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INTRODUCTION
Canada has committed to reducing its green-

In fact, we heard many divergent views regard-

house gas (GHG) emissions to net zero by 2050. It

ing which visions were most likely and most

has proposed new legislation that legally commits

desirable when we engaged perspectives from

the country to that goal and creates a mecha-

across the country—including experts within

nism for defining five-year milestones on the way

the Institute. Opinions differ about the prospects

to achieving it. But what does all of this mean in

of different net zero technologies and energy

practical terms? This report seeks to bring clarity

systems. And the “net” in net zero is itself open to

to Canada’s efforts to achieve its net zero target—

a wide variety of interpretations. To what extent

examining what it will take to get there and how

does net zero mean reducing existing emis-

reaching this goal could shape our shared future.

sions at the source, versus capturing and storing

Put simply to reach net zero Canada would need
to take as many emissions out of the atmosphere

GHGs, whether through nature-based solutions
or engineered ones that use technology?

as it puts in, rather than leaving them there to

In other words, the idea of achieving net zero

trap heat and contribute to climate change.

raises as many questions as it answers. What

That requires shifting toward technologies and

might a net zero economy look like in this coun-

energy systems that do not produce emissions,

try in more concrete terms? Can Canada get

and offsetting any remaining emissions by

from here to there in 30 years? What are the

removing GHGs from the atmosphere and stor-

broader implications of doing so? What choices

ing them permanently.

must Canadians make along the way? And what

Yet achieving net zero—and understanding what

factors are beyond Canada’s control?

that means for life in Canada between now and

Tackling these questions now is essential.

2050—is far from straightforward. Our research

Though 2050 may seem remote, 30 years is actu-

demonstrates that a range of very different

ally a very short timeframe to transform Canada’s

visions of Canada’s net zero future would be

economy and energy system in ways that sustain

consistent with that overarching goal.

or enhance the prosperity and well-being of
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Canadians. Achieving net zero by 2050 requires

they are similar and the ways they are different.

immediate planning and action. Without policy

Separating these convergences and divergences

initiatives to drive Canada’s progress toward net

can better inform Canada’s vision of the net zero

zero, the country will continue to build long-

future while also providing clarity on the policy

lived, emissions-intensive infrastructure, making

choices that will take the country there.

long-term emissions reductions harder and
more expensive—even while the impacts of a
changing climate intensify and global markets
race toward low-carbon solutions.

First and foremost, we find that net zero by 2050
is achievable for Canada and many pathways
could lead to that goal. While some of the pathways that we consider could ultimately prove

The economic, social, and environmental costs

unavailable (depending on domestic and global

of climate change impacts are immense and

technology and market and policy outcomes),

growing, and they underscore the importance

enough potential routes to net zero exist overall

of taking decisive action. The Institute is produc-

that we conclude that the net zero goal is achiev-

ing a series of reports to identify and quantify

able. Yet, the existence of multiple potential

these impacts in Canada and show the bene-

pathways does not mean navigating any single

fits of prioritizing adaptation and resilience

one will be easy. Reaching a net zero goal will be

alongside emissions reductions. The first report

a complex and challenging project regardless

of the series, Tip of the Iceberg: Navigating the

of which pathway Canada takes, requiring strin-

Known and Unknown Costs of Climate Change

gent and effective government policy at a level

for Canada, was released in December 2020

well beyond any implemented to date.

(Sawyer et al., 2020).

We find that between now and 2030, the

Ultimately, governments in Canada must keep

cost-effective

both the short term and the long term in sight

sions are broadly consistent. Many solutions—

to successfully manage a net zero transition.

including

They must respond to the urgent need for action

shifting to non-emitting electricity, adopt-

by pursuing a pathway to meaningfully reduce

ing heat pumps and electric vehicles—will

emissions over the coming decade (in order to

likely be part of Canada’s net zero journey no

meet Canada’s 2030 target to reduce GHG emis-

matter which pathway is taken. These “safe

sions by 30 per cent below 2005 levels) and set the

bets” will contribute a significant portion of the

course for the net zero transition. But at the same

emissions reductions required to get Canada to

time, they must lay the foundations for even more

its 2030 emissions target. In fact, as illustrated in

dramatic and disruptive changes to come, keep-

our infographic at the end of this section, these

ing a sharp eye on the rapidly changing technol-

safe bets are central to achieving Canada’s 2030

ogies, markets, and geopolitics that might shape

target independent of international market

those changes. Uncertainty and disagreement

conditions or developments in emerging tech-

regarding the future shape of a net zero econ-

nologies. Scaling up the stringency of exist-

omy and energy system cannot justify delay.

ing policies across Canada, especially building

In this report, we consider a wide range of potential pathways to net zero, examining the ways

solutions

improving

to

reducing

energy

emis-

efficiency,

codes, flexible regulations for fuels and vehicles,
and carbon pricing—as the federal government
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has signalled it intends to do through its climate

and a net zero future in 2050, we are provid-

plan released late last year (ECCC, 2020a)—can

ing a framework for assessing the feasibility

create incentives for the rapid deployment of

of Canada’s potential pathways and enabling

these safe bet solutions.

informed dialogue about the trade-offs involved.

In the longer term, risk and uncertainty make

An inclusive transition to net zero will require

planning for net zero more complicated. Much

engaging diverse perspectives now as Canada

can and will change between now and 2050.

defines what kind of pathway it will aim to take

Policy changes around the world will shape

into the future. In many sectors and regions of

market conditions. Technologies will evolve and

the country, these in-depth conversations are

improve (including both existing early-stage

well underway. In others, they are only just begin-

ones and breakthroughs that we can’t yet fore-

ning. Our analysis is intended to help guide and

see), partly in response to those policy changes.

inform these essential conversations.

And many of these potential shifts are outside
of Canada’s control. The transition will certainly
come with opportunities for Canada, but it can
be difficult to say with certainty where those will

The remainder of this report is structured as
follows. Section 2 defines the challenge and our
approach to exploring it, laying out the primary

be. Given this uncertainty, diversity of opinion on

forces that drive uncertainty and risk on the

what Canada’s net zero future will look like is to

way to 2050. It also describes our approach to

be expected—and even welcomed.

exploring Canada’s possible net zero path-

The uncertainty around Canada’s longer-term
path, however, raises challenging questions and
choices for policy makers. For example, should
policy remain technology-agnostic or should it
aim to accelerate certain early-stage solutions?
Should Canada “hedge” against the uncertainty in potential pathways? Should it seek to
make specific pathways more likely? And what
economic and social trade-offs do these potential pathways entail that might influence government and individual preferences?

ways, which draws on both modelling and
qualitative approaches. Section 3 discusses
the overall feasibility of a transition to net zero
in Canada, looking at its potential impacts on
how Canadians produce and consume energy.
Section 4 examines what different pathways
would mean for the way Canadians live, work,
and move. Section 5 identifies the solutions
that together form a winning hand for Canada’s
net zero transition, grouping them as either
safe bets or wild cards; it also considers three
possible net zero energy systems for Canada’s

This report does not provide a complete answer

future, each with its own trade-offs and hurdles.

to these questions. It does, however, provide

Section 6 summarizes our main findings from

a strong foundation for engaging Canadians,

the analysis. Finally, Section 7 provides recom-

stakeholders, rightsholders, and policy makers

mendations for all orders of government in

to find answers together. By rigorously explor-

Canada to support a transition to net zero, even

ing credible potential pathways between today

in the face of uncertainty.
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SAFE BETS

2030

WILD CARDS

Carbon capture,
utilization, and storage
(unconcentrated)
Electric vehicles
Energy-efficiency
equipment

Non-emitting
electricity

Electric heat pump and
baseboard heaters

Land use

Hydrogen
(fuel cells and heating)

Other industrial
decarbonization

Hydrofluorocarbon
(HFC) reductions
Other electrification
Carbon capture,
utilization, and storage
(high concentration)
Methane capture
(oil and gas)
Renewable natural gas
(1st generation)
Liquid biofuels
(1st generation)

Natural gas
fuel switching

Across all the scenarios we
examine, safe bets are expected to
generate most of the reductions
by 2030. Wild cards will not be
sufficiently developed by then to
play more than a supporting role.
By 2050, the contribution of
emissions reductions from safe bets
is more variable, as wild cards start
to play a bigger part.
Safe bets: Emission-reducing technologies
and solutions that are already commercially
available and face no major constraints to
widespread implementation.
Wild cards: Solutions that may come to
play a significant and important role on
the path to net zero, but whose ultimate
prospects remain uncertain.

Minimum contribution
across scenarios
Full potential
across scenarios
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SAFE BETS

2050

WILD CARDS

Electric
vehicles

Direct air
capture

Energyefficiency
equipment

Non-emitting
electricity

Carbon capture,
utilization, and storage
(unconcentrated)

Electric heat pump and
baseboard heaters

Land use

Hydrofluorocarbon
(HFC) reductions

Liquid biofuels (2nd generation)

Other
electrification
Carbon capture,
utilization, and storage
(high concentration)
Methane capture
(oil and gas)
Renewable natural gas
(1st generation)
Liquid biofuels
(1st generation)
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(fuel cells and heating)

Renewable natural gas
(2nd generation)
Other industrial
decarbonization
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DEFINING CANADA’S
PATHWAYS TO NET ZERO
This section lays out the context for Canada’s

rather than leaving them there to trap heat and

net zero challenge and explains our approach to

contribute to climate change.

assessing possible pathways to achieve it.

2.1 WHAT DOES CANADA’S NET
ZERO GOAL MEAN?
In 2019, the federal government announced
a long-term emissions reduction target of
“net zero” by 2050 (ECCC, 2019a). This is a relatively new concept in many circles and one that

Here is a more technical definition of net zero: An
energy and economic system in which Canada’s
total GHG emissions from energy production
and consumption, industrial processes, and land
use, minus “negative emissions” (or carbon dioxide removal) from nature-based solutions and
engineered interventions results in a sum total of
zero net emissions.1

can easily be confused with other aspects of

Reaching Canada’s net zero goal is a question of

the domestic and global response to climate

accounting as well as physical science, and the

change. We will begin by clarifying our use of the

way the federal government (and other govern-

term and the criteria we are using in our analysis

ments in Canada) will define that goal remains

to unpack its implications for Canadians.

unclear. For the purposes of this report, however,

How we define net zero
Achieving net zero emissions means that Canada
either reduces its emissions to zero or finds ways
to pull any emissions it continues to generate out
of the atmosphere (and store them permanently),

we defined the term under three clear parameters:
1.

A national system boundary;

2.

Counting both sides of the ledger, both gross
and negative emissions; and

3.

Excluding international transfer mechanisms.

How do these three parameters shape our definition of net zero?

1 Other definitions of net zero that focus on net zero emissions of carbon dioxide, but not necessarily other greenhouse gases, are possible. The Paris Agreement goal of limiting global temperature increase to 1.5°C calls for global CO2 emissions to fall to net zero by 2050, for methane emissions to
fall by 50 per cent, for N2O emissions to fall by one-third, and for black carbon emissions to fall by at least half.
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First, a national system boundary means counting

Excluding international transfer mechanisms

only those emissions that occur within Canada’s

means that our net zero pathways do not allow

borders. Goods and fuels produced in Canada

domestic emissions to be offset by international

might well increase global emissions when they

transfers of emissions cuts through trading

are consumed abroad, but in our analysis these

systems such as those that may be developed

external consumption emissions are not included.

under the Paris Agreement’s Article 6. We

This is consistent with many other global GHG

exclude these mechanisms because they are still

accounting methodologies. We also exclude

undefined by the United Nations Framework

“embedded” emissions—those that occur abroad

Convention on Climate Change (UNFCCC).4

in the production and transportation of goods that

Moreover, there remain strongly divergent views

are eventually consumed in Canada. This too is

regarding whether these kinds of transfers, once

consistent with global accounting methodologies.2

formalized, should be recognized as a legitimate

It also reflects the fact these emissions abroad will

way of reaching individual country targets or only

be accounted for in other countries’ climate plans

used as a way of increasing total global ambition.

and policies.

The mounting wave of net zero pledges

Counting both sides of the ledger indicates that
negative

emissions

(emissions

sequestered

through nature-based or engineered solutions),
where genuine and verifiable, are included as a
viable method of offsetting gross emissions to

Canada’s net zero pledge brings its long-term
GHG target in line with the recommendations
of the United Nations’ Intergovernmental Panel
on Climate Change (IPCC), which has stated
that carbon dioxide emissions would have to fall

achieve a net total of zero. Ensuring these emis-

worldwide to net zero by 2050 in order to limit

sions are accounted for credibly, however, will

global warming to 1.5°C and reduce the likeli-

not be straightforward. Concerns include: addi-

hood of the most catastrophic consequences of

tionality (whether the emissions would have

climate change. Missing this 1.5°C target will have

been sequestered anyway, either naturally or

severe and widespread impacts around the world,

by another process); measurement (ensur-

from biodiversity loss and extreme weather to

ing the negative emissions tally corresponds to

costly natural disasters (Hoegh-Guldberg et al.,

real amounts of sequestered emissions, espe-

2018). The federal government’s commitment has

cially when the effects of natural processes

since been matched by a number of prominent

have to be estimated); and permanence (ensur-

private sector actors, including major oilsands

ing that negative emissions from sequestration

producer Cenovus Energy and the Canadian Steel

in geological formations or in biomass remain

Producers’ Association. A wide range of interna-

there more or less permanently).3

tional businesses and industry groups have also

2 While United Nations Framework Convention on Climate Change (UNFCCC) accounting methodologies exclude these sources of emissions from
countries’ national emissions inventories, it is nevertheless possible for countries to measure and report them, as the United Kingdom does. Some
companies (including BP, Shell, Equinor, and Repsol) have begun to include them in their own internal accounting and reduction targets.
3 UNFCCC accounting has methodologies for quantifying carbon dioxide sequestered in biomass and soil. But there is not yet a mechanism for
recognizing sequestration from engineered forms of negative emissions.
4 This does not mean that a bilateral cap-and-trade system link such as that that exists between California and Quebec does not have a credible
path to getting recognition under UNFCCC accounting methodologies. Rather, it means that since there is not as of yet any official recognition for
these kinds of linkages nor any emerging consensus on what would be required for these them to gain official recognition (e.g., comparable emissions-reduction targets across the two jurisdictions), we have excluded them from our analysis.
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Under the 2015 Paris Agreement, nearly every country committed to limit warming to well below 2º C and
ideally 1.5° C. The latest science finds that limiting warming to these levels will require reducing emissions
to net zero by mid-century.

made net zero pledges, including oil majors BP,

group of major global cities (among them Paris,

Total, and Occidental; companies like Patagonia

Oslo, Stockholm, and Buenos Aires) and several

and the Body Shop; and the Asset Owner Alliance,

Canadian provinces.5

which includes some of the world’s largest

Globally, Canada joins its peers as part of a

2.2 HOW TO THINK ABOUT
PATHWAYS TO NET ZERO

fast-building wave. More than 100 countries

For the purpose of this report, we define path-

representing over half of global gross domestic

ways to net zero as credible, internally consistent

product (GDP) have net zero commitments in

linkages and routes between current conditions

place or in the works, including European coun-

and that future state. A net zero scenario for 2050

tries such as Germany, Denmark, and the United

is only meaningful if a credible pathway exists to

pension funds and insurers.

Kingdom, which are setting the pace in the global
energy transition. South Korea and Japan have
committed to net zero, as has China, the world’s

achieving it. And that pathway is only credible if it
relies on conditions and outcomes that are mutually coherent.

largest emitter (CGTN, 2020). Other prominent

The pathways to net zero we explore in this

members of the net zero movement include

report are not predictions—the future is far too

some of the largest and most influential U.S.

uncertain for that. Rather they survey the range

states (California, New York, and Washington), a

of possibilities that pursuing Canada’s net zero

5 In Canada, Nova Scotia passed legislation in 2019 that commits the province to reach net zero emissions by 2050. In 2020, Newfoundland and
Labrador signalled it plans to do the same, as did Quebec and Yukon. At the municipal level, the City of Toronto also endorsed a target of net zero
by 2050 as part of its climate emergency declaration.
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goal could present, as well as the opportunities

tries will lower the costs of cleantech (due to

and trade-offs of each.

global knowledge spillovers and economies of

What major drivers define possible paths
to net zero?

scale) and because it can create opportunities

Canada’s available pathways to net zero ulti-

abroad could also drive up the costs of some net

mately depend on a range of drivers—economic,

for Canadian companies that produce cleantech
goods and services. On the other hand, action
zero options in cases where it leads to increased

political, cultural, and technological factors that

competition for vital resources.

will produce particular outcomes and interact

In a similar vein, policy choices made outside

with each other along the way. Some of these are
factors that Canada completely controls, some
that it has only a partial say in, and some that fall
completely outside Canada’s control. And many
are still uncertain.
One factor certain to play a major role in the

Canada will determine the global demand for
oil, gas, and coal in the years to come, which in
turn will affect Canada’s net zero path by shaping the market for Canadian fossil fuel exports.
Factors such as increasing electric vehicle sales
or sustained high production volumes by other

journey to net zero is technological innovation.

global suppliers could continue to depress prices

The cost declines stemming from such innova-

and lead to slower growth or even declines in

tions can be revolutionary. The plunging price

Canadian oil and gas production, reducing emis-

of solar power, for example, sent the technology

sions from the sector. If instead oil and gas prices

racing from margin to mainstream, as costs of

rise significantly in the years to come, Canada’s

utility-scale solar energy dropped by 82 per cent

production could remain at current levels or

and total solar installations grew more than

expand, making it harder for Canada’s oil and gas

14-fold in a single decade (IRENA, 2020; IRENA,

sector and the broader economy to reach net zero.

2019). Such dramatic shifts provide Canada with
better and cheaper technology. They also create
opportunities to learn to use the equipment
more efficiently.

The viability of one category of long-term solution—negative emissions solutions—could have
a particularly significant impact on Canada’s
path to net zero. Canada’s huge land mass

Cleantech costs drop for a number of reasons,

provides enormous potential for nature-based

including investments in research and devel-

GHG sequestration. Measures that aim to unlock

opment, learning by doing, economies of scale,

these solutions’ full potential would need to

and knowledge spillovers. Canada can affect

take into account possible implications for

cleantech costs through its policy and invest-

Indigenous Peoples’ rights, title and traditional

ment choices. One significant factor in those

territories. They would also raise questions about

costs that Canada has little control over, however,

competing land uses, including food production

is global policy action. Initiatives taken by govern-

and protection of biodiversity. Engineered nega-

ments in the rest of the world will have profound

tive emissions solutions such as direct air capture

effects on which pathways to net zero are avail-

and bioenergy with carbon capture and seques-

able to Canada and on their relative costs. This

tration could also come to play a substantial role

is both because concerted action in other coun-

in reaching Canada’s net zero target. They may

CANADA’S NET ZERO FUTURE: Finding our way in the global transition
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also present significant opportunities for Canada

and artificial intelligence develop could acceler-

to benefit economically. But these solutions

ate other technological changes or radically boost

remain at the demonstration stage, and there is

efficiency. And then there is the potential for tech-

a lot of uncertainty regarding which—if any—will

nological leaps—moonshot innovations ranging

prove cost-effective and scalable. (See Box 4 for

from small modular nuclear reactors to a radically

an explanation of negative emissions solutions.)

cheaper electricity storage technology—which are

Finally, Canada’s policy choices at every order
of government will play a major role in defining

highly unlikely in the short term but still hold the
potential to redraw the path to net zero overnight.

Canada’s net zero future. These choices will not

Market preferences regarding climate issues

only affect which path Canada takes to net zero

are already shifting but could accelerate well

but also which paths are even available. Federal,

beyond their current pace. Investors may come

provincial, territorial, municipal, and Indigenous

to view climate change risks and opportunities

initiatives—including

standards,

as much more central to everyday business deci-

incentive programs, and carbon pricing—set

sions, speeding up the global energy transition

the pace for the nation’s adoption of low-carbon

(Makortoff, 2020).

regulations,

solutions, affect the range of technologies developed, and determine which technologies and
solutions are on offer for Canadian businesses
and households.

What drivers are beyond our analysis?
There are many additional factors that could
shape Canada’s pathways to net zero in dramatic
and unpredictable ways. Our analysis mostly
leaves these aside in light of the huge uncertainties surrounding them.
Broader effects of innovation are hard to predict.

Geopolitical

shifts

are

similarly

uncertain.

Political upheaval internationally could hinder
efforts to coordinate climate action, while a
stronger climate activist movement would put
greater public pressure on policy makers to take
faster and more ambitious action. And the entire
global financial system could change in ways
that alter the course to net zero—a more integrated global system, for example, would likely
make the adoption of low-carbon technologies
cheaper and more readily available than a siloed
retreat into nationalism would.

For example, the speed at which machine learning

Global market shifts and geopolitics could shape Canada’s pathways to net zero in dramatic and
unpredictable ways.

CANADA’S NET ZERO FUTURE: Finding our way in the global transition
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What further factors must be considered
in navigating pathways?
The factors above will determine which pathways
to net zero exist and which ones never materialize, as well as their costs and broader implications. But a range of other factors matter when
comparing and assessing the likely implications

and continued reliance on diesel fuel, has its own
unique problems to contend with.6
These regional and sectoral differences are
amplified by the nature of Canada’s governance
as a decentralized federation, which obliges the
federal government and the provinces and territories to share responsibilities for navigating

and outcomes of those pathways.

pathways to net zero on several fronts. Climate

Perhaps most critically, the impact of Canada’s

government and the provinces and territories,

policy choices extends beyond emissions levels.

while other areas crucial to emissions cuts—

Addressing social inequality is a key factor in the

particularly natural resource development, elec-

potential success of Canada’s net zero plan. The

tricity generation, and intra-provincial electricity

benefits of the country’s emissions-intensive

transmission—are managed almost exclusively

economy are not spread evenly—for example,

by the provinces.

more than 10 per cent of Canadian households
lacked secure, adequate, or affordable housing
in 2018 (Statistics Canada, 2020). Issues of social,
racial, and environmental justice are key considerations in a net zero transition. Government
policy (or lack thereof) will determine how fair
and equitable the transition to net zero is, how
negative impacts on affected sectors and workers are dealt with, and how the co-benefits of
different climate actions (reducing air pollution,

policies, for example, are set by both the federal

Indigenous Peoples have a critical role in these
governance matters. This is both because
Canada’s

net

zero

pathway

must

uphold

Indigenous rights and because Indigenous
communities have vital knowledge and skills
for navigating the transition. The Government
of Canada has committed to prioritizing reconciliation with Indigenous Peoples after generations of colonization, marginalization, and

for example) are weighed in decision-making.

neglect that continue today. Canada’s route to

Canada’s regional variation in emissions means

Indigenous Peoples (as affirmed by Section 35 of

that the net zero challenge is very different from

the Canadian Constitution) and reflect the prin-

province to province and from sector to sector.

ciples of the United Nations Declaration on the

Alberta and Saskatchewan, for example, face

Rights of Indigenous Peoples (to which Canada

challenges owing to their substantial oil and gas

is a signatory). In Box 1, we discuss the essen-

industries that are much different than the ones

tial worldviews, knowledge, and action that

facing hydroelectric powerhouse provinces like

Indigenous Peoples can bring to bear in a transi-

Quebec and British Columbia. And the North,

tion to net zero.

net zero must recognize the inherent rights of

with its existing social and economic difficulties

6 Our analysis tries to draw out regional implications where possible, but in many cases the complexity of doing so limits our analysis to a national
scale. We expect to roll out regional snapshots as complementary analysis.
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BOX 1

The Old Crow solar farm is owned and operated by the Vuntut Gwitchin First Nation.
(Photo: Vuntut Gwitchin Government)

Indigenous worldviews and leadership
on climate change
Indigenous worldview is not a uniform concept shared by all communities and
cultures—just as there are many Indigenous Peoples, there are also a wide range
of Indigenous languages, worldviews, and experiences. These diverse worldviews,
however, share a number of central principles that have important implications for
Canada’s net zero future. In particular, they uphold a holistic understanding of nature,
in which all its elements—including people, objects, and the environment—are
connected and related. Stemming from this view is a belief that the land is sacred and
should not be available for development and extraction for the benefit of humans and
that technology should reflect and respect this balanced relationship with the natural
world (Little Bear, 2009; Little Bear, 2012). Understanding and respecting differences in
worldviews is critical for building meaningful relationships between Indigenous and
non-Indigenous people in Canada and for charting a path to net zero based on mutual
respect and understanding. Canada’s path to net zero provides many opportunities
to promote Indigenous agency, sovereignty, and self-determination and to advance
social and environmental justice.
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Indigenous Peoples are particularly vulnerable to the impacts of climate change,
stemming from geographic, economic, and social conditions perpetuated by systemic
marginalization and colonialism. But they are also uniquely positioned to prepare for
and respond to the impacts of climate change. Across Canada, Indigenous communities are drawing on their traditional and local knowledge alongside technology to take
action on climate change, creating local opportunities and benefits at the same time.
Harnessing Indigenous and local knowledge is critical to the management and
conservation of ecosystems. Indigenous Peoples are using their in-depth knowledge of their territories—the source of their livelihoods for generations—to protect
biodiversity and to safeguard the long-term health of their air, lands, and waters. For
several years, the Indigenous-led Guardians Program has empowered communities
to manage and protect their ancestral lands and waters according to traditional laws
and values. Over 40 Indigenous Nations and communities in Canada have launched
Guardians programs (Indigenous Leadership Initiative, 2020). In 2020, one of these
communities—the Łutsël K’é Dene First Nation in the Northwest Territories—was
awarded the United Nations Development Programme’s Equator Prize, an award that
celebrates Indigenous Peoples and local communities pioneering nature-based solutions. Łutsël K’é was recognized for its work to establish Thaidene Nëné, an Indigenous
protected area spanning 6.5 million acres that was co-established with Parks Canada
and the Government of the Northwest Territories (Nature United, 2020).
Many Indigenous communities across Canada are also deploying renewable energy
projects in their communities to achieve energy autonomy, establish more reliable
energy systems, support community and economic development, and reduce emissions. Communities across Canada (covering all provinces and territories) have implemented thousands of projects, including solar, wind, biomass, hydro, and building
retrofits (Indigenous Clean Energy, 2020). For example, the Old Crow solar project,
owned and operated by the Vuntut Gwitchin First Nation in the Yukon Territory, is
expected to meet 100 per cent of the community’s electricity needs during the summer
months when the sun is shining and reduce the community’s diesel use by 190,000
litres per year (Arctic Council, 2020).
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To be effective, Canada’s policy choices will

the drivers described above and also provided

also have to be fine-tuned to navigate complex

comparisons to help us ground in truth the anal-

inter-governmental relationships. But Canada’s

ysis we produced subsequently. Many of these

decentralized governance also represents an

studies focused on Canada, but we also reviewed

opportunity to embrace a range of policies in

net zero or “deep decarbonization” studies for

ways that recognize the diverse economies,

the European Union, the United Kingdom, and

emissions

emissions-reduction

the United States. (We provide an overview of

strategies that exist from one region to another.

these analyses and their key findings in Annex 1.)

profiles,

and

Indeed, federal, provincial, territorial, municipal,

and

Indigenous

governments

across

Canada are already acting in their own ways—
setting their own climate goals and building
frameworks and developing policies to achieve
them. Coordinating this work will be aided by
the development of a pan-Canadian climate
accountability framework that sets milestones
for progress based on consultation and expert
input, as pledged by the federal government
and discussed in our report Marking the Way
(Beugin et al., 2020).

