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IMPORTANT NOTICE:

This is a Canadian Gas Association (CGA) commissioned study prepared for the CGA by 
ICF. The CGA defined the cases to be evaluated, including major assumptions driving 
the timing and degree of electrification to be considered. The CGA also requested 
that ICF develop and use optimistic assumptions, based on third party sources 
related to the electrification technology costs and electric technology performance 
characteristics, to assess the impacts of electrification. ICF then analysed the 
implications and impacts of these in four scenarios. This scenario-based approach 
does not attempt to predict what is most likely to happen by 2050, but rather uses 
some boundary scenarios to highlight the impacts of different policy approaches. 
The Canadian Energy Regulator (CER) Energy Futures 2018 Reference Case, including 
energy prices and energy consumption trends, was used as the starting point for 
this analysis, and was combined with ICF’s Integrated Planning Model (IPM®) for the 
analysis of electric generation capacity expansion. 

This report and information and statements herein are based in whole or in part on 
information obtained from various sources. The study is based on public data on 
energy costs, costs of customer conversions to electricity, and technology cost 
trends, and ICF modeling and analysis tools to analyze the costs and emissions 
impacts of policy-driven electrification for each study scenario. Neither ICF nor CGA 
make any assurances as to the accuracy of any such information or any conclusions 
based thereon. Neither ICF nor CGA are responsible for typographical, pictorial or other 
editorial errors. The report is provided AS IS.

No warranty, whether express or implied, including the implied warranties of 
merchantability and fitness for a particular purpose is given or made by ICF or by CGA in 
connection with this report.

You use this report at your own risk. Neither ICF nor CGA are liable for any damages of 
any kind attributable to your use of this report.
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The goal of this study is to examine the impacts of a policy choice to replace natural gas and other fossil fuel use 
in Canada with electricity. Most of the assumptions pertain to those systems and their structures. In all cases 
these assumptions were deliberately ‘cost-conservative’ meaning they were designed to not overstate the pos-
sible cost implications of such a policy choice.

The time frame under consideration is the period from 2020 to 2050. Electrification is assumed to begin in 2020 
and to lead to near complete electrification of residential and commercial fossil fuel load by 2050, depending on 
the scenario being considered. The investments needed in the electricity system are assumed to proceed with-
out delay with existing natural gas and electric end use equipment replaced at its normal usual end of life without 
any artificial acceleration that might make the transition to electricity appear more costly. The required additional 
electricity is assumed to come from a combination of renewable sources (wind and solar power) augmented and 
backed up with battery storage technologies to ensure the necessary ’dispatchability‘ for the electricity that will 
be needed.

The starting reference case for the study is the Canadian Energy Regulator1 2018 Energy Futures Outlook. The 
study’s scenarios then examine the impacts of a full move from natural gas and fossil fuels to electricity for 
residential use (e.g. space heating, water heating, cooking, etc.), for commercial use (in similar categories), for an 
assumed 50% of industrial natural gas and fossil fuel use that could most likely be electrified, and for significant 
electrification of motor vehicles. The study does not suggest this is a likely or even plausible future, it simply looks 
at the costs and requirements of a deliberate policy choice to electrify these elements of the natural gas and 
fossil fuel use.  

These scenarios are based on aggressive assumptions regarding improvements in electric technology effi-
ciency of performance and costs designed to hold down the costs of the electrification. To this end the National 
Renewable Energy Lab’s (NREL) most aggressive outlook for the improved efficiencies of electric heat pump 
technologies was used. The NREL is a well-respected authority on future electrification technologies such as 
heat pumps. Heat pump technologies are assumed to improve from the current efficiency levels of 200-300% to 
achieve seasonal average efficiencies of 400-500% by 2050. Again, this is done to be deliberately cost-conserva-
tive as to the impacts on electricity requirements under a policy of electrification.

This study does not examine what the impacts or response from the natural gas and fossil fuel industry might 
be to an ‘electrification policy’. Impacts on the natural gas systems’ viability and its investors are not covered in 
this work. Similarly, the potential of new natural gas technologies, the impacts of electrification on the compet-
itiveness of Canadian industry, the potential role of natural gas transmission and distribution infrastructure in 
enabling the future energy forms such as hydrogen, while important additional considerations, are not included 
within the scope of this analysis. 

Certain costs have been ‘excluded’ from consideration in this study for cost-conservative reasons. The study 
did not consider the enhanced distribution system level infrastructure investment required to deliver incremen-
tal power load and assumes no change in price per unit of electricity. This approach means the resulting costs 
of electrification identified by this study are likely significantly understated, but a credible and comprehensive 
assessment of such added electricity distribution costs for the diverse regions of the country was not available 
at this time. Finally it is also important to note that the costs presented in this study are incremental to any costs 
embodied in the reference case.

FOREWORD 
ON STUDY 
ASSUMPTIONS

1 Formerly called the National Energy Board
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Executive
Summary

Moving away from an integrated multi-fuel, multi-grid energy system towards a fully electric single-grid system 
has been proposed in a number of jurisdictions as a pathway to significantly reduce Canada’s greenhouse gas 
emissions. But, the viability of a policy of widespread electrification in Canada, in terms of the required new 
power infrastructure, the costs to households and businesses, and the relative cost and effectiveness of the GHG 
mitigation potential have not been comprehensively evaluated. With a goal of informing these aspects of this 
important discussion the Canadian Gas Association (CGA) engaged ICF to assess and illustrate the costs and 
benefits of several policy-driven electrification approaches in Canada. 

