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2. Accelerating System 
Transitions

Getting to net zero will require major changes in the large-scale 
systems we use to meet societal needs, including the way we 
produce and distribute energy, move people and goods, and build 
our cities.[10,11] Although change in such systems is typically 
incremental, there have been many dramatic transformations in 
the past: consider the emergence of a transport system based 
around the personal automobile,[12] the build-out of electricity 
systems to provide power for homes and businesses,[13] or the 
ways computing, the digital economy and AI are altering how we 
live today.

These “system transitions”, which may take several decades, 
involve interconnected changes to technologies, social practices, 
business models, regulations and societal norms.[12,14,15] 
Transitions are periods of considerable uncertainty, since it is 
unclear how fast change will come and which approach will pan 
out. They are accompanied by significant distributional impacts.
[16] While society may benefit from system change that offers 
increased service and economy, some enterprises or sectors will 
contract even as emergent firms and industries expand. 
Incumbents resist change, and this makes progress bumpy.[17,18] 
Moreover, there are always multiple ways to apply new 
technologies, social practices, or business models, which 
articulate different values and/or provide alternative distributions 
of benefit. So, transitions inevitably involve struggles over the 
direction and pace of change.[19,20]

It is no surprise, then, that governments, politics, and policy play 
an important role in system transitions.[21,22] States may see 
strategic, military, or commercial advantage in emergent 
technological systems (for instance the development of steam 
ships, satellites, drones, or AI). Changes to regulatory frameworks 
and property rights are normally required to unleash the potential 
of new approaches. And incumbents and challengers alike 
compete actively to shape the rules in their favour.

While society may 
benefit from system 
change that offers 
increased service 
and economy, some 
enterprises or 
sectors will contract 
even as emergent 
firms and industries 
expand. Incumbents 
resist change, and 
this makes progress 
bumpy.
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6 Transitions typically pass through three 
stages: emergence, diffusion, and system 
reconfiguration.[23] Emergence is about 
developing and testing alternatives. 
Dissatisfaction with the established way of 
doing things spurs innovators to experiment. 
At first, new technologies are expensive and 
imperfect, and the designs and business 
models that will allow widespread adoption 
are unclear. Novel solutions typically emerge 
in protected niches, where users are willing to 
pay over the odds and ignore functional 
shortcomings. Solar cells, for example, found 
early application generating power for 
spacecraft and in remote locations. As 
innovators gain experience with the new 
technology, a combination of favorable 
circumstances (problems with the existing 
regime, changes in political or economic 
context) may allow a more direct challenge to 
the status quo.[24,25]

During the diffusion phase, the new approach 
gains adherents and improves functionality, 
and prices fall with economies of scale. 
Positive feedback loops kick in as consumers 

become increasingly familiar with the new 
technology, infrastructure is built out, 
complementary innovations come to market, 
and more favorable policy and regulatory 
frameworks are put in place. As this phase 
advances, incumbents may become 
increasingly alarmed by the rapid progress of 
the challengers and very public struggles over 
the direction of change may emerge.[26,27]

Eventually, change impacts the overall 
configuration of the system. Sometimes, the 
novel elements are incorporated through 
realignment while important features of the 
previous system remain, but on other 
occasions a new system almost entirely 
replaces the old. With this reconfiguration, 
regulatory and policy frameworks become 
fully aligned with the new arrangements, 
linkages to other systems are stabilized, and 
challengers become the new incumbents.[28] 
These three phases trace out a classic S 
curve, where a long preparatory phase gives 
way to widespread deployment and ultimately 
system transformation (see Figure 3).

Figure 3. Typical S curve of technology or practice adoption and system transition.

Adapted from Victor, Geels and Sharpe, 2019[77]



C
an

ad
a’

s 
O

p
p

or
tu

ni
ty

 P
la

yb
oo

k:
 P

at
hw

ay
s 

to
 S

tr
at

eg
ic

 D
ec

ar
bo

ni
za

tio
n 

7 Approaching the climate challenge from the 
perspective of system transitions brings to 
the fore issues that can help the design of 
transformational pathways and the 
formulation of supportive policy. In the first 
place, while it is common to talk about “the 
energy transition” as a single phenomenon, 
decarbonizing the economy will actually 
involve a series of interrelated transitions 
across distinct sectoral systems: personal 
mobility, freight movement, agri-food, and 
more.[10,11] Each has its own dynamics and 
different obstacles and enabling factors. 
Moreover, climate change is not the only 
problem in these systems, nor is it typically 
the most powerful driver of change. Cost 
pressures, competitiveness, demographic 
shifts, security concerns and technological 
disruption often exert more immediate 
influence. Thus, effective decarbonization 
strategy must work with these forces, not in 
spite of them.