2.3 OUR ANALYTICAL APPROACH

Second, we used a comprehensive model of
Canada’s economy, GHG emissions, and energy
system to identify a broad range of economy-wide pathways to net zero under various
assumptions and drivers (see Box 2 for more
information). Using this model ensured that the
pathways were internally consistent; that is, that
assumptions were not at odds with each other
and that credible paths existed to connect the
current Canadian economy to different types of
net zero futures. This modelling also allowed us to
determine the conditions necessary to realize various net zero pathways. (Annex 2 describes the full
range of scenarios and assumptions we consid-

We used a combination of technical modelling,

ered.) Taken as a whole, this range of scenarios

literature review, and input from experts and

accounts for the most significant aspects of risk

knowledge holders to identify and assess more

and uncertainty facing Canada’s transition.

than 60 different potential economy-wide pathways to net zero by 2050. Each pathway represents
a

specific

combination

of

emissions-reduc-

ing solutions being deployed over time, under a
range of different conditions and assumptions.

Notably, these pathways are not linked to specific
policy choices—they could be achieved through
various combinations of regulatory policy, carbon
pricing

policies,

or

even

public

spending.7

These policies could be federal, provincial, territo-

Our overall approach to assessing pathways to

rial, municipal, or Indigenous. The modelling does

net zero is as follows:

not analyze specific policy choices in order to

First, we reviewed existing literature on deep
emissions reductions pathways, both in Canada

focus on how other drivers and conditions could
affect Canada’s available pathways to net zero.

and internationally, to identify key trends, drivers,

Third, we assessed the implications of these

and implications. This analysis helped identify

pathways. We used the model to explore macro-

7 While our modelling does not make assumptions about which policies would be used to achieve the pathways we consider, it does reflect the
existing climate policies implemented in Canada to date. Specifically, it uses the policies found in the “With Additional Measures” scenario in Canada’s fourth Biennial Report to the United Nations Framework Convention on Climate Change (UNFCCC), as outlined in the report’s Table A2.39.
These include policies in place or announced as of September 2019 (ECCC, 2019b).

CANADA’S NET ZERO FUTURE: Finding our way in the global transition

16

2. DEFINING CANADA’S PATHWAYS TO NET ZERO

There are many possible routes to Canada’s net zero target.

economic outcomes such as changes in the

net zero: a fossil fuels and negative emissions

structure of the economy, as well as microeco-

energy system, a biofuels system, and an electri-

nomic outcomes such as household energy use

fication and hydrogen system. To make our find-

and costs. We also assessed the air quality impacts

ings more concrete, we then looked beyond the

and health benefits of the various pathways

modelling. For each of these potential net zero

using a second, supplementary modelling tool.

8

energy systems, we explored likely outcomes

At the same time, we recognize that regardless

and implications, drawing on both quantitative

of how useful our modelling is, it is limited and

and qualitative analysis tools.

incomplete. We therefore also assessed implications qualitatively, drawing on relevant literature
and secondary analysis.

We also evaluated the feasibility of these
different energy systems by considering the
barriers to realizing each of them in practice. For

Fourth, we compared across the alternative

each energy system pathway, we assessed the

pathways revealed by our analysis, paying partic-

relevant driving factors that can be affected by

ular attention to outcomes that were common

Canadian policy, the factors that are outside of

in multiple scenarios, as well as key factors that

Canada’s policy influence, and key outstanding

drove widely divergent outcomes between

questions and uncertainties.

scenarios. As a result, most of the results we present in this report are not for individual scenarios
but for the range of possible outcomes across the
full set of scenarios. Figures in the report therefore represent results across a spread, rather
than discrete estimates.

Throughout this process, we consulted with
a range of perspectives to test our assumptions and results and to ensure our findings
were representative, credible, and relevant for
diverse audiences and decision makers. Our
engagement included academic experts, prac-

Fifth, we evaluated three different poten-

titioners, individual companies, industry asso-

tial net zero energy systems, each repre-

ciations, federal and subnational governments,

senting substantively different pathways to

Indigenous Peoples, and labour unions.

8 This modelling uses the CO2 emissions pathways modelled in gTech as an input (see Box 2). It estimates the emissions of criteria air contaminants
associated with the sectoral and provincial emissions found under our different modelling scenarios. It then uses the United States Environmental
Protection Agency’s Community Multiscale Air Quality (CMAQ) model to attribute national mortality counts associated with chronic exposure to
particulate matter air pollution and its monetary valuation to location-specific source impacts. Combined with projections of sectoral emission
profiles that are based on historical trends, these impacts are aggregated into estimates of the provincial-level population health burden of air
pollution, under various different net zero pathways. For more information, see Soltanzadeh & Hakami (2020).
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BOX 2

The gTech modelling tool
and how we selected scenarios
In this report, we have used Navius Research’s gTech model to explore the regional,
sectoral, technological, and economic implications of achieving Canada’s target
of net zero emissions by 2050. The gTech model is a “recursive dynamic computable general-equilibrium model,” combining detailed representations of energy-related technologies with information on consumer behaviour and preferences and
Canadian macroeconomic data to generate its results. (For more details, see Navius
Research [2021].)
The gTech model provides rich technological detail. A wide range of energy technologies are represented in the model—everything from 41 different vehicle types to various
heat production technologies in the crude oil industry. The model is regularly updated
to reflect technological and market advancements, providing a clear picture of available
technologies, the fuels or other energy sources they use, their energy efficiency, their GHG
emissions, and their costs. The model also projects the evolution in the cost and performance of these technologies over time, based on relevant literature and expert input. (The
assumptions in these projections can be varied from one modelling scenario to another,
providing additional information about their significance.) Emerging or potential technologies are also represented in the model. Timelines for their emergence, their expected
cost evolution, and their expected performance are also based on relevant literature and
expert input. The availability of these technologies can be switched on or off depending
on modelling assumptions, and assumptions about their cost evolution and performance
can be varied as well. The overall technological detail of the gTech model allows for rich
analysis of the economics of different technologies, their expected uptake under different
conditions and assumptions, and their impact on energy use and GHG emissions.
gTech includes a detailed representation of the Canadian economy. The model
represents 110 sectors, a labour sector, and a government sector. The goods and
services that these various sectors provide act as inputs to other sectors in a way that
is consistent with how the actual Canadian economy operates, based on input-output tables from Statistics Canada. The model simulates production levels and prices
for goods and services through the interaction of supply and demand for them across
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sectors. It represents not only the national economy but individual provincial and territorial economies as well. It uses credible projections for national and regional populations, demographics (including the income distribution), and labour force growth.
It represents the consumption, personal, and corporate tax system, including differences found across Canadian provinces. It simulates trade with the rest of the world
by modelling the sensitivity of exports and imports to changes in prices and costs in
Canada’s domestic market and by using credible projections of global demand for key
goods and commodities. It models the United States economy in greater detail and
explicitly simulates the trade relationship between Canada and the United States. And
all of these relationships are regularly recalibrated using actual historical data to make
sure that the model is accurately representing the Canadian economy.
gTech models behaviour and choice in a realistic way. Rather than assuming that businesses and consumers make technology choices purely on the basis of cost and return
on investment, gTech draws on empirical studies to model preferences. For example, it
has households weigh up-front costs against future savings in their purchasing decisions by using a behaviourally realistic discount rate, rather than a financial discount
rate, which has been shown to overvalue future savings relative to empirical evidence
on how consumers actually behave. It models “intangible” costs associated with new
technologies that reflect consumers’ reluctance to adopt an unfamiliar technology. It
also has these intangible costs decline once the technology becomes more widespread,
representing the “neighbour effect” that empirical studies have shown to affect technology adoption. And it models business investment decisions using internal rates of return
that exceed market interest rates, just as businesses do in real-world decision-making.
Like all models, gTech is not perfect. For example, its results are sensitive to the
choice of exogenous (i.e., external) inputs. To ensure that its results are accurate, we
commissioned a technical review of many of its key assumptions and inputs. And we
also varied a number of them across the scenarios we examined, to ensure that our
results were broadly robust across key outcomes and assumptions that could affect
our findings.
We used gTech to explore a broad range of possible pathways. We modelled more
than 60 distinct scenarios, each with its own combination of drivers and outcomes
(see Annex 2 for more detail). None of our scenarios is a prediction of the future; rather,
they collectively illustrate the possible economy-wide pathways to net zero under
different conditions, assumptions, and choices. We used expert consultation and literature review to identify variables and conditions that could have important effects
on Canada’s net zero transition and that we could vary across modelling scenarios in
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3

gTech. For each scenario, we used the model to identify the most cost-effective economy-wide pathway to net zero under the specific conditions and assumptions used to
represent it. We defined scenarios to explore key drivers determined domestically as
well as those beyond Canada’s control. These included:

▶
▶
▶
▶
▶
▶
▶
▶
▶
▶

The cost evolution for electric vehicles
Hydrogen costs and blending rates
The cost of new non-emitting “firm” electricity generation capacity (see Box 11)
Climate policy action in other major countries
The availability of engineered forms of negative emissions solutions (see Box 4)
The global oil price
The availability of carbon capture, utilization and sequestration (CCUS) for
unconcentrated gas streams
The availability of second-generation biofuels
The presence of competitiveness protection measures in Canadian climate policy
The degree of improvement in the emissions intensity of oil sands production

We limited our scenarios, however, to conditions that were internally consistent
(i.e., that did not rely on assumptions that were incoherent with each other). To
take one example, we did not evaluate a scenario where other major countries lagged
Canada in their climate policy implementation, the global oil price was low, and engineered forms of negative emissions technologies were available. A low global oil price
would not be consistent with these other factors, since both would support increased
demand (and higher prices) for fossil fuels.
We used this range of scenarios to assess uncertainty. Rather than reporting outcomes
from individual scenarios and pathways in this report, we instead considered the range
of outcomes we observe when looking across these scenarios. The figures in the report
show bands of outcomes to illustrate the range of possibilities. This approach also allowed
us to assess similarities and differences across scenarios, under different assumptions
and conditions. It also differentiates this study from other Canadian modelling analyses.
We assessed the relative feasibility, not relatively likelihood, of alternative scenarios.
We analyzed a wide range of theoretically possible pathways to understand what
implications they were likely to have if they occurred. Identifying the assumptions
required to realize various scenarios allowed us to identify the barriers that might exist
to the emergence of those conditions and the feasibility of overcoming them.
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CANADA’S MULTIPLE
PATHWAYS TO NET ZERO
In this section, we begin with some high-level

where warranted. Therefore, they all represent

observations about the feasibility of Canada’s

legitimate potential futures. While the emer-

overall commitment to reach net zero by 2050.

gence of certain conditions or outcomes could

We then look at how Canada’s net zero transition

lead to some of them proving non-viable, enough

could affect the way energy is used and the types

potential routes to net zero exist overall that we

of energy consumed across the country.

can conclude that the net zero goal is achievable.

3.1 THE FEASIBILITY OF A NET ZERO
TRANSITION IN CANADA
Our analysis clearly shows that Canada can
achieve its goal of net zero by 2050 and that
many pathways could lead to that goal. The
various scenarios we examine—which all result
in reaching Canada’s 2050 target, though in

Figure 1 illustrates just one of the potential economy-wide pathways projected under our modelling that Canada could take to its net zero target.
This scenario assumes that some key technologies
are at the higher end of their projected cost, that
other major countries lag Canada in their progress toward net zero, and that engineered forms
of negative emissions do not prove cost-effective

different ways—see emissions-reducing solu-

and scalable. As seen in the figure, this particular

tions applied in different combinations and

pathway involves a distinct combination of solu-

amounts, depending on the specific outcomes,

tions (Sections 4 and 5 discuss specific solutions

assumptions, and conditions of a given scenario.

in detail). All scenarios in our modelling represent

Some of the solutions rely on technologies that

different economy-wide pathways that combine

are commercially available today (and that will

potential solutions such as these in different ways,

continue to fall in cost over time). Others require

depending on the specific mix of conditions and

significant advances or commercial scale-up of

assumptions specified for a given scenario. In

technologies that are currently in the early stages

the subsequent figures throughout this section

of development. All of our scenarios use credible

and Sections 4 and 5, we consider the range of

projections of the costs and availability of current

outcomes that we find when we look across all

and potential emissions-reducing solutions and

these scenarios, rather than looking at results for a

incorporate uncertainties around their prospects

single one in isolation, as we have done in Figure 1.
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Figure 1: One of the many potential pathways that Canada could take to net
Figure 1
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This figure shows only one of the scenarios that we examine in our modelling. As the figure illustrates, Canada’s overall
emissions decline over time, reaching Canada’s Paris Target in 2030 and its net zero target by 2050 (emissions follow this
same path under all our scenarios). Different solutions make different degrees of contributions to these overall reductions
over time, as seen in the coloured wedges. This combination of solutions represents the most cost-effective pathway to net
zero (estimated by our modelling) under the specific conditions, outcomes, and assumptions used to represent this particular
scenario. For more on the specific assumptions used for this scenario, see Scenario 14 in Annex 2.

The existence of multiple potential pathways

important solutions. But in the end the success

does not mean navigating any single one of them

of this transition will rest on stringent and effec-

will be easy. Reaching Canada’s net zero goal will

tive government policy at a level well beyond any

be a complex and challenging project regardless

instituted to date.

of which pathway is taken, requiring coordinated
and sustained efforts on many fronts. Reducing
the costs of important emissions-reducing
solutions, improving early-stage technologies,
and ensuring mainstream uptake and deployment will be a massive undertaking. Canadian
policy makers will surely have help—ongoing
private sector innovation, voluntary actions by
households and businesses, and efforts in other
countries will all enhance the viability of many

Comparing the trajectory of Canada’s historical
emissions to the path to net zero underscores
the challenge ahead. The new federal climate
plan can put Canada on track to its 2030 target—
if it is successfully implemented. But as outlined
in Figure 2, Canada will need to continue driving emissions down after 2030 to get to net zero.
Strong policy will be needed to put Canada on
course for meeting its 2050 net zero target.
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Figure 2: Comparing Canada’s historical greenhouse gas emissions and the
Figure 2 path to net zero
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Canada’s historical emissions are based on the latest available national inventory (ECCC, 2019a). The net zero analysis pathway
from 2020 to 2050 shows the emissions trajectory that we modelled in our analysis, underscoring the depth of the emissions
cuts that will be needed to reach these targets relative to historical reductions.
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Getting to net zero requires a growing supply of non-emitting electricity in Canada’s energy mix.

3.2 HOW WE USE AND PRODUCE
ENERGY IN A NET ZERO CANADA
Energy is essential to everyday life in Canada,

ine. Regardless of other factors at play, achieving net zero will require more energy efficiency
and conservation and significant changes to how
energy is produced and consumed in Canada.

and finding ways to make and use energy with-

In the discussion below, we focus on “final

out generating emissions is naturally the central

end-use” energy, meaning the energy ultimately

focus of any net zero goal. Canada’s current

consumed to deliver services such as mobility,

energy mix—whether used to run vehicles, heat

heat, or light. Our analysis includes both primary

homes, power household or office equipment, or

and secondary forms of energy. “Primary” energy

drive industrial operations—is mostly affordable,

refers to an original source of energy (for exam-

reliable, and safely generated. But it is also the

ple, raw natural gas) while “secondary” energy or

largest driver of Canada’s emissions. The production and use of energy nationwide generates
616 million tonnes (Mt) of CO2eq, or 83 per cent
of total national emissions. This energy is used
across many sectors in Canada (for a breakdown
of emissions by sector in Canada, see Annex 3).
So, Canada’s energy path to net zero is of paramount importance.

“energy carriers” refer to forms of energy that are
made from primary energy (for example, electricity made from solar or wind energy). Secondary
forms of energy are only zero-emissions if they
are produced in a way that does not emit greenhouse gases. In a net zero system, any remaining Canadian emissions from either primary
or secondary energy end-use would have to be
offset. For example, electricity produced using

Our scenario analysis finds that many of the

natural gas would have to be equipped with full

changes to Canada’s energy use that would be

carbon capture, utilization, and storage (CCUS)

required to reach our net zero goal are the same

or offset elsewhere in the system to be consis-

down all the economy-wide pathways we exam-

tent with net zero.

CANADA’S NET ZERO FUTURE: Finding our way in the global transition

24

3. CANADA’S MULTIPLE PATHWAYS TO NET ZERO

Use of non-emitting energy grows across
all of the paths to net zero we examine

fective and scalable, fossil fuels could potentially continue to supply a significant share of
Canada’s end-use energy, and their total use

Every net zero scenario we analyzed consistently

might even grow. But this is a highly uncertain

shows non-emitting primary energy sources

outcome, and the path to achieving it is compli-

supplying a growing share of energy on the path

cated by numerous barriers, including some

to net zero. When it comes to final energy use, we

that are outside of Canada’s control. (We discuss

find a growing role for three types of non-emit-

our findings for fossil fuel use in Canada in more

ting energy carriers: electricity,9 hydrogen,10 and

detail below.)

biofuels11 (both gaseous and liquid).

Figure 3 illustrates the range of projected contri-

Our analysis projects that, barring specific (and

butions to final energy demand from different

uncertain) technological advancements, the

energy carriers and sources on the path to net

contribution to energy use in Canada from fossil

zero.12 While the three main types of non-emit-

fuels would fall dramatically on the path to net

ting energy carriers make a growing contribu-

zero. We find that if engineered forms of nega-

tion to Canada’s energy mix under every net zero

tive emissions solutions and advanced types of

pathway we analyze, we find that the mix varies

CCUS technologies were to prove both cost-ef-

from scenario to scenario, with greater use of one
energy type displacing use of another. The differences that we observe stem from different possible cost evolutions for key energy technologies,

Every net zero scenario consistently
shows a growing role for electricity,
hydrogen and biofuels

as well as variation in our assumptions around
whether early-stage technologies prove out or
not. For some energy carriers, significant growth
requires the advancement of technologies that
are not commercially viable or scalable today, as
identified in the figure. Others—most notably
non-emitting electricity—rely mostly on technologies that are commercially available today.

9 Non-emitting electricity can be generated from hydro power, nuclear power, wind, solar power, biofuels, and geothermal energy, as well as
early-stage technologies like tidal energy, small modular reactors, and fossil fuel systems equipped with CCUS. Where there are any remaining
emissions associated with the production of this electricity (e.g., CCUS may leave up to 10 per cent of emissions uncaptured in some cases), they
would need to be offset with negative emissions to be consistent with net zero.
10 Zero-emissions hydrogen is produced from feedstocks such as water and natural gas, using a range of production technologies such as electrolysis using non-emitting electricity (“green” hydrogen), steam methane reforming or autothermal reforming combined with CCUS (“blue” hydrogen), or other emerging technologies that we do not model, such as methane pyrolysis or direct gasification in oil and gas reservoirs.
11 Biofuels include liquid forms of renewable fuels, such as ethanol made from corn and biodiesel made from vegetable oils, as well as gaseous
ones, such as renewable natural gas (RNG) made from animal wastes and methane captured from landfills (or from other types of biomass, although these technologies are not yet commercialized). It can also include direct combustion of biomass (e.g., wood burning).
12 Some of the wide ranges observed in the figure are due to differences in the total amount of energy being demanded under different scenarios, which can vary due to differing assumptions regarding costs. Adjusting for this and instead expressing the contribution that energy carriers
make to total final energy demand as shares, our modelling projects that by 2050, electricity could supply 28 to 55 per cent of final energy demand,
hydrogen three to 10 per cent, and biofuels seven to 44 per cent.
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Figure 3: The contribution of different types of energy and energy carriers to
FigureCanadian
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This figure (and those that follow) considers results across our 60+ scenarios. The bands in this figure reflect the range of values
estimated in our modelling for the contribution that different energy carriers and sources (hydrogen, electricity, biofuels, and
fossil fuels) make to final energy demand in Canada under different economy-wide pathways to net zero. The ranges reflect
the different possible contributions that we find when looking across our 60+ modelling scenarios. In this way, the ranges
illustrate the uncertainty surrounding possible pathways to net zero that our modelling scenarios are themselves selected to
reflect (see Box 2).
Any individual scenario will include trends that fall within each of the ranges in the figure. While individual outcomes in a
single scenario can be added to express total energy use, the ranges cannot. Using more of one energy type will often mean
using less of another. For example, high use of biofuels in a given scenario correlates with lower fossil fuel use.
The use of these full ranges in this graph (and in the graphs that follow) does not imply that the outcomes within them are
equally likely. Indeed, some portions of these ranges come with significant uncertainty. For example, the top portion of biofuels
and fossil fuel ranges are only found in scenarios where technologies that are not commercially available or scalable today
bear out. Growing use of biofuels by 2050, for instance, would require second-generation forms made from feedstocks such as
switchgrass or wood wastes to prove commercially viable at scale.

Our modelling is not able to fully capture certain

because the model does not include time-of-use

high-demand pathways for electricity and hydro-

pricing in electricity markets, it cannot capture

gen, which may mean we have underestimated

the complementary relationship that could occur

their potential contribution to final energy

between electricity and hydrogen. In this poten-

demand. For example, the model does not repre-

tial relationship, excess intermittent renewable

sent the potential role that new interprovincial

electricity generation capacity could be used to

grid interties could have. Similarly, it allows only

produce hydrogen, and hydrogen could be used

for blending of hydrogen into gas pipelines rather

to produce electricity when supply from intermit-

than for dedicated hydrogen pipelines. And

tent generation sources was reduced.
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Similar studies have identified a role for electric-

potential demand we indicate would require

ity and hydrogen in line with the higher end of

large numbers of projects, with new ones de-

the range that we project for their 2050 demand

veloped constantly, and often with complex

in Figure 3. For example, a 2016 study by the

environmental assessment and consultation

Trottier Energy Futures Project found that hydro-

processes. And grids, grid operations, and

gen would increase from roughly zero today to

complementary on-demand power would all

621 petajoules (PJ) by 2050, compared to our

need to significantly evolve to accommodate

finding that hydrogen would increase from

this growth (see Box 3).

roughly zero today to between 294 and 628 PJ
by 2050 (Trottier Energy Futures Project, 2016).

▶

duction and distribution and the costs of end-

And the Pathways to Deep Decarbonization in

use technologies such as fuel cells would have

Canada report projected that in 2050, electricity

to decline. For most industrial uses, hydrogen

could represent almost half (43 per cent) of total

could be made and stored near where it is

final energy consumption, compared to 28 to 55

needed, but freight vehicles would require a

per cent in our analysis (Bataille et al., 2015). Some

refuelling network along major transportation

studies project even higher shares. For example,

routes. For wider, more dispersed uses, Cana-

the 2018 Canadian Energy Outlook projected

da would have to build pipelines to transport

that electricity would constitute as much as 66

hydrogen and develop standards and retrofits

per cent of final energy consumption by 2050 to

for gas networks and gas-using technologies,

meet even its least stringent emissions reduc-

such as boilers and home ovens, to accom-

tion scenarios (Langlois-Bertrand et al., 2018).
Achieving any of the potential energy futures we
identify here will not be simple. For every type
of non-emitting energy carrier that we evaluate, significant growth would require the implementation of stringent government policy, the
deployment of large amounts of capital, and the
removal of numerous barriers. We discuss these
challenges in detail in Section 5 but provide a
few examples here:

▶

For hydrogen, both the costs of hydrogen pro-

modate higher hydrogen blends.

▶

For biofuels, significant growth would require
second-generation forms made from alternative feedstocks (e.g., renewable natural
gas [RNG] made from gasified wood wastes),
which are still at early stages of development,
to prove both technically and commercially
viable (as seen in Figure 3). It would also require the dedication of large amounts of land
for the production of feedstocks, with poten-

For electricity, building the infrastructure and

tial implications for food security, local biodi-

generation capacity necessary to meet the

versity, and Indigenous rights.
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BOX 3

How smart grids can prepare Canada’s
electricity systems for net zero
The transition to net zero poses several challenges to Canada’s aging electricity infrastructure. More intermittent sources of electricity, such as wind and solar, can make
balancing grid energy flows more difficult. Renewable energy sources also tend to
be more distributed and operate at a smaller scale, making future electricity markets
more dynamic and local. At the same time, increasing demand for new technologies
such as electric vehicles and heat pumps will put added pressure on grid capacity,
requiring better demand management and system optimization.
Smart grids can help address these challenges and better position Canada’s electricity systems for a net zero economy.
A smart grid is an integrated set of technologies, equipment, and controls that
communicate and work together to increase the reliability, security, and efficiency of
electricity delivery (U.S. Department of Energy, 2020). Smart technologies that enable
grid modernization span the entire supply chain of electricity systems—generation,
transmission, distribution, and consumption. Examples include advanced metering infrastructure, enhanced voltage controls, distributed energy resources, energy
storage, self-healing grids, and microgrids. Emerging technologies can help build a
more intelligent and efficient system based on real-time information and analytics by
employing sensors, artificial intelligence, and analytic software (IEA, 2011).
But even though smart grid technologies are critical to keeping pace with an evolving
energy system and changing electricity needs, Canada faces several barriers in developing and deploying them.
A rigid and top-down regulatory framework is perhaps the largest barrier. Many
provincial electricity systems were designed for the 20th century, where it made
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sense to have a more centralized system for generating, transmitting, and distributing energy. As a result, they tend to be heavily regulated and operated by a single
provider, making limited space for competition, innovation, and entrepreneurial activity. A more effective and efficient regulatory system is needed to create the conditions for utilities to adopt new grid technologies, meet future demand, and adapt to
an increasingly complex energy system. In addition, as electricity demand expands
and gas demand declines out to 2050, regulatory systems for both networks will need
to be revisited.
The cost to modernize the electricity grid will also be substantial. The IEA (2020a) estimates that electricity-related infrastructure will dominate global cumulative capital expenditure on energy infrastructure in a scenario where the world reaches net
zero by 2050. In particular, global investment of approximately $13 trillion (CAD) in the
upgrade and extension of electric grids and approximately $4.1 trillion (CAD) in energy
storage will be required between 2020 and 2070.
These costs will ultimately affect the prices that Canadian households and businesses
pay for electricity. On one hand, upgrading grid infrastructure could put increasing
pressure on rates. This is a particular concern for lower-income households, which
already spend a disproportionate share of their income on electricity. On the other
hand, the continued decline in the cost of renewable energy could make it cheaper
to generate electricity, while efficiency gains from demand-side management could
help utilities reduce expensive peak loads. The ultimate cost of grid modernization—
and the distribution of these costs—will depend on the specific context in each region
and province. However, our analysis finds that Canadian households would, on average, experience falling energy costs as a share of income under a transition to net zero
(see Box 5).
Finally, the transition to a more modernized electricity system will require new skills
and knowledge in the labour force. While this will present new opportunities for workers, it may also prove challenging, since the electricity sector will be in competition
with other resource sectors to recruit skilled workers.
The potential benefits of smart grid technologies are enormous, but significant challenges stand in the way of their wider adoption. Overcoming them to create more
modernized electricity grids would not only facilitate Canada’s net zero transition,
it could also open up potentially huge export opportunities globally, with Canadian
companies becoming suppliers of smart grid technology and knowledge.
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Fossil fuel use is likely to fall without
substantial technological innovations
In most of the net zero scenarios we examined,
fossil fuel use in Canada declines steeply over
time. In these scenarios, our modelling projects
changes in a range from three per cent growth to
14 per cent decline by 2030 relative to today, and
a 57 per cent to 93 per cent decline by 2050 (see
Figure 3). (These figures refer to domestic fossil
fuel consumption; we discuss the prospects for

from a 10 per cent decrease in use by 2050 relative
to today to a 22 per cent increase.
There is very high uncertainty surrounding this
potential place for fossil fuel use in Canada’s
net zero future. Currently, engineered negative
emissions solutions and advanced types of CCUS
are only at the development and demonstration
stage. They could become viable with the right
mix of technological improvements, economies
of scale, and policy changes. But this would still

fossil fuel production in Canada in Section 4.3.)

require actions to overcome numerous barriers,

The steep drop in fossil fuel use we observe is

solutions. These include achieving significant

driven at first by improved energy efficiency

cost declines; a massive build-out of facilities and

and later by the replacement of fossil fuels with

infrastructure; the development of a working

other types of energy. The limited remaining

trading system for negative emissions; recogni-

consumption of fossil fuels that the modelling

tion in global GHG accounting systems; and the

projects by 2050 is found primarily in sectors

overcoming of potential public opposition. In

where there are no viable alternatives or where

addition to overcoming these barriers, they must

valuable capital stock is very long-lived, such as

also be deployed in a manner that recognizes

chemicals manufacturing. Emissions from the

and respects Indigenous rights. Canada’s policy

combustion of these remaining fossil fuels would

choices and investments could improve the like-

either have to be captured at source or offset by

lihood of these solutions becoming viable, but

negative emissions solutions.

the ultimate outcome remains highly uncertain.