Key Results from this Study:

►►A transition from current energy systems to high levels of mandated electrification will require a 
significant and costly expansion of Canada’s electrical infrastructure. Currently only 20% of Canada’s energy 
requirements are met by electricity. Based on this analysis, replacing refined petroleum products and natural 
gas in homes, businesses, industry, and vehicles with electricity in Canada would require an expansion of 
generating capacity from 141 gigawatts (GW) today, to between 278 GW and 422 GW of capacity by 2050. 
This expansion, along with the associated incremental costs of added electric energy, electric technology 
adoption, new transmission infrastructure, and renewable natural gas (RNG), could increase national energy 
costs by between $580 billion to $1.4 trillion over the 30 year period between 2020 and 2050. These added 
requirements and their associated costs would be significantly higher were it not for the study’s aggressive 
assumptions related to the improvement of electric end-use technologies (e.g., heat pumps) and assumed 
steep reductions in the heating load requirements of residential and commercial buildings.

►► Incremental costs associated with electrification will be driven by the need for the electricity system to 
meet a significantly increased peak load. Critical energy infrastructure systems, including electricity and 
natural gas distribution systems are designed and implemented based on expected future demand and peak 
requirements. The design capacity of these systems is driven by the need to ensure reliability in extreme 
conditions. For example natural gas systems are typically designed to exceed the demand expected on 
the coldest day. It is understood that much of this infrastructure will rarely be required but must be in place 
for those extreme circumstances with the cost of that functionality being paid for by the energy end user. 
Replacing natural gas and fossil fuels in the transportation, residential, commercial, and industrial sectors 
of the Canadian economy via aggressive electrification is shown here to increase peak electricity supply 
requirements to 287 GW by 2050 from 120 GW in the business as usual reference case. This increase in 
energy demanded of the electric system and the significantly higher peak electric load requires significant  
additional electric system infrastructure to ensure reliable service at the peak design condition. 

►►Not all types of electrification are equal. If an electrification policy is not executed with consideration of the 
specific needs being met by each of the fuels it replaces, or the need for a reliable, sustainable, and affordable 
system, the result could be an electrical system challenged to provide reliable service during the peak 
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design condition at reasonable cost. This has led utilities and regulators to look for ‘beneficial electrification’2, 
that is electrification that saves consumers money over the longer term, reduces negative environmental 
impacts, and enables better grid management. Electrification is considered “beneficial” when it satisfies at 
least one of those conditions, without adversely affecting the other two. 

Electrification initiatives need to be selective in their targets to meet these criteria. Consideration must be 
given to the pace of electrification, the amount of demand being converted to electricity, and the nature 
of local electrical infrastructure and supply. Some opportunities for electrification, such as in passenger 
commuter vehicles, could reduce operating and fuel costs, reduce GHG emissions, and have more limited 
impacts on system peak electric load (where utilities can stagger vehicle recharging). Conversely, other 
electrification opportunities, such as space heating, would only reduce GHG emissions in provinces with a 
sufficiently low emissions electric resource, and the cost of the added electric capacity required to reliably 
meet a new winter peaking load will be substantial. 

►►GHG reduction policies that solely focus on electricity over gaseous fuels are more costly ($289 / tCO
2
) 

than approaches which allow for an integrated energy system to achieve GHG emission reductions ($129 
/ tCO

2
). Canada’s existing natural gas and low emitting electricity system and existing infrastructure combine 

effectively to serve different roles and together can be optimized for a reliable, affordable, low emissions 
solution. Natural gas infrastructure can continue to be leveraged for large peak loads on very cold days (when 
the efficiency of electric heating options drop), and in power generation to continue providing peak capacity. 
This integration enables lower cost use of intermittent renewables, drastically lowers the electric infrastructure 
requirements and costs compared to a scenario where gas is completely eliminated, and still achieves 90% of 
the GHG emission reductions seen in the significantly more costly electric-only scenario. 

►► Local and regional context matters. The costs and benefits of electrification vary considerably by province, 
and even by region within a province, making one-size fits all solutions ineffective and more expensive. 
Key regional factors must be considered when assessing whether or not electrification opportunities are 
‘beneficial’ and ensure a reliable, affordable, and lower emitting energy system. These factors include local 
weather and climate, energy prices, local differences in the housing stock, the age and capacity of the 
existing electric generation, transmission, and distribution infrastructure, the GHG intensity of the electric grid, 
and the resource potential for non-emitting generation capacity. 

Table 1: Condensed Summary of Overall Impacts of Electrification

Scenario 1 Scenario 2 Scenario 3 Scenario 4

Scope of 
Electrification

Conversion of all residential and commercial space and water heating from natural gas 
and fossil fuels to electric heat pumps by 2050, all passenger vehicle sales to electric 
vehicles by 2040, and significant levels (50%) of electrification in the industrial sector.