Some sectors are already being disturbed by 
powerful disruptive currents that go well 
beyond climate policy. The auto sector is 
being reshaped by electric and autonomous 
vehicles, as well as by new mobility platforms 
like ride-hailing apps. Housing is under 
pressure from an affordability crisis that is 
forcing a rethink of how and where Canada 
builds.[29-32] Integrating decarbonization 
initiatives with solutions to broader 
challenges, including Canada’s drive to 
diversify trade and build economic resilience 
in light of evolving geopolitical tensions, is 
therefore critical. 

Other policy implications of a transition 
approach to reaching net zero include:

•	 Accelerating system changes that achieve 
net zero (and other societal objectives) 
should be the focus of policy design, rather 
than trying to secure the lowest-cost 
incremental GHG reductions by a specified 
date. In many cases the cheapest or most 

obvious abatement opportunities are not 
part of a transformational pathway, and 
investing in them wastes time and 
resources that can better be devoted to 
more strategic efforts.

•	 Policy should be attuned to the 
particularities of the sector and region 
under consideration. Only in this way can it 
empower innovators and target the specific 
barriers that are preventing change. Agri-
food, personal mobility, and buildings 
involve different technologies, actors, and 
regulatory frameworks, and specific 
pathways and policy supports are required 
in each context.

•	 An understanding of transition phases 
(emergence, diffusion, reconfiguration) can 
help guide the design of the policy mix at 
each stage of the transformational process 
(see Box on the next page). A vast array of 
policies, including R&D support, 
infrastructure investment, regulations, tax 
measures, subsidies, and public education 
can be applied. At a certain point, phase-
out measures may be required, including 
retirement dates for specific processes, 
fuels, or technologies, as well as measures 
to compensate those disadvantaged by 
change. But mistakes in timing the 
introduction of such measures can be 
counterproductive.

•	 At the appropriate moment, governments 
must be prepared to back particular 
technologies and social and business 
practices that can accelerate net-zero 
pathways and economic development. 
Although there is understandable 
hesitation about “picking winners”, 
governments need to fill a central role in 
focusing investment on the most promising 
options, funding critical infrastructure, 
reducing uncertainty for private investors, 
and facilitating economies of scale. Despite 
the rhetoric about “letting the market 
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8 •	 decide”, governments have always made 
choices about technological options—
especially large-scale energy technologies. 
The Trans-Canada Highway, the nuclear 
industry, and oil sands development all 
required deliberate public commitment.  
The task is now to apply that same resolve 
to the technologies and infrastructure of 
the next energy system.[21,22,33,34]

•	 While international factors (including 
climate agreements, technological 
advances, globally integrated supply 
chains, geopolitical rivalries, and trade 
tensions) will impact the pace and 
orientation of change in key sectors, 
national governments still retain powerful 
levers to influence development 
trajectories.[21,34]

Focusing policy to accelerate change at different transition phases

EMERGENCE

Policy Goal: encourage emergence of alternatives that can potentially lead to system 
transformation capable of delivering net zero GHG emissions and other societal goals.

Policy Approach: support portfolio of R&D focused on particular sector/problems; fund 
experiments and demonstration programs; articulate visions of the most promising 
alternatives to coordinate actors; facilitate knowledge sharing across target sectors; fund 
intermediary actors to network innovators and develop best practices; encourage early 
application niches (for example, through public procurement).

DIFFUSION

Policy Goal: accelerate improvement and large-scale deployment of novel approaches that 
can lead to positive system transformation.

Policy Approach: encourage economies of scale, ‘learning by doing’, and the availability of 
complementary technologies; support development of standards and codes; support build 
out of core infrastructure; stimulate demand with purchase subsidies and public 
procurement; mobilize investment with grants, loans, tax incentives; apply regulations and 
fiscal measures to raise pressure on incumbents and create market opportunities for new 
entrants; conduct public education; assist those disadvantaged by changes or less able to 
enjoy collective benefits.

RECONFIGURATION

Policy Goal: carry through the transformation of the system to achieve net zero and other 
societal objectives.

Policy Approach: stabilize new institutional and regulatory frameworks; encourage 
complementarities with other systems; phase out old system elements including 
compensation, retraining, and regional development.
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3. An Energy Systems 
Perspective

Applying an energy systems perspective, which tracks energy 
and related material flows through the economy, casts 
important light on critical features of the net-zero challenge. 
Energy systems involve the harvest of renewable and non-
renewable environmental resources (crude oil, uranium, wind, 
solar radiation, etc.), the conversion of energy into useful forms 
(gasoline, diesel, electricity), and transport to where it is 
needed (by rail, pipeline or electricity grids), in order to drive 
the devices (cars, furnaces, lights) which deliver services 
(transport, heat, light) to end users (individuals, households, 
businesses).[35]

Canada’s energy system is large, diverse, and heavily fossil-fuel 
dependent. The largest sources of primary energy exploited in 
Canada today are fossil fuels (coal, oil and natural gas), 
uranium, and rivers that generate hydroelectricity, as well as 
some biomass, wind and solar.[36] Coal is used for electricity 
production, to provide industrial heat, and (as coke) as a 
reducing agent in metallurgy. Oil is refined into fuels for 
transport and industry (and some electricity generation) or for 
non-energy products (chemicals, plastics, lubricants, asphalt, 
etc.). Natural gas contributes to electricity production, heating 
for industrial processes and in commercial and residential 
settings, fertilizer production, and it is used within the energy 
sector itself (for example, in the oil sands).