Our analysis finds less substantial declines in fossil
fuel use only in those scenarios where engineered
negative emissions solutions such as direct air
capture and advanced types of CCUS technologies prove to be both cost-effective and scalable.
(See Box 4 for an explanation of different kinds of
negative emissions solutions.) In scenarios where
we assume these early-stage and still-uncertain
technologies prove viable, our modelling projects
that fossil fuel use in Canada could range widely,

particularly for engineered negative emissions

(There is also a risk, as we will discuss below, that
their potential viability would delay other actions
and investments that only become more costly
to implement later in the event these solutions
do not bear out.) And, even if engineered forms
of negative emissions could be made viable,
whether or not they should be reserved for the
significant net negative emissions that are likely
to be necessary later this century would remain
an open question (IPCC, 2018). We return to these
issues and challenges in Section 5.
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BOX 4

Carbon Engineering’s direct air capture pilot plant in Squamish, B.C. (Skwxwú7mesh-ulh Temíx̱w).

Understanding negative emissions
solutions
Broadly speaking, there are two ways to generate “negative emissions.” The first
way involves harnessing natural processes to store greenhouse gases in the soil or
in plants. The second way uses new technologies to remove greenhouse gases from
the air before burying them underground or embedding them in new products and
materials. Both offer a way of offsetting emissions that physically occur elsewhere,
rather than directly reducing these emissions or capturing them at source.
Nature provides a broad range of tools for generating negative emissions. Forests can
be induced to hold more carbon by changing forest management practices, boosting conservation practices for existing forests, or planting new trees. Agricultural land
can take in more carbon by employing a wide range of farming techniques, including
no-till planting, enhancing soils with cover crops, making better use of crop residues,
and mixing trees with agricultural land. Grassland and wetland management practices can also sequester carbon, primarily through restoration and avoided conver-
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sion for other uses, such as agriculture. And oceans can sequester carbon via seaweed
cultivation or restoring coastal ecosystems (including salt marshes). In all of these
approaches, however, negative emissions gains are only legitimate when the carbon
stays sequestered. Human or natural disturbances—logging or wildfires, for example—can release the trapped carbon and erase the gains.
The other path to negative emissions is through technology. New technologies are
being developed to capture carbon dioxide from the air and then either sequester it
underground or trap it in industrial materials. Direct air capture (whose developers
include a Canadian company called Carbon Engineering that operates a pilot project
in British Columbia) removes carbon dioxide directly from the air through a series of
chemical reactions, expels the carbon-free air, and generates purified carbon dioxide.
This can then be pumped underground using carbon capture utilization and sequestration (CCUS) technology or used to produce materials such as carbon fibre and
concrete. CCUS pilot projects are already operating in a number of countries, including
Shell Canada’s Quest facility in Alberta. Another emerging technology is called bioenergy with carbon capture and sequestration (BECCS)—currently being tested at a coal
plant in the United Kingdom—which involves burning biomass for energy and capturing and sequestering the resulting emissions underground. BECCS technologies represent a kind of hybrid of natural and engineered negative emissions solutions, taking
carbon trapped by plants and trees and recapturing it upon combustion. Other hybrids
of nature- and technology-based solutions are also possible. For example, enhanced
weathering involves crushing and laying out onto the land certain kinds of minerals
(e.g., olivine or used concrete) so that they can absorb carbon dioxide from the air.
Engineered forms of negative emissions have only reached demonstration stage
at most, and the role they may one day play in Canada’s efforts to achieve net zero
remains uncertain. This uncertainty stems both from questions regarding the ultimate cost-effectiveness and scalability of these technologies and from concerns
about whether and how they can be recognized in global GHG accounting systems
(Vivid Economics, 2020). But if these technologies prove viable, they could come to
play a very important role in the global push to net zero, as well as the later push to net
negative emissions that most global assessments say will be necessary in the latter
part of this century to avoid severe climate change impacts (IPCC, 2018).
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Energy efficiency plays a crucial role in
all the net zero pathways we examine

energy savings in the next 10 to 15 years from

Energy efficiency is often among the least cele-

the adoption of more efficient equipment and

brated pieces of a climate plan, but it is always a

energy efficiency measures would significantly

vital workhorse. In all the scenarios we examine,

outweigh those coming from adopting equip-

our modelling indicates that energy efficiency

ment powered by different fuels. Such improve-

would make a significant and growing contribu-

ments would drive most of the efficiency gains

tion to emissions cuts, reducing energy demand

that occur between now and 2030. But over the

by nine per cent to 12 per cent by 2030 relative

longer term, fuel switching—powering end-use

to today, and 17 per cent to 36 per cent by 2050.

equipment with alternative forms of energy such

The rate of energy efficiency improvement found

as electricity instead of fossil fuels—would take

in our scenarios is broadly consistent with that

on a much larger role in reducing both energy

seen over the past decades (energy efficiency in

consumption and emissions. Fuel switching to

Canada has improved by 19 per cent between 1990

lower-emitting fuels tends to improve energy

and 2016 [NRCan, 2020a]). Continued improve-

efficiency because equipment powered by liquid

ment in Canada’s energy efficiency on the path to

and gas fuel is typically more thermodynamically

net zero would be economical because the costs

efficient than that using a solid fuel, while elec-

of efficiency gains are often much cheaper than

tricity-using equipment is even more inherently

adding more zero-emissions energy production.

efficient. However, fuel switching’s overall contri-

Our analysis indicates these gains would occur in

bution to energy efficiency would also depend

every sector of the economy, from more efficient

on the energy efficiency of the fuel’s production.

The drivers of these energy efficiency gains
will change over time. As we show in Figure 4,

internal combustion engines to more efficient
buildings and industrial processes.

Switching from fossil fuels to non-emitting energy sources—like wind and solar—will be a key part of
Canada’s net zero transition. Photograph is taken on traditional Mi’kma’ki territory.
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Figure 4: How direct energy efficiency improvements and fuel switching affect
energy use on pathways to net zero
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This figure shows the effect that different energy efficiency drivers have on projected energy use in our modelling scenarios.
The ranges for each reflect the range of estimations that we see for them when we look across all our scenarios, and they
therefore reflect the uncertainty associated with Canada’s net zero pathway—which the scenarios are themselves selected
to reflect (see Box 2).
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SOLUTIONS ON CANADA’S
PATH TO NET ZERO
In this section, we look at how the different possi-

of why some solutions are more likely than others

ble pathways to net zero and the solutions they

to play a role, and describe the opportunities and

rely on could affect the way Canadians live, work,

trade-offs that different solutions might present.13

and move. We examine the specific types of tech-

(For specifics on the size of the emissions reduc-

nologies and solutions that are most likely to be

tions that our modelling projects for the various

part of daily life in that future, address the question

solutions in different sectors, see Annex 4.)

4.1 BUILDINGS: HOW WE HEAT OUR HOMES AND WORKPLACES
KEY PATHWAYS TO NET ZERO
▶

Canada’s built environment can reach net zero by relying on technologies and measures
available today.

▶

Energy efficiency would play an important role, as would switching from higher-emitting heat sources to electric ones. Where electrification was not available or where its
costs would be too high, clean gases like renewable natural gas and hydrogen would be
involved.

▶

Overall, this transition can be achieved without increasing energy costs for Canadian
households. In fact, households could spend less on energy as a share of income than
they do today as Canada moves towards net zero.

13 Our modelling is able to capture a wide range of technological solutions and some non-technological ones. Where it does not consider certain
technological solutions (e.g., small modular nuclear reactors or synthetic fuels) or non-technological ones (e.g., changing urban forms or cultural
changes that could lead to lower demand for emissions-intensive goods and services), we use literature review and expert input to offer insight on
the potential role they could play.
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Canada’s buildings use energy to maintain

to clear major hurdles on the path to widespread

comfortable indoor temperatures, to power

adoption, many of these could be overcome with

appliances and everyday devices, and to heat

sufficiently stringent and coordinated govern-

water. At present, 76 per cent of the energy needs

ment policies. We find that Canada’s buildings

of Canada’s buildings come from fossil fuels like

sector could reach net zero without relying on

natural gas or from electricity generated by

negative emissions or technologies still in early-

fossil fuels (NRCan, 2020a), producing 73 million

stage development.

tonnes of GHG emissions or 10 per cent of the
nation’s emissions. A transition to net zero must
continue to meet the energy needs of Canadians
while providing a range of energy solutions that
work for new and old buildings alike nationwide.
Fortunately, the tools to reach net zero in buildings are already commercially available.

Buildings can get to net zero using
existing technologies
Our analysis finds that Canada’s built environment could reach net zero emissions by relying only on technologies and measures that are
commercially available today. While a significant portion of these solutions would still need

While existing emissions-reducing technologies
may be more expensive than higher-emitting
alternatives at the point of purchase, many are
either cost-neutral or cost-saving over their lifetimes. The Canada Green Building Council (2019)
estimates that upfront costs for emissions-free
buildings are only eight per cent higher than the
current standard and, through energy savings,
generate a net return (inclusive of capital costs)
of one per cent on average over the life of the
building. In our analysis, we find that achieving
net zero would have minimal effects on the costs
of energy for Canadian households—and could
even leave households better off. Box 5 discusses
these findings in detail.

The evolv1 building in Waterloo, Ont. is Canada’s first net zero positive commercial office building. Making
new buildings emissions-free will not only be a key part of Canada’s net zero transition but will offer cost
savings over their lifetimes.
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BOX 5

Progress toward net zero sees
households spending less on energy
as a share of income
In every scenario we examined, the proportion of income households spend on energy
services—including spending on home heating, electricity, and transportation—
declines for all income groups, as seen in Figure 5.

Figure 5: Household energy expenditure as a share of income across
pathways
to net zero
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Energy costs would decline for households in all incomes groups as Canada makes progress toward net
zero by 2050. However, their relative levels of expenditures would likely persist. The differences in relative
expenditure are explained by the fact that middle-income households actually spend a greater share of
their income on energy than lower-income ones, despite their higher incomes, in part because they are
more likely to own vehicles and live in larger homes, leading to higher relative energy consumption. The
highest-income households, meanwhile, spend the smallest share of their incomes on energy, even though
they are often the largest energy consumers (owning multiple cars, living in larger homes, and flying more
frequently), owing to their larger incomes. Broader societal shifts in income inequality could alter these
differences. Growing inequality, for example, could lead to lower-income households spending an even
larger share of their declining earnings on energy, while the highest earners could be spending a smaller
portion of their incomes on energy if their incomes increase. But if income inequality instead decreased over
the coming decades, energy spending as a share of income could become less divergent across all groups
as the income gap narrowed.
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According to our analysis, the reduction in household spending on energy services
results from several factors:

▶

Economic growth nationwide from 2020 to 2050 would cause average incomes
to rise, meaning even if energy spending holds steady in absolute terms for some

▶

households, the share of income spent on energy would decline.
Energy efficiency would improve throughout the economy, from car engines to
home heating, significantly reducing the amount of total energy a household
uses and the amount of money it spends. (Behavioural and cultural change will

▶

also play a role in shifting energy consumption patterns, as we discuss in Box 12.)
The additional costs of low-emissions energy equipment would be more than
offset by the savings derived from their reduced energy consumption.

Larger upfront purchase costs, however, remain a significant barrier, especially for
lower-income households. Vital net zero energy technologies such as heat pumps,
for example, have lower operating costs than current systems but come with much
higher purchase prices. One study of deep emissions cuts in British Columbia estimates that average households could save $800 per year in 2030 and nearly $1,000
per year in 2050 from improvements in home and vehicle efficiency, but that this
would come with a $4,000 increase in upfront capital costs of new equipment (Navius
Research, 2015).
Without policy support, many lower-income households may not have the means to
invest in these high-efficiency technologies or may be unable to benefit from their
energy-cost savings, especially if the benefits are only available to homeowners and
not renters as well. This points to the role of policy measures ensuring that all households are able to participate in the net zero transition, such as equitable financing
mechanisms or targeted supports for low-income households to improve their access
to energy-saving technologies.

We find that the adoption of energy-efficient

emissions and build on decades’ worth of ongo-

equipment and energy-efficiency measures is

ing improvements to the energy efficiency of

an important step on the pathway to net zero

Canada’s built environment, where the average

in the buildings sector. Our modelling projects

household energy efficiency has improved by 30

that better insulation, more efficient windows,

per cent over the past 20 years (NRCan, 2019a).

and improved building design could reduce the

To drive deeper emissions cuts, our modelling

energy intensity of buildings in Canada by 17 to 19

suggests that switching from furnaces to elec-

per cent by 2030 relative to today and by 45 to 55

tric heat pumps, which are commercially avail-

per cent by 2050. These changes would reduce

able today, would play an essential and growing
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role (as shown in Figure 6). Where gas combus-

ment. In scenarios where these technologies do

tion furnaces remain, they would increasingly

not prove viable at scale, we find that combus-

be powered by clean gases such as hydrogen

tion furnaces would be fully replaced by heat

or RNG, rather than with natural gas. However,

pumps and electric baseboard heaters by

any of these clean gas pathways would require

2050, as well as some wood heating. We further

the successful commercialization of technolo-

discuss heat pumps and clean gases below.

gies that are still in the early stages of develop-

Figure 6: Share of heating technologies installed as a primary source of home
heating
Figure
6 across pathways to net zero
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Electric baseboard heaters and heat pumps
overtake gas combustion furnaces in new sales
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Electrification of buildings with heat
pumps offers a path to net zero
Our scenarios consistently show electrification
of heating as a necessary part of the transition
to net zero in Canada’s building sector. This will
occur either via direct resistance heating (using
baseboard heaters, for example) or through the
use of heat pumps. Heat pumps—which function
like air conditioners in reverse, extracting heat
from outside air and transferring it inside—are
already becoming common; in the United States,
50 per cent of new, multi-unit residential buildings use heat pumps, and more than 20 million
homes globally had a heat pump as of 2019 (IEA,
2019a). Reversible heat pumps (which provide
both heating and cooling) have been found to
already be cost competitive in many parts of the
United States compared to a gas furnace and air

be much quicker. Indeed, our modelling projects
that in terms of sales, electric baseboards and
heat pumps would overtake gas combustion
furnaces between 2027 and 2032.
To make these measures ready for mass adoption in Canada, however, the nation’s electrical grids would need to evolve significantly (we
discuss this evolution in Box 3). The buildings
sector would be both a driver of, and solution to,
many of the challenges faced by Canada’s electrical grids in pursuit of net zero. For example, the
National Renewable Energy Laboratory in the
United States has estimated that peak electricity demand would shift from summer to winter
months as a result of high heat pump adoption,
increasing peak demand by 20 to 33 per cent (Mai
et al., 2018). These changes would likely be even
more pronounced in Canada’s colder climates.

conditioner solution (Billimoria et al., 2018).

However, smart equipment installed in buildings

Buildings that combine high levels of energy effi-

on the electrical grid. Electric water heaters, for

ciency and heat pumps to provide heating suited

example, can be designed to heat water when

to the Canadian climate already exist in Canada.

electricity prices are low, shifting demand while

For example, a 50-unit passive house in Fort St.

continuing to supply hot water.

John, British Columbia, uses heat pumps that
provide comfort in temperatures as low as -20°C
(Passive House Canada, 2020).14 Our modelling
projects that heat pumps would expand from
two per cent of all household heating systems
today to eight to 11 per cent by 2030 and 28 to

could help to ease the burden of peak demand

Ensuring wide adoption of heat pumps would
also require supportive policy, innovative financing models, or both. In particular, low-income
Canadians, including those that rent their homes,
may be unable to afford energy efficiency retro-

68 per cent by 2050, while electric baseboards

fits and heat pumps without targeted support.

would hold steady, serving as the primary heat-

Electrifying building heating is likely to be more

ing source for 24 to 33 per cent of households by
2050. In total, we estimate that electric heating
systems would heat 52 to 100 per cent of households by 2050 (up from 30 per cent today). As a
share of new technology sales (i.e., rather than
total deployed equipment), this transition would

challenging in some regions than in others. Heat
pumps tend to perform better in higher humidity,
so their uptake might come faster in regions with
more humid climates, such as eastern Canada
and western British Columbia. Rural parts of
Canada that have access to electricity networks

14 Supplemental natural gas heating is used for temperatures lower than this. However, such units could instead be equipped with supplementary
direct resistance heating powered by electricity.
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but only limited or costly access to the gas

remote communities connected to neither elec-

network may make the transition to heat pumps

trical grids nor gas networks will face unique chal-

more quickly than some urban ones. In contrast,

lenges and solutions, as we discuss in Box 6.

BOX 6

Remote communities like Apex (Niaqunngut), Nunavut rely on off-grid energy sources like diesel
generators. There are many ways off-grid communities can reduce the use of diesel fuel, including
increasing efficiency and switching to renewable energy.

Reducing diesel reliance in off-grid
communities
There are 292 off-grid communities in Canada (NRCan, 2020e), many of which lack
access to safe, reliable, affordable supplies of natural gas and electricity—services that
most Canadians take for granted. These remote communities, nearly two-thirds of
which are Indigenous, must produce their own energy locally, typically using expensive and polluting diesel generators. A recent report by the Pembina Institute estimates that approximately 682 million litres of diesel-equivalent fuel will be consumed
in remote communities in 2020, equal to the annual emissions from approximately
500,000 cars (Lovekin et al., 2020).
In addition to the emissions produced by diesel generators, reliance on these systems
has a range of negative social and economic implications. Air pollution and environmental leaks and spills from diesel generators harm the health and well-being of local
residents (Health Canada, 2019b). Load restrictions of diesel generators limit the ability
of communities to build new infrastructure, such as businesses and homes, despite
growing populations. And even when subsidized, the costs of electricity in these
communities can be more than double the costs for the average Canadian household
(Canada Energy Regulator, 2017).
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While off-grid communities (along with provincial and federal governments) have
several options to reduce and displace their reliance on diesel, there is no one-size-fitsall solution. The energy needs of each community, as well as the challenges and opportunities they face, differ based on their size, climate, and location, among other factors.
The solutions available to Northern communities, in particular, are limited due to their
remote locations, colder climates, harsher winters, and higher deployment costs.
The path to net zero for remote communities could involve many technologies. Diesel
used for heat and electricity could be replaced with clean energy sources, including
wind, solar photovoltaic (PV), small hydropower, geothermal, and biomass. Diesel
supply could also be reduced or replaced by connecting communities to provincial
and territorial electricity grids. Other energy storage and smart grid technologies
could also be deployed in remote communities to better manage variable electricity
supply from intermittent renewables. At the same time, making community buildings more energy efficient could reduce energy demand and also improve indoor air
quality. Other emerging technologies not yet deployed in remote communities may
also play a role in reducing diesel reliance (such as tidal energy generators for coastal
communities or small modular reactors).
Despite challenges with deploying some of these technologies—including high
costs, the intermittency of renewable energy, and difficulty with obtaining adequate
financing—a growing number of clean energy projects illustrate significant potential.
According to Pembina’s report, the use of renewable energy systems nearly doubled
in remote communities between 2015 and 2020, with substantial increases in bioheat
and solar PV projects. In that five-year period, remote communities deployed 82 diesel
reduction projects, increased solar capacity eleven-fold, connected three new communities to provincial or territorial electricity grids, brought over 40,000 new MWh of
renewable energy to the mix, and saw a total diesel reduction of over 12 million litres per
year. Many more initiatives are in the early stages of development (Lovekin et al., 2020).
Indigenous involvement in renewable energy projects is at the centre of this energy
transition, especially in remote communities. According to a 2020 report by Indigenous
Clean Energy, there are currently between 2,107 and 2,507 Indigenous clean energy
projects operating in Canada, a total that includes power generation, electricity transmission, heat production, and energy efficiency. These range from small systems to
medium- and large-scale energy generating projects. Indigenous involvement in
clean energy projects can result in significant economic and social benefits, including
employment opportunities, and may help build capacity within Indigenous communities to meet their own energy needs.
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These projects can do more than provide affordable and reliable energy to communities. They can also help advance Indigenous self-determination and reconciliation,
particularly when Indigenous communities have ownership of and control over projects (Hoicka et al., 2020). However, a new study that analyzed 194 renewable energy
projects larger than 1 MW in size across Canada that contain some level of Indigenous
community involvement found that only 41 of the projects are controlled by Indigenous
communities. This raises important questions regarding whether and to what extent
renewable energy activities involving Indigenous communities as currently practised
contribute to reconciliation and self-determination (Hoicka et al., 2020).

Clean gases could accelerate net zero
transition in the buildings sector
Electrifying building heating will be easier in new
buildings than in existing ones, which may not
need new heating systems for years to come. A
promising option for reducing emissions cost-effectively in older buildings is clean gases such as
hydrogen or RNG.15 These fuels could be blended
into the natural gas network using existing infrastructure, reducing emissions from any building connected to the network. The Alberta
utility ATCO, for example, is planning to add
five per cent hydrogen to one of its natural gas
networks in 2021, and Fortis blends in RNG from
decomposing organic matter like food waste to
networks in British Columbia (Canadian Utilities

furnaces. We find that by 2050, clean gases could
potentially provide a total amount of energy
equivalent to 32 per cent of today’s natural gas
demand from Canada’s buildings.
Clean gases face a number of barriers to significant uptake, however. The costs of hydrogen are
high at present, although a recent wave of new
investment could reduce the price of hydrogen
by 40 to 50 per cent over the next decade, and
up to 70 per cent by 2050 (BloombergNEF, 2020).
Hydrogen also faces infrastructure challenges
and costs, including the modification of existing pipelines and equipment. Without modifications, Canada’s gas network can handle an
average of five per cent blending, although some
parts could handle much higher blends of up to

Limited, 2020; Fortis BC, 2020a).

25 per cent in some instances. Going beyond 25

The use of clean gases is likely to vary region to

zero, would not only require significant modifica-

region and building to building, depending on

tions to pipelines and distribution networks but

cost, infrastructure investment decisions, and

also the replacement of many of the furnaces,

local conditions, among other factors. Overall,

water heaters, stoves, and fireplaces that use

our modelling suggests that clean gases could

natural gas today (National Research Council of

make an important contribution to reduc-

Canada, 2017).

per cent, which would be necessary to reach net

ing emissions from buildings with natural gas
15 This does not extend to older buildings burning oil for heat, where we find that a switch to electric heat would be more economical than a transition to clean gases.
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RNG, on the other hand, can be blended directly

also raise equity challenges, since households

into the natural gas network at 100 per cent

unable to absorb the cost of switching to electric

with no infrastructure modifications (since it is

heat pumps could find themselves stuck with

simply bio-sourced methane instead of fossil-

increasingly high fixed costs for their continued

sourced methane). But its costs also remain

use of the gas network.

high. Moreover, supplies of its feedstocks are
limited, making significant cost declines from
economies of scale unlikely. If new technologies
that use second-generation feedstocks—gasifying wood wastes, for example—prove viable,
cost-effective, and scalable, they could potentially help further drive down costs and increase
supply (Fortis BC, 2020b). But the prospects for
this remain uncertain.16
Maintaining

existing

The viability of clean gases will be affected by
policy choices. Will governments require increasing levels of clean gas blending, as British
Columbia is planning to do (Government of
British Columbia, 2018)? Will Canada see largescale public investments to make gas networks
compatible with hydrogen by replacing piping
with plastic, as the United Kingdom did between
1968 and 1976 to move from coal gas to natural

natural

gas

transmis-

gas?17 Will governments change the economics

sion networks would also present significant

of clean gas by requiring natural gas and electric

economic challenges. Under all of our model-

utilities to merge or at least to be co-regulated?

ling scenarios, we project a significant decline in

Will markets recognize the potential value of

total gas use—natural gas, hydrogen, RNG, and

industrial, commercial, and residential retail gas

other gases combined—over time. This holds

networks for energy storage?

true even with population growth, primarily
due to more efficient homes and competition
from heat pumps. However, utilities would still
have to maintain their gas networks during this
time, even as their customer base declines. This
would increase the cost that individual households pay for the delivery of clean gases, raising
questions about the long-term economics of
clean gases distributed via gas networks. It could

The future of clean gases in the buildings sector
is complex and uncertain. But the gas distribution network looks likely to play a role in helping Canada’s built environment reach net zero.
At a minimum, it can help to reduce emissions
from Canada’s older buildings over the medium
term by blending in clean gases with natural gas,
which can act as a helpful bridge to either eventual electrification or higher rates of blending.

16 Engineered negative emissions solutions offer another potential path to continued gas use in buildings. Instead of reducing emissions from
buildings at source by blending in clean gases, they would allow for the offset of those emissions elsewhere. However, these technologies are only in
early-stage development, so their ultimate costs and availability are highly uncertain. In any case, our modelling suggests that even if they proved
viable, they would only see limited uptake in the buildings sector due to the greater cost-effectiveness of available alternatives. Direct pyrolysis, or
separation of methane into hydrogen and carbon residue at point of end-use, is another clean gas possibility for the buildings sector. But its prospects also remain uncertain, and its potential would only be realized over the very long term.
17 The Scottish government and the energy regulator Ofgem have recently launched a four-year pilot project that will see gas use in 300 homes
converted entirely to hydrogen. Off-line trials of hydrogen transportation via gas network infrastructure will also be occurring in parallel (Ambrose,
2020).

CANADA’S NET ZERO FUTURE: Finding our way in the global transition

44

4. SOLUTIONS ON CANADA’S PATH TO NET ZERO

4.2 TRANSPORTATION: HOW WE MOVE PEOPLE AND THINGS
KEY PATHWAYS TO NET ZERO
▶

Increased use of public transit and active modes of transport would play a vital role in
getting to net zero, driven in part by changes to the design of cities and communities.

▶

Personal vehicles are not going away, so achieving net zero will ultimately require the
adoption of alternative fuel and vehicle technologies.

▶

For personal vehicles, electrification would play a significant role, with electric vehicles moving from margin to mainstream. But internal combustion engines may have a
longer life than many expect—if they become increasingly powered by biofuels.

▶

The future of heavy freight is more uncertain, with electrification, hydrogen, biofuels,
and net zero fossil fuels all potentially playing a role.

every day, and all that transportation requires

Smartly designed communities and
abundant transit are a key to success

huge amounts of energy. At present, fossil fuels

Shifts toward different modes of transportation—

are by far the most used fuel for Canada’s transpor-

especially in urban areas—can complement

tation sector, supplying 93 per cent of the energy

shifts toward zero emission personal vehicles.

consumed in transportation, which generates 24

Increased use of mass transit and active modes

per cent of total national emissions (ECCC, 2019b).

of transportation such as cycling emerge as driv-

Operating an advanced modern economy involves
moving an enormous volume of people and goods

The path to net zero for the transportation sector
is clear but difficult to navigate: Canada must
greatly reduce its use of fossil fuels while retaining the ability to move people and goods efficiently throughout the country. Some parts of
the transportation sector’s path to net zero are
well understood, involving smartly designed
cities with ample public transit and the eventual emergence of electric vehicles (EVs) as the
dominant type of personal vehicle nationwide.
The role of combustion engines and the fuels
that will propel heavy- and medium-duty freight

ers of emissions reductions in all the scenarios
we examined, reducing emissions by a projected
seven to eight Mt of CO2eq by 2030 and up to 15
Mt by 2050, equivalent to taking 2.1 to 2.5 million
vehicles off the road by 2030 and up to 4.6 million
vehicles by 2050 (NRCan, 2020b). Such a shift
in urban transportation also comes with additional benefits, including reduced congestion
and air pollution, preservation of green space,
and healthier lifestyles (Giles-Corti et al., 2010;
Lachapelle & Pinto, 2016; Litman, 2015; Sims et al.,
2014; Jaccard et al., 2019).

vehicles are much less certain.
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Electric buses will be critical to reducing transport sector emissions in Canada, and a number of cities
are already adopting them.