Hybrid gas-electric heat 
pumps, only 25% industrial, 
and 10-15% RNG 

Power Generation 
Impacts

252 GW of incremental 
capacity at cost of  
$851 billion

232 GW of incremental 
capacity at cost of  
$829 billion

169 GW of incremental 
capacity at cost of  
$597 billion

108 GW of incremental 
capacity at cost of  
$325 billion

Total Cost of Policy-
Driven Electrification

Total energy costs increase 
by $1.37 trillion

Total energy costs increase 
by $1.33 trillion

Total energy costs increase 
by $990 billion

Total energy costs increase 
by $580 billion

GHG Emission 
Impacts

Annual CO
2
 emissions 

reduced by 52% by 2050
Annual CO

2
 emissions 

reduced by 47% by 2050
Annual CO

2
 emissions 

reduced by 25% by 2050
Annual CO

2
 emissions 

reduced by 47% by 2050

Cost of Emissions 
Reductions

$289 per tonne of CO
2
 

reduction
$291 per tonne of CO

2
 

reduction
$411 per tonne of CO

2
 

reduction
$129 per tonne of CO

2
 

reduction

2The Regulatory Assistance Project, Beneficial Electrification: Ensuring Electrification in the Public Interest, https://www.raponline.org/knowledge-center/ben-

eficial-electrification-ensuring-electrification-public-interest/ 
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Mitigation of greenhouse gas (GHG) emissions is a central tenet of most of 
the changes in Canadian energy policy currently under consideration. Much of 
this conversation has focused on the potential to transition away from natural 
gas and refined petroleum product use to just electricity. However the overall 
costs, benefits, and implications of potential policies for widespread electrifi-
cation in Canada have not been comprehensively evaluated. The Canadian Gas 
Association (CGA) defined several policy-driven electrification scenarios and 
engaged ICF to assess and illustrate the costs and benefits, using optimistic 
assumptions for electric technology performance improvements. The study 
addresses three fundamental questions:

■■ What will be the impacts of policy-driven electrification on power sector 
infrastructure requirements?

■■ What will be the overall cost of policy-driven electrification?

■■ What would be the GHG emission impacts of policy-driven 
electrification?

This study’s scenarios explore different combinations of technology options 
for customers on the demand side and different requirements for electricity 
generation on the supply side to achieve an overall reduction in GHG emissions. 
All of the scenarios are based on optimistic ‘cost-conservative‘ assumptions 
regarding technology costs and performance for renewable power, power stor-
age, electric heat pumps, and other electrification technologies considered.

This study does not attempt to predict what is most likely to happen by 2050, 
nor determine the lowest cost pathway to meet a specific GHG reduction 
target. Instead, the study compares several boundary scenarios to contrast 
the impacts resulting from a number of different technology pathways. 

1 
INTRODUCTION
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In order to understand the impacts of an electrification policy for Canada, it 
is critical to understand what fuels Canada currently uses to meet its energy 
requirements. Figure 1 below highlights the breakdown in 2018 end use 
energy consumption, based on the most recent Canadian Energy Regulator 
2018 Energy Futures report. Electricity currently provides 19% of the country’s 
energy needs – significantly less than natural gas (39%) and refined petroleum 
products, mainly gasoline & diesel (35%). This highlights the scale of transfor-
mation that widespread electrification of fossil fuels would require.

Figure 1 above also highlights the relative consumption of different fuel types 
in the major sectors of the Canadian economy, showing natural gas is the main 
source of energy in all sectors except transportation. 

■■ Residential: Space heating represents most of the natural gas and 
refined petroleum products (RPPs) use in the residential sector, with 
about 7 million households4 (~50%) in Canada using natural gas as their 
primary source of heat. Water heating and other uses like cooking also 
contribute to natural gas load.

■■ Commercial: Space heating represents the largest use of natural gas 
and RPPs in the commercial sector as well, followed by water heating 
and cooking. 

■■ Industrial: Manufacturing and industrial processes are often energy 
intensive, with this sector using almost as much energy as the other 
three combined. 75% of industrial energy comes from fossil fuels, making 
this a critical area for GHG emission reductions.  

■■ Transportation: Cars, trucks, trains, planes, and other forms of trans-
portation represent the second largest energy consuming sector – and 
since 96% of this energy is derived from fossil fuels the transportation 
sector represents a major portion of Canada’s GHG emissions.  

2 
OVERVIEW OF 
THE CANADIAN 
ENERGY 
LANDSCAPE

Figure 1: Breakdown of 2018 End Use Energy Consumption in Canada3

3Canada Energy Regulator (CER), “Canada’s Energy Future 2018: Energy Supply and Demand Projections to 2040”, https://www.cer-rec.gc.ca/nrg/ntgrtd/
ftr/2018/index-eng.html - with 300PJ/year and 1,150 PJ/year of natural gas and RPPs, respectively, removed from the total to account for non-energy consump-
tion of these fuels that is included in CER numbers. 
4Natural Resources Canada (NRCan), “Comprehensive Energy Use Database – Residential Sector, Table 20”, http://oee.nrcan.gc.ca/corporate/statistics/neud/
dpa/showTable.cfm?type=CP&sector=res&juris=ca&rn=20&page=0#footnotes 

10,185 PJ
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Energy use and energy sources also vary significantly by province. Provincial 
electricity and natural gas distribution grids each face very different 
circumstances. As such, though not reported here, a full analysis of potential 
electrification opportunities and impacts would need to be conducted at 
a provincial level to properly reflect these major differences – including 
differences in existing infrastructure levels, existing electricity and fossil fuel 
requirements, efficiency of buildings, energy prices, the GHG intensity of the 
province’s electric grid, and the province’s specific seasonal temperature levels. 