Uranium is converted into fuel for nuclear power plants. 
Biomass is mainly used for electricity production in the pulp 
and paper sector and to make liquid biofuels for transport. 
Electricity generated from hydro, wind, solar, nuclear, gas or oil 
powers residential, commercial, and industrial end-uses such 
as lighting, cooling, heating, motors, and compressors.[37] 

Energy producers have 
become a significant 
component of the 
Canadian economy, 
providing jobs, export 
earnings, and investment 
opportunities—which is 
an important 
consideration for 
developing transition 
pathways.
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10 Ultimately, consumers value energy for the 
wide range of services it provides. At the 
same time, energy producers have become a 
significant component of the Canadian 
economy, providing jobs, export earnings, 
and investment opportunities—which is an 
important consideration for developing 
transition pathways.

Among the most important features of 
Canada’s energy system are that:[38,39]

•	 The country is a large net energy exporter, 
producing far more energy than it uses. In 
2025, Canada exported 87% of its oil 
production and 46% of natural gas 
production; the vast majority of these 
exports went to the United States (97% of 
natural gas and 90% of crude oil).[40,41] 
International exports of uranium, coal, and 
electricity are also significant (90%, 81% 
and 6% of Canadian production 
respectively).[42,43,44]

•	 The greenhouse gas intensity of the 
Canadian economy is high in comparison 
to that of many other developed countries. 
Exploiting Canada’s comparative economic 
advantages (abundant land and natural 
resources) over the past century has led to 
great prosperity but has left legacy 
challenges as we move into a carbon 
constrained world.

•	 Electricity supply systems are already 
substantially decarbonized, with 
approximately 80% of generation coming 
from low carbon sources (principally hydro 
and nuclear).[45]

•	 The energy systems of Canadian provinces 
are highly diverse. Contrasting resource 
endowments and economic development 
trajectories, combined with decentralized 
constitutional arrangements, have led to 
different energy profiles. Provincial 
electricity systems have varied generation 
assets, ownership structures, and 
regulatory regimes. Electricity has served 
as a lever for regional economic 
development, and provinces are hesitant to 
integrate with neighbouring jurisdictions. 
Indeed, with the pull of markets to the 
south, north-south electricity trade is more 
developed than east-west connections.

This last point—regional variation—
conditions the first three features of Canada’s 
energy system described above, for exports 
differ by province, as do the GHG intensities 
per GDP and per capitan (see Table 1).
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11 Table 1. Diversity of Canadian provincial energy systems is illustrated through GHG emissions 
(per capita and per unit of GDP) and the economic value of key energy exports
Adapted from the National Inventory Report 1990-2023 and the Canadian International Merchandise Trade 
Web Application using annual export data for the year 2025[46,47]

Province or 
Territory

GHG Emissions 
(tonnes CO2e)

Value of Energy Exports 
(millions of $CAD)

Per 
capita

Per 
million $ 
of GDP

Oil 
(Crude & 
Refined 

Petroleum 
Products)

Natural 
Gas 

(Gas & 
Liquids)

Coal Electricity Uranium

Newfoundland 
and Labrador 14.6 196 7,817 0 0 78 0

Prince Edward 
Island 9.1 158 0 0 0 0 0

Nova Scotia 13.2 231 19 2 0 0 0

New Brunswick 13.1 237 8,295 624 0 262 0

Quebec 8.9 136 3,959 52 0 580 0

Ontario 10.0 140 1,641 608 109 920 602

Manitoba 14.4 226 633 32 0 443 0

Saskatchewan 60.5 655 11,408 137 0 55 2,321

Alberta 55.3 583 122,232 11,711 732 42 0

British 
Columbia 10.8 145 3,426 5,143 6,766 671 0

Yukon 14.6 160 0 0 0 0 0

Northwest 
Territories 31.4 262 0 0 0 0 0

Nunavut 17.3 145 0 0 0 0 0

Canada 17.1 234 159,431 18,310 7,607 3,051 2,923
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12 From the perspective of analysing the 
transition of the energy system in Canada 
(see Figure 4), the following features of the 
current system are worth bearing in mind:

•	 The critical dependence of most sectors on 
end-use combustion of fossil fuels, 
including almost the entire transportation 
system, much of the heating in residential 
and commercial buildings, and various 
major industries.[23]

•	 The significant energy losses across the 
system, including the energy consumed by 
the oil and gas industry itself, combustion 
losses (shed as heat in internal combustion 
engines and thermal power generation), 
and end use inefficiencies (for example, 
poorly insulated buildings).[39]

•	 The relatively centralized nature of current 
fuel and electricity production, where a few 
main nodes (oil refineries and electric 
power plants) feed energy through 
networks to millions of consumers.

