
PATHWAYS TO NET ZERO  – A decision support tool 7

3. An energy systems perspective
An energy systems perspective, that 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), transport to 
where it is needed (by rail, pipeline or electricity grids), to drive the devices (cars, furnaces, lights) 
which deliver services (transport, heat, light) to end users (individuals, households, businesses).26 

The largest sources of primary energy exploited in Canada today are fossil fuels (coal, oil and natural 
gas), uranium, rivers that generate hydroelectricity, as well as some biomass, wind and solar.27 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, to make liquid biofuels for transport. Electricity generated 
from hydro, wind, solar, nuclear and gas or oil powers residential, commercial, and industrial end-
uses such as lighting, cooling, heating, motors, compressors, steel making and aluminum smelting.125 

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. And that is an important consideration for 
developing transition pathways.

Among the most important features of Canada’s energy system are that:28,29 

 ▶ the country is a large net energy exporter: producing far more energy than it uses. In 2018 
Canada exported 84% of its oil production and 46% of natural gas production to the United 
States. International exports of uranium, metallurgical coal, and electricity are also significant 
(85%, 53% and 9% of Canadian production respectively). 

 ▶ 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 decarbonised, with approximately 80% of 
generation coming from low carbon sources (principally hydro and nuclear). 

 ▶ the energy systems of Canadian provinces are highly diverse. Contrasting resource 
endowments and economic development trajectories, combined with decentralized 
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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 greenhouse gas intensities of GDP, and the 
GHG intensity of electricity production (see Figure 2).

From the perspective of analysing the transition of the energy system in Canada, 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 (see Figure 3).30

 ▶ 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).29 

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

Figure 2. Diversity of Canadian provincial energy systems illustrated through GHG emissions (per capita, 
per unit of GDP and per unit of electricity generated) and the economic value of key energy exports (2017)
Sources: National Inventory Report 1990-2018: Greenhouse Gas Sources and Sinks in Canada (Canada's Submission to 
the United Nations Framework Convention on Climate Change); Provincial and Territorial Energy Profiles, Canada Energy 
Regulator; Environment and Climate Change Canada – National Inventory Report and Statistics Canada.173
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 ▶ the necessity for real-time balancing of supply and demand in electricity systems which 
becomes an increasing challenge as more variable generation (wind, solar) is integrated onto 
the grid.31,175 

 ▶ 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, 
environmental) that must be assessed and balanced.31

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, political influence)

 ▶ substantial (and constitutionally protected) provincial control over resources development 
which makes policy harmonization across the federation difficult

 ▶ close economic integration with the United States (with its on-again/off-again climate policy) 
which must be a consideration in policy making.

An energy system perspective can also tell us something about the net zero GHG-emission energy 
systems of the future. While we cannot anticipate technological or economic developments 
decades in advance, some basic parameters are clear.126,127,128  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 emission energy system for Canada is presented in Figure 4. 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, heating of buildings, and industrial operations.124,126 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, 
other renewables, nuclear, and fossil fuels with carbon capture and storage (CCS). 

2. Hydrogen serves as an additional energy carrier in sectors where electrification is difficult or 
expensive (for example, heavy freight transport and heating), and as a fuel or feedstock for 
industry.130,206 Hydrogen can also serve as an electricity storage medium potentially facilitating 
the deployment of renewables.126,129

3. Biofuels will have applications in industry, buildings, agri-food and some transport markets (for 
example aviation fuel). But issues with feedstocks (and competition from other land uses) may limit 
their contribution. Should biomass be required for negative emissions through bio-energy carbon 
capture and storage (BECCS), its role might be expanded.

4. Any remaining 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. Any 
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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 the end-use sectors — 
including substantial increases in energy efficiency124 — (not shown in Figure 4) will be required to 
enable the phase out of distributed fossil fuel end-use in transport, buildings, and industry. Many of 
these changes are discussed in later sections of this report.  

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 electrical mix? What proportion 
of energy needs in each end-use sector will be provided by electricity versus hydrogen? 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 (net zero 
production emission) fossil energy exports will remain? Which negative emission approaches 
will prove viable? Answers to these and many any other questions remain to be determined. 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.

Despite these uncertainties, several things are clear:

 ▶ 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 exploit 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.).32 

 ▶ since end-use energy requirements are to be shifted from fossil fuels to electricity then 
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, even 
though some Canadian provinces currently have electricity surpluses, additional centralized 
or decentralized net zero supply will eventually be required. 

 ▶ as new generation capacity always imposes costs (economic, social, or environmental), 
improving efficiency in many end-use sectors (for example buildings) will be important.

 ▶ since it does not appear practical to electrify everything, we will need some zero carbon 
fuel options.131,132 Enhancing research and development, demonstration projects, and 
infrastructure investment for hydrogen is therefore urgent. Attention to other potential net 
zero energy carriers such as advanced biofuels and ammonia is also warranted. 

 ▶ to accelerate change in the energy system we need to increase the demand for low carbon 
energy through the transformation of end-use sectors. These transition pathways are 
explored in more detail later in this report.



 11

Energy end use

Sector GHG emissions include process emissions. 
Emissions from waste and land use change not shown. 
Electricity GHG emissions below 50 gCO2eq/kWh omitted.

SCHEMATIC OVERVIEW OF CANADA’S CURRENT  ENERGY SYSTEM
Secondary flows omitted for simplicity (for example: energy from waste)
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Figure 3. Schematic overview of Canada’s energy system
Sources: Compiled with data from: ‘Greenhouse gas emissions: Canadian environmental indicators 2020;169 Energy Factbook 2019-2020;213 Provincial and Territorial energy profiles – 
Canada.214  For a more complete vision of energy and emission flows in Canada see: https://www.cesarnet.ca/visualization/sankey-diagrams-canadas-energy-systems

https://www.cesarnet.ca/visualization/sankey-diagrams-canadas-energy-systems
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