Figure 2 highlights one such important difference by province, namely the 
type of fuel used for space heating in the residential sector. While natural gas 
is the primary source of space heating for homes in British Columbia, Alberta, 
Saskatchewan, and Ontario – in Quebec and New Brunswick the majority of 
households use electricity while fuel oil heating is the primary choice in Nova 
Scotia. These space heating differences have major impacts on the cost and 
opportunity for electrification in those provinces.

Table 2 provides an overview of the four different ‘electrification’ scenarios 
compared to the ‘business as usual” reference case. The scenarios all include 
a high level of electrification – converting all natural gas and fossil fuel residen-
tial and commercial space and water heating to electric heat pumps or hybrid heat 
pump gas furnaces by 2050, all passenger vehicle sales to electric vehicles (EVs) 
by 2040, and significant levels of electrification in the industrial sector. 

Figure 2: Comparison of Primary Energy Source used for Residential Heating by Province5

3  
ELECTRIFICATION 
SCENARIOS IN 
THIS STUDY

5Canada Energy Regulator (CER), “What is in a Canadian residential natural gas bill?”, Figure 1: Energy source used for heating – primary heating system by 
Province, available at: https://www.cer-rec.gc.ca/nrg/sttstc/ntrlgs/rprt/cndnrsdntlntrlgsbll/index-eng.html (the reproduction of this figure has not been pro-
duced in affiliation with, or with the endorsement of the CER)
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Scenarios 1-3 involve the same level of electric load growth – but showcase 
the impact of three different policy scenarios for how the electricity genera-
tion requirements would be met. 

Scenario 4 differs in that natural gas is maintained as a back-up fuel for 
heat pumps on cold days (thus limiting peak electric load growth), industrial 
electrification is more limited, natural gas vehicles supplement EVs, and 
renewable natural gas (RNG) is brought in to lower GHG emissions from natu-
ral gas use. By design scenario 4 power generation emissions were capped 
to provide the same overall emissions reduction as scenario 2.

More details on each of the scenarios can be found in Appendix A and 
Appendix C. While the impacts of electrification were analyzed at a provincial 
level, the results are presented as an aggregate of the provinces covered in 
this study.6

Figure 3 illustrates the transition in Canada’s energy consumption under each 
scenario. Whereas the reference case has modest growth in energy con-
sumption to 2050, scenarios 1-3 and 4 present a broad-based shift to the 
use of renewable electricity and electricity storage and an overall reduction 
in energy consumption. While electricity (dark blue) currently provides around 
20% of energy requirements, widespread electrification nearly doubles the 
electricity needed in scenarios 1-3 by 2050, even allowing for significant 
improvements in energy efficiency of electricity end uses.

Figure 3: Change in Annual Energy Demand from 2020 to 2050

6Newfoundland and Labrador, Prince Edward Island, and the territories are not included in the results of this study – as natural gas distribution infrastructure 
is not present in these provinces.

Table 2: Scenario Descriptions

Scenario 1
Renewables-Only

Scenario 2
Renewables & Existing Gas

Scenario 3
Market-Based Generation

Scenario 4
Integrated Energy Systems

Aggressive electrification & wind, 
solar, and battery storage replace 
all fossil fuel generation by 2050

Aggressive electrification & all 
new power generation capacity is 
wind, solar, and battery storage, 
but existing natural gas & oil 
power generation maintained 

Aggressive electrification & all 
power generation expansion uses 
the most economic options

Alternative electrification 
approaches allowing fossil fuels 
to meet peak loads while driving 
GHG emission reductions
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Figure 4 illustrates historical levels of total electricity consumption as well as 
the growth in annual electricity consumption in each of the study’s scenarios: 

■■ Historically, from 2005 to 2018, annual electricity consumption was 
relatively stable.

■■ In the reference case annual electricity consumption increases at a 
modest pace, rising from 532 TWh in 2019 to 672 TWh in 2050.

■■ In scenarios 1-3 annual electricity consumption rises to 1,130 TWh in 
2050 – doubling from 2020, based on electrification in the residential, 
commercial, industrial, and transportation sectors.  

■■ In scenario 4 annual electricity consumption rises to 944 TWh in 
2050, which is roughly 70% of the load growth seen in scenarios 1-3. 
This is because scenario 4 assumes that Canadians install air-source 
heat pumps with natural gas (or other fossil fuels) as a back-up, and 
on average rely on this back-up fuel for 20% of heating needs. This 
reduction also reflects lower levels of industrial electrification in this 
scenario. 

■■ In scenarios 1-3 the growth in electricity consumption is held down 
by aggressive assumptions for the improvement in heat pump 
efficiency, rapid improvements in building shell efficiency, and the 
upgrade of inefficient electric resistance heating to heat pumps. The 
dashed blue Low Energy Efficiency (EE) Sensitivity line shows the 
change to scenario 1-3 impacts without these ‘electrification enabling’ 
assumptions. Under these conditions annual electricity consumption 
rises to 1,266 TWh in 2050, or 12% higher.

Figure 4: Overall Annual Electricity Consumption 

4 
GROWTH 
IN ANNUAL 
ELECTRICITY 
CONSUMPTION
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The challenge with electrification is meeting peak load, not just annual energy 
requirements, because it’s peak load that drives infrastructure requirements 
and costs. In critical energy infrastructure systems, including our electricity 
and natural gas distribution systems, infrastructure costs are driven by the 
need to meet peak demand and ensure reliability in extreme conditions – for 
example, when temperatures drop to -40°C. Even though much of the required 
infrastructure might only be needed for a very short time, it needs to be in 
place to ensure system reliability and, in turn, consumer heating safety.