•	 The necessity for real-time balancing of 
supply and demand in electricity systems 
which becomes an increasing challenge as 
more variable generation (wind and solar) is 
integrated onto the grid.[48,49]

•	 The significance of spatial distribution: oil 
or wind can only be harvested where they 
are found, which may be far from markets; 
and infrastructure constraints (pipeline and 
electricity grid congestion) matter.

•	 There is no ideal form of energy: all have a 
mix of costs and benefits (economic, social, 
and environmental) that must be assessed 
and balanced.[48]

Political-economic dimensions of Canada’s 
energy system that pose challenges for the 
transition to net zero include:

•	 The weight of the oil and gas industry in 
the economy and public decision-making, 
especially in specific regions (jobs, 
investment portfolios, and political 
influence).

•	 Substantial (and constitutionally protected) 
provincial control over resources 
development which makes policy 
harmonization at the federal level difficult.

•	 Close economic integration with the United 
States (with its on-again/off-again climate 
policy) which must be a consideration in 
policymaking.
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74% of end use
GHGs

28%

GHGs

8%

22% of end useELECTRICITY
Generation

Gasoline, 
Diesel, Fuel Oil, 
Jet Fuel, Natural 
Gas, Propane, 
Coal, Coke

4% of end use
Wood pellets, 
Biodiesel, Biogas, 
Ethanol

ENERGY SOURCES ENERGY CARRIERS ENERGY END-USE

Major Users

GHGs

28%

96% Fossil Fuels

4% Biomass

Transport

GHGs

10%

51% Fossil Fuels

46% Electricity

3% Biomass

Buildings

GHGs

19% NON ENERGY EMISSIONS 
from industry, agriculture, waste, etc.

IMPORTS & EXPORTS

Roughly 70% of oil
and gas production is 
exported, almost 
entirely to the United 
States. 

Around 81% of 
uranium is exported. 

Wood pellets are a 
significant biomass 
export, primarily to 
Europe. 

Electricity imports
and exports occur at 
the margins, varying by 
province and season.

Canada is a major net 
energy exporter.

NUCLEAR

WIND
& SOLAR

FOSSIL FUEL 
Extraction & 
Processing

HYDRO

BIOMASS

GHGs

7%

72% Fossil Fuels

20% Electricity

8% Biomass

Industry & 
Agriculture

Figure 4 Schematic overview of Canada’s current energy system.[43,57–61]
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14 An energy system perspective can also tell us 
something about the net-zero energy 
systems of the future. We cannot anticipate 
every technological or economic 
development decades in advance, but some 
basic parameters are clear.[50-52] And 
knowing something about where we need to 
end up is important for defining pathways to 
get there.

A conceptual model of a net-zero energy 
system for Canada is presented in Figure 5. 
There are five essential elements of this 
system:

1.	 At its heart is a greatly enhanced role for 
decarbonized electricity in delivering 
end-use services, particularly for 
transport, building heating, and industrial 
operations.[50,53] Electricity is the most 
versatile of current energy forms and can 
be efficiently converted to a wide range 
of uses. Society is already wired up 
through the grid. In Canada, electricity is 
80% decarbonized and we know multiple 
ways to generate more net-zero 
electricity, including hydro, wind, solar, 
biomass, geothermal and other 
renewables, nuclear, and fossil fuels with 
carbon capture and storage (CCS). 

2.	Hydrogen or zero-emission fuels serve as 
additional energy carriers in sectors 
where electrification is difficult or 
expensive (for example, heavy freight 
transport and industrial heat).[52,54]

3.	Biofuels will have applications in 
industry, agri-food and perhaps some 
transport markets (for example aviation 
fuel). But issues with feedstocks and 
competition from other land uses may 
limit their contribution. 

 

4.	Residual domestic uses of fossil energy, 
including the fossil fuel extraction and 
processing industries, incorporate low 
carbon energy, CCS, and negative 
emissions to achieve net zero. Remaining 
fossil fuel exports and/or energy exports 
originally derived from fossil sources (for 
example, hydrogen or electricity) will 
have net-zero production profiles.

5.	Dramatic changes in technologies, 
business models and social practices in 
end-use sectors—including substantial 
increases in energy efficiency[53]—will 
have allowed the essential phase-out of 
distributed fossil fuel end-use in 
transport, buildings, and industry. 