In many Canadian communities, this transition

such as reduced air pollution, shorter commute

is already underway. The number of daily public

times, less costly transportation, more pleasant

transit users nationwide grew by 60 per cent

living experiences, and easier access to ameni-

from 1996 to 2016, while the number of automo-

ties (Devlin et al., 2009; Giles-Corti et al., 2010;

bile commuters increased by less than 30 per

Sims et al., 2014; Ewing & Cervero, 2001; Leyden,

cent (Statistics Canada, 2017). Urban neighbour-

2003; Lund, 2002; Frank & Engelke, 2001).

hoods across Canada are also starting to adopt
designs better suited to walking and transit use.
The City of Vancouver, for example, invested in
325 kilometres of new cycling routes, changed
zoning laws to encourage cycling and transit use,
and created a public space and street use platform through its VIVA program. This has boosted
transportation by walking, cycling, and transit to 54 per cent of total trips in 2020. In addition, distance driven per person has declined by
28 per cent since 2007 (City of Vancouver, 2020;
Transport Canada, 2011).
Because the impact of urban design is far harder
to measure than transit use, it wasn’t included as
a specific metric in our analysis. Other studies,
however, have found that communities designed
to reduce the need for a personal vehicle could
reduce emissions by 20 to 50 per cent by 2050,
relative to 2010 levels (Sims et al., 2014). And
reducing emissions would be only one benefit of
smarter community design. Walkable communities with well-integrated transit also see benefits

The automobile, however, is not disappearing
from Canadian streets for the foreseeable future.
Even with efficient community design and more
active transportation and transit, there will still be
many vehicles on the road, especially in suburban areas of cities, smaller communities, and rural
areas—all parts of the country that do not as easily
lend themselves to active or public transportation. Shrinking the emissions of vehicles will be an
essential part of Canada’s net zero transition.

More electric vehicles are essential for
making personal transportation net zero
Transitioning to EVs is a crucial part of Canada’s net
zero path in every scenario we examined. Fossilpowered transportation has been the norm in
Canada’s transportation sector for decades, but
this is already changing fast—over the last decade,
EVs have grown from near-zero sales to more than
150,000 vehicles on the road in early 2020 (Electric
Mobility Canada, 2020). Our modelling projects
that under current and expected market and

CANADA’S NET ZERO FUTURE: Finding our way in the global transition

46

4. SOLUTIONS ON CANADA’S PATH TO NET ZERO

policy conditions, electric vehicles would make

prove viable, cost-effective, and scalable enough to

up three per cent to four per cent of all personal

compete with EVs (an uncertain prospect that we

vehicles on the road by 2035—a small but import-

return to below). As a share of sales, the transition

ant shift. Beyond 2035, EVs would move rapidly

to EVs would occur even faster. Our modelling proj-

from margin to mainstream, comprising 47 to

ects that EVs would overtake conventional vehicles

96 per cent of all vehicles by 2050. Moreover, the

between 2035 and 2040. However, as we discuss

lower end of this range emerges only in model-

below, this transition could occur even sooner as a

ling scenarios where second-generation biofuels

result of evolving domestic and global EV policies.

Figure 7: The total market share of different vehicle types in Canada’s personal
transportation fleet across pathways to net zero
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As electric vehicles become more affordable over time, sales will increase steeply. In a net zero Canada,
EVs are expected to become the personal vehicle of choice.

How could EVs become Canada’s primary

Decarbonization in Canada report projects that

personal vehicles so quickly? Our analysis proj-

by 2050, EVs will account for nearly 100 per cent

ects that by 2033, the cost of a new EV would be

of all light-duty passenger vehicles in Canada,

the same as conventional cars and trucks, even

corresponding to the high end of our projected

before accounting for their lower operating costs

range (Bataille et al., 2015).

(this occurs even sooner than 2033 for some vehicle classes). Ongoing development of charging
infrastructure, expanded electricity generation,
and greater consumer acceptance would also
drive the shift to EVs.

The rise of EVs, however, could vary significantly by region. British Columbia, for example,
already leads the country in EV adoption, and
our analysis anticipates that this would continue.
Northern communities, on the other hand,

The speed of this transition that we see in our

would take more time to make the switch, in part

modelling may even be an underestimate. Other

because of the higher costs of electricity. Rural

studies project more rapid cost declines and

households may also be slower to adopt elec-

faster adoption of EVs by mid-century. For exam-

tric vehicles, owing to their need to drive longer

ple, BloombergNEF (2020) projects that EVs will

distances and the likely slower arrival of suffi-

reach price parity with internal combustion vehi-

cient charging networks in sparsely populated

cles by the mid-2020s in most segments. Deep

regions.18 Then again, uptake across the country

decarbonization scenarios from both McKinsey

could accelerate much more rapidly as a result

(2020) and Shell (2018) find that internal combus-

of domestic and global policy that drives adop-

tion engines could account for less than half of

tion of electric vehicles. And the potential of EVs

global sales by 2033 and be completely phased

to reduce harmful air pollution could be a driving

out by mid-century. The Pathways to Deep

force behind this policy push (see Box 7).

18 Some remote regions, especially in Canada’s North, may continue to use at least some amount of biofuel-powered conventional or hybrid vehicles over the long term, owing to their vast land mass and cold temperatures that could reduce electric battery ranges. The challenges associated
with full adoption in such regions is part of the reason electric vehicle penetration never reaches 100 per cent in our modelling scenarios, as seen in
Figure 7.
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BOX 7

The health benefits of reduced
air pollution
Harmful air pollutants that increase the risk of disease and premature death—pollutants such as particulate matter and ground-level ozone—are common by-products
of GHG emissions. Globally, air pollution represents the single largest environmental
threat to human health, according to the World Health Organization (2016), and it also
takes a significant economic toll. In Canada, estimates suggest that air pollution kills
around 20,000 Canadians annually, with more than 17,000 of those deaths attributable to fossil fuel use (Lelieveld et al., 2020). The direct welfare costs of fine particulate matter and ground-level ozone in Canada is estimated at as much as $46 billion
per year (IISD, 2017), while Health Canada (2019a) estimates the total annual economic
damage to public health from air pollution is approximately $114 billion.
A transition to net zero would not only reduce greenhouse gas emissions, it would also
reduce the release of air pollutants such as particulate matter, nitrogen oxides, and
sulphur dioxide, pollutants that impose a direct health burden on Canada’s population.
When fossil fuels are combusted, these pollutants are also released. So falling greenhouse gas emissions tends to also be associated with falling levels of air pollution.
Figure 8 shows the projected decrease in monetized air pollution health burden that
would be associated with decreased mortality from particulate matter pollution on
the path to net zero in Canada. These health benefits would be especially significant
in Ontario and Quebec, where high air pollution levels near dense urban population
centres would be much improved (Health Canada, 2019a; Manisalidis et al., 2020; IISD,
2017). And the actual benefits would likely be even larger than that shown in Figure 8,
since our analysis only considers the health burden of particulate matter emissions.
The exact magnitude of the health benefit, however, would depend upon which type
(or types) of net zero energy system Canada adopts (we return to this topic in Section
5.2). And benefits would also be driven by ongoing improvement of pollutant control
technologies (i.e., independent of Canada’s emissions-reduction efforts).
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Figure 8: National annual estimated economic burden due to
mortality
associated with air pollution emissions from energy
Figure
8
production and use on pathways to net zero
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Source: Soltanzadeh & Hakami, 2020

Falling levels of air pollution from transportation in our scenarios is an especially
significant driver of the reduced health impacts seen in Figure 8. Our modelling projects that 73 to 77 per cent of the cumulative health benefits we project between now
and 2050 would come from falling emission levels in the transport sector. And falling
levels of emissions from heavy-duty vehicles (e.g., freight or public transit) are a particularly significant driver, comprising 45 to 48 per cent of the cumulative health benefits in that time span.
Several other studies have yielded similar findings on the impact of reducing air
pollution. One study found that Canada’s planned phase-out of coal-fired power
by 2030 would avoid more than 1,000 premature deaths and yield an additional $5
billion in health benefits by 2035 (Israël & Flanagan, 2016). And a recent report from
the Canadian Association of Physicians for the Environment estimates that more than
110,000 lives would be saved between 2030 and 2050 from air quality improvements
alone if Canada met its 2030 and 2050 emissions targets (Edger et al., 2020).
Despite these considerable health benefits, air pollution in Canada would remain a
challenge by 2050. Air pollution from climate change impacts such as more frequent
and severe wildfires and higher ground-level ozone concentrations from rising
temperatures are expected to increase at the same time that air pollution associated
with greenhouse gas emissions would be declining.
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The long-term future of conventional
vehicles depends on significant
advancements in biofuels

liquid biofuels would need to be produced differently than they are today. A ten-fold increase
in the use of transportation biofuels, as occurs
in some of our scenarios, would put significant

So how about the gasoline-burning status quo?

pressure on feedstocks, including grain crops like

Our modelling suggests that conventional vehi-

wheat and corn and oil crops like soy and canola,

cles would continue to play a role in personal

raising prices and bringing mounting impli-

transportation in the near and medium term, but

cations for food security. Biofuels made from

that they would become increasingly efficient.

second-generation feedstocks such as wastes,

In all the scenarios we examined, the majority

residues, and switchgrass would therefore need

of emissions cuts in the transportation sector

to prove viable, cost-effective, and scalable, an

between now and 2030 come primarily from

uncertain prospect at present.

improved conventional engine efficiency, including greater use of hybrid engines.19 Blending of
biofuels into gasoline would also help to reduce
emissions between now and 2030. But over the
long term, continued use of conventional vehicles would require that they switch entirely from
burning gasoline to burning biofuels.

Overall, the future of the internal combustion
engine in Canada’s net zero future is much less
certain than that of EVs, since the biofuels that
conventional vehicles would need for fuel still face
major barriers and uncertainties around their ultimate viability. EVs are thus much more likely than
conventional vehicles to reach the higher end of

Our analysis finds significant uncertainty in how

their potential fleet share range seen in Figure 7

large a role conventional vehicles might play in

although this would require significant build-out

personal transportation over the long term. On

of electricity generation capacity and smart grids

the one hand, some of our scenarios see electric

(as we discuss in Box 3).

vehicles fully dominating the market by 2050,
plus a small role for plug-in hybrids. In others, as
much as 42 per cent of Canada’s personal vehicle fleet could continue to use internal combustion engines, powered by biofuels—despite clear
global trends toward the electrification of transportation. So, why would this be the case? And
what barriers exist to it coming about?

The high relative likelihood of EVs coming to
dominate personal transportation is also being
reinforced by ongoing domestic and global
policy developments. Many countries, cities,
and regions have announced bans on the sale
of internal combustion engine vehicles, including Quebec by 2035 and British Columbia by
2040; Norway by 2025; Paris, Sweden, and the

The possibility of Canada seeing significant

United Kingdom by 2030; California by 2035;

amounts of biofuel-powered personal trans-

and France by 2040 (Gouvernement du Québec,

portation stems from its potential to become a

2020; Government of British Columbia, 2020;

low-cost producer of biofuels compared to the

Government of the United Kingdom, 2020;

rest of the world, owing to Canada’s abundance

Hampel, 2019; CBC, 2017; Office of Governor

of feedstocks. But for this future to come about,

Gavin Newsom, 2020). Other governments could

19 Vehicle efficiency would continue to improve beyond 2030. We estimate that conventional vehicles will be 26 per cent to 45 per cent more efficient than they are today by 2050 under a net zero target, continuing a long-established trend—new vehicles today are 24 per cent more fuel-efficient than they were in 2008 (Bigg, 2018).
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continue to introduce such bans, particularly as

For long-distance medium- and heavy-duty

a way of reducing air pollution in urban centres

vehicles, our modelling finds that there are four

(see Box 7) which, as we discuss in Section 5.2,

fuel possibilities in a net zero transition: electric-

would not be addressed by a switch from gaso-

ity, hydrogen,21 biofuels, and fossil fuels offset by

line to biofuels.

negative emissions that occur elsewhere.22 Each

Heavy- and medium-duty transportation
presents an uncertain picture of four fuels

of these approaches could thrive in particular

Daily automotive transportation in Canada,
however, is not just about personal vehicles.
Where do the myriad freight and delivery trucks
and other working vehicles fit in our net zero
future?
In some segments of the medium-and heavyduty transportation sector, our scenario analysis reveals a clear and consistent pathway to net
zero. In others, the future is less certain. As with
personal vehicles, we find that most urban vehicles, such as buses and local delivery trucks and
vans, would be powered by electricity by 2050.20
This shift is already underway, with electric delivery van and transit bus trials and wider adoption
already occurring across Canada. These vehicles
have the benefit of being simpler and cheaper to
maintain. Charging times and range limits could
remain a challenge for some applications, but
both are improving.

niches or under the right conditions, but each
also faces significant challenges and still-uncertain costs that make it difficult to predict which
will dominate.
Consider freight vehicles (see Figure 9). In some
of the net zero scenarios we examine, hydrogen
fuel cell freight trucks command 64 per cent
of the market by 2050 but only 36 per cent in
others. We find that conventional trucks could
comprise as much as 42 per cent of the market
by 2050 or as little as 22 per cent—though to be
compatible with a net zero target, these trucks
would have to be powered increasingly by biofuels (entirely so by 2050) or by fossil fuels offset
with negative emissions occurring elsewhere.23
And while the use of pure battery-electric trucks
could be comparatively limited for freight—with
an upper limit of only 16 per cent of the market
by 2050, largely because fuel-intensive long-haul
freight transportation makes relying on batteries difficult—this could also change with unforeseen advances in battery technologies.

20 Canada is also home to several electric bus manufacturers, including New Flyer in Manitoba, Lion Bus in Quebec, and GreenPower in British
Columbia.
21 Specifically, hydrogen freight vehicles would use fuel cells on electric drivetrains with and without batteries. In this sense, they can be considered
an alternative type of electric vehicle. Moreover, in some cases, the hydrogen to power these vehicles would itself be produced using electricity.
22 Synthetic net zero fuels produced from carbon dioxide and hydrogen are another possibility for the freight sector (IEA, 2020b). These synthetic
fuels are currently costly to produce and not yet commercially available, though the costs to produce them would decline if the costs of hydrogen
and renewable electricity also fell. They come with benefits that would make them very attractive for Canada, including the ability to be refined and
distributed using existing infrastructure and the significantly lower impacts on land use and natural ecosystems compared to biofuels. However,
their ultimate commercial viability is still uncertain.
23 Long-term use of freight vehicles powered by liquefied natural gas would similarly require offsetting via negative emissions.
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Figure 9: The total market share of different vehicle types in Canada’s freight
Figure 9
transportation
fleet across pathways to net zero
Long-term continued use of
conventional vehicles would require
that they were either fully powered
by biofuels or that their emissions
could be offset using cost-effective
and scalable engineered forms of
negative emissions solutions paired
with next-generation CCUS (a highly
uncertain outcome)
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The uncertainty around the future of vehicle

hybrids. Diesel trains already run on electric drives,

freight extends to other types of freight as well.

because they are more efficient and reliable with

For freight travelling by rail, Canada achieves

very heavy loads than mechanical drives. Such

net zero in some of our scenarios by transition-

trains are commonly equipped with overhead

ing to more-efficient conventional locomotives,

electric wires in many parts of the world, and the

powered either by biofuels or by fossil fuels with
engineered negative emission offsets. In others,

same could be done with hydrogen fuel cell or
biofuel-powered trains here in Canada.

hydrogen fuel cells are a major factor, power-

The uncertainty we observe in the rail sector also

ing up to 64 per cent of rail freight. Hydrogen- or

extends to the net zero shift in the aviation and

biofuel-powered trains might also be made into

shipping sectors (as we discuss in Box 8).
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BOX 8

Marine shipping and air travel
Reducing GHG emissions from Canada’s shipping and aviation sectors is a critical
component of achieving net zero emissions by 2050. Domestic aviation and shipping
accounted for approximately 12 Mt of emissions in 2018, or less than two per cent of
total emissions (ECCC, 2020b). However, this figure does not capture Canada’s share of
international shipping and air travel.
The two sectors have already made progress on reducing emissions, and proposed
policies should help drive further gains. For example, the energy intensity of commercial airplanes has declined by more than 70 per cent per passenger-kilometre since
the 1960s (IEA, 2020c), though emissions overall have risen steadily as commercial
air travel has increased (EESI, 2019). At the same time, the Government of Canada
(2016) estimates that incoming regulations and other measures to increase the use
of low-carbon fuels for shipping and aviation (as well as rail) could reduce emissions
by between one and two Mt of CO2eq by 2030. A shift to virtual workspaces due to the
COVID-19 pandemic could also weaken long-term demand for air travel, reversing a
historical trend of steady growth.
The shipping sector in particular can reduce emissions by adopting existing technologies, especially by improving energy efficiency and switching to renewable and alternative fuels (Bows-Larkin, 2015; Gould et al., 2009; IRENA, 2015). These improvements
can be integrated by retrofitting existing fleets or incorporating them into new shipbuilding and design. Recently, the International Maritime Organization implemented
a number of key steps to reduce the carbon intensity of the sector, including new rules
limiting the sulphur content of fuels (IMO, 2020). Large-scale freight vessels powered
by zero-carbon ammonia are also being tested, with the ammonia made from hydrogen and nitrogen and stored as a liquid on ships.
But even with the adoption of available technologies, getting the shipping sector
onto a net zero pathway remains a challenge. Energy efficiency and fuel-switching
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technologies tend to be expensive. They are also insufficient to get the shipping sector
all the way to net zero. At an international level, the uncertainty regarding how to
reduce the sector’s emissions has encouraged some major shipping companies to
put off investing in new ship construction (The Economist, 2020).
Cost barriers are even more formidable in the aviation industry, where solutions have
not yet reached an equivalent state of readiness (Bows-Larkin, 2015). Alternative fuels for
aviation are being explored, including sustainable aviation fuels, electric and hybrid-electric technology, solar-powered aircraft, and hydrogen. However, these options may only
be cost-effective in the long term. The cost of producing alternative fuels is also much
higher than jet fuel and would therefore require strong policy support and high capital investment to enable deployment (ICAO, 2019). In the nearer term, operational and
technological options can help improve fuel-use and service efficiency (IEA, 2020c).
The significant challenges to making deep cuts in aviation and shipping emissions
may push these sectors to offset a certain portion of their emissions. The limited technical and operational opportunities in aviation in particular has led the global industry
to look to emissions trading systems to provide net emissions reductions (Bows-Larkin,
2015). Negative emissions solutions, if they prove scalable and cost-effective, could
offer the sector another path to net zero.

Hydrogen, biofuels, electric vehicles, and net

Which of these fuel technologies becomes an

zero fossil fuels all hold considerable promise for

industry standard in the freight sector will be

the freight sector, but each would also require

determined by both policy and market devel-

the advancement of early-stage technologies

opments.

and in some cases the development of dedi-

production or fuelling infrastructure for a partic-

cated infrastructure. Hydrogen offers range and

ular solution could drive investment toward it,

power, but it requires new fuelling infrastructure

supporting economies of scale. A decision by a

and is still expensive. Biofuels are already in use

major freight operator to transition its entire

for heavy-duty transportation today, but there

fleet to a particular solution could cause other

remain concerns about scaling up their produc-

operators to follow suit. And technology break-

tion due to feedstock limitations. Electric freight

throughs or policy decisions in other countries

vehicles are not yet well-suited to long-haul

could dramatically affect the relative costs of the

transportation. And net-zero fossil fuels could

key technologies.

24

Significant

public

investment

in

play a significant role, but only if negative emission technologies prove cost-effective and scalable—a highly uncertain prospect.

24 A demonstration project underway in Alberta has begun exploring hydrogen’s potential for freight vehicles, including development of a corridor
with refuelling infrastructure (Emissions Reduction Alberta, 2020).
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4.3 INDUSTRY: WHAT WE MAKE
KEY PATHWAYS TO NET ZERO
▶

There is no one-size-fits-all approach for transitioning Canada’s industries to
be compatible with a net zero future—their emissions reduction pathways are
much more uncertain and diverse than those for buildings and transportation.

▶

In all the scenarios we examine, the sector uses some amount of negative emissions to reach net zero due to the high cost of reducing some types of industrial
emissions at source, but the amount varies depending on the extent to which
negative emissions solutions prove viable.

▶

Canada would continue to be a resource producer and manufacturer on the
path to net zero, but the mix of products it produces and sells to the world would
evolve.

▶

We find that Canadian oil and gas production can only be consistent with net
zero if a very specific (and uncertain) combination of outcomes and conditions
comes to pass.

Canadian industries supply the essentials of

industrial operations may require separate paths

our daily lives—from energy to raw materials to

in different parts of the country. Overall, our anal-

consumer goods—and drive the international

ysis finds that industry’s path is much more diffi-

trade that propels our economy. They also employ

cult to predict than other sectors of the economy.

people across the country, providing income
and jobs. At present, this industrial base is heavily reliant on fossil fuels for the bulk of its energy,
producing half of the entire country’s emissions
(362 Mt CO2eq per year) through fuel use and
industrial processes. The oil and gas, petroleum
refining, metals, and chemical production sectors
are particularly large emitters.

Regardless of how exactly Canada’s net zero
transition plays out, our modelling finds that
the country would remain a major resource
producer, manufacturer, and high-tech service
provider. The exception is Canada’s oil and
gas sector. We find that Canadian oil and gas
production can only be consistent with net zero
if a very specific (and uncertain) combination of

Transitioning Canada’s industries to be compat-

outcomes and conditions comes to pass – many

ible with a net zero future is a major challenge.

of which are highly uncertain, not to mention

Each industry will need to find its own path consis-

outside of Canada’s control. At the same time,

tent with global technological and market dynam-

growing markets for cleaner energy, materials,

ics and policy in their sector,

chemicals, and services will provide new oppor-

25

and even similar

25 In industries that produce globally traded commodities and services, global market and policy developments may even prove to be a more
important determinant of their net zero pathway than domestic policy action and market developments.
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Emissions-intensive industrial sectors like steel production face a more uncertain path to being consistent
with net zero than sectors like buildings and transportation.

tunities for Canadian businesses and workers in

Our analysis suggests that reducing heavy indus-

emerging and existing sectors to thrive in supply-

try to net zero on its own is likely to be expen-

ing their products and know-how to Canada and

sive. Net zero for Canada does not necessarily

the world.

imply net zero for any one sector. Because all our

Reducing industrial emissions is less
clear-cut than for buildings or transport

scenarios assume that at least some negative

There is definitely no one-size-fits-all solution for
Canadian industry.26 In all the scenarios we examined, only 36 per cent of industry’s emissions cuts
by 2030 are delivered by the same group of technologies and interventions, and only 26 per cent
by 2050 (see Figure 10). The solutions that show up
consistently in all of our scenarios include methane management, CCUS, electrification, energy

emissions are available, some “gross” emissions
can continue (we return to the challenges in this
assumption in Section 4.4). Across our scenarios,
20 per cent of heavy industry’s emissions remain
in 2030 and around 11 per cent by 2050.27 The
high costs associated with fully decarbonizing
certain industrial production processes (cement
production, for example) and with early retirement of some emissions-intensive production
facilities are key factors.

efficiency, and production process changes such
as using electricity to recycle steel.
26 We define Canadian industry broadly to include agriculture, forestry, mining, oil and gas, auto manufacturing, chemicals, hydrogen, biofuels,
metals, paper, and other manufacturing sectors.
27 The sector may also generate some amount of negative emissions itself by combusting RNG for energy at industrial facilities and then sequestering the emissions via CCUS technologies. When the emissions from combusting RNG with net zero lifecycle emissions are captured, its overall
emissions become net negative, opening the possibility of offsetting other parts of a facility’s emissions or even selling credits to other facilities or
operations.
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Greenhouse Gas Reductions (Mt CO2eq)

Figure 10: Comparing consistent and variable emission-reduction pathways for
industry to reach net zero
350
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Blue or green hydrogen may come to offer industry a cost-effective source of zero-emissions heat.

The extent to which heavy industry emissions that

cost-effective and scalable, they tend to play

are especially costly to reduce or capture at source

a very large role, leaving only a minority of the

can persist in a net zero world depends on the

remaining industrial emissions to be reduced at

availability of negative emission solutions to offset

source. In these scenarios, engineered negative

them. We assume that some amount of nature-

emissions solutions also allow for continued use

based negative emissions will be available in all our

of existing production methods in emissions-in-

scenarios. However, some scenarios also assume

tensive industrial sub-sectors, avoiding deep

that engineered forms of negative emissions solu-

and costly changes to production processes. But

tions will prove cost-effective and scalable.

there remains significant uncertainty regarding

In scenarios where those technologies do not
prove cost-effective and scalable, the remaining
industrial emissions are eliminated by a range

whether engineered negative emissions solutions will prove an available tool for industry in
this way and, if so, at what cost.

of technologies, including wider use of solutions

Uncertainty regarding industrial sector pathways

like electrification of production processes, CCUS,

is amplified by the unknown future cost of certain

much greater deployment of otherwise marginal

technologies. For example, in a scenario in which

solutions such as biofuels, and structural changes

CCUS becomes relatively high-cost, biofuels

in the industrial base that shift more production

tend to play a larger role in providing high-grade

to less emissions-intensive sub-sectors.

heat for industries. And when biofuels become

On the other hand, in scenarios where engineered negative emissions solutions do prove

relatively high-cost, CCUS applied to fossil fuel
combustion tends to play a larger role.28

28 When both technologies are relatively cost-effective, they might often be deployed in combination to generate negative emissions.

CANADA’S NET ZERO FUTURE: Finding our way in the global transition

59

4. SOLUTIONS ON CANADA’S PATH TO NET ZERO

Canada will remain a resource producer
and manufacturer

many of the resources and products produced
here. In all the scenarios we examined, resource
sectors such as agriculture, forestry, and mining

Although industries will be required to signifi-

see continued growth, as do manufacturing

cantly cut their emissions on the path to net

sectors like vehicles, chemicals, steel, cement,

zero and the composition of Canada’s industrial

hydrogen, biofuels, metals, and paper (see Figure

production may well see big changes, Canada

11 and Figure 12). The modelling tells a different

and the rest of the world will continue to need

story for oil and gas, which we discuss below.

Figure
12 (Manufacturing)
Figure
1212:
(Manufacturing)
Figure
Manufacturing output across

pathways to net zero**
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Figure 11: Resource output across
pathways to net zero*

1.8 1.8
1.6 1.6
1.4 1.4
1.2 1.2

1.0 1.0

20202020202520252030203020352035204020402045204520502050

*Resource sector figures combine output in the agriculture, forestry, and mining sectors (Canada’s oil and gas sector, which
we discuss below, is not included in this figure).
**Manufacturing sector figures combine output in the vehicles, chemicals, steel, cement, hydrogen, biofuels, metals, paper,
and other manufacturing sectors.
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Some industrial sub-sectors would see especially

only in emerging cleantech sectors but in exist-

significant growth on the path to net zero. Our

ing Canadian industrial sub-sectors as well. For

modelling finds that the technologies and prod-

example, Canada is a major producer of many of

ucts that play central roles in the net zero transi-

the minerals required to manufacture technol-

tion would become important industrial growth

ogies that are vital to the low-carbon economy,

areas in and of themselves, as illustrated by the

such as EVs, solar panels, and wind turbines.

investment pathways for hydrogen, EVs, biofuels,

Canada is also well positioned to supply lead,

and non-emitting electricity shown in Figure 13.

zinc, copper, and gold, all required by the solar

In scenarios where the rest of the world takes
increasingly decisive action on climate change,
some parts of Canada’s industrial sector would
see especially significant expansion. For example, our analysis finds that investment in biofuels
would be highest when other countries also act
decisively on climate change, boosting global
demand, increasing prices, and making domestic production more competitive. And significant
global climate action would drive growth not

industry; the cobalt, graphite, and nickel essential for battery manufacture; and low-emissions
aluminum essential to the automotive, transportation, and construction industries, among
others (NRCan, 2017; NRCan, 2019b; IEA, 2020d).
And as the world decarbonizes, there may also
be opportunities for Canada to export its technical knowledge and services to other countries,
including in the buildings, transportation, and
electricity sectors (see Box 3).

