. However, Canada needs a set of nimble, yet 
permanent institutions that will facilitate good information 
flows and provide a place for strategy, independent expertise, 
and learning. Moreover, rather than convening large groups 
of incumbent firms, our roadmap approach is premised upon 
bringing together willing coalitions of actors invested in the 
transition from across the whole supply chain. 

Different countries use different kinds of institutions to serve 
these functions. In Japan and Korea, the government convenes 
deliberation councils. These liaise between large conglomerates 
and powerful bureaucracies to drive strategic investment. In its 
industrial strategy for wind energy, the UK created a permanent 
industry council and built up expertise in the crown corporations 
that led investment rounds. In the US, the Department of Energy 
has deep domain expertise and the often-derided revolving door 
between the government and corporations fosters information 
sharing. Canada can learn both positive and negative lessons 
from examples abroad in designing institutions to support clean 
growth that will suit its political economy and goals. 

One instructive model for Canada can be found in 
the European Commission’s hydrogen strategy and 
battery alliance. The European context is a useful analogue 
for Canada’s federal structure. Canada and Europe share some 
similar multi-level governance challenges and the need to 
coordinate many agencies with overlapping jurisdictions.

To develop their green industrial policy, the European 
Commission and the member states work closely with a public-
private partnership called InnoEnergy.192 InnoEnergy is staffed 
by engineers, scientists, management experts, innovation 
specialists, and people with extensive business experience. It 
has the deep domain expertise necessary to create strategies 
in complex technical areas, and the business know-how to 
guide and support firms – both big and small. It also facilitates 
interaction between politics and business, and it serves as the 
locus of strategy, expertise, and learning. 

The European Commission leadership works with InnoEnergy 
to get member states, other European agencies, and firms to 
create a shared vision. They then raise investment capital for the 
projects from a variety of sources. As an example, for the battery 
strategy, they pooled finance from Volkswagen, the European 
Infrastructure Bank, national funds, and investors. 

As a public-private partnership, InnoEnergy has the agility and 
independence to work across jurisdictions and issue areas 
to coordinate action on clean growth. It demonstrates that a 
public-private partnership can be an indispensable piece of an 
industrial. 

Public-private partnerships have played an important role in 
successful technology innovation strategies in the US and 
Canada. In Canada, public-private partnerships were crucial 
in translating academic knowledge into the technologies that 
built the oil sands industry (Box 1). In the US, the Gas Research 
Institute (GRI) was a research, development, and demonstration 
organization that was instrumental in creating the technologies 
behind the fracking boom.193 These examples show that 
governments have successfully used public-private partnerships 
to develop fossil fuels, and now it is time to redeploy them in 
service of the energy transition. 
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Box 1. Alberta and the Oil Sands: Canada’s Long History of Supporting 
Innovation and Industry. 

In rediscovering the government’s abilities 
to support the growth of nascent sectors 
into economic engines, it is important 
to know that Canada does have a long 
history of using public finance to drive 
innovation and industrial development. 
Indeed, Canada’s oil sands industry was 
made possible by industrial policies. Public 
capital can take greater risks on capital-
intensive infrastructure projects that lack 
market precedent from the use of novel 
technology; this longer-horizon view of 
economic potential can be credited in large 
part for the successful development of the 
oil sands.

Technologies that have made Alberta’s oil 
sands economically viable emerged from 

mission-oriented innovation policy focused on opening non-traditional deposits. These efforts were organized under the 
Alberta Oil Sands Technology and Research Authority (AOSTRA). AOSTRA was created under the Lougheed government 
with the specific purpose of making economically extractable in-situ oil sands deposits. AOSTRA was a crown corporation 
that co-financed research and development and demonstration projects with industry partners. The resulting projects – 
public-private partnerships in their own right – were essential to developing steam-assisted gravity drainage process and a 
variety of other technologies related to tar sands extraction.194

Without Alberta’s ability to look past the short-term horizon of immediate investment returns of the private sector capital, 
it is unlikely that the oil sands would have been developed as quickly or to the same extent as has been experienced. 
While liberalization of the sector under the Klein government did help facilitate industry expansion, public intervention was 
essential to kickstart the industry due to the lack of market precedent of what was at the time a novel technology with a large 
physical capital footprint. Alberta’s oil sands demonstrate the role of industrial policy to support nascent sectors until they 
can demonstrate sufficient viability to attract private capital.