It is not possible today to be precise about the 
relative importance of the elements in this 
conceptual schema. Technological 
developments, the evolution of relative costs, 
social acceptance, international 
circumstances, and political choices will 
influence future deployments. How much 
hydro versus nuclear, wind, solar, and so on 
will there be in the electricity mix? What 
proportion of energy needs in each end-use 
sector will be provided by electricity versus 
low-carbon fuels? What proportion of 
hydrogen will come from electrolysis, or from 
methane reforming with CCS and offsets? 
How centralized or decentralized will energy 
provision be? What scale of (production-
emission-free) fossil energy exports will 
remain? Which negative emission approaches 
will prove viable? Answers to these and many 
other questions remain undetermined. The 
structure of existing systems places 
significant constraints on likely outcomes, 
and modelling can help explore the range of 
possibilities, but these issues will ultimately 
be resolved by technological, economic, social 
and political processes over multiple decades.
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Figure 5 Schematic overview of Canada’s future energy system.[43,57–61]
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16 Despite these uncertainties, several things 
are clear:

•	 Since end-use energy requirements are to 
be shifted from fossil fuels to electricity, we 
will ultimately need greater electricity 
supply. Moreover, the growth of population 
and economic activity over several decades 
will leave us with more needs to service. 
Thus, moving towards net zero requires the 
phased buildout of the electricity system. 
The good news is that we do not need to 
replace the full energy content of the 
displaced fossil fuels (“joule for joule”) 
because of the inherent efficiency of electric 
end-use devices such as electric motors or 
heat pumps as compared to fossil fuel 
combustion. Nevertheless, Canada is 
looking at doubling or more its current 
electricity generation over coming decades.

•	 The relative significance of elements in the 
schema will vary across Canada, depending 
on the provincial resource base and 

economic trajectory, and there are 
opportunities for provinces to leverage 
their comparative advantages in developing 
distinctive low-carbon trajectories (hydro 
serves for energy storage in Quebec, 
hydrogen can be produced cheaply from 
methane in Alberta, Saskatchewan has 
important uranium reserves, etc.).[55]

•	 As new electricity generation capacity 
always imposes costs, be they economic, 
social, or environmental, further improving 
efficiency in many end-use sectors will be 
important.

•	 Since electrifying everything is not 
practical, we will need some other low-
carbon energy carriers.[56] Enhancing 
research and development, demonstration 
projects, and infrastructure investment for 
hydrogen, ammonia, and low carbon fuels 
is therefore warranted.
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4. Looking Beyond the 
Energy System

Some Canadian GHG emissions are not directly related to energy 
use, but stem from industrial processes and products (7.7%), 
agriculture (7.9%), and waste (3.3%).[46] These emissions, which 
are entangled with a variety of existing systems of provisioning, 
may be particularly challenging to address. Industrial processes 
include the production of iron, steel, and cement (the critical 
structural materials of industrial society), and the manufacture of 
chemicals. Industrial products include fluorinated gases used in 
refrigeration, air conditioning and heat pumps, as well as other 
industrial and commercial applications. Agricultural emissions 
are generated by livestock operations (from enteric emissions 
and manure) and cropping practices (fertilizers, agricultural 
soils). Landfill and wastewater treatment facilities also generate 
substantial GHG emissions.

Moving towards net zero, system transformations must 
successfully address both energy and non-energy emissions, 
and these will be discussed together in subsequent sections of 
this report.[39,46]

Although the journey to net zero is primarily about building 
systems that avoid GHG emissions, it will also involve some 
application of “negative emission” approaches that remove 
carbon dioxide from the atmosphere. This will be required to 
offset residual emissions that prove technically challenging or too 
expensive to eliminate. For example, if carbon capture and storage 
is applied to fossil energy production and use, or to control 
industrial process emissions, residual emissions of perhaps 10% 
will have to be offset by removals. And while accidental methane 
releases associated with fossil energy production and usage can in 
principle be reduced to low levels, negative emissions approaches 
may be required to deal with these.

Moreover, even if all fossil energy usage stops, or novel 
exploitation techniques completely avoid GHG releases, negative 
emissions approaches may ultimately be required to draw down 

Although the journey 
to net zero is primarily 
about building 
systems that avoid 
GHG emissions, it will 
also involve some 
application of 
“negative emission” 
approaches that 
remove carbon dioxide 
from the atmosphere.
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18 atmospheric GHG concentrations. Most 
integrated assessment models indicate these 
approaches will be needed in the second half 
of this century if the impacts of climate 
warming are to be kept within a manageable 
range.[10,11] Although some argue that these 
models have not accounted for more 
dramatic demand-led systems changes that 
might avoid the need for negative emissions, 
the longer climate action is delayed, the more 
potential significance they acquire.[62]