Figure 13: National investment in clean technology sectors across pathways to
net zero*
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*In these figures, investment includes expenditures on goods that will be used to produce other goods and services in the
future as well as household expenditures on clean energy technologies.
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Clean technology exports, such as biofuels, are already showing promising trends. Between 2014 and 2019
clean technology exports grew by a rate of 9.7% annually.

The global clean technology market is expected

tions, overall emissions rise and fall predominantly

to exceed $2.5 trillion by 2022 (Clean Technology

with changes in production levels.

Table, 2019). Canada has an opportunity to thrive
in this booming marketplace, since its clean technology sector is already generating $17 billion in
annual revenues and scoring well on international
rankings (fourth out of 40 countries on the 2017
Global Cleantech Innovation Index). China and
the E.U. have already shown particularly strong
appetites for Canadian cleantech (EDC, 2020).

Our analysis finds that, independent of domestic climate policy choices, production in the
Canadian oil and gas sector will be determined
first and foremost by global forces. Factors such
as increasing EV sales or sustained high production volumes by other global suppliers could
continue to depress prices and lead to slower
growth or even declines in Canadian production.

Canada’s clean technology exports are already

Climate policy action abroad could reduce global

showing promising trends. For example, between

demand for fossil fuels and, by extension, prices.

2014 and 2019, clean technology exports grew by

And because all of these drivers are fully outside

an annual rate of 9.7 per cent (triple the rate of all

of Canada’s control, Canada’s oil and gas sector

Canadian exports in that same period). Notable

could face significant challenges independent of

sectors include clean fuels, rare earth minerals,

any domestic choices.

clean electricity, clean power technologies, technologies for industrial decarbonization, clean
transportation technologies, and energy-efficient
equipment (Sawyer, 2020).

Canadian oil and gas faces a precarious
future
The production of oil and gas (much of which is
exported ) is Canada’s largest source of emis29

sions, at 26 per cent of Canada’s current national
total (ECCC, 2019b). While improvements to the
emissions intensity of production can drive reduc-

Our modelling suggests that in scenarios where
global oil and gas prices drop significantly due
to changing market conditions or global climate
policy (or both), Canadian production (and emissions) would drop significantly. We find that in
a low-oil-price scenario—where global oil prices
decline to US$38 a barrel by 2030 and drop
slightly further to US$36 by 205030—oil production in Canada would fall by 89 to 96 per cent by
2050 relative to today and natural gas production by between 56 and 74 per cent (see Figure 14
and Figure 15).

29 81 per cent of Canadian crude oil production and 45 per cent of Canadian natural gas production is exported (NRCan, 2020c; NRCan, 2020d).
30 For context, oil prices have been trading at roughly $40 per barrel in 2020.
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Figure 14: Oil Production
Figure
14: Canadian oil production under low and high global price scenarios for
oil 6across pathways to net zero
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Figure 15: Canadian natural gas production under low and high global price
scenarios
for oil across pathways to net zero*
Figure 15: Natural Gas Production
1.2

High levels of natural gas production would require nextgeneration CCUS and engineered forms of negative
emissions solutions to prove both cost-effective and
scalable (a highly uncertain outcome). It would also
require the expectation of sustained high prices on the
part of oil companies and their lenders.
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*Our modelling uses global oil prices as a proxy for global natural gas prices, since the two tend to correlate.
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Canadian oil production (and emissions) would

US$63 a barrel by 2030 and US$87 by 2050). There

fall significantly under any scenario where global

would also have to be an expectation that prices

oil prices stay low. While the low variable cost of

would behave this way.31 At the same time, oil

Canadian oil production can allow producers to

and gas producers would have to make signifi-

weather periods of low prices, its high fixed costs

cant investments to reduce the emissions inten-

mean that significant levels of production cannot

sity of production, both by implementing existing

be sustained if prices stay low over the medium or

technologies and developing better ones.32 And

long term. These difficulties would also be exacer-

demonstration-stage technologies such as CCUS

bated if global climate policy drives low prices, since

for non-concentrated flue gas streams and engi-

policies in other countries favouring oil produced

neered forms of negative emissions would need

with low emissions intensity would put significant

to prove both cost-effective and scalable, which is

portions of Canada’s oil production at a competi-

a highly uncertain outcome.

tive disadvantage. Emissions intensity improvements aimed at improving this competitiveness
would also be made more difficult in such an environment, since thin margins for producers would
reduce the capital on hand to make the necessary
investments and financing would be more difficult to obtain (Jaccard et al., 2018).

In other words, for sustained Canadian oil and
gas production to be consistent with a net zero
goal, both net zero production emissions and
continued international demand (as well as the
expectation of it) would be required. The former
depends on successfully and cost-effectively
scaling engineered negative emissions solutions

Looking at the full range of scenarios we exam-

and next-generation CCUS domestically (a highly

ined, we find that Canadian oil and gas produc-

uncertain prospect, as we discuss in Section

tion levels would only stay steady or grow on the

4.4).33 The latter can only occur if engineered

path to net zero under a set of very specific condi-

negative emissions scale globally34 or if interna-

tions. Global prices would have to rise above their

tional efforts at addressing climate change fail,

current levels and remain high (the high-price

leading to potentially dramatic climate change

scenarios that we model have oil prices rising to

impacts both in Canada and internationally.

31 Canadian oil producers and their lenders would need confidence that capital expenditure on measures that reduce their emissions intensity of
production and that maintain or increase Canada’s overall productive capacity (by building new projects or expanding operations in ones where
output was declining) would offer a long-term return on investment.
32 Our modelling scenarios vary in the assumptions they use for the degree of emissions intensity reductions that could occur over the long term
in Canada’s oil sands. We use both reference case assumptions found in the gTech model as well as projections from the Canadian Association of
Petroleum Producers. We find that even when deeper cuts in emissions intensity occur in the sector, they do not affect our main findings regarding Canadian oil and gas production’s compatibility with net zero.
33 If, on the other hand, engineered forms of negative emissions do not prove out but second-generation forms of CCUS do, Canadian oil production
could remain competitive in Canada’s net zero transition and potentially still find a market abroad—but only if prices were high enough, if they were
expected to be so, and if sufficient emissions intensity improvements were made. This would happen only in a scenario in which other major countries
significantly lagged Canada in their climate policy implementation. Other countries could not be adopting CCUS to offset their continued fossil fuel
combustion, since our analysis indicates this would only be economical in some parts of the industrial sector. Significant sustained global demand
for oil and gas in this scenario would therefore require continued consumption in the global buildings and personal transportation sectors, indicating
weak climate action abroad and that the world was likely to exceed its target of limiting global temperature rise to 1.5°C. If, on the other hand, neither
engineered forms of negative emissions solutions nor second-generation CCUS proved out but nature-based solutions were available in Canada at
sufficient scale and cost-effectiveness, then Canada’s oil and gas production could potentially find a market abroad—but again, only if prices were
high enough, if they were expected to be so, and if sufficient emissions intensity improvements were made. However, this would also require other
countries to be lagging Canada in their climate policy implementation. According to our analysis, using nature-based negative emissions solutions to
offset emissions from buildings and personal transportation would not be cost-effective. Therefore, in this scenario continued global demand would
have to lag global climate policy and the world would likely fail to meet the target of limiting global temperature rise to 1.5°C.
34 Only a select number of countries have the geological potential for large-scale sequestration of CO2. Therefore, a scenario in which other countries offset their fossil fuel consumption with negative emissions would require not only that they opted to do so but that they were able to as a
result of a global trading regime being developed under the UNFCCC that included negative emissions.
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In the event that those conditions were to come

But these outcomes are far from guaranteed

about, there is a potential pathway in which the

and depend on a number of factors that Canada

Canadian oil and gas sector could reduce its

does not and cannot control. And while there

production emissions to net zero while remain-

may be scenarios in which Canadian fossil fuel

ing competitive. If these conditions emerge, our

reserves serve as a feedstock for the production

modelling projects that demand for Canadian

of petrochemicals or other new materials and

oil would boost production 30 per cent higher

products, these are not guaranteed either at any

by 2050 relative to today (as seen in Figure 14).

dependable scale.

Natural gas production would follow a different
path (as seen in Figure 15), initially declining by
26 per cent by 2035 before rebounding by 2050
to a level 17 per cent higher than today’s projection levels, as CCUS and engineered forms of
negative emissions were increasingly deployed
by the sector.

The vulnerability of Canada’s oil and gas sector
to larger global and market forces underscores
the importance of economic diversification to
ensure the continued prosperity of Canada’s
oil-producing provinces. Box 9 explores some of
the economic opportunities that could exist for
oil-producing regions in a transition to net zero.

Both net zero production emissions and significant long-term global demand for fossil fuels (as well as the
expectation of it) would be required for sustained Canadian oil and gas production to be consistent with a
net zero goal.
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Factors affecting Canadian oil and gas
production on the path to net zero
Canadian
environment

Price of oil expectations
Do Canadian oil and gas companies and their lenders expect high
oil prices, justifying investments in production capacity?

Yes

No

Emissions intensity of production
Are Canadian oil and gas companies able to make investments that
successfully drive down their emissions intensity of production?

Yes

No

Availability of negative emissions
Do technologies like direct air capture and advanced
forms of CCUS prove cost-effective
and scalable and get widely deployed in Canada?

Yes

Global
environment

No

Global offsetting
Are other countries using negative
emissions at scale to offset emissions
associated with their continued
consumption of fossil fuels?

Yes

No
Global climate policy
Are other major economies
significantly lagging Canada in their
climate policy implementation such
that they continue to consume
fossil fuels, thereby driving severe
climate change?

Yes

Significant sustained
long-term production
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BOX 9

Economic diversification in Canada’s
oil-producing provinces
The pathways we examined vary significantly in terms of the amount of structural
change each would create in the Canadian economy (further discussed in Section
5.2) and their associated regional impacts. But in general, the economic move from
carbon-intensive sectors to low-carbon ones would have the strongest impacts in
Canada’s oil-producing regions. And a decline in carbon-intensive sectors may occur
regardless of Canadian climate policy.
A number of the sectors that are expected to grow under a net zero transition, however,
align well with the infrastructure, resources, and know-how found in Canada’s oil-producing provinces. Sectors such as hydrogen, biofuels, and electricity are all potential
growth areas for such regions.
Hydrogen production is one of the most promising new sectors for Alberta and
Saskatchewan in the net zero transition. In all scenarios we examined, our modelling
estimates that investment in the hydrogen sector would rise steadily in both provinces between 2020 and 2050. And because our modelling likely does not capture
hydrogen’s full potential, the opportunity could be even larger than we estimate.
What’s more, this new industry will require skills that many oil and gas workers already
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possess—for example, building steam-methane reforming facilities with CCUS to
produce blue hydrogen, building CO2 pipelines, and converting oilfield operations
and orphaned wells to CO2 disposal or to hydrogen production facilities. Hydrogen
could also represent an important export opportunity for these regions. Canada’s oil
and gas industry is already making important strides as the country’s largest hydrogen producer, with companies like Shell producing hydrogen with CCUS to reduce
emissions.
Oil-producing regions can also seize the growing biofuels opportunities that we project in our modelling by re-tooling to support biofuel production. Refineries can be
converted to biofuel facilities, as Phillips 66 is planning to do in the United States, or
oil production companies can build and operate new biofuel facilities, as Suncor and
Husky do today (Phillips 66, 2020; Suncor, 2020; Husky Energy, 2020).
Other potential growth sectors include lithium and uranium mining, battery production, small modular reactors, and geothermal energy. And negative emissions solutions may themselves present economic opportunities, as we discuss in Section 4.4.
Jobs and skills, however, are not readily interchangeable from sector to sector. Many
workers may lack the specialized training in science, engineering, and operations
management needed in some emerging low-carbon sectors (Thirgood et al., 2017).
Hydrogen, biofuels, and electricity production, for example, see growing employment
in all the scenarios we examined, but some of this employment requires particular skill
sets. Careful attention to education and retraining is essential to dealing with these
kinds of potential skill set mismatches.
The transition to net zero bears the risk of generating or amplifying significant
economic, social, and cultural disruption for workers and communities, particularly
those dependent on emissions-intensive sectors. But it will also not be the only driver
of challenges. Even net zero transitions that create the least amounts of structural
change could still see significant changes in the employment picture, owing to larger
global trends such as shifting demand and automation. Government policy that mitigates impacts on displaced workers and communities and that creates opportunities
for them to participate in and even lead the transition will be essential (Phanord-Cadet
et al., 2018).
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4.4 NEGATIVE EMISSIONS: PUTTING THE “NET” IN NET ZERO
KEY PATHWAYS TO NET ZERO
▶

Negative emission solutions, whether nature-based or engineered, would complement
other solutions such as energy efficiency, renewables, and electrification. Should they prove
viable, they could drastically change Canada’s net zero path and future energy system.

▶

Nature-based solutions could play an important role but conflict with other land-use
priorities. And they would have to involve Indigenous Peoples, who have inherent rights
to the lands the solutions would be deployed on. But there are concerns about how
additional and permanent these kinds of negative emissions can be in reality.

▶

Engineered forms of negative emissions have enormous potential, but whether (and to
what extent) they will contribute to Canada’s net zero target remains highly uncertain.

Negative emissions are a necessity, not a luxury,

As we discuss in Box 4, these negative emissions

on the global path to addressing climate change.

could come from nature-based solutions, such

The IPCC’s special report on the impacts of a 1.5ºC

as planting trees, adjusting agricultural prac-

temperature rise calls for not just net zero emis-

tices, or letting marginal agricultural land return

sions of CO2 by 2050 but net negative emissions

to wilderness. They could also come from engi-

by 2100, depending on how fast global emissions

neered solutions, such as biomass combustion

fall to net zero (Hoegh-Guldberg et al., 2018). And

or direct air capture of CO2 combined with CCUS.

most global assessments of the path to the 1.5°C
goal indicate that net negative emissions will
become part of the mix by the 2030s.

In the scenarios we examine, there is substantial
variation in the potential contributions from negative emissions. As seen in Figure 16, our model-

Negative emissions may also be necessary for

ling projects a very wide range for the uptake of

Canada to hit net zero by 2050. Some aspects of

engineered forms of negative emissions solu-

Canada’s emissions can be extremely difficult or

tions, owing to the uncertainty that still surrounds

costly to reduce because existing capital stock

their ultimate cost-effectiveness and scalability. In

(infrastructure, factories, buildings, large vehicles)

contrast, the narrower band seen for nature-based

is so long-lived or because near-zero emissions

solutions is more of a function of the limited avail-

alternatives will not be available for some time, if

ability of credible estimates of its potential than

at all. Negative emissions could potentially help

it is this level of uptake being a stable and consis-

to neutralize some of these sources of continued

tent outcome across the scenarios we consider.

emissions, helping Canada achieve its target.

We discuss nature-based and engineered forms of
negative emissions solutions below.
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Figure 16: The high uncertainty surrounding the potential of negative emissions
from
Figure
16 nature-based and engineered solutions across pathways to net zero
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Modelling inputs for the technical potential of GHG sequestration from nature-based solutions are drawn from pending
analysis by Nature United. The potential seen in the figure may be an underestimate, owing to the fact that Nature United’s
analysis only considers the effects of nature-based interventions that would occur between now and 2030 (some of which would
continue to sequester GHGs after that, as biomass continued to grow and sequester carbon). Or it may be an overestimate,
owing to the difficulty and barriers associated with realizing nature-based interventions on this scale and challenges around
credibly establishing their additionality and permanence (see Box 10).
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Nature-based solutions could play a significant role in offsetting emissions in areas where they are very
difficult or costly to reduce directly.

There is opportunity for nature-based
solutions but implementation may be
challenging

Realizing this potential, however, would be far
from straightforward. First, there is the issue of
crediting for the GHG sequestration that would
occur. Canada has some experience with this:

Nature-based solutions have enormous potential

national GHG inventories already include these

for the low-cost sequestration of GHGs in forests,

kinds of estimates for interventions in the agri-

grasslands, wetlands, and agricultural lands.35

culture and forestry sectors. However, Canada

Canada’s large land mass offers significant poten-

would also need to extend these estimates to

tial for such interventions. In our analysis, we proj-

cover grasslands and wetlands (as Australia, for

ect that nature-based solutions would contribute

example, has done) using UNFCCC-recognized

to offsetting GHG emissions in areas where they

accounting protocols. And, despite there being

are very difficult or costly to reduce, such as partic-

a pathway to getting credit for nature-based

ularly emissions-intensive industrial processes for

solutions in Canada’s emission inventory, diffi-

vital materials like cement.

cult questions would remain about the level and
permanence of the sequestration that these
solutions would provide (as we discuss in Box 10).

35 The potential also exists for ocean-based forms of sequestration. However, we exclude these from our analysis because there is little literature
available on their quantitative potential in Canada and because such interventions are not yet recognized in the UNFCCC emissions accounting
system (unlike terrestrial sequestration, which can be included in countries’ GHG inventories).
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BOX 10

Challenges of carbon sequestration
through nature-based solutions
There are significant challenges in ensuring that the carbon sequestration attributed
to nature-based solutions is genuine and credible. While globally agreed methodologies exist for the inclusion of land-based carbon sequestration in emissions inventories, there is enough potential for inaccurate estimates or attribution that concerns
remain around how and whether countries should rely on this kind of sequestration as
a way of reaching their emissions targets. Some of these concerns stem from the fact
that while carbon sequestration using CCUS technologies can be measured, sequestration from nature-based solutions can often only be estimated.
Permanence is another concern. Credible estimates of sequestration must ensure that
the carbon is stored permanently (defined as 100 years or more) and that any leakage
is accounted for (Thamo & Pannell, 2016). Nature-based solutions can be particularly
prone to leakage of their stored carbon compared to engineered solutions that sequester it underground, which has been found to be a more reliably permanent means of
long-term storage (Kampman et al., 2016). Carbon sequestered in biomass can “leak”
when, for example, the biomass dies off due to drought or is combusted by wildfire (drivers which are both expected to increase due to climate change). It can also be affected
by future land use conversion, such as urban development. Accurately estimating the
permanence of carbon sequestered in soil can be particularly difficult, due to the variability of soil carbon content, the need to measure small incremental changes in it, and
the high costs of soil carbon measurement procedures (Garcia-Oliva & Masera, 2004).
And while the leakage of stored carbon from land is addressed under UNFCCC accounting methodologies, the leaks have to be correctly observed and their effects credibly
estimated for them to be accurately reflected in a country’s emissions inventory.
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Second, crediting mechanisms would need

underused and therefore suitable to use as

to be in place to offer the private purchase of

carbon sinks have often ignored the complex

nature-based emissions offsets.

Offset proto-

land-use practices of local and Indigenous

cols exist today that provide the building blocks

communities (Carton et al., 2020). In contrast,

for this type of mechanism, but their size and

Indigenous-led land management initiatives

scope would need to be expanded significantly

such as the Indigenous Protected and Conserved

to enable significant deployment of nature-

Areas not only sequester GHGs by maintaining a

based solutions.

range of ecosystem services, they also conserve

36

Third, the physical footprint of nature-based
solutions would raise difficult questions, since
the sheer amount of land needed for some solutions such as afforestation would likely conflict
with competing land uses (such as food production) and have impacts on surrounding ecosystems (Fuhrman et al., 2020).

biodiversity and empower Indigenous Peoples
to do so using Indigenous knowledge, governance, and value systems (Townsend et al.,
2020). By working closely with Indigenous partners, nature-based solutions projects could be
proposed in a way that both supports a renewed
nation-to-nation relationship between Canada
and Indigenous Peoples and enhances the net

Most critically, nature-based solutions would

zero transition by drawing on the knowledge of

need to respect the inherent, treaty, and consti-

people who have been living on and caring for

tutionally

the land for thousands of years.

protected

rights

of

Indigenous

Peoples, given that these solutions would often
be deployed on their traditional lands. The recognition and implementation of Indigenous rights
is central to Canada’s relationship with First
Nations, Inuit, and Métis for the advancement of
reconciliation and recognition of self-determination. But the current framing of nature-based
solutions tends to conflict with Indigenous worldviews by commodifying nature in terms of
offsets and by viewing the land as empty and
open for development, effectively erasing the

The role engineered forms of negative
emissions will play in Canada’s transition
is uncertain
In our analysis, engineered types of negative solutions such as direct air capture paired with CCUS
vary widely in the degree of negative emissions
we estimate they could supply, from a high of 426
million tonnes (Mt) annually by 2050 (over half of
Canada’s current emissions) to a low of zero.

presence of Indigenous Peoples (Indigenous

We find that in the event that these engi-

Caucus Statement, 2020; Carton et al., 2020).

neered types of negative emissions solutions

An alternative approach to nature-based solutions building on Indigenous perspectives and
values could offer a path forward. Past experience will provide critical lessons. Plans to
increase sequestration in lands that are deemed

proved cost-effective and scalable, they could
open up significant possibilities for Canada. Not
only would they make continued use of fossil
fuels possible, but they could in fact potentially
support increased fossil fuel use (providing 56
to 62 per cent of Canada’s final energy demand

36 Alternatively, governments could instead purchase these offsets and allocate them against large sources of remaining emissions. But to do so
they would need to make decisions regarding what sorts of remaining emissions would be entitled to such allocations.
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Negative emissions could prove critical for offsetting emissions in areas where they are very difficult or
costly to reduce to zero, such as fertilizer production.

by 2050).37 In such a scenario, our modelling

owing to both the region’s potential for relatively

suggests that energy use in Canada would take

cheap clean electricity and the huge geological

a very different path (see Figure 17), with overall

potential for carbon sequestration that under-

energy use rising by 2050 rather than falling over

lies northeastern British Columbia and most of

time as it does under economy-wide pathways

Alberta and Saskatchewan.38 Development of a

where these technologies do not prove viable. If

negative emissions industry would engage many

sufficiently cost-effective, engineered negative

of the skills and capacities already abundant in

emissions could help to avoid the full elimination

Western Canada’s workforce and leverage exist-

of emissions in some parts of the economy that

ing infrastructure. Notably, in the scenarios we

can be very costly, as well as much of the struc-

examined in which negative emissions technol-

tural change in the economy that our modelling

ogies prove viable, the return on investment is

suggests would occur under most alternative

high enough to justify repurposing significant

economy-wide pathways.

parts of Western Canada’s pipeline network to

Engineered forms of negative emissions solutions, if they prove cost-effective and scalable,
could also offer valuable economic development opportunities for Western Canada. This is

carry CO2 destined for sequestration, instead of
fossil fuels. There may even be the opportunity to
use captured carbon as a feedstock for products
and as an input for other sectors.39

37 Some of this fossil fuel use would go toward the operation of the engineered negative emission solutions themselves. (The energy demands of
such solutions and systems is considered in our modelling.)
38 There is also potential for sequestration in British Columbia’s offshore marine basalts.
39 CarbonCure, a Canadian cleantech company founded in Nova Scotia, has designed a technology that injects captured CO2 permanently into
concrete. CarbonCure is already working with approximately 300 concrete producers to inject captured CO2 into their products (Milman, 2020).
Fixing captured CO2 in materials in this way could offer opportunities both in Western Canada and outside it, since it does not require local geology
suited to CCUS.
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Figure 17: Domestic final energy demand (for all energy types) under different
net
Figure
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But engineered forms of negative emissions

solutions, crediting and trading mechanisms

solutions would also have their limits. Even at

would need to be developed to facilitate this

their highest levels of uptake, our analysis proj-

expansion, using clear accounting, financing, and

ects that they would only drive a minority of the

institutional mechanisms. There could also be

total emissions reductions required between

challenges associated with gaining Indigenous

now and 2050. And that work would not be

support, as well as buy-in from the general public,

expected to start until at least the next decade.

which tends to view these solutions with skepti-

The opportunities that engineered negative

widespread uptake of engineered negative emis-

emissions could present would also require
them

to

prove

cost-effective

and

scalable.

These outcomes remain far from certain today.
Realizing their potential would also require a
nearly unprecedented level of facility construction and infrastructure development. It would
require the development of recognized and rigor-

cism. (We return to the barriers and conditions for
sions solutions in Section 5.)
Given this range of necessary conditions, the
path for engineered negative emissions to play a
significant role in Canada’s net zero transition is
far less certain than many of the other pathways
we have examined in this report.

ous accounting protocols for engineered negative

Fortunately, we find that Canada can reach net

emissions solutions under the UNFCCC emissions

zero by 2050 without having to rely on engineered

accounting system. And, as with nature-based

negative emissions. In the event that such solu-
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tions are not available, our modelling finds that

sive focus on the potential role they could play

other solutions would step in to play a larger role (as

distracts governments and businesses from crit-

shown in Figure 1 in Section 3.1). We also find that

ical near-term action and investments. This has

across all the pathways to net zero we examined,

already led some to call for a separation of nega-

emissions in the building and personal transpor-

tive and gross emissions targets (McLaren et al.,

tation sectors would be reduced at source without

2019). We explore this potential tension further in

any reliance on negative emissions solutions.

our discussion of safe bet versus wild card solu-

In many ways, the largest risk created by nega-

tions in Section 5.

tive emissions solutions may be that an exces-

Projects like Carbon Engineering’s direct air capture pilot in Squamish, B.C. (Skwxwú7mesh-ulh Temíx̱w)
could come to play a significant role in Canada’s net zero transition. But whether or not they will
remains uncertain.
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SAFE BETS AND WILD CARDS
This section reviews many of the solutions we

are already being used in some places and appli-

discussed in Section 4, grouping them into two

cations, that face no major barriers to scaling, and

categories: “safe bet” solutions and “wild card”

that have a reasonable expectation of contin-

solutions. We discuss the roles that each of these

ued cost declines. Examples of safe bets include

types of solutions can play in achieving Canada’s

energy efficiency measures and equipment,

net zero goal by 2050 and its interim 2030 emis-

non-emitting electricity, heat pumps, electric

sions target. We then outline the ways differ-

vehicles, and CCUS for concentrated gas streams.

ent types of wild card solutions could combine
to deliver a net zero energy system (or systems)
for Canada, and we consider the trade-offs and
hurdles associated with each.

5.1 SHAPING CANADA’S NET ZERO
PATHWAYS
As our analysis shows, the technologies and solutions that we expect to guide Canada down the
path to net zero in energy, buildings, transportation, and industry are at varying states of readiness.

Calling a solution a safe bet does not imply that its
widespread uptake is inevitable or that its implementation would be straightforward. All of the
safe bets we identify would face barriers and challenges. Stringent and coordinated policies would
be needed to drive their adoption and the knowledge spillovers, learning by doing, and economies
of scale necessary to drive down costs. Regulatory
or policy barriers that are currently inhibiting
their deployment would have to be addressed.
And meanwhile, equity and access would remain
important concerns that would often require

Some of the emissions-reducing solutions we

dedicated policy. Still, our analysis finds that the

explore in section 4 can be considered safe bets—

safe bets represent a set of solutions that, with

relatively low-risk pathways to net zero. We define

the right supports and incentives in place, can be

safe bet solutions as those that show up consis-

expected to play a significant and growing role

tently across all of the scenarios we examine, that

in Canada’s transition to net zero—regardless of

rely on commercially available technologies that

how that transition plays out.
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Carbon capture, utilization and storage may come to play a significant role on the path to net zero,
particularly if its wild card version (applied to unconcentrated gas streams) proves to be cost-effective
and scalable.