Today, Alberta is again looking to utilize industrial policy to both transition the legacy oil industry toward compatibility with 
a lower-emissions intensity global market, as well as fund alternatives for Alberta’s economy. Emission’s Reduction Alberta 
(ERA) in its most recent round of funding for novel technology deployments provided ~C$40 million to projects that directly 
reduced emissions from the oil and gas industry, fossil fuel processes, or helped create by-products from fossil fuel projects 
compatible with a decarbonizing economy.195 Funding provided by ERA helped crowd in ~C$642 million in funding to 
transition the oil & gas sector and adjacent industries.196 

ERA is funded by revenues from Alberta’s Technology Innovation and Emissions Reduction – Alberta’s emissions pricing system. 
Having a permanent, industry-funded source of innovation funds puts Alberta in a strong position to drive clean growth.

However, ERA hosts a more diversified portfolio of technology investment than what has historically been the oil-sands-
centric industrial policy of Alberta’s past. The same funding stream for novel technology deployment also spent ~C$28 
million into non-fossil fuel related sectors, helping crowd in C$367 million of private finance.197



CANADA’S FUTURE IN A NET-ZERO WORLD  | 27 

In conclusion, our analysis of Canadian opportunities and 
international case studies indicate that governments, First 
Nations, firms, and civil society organizations should:

1. Focus strategic efforts in high priority areas

We identified seven high priority clusters: medium- and heavy-
duty zero emissions vehicles, alternative proteins, mass timber, 
green aluminum, green chemistry, hydrogen, and carbon, 
capture, utilization, and storage.

We do not claim to have provided the final word on these 
sectors, but governments should seek to identify priority areas 
by considering Canada’s position as a small open economy in a 
rapidly changing global economy and develop a framework to 
identify opportunities and create strategic focus. 

2. Engage in collaborative roadmap exercises

Governments, firms, and civil society organizations should 
support and participate in externally driven roadmapping 
exercises. 

• Governments need to set clear goals and targets, provide 
public finance, and use their capacity to catalyze action up 
and down the clusters. 

• The federal government should seek to align these efforts 
by convening a high-level cross-departmental clean growth 
strategy table. 

• Firms should work in small, committed groups to create 
technologically, politically, and socially specific roadmaps 
that chart a clear path to 2030 and 2050 goals. 

• Civil society should provide its expertise to these exercises. 

Settler organizations and governments should look to First 
Nations for leadership. They must find ways to support the full 
sovereignty of the Nations, consistent with the UN Declaration 
on the Rights of Indigenous Peoples, as they transition to clean 
energy and improve the livelihoods of their peoples. 

CONCLUSIONS
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3. Take a cluster approach, focusing on the 
highest value-added areas 

Roadmapping exercises should align and drive all the elements 
of decarbonization technology clusters, looking upstream to 
resources and innovation capacity, and downstream to end-uses 
and markets. Roadmaps must align supply-push and demand-
pull policies as well as outline finance and policy needs. 

As a small open economy, Canada should not try to replicate 
all parts of the value-chain. Rather, it should seek to build 
competitive niches (in, for example, battery metals processing) 
where Canada can build world-class sub-clusters in high value-
added areas. Other areas of the value chain can be imported or 
subsidized to provide the demand-pull needed to bring high 
value-add niches online.

4. Use roadmaps to focus existing funding 
streams and inspire new strategic investments

We have pointed out the tendency of governments to fund 
one-off projects that benefit single firms. Roadmaps have 
the potential to identify strategic investments that bolster the 
development of true innovation clusters.

The Strategic Innovation Fund, the Canadian Infrastructure 
Bank, and other funds and agencies should collaborate with 
roadmapping exercises to develop high-quality projects that 
meet public sector criteria while increasing the scope and 
ambition of transition investments.

5. Build intermediary organizations that can 
support green industrial strategy

Canada needs to build public-private partnerships like 
InnoEnergy to serve as effective intermediaries. Partnerships or 
other third-party entities can facilitate good information flows 
between governments and businesses, provide independent 
expertise, and serve as a site for learning and experimentation.

As a small open economy, Canada 
should not try to replicate all parts 
of the value-chain. Rather, it should 
seek to build competitive niches 
where Canada can build world-class 
sub-clusters in high value-added 
areas.
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