A wide array of negative emission approaches 
has been suggested, including:

•	 Large-scale reforestation and afforestation. 
As trees grow, they absorb carbon dioxide 
and convert it into standing biomass. If the 
forest remains undisturbed, the carbon is 
locked away from the atmosphere.[63]

•	 Increased retention of carbon in soils 
through changes to agricultural practices 
and/or the wide scale incorporation of 
biochar.[64,65]

•	 Bioenergy with carbon capture and storage 
(BECCS), where biomass energy facilities 
apply CCS to trap the carbon dioxide drawn 
down by plant growth underground.[66]

•	 Direct air capture (DAC), where CO2 is 
extracted from ambient air and 
sequestered underground or used as an 
input for industrial processes.[67]

But there are many other potential 
approaches, including enhanced weathering 
(where geologic processes that absorb CO2 
are accelerated) or pyrolysis of organic waste 
and sequestration of the resultant oil.[68,69]

Each approach has different potential as 
well as difficulties or drawbacks. For 
afforestation and reforestation, concerns 
are with the vulnerability of sequestration to 
fires, pest and disease attack, or human 
activities, as well as the availability of land. 
The ultimate potential for organic carbon 
retention in soils remains uncertain, while 
there is still little systematic research on 
biochar. BECCS is currently expensive; 
energy is required to collect dispersed 
feedstocks; and there are doubts about the 
availability of bio-resource feedstocks 
without negative land use impacts. Air 
capture is currently very expensive and 
energy-intensive but could ultimately be 
linked to synthetic fuel production. Other 
approaches are possible, but there are 
persistent doubts about the funding of 
removal activities, the scale at which they 
could be undertaken, and possible negative 
environmental impacts. Several recent 
reports provide an overview of negative 
emission approaches and the frameworks 
required for their governance.[70-73]
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5. Approaching 
Decarbonization 
Strategically

Societal decarbonization is a process that will extend across 
multiple decades. Over this time, political priorities, economic 
conditions, national concerns, and the geopolitical context will 
continuously evolve. Surprises and reverses are inevitable. It is 
therefore imperative that those interested in advancing progress 
towards a net-zero future adopt a strategic approach that focuses 
on the most important elements while adapting continuously to 
these changing circumstances. In the Canadian context it is 
particularly important to:

•	 Ensure decarbonization is integrated with the pursuit of other 
societal objectives, including enhanced prosperity, economic 
competitiveness, security, social welfare and Indigenous 
reconciliation. Canadians want good jobs, affordable housing, 
and better health care. Low-carbon technologies must 
demonstrate their worth in that context. Support for electricity 
system build out, value-added transformation of natural 
resources (mining and processing critical minerals), and 
manufacture of low-carbon technologies (EVs, heat pumps, 
electrical system components, etc.) creates a foundation for 
future affluence, gives us tools to decarbonize our domestic 
economy, and can strengthen political coalitions favoring more 
vigorous action.

•	 Seize electrification as the central link by building out supply and 
electrifying end-uses in transport, buildings and industry. With 
the costs of renewable technologies (especially solar and 
increasingly batteries) continuing to fall, rapid advances in end-use 
electric devices (vehicles and heat pumps), and increasing 
digitalization (including AI and robotics), some commentators have 
begun to talk of an “Electro-tech revolution”.[74] This extends the 
benefits of the earlier wave of 20th century electrification (lighting, 
industrial equipment, refrigeration and air conditioning, domestic 
appliances) to new areas of social life, enhancing the convenience, 

Canadians want 
good jobs, affordable 
housing, and better 
health care. 
Low-carbon 
technologies must 
demonstrate their 
worth in that context. 
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20 •	 reliability, cleanliness and efficiency of 
energy services. In coming decades, 
enhanced electrification will be both a key to 
industrial competitiveness and the 
cornerstone of the net-zero economy.

•	 Focus on building the new rather than 
tearing down the old. For decades activists 
have highlighted risks of climate change and 
decried the fossil-fuel-based energy system. 
Today, the priority should be implementing 
practical solutions. So long as oil and gas 
remain Canada’s major export earner and 
world demand for fossil fuels is strong, the 
industry is unlikely to be constrained by 
domestic political action. Instead, the focus 
should be on rolling out the new, 
demonstrating the benefits of electric 
end-uses with higher performance and 
driving down their costs. As fossil fuel 
dependence is eroded on the demand side 
domestically and globally, the balance of 
forces between old and new energy systems 
and the associated political calculus will 
shift, and the transition can accelerate.  