Wild card solutions are those that may come to

its trade-offs and implications, and potential

play a significant and important role on the path

conflicts with Indigenous rights and worldviews.

to net zero but whose ultimate prospects are still

Canada can rely mostly on safe bets to
get to 2030

uncertain. We define wild card solutions as those
that rely on technologies that are still only in
early stages of development, that face potential
barriers to scalability, or that only play a role in a
subset of Canada’s possible pathways to net zero.
Examples of wild card solutions include hydrogen, CCUS for non-concentrated gas streams,
biofuels made from second-generation feedstocks, and negative emissions solutions.

emissions

reductions

would

require particular conditions and outcomes
to

arise—ones

that

cannot

zero and even more so for reaching Canada’s
2030 emissions target. In all of the scenarios
we examine, our modelling finds that safe bet
solutions would drive most of the GHG reductions required to meet Canada’s 2030 emissions target. Looking further out, the size of their

Unlocking the potential of wild cards to drive
cost-effective

Safe bet solutions are critical on the path to net

currently

be

predicted with certainty. For instance, the
costs of zero-emissions hydrogen production
would need to come down significantly for
it to out-compete potential substitutes for it.
Renewable natural gas (RNG) produced from
second-generation feedstocks would need to
prove technically viable and scalable before it
could play a large role. And negative emissions
solutions that store carbon in land would need
to overcome concerns about their land-use,

contribution tends to be more variable, as wild
card solutions start to play more significant roles
in some scenarios.
Figure 18 illustrates this shift, showing how safe
bets contribute at least two-thirds of the reductions required to hit the 2030 target across all our
scenarios, but only about one-third of the reductions required to hit the 2050 target. This is only
their minimum contribution, however. In scenarios where numerous wild cards do not prove to
be sufficiently cost-effective and scalable, safe
bets take on much greater significance—driving as much as 89 per cent of reductions by 2030
and 66 per cent by 2050.
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Figure 18: Contribution of safe bets to emissions reductions across pathways to
net zero

A winning hand

At least 2/3 safe bets
Up to 1/3 wild cards
At least
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Safe bets are critical to shortterm results. Wild cards are
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get Canada to its net zero target.
At least two-thirds of emissions
reductions in 2030 would likely come
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than one-third generated by wild
cards. By 2050, these proportions
could switch. In scenarios where
wild card solutions prove costeffective and scalable, they could
provide up to two-thirds of Canada’s
emissions reductions by 2050.

2020

Up to
2/3 wild cards

2030

Paris target:
30% below 2005

2040

2050

Canada’s net
zero target

Safe bets consistently take on the most substan-

wild card solutions might play by 2030. Negative

tial share of the work in reaching Canada’s 2030

emissions from nature-based solutions represent

target even when wild card solutions prove viable.

the most significant wild card from now till 2030.

Even under best-case scenarios, the time and

However, the significant contribution and narrow

high costs required to advance early-stage wild

range that we attribute to these solutions in our

card solutions relative to safe bets mean that the

modelling is mostly due to the limited capacity at

latter can usually offer the more cost-effective

present to credibly estimate their potential.

path for near-term reductions. In this sense, safe
bet solutions provide Canada with “no-regrets”
pathways to its 2030 target that are likely to
make sense no matter how wild card solutions
(or any other key factors) might play out.
So which specific safe bet solutions play a significant role on the path to 2030? And how large and
variable does that role tend to be? In Figure 19, we
provide an overview of a number of key safe bet
solutions and the range of emissions reductions
that they provide by 2030 across the full range
of scenarios that we consider. We also show the
smaller potential role that a number of important

Safe bet solutions provide Canada with
“no-regrets” pathways to its 2030
target that are likely to make sense no
matter how wild card solutions (or any
other key factors) might play out.
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Figure 19: Projected contributions to 2030 emissions reductions by different
solutions across pathways to net zero.
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Our grouping of solutions into safe bets versus wild cards draws on our modelling analysis, our literature review
and expert consultation, and our process for identifying potential pathways to net zero (see Box 2).
*Nature-based solutions are categorized as a wild card because of the difficulties associated with ensuring their
additionality and permanence, as well as questions surrounding their scalability, due to competing land-use
priorities as well as their potential conflict with Indigenous rights and worldviews. The narrow range seen for the
GHG reduction potential of this kind of solution is more a function of the limited availability of credible estimates
of its potential than it is this level of uptake being a stable and consistent finding across our scenarios. The range
that we show could be an underestimate or an overestimate.
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The roles of non-emitting electricity and natu-

cases to “leapfrog” electricity generation tech-

ral-gas fuel switching merit further discussion.

nologies by moving directly to non-emitting

Using natural gas to generate electricity rather

types of generation that are commercially avail-

than coal reduces emissions per unit of electric-

able today, such as hydroelectricity, wind, or

ity by about two-thirds (federal and provincial

solar PV. These generation technologies can be

regulations will phase out coal-fired electricity by

considered safe bets. Other non-emitting types

2030). Yet the remaining emissions from natural-

of electricity generation that we classify as wild

gas-fired electricity mean that it only provides an

cards have less promise by 2030. Still, we find

interim solution on the path to net zero; eventu-

that there are enough available and potential

ally, it would have to be phased out in favour of

technologies that non-emitting electricity is,

non-emitting electricity (risking stranded assets)

as a whole, considered a safe bet solution. (For

or equipped with CCUS. Given these long-term

further detail, see Box 11.)

challenges, it may be more economical in some

Non-emitting electricity generation technologies like wind and solar represent “safe bets”—commercially
available technologies that Canada can push forward with confidence starting today.
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BOX 11

Non-emitting electricity as a safe bet
solution
One of the most important safe bet solutions identified in our analysis is non-emitting
electricity generation. Some individual types of non-emitting electricity are considered wild cards because they are not yet commercially available or face potential
barriers to significant scale-up. But there is such a variety of both existing and potential sources of non-emitting forms of electricity generation that, viewed as a whole,
these power sources can be deemed a safe bet. If any one technology does not work
out, there will be others to lean on.
Non-emitting forms of electricity generation can be broken down into two main types:
intermittent and firm. Intermittent sources of generation such as solar PV and wind
have output that varies with the weather. Firm sources of generation such as reservoir
hydroelectricity, on the other hand, have output that can be readily controlled.
Many of the most prominent sources of non-emitting power are intermittent generation technologies, including onshore and offshore wind and utility-scale solar PV—
these have dropped enormously in cost over the last decade (solar PV in particular).
While each still faces challenges (especially when they form a significant share of total
generation, as we discuss below), deployment experience has evolved and costs have
declined to a point where they can now be considered safe bet technologies. In fact,
they are already playing a significant and growing role in electricity production across
Canada. Alberta-based Greengate Power Corp., for example, is expected to begin generating power at Canada’s largest solar plant—a 400-MW facility—next year (Hall, 2019).
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As the share of these intermittent sources of generation increases on a power grid,
the challenge of integrating their variability mounts as well, though only when they
reach shares of 60 per cent or more. There is a range of options for overcoming this
challenge. Storage solutions can directly shift power from periods of excess supply to
times of high demand (indeed, Canada’s largest battery storage facility was recently
installed by TransAlta in Alberta [Crider, 2020]). Demand responses can incentivize
flexible consumers to shift their needs to coincide with shifting supply. And transmission can help with variability by exploiting geographic differences in supply availability. But even with these types of solutions, firm non-emitting sources of generation
will likely be needed on most grids to ensure a reliable power supply.
There are numerous options available for non-emitting firm power. Some rely on technologies that are common today, such as hydroelectric and nuclear generation. Other
firm technologies, such as geothermal power, are commercially available now but
remain expensive. And some are only in the early stages of development or commercialization, such as coal-fired or natural gas-fired generation equipped with CCUS,
small modular nuclear reactors; and stored blue or green hydrogen, run through either
a turbine or fuel cell to produce electricity (Sepulveda et al., 2018; Jenkins et al., 2018;
Dowling et al., 2020).
Each of these firm power sources faces challenges to its widespread deployment.
Hydroelectricity and nuclear are proven technologies, but new projects often face
local opposition and create risks for local ecosystems and biodiversity. Early-stage
technologies like geothermal and small modular reactors still face significant technical and economic hurdles. And CCUS technologies would need to come down in cost
substantially before they could see widespread uptake (IEA, 2019b).
In the scenarios we consider, our assumptions about the evolving costs of non-emitting firm power were varied to reflect the uncertainty surrounding them. When it
comes to estimating the roles that specific non-emitting electricity generation technologies might play, our ability to accurately represent electricity sector futures was
constrained by the gTech model’s inability to simulate time-of-use pricing for electricity, which can have important implications for the economics of different generation
sources. We therefore do not provide detailed projections of which generation sources
would be likely to dominate. Instead, we focus on the higher-level role that non-emitting electricity could be expected to play.
The various challenges and uncertainties facing particular technologies that we discuss
above should not be seen as a barrier to the uptake of non-emitting power in general.
An approach to electricity generation policy that treats all non-emitting power equally
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on a portfolio basis for intermittent and firm sources (with the balance depending on
needs across the two) can help balance the individual performance risk of any one technology, while also allowing the most cost-effective options to emerge through market
forces. The mix of generation sources that a given region chooses to adopt, however,
will depend on more than just their economics and local physical potential (for example, the amount of wind energy available for harvesting in a particular location). Those
choices will also be shaped by the characteristics of the existing system, the governance
systems in place, and local political and cultural preferences. Germany, for example, has
chosen not to deploy CCUS or nuclear technologies to meet its electricity needs, which
has led to large-scale purchases of solar PV under its Energiewende program.

Wild card solutions are important for
driving the deeper emissions reductions
required to hit Canada’s 2050 target

volume of negative emissions equivalent to over
half of Canada’s current total inventory. In many
ways, engineered negative emissions represent
the ultimate wild card. They could potentially

Wild card solutions could come to play a very

play an especially large role in Canada’s net zero

important part in reaching Canada’s net zero

transition, but the uncertainties surrounding

target, but there is considerable uncertainty

them mean they do not yet represent a reliable

regarding how they will fit into the overall

pathway to Canada’s net zero target.

picture. Our modelling finds that the uptake of
wild card solutions by 2050 varies widely from
one scenario to another, depending on different assumptions about which early-stage technologies become viable, what their relative costs
are, and how scalable they prove to be. Figure 20
looks at the range of contributions that different
solutions make to emissions reductions across
our scenarios by 2050. Notably, our analysis
suggests that many of the individual wild card
solutions we identify could range from playing a
very significant role in GHG reductions by 2050
to none at all.
One wild card solution that stands out is direct
air capture, a type of engineered negative emissions solution. The range for this solution is

Harnessing the potential of any of the wild cards
we identify will require coordinated and sustained
effort on many fronts. Even those wild cards
that show up consistently across our scenarios
(for example, hydrogen fuel cells) would require
considerable advancement before they could be
expected to take on a significant role. And the
wild cards that prove technically and economically viable would still have to overcome a number
of significant barriers to their large-scale deployment (as we discuss in Section 5.2).
At the same time, technological development
alone won’t set the pace of Canada’s net zero
transition. In Box 12, we discuss the role that
behavioural and cultural changes could play.

massive in scale, potentially accounting for a
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Figure 20: Projected contributions to 2050 emissions reductions by different solutions across pathways to net zero

2050 SAFE BETS - COMMERCIAL AND SCALABLE
Methane capture—oil and gas
Hydroflourocarbon (HFC) reductions
~Ø

Natural gas fuel switching
Non-emitting electricity
Energy-efficient equipment
Carbon capture, utilization, and storage high
concentration
Electric vehicles
Electric heat pumps and baseboard heaters
Other electrification
Liquid biofuels, first generation
Renewable natural gas, first generation

Safe bets range across scenarios

2050 WILD CARDS - DEMONSTRATION STAGE
AND/OR SCALABILITY CONCERNS
Carbon capture, utilization, and storage,
unconcentrated
Hydrogen (fuel cells and heating)
Liquid biofuels, second generation
Renewable natural gas, second generation
Other industrial decarbonization
Land use*
Direct air capture

Wild cards range across scenarios
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Our grouping of solutions into safe bets versus wild cards draws on our modelling analysis, our literature review
and expert consultation, and our process for identifying potential pathways to net zero (see Box 2).
*Nature-based solutions are categorized as a wild card because of the difficulties associated with ensuring their
additionality and permanence, as well as questions surrounding their scalability, due to competing land-use
priorities as well as their potential conflict with Indigenous rights and worldviews. The narrow range seen for the
GHG reduction potential of this kind of solution is more a function of the limited availability of credible estimates
of its potential than it is this level of uptake being a stable and consistent finding across our scenarios. The range
that we show could be an underestimate or an overestimate.
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BOX 12

How behavioural and cultural change
can reduce emissions
Changes in behaviour—including what Canadians eat, how they travel, how they
consume energy, and what they purchase—will play an important role in reaching
Canada’s net zero goal. These types of changes may arise from voluntary actions by
individuals, policy incentives, a broader shift in cultural norms, or some combination
of these.
Adopting a more sustainable diet represents a significant opportunity for emissions
reduction in Canada. For example, a significant decrease in overall meat and dairy
consumption could reduce Canada’s total GHG emissions by one to three per cent
by 2030 (Frenette et al., 2017) However, diets that reduce the consumption of animal
products are not the only path to sustainability and may also not be culturally relevant. For example, other studies identify reducing processed foods as key to improving sustainability (Fardet and Rock, 2020; Hyland et al., 2017). And while a number of
policy tools exist to encourage consumers to adopt more sustainable diets—from
taxation, product labelling, and waste reduction efforts—changing people’s diets is far
from easy (Hyland et al., 2017).
Shifts in travel behaviour—including walking, cycling, transit, carpooling, car-sharing, reduced car ownership, and more efficient driving—can also reduce emissions.
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Research finds that driving more efficiently could reduce vehicle fuel use by up to 25
per cent (NRCan, 2020f). Reduced air travel could lead to particularly sizable emissions
reductions, especially as part of a larger global trend. For example, shifting 140 million
business trips from in-person meetings involving air travel to online meetings could
result in a reduction of between two and 17 Gt of CO2eq by 2050 globally—which is
between 1.5 and 22 times Canada’s current entire GHG inventory (Hawken, 2017).
But changing travel behaviour comes with challenges. For example, negative perceptions associated with public transit may inhibit transformational shifts away from
car use and ownership (Thomas et al., 2014; St-Louis et al., 2014). Changes in travel
behaviour can also have unintended negative consequences, such as increased overall car travel when non-car users join car-shares (Namazu et al., 2018) or use ride-hailing services (Coulombel et al., 2019; Axsen & Wolinetz, 2019). And air travel has long
been viewed as essential for many business functions, though this may be changing
as business travel practices evolve following the COVID-19 pandemic.
Changes to household energy and material use patterns, such as reducing heating
demand in winter months and cooling demand in summer months, installing energy-efficient upgrades, and increasing recycling and composting can also contribute
to Canada’s net zero target. However, some initiatives to encourage behaviour change
may have unintended consequences. Low-consumption energy users may increase
their consumption if they realize their peers are less efficient (Wynes & Nicholas, 2018),
and individuals may consume more if they know that products will be recycled rather
than disposed of (Catlin & Wang, 2013). Meanwhile, there may be a lack of motivation
in cases where energy-saving activities are falsely perceived as being inconsequential
(NRCan, 2016).
Finally, emissions can be reduced through changes to purchasing patterns, such as
consuming more locally produced goods, a shift to less materially intensive consumption and greater focus on services, or even voluntary reductions in overall consumption. Here again, though, there are challenges. Locally produced goods may not
necessarily be less emissions-intensive depending on how they are produced and
how their longer-distance alternatives are transported. And any effort to drive larger
shifts in purchasing patterns must contend with a consumer culture accustomed to
cheap and plentiful material goods and a tendency to prize certain material goods as
status symbols.
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For both safe bets and wild cards, delay
drives up costs

are too expensive (or both) will increase costs.
To unlock the potential of these solutions to
drive cost-effective emissions reductions in the

Putting off emissions reductions only increases

medium and long term, Canada will need to

the costs of meeting an emissions target

invest in their advancement immediately. As we

(NRTEE, 2011; Furman et al., 2015; Sanderson &

discuss below, steps to accelerate this advance-

O’Neill, 2020). This is true of both safe bets and

ment could include research and development,

wild card solutions. Delayed action on either of

demonstration and pilot projects, incentives,

these fronts will increase the costs of an eventual

international cooperation and coordination, or

transition to net zero. However, the mechanism

even direct public investment.

is different for each category of solution.

But which wild card solutions should policy

Delaying the implementation and deployment

makers and industry work to advance? All of

of safe bet solutions will drive up the costs of

the wild cards have considerable potential, but

Canada’s transition to net zero. Failing to enact

which ones are complements, and which are

policies that are stringent enough to increase the

substitutes? How would they work together, or

near-term adoption of these solutions will cause

not? What kinds of infrastructure would they

households and businesses to purchase more

require? To make the possibilities that wild cards

emissions-intensive cars, furnaces, and other

could create more concrete, in the next section

types of equipment as existing stock reaches the

we discuss how different existing and potential

end of its useful life. Keeping Canada on track to

solutions could fit together under three differ-

net zero would then require either the early retire-

ent types of net zero energy systems. We outline

ment of some of this new capital stock (which

some of the opportunities and challenges asso-

raises costs by stranding assets) or costlier emis-

ciated with each, and we begin to pose ques-

sions reductions in other parts of the economy.

tions about the feasibility and desirability of

For wild card solutions, delays to the develop-

these different systems.

ment of solutions which either don’t exist yet or
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5.2 THREE POSSIBLE NET ZERO
ENERGY SYSTEMS FOR CANADA
The myriad pathways and solutions that we
discuss above provide a clear sense of the range

We examine each of these three potential energy
systems in detail below, highlighting some of the
main opportunities and challenges associated
with each one becoming the dominant pathway
to net zero.

of possibilities for Canada’s net zero future. But

Though we focus on what it would mean for one of

what are the implications when we look for

these systems to dominate, Canada’s path to net

common traits and consistent patterns in terms

zero could also ultimately employ a mix of these

of how Canadians will use and consume energy

systems, with different ones operating in partic-

when the goal is reached?

ular sectors or regions or employed for specific

We have found that between now and 2030,
energy efficiency will be a central driver of emissions reductions. Fuel switching will ramp up
in some places and for some applications, but
Canada will still have an energy system based
mainly on fossil fuels. Looking beyond 2030,
however, Canada would transition to a net zero
energy system, and our analysis has identified
several distinct possibilities for that second phase.
Three possible net zero energy systems emerge
from our aggregate analysis of the scenarios: a
fossil fuels and negative emissions energy system;
a biofuels system; and an electrification and hydrogen energy system.40 Each of these energy systems
leverages a different set of wild card and safe bet
solutions, and each presents its own opportunities
and challenges, as well as significant barriers to
widespread deployment. (Of course, there is more
to reaching net zero than reducing emissions from
the energy sector. While energy decarbonization
will be the largest source of reductions, other initiatives such as adopting new agricultural practices
could further assist by reducing Canada’s methane emissions, as we discuss in Box 13.)

energy needs (Tsiropoulos et al., 2020; Davis et
al., 2018; Bataille, 2020). Indeed, our modelling
scenarios often combine elements of multiple
energy systems. In particular, the electrification
and hydrogen energy system experiences significant growth even when other energy systems
also see significant uptake. In those scenarios
where negative emissions technologies see widespread use, for example, our modelling projects
that there would still be an expansion of 65 to 92
per cent in the use of electricity relative to today.
Alternately, one of these systems could come to
dominate in time, owing both to its economic
advantages and to policy choices aimed at realizing the economies of scale and integration
potential that moving to a single system could
offer. But the final result will also not be an
entirely domestic decision. Canada’s net zero
energy system (or mix of systems) will ultimately
be determined by factors both within the country’s control (domestic policy choices and public
support, for example) and well outside it (including investment decisions and political conditions
around the world).

40 We focus primarily on the contribution these types of energy could make to final energy demand. As we note in Section 3.2, either primary
energy sources such as natural gas or secondary ones such as electricity, hydrogen, and gasoline can be consumed as final energy. All of the energy
systems we discuss in this section would use net zero final energy—that is, energy whose consumption and production generated net zero emissions in Canada.
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BOX 13

Mitigation of agricultural methane
Methane is a potent air pollutant and the second most common greenhouse gas in
Canada, accounting for approximately 15 per cent of total emissions (Government of
Canada, 2019). The oil and gas sector is Canada’s largest source of methane, but the
agricultural sector is also a significant contributor, and its efforts to reduce methane
emissions will be crucial to reaching Canada’s net zero goal.
Canada’s agricultural methane emissions come primarily from livestock production,
with additional emissions from agricultural soils and waterlogged lands. There are
many options for reducing these emissions, including land management (such as
soil management and revegetation), livestock strategies (such as feeding and dietary
changes, breeding management, grazing strategies, and manure management), and
shifting consumer demand to methane-free food sources.
One study found that methane inhibitors and vaccines have the greatest potential
to reduce emissions from the agricultural sector, though these solutions are not yet
commercially available (Reisinger et al., 2018). Another recent study looking at dairy
farms determined that combined changes in livestock diet and manure management
would be necessary to reduce their emissions (Jayasundara et al., 2016). However, there
are significant barriers to widespread uptake of all of these options, including technological development, concerns over food security, costs to farmers, and perceived
challenges to industry competitiveness.
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To be consistent with net zero, an energy system reliant on fossil fuels would require extensive use of
negative emissions solutions.

A fossil fuels and negative emissions
energy system
In one of the three possible energy systems in
Canada’s net zero future, fossil fuels would remain
the dominant source of energy, but their emis-

the geology for but many other countries do not),
though emissions could also be fixed into materials. In this system, negative emissions technologies would themselves often be powered by fossil
fuels whose emissions were also offset.

sions would be offset to net zero through exten-

In this energy system, offsetting fossil fuel use

sive use of negative emissions solutions. Our

with negative emissions would increase the

analysis indicates that nature-based forms of

costs of fossil fuel consumption such that other

negative emissions could support some continued fossil fuel use in industries where alternatives
are very expensive. But widespread uptake of this
energy system would ultimately require significant reliance on both nature-based and engineered forms of negative emissions, which would
have to prove cost-effective and scalable in order

emissions-reducing solutions would still be more
cost-effective in some areas. For example, electric vehicles would still likely become the vehicle
of choice for light-duty transportation, and buildings would mostly use some combination of
energy efficiency, electric power and clean gases

for it to be viable. This would likely include a large

to get to net zero. But fossil fuels would continue

role for direct air capture paired with CCUS, which

to dominate in many other sectors, including

would mainly sequester captured emissions

heavy industry and medium- and heavy-duty

underground (something that Canada possesses

transportation.
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This energy system has the following implica-

system, the annual air pollution health bur-

tions for Canada’s economy and population:

den associated with energy production and

▶

consumption would be 75 per cent lower by

A fossil fuels and negative emissions energy

2050 than it is today. But these gains would

system would require less structural change

be smaller than those under other systems,

in the economy by mid-century compared to

due to the continued (or growing) use of fos-

other net zero energy systems. It would enable continued (or even growing) use of fossil
fuels throughout the economy. Emissions-in-

sil fuels (Soltanzadeh & Hakami, 2020).

▶

tensive sectors whose mitigation costs would

bour disruption relative to other systems that

be high could continue to use their existing

result in a sharper transition away from fossil

production processes, offsetting their emis-

fuels. But fossil fuel production levels would

sions with negative emissions that would oc-

remain dependent on global market forces,

cur elsewhere instead of reducing or captur-

and increasing automation and other labour

ing them at source. This system would also

sector trends would still pose challenges,

require less capital stock turnover, extending

meaning significant job losses or workforce

the life of productive assets. But the level of

shifts would not necessarily be avoided.

fossil fuel production in Canada under this
energy system would still be determined pri-

▶

Widespread use of negative emissions would

gency of global climate policies.

likely conflict with Indigenous worldviews.

This type of energy system could also present

Both the conception of nature as a com-

economic opportunities for Western Canada,

modity and the continuation of fossil fuel ex-

which has both the know-how and the geol-

traction perpetuate a relationship with the

ogy for engineered negative emissions solu-

environment that can be at odds with Indig-

tions. One study found that Alberta has the

enous worldviews, in particular the principles

capacity to sequester more than 1,100 Mt of

of reciprocity, balance, and interconnected-

CO over a period of 30 to 40 years (Alberta

ness. Nature-based negative emissions solu-

Carbon Capture and Storage Development

tions often require the use of large swaths of

Council, 2009). It might even be possible to

land, which could have implications for In-

export negative emissions to other countries,

digenous Peoples’ rights, especially if done

if a mechanism for doing so emerges under

without their ongoing leadership and/or par-

Article 6 of the Paris Agreement.

ticipation. In addition, local environmental

2

▶

This system may pose challenges and concerns for some Indigenous communities.

marily by global demand for oil and the strin-

▶

This energy system would likely create less la-

impacts from ongoing fossil fuel extraction

While air quality and health outcomes as-

could exacerbate existing threats to the

sociated with energy production and con-

health, well-being, and sovereignty of some

sumption would improve under this energy system, the changes would be mostly
due to ongoing improvements in pollution

Indigenous communities.

▶

The large land use requirements of na-

control technologies. Our modelling analy-

ture-based solutions could lead to competi-

sis suggests that under this kind of energy

tion with agricultural land, potentially driving

CANADA’S NET ZERO FUTURE: Finding our way in the global transition

92

5. SAFE BETS AND WILD CARDS

up food prices and threatening food security, especially for already food-insecure populations such as low-income households and
remote communities (Fuhrman et al., 2020).

▶

Canada can expect remains highly uncertain.
There are also major non-technical barriers to
this system’s development. Global GHG accounting systems would need to recognize engineered

This energy system would risk perpetuat-

negative emissions, and a trading mechanism

ing a number of non-climate environmental

would need to be developed that could estab-

problems created by Canada’s current sys-

lish prices, allocate credits, and match sellers

tem, particularly if the total level of domes-

of negative emissions with buyers. Moreover,

tic fossil fuel consumption were to increase.

proponents of negative emissions solutions,

These include air pollution, soil degradation,

both engineered

water contamination, water shortages, biodi-

need to work closely with Indigenous peoples

versity loss, and ecosystem damage. The con-

to understand and address potential implica-

tinued use of current production processes

tions for Indigenous rights and worldviews, since

in heavy industries that would be enabled

the land footprint of these solutions—nature-

by negative emissions solutions would also

based ones in particular—would almost inevita-

pose risks of further ecosystem damage and

bly require them to be deployed widely across

threatened water security. The extensive use

Indigenous peoples’ traditional territories. Public

of nature-based systems could also incentiv-

opposition would also likely be a factor, since the

ize land use change and monoculture prac-

public tends to view negative emissions as high-

tices that are harmful to local ecosystems.

risk and inferior to reducing emissions at source.