Electrification policy needs to be designed with consideration of the specific 
nature of the demand met by each of the fuels it seeks to replace, and with 
consideration of the need for a reliable, sustainable, and affordable system, or 
the result could be an ineffective electrical system unable to meet critical peak 
demands. Electrification initiatives need to be selective to avoid negatively 
impacting grid reliability.

Figure 5 highlights how some energy requirements, like space heating, are 
weather-driven and hence very concentrated in the few coldest months of the 
year. Electrifying these loads has a disproportionally large impact on peak elec-
tric load, relative to its annual consumption, because a tremendous amount 
of energy is required to meet space heating requirements when it is very cold. 
This addition of peak load to the grid makes it challenging for space heating 
electrification to meet the beneficial criteria.  

In addition to the seasonal variation of the energy requirements, another 
important consideration is how ‘manageable’ the energy load is. If a utility 
can add new load without creating a new peak, or can ‘shift load’ to fill in the 
valleys between existing high demand periods, then it can better utilize its 
existing infrastructure and meet the incremental load without requiring major 
investments in new infrastructure. The ability for a utility to control the timing 
of load, for example ensuring electric vehicles charge at night when other 
electricity demands are low, could minimize increases to peak load without 
impacting system reliability. 

Figure 5: Comparison of Monthly Natural Gas Consumption Patterns 

5 
THE IMPORTANCE 
OF PEAK  
ELECTRIC LOAD
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While demand response efforts that would enable load to 
be shifted to “off-peak” periods are being considered by 
both the power and natural gas industries, to date, there 
have been only limited options for reducing space heat-
ing load on peak days. The inherent ‘peakiness’ of space 
heating energy requirements make it more challenging to 
electrify without the need for additional infrastructure. After 
widespread electrification, there would be much larger 
spikes in load that would occur when temperatures hit 
extreme cold – a situation that natural gas distribution and 
storage infrastructure currently handles in many prov-
inces. The magnitude of such peaks is highlighted by the 
distribution of heating load by temperature presented in 
Figure 6. This figure shows that while energy infrastructure 
is required to plan for temperatures as cold as -40°C in 
some provinces, infrastructure built for such situations will 
infrequently be required. Overall in Canada, temperatures 
below -25°C represent just 1.4% of the heat demand, while 
temperatures below -10°C represent around 20% of the 
heat demand.  

While these percentages vary significantly by province, 
this forms part of the logic for using hybrid gas-electric 
heat pumps, that use natural gas for the coldest 20% of 
the heat demand allowing peak electric infrastructure to be 
designed to accommodate temperatures of just -10°C and 
not -40°C. 

Figure 6: Distribution of Heating Load by Temperature (°C) 
WHAT ARE HEAT PUMPS?

An air-source heat pump (ASHP) looks like an air-
conditioning unit sitting in your backyard - but can both 
heat and cool your home.

ASHP efficiency varies based on the temperature outside – 
since the unit is extracting heat from that air. 

ASHPs can be very efficient (300%-500%) in mild 
temperatures but rely on less efficient (100%) electric-
resistance back-up when it gets very cold outside and the 
ASHP cannot pull in enough heat from that cold air. 

Cold-climate ASHPs are designed to operate more efficiently 
at lower temperatures but will still rely on back-up heating 
below certain temperatures. 
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Figure 7 shows the growth in peak electric load in each of the study’s 
scenarios: 

■■ In scenarios 1-3 the total peak electricity load from the residential, com-
mercial, industrial, and transportation sectors rises to 287 GW in 2050 
– tripling from 91 GW in 2020. That growth occurs despite assuming that 
Canadian households and businesses install the most-efficient cold-cli-
mate air-source heat pumps available to them, whose efficiencies are 
assumed to improve rapidly over the study period through significant 
R&D developments7, and the assumption of significant improvements to 
energy efficiency in the building stock.  

■■ In scenario 4 the incremental peak load growth is 56 GW, or roughly a 
third of the other scenarios. This is because this scenario assumes that 
Canadians install conventional air-source heat pumps but maintain natu-
ral gas (or other fossil fuels) as a back-up – allowing for electric heating 
most of the year, but relying on natural gas distribution infrastructure 
to continue dealing with spikes in heating requirements on cold days. 
This reduction also reflects lower levels of industrial electrification in this 
scenario.

■■ 	In scenarios 1-3 the growth in electricity capacity requirements is held 
down by aggressive assumptions for the improvement in heat pump effi-
ciency and rapid improvements in building shell efficiency. The dashed 
blue Low Energy Efficiency (EE) Sensitivity line shows the change to 
scenario 1-3 impacts if energy efficiency was reduced and heat pump 
technology did not improve from the current performance levels of the 
top cold-climate air-source heat pumps. Under these conditions the 
peak electricity needs rise to 345 GW in 2050.  

7 For scenarios 1 through 3 in this study, cold-climate air-source heat pumps with major improvements in 

efficiency over time, were modeled to replace fossil fuel furnaces, as well as 75% of existing heat pumps and 

electric resistance heaters. The heat pump efficiency improvements made to 2050 are consistent with the 

‘rapid advancement’ trajectory from NREL’s 2017 Electrification Futures Study (https://www.nrel.gov/docs/

fy18osti/70485.pdf). 