•	 Embrace asymmetrical decarbonization. 
Provinces and sectors will proceed down 
varied pathways towards net zero at rates 
appropriate to their circumstances. Policies 
should be adapted to these differentiated 
conditions and needs, and should reflect 
the transition readiness of specific sectors 
and regions. Enforcing a “one size fits all” 
approach sparks delays and division. Where 
solutions are ready, policy should accelerate 
mass deployment. Where solutions are not 
yet mature, policy can support R&D, 
experimentation, and measures to prepare 
eventual market transformation.

•	 Prioritize practical steps needed to achieve 
decarbonization. All too often government 
plans and strategies “float in the air”, 
without realistic consideration of the 
material steps required to effect change. 

Plans and targets should be operationalized 
in material terms (for example, the number 
of new homes to be fitted with electric 
heating) and identify the specific steps 
required to achieve a goal (regulatory 
changes, capital mobilization, supply chain 
development, work force training, and so 
on). Progress indicators should track the 
real state of market transformation (for 
example the proportion of new car sales that 
are electric) and not anticipated tons of 
emission reductions from a hypothetical 
business-as-usual scenario.

•	 Pay attention to costs and prices. Costs are 
critical to industrial competitiveness and 
prices matter to households. Today, low-
carbon solutions are often more expensive 
than fossil-fuel-based alternatives. In the 
short term, prices are largely given, but over 
time they are influenced by investment. 
Learning rates (the price fall with doubling of 
deployment) and economies of scale can 
dramatically transform relative costs. Policy 
can help drive down the price of new 
technologies through public procurement, 
temporary production or consumption 
subsidies, regulations, and other 
mechanisms. Carbon pricing works in the 
opposite direction by raising the cost of 
carbon-intensive fuels. But, it remains 
politically divisive. So a cornerstone of 
decarbonization initiatives should be 
measures to drive down costs of low-carbon 
technologies to encourage market 
transformation. Moreover, if rising electricity 
prices are not to become an Achillies heel of 
decarbonization, careful attention must be 
paid to the systematic buildout of the grid, 
the mix of selected generation technologies, 
the phasing of the deployment of end-use 
electric technologies, and how electricity 
system improvements are financed. 
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21 Taken together, these priorities point toward 
a clear strategic logic: move fast where the 
economics are compelling, build the 
foundations that unlock broader 
transformation, and avoid diverting scarce 
political and investment capital into battles 
that cannot yet be won. 

The sections of this report that follow 
translate this logic into sector-by-sector 
assessments. But before that analysis, Table 2 
distils this report’s overall strategic posture 
into a single view: which sectors warrant 

priority action now, which require foundational 
investment to prepare for future deployment, 
and which are better served by provisional 
support and monitoring.

The ordering is deliberate. Electricity grid 
buildout sits at the top not because other 
sectors are unimportant, but because a 
decarbonized, expanded grid is the 
precondition for progress across almost 
everything else. Where the economics and 
technology are ready, the task is deployment 
at speed and scale.

Table 2. Where to Move First: A Strategic Sequencing of Canada’s Decarbonization Priorities

Sectors Priority Actions
Economic Competitiveness 
Advantage

Immediate Priorities for Strategic Decarbonization

Electricity Accelerate grid buildout and regional 
interties; scale wind, solar, hydro, and 
nuclear; invest in storage and demand 
management. Prioritize grid financing 
mechanisms that keep electricity affordable 
as the grid scales. The long-run cost 
benefits to households and industry depend 
on how infrastructure costs are structured 
and recovered.

High

Canada’s low-cost, reliable, low-carbon 
electricity is a significant competitive 
advantage in a world where energy price 
volatility and carbon intensity are 
becoming more important to industrial 
location decisions.

Personal 
Mobility 
(Light Duty 
Vehicles & 
Mass Transit)

Drive rapid EV adoption. Invest in charging 
infrastructure, procurement incentives, and 
electrified transit systems that reduce 
household transportation costs for urban 
commuters who don’t own a vehicle.

High

Canada can secure a competitive position 
in EV and battery supply chains, and 
manufacture of transit equipment, 
drawing on established manufacturing 
capacity, skilled labour and access to 
critical minerals. 

Buildings Deploy heat pumps widely, focusing on 
contexts where they are cost competitive, 
including households currently on 
expensive heating fuels such as oil, 
propane, and electric baseboard. Expand 
retrofit programs. Ensure new buildings are 
built to avoid the need for future retrofits.

High

Supports large-scale skilled employment. 
Can develop export potential in low-
carbon building materials, retrofit 
solutions, and construction expertise.
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22
Sectors Priority Actions

Economic Competitiveness 
Advantage

Medium-Term Opportunities for Accelerated Progress

Aluminum Electrify process heat; accelerate adoption 
of inert anode technology to eliminate 
process emissions; leverage Canada’s 
low-carbon electricity advantage.

High

One of Canada’s strongest near-term 
industrial positions. Access to cheap, 
reliable hydro power gives Canadian 
aluminum producers a durable advantage 
on both cost and carbon intensity as global 
buyers place greater weight on supply 
chain resilience and embodied emissions. 