The fossil fuels and negative emissions energy
system faces a number of significant challenges
to its wide-scale deployment.

and

nature-based,

would

A recent study in the United States and the
United Kingdom found that people are generally skeptical that negative emissions technologies will be ready in time to address the climate

First, the technologies required for engineered

crisis and that these solutions did not align with

negative emissions are only at demonstration

public desires for a transition to a more sustain-

stage. They would still need to prove cost-effec-

able future (Cox et al., 2020).

tive and scalable. Even then, they would require
the construction of infrastructure for emissions
capture and sequestration at unprecedented
scale and speed. Global investment and deployment of these solutions is a significant but highly
uncertain factor in overcoming challenges to
the successful commercialization and scaling of
these technologies. Global economies of scale
and knowledge spillovers could help to drive costs
down. However, the level of global commitment

Finally, this energy system raises difficult questions about whether the kind of negative emissions capacity that it would rely on should be
reserved for the significant net negative emissions that are likely to be necessary later this
century. Using negative emissions to enable
continued fossil fuel combustion in the interim
may only delay rather than avoid a transition to
one of the other possible systems.

to engineered forms of negative emissions that
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A biofuels system

for regions with large agricultural and refining sectors. Biofuel feedstock prices could

A second possible net zero energy system our

sometimes be highly variable, however, risk-

analysis identified as a possibility for Canada is a

ing disruptive boom/bust cycles for these

biofuels system. This energy system would require

regions, with associated fluctuations in em-

extensive fuel switching to renewable fuels in the
buildings, transportation, electricity, and industrial
sectors. It would rely primarily on “second-genera-

ployment, mental health, and well-being.

▶

The export potential for biofuel production

tion” types of renewable gaseous and liquid fuels,

technologies and services would likely be

such as RNG made from wood wastes and liquid

limited, because this energy system would

biofuels made from switchgrass. It would also

only be viable at large scale in other countries

require huge amounts of land to be devoted to the

with large land masses and low population

production of feedstocks. Canada’s expansive land

densities (Russia, Australia, and Brazil, for ex-

mass and resource abundance make it one of the

ample). And the export potential for Canadian

few nations in the world for which this pathway

biofuel feedstocks to those countries that do

might be viable at scale.

not have plentiful domestic supplies would be
even more limited, since the majority of Cana-

This energy system would have the advantage

dian feedstocks would be needed to produce

of being able to leverage much of the fossil fuel
infrastructure already in place, including refineries, pipelines, fuel storage systems, and distri-

the biofuels consumed domestically.

▶

A biofuels system would provide greater health

bution networks. It would also have the potential

benefits compared to a fossil fuels and neg-

to generate negative emissions by capturing the

ative emissions system but fewer benefits

combustion emissions from biofuels. This would

than an electrification system (discussed be-

enable some amount of ongoing emissions in

low). On the one hand, combustion of biofuels

sectors of the economy where direct emissions

in place of fossil fuels does little to improve air

reductions are extremely costly.

quality and may even increase the emissions

This energy system has the following implications for Canada’s economy and population:

▶

of harmful pollutants (Delucchi, 2006; Hill et al.,
2009; Health Canada, 2012). A biofuels system
would, however, likely come with a decrease in

In terms of changes to economic structure,

overall energy use, which would create more

widespread domestic use of biofuels would

air quality and health benefits than a fossil fuel

drive significant growth in the sectors that

and negative emissions energy system. Our

produce both the fuels and the feedstocks

modelling analysis suggests that under this

those fuels require. This energy system would

kind of energy system, annual economic costs

create new local economic and employment

due to mortality associated with air pollution

opportunities in the production and refining

from energy production and consumption

of biofuels, especially in provinces with large

would be 88 per cent lower by 2050 than they

biomass capacity such as British Columbia,

are today (compared to only 75 per cent under

Alberta, Ontario, Quebec, and New Bruns-

a fossil fuel and negative emissions energy sys-

wick. It could also create new opportunities

tem) (Soltanzadeh & Hakami, 2020).
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▶

The substantial land requirements of this

fuel crops could also lead to increased runoff

system would create social equity and jus-

into water resources (Fuhrman et al., 2020).

tice challenges. Turning over such a mas-

This energy system could also be vulnerable

sive amount of land to fuel production

to climate change, which will increase the

would likely require some existing cropland

risk of droughts, floods, and severe weather

to switch to producing biomass feedstocks

that could destroy feedstock crops and re-

(unless the abandoned marginal farmlands

duce energy security.

common in eastern Canada could deliver the
required supply), with implications for domestic food production and agricultural exports. This land conversion could also reduce

▶

barriers on its way to becoming a dominant
system in Canada.

food security and sovereignty if it led to rising

First and foremost, the second-generation biofuel

food prices or declining availability. Although

technologies essential to its success—including

these changes would have implications for

energy from cellulosic biomass sources such as

all Canadians, they would pose the greatest

woody residue and switchgrass—are not techni-

challenges for Canada’s most food-insecure

cally and commercially viable today and would

populations, such as low-income households

need to advance substantially. Even then, the

and remote communities.

requisite cost declines due to economies of scale

These changes in land use would also have
important

implications

for

Indigenous

rights, since this energy system’s vast land
footprint would inevitably require use of land
found on Indigenous Peoples’ traditional territories. This could present local economic
opportunities for Indigenous communities
but may also be inconsistent with Indigenous worldviews and traditional activities.

▶

A biofuels system would encounter significant

A biofuels system’s land conversion requirements would also have significant environmental impacts, particularly if feedstocks
were produced using monocropping, which
would damage ecosystems and hinder biodiversity. The water used for feedstock production could also lead to increased opportunity
costs or even scarcity, depending on the type
of feedstock crop and the availability of water
nearby. The increased use of fertilizer for bio-

and knowledge spillovers could prove more elusive
than for other types of energy systems, since most
of the world lacks sufficient biomass to pursue
these solutions. Canada might need to drive the
required innovations unilaterally instead of benefitting from innovations in other parts of the world
(as it would with the other two energy systems,
electrification and hydrogen in particular).41
The biofuels system would also require significant investment in the infrastructure required
to produce these fuels, with entirely new capital
stock needed in some cases. There are also potential feedstock constraints, owing to competing
land uses that could affect the amount of land
available for feedstock production (Johansson et
al., 2012). This kind of land-use conversion would
also oftentimes have implications for Indigenous
rights and may be at odds with Indigenous
perspectives on how to mitigate climate change.

41 Adoption of biofuels in other countries might even increase the costs of this system, particularly if demand in the United States for regionally
available feedstocks were to drive up their costs, a phenomenon that we observe in scenarios where other countries (including the United States)
keep pace with Canada in their own transitions to net zero.
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An electrification and hydrogen energy
system
An electrification and hydrogen energy system,

This energy system has the following implications for Canada’s economy and population:

▶

structural change in the economy compared

the third potential type of net zero energy system

to the other two options, since it represents the

identified in our analysis, would make emis-

greatest departure from the status quo. It re-

sions-free electricity the dominant form of energy,

lies neither on fossil fuels nor the bulk of the in-

with hydrogen employed for specific energy uses

frastructure currently used in the production,

such as freight transportation and certain types of
industrial production that are difficult to electrify.
Energy use for personal transportation, heating
and cooling, and all other industrial production,

transportation, and distribution of fossil fuels.

▶

economic diversification. Potential economic benefits would be particularly strong for

Electricity in this energy system would be

Western Canada, which has both the renew-

produced primarily from renewable sources

able energy potential for green hydrogen

such as wind, solar, and hydro. The mix could also

production and the natural gas resources

include fossil fuels with CCUS42, nuclear energy

and geology for blue hydrogen. Hydroelec-

(including small modular reactors), and emerg-

tricity-rich provinces like Quebec and Mani-

ing renewable technologies such as geothermal

toba, meanwhile, could see opportunities in

energy (see Box 11). The specific range of technol-

green hydrogen due to their excess electrici-

ogies employed would depend on the evolution
from region to region within Canada, depending
on local resources and policy choices.
In this system, hydrogen would provide energy for
the remaining energy uses—either “green” hydrogen (produced via electrolysis, using renewable
electricity) or “blue” hydrogen (produced from
natural gas with the emissions captured using
CCUS technologies43). Hydrogen would also act
as a form of energy storage, with excess electricity
from intermittent sources such as wind and solar
used to produce hydrogen. This hydrogen could
be combusted immediately or it could be used to
generate electricity later, when production from

Though disruptive, these structural changes would create significant opportunities for

meanwhile, would largely become electrified.

of different technologies and would likely vary

This energy system leads to more substantial

ty generation capacity.

▶

This energy system could also create international opportunities for Canada in the export
of technology and know-how in the renewable energy, end-use electrification, and grid
management sectors. There is potential as
well for the direct export of clean electricity
to the United States, which could leverage
existing North-South grid interties. And this
energy system could present Canada with
hydrogen export opportunities to countries
that are likely to be significant importers, including the United States, Japan, South Korea, and Germany (Layzell et al., 2020).

intermittent sources are reduced.
42 CCUS may leave up to 10 per cent of emissions uncaptured in some cases, so these would need to be offset with negative emissions for this
type of electricity generation to be consistent with net zero.
43 CCUS may leave up to 10 per cent of emissions uncaptured in some cases, so any remaining emissions would need to be offset with negative
emissions for blue hydrogen production to be consistent with net zero.
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▶

This energy system offers the largest poten-

▶

tial air quality benefits of the three systems.

this energy system would depend on the mix

Because it relies on neither fossil fuels nor

of electricity generation sources and hydro-

biofuels, this system would slash air pollution

gen production methods employed. Solar
and wind, for example, tend to have limited

from energy production and use in Canada

local environmental impacts, while hydro-

to near zero.44 And because hydrogen com-

electric dams can have substantial effects on

bustion produces only water as a byprod-

local ecosystems and biodiversity. The envi-

uct, there would be virtually no air pollutant

ronmental impacts of hydrogen will similarly

emissions from that part of the system.45 Air

depend on which production processes are

pollution would remain a challenge, however,

used—some will require greater volumes of

because air pollution from climate change

water as an input, for example, affecting local

impacts such as more frequent and severe

water availability in different ways depend-

wildfires and rising temperatures (which can

▶

The non-climate environmental impacts of

ing on regional conditions. The production

lead to higher ground-level ozone concen-

of blue hydrogen, which uses natural gas as

trations) will increase regardless of which en-

a feedstock, would have local environmental

ergy system Canada adopts.

impacts. Where deployment of this electricity generation and hydrogen production in-

An electrification and hydrogen energy sys-

frastructure has a significant land use foot-

tem would affect lower-income Canadians in

print (or requires long-distance transmission

complex ways. It would reduce overall energy

infrastructure), it would also come with im-

costs for Canadian households, but realizing
these savings would require larger upfront investments that, without government support
or equitable financing mechanisms, could be
difficult for lower-income households to manage.46 This system could also create challenges
for households in rural and remote communities that tend to be more reliant on fossil fuels.
Even in a future with widespread electrification, sparsely populated rural areas would likely

plications for Indigenous rights.

▶

Resilience to climate change will also vary
across specific electricity generation, transmission, and distribution systems. Centralized electricity transmission and distribution
networks are often more vulnerable than decentralized ones to climate impacts such as
high temperatures, severe winds, wildfires, ice
storms, and flooding, creating a greater risk
of supply disruptions. Damages from climate

lag dense urban centres in terms of access to

impacts to wood utility poles and substation

some kinds of electricity-based solutions and

transformers could be especially costly if ad-

alternatives (Krechowicz, 2011).

aptation measures are not implemented. And

44 Where electricity was generated using fossil fuels equipped with CCUS, these technologies would also capture much of the air pollutant emissions associated with combusting fossil fuels.
45 Constraints in our ability to represent the full potential of this energy system in our modelling also constrain our ability to quantify its air pollution benefits, as we do for the two other energy systems. But improved health outcomes under this system would likely be significantly larger than
under the other two possible net zero energy systems, due to the greater reductions in air pollution.
46 While all three of the net zero energy systems would require significant capital investment, an electrification and hydrogen energy system
asks households to shoulder a larger share of the related expenses, due to the need to switch to electrically powered technologies. Ensuring that
lower-income households can participate and benefit equally in the shift to this system would likely require supportive policy, innovative financing
solutions, or both.
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particular types of generation may be more

tricity and many electric-powered technologies

exposed to certain climate impacts—hydro-

are already cost-effective, consumer electricity

electric power, for example, could be affected

prices would need to be kept low to drive rapid,

by changes in rainfall patterns and drought

widespread deployment of electrified end-use

(Allen-Dumas et al., 2019).

technologies. To facilitate this, the costs of “firm”

The deployment of the electricity and hydrogen
energy system faces three main challenges.
First, implementing this system would require
significant investment in new capital stock,
including a massive scale-up of generation
capacity and transmission infrastructure and the
replacement of end-use technologies built for
fossil fuels with electric-powered gear. A network
for hydrogen production, transportation, and
storage would also need to be built, including
pipelines and fuelling stations for the freight
sector. And equipment such as boilers would
need be retrofitted or replaced.

non-emitting power would need to come down
significantly (see Box 11).
Third, this energy system would require very
complicated logistics. Widespread electrification
would involve a large number of new generation and transmission projects, each with unique
design and approval processes. Grids, grid operators, and utilities would have to learn to manage
a much more complex supply and demand
relationship than exists for electricity today. In
response, utility mandates and business models
might need to be revised in order to support and
incentivize this energy system. Better integration
of regional electricity grids, markets, and regula-

The potential costs also present problems.

tory systems may also be needed, which would

Hydrogen production, distribution, and end-use

come with significant challenges and complex-

technologies would need to decline significantly

ities and possibly require the construction of

in cost to enable widespread deployment of this

East–West regional grid interties.

energy system. And although renewable elec-
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CANADA’S NET ZERO FUTURE

three energy systems in Table 1, along with an
overview of some of the overarching questions
regarding the relative desirability of these systems.

Because Canada’s path to net zero will be affected

Canada will need to consider a range of factors

both by some factors within the country’s control

as it makes these choices. These include:

and others that are not, Canada will not be able

resource endowments, whether in terms of

to choose its future energy system entirely on its

natural resources, built capital, or human capi-

own. But Canada also cannot allow those external

tal; Canada’s industrial strategy and potential

forces to make the choice entirely. The trade-offs

areas of comparative advantage in a decarboniz-

between these different energy systems matter

ing world; impacts and opportunities for house-

for Canadians, and the differences in the kind of

holds of all incomes and in all regions; impacts

shift to net zero that each would create will have

on Indigenous Peoples; and the perspectives of

significant implications for livelihoods, health,

citizens, companies, and rightsholder and stake-

society, and the environment. Households, busi-

holder groups. All three of the systems we discuss

nesses, governments, and Indigenous Peoples in

involve trade-offs. All three also face significant

Canada should be deliberate about these choices.

barriers to widespread deployment. Whichever

Doing so will require making decisions under

option (or options) Canada pursues, the transi-

conditions of uncertainty and carefully managing

tion will be complex and challenging. And it will

risk as trends, international developments, and

require significant investment in the develop-

Canadian priorities shift.

ment of wild card solutions. But it will also pres-

We have summarized some of the main conditions required for the emergence of each of the

ent opportunities that Canada can capitalize on
through smart and strategic decision-making.
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Table 1: Key conditions and questions related to the wide-scale deployment of
three types of possible net zero energy systems in Canada

A fossil fuels + negative
emissions energy system
Conditions
that Canada
can affect

A biofuels energy
system

Domestic infrastructure

Land use priorities and

The build-out of Canada’s elec-

development (e.g., CO2 pipe-

the potential scaling of

tricity generation and transmis-

lines, CCUS facilities)

feedstock production for

sion capacity

second-generation forms
of biofuels
Infrastructure development (e.g., biofuel production capacity)

Conditions
outside
Canada’s
control

Big
questions

An electrification +
hydrogen energy system

Infrastructure development
(grids, hydrogen pipelines and
refuelling stations, etc.)
Reform of energy (including
electricity) markets and pricing

The degree of international

The ultimate technical

International innovation in and

deployment of engineered

viability of second-genera-

deployment of non-emitting

forms of negative emissions

tion forms of biofuels

forms of electricity generation,

solutions

grid technologies, and electric

International mecha-

energy end-use technologies

nisms for trading negative

International demand for low- or

emissions

zero-emissions hydrogen

What are the implications for

What influence should the

Do the potential export opportu-

the necessary transition to

fact that other countries

nities associated with this energy

net negative emissions in the

are unlikely to follow this

system matter for Canada’s

latter half of this century?

path have for Canadian

decisions? What could affect

How should the business-as-

decisions?

Canada’s ability to compete

usual aspects of this energy

What implications does

globally in these markets?

system, including continued

the significant land-use

What implications does the

health impacts from fossil

footprint of this system

logistical complexity of realizing

fuels, affect choices?

have, including for

this type of energy system have?

Indigenous rights?
Will Canadian climate policy (at all orders of government) guide the development of a net
zero energy system such that one comes to dominate, or will it embrace a diversity of systems
across regions and sectors?
Will there be an effort to ensure the compatibility of Canadian energy systems with one
another and to realize the potential that interlinkages (either within Canada or with the
United States) could offer?
How will Canada reconcile its decentralized governance (especially as it relates to energy)
with the need to develop a coherent overall approach to realizing a net zero energy system
(or systems)?
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MAIN FINDINGS
In this report, we have explored potential pathways

ment’s new climate plan puts Canada on track to

to net zero for Canada and the roles that various

its 2030 target, and other orders of government

technologies and solutions may play in reach-

can strengthen their own climate policies to drive

ing that goal. We have examined the implica-

even deeper reductions. Implementation of the

tions of alternative pathways and energy systems

federal plan and increased ambition from other

for Canadians, as well as the primary hurdles that

orders of government will be critical to creating the

must be overcome down each pathway. Here, we

incentives for the widespread uptake of safe bets

distill this analysis into eight main findings.

on the path to Canada’s 2030 and 2050 targets.

A net zero Canada is possible but
requires strong policy
Our analysis found not just one pathway but
multiple potential pathways to net zero. All of
these pathways also meet Canada’s 2030 target
on the path to net zero. They have been mapped
using internally consistent logic and assumptions,
with consideration of both domestic choices and
international factors beyond Canada’s control.
While some of these factors could result in some
pathways proving non-viable, enough potential routes to net zero exist overall that we can

Achieving these ambitious goals will also likely
require some “wild card” solutions. Their viability
will depend in part on initiatives abroad creating
innovations at global scale—and the resulting
shifts in markets and technology. This international context, however, is definitely not a justification for delay. For Canada to not only achieve
its own goals but also prosper in changing international markets, policies are needed now to
develop both safe bet and wild card solutions
in ways that keep pace with international shifts
outside Canada’s control.

But just because Canada can reach net zero

Big transitions are inevitable—
especially due to global trends

certainly does not guarantee that it will. Doing so

Canada’s transition to net zero will create signif-

will require strong policies. The federal govern-

icant changes in the structure of the economy.

conclude that the net zero goal is achievable.
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The pathways we examined involve dramatic

supplier of the minerals and metals that will be

new approaches to producing and consuming

needed to produce many of the clean technol-

energy, heating buildings, moving people and

ogies that countries pursuing lower emissions

goods, and producing the goods and services

will place in high demand (such as electric vehi-

that drive Canada’s economy. These changes

cle batteries). Canada’s electricity sector, which

will come with costs for many existing industries,

is already low in emissions, presents significant

even as they present opportunities to emerging

opportunities today—for example, in the export

innovators. And the distributional implications

of low-emissions aluminum—and will present

of the net zero transition—the way it will spread

others in the future, such as in the production

costs and benefits differently from region to

and export of green hydrogen from hydroelec-

region, sector to sector, and household to house-

tric-rich provinces like Manitoba and Quebec. In

hold—will be significant.

addition, provinces with large biomass feedstock

Many of the challenges created by this transition,
however, will occur independent of Canadian
policy choices and Canada’s net zero push. In
particular, changing market dynamics or inter-

capacities—including British Columbia, Alberta,
Ontario, Quebec, and New Brunswick—could see
new local economic opportunities in the production and refining of biofuels.

national climate policy (or both) could dramati-

A net zero transition also presents oil and gas

cally reduce global demand for oil. These factors,

producing regions with opportunities to grow

largely outside of Canada’s control, could cause

and diversify their economies. Emerging indus-

significant changes in the economic structure of

trial sectors such as hydrogen, biofuels, engi-

the country’s oil-producing regions.

neered

Structural changes to Canada’s economy on this
scale will pose challenges, but all the pathways
to net zero that we examined also create new
opportunities across Canada, including in oil-producing regions. Seizing these opportunities will

negative

emissions

solutions,

and

CCUS would leverage existing inf rastructure,
resources, and know-how in these regions. And
oil and gas companies themselves will be well
positioned to pivot and become key players in
these emerging sectors.

be vital to smoothing the transition for workers

Canada also enjoys unique advantages in all

and communities in regions at risk of disruption.

three of the potential net zero energy systems

Planning for these transitions must begin now

we examined. The country’s resources, infra-

to encourage the economic diversification and

structure, and know-how create more options

support that those most affected will require.

for success in these energy systems than are

Canada has competitive advantages in
pursuit of net zero

available in many other countries. And regard-

The Canadian economy is uniquely positioned

export opportunities around the world in all

to capitalize on opportunities emerging from

three systems, as other countries undergo their

the pursuit of emissions reductions at home

own energy transitions.

less of which pathway Canada’s own energy
system transition follows, Canada could find

and around the world. One significant opportunity is Canada’s potential to become a leading
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Scaling up safe bets is crucial and there
is no reason to delay

meanwhile, lies in expanding the range of possi-

Our analysis has found numerous emission-re-

over the longer term. While many wild card tech-

ducing technologies and solutions that are

nologies come with drawbacks and all of them

already commercially available and face no

must still overcome significant barriers to wide-

major constraints to scaling. In all the scenar-

spread use, they nevertheless have the potential

ios we considered, at least 64 per cent of emis-

to fundamentally change Canada’s path to net

sions reductions by 2030 would rely on these

zero for the better.

safe bet solutions, which play consistent roles in
every scenario, especially in the short to medium
term. Among the most prominent safe bet solutions are improving energy efficiency, shifting
to non-emitting electricity, and adopting heat
pumps and electric vehicles.

bilities for deeper and more cost-effective emissions reductions (as well as export opportunities)

Action is required immediately to ensure wild
cards will be ready when Canada needs them.
Failing to act now will decrease the range of
options available and could lead to costly delays
in the net zero transition. Moving these solutions forward will require government policy

We also found that the uncertainty and risk asso-

and support, including research and devel-

ciated with wild card solutions and international

opment, demonstration and pilot projects,

climate policy action neither undermine the

incentives, international cooperation and coor-

case for safe bets nor present barriers to reach-

dination, and possibly even direct public invest-

ing Canada’s 2030 target. There are advantages

ment. But taking action now on wild cards also

to acting quickly and decisively, since delay will

needs careful management of risk and uncer-

only raise the costs of the net zero transition and

tainty. Betting on the wrong pathway could

increase the risk of stranded assets.

significantly increase the costs of Canada’s tran-

Decision makers can move ahead confidently
with safe bets in the near term. The federal
government’s new climate plan, announced late

sition and jeopardize its efforts to achieve net
zero if factors outside its control do not materialize as expected.

ing safe bets. In response to these kinds of policy

Safe bets and wild cards should be
considered separately

incentives, companies and households can move

The promise of wild cards does not justify a wait-

forward with safe bet solutions over the near term.

and-see approach to the net zero transition over-

last year and featuring a carbon price rising to
$170 per tonne by 2030, is consistent with deploy-

Wild cards have an important role to play
in Canada’s transition to net zero
Wild cards should be understood as a comple-

all. Even in scenarios where engineered negative
emissions solutions, for example, see significant
uptake, safe bets still do much of the heavy lifting to reduce emissions, especially before 2030.

ment to—not a substitute for—safe bets. Safe

Too often, policy debates in Canada have led

bets are crucial to reaching net zero, which is why

to paralysis by conflating the challenges and

advancing their deployment is such an essen-

opportunities across safe bets and wild cards.

tial first step. The real potential for wild cards,

Although expanding the use of both sets of solu-
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tions are related challenges, our research shows

much less structural change in the economy

the value of separating wild cards and safe bets

than other systems in the pursuit of net zero.

in the policy discussion.

However, such a system should be treated with

Decision makers that focus too much on the role

caution, for several reasons.

of wild card solutions risk being distracted from

First, engineered negative emissions solu-

critical near-term action and investments focused

tions present a seductive but risky possibility of

on safe bets. There are reasons to advance both

incumbents being able to continue their current

at the same time, but they represent separate

approach (producing emissions-intensive prod-

policy problems. Safe bet solutions have clear

ucts, for example) and the structure of the econ-

paths forward. The technologies are commer-

omy remaining mostly unchanged. But the

cially available and the barriers to their deploy-

risk is that if this system fails to come together

ment are mostly manageable. The path forward

as planned, it would create delays in emissions

for wild cards, on the other hand, is much less

reductions and structural changes, signifi-

clear. These solutions face far greater risk and

cantly increasing the costs of Canada reaching

uncertainty, posing wholly different challenges

its target. It could even cause Canada to miss

and questions regarding policy. Wild cards make

it altogether, which would exacerbate global

for complicated policymaking, because Canada

climate change both directly (via Canada’s

does not fully control all of the factors required to

higher emissions) and indirectly (by limiting the

overcome hurdles to their successful uptake and

opportunity to leverage Canada’s action and

deployment, and decisions made outside Canada

example into greater global action). This failure

can matter as much as domestic choices.

would also pose the risk of trade sanctions from

Navigating a successful transition to net zero
will require decision makers to manage the very
different challenges of safe bets and wild cards
simultaneously. They must push forward with

other countries that were making deeper cuts
to their own emissions (as the European Union
is currently considering through Border Carbon
Adjustments).

the safe bets we know can take Canada most

Developing a fossil fuels and engineered nega-

of the way to its 2030 emissions goals and well

tive emissions energy system at scale would also

on its way to net zero by 2050, while at the same

face many significant hurdles. It would require

time creating the conditions for the develop-

engineered negative emissions to prove cost-ef-

ment, deployment, and adoption of wild cards.

fective and scalable—an outcome that is far from

Engineered forms of negative emissions
are a special type of wild card

certain. It would also demand a scale and pace

Shifting to an energy system driven by fossil fuels
and engineered negative emissions solutions
might seem like an attractive option to incum-

of facility construction and technology deployment with few, if any, precedents. And it would
very likely have to overcome public opposition,
including from Indigenous Peoples on whose
lands such systems would often operate.

bents, because these technologies would involve
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At the same time, negative emissions solutions do present some important potential
opportunities:

▶
▶

▶

Managed effectively, the net zero transition
can maintain or improve the prosperity and

Helping avoid the most difficult and costly

well-being of all Canadians. The net zero shift

emissions cuts elsewhere in the economy

can improve air quality and health outcomes.

(for example, in parts of heavy industry);

It can also have positive economic impacts by

Putting existing Canadian infrastructure and
skills to work;

▶

pandemic—will have far-reaching implications.

decreasing energy costs for most households.
But careful attention must be paid to the uneven
impacts of climate policy to ensure these bene-

Compensating for failures or unexpected

fits are available to everyone and to ensure that

emissions reductions setbacks in the rest of

net zero initiatives recognize Indigenous rights

the economy; and

and advance reconciliation.

Assisting with emissions cuts beyond net

Canada’s net zero transition must ensure that

zero to net negative, which may ultimately

Canadian households continue to find employ-

be required to stabilize the global climate

ment

even after broad cuts in gross emissions are

to ensure their economic prosperity. To help

made in the rest of the economy.

accomplish this, policy makers will need to rely

Negative emissions solutions are best viewed
not as a substitute but as a complement to the
ongoing implementation of other solutions
(especially the safe bets).