Figure 7: Overall Peak Hour Electricity Load

6 
GROWTH IN PEAK  
ELECTRIC LOAD
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The specific components of these peak load impacts are highlighted in Figure 
8 which compares the electricity requirements on the 2050 peak day in each 
scenario. Building on top of the reference case growth in electric demand 
(dark blue), the peak contributions of industrial, residential, commercial, and 
transportation electrification are stacked (light blue). The teal categories show 
the reductions in peak day requirements due to energy efficiency and tech-
nology improvements assumed to reduce the overall peak demand growth 
requirements in these scenarios. 

Scenarios 1-3 on the left rely on all electric heating, based primarily 
on highly efficient cold climate heat pumps. Despite the significant 
improvement in heat pump performance assumed in this study (a 
near doubling of average seasonal efficiency by 2050), an all-electric 
space heating scenario would result in significantly higher peak 
loads for the residential and commercial sectors on the coldest days 
of the year, when even high-efficiency air-source heat pumps operate 
less efficiently.

The light blue bars represent 20 GW, 5 GW, and 33 GW of peak 
demand savings that result from the assumed improvements in 
building envelopes (i.e., reduced heating loads), the conversion of 
75% of homes heated with electric resistance to heat pumps, and 
the assumed improvement in heat pump performance, respectively. 
These savings are concentrated in warmer provinces, as the peak 
day temperatures in colder provinces continue to force dependence 
on back-up resistance heating in 2050, despite the rapid technology 
improvement. 

Scenario 4 on the right includes heat pumps with natural gas 
backup heating. On the coldest days of the year, when heat pumps 
operate less efficiently, all of the heating load will be met by natural 
gas (or other fossil fuels). 

In provinces with high portions of existing electric space heating 
(Quebec and New Brunswick) the coldest day of the year remains 
the peak day, and the new heat pumps do not add to electric peak 
demand.

In the other provinces, the broad adoption of heat pumps that are 
assumed to operate until the temperature drops below -10°C, results 
in the peak electric day becoming that -10°C day, instead of the 
coldest day of the year. Benefits of this approach include increased 
heat pump efficiency at this more moderate peak temperature 
(reduced peak load) and better utilization of the capacity, since there 
will be numerous winter days around the -10°C level, as opposed to 
very few -40°C days. 

Figure 8: Components of Incremental Peak Electricity Load
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In scenarios 1-3, where electricity is the only heating fuel customers use, 
meeting peak period demand will require significant investments in new 
generation, transmission, and distribution infrastructure to serve the additional 
space heating load. Due to the nature of the demand this infrastructure would 
be essential for reliability purposes but would be called on to deliver energy 
only on a rare basis, driving up the cost of energy considerably.  

Figure 9 shows the expansion of generating capacity required in each sce-
nario to meet new peak load – growing from 141 GW of generating capacity to 
between 278 GW and 422 GW over the thirty year period. For comparison, the 
Site C hydro-electric dam in British Columbia is rated at 1.1 GW, hence this level 
of growth in peak load would require the equivalent of between 125 and 255 
additional Site C projects, as well as the additional transmission and distribu-
tion system expansions needed to deliver the power to end-users. 

In addition to the peak load levels, the amount of new capacity shown here 
depends on the types of power generation deployed to meet demand in the 
scenario. In scenario 1, which requires all fossil fuel to be retired by 2050, 
more capacity is required to ensure reliability – since the intermittent nature of 
renewable wind and solar generation limits their capacity and availability with-
out significant investment in battery storage and system control. Scenario 3 
requires less capacity – because, in this scenario, natural gas generation can 
be relied upon during peak periods – but will produce more GHG emissions. 
Scenario 4 requires less capacity growth because the peak load served here 
has been greatly reduced by allowing for natural gas/fossil fuels to remain as 
back-up in customer space heating, and natural gas fired generation is avail-
able to meet peak load reliability requirements – but this scenario also relies 
on significant amounts of renewable capacity to ensure the scenario achieves 
significant GHG reductions.

7 
POWER 
GENERATION 
REQUIRED FOR 
NEW LOADS

Figure 9: Growth in Total Electric Power Generation Capacity 
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Figure 10 provides more detail on the expansion of generation capacity out to 
2050 required in each scenario. In all scenarios, there are 10 GW of retirements 
for coal and oil units, and a net 1.4 GW of retirements for nuclear between 2020 
and 2050.8  Beyond these common changes, the additions and retirements 
of natural gas generation, renewables, and battery storage differ between the 
reference case and each of the scenarios.    

Figure 11 shows the changes in annual electricity generation for 2050 between 
the scenarios – indicating how the generation capacity shown above is used. 
All scenarios use essentially the same amount of baseload nuclear and hydro. 
The primary difference between how scenarios generate the required energy 
demand comes down to how much they use renewable (wind and solar) versus 
natural gas generation. It is noteworthy that scenario 4 builds significant 
amounts of natural gas generation capacity, but uses this capacity infre-
quently in order to stay under an emissions cap. Most of this scenario’s natural 
gas is built to be used only during peak periods, minimizing the need for battery 
capacity to complement intermittent renewables. 

Figure 10: Changes in Generation Capacity from 2020 to 2050 by Resource Type

Figure 11: Total Electric Power Generation (TWh) in 2050 by Resource Type

8The modeled 2020 capacity is lower than the total installed capacity, as it excludes about 1.5 GW of nuclear units that are undergoing planned refurbishment. 
From a total capacity perspective (operating and under refurbishment), about 3 GW of nuclear units are retired between 2020 and 2050.