Medium & 
Heavy-Duty 
Vehicles

Accelerate deployment of battery-electric 
MDVs through fleet procurement and depot 
charging investment, while supporting 
demonstration and early deployment of 
battery-electric and hydrogen fuel-cell 
HDVs. Invest in charging corridors and 
hydrogen fuelling infrastructure, with 
attention to bringing down costs over time 
in applications where total cost of 
ownership can become competitive.

Medium

Canada already has manufacturing capacity 
and commercial vehicle supply chain 
relationships. The near-term advantage is to 
build domestic capability through fleet 
electrification, transit buses, drivetrain 
systems, and charging infrastructure, with 
the potential to translate domestic scale 
into export strength.

Alternative 
Fuels

Support R&D and pilot-scale production; 
develop regulatory frameworks; prioritize 
aviation and marine applications where 
electrification is not viable and where cost 
premiums can be absorbed or structured 
through long-term procurement 
agreements.

Medium

Long-term opportunity in alternative 
fuels. Canada’s agricultural and forestry 
base provides potential feedstock 
advantages. The competitive opportunity 
is to secure an early position in 
sustainable aviation fuel and other biofuel 
supply chains as global buyers begin 
locking in long-term procurement. 

Hydrogen Near-term action should focus on building 
up demand for strategic uses and on 
reducing production costs as scale 
increases. Fund demonstration projects; 
develop export strategy; prioritize 
applications where electrification is not 
viable such as industrial heat and heavy 
transport. 

High

Canada’s abundant clean electricity, 
low-cost natural gas, and access to 
Atlantic and Pacific export routes give it a 
credible position as a future low-carbon 
hydrogen supplier. The opportunity is 
economic and strategic as allied 
economies look to diversify energy 
imports and build more secure supply 
relationships. 

Steel & Iron Support early electric arc furnace 
deployment and invest in R&D and pilot 
projects for hydrogen-based direct 
reduction. Technology is not yet cost-
competitive; priority action should focus on 
demonstration, infrastructure and market 
development, rather than near-term cost 
savings.

Medium

Canada is able to combine clean 
electricity with access to key upstream 
inputs—an advantage that is likely to 
become more important as procurement 
standards tighten and buyers become 
more conscious of embodied carbon. 
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23
Sectors Priority Actions

Economic Competitiveness 
Advantage

Cement & 
Concrete

Support CCS pilot programs; promote 
low-carbon cement formulations and 
material efficiency in construction. The 
construction sector is highly price-sensitive, 
and low-carbon cement currently carries a 
cost premium that flows into building 
costs—policy support for adoption is 
essential to avoid passing costs to end 
users prematurely.

Medium

A technical expertise opportunity to build 
globally transferable capabilities in CCS 
integration and low-carbon cement 
formulation. That creates potential to 
compete as a technology, investment, and 
project partner in the construction sector 
under growing pressure to decarbonize. 

Mining Electrify mining operations and pilot 
hydrogen equipment where appropriate. 
Remote electrification requires high upfront 
capital but can deliver long-run fuel cost 
savings and reduces exposure to diesel 
price volatility.

Medium

Canada’s critical mineral base is a major 
competitive asset. The opportunity is to 
secure and maximize its value as allied 
economies rebuild supply chains around 
more reliable, lower-carbon sources.

Long-Term Plays to Monitor and Prepare

Chemicals & 
Plastics

Electrify process heat where feasible and 
support demonstration of electrified steam 
crackers and carbon capture at chemical 
facilities. Scale up mechanical and chemical 
recycling infrastructure, standardize 
plastics labelling and collection, and expand 
and improve extended producer 
responsibility (EPR) programs. Advance 
research into low-carbon feedstocks 
(low-carbon hydrogen, captured carbon, 
and biomass) to displace fossil-based inputs 
over the long term.

Low

Longer-term, Canada’s clean electricity 
and natural gas access could position it to 
compete in electrified chemical 
production and low-carbon hydrogen-
based feedstocks, though most core 
decarbonization technologies remain in 
pilot or demonstration phase.

Agri-Food Reduce nitrogen fertilizer emissions; 
improve livestock management practices; 
accelerate adoption of precision agriculture. 

Medium

With an existing strong export position in 
agri-food, the competitive opportunity is 
to stay ahead of tightening carbon and 
sustainability requirements in high-value 
markets, protecting access and 
strengthening its position in premium 
segments. 

Oil & Gas Drive methane emission reductions; 
electrify upstream operations; integrate 
CCS at major facilities. 

Medium

Canada’s oil and gas sector remains a 
major economic asset with established 
infrastructure and market relationships. A 
competitiveness concern is to maintain 
access to markets where emissions 
intensity increasingly affects value.