Pathways to 2050 have implications for
the well-being of Canadians

and

income

opportunities

sufficient

as much as possible on cost-effective policies
and avoid expensive, inefficient ones that create
unnecessary drag on the economy. They will also
need to provide transitional support to make
sure individual Canadians aren’t left behind in
this transition.
The COVID-19 pandemic has dramatically under-

As governments and citizens nationwide are

scored the risks of not being prepared in advance

focused on containing COVID-19 and the related

and not working collaboratively to address a

economic fallout, this might seem like an inop-

common challenge. We know that climate

portune time to reflect on Canada’s prosperity

change and the transition to net zero will present

and well-being in 2050. But the choices Canada

significant social challenges and disruption, but

makes today—the policies, investments, and

Canada can minimize these impacts (and create

initiatives that emerge as priorities after the

new opportunities to prosper) by acting now.
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1. Governments at all levels should increase
the stringency of existing policies to create
incentives for widespread deployment of safe
bet solutions
The path to net zero by 2050 starts with a series
of steps in the right direction. And Canada’s first
step in reaching both 2030 and 2050 targets is to
continue to drive forward the safe bet solutions
identified by our analysis. Potential long-term

incentives broadly throughout the economy. The
policy architecture to create these incentives is
already in place. Flexible regulations such as the
federal Clean Fuel Standard, British Columbia’s
Low Carbon Fuel Standard, and British Columbia
and Quebec’s Zero Emission Vehicle mandates
can be readily expanded and accelerated.
Building codes can be strengthened. And the
stringency of carbon pricing can be increased, as
set out under the new federal climate plan.

contributions by wild card solutions do not justify

We do not make precise recommendations about

delay on safe bets. Delay is costly, and there are

specific instruments or regulations. Governments

numerous solutions that Canada can pursue

have many options, and different governments

with confidence starting today. The safe bet solu-

will put them to work in different ways depend-

tions that are particularly promising in the near

ing on their unique situations and priorities. The

term include: improving energy efficiency; shift-

crucial step for all governments is to provide the

ing to non-emitting electricity; adopting heat

necessary policy stringency in a coordinated and

pumps and electric vehicles; reducing methane

predictable way to make the widespread deploy-

emissions from oil and gas production; reducing

ment of safe bets a reality. As they do so, careful

the use of HFCs; and adopting CCUS for concen-

attention should be paid to avoid a patchwork of

trated gas streams.

policies that could create unnecessary inefficien-

Policy can and should send clear signals to

cies or lead to unintended consequences.

proceed with these safe bets and provide strong
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2. Governments should manage the risks and
opportunities posed by wild card solutions
through a portfolio approach

generate a range of social, economic, and envi-

Relying only on safe bets for the net zero transi-

3. Governments should increase policy
certainty by implementing robust climate
accountability frameworks

tion would fail to realize the substantial potential that wild card solutions have for making the
deeper, cost-effective emissions cuts necessary to reach the goal. Unlocking this potential, however, will not be easy. Each of the three
net zero energy systems we examined requires
significant innovation, policy change, and investment in emerging technologies or in enabling
infrastructure.

ronmental benefits. They should also reflect (and
contribute to) similar conversations underway
internationally.

Governments can use existing policy infrastructure—especially policies that are broad, flexible, and stringent—to lay the groundwork for
longer-term innovations and the deployment
of wild card solutions. Sending clear signals that
establish expectations for the future stringency

Policy choices can help overcome the hurdles

of policy is particularly helpful, as these expec-

that each system faces but not render them

tations create powerful incentives for innova-

free of risk. To manage this risk, Canadian

tion by signalling that there will be demand for

policy should commit to multiple potential wild

emissions-reducing technologies, practices, and

card solutions (but not so many that support

innovations. Climate accountability frameworks

becomes too diluted).47 It should also create an

can help create these expectations by linking

enabling environment that reduces barriers to

together a credible series of steps on the long-

innovation, creates opportunities for the devel-

term pathway to net zero and creating incen-

opment and deployment of emerging technol-

tives for follow-through on them.

ogies, incentivizes the involvement of the private
and civil sectors, and remains flexible to unpredictable technological and global change.

Climate accountability frameworks are a set of
governance structures and processes that connect
long-term emissions-reduction targets to near-

This report does not provide advice regarding

term policy actions through regular and trans-

which wild card solutions or energy system(s)

parent monitoring and reporting (Beugin et al.,

Canadian governments should invest in. Instead,

2020). These frameworks can help define required

our analysis is intended to serve as a platform for

increases in policy stringency by breaking long-

broader conversations with industry, Indigenous

term targets into discrete, manageable, short-

representatives, organized labour, and Canadian

term segments. They can create more certainty

citizens about the feasibility and the desirabil-

about long-term policy stringency by legislating

ity of the available options. These conversations

future milestones on the path to net zero. They can

should aim to identify priorities that not only

also support follow-through by helping the public

support Canada’s net zero ambitions but also

keep governments accountable to their climate

47 Negative emissions solutions merit specific mention here. There is a case for driving innovation and enabling deployment of negative emissions technologies as part of a portfolio-based net zero strategy. However, any such support should be in addition to other policy measures, rather
than instead of them.
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targets and policy commitments through transparent, independent monitoring of progress.
Accountability processes can also create opportunities for course correction. By regularly taking
stock of progress, they can provide governments
with independent advice on next steps for the
short and medium term and help manage the
uncertainties associated with the evolution of

4. Governments should work to ensure that the
transition to net zero is fair and inclusive
Regardless of which path Canada takes to net
zero, accompanying policies should explicitly
address the distributional implications of the
transition. Reducing emissions will not inevitably lead to a just and equitable society, and the

wild card solutions.

net zero transition could even exacerbate exist-

Late last year, the Government of Canada tabled

careful and supportive policy.

the Canadian Net-Zero Emissions Accountability
Act (Bill C-12), which, if passed, will establish a
federal climate accountability framework. The
draft legislation includes many core elements
of a strong accountability framework, such as
independent expert advice, interim emissions
reductions milestones, and regular and transparent monitoring and reporting. The legislation
could go further, however, to increase accountability, provide greater certainty, and engage
other orders of government in meeting national
climate targets. Such changes would help to

ing inequalities and injustices in the absence of

Canadian governments should provide support
to lower-income households to ensure that
climate policies do not impose disproportionate costs or undermine their well-being, and
to enable them to take the actions needed to
reduce emissions. They should provide support
to workers in those sectors and regions that will
undergo the most dramatic transitions. And
they should engage directly with the transitions
in rural, remote, and Indigenous communities,
helping them to overcome existing structural

provide a stronger signal that wild card solutions

barriers to their prosperity and self-sufficiency.

will be needed and valued.

It is vital that governments understand the full

Similarly, other orders of government should

range of implications the transition will have on

consider developing their own accountability
frameworks to create expectations for provincial, territorial, municipal, or Indigenous policy
pathways. Increased transparency on ambition and policy at every order of government
can also bring challenging conversations about
coordinating policies between governments to

all of Canada’s regions, sectors, workers, communities, and income groups. This is necessary to
ensure that policies successfully address adverse
impacts and work to lift up groups who have
historically been left behind, instead of exacerbating those inequalities. This will require direct
engagement with all of those groups.

the surface.
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7. RECOMMENDATIONS

It will also require better tracking of indicators.

(such as policy action in the rest of the world or

Emissions are not the only metric that needs to

declining global demand for certain goods and

be monitored on the path to net zero. Progress

services). Where this is the case, governments

should be tracked against a set of compre-

should implement the necessary supports so

hensive climate, economic, and social indica-

that these risks and impacts are minimized.

tors so that climate policies also drive inclusive

Other factors driving the transition—particularly

economic growth, strengthen Canada’s resil-

Canada’s own policy actions—are well within

ience to climate impacts, and improve the

domestic control. These policies should be used

well-being of all Canadians (Arnold et al., 2020).

as tools not only to reduce emissions but also to

In some cases, the impacts of the transition will
be caused by forces outside of Canada’s control

advance social, economic, and environmental
justice across Canada.
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ANNEXES
Annex 1: An overview of key findings from similar studies
STUDY

Pathways to Deep
Decarbonization in
Canada

JURISDICTION
OF FOCUS

Canada

(Bataille et al., 2015)

Canada’s Mid-Century
Long-Term
Low-Greenhouse Gas
Development Strategy
(ECCC, 2016)

Canada

GHG
TARGET

METHODOLOGY

SCENARIOS

KEY INSIGHTS

80 per cent
The study uses an energybelow 2015
economy model to forecast
levels by 2050 demand for GHG-intense goods,
energy balance, technology
deployment, and emissions.
A macroeconomic, regionally
and sectorally disaggregated
Computable General Equilibrium
model was used to forecast GDP,
employment, economic structure,
and trade.

The study models six
decarbonization pathways. Some
pathways reinforce current
trends (such as decarbonization
in electricity generation, energy
efficiency, and emissions cuts
from heavy industries), whereas
others employ transformative
technologies (such as CCUS or
alternative fuels) or reorient the
economy toward less emissionsintensive activities.

•

Canada can make significant GHG cuts by
decarbonizing the electricity grid, by using mainly
renewable energy sources and some fossil fuels
with CCUS, and by replacing combustion-based
energy sources with electricity in many sectors.

•

Deep decarbonization will require significant
investment and adoption of next-generation
technologies.

•

Political action from federal and provincial
governments is needed immediately to minimize
costs.

80 per cent
This report conducts a
below 2005
literature review of Canadalevels by 2050 wide approaches including the
Deep Decarbonization Pathways
Project, the Trottier Energy
Futures Project, and Acting on
Climate Change: Solutions from
Canadian Scholars. Other relevant
information is retrieved from
Canada-specific data and reports.

The report reviews many
modelling scenarios from
several studies. The aggregated
results from the scenarios are
used to understand potential
decarbonization pathways.

•

To effectively transition to a low-carbon economy,
Canada will need to fundamentally transform all
economic sectors, especially patterns of energy
production and consumption, and will require
significant investment in research, development,
and innovation.

•

Deep decarbonization will rely heavily on
non-emitting electricity and electrification of all
sectors of the economy.
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STUDY

Canada’s Challenge
and Opportunity:
Transformations for
Major Reductions in
GHG Emissions

JURISDICTION
OF FOCUS

Canada

(Trottier Energy Futures
Project, 2016)

United States
United States
Mid-Century Strategy for
Deep Decarbonization
(Government of the
United States, 2016)

GHG
TARGET

METHODOLOGY

SCENARIOS

80 per cent
This study uses two models to
below 1990
develop its scenarios and identify
levels by 2050 pathways to the 2050 target at
minimized costs: the NATEM and
CanESS models. Both models
include separate representations
of the sectors in Canada’s
economy, as well as for all
provinces and territories. Analysis
is also based on expert input and
literature review.

The study employs two
complementary models, in
combination and independently,
to analyze 11 future GHG
emissions-reduction scenarios.
The approach aims at assessing
how the 80 per cent reduction
target can be met based on
currently deployed technologies
with plausible extrapolations for
future improvements and cost
reductions.

80 per cent
This report uses a mix of analytical
below 2005
tools, including literature review,
levels by 2050 expert input, and modelling.
It reviews previous studies on
deep decarbonization in the
United States, integrates input
from stakeholders and other
jurisdictions aiming for deep
decarbonization by 2050, and
uses a number of modelling tools,
including the Global Change
Assessment Model, the Global
Timber Model, the U.S. Forest
Assessment Service Model, and the
National Energy Modelling System.

The scenarios examined differ in
•
the technologies and strategies
they use. Two scenarios focus
on the potential of achieving
different levels of negative
emissions by 2050, three
•
scenarios explore pathways with
different assumptions with regard
to low-carbon energy transition,
and the Beyond 80 scenario
explores a pathway where the U.S.
exceeds the 80 per cent reduction
target by 2050.
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KEY INSIGHTS

•

To achieve deep emissions cuts, Canada should
focus on reducing the use of fossil fuels for
end-uses, implementing cost-effective energy
efficiency measures in all sectors, decarbonizing
the electricity supply, and increasing the use of
biomass and biofuels.

•

In 2050, there is still demand for fossil fuels,
especially diesel for heavy freight and rail and jet
fuel for air transportation. This is largely due to
biofuel feedstock supply constraints, limitations
on the use of electricity for heavy freight and rail
transportation, and high marginal costs for other
energy sources.
Three important actions will be required to
achieve deep decarbonization: 1) a transition to
a low-carbon energy system; 2) sequestration of
carbon through land and technologies; 3) reduction
of non-CO2 emissions.
Strong international action will be critical in
achieving a successful transition toward a
low-carbon global economy.
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STUDY

Canadian Energy
Outlook: Horizon 2050

JURISDICTION
OF FOCUS

Canada

(Langlois-Bertrand et
al., 2018)

Trajectoires de
Quebec
réduction d’émissions
de GES du Québec –
Horizons 2030 et 2050
(Ministère de
l’environnement et
de la lutte contre
les changements
climatiques, 2019)

GHG
TARGET

30 per cent
below 2005
levels by 2030
and 80–83
per cent below
2005 levels by
2050

37.5 per cent
reduction in
2030 and
80–95 per
cent reduction
by 2050

METHODOLOGY

SCENARIOS

KEY INSIGHTS

The study uses the North American
TIMES Energy Model to examine
a number of energy-related
scenarios that mainly vary in
terms of GHG reductions. The
emissions reduction scenarios
are based on provincial, federal,
and international targets. The
scenarios are modelled on the
2030 and 2050 horizons with
results disaggregated at the
provincial level. The study projects
Canada’s energy production and
consumption into the next decades
based on the National Energy
Board’s demand scenario.

The study compares four emissions
reduction scenarios and a businessas-usual case: 1) the provincial
scenario, which imposes individual
provincial targets where they exist
(with no federal involvement); 2) a
scenario that imposes the federal
government’s stated 2030 and
2050 targets, where 25 per cent of
reductions come from international
carbon credits; 3) a scenario with
the federal government’s targets
but no carbon credits; and 4) a more
aggressive emissions reduction
scenario (83 per cent below 2005
levels by 2050).

•

The oil and gas sector is expected to experience
significant reduction in demand. Demand for oil
products is set to decrease (even in the businessas-usual case) as early as 2030.

•

All scenarios see some continued fossil fuel use,
even in the most stringent scenarios.

•

All scenarios point to an accelerated electrification
of the Canadian energy system, mainly generated
from non-emitting sources.

•

The transformation of the transportation sector
will be central to emissions-reduction efforts.

The study uses an optimization
model (NATEM-Canada), which is
a technological-economic model
that details the energy system
in Canada, GHG emissions,
pan-national and pan-provincial
fluxes, their long-term
trajectories, and technologies.

The authors model four emissions
pathway scenarios, each with
different targets for both 2030
and 2050. Eight additional
scenarios are modelled to assess
their effects on emissions, the
energy system, and costs. The
additional scenarios include a
reduction in demand, an increase
in biomass, modifications to the
food system, different technology
availability, and the use of CCUS.

•

Quebec can achieve its 2030 target of a 37.5 per
cent reduction in emissions, as well as a 75 per
cent reduction by 2050, using existing low-carbon
technologies alone.

•

Achieving an 85 per cent reduction by 2050 will
require reduction in energy demand.

•

Achieving an 87.5 per cent reduction by 2050
without purchasing international carbon credits
will require the use of new technologies (e.g.,
BECCS) or changes in behaviour, in particular
declines in energy demand.
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STUDY

Pathways to 2050:
Alternative Scenarios
for Decarbonizing the
U.S. Economy.

JURISDICTION
OF FOCUS

United States

(Lempert et al., 2019)

Net Zero: the UK’s
United Kingdom
Contribution to Stopping
Global Warming
(Committee on Climate
Change, 2019)

GHG
TARGET

METHODOLOGY

SCENARIOS

KEY INSIGHTS

80 per cent
The report is informed by a
below 2005
series of workshops where a
levels by 2050 group of 20 companies examined
potential scenarios for achieving
decarbonization goals by 2050.
The input from the workshops
shaped the modelling approach,
which is undertaken with the
Global Change Assessment Model,
a global, long-term, multi-sector
human–Earth systems model.

The study considers three
•
scenarios that differ in their
policy mix and technologies. A
Competitive Climate includes
strong international action
on climate change, Climate
Federalism has strong climate
•
policies at the state level, and
Low-Carbon Lifestyle is based
on technological breakthroughs,
strong demand for low-carbon
products, and new businesses and
technologies.

Deep decarbonization of the U.S. economy will
require decarbonization of the power sector;
fuel switching in transportation, buildings, and
industry; increased end-use energy efficiency; use
of CCUS; and reduction of other potent greenhouse
gases (e.g., methane).

100 per cent
reduction by
2050

The scenarios that the study
examines are divided into three
categories. The first identifies a
set of core measures that would
achieve net zero while minimizing
costs and relying on existing
policies. The second category
relies on a low-carbon hydrogen
economy and extensive use of
CCUS and land-use management.
The third category groups
alternative options such as
changes in demand and extensive
technological breakthroughs.

•

Reaching net zero by 2050 is achievable with
current technologies.

•

CCUS and BECCS will both play a role in achieving
net zero by 2050.

•

One-fifth of the U.K.’s agricultural land must
shift to alternative uses that support emissions
sequestration, such as afforestation, biomass
production, and peatland restoration.

•

Current policies are insufficient to reach net
zero. Clear, stable, and well-designed policies are
needed across the economy.

Results from this study are
based on 10 research projects,
three expert advisory groups,
and reviews of the work of the
IPCC and other researchers.
It also draws on results from
climate models, such as IAM, that
integrate interactions between
global energy, agriculture, land
use, and climate systems.
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on all fronts and from all actors. This will require
high levels of public support, as well as increased
demand for low-carbon goods and services.
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STUDY

Towards Net-Zero
Emissions in the EU
Energy System by
2050,

JURISDICTION
OF FOCUS

European Union

(Tsiropoulos et al.,
2020)

Making Mission
Possible: Delivering a
Net-Zero Economy
(Energy Transitions
Commission, 2020)

Global

GHG
TARGET

50 per cent
reduction by
2030 and
100 per cent
reduction by
2050

100 per cent
reduction
by 2050 for
developed
countries
100 per cent
reduction
by 2060 for
developing
countries

METHODOLOGY

This report aggregates and
analyzes results from different
models and scenarios published
between 2017 and 2019,
including the Global Energy
Perspective, the CTI-EU, the
PRIMES model, the ETP-TIMES
model, and the World Energy
Model.

The report brings together,
and builds upon, findings from
past publications by the Energy
Transition Commission (ETC),
developed in collaboration
with experts from industry,
academia, and non-governmental
organizations. It draws on analysis
carried out by a number of
organizations as well as broader
literature review.
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SCENARIOS

The report compares eight
scenarios that achieve more
than 50 per cent reduction in
greenhouse gas emissions by
2030 compared to 1990 and 16
scenarios that reach net zero by
2050.

The report compares across
several scenarios, including
its own ETC zero-emissions
scenarios as well as other deep
decarbonization scenarios,
including from the International
Energy Agency.

KEY INSIGHTS

•

All scenarios see a near complete phase-out of coal
and a 75 per cent reduction in oil and natural gas use.

•

In 2050, renewables provide between 70 per cent
and 100 per cent of electricity. Biofuels increase
from 9 per cent of total energy to 20 per cent,
largely for use in the aviation and shipping sectors.

•

Nature-based and engineered negative emissions
solutions will be required to reach carbon
neutrality by 2050.

•

Electric vehicle technologies will account for 65 to
90 per cent of the total fleet, with battery electric
vehicles forming the majority of this.

•

Net zero by mid-century is technically and
economically possible without the permanent or
significant use of offsets from nature-based or
engineered negative emissions solutions.

•

The costs of achieving net zero by 2050 are
very small, especially compared to the costs of
unmitigated climate change. Achieving net zero
will also generate important benefits and improve
overall well-being.

•

Reaching net zero will mean a profound
transformation of the energy system. Fossil fuels will
largely be replaced by clean electricity, complemented
by hydrogen, some sustainable biomass, and limited
fossil fuel use with CCUS. Significant energy
productivity gains will also play a role.
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Annex 2: Detailed breakdown of modelling scenarios
For more information on modelling assumptions, parameters and sources, and scenarios, see Navius Research (2021).

ASSUMPTION

DESCRIPTION

Electric vehicle costs
Reference

Reference cost of battery EVs declines over time according to a declining capital cost and a declining intangible cost curve. Reference battery EV capital costs are modelled at
$23,700 ($25,100 with charger) by 2030.

Low

Steeper cost declines for battery EVs, including capital and intangible costs, reflecting more rapid global penetration of EVs and batteries and stronger “learning by doing.” Low
battery EV capital costs are modelled at $22,120 ($23,540 with charger) by 2030.

Hydrogen costs and blending rates
Hydrogen blending in natural gas pipelines is constrained by operational and safety considerations. Currently, certain infrastructure is unable to handle more than a 2 per cent
Reference
hydrogen blending rate (by volume), the reference blending rate used in our analysis. Starting reference costs for delivered hydrogen range from $4.90/kg or $34.70/GJHHV*
to $9.50/kg or $68.30/GJHHV, depending on the production technology. The reference cost of hydrogen fuel cell vehicles declines over time according to a declining capital
cost and declining intangible cost curve. Reference fuel cell vehicle costs are modelled to decline as a function of adoption to a potential minimum of $32,810 but only decline
to a low of $51,500 by 2050 in this analysis.
Low costs, high
blending rate

Changes to the natural gas pipeline network could potentially allow it to support a 20 per cent hydrogen blending rate (by volume), the high blending rate used in our analysis.
Low costs for hydrogen production range from 10–20 per cent below reference case estimates, depending on the production technology, reflecting stronger “learning by doing”
given global market penetration. Low fuel cell vehicles costs (including both capital and intangible costs) are modelled to decline to a potential minimum of $23,825 but only
decline to a low of $42,950 by 2050 in this analysis.

Non-emitting “firm” electricity generation costs
Reference

The cost of constructing new non-emitting firm electricity generation capacity is modeled at $152/MWh.

High

No new firm electricity generation capacity is built in Canada because it is assumed to be prohibitively expensive or face other barriers that inhibit its development.

Climate policy action in other major countries
Other major
To model lack of action on climate change in the rest of the world, the scenario assumes that the United States continues along its reference case emissions trajectory, with no
countries lagging new climate policy implemented. Other major countries are also assumed to be lagging Canada in their climate policy implementation. As a result, there is a slower cost decline
Canada
for clean technologies such as electric vehicles, hydrogen, and renewables due to weak adoption abroad.
Other major
countries keeping
pace with Canada

To model climate action in the rest of the world, a cap was imposed on United States emissions to simulate new policy. This results in an accelerated cost decline for clean
technologies, as adoption increases in the United States. To model other major countries also keeping pace with Canada in their climate policy implementation, the global price
for commodities was adjusted to account for trade and policy interactions, with foreign commodity prices adjusted based on the change in production costs in North America
when net-zero climate policy is implemented.
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ASSUMPTION

DESCRIPTION

Availability of engineered forms of negative emissions solutions and advanced forms of CCUS

Available

Unavailable

Mix

When direct air capture (DAC), carbon capture, utilization, and storage (CCUS), and bioenergy with carbon capture and storage (BECCS) are assumed to be available, the cost of DAC
starts at $368/tonne CO2e and declines as experience with the technology increases, to a potential price floor of $125/tonne CO2e by 2050. The cost of CCUS is dependent on the
end-use and the cost of capture ranges from $50–$150/tonne CO2e for non-combustion technologies and from $20–$120/tonne CO2e for combustion technologies. The cost of CCUS
also varies by region due to costs of CO2 transport and storage, which range from an additional $3.60/tonne CO2e in Alberta to $17.90/tonne CO2e in British Columbia.

Under this assumption, DAC and CCUS for (unconcentrated) combustion emission sources are either not technically feasible at scale or prohibitively costly. A limited amount
of CCUS is available for non-combustion, concentrated emission sources, such as process emissions in hydrogen, cement, and fertilizer production. The cost of capture for
non-combustion emission sources ranges from $50–$150/tonneCO2e depending on the end-use, plus additional costs of transport and storage, which range from $3.60/tonne
CO2e in Alberta to $17.90/tonne CO2e in British Columbia.
Under this assumption, DAC is either not technically feasible or prohibitively costly. CCUS is assumed to be available for both (unconcentrated) combustion emissions and for
(concentrated) process emissions. The cost of CCUS is dependent on the end-use and the cost of capture ranges from $50–$150/tonne CO2e for non-combustion emissions and from
$20–$120/tonne CO2e for combustion emissions. The cost of CCUS also varies by region due to costs of CO2 transport and storage, which range from an additional $3.60/tonne CO2e
in Alberta to $17.90/tonne CO2e in British Columbia.

Global oil price
High
$63(USD2020)/barrel by 2030 and $87(USD2020) by 2050.
$38(USD2020)/barrel by 2030 and $36(USD2020) by 2050.
Low
Competitiveness protection measures
Measures are in place to protect against carbon leakage in emissions-intensive, trade-exposed sectors, maintain their competitiveness, and incentivize industrial emitters to
On
reduce their emissions.
Off

No such measures are in place.

Availability of second-generation biofuels
Available
Biofuels made from second-generation feedstocks are technically viable. These feedstocks are available for an “at-the-plant” cost of $81/ODt** for agricultural residue
and $94/ODt for forest harvest residue. These residue feedstock costs act as a proxy for the availability and costs of other types of second-generation feedstocks (e.g.,
switchgrass) that are not directly represented in the modelling.
Unavailable

Biofuels made from second-generation feedstocks do not prove technically viable.

Improvements in the emissions intensity of oil sands production
Reference
Reference case forecasts of emissions intensity improvements in the oil sands are 0.03 tonnes CO2e/barrel by 2030 for mining and 0.07 tonnes CO2e/barrel by 2030 for in
situ production, falling further to 0.02 tonnes CO2e/barrel by 2050 for mining and 0.05 tonnes CO2e/barrel by 2050 for in situ production.
Accelerated
Improvement

GHG intensity pathways in the oilsands under a scenario of improvements that exceed reference case forecasts have emissions intensity in the oil sands at 20 per cent lower
than the reference scenario by 2030 and 30 per cent lower by 2050 (these figures are based on projections from the Canadian Association of Petroleum Producers).

Note: All dollar figures are in 2020 Canadian dollars unless otherwise specified. *High Heating Value **Oven Dry Tonnes
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Annex 3: Canada’s greenhouse gas emissions by economic sector, selected years
(Mt CO2eq)
ECONOMIC SECTOR

1990

2005

Mt CO2 EQUIVALENT

2018*

National GHG total 603

730

729

Oil & gas 106

158

193

134

173

Natural gas production and processing 36

55

50

Conventional oil production 23

30

29

Upstream oil & gas 86

Oil sands

15

37

84

Oil, natural gas & CO2 transmission

12

12

11

23

21

22

19

1

1

Electricity 95

119

64

Transportation 121

161

186

Passenger transport 71

90

99

Freight transport 31

60

78

Other 19

10

9

Heavy industry 97

87

78

7

8

14

10

9

8

Iron & steel 16

16

16

Cement 10

13

11

3

2

Chemicals & fertilizers 29

25

24

Buildings 74

86

92

Service industry 28

40

46

Residential 47

46

47

Agriculture 57

72

73

On farm fuel use 11

12

14

Crop production 15

16

24

Animal production 32

44

36

Waste 21

20

18

2

3

17

14

Construction 6

6

6

Forest resources 1

1

1

Downstream oil & gas 20
Petroleum refining 18
Natural gas distribution 2

Mining 7
Smelting & refining 17
Pulp & paper 15

Lime & gypsum 3

Coal production 4
Light manufacturing 21

Source: ECCC, 2020b.
Notes: Totals may not add up due to rounding.
*Most recent year for which data is available.
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Annex 4: GHG reduction pathways in different economic sectors
Figure 21

Figure 21: Buildings
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Figure 22

Figure 22: Personal transportation
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Figure
23 23: Medium- and heavy-duty transportation
Figure
2020

2025

2030

2035

2040

2045

2050

0
-5

Greenhouse gas emissions (Mt CO2eq)

-10
-15

Electrification

-20

Energy efficiency

-25

Hydrogen

-30

Biofuels

-35
-40
-45
-50

Figure 24: Industry
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Figure 25: Electricity generation
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