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Executive Summary

As a component of climate mitigation policies, many governments
have implemented measures to electrify the transportation sector.
This has been done by setting target dates for when the sales of
vehicles with internal combustion engines (ICEs) will end and pro-
viding subsidies for the purchase of passenger electric vehicles (EVs),
production facilities, and charging stations. In Canada, current federal
policy mandates all new passenger vehicles to be net-zero emissions
by 2035, ultimately aiming for a fully electric new fleet.

Despite ongoing federal initiatives, EVs constitute a rising but rela-
tively small share of the vehicle market, growing from less than 1%
of sales in 2017 to 9.1% in the last quarter of 2022. Notably, British
Columbia and Quebec boast higher proportions—18% and 14% of
vehicles sold in the last quarter of 2022 were electric, respectively.

This study delves info the potential implications of the increasing
adoption of EVs on both Canada’s and various provinces’ electric-
ity grids. Our analysis provides estimates of the additional generat-
ing capacity required to meet the escalating demand from EVs. We
do not look into the necessity for additional fransmission lines for
renewable power sources or upgrades to local delivery lines.

In the analysis, we employ a Monte Carlo simulation using data on
battery efficiency, battery capacity and range for 299 EV models,
and average annual driving distances by jurisdiction, to estimate
the expected electricity demand (and variance of demand) for an
individual EV within that jurisdiction. We then provide forecasts of
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the future purchases of passenger EVs to obtain estimates of the potential
future demand for electricity by this sector of the economy.

Our results indicate that EVs could
pose a significant burden on Cana-

€€ . .
EVs could pose a Slgnlﬁcant dian electricity grids, with system
burden on Canadian electric- demand (also known as load)
ity grids, with system demand increasing by as little as 7.5% to as

much as 15.3%, although the bur-

increasing by as little as 7.5% .
den varies across the provinces

0
toas much as 15.3 0, although from as little as 4.6% (Quebec) to

the burden varies across the as much as 26.2% (Ontario). Over-

provinces,” all, Canada could see an increase
in annual load ranging from 46.8
terawatt hours (TWh) to 95.1 TWh,
with BC's load potentially increasing by 4.4-9.3 TWh, Ontario’s by 19.0-38.2
TWh. and Quebec’s by 10-21.7 TWh.

What does this imply for new generating capacities? We project that as many
as 13 new gas plants of 500-MW capacity might be required in Canada: one
in British Columbia, five in Ontario, and three in Quebec. Alternatively, it
would be necessary to develop 10 new hydroelectric facilities equal in size
to BC's Site-C (about 1,000 MW capacity): one in BC, four in Ontario, and two
in Quebec.

If EV demand for power is to come from non-hydro renewable sources, wind
is the most likely option. Assuming a capacity of 3.5 MW per fturbine and
average wind capacity factor of 25%, it would be necessary to build nearly
5,000 large turbines in Canada, with 560 in BC,1860 in Ontario and 1200 in
Quebec. Given the unreliability of wind energy, it would also be necessary
to build peak-gas plants, hydropower and/or utility-scale battery storage
capacity as backup. Importantly, because backup capacity cannot pay for
itself as it does not deliver enough power during the year, it would need to
be subsidized, thereby adding to system costs.

Unless society begins almost immediately fo develop the required gener-
ating infrastructure, it will not be possible to meet the expected demand

fraserinstitute.org



Elecfric Vehicles and the Demand for Electricity 3