Generation Capacity (GW)
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8 
GHG EMISSION 
IMPACTS

Figure 12 illustrates the 2050 emissions associated with each scenario, rela-
tive to the reference case. The figure shows the annual emissions impact of:

1.	 The change in end-use (residential, commercial, industrial, transporta-
tion) CO

2
 emissions9,

2.	 The change in power sector CO
2
 emissions, and

3.	 The net change in emissions.

All the scenarios see major reductions in end-use emissions through wide-
spread electrification. Scenario 1 (all renewables) achieves the greatest overall 
emissions reduction, with power sector emissions decreasing to zero. Scenario 
3 (market-based) achieves the smallest emissions reduction, as there are 
no limits on natural gas generation and this option is selected as the least-
cost approach to meet much of the increased electrical demand. By design, 
scenario 2 and scenario 4 achieve the same net emission reductions, with 
scenario 4’s power sector emissions capped to achieve the same level.10 

The cost of this expansion of the power sector, as well as other aspects of the 
policy scenarios, are illustrated in Figure 13. The cumulative cost impacts from 
2020 to 2050 in these scenarios range from $580 billion to $1.37 trillion, and 
are incremental to any energy cost increases resulting from the reference case 
growth. The cost categories included in the analysis are explained below, with 
more details available in Appendix D.

■■ Avoided fuel costs represents the monies not spent by energy consum-
ers on the natural gas and refined petroleum products they are no longer 
assumed to be using. The energy prices used are those set out in the 
reference case forecast – the savings shown here include the avoided 
expenditures from passenger vehicles not needing gasoline or diesel, and 
fuel oil and natural gas replaced for space heating, water heating, and 
industrial processes.

Figure 12: 2050 Scenario Emissions Relative to the Reference Case (million metric tonnes of CO
2
 / year)

9End-use emissions do not include any GHGs from electricity consumption, as the CO
2
 emissions from electricity production are captured within the power 

sector emissions. 
10Before accounting for CO

2
 emissions from electricity generation, scenario 4 resulted in 27 million metric tonnes of CO

2
 emissions more than scenario 2, from 

demand-side changes to energy consumption. To match scenario 2’s overall emissions, scenario 4 power generation emissions were thus capped at a level 
27 million metric tonnes of CO

2
 below scenario 2 power generation emissions. 

9 
TOTAL COSTS FOR 
ELECTRIFICATION 
SCENARIOS
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■■ Incremental electrical energy costs represent the increase in costs to energy consumers 
based on the increase in electricity consumption and based on the energy price levels 
set out in the reference case forecast. The cost increases shown here are the aggregate 
for residential, commercial, industrial, and transportation customers.

■■ 	Incremental equipment upgrade costs represent the additional upfront investment 
residential, commercial, transportation, and industrial end-users would need to make to 
purchase and install electric equipment and invest in energy efficiency, as compared to 
purchasing the traditional fossil fuel option.

■■ Incremental power generation costs (additional to the electrical energy costs) represent 
over half the overall cost impact in each scenario, and include the capital, fuel, operating, 
and maintenance costs necessary to deploy the additional electricity generation capacity 
and any required battery storage.

■■ Incremental transmission costs represent the wires required to connect electricity from 
new generating capacity to the customers that need this power, and are estimated as a 
ratio to incremental generation capital costs.

■■ Renewable natural gas costs represent the assumed incremental cost to supply the gas 
distribution system with RNG in scenario 4.

■■ Total costs represent the combined incremental energy cost changes that the Canadian 
economy will need to cover between 2020 and 2050, above and beyond ‘business as 
usual’ reference case energy costs. 

The costs shown here are incremental to the reference case, so these would be in addition to 
any energy cost increases expected under ‘business as usual’. The study also does not include 
the unique distribution system level investment required to enhance infrastructure to deliver 
incremental power load. 

Even with optimistic ‘cost-conservative’ assumptions in terms of energy efficiency and electric 
technology improvement, the costs in these aggressive electrification scenarios are sub-
stantial. The integrated energy approach, using both natural gas and electricity, represents a 
significantly lower cost pathway. This emphasizes the need to be selective about which electri-
fication opportunities are pursued and consider a broad range of technology options in pursuit 
of GHG emission reductions.  

Figure 13: Cumulative Incremental Costs from 2020 to 2050
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The overall impacts of the policy-driven scenarios across the provinces con-
sidered in this study are highlighted in Table 3, which presents cumulative 
total impacts between 2020 and 2050, except where otherwise specified. 

 

The analysis conducted for this study highlights both the role electrifica-
tion can play in reducing GHG emissions and the need to be selective in its 
application to minimize impacts on peak demand. What is clear is that wide-
spread electrification should not be considered as a stand-alone solution. 
Without significant levels of energy efficiency improvement embodied in the 
reference case, and the additional improvements assumed in the scenarios, 
peak load and the associated costs of electrification would be significantly 
higher. Without the use of natural gas to meet peak period space heating 

10 
SUMMARY & 
CONCLUSIONS

Table 3: Summary of Overall Impacts of Electrification

Scenario 1 Scenario 2 Scenario 3 Scenario 4

Power Sector 
Impacts

252 GW of incremental 
generation capacity 
required at a cost of  
$851 billion

$227 billion of associated 
transmission system 
upgrades

232 GW of incremental 
generation capacity 
required at a cost of  
$829 billion

$217 billion of associated 
transmission system 
upgrades

169 GW of incremental 
generation capacity 
required at a cost of  
$597 billion

$101 billion of associated 
transmission system 
upgrades

108 GW of incremental 
generation capacity 
required at a cost of  
$325 billion

$84 billion of associated 
transmission system 
pgrades

Equipment and 
Energy Costs

16 million households, 23 million passenger vehicles, 25% of medium & heavy duty 
vehicles, 11 billion square feet of commercial space, and 50% of industrial fossil energy are 
converted to electric equipment

$291 billion in net energy & equipment costs over the 30-year period 

Similar scope, with different 
equipment, only 25% 
industrial, and 10-15% RNG

$170 billion in net energy, 
equipment, and RNG costs

Total Cost of Policy-
Driven Electrification

Total energy costs increase 
by $1.37 trillion 

$95,000 average per 
Canadian household11 

$3,200 per year per 
Canadian household 
increase in energy costs

Total energy costs increase 
by $1.33 trillion

$93,000 average per 
Canadian household11

$3,100 per year per 
Canadian household 
increase in energy costs

Total energy costs increase 
by $988 billion

$69,000 average per 
Canadian household11

$2,300 per year per 
Canadian household 
increase in energy costs

Total energy costs increase 
by $580 billion

$40,000 average per 
Canadian household11

$1,300 per year per 
Canadian household 
increase in energy costs

GHG Emission 
Impacts

Annual GHG emissions 
reduced by 311 million 
tonnes of CO

2
 by 2050 

compared to 2050 reference 
(52 percent)

Annual GHG emissions 
reduced by 279 million 
tonnes of CO

2
 by 2050 

compared to 2050 reference 
(47 percent)

Annual GHG emissions 
reduced by 146 million 
tonnes of CO

2
 by 2050 

compared to 2050 reference 
(25 percent)

Annual GHG emissions 
reduced by 279 million 
tonnes of CO

2
 by 2050 

compared to 2050 reference 
(47 percent)

Cost of Emissions 
Reductions

$289 per tonne of CO
2
 

reduction

($331 discounted12)

$291 per tonne of CO
2
 

reduction

($334 discounted12)

$411 per tonne of CO
2
 

reduction

($483 discounted12)

$129 per tonne of CO
2
 

reduction

($164 discounted12)

11Cumulative costs from all sectors for 2020 to 2050 divided by 14.34 million total households (using all heating types) forecast for the provinces considered in 

this study in 2020. 

12 Discounted costs are Real 2019 $, with both emissions and costs from the study period discounted to 2019 using a 5 percent discount rate.



Implications of Policy-Driven Electrification in Canada  |  October 2019 18

requirements and to provide peaking capacity for the power generation grid, 
the costs of GHG emissions reductions increase dramatically.

In the results above, policies that rely on electrification and renewable power 
cost more than twice as much per tonne of carbon dioxide reduced ($289 
/ tCO

2
) than the approach which allows for an integrated energy system to 

achieve GHG emission reductions ($129 / tCO
2
). Canada’s existing natural gas 

and electricity distribution infrastructure are good at serving different roles 
and together can be optimized for a lower cost solution. Allowing natural gas 
to continue being used for heating on very cold days (when the efficiency of 
electric options drop), and allowing some natural gas in the power generation 
sector to continue providing peak capacity, drastically lowers the electric 
infrastructure requirements and costs from the scenario where natural gas is 
completely eliminated – while still allowing for significant (90% of scenario 1) 
GHG emission reductions to be achieved. 

These scenarios rely on wind and solar generation to achieve GHG emission 
reductions through electrification, even in scenario 4 where natural gas con-
tinues to be built to meet peak capacity. There are questions about whether 
a grid can operate reliably running entirely on renewables and the scale of 
renewable capacity that could be feasibly deployed. While such concerns 
were not factored into this assessment, it stands that enabling renewables on 
the necessary scale for these scenarios will require improvements in battery 
storage, grid integration, smart appliances, and electric vehicle charging 
infrastructure. 

In terms of system optimization, while it was not studied here, advanced 
control strategies for hybrid gas-electric heat pumps could allow even cheaper 
integration of renewables – a smart control system would be able to switch 
more hybrid heat pumps to electric-mode if renewables (e.g. wind turbines) are 
producing excess energy, or shift more heating load to natural gas if renew-
ables are producing less than required on a given day, reducing the amount of 
battery storage required to accommodate intermittent renewables.

The widespread level of electrification studied here would not only require 
expansion of electric generation and transmission capacity, but also sig-
nificant investments in local electricity distribution system upgrades, costs 
which are not assessed in this study. Such costs are very region-specific, but 
the transformation of widespread electrification considered here would likely 
require significant distribution infrastructure upgrades.

The costs and benefits of electrification vary considerably by province, and 
even by region within a province, making one-size fits all solutions ineffec-
tive and more expensive. Key regional factors that must be considered when 
assessing the potential costs and benefits of electrification and determining 
the investments in infrastructure needed to ensure a reliable, affordable, and 
lower emitting energy system include weather and climate, energy prices, 
differences in the housing stock, the amount and age of capacity in existing 
electric generation, transmission, and distribution infrastructure, the GHG 
intensity of the electric grid, and the resource potential for non-emitting  
generation capacity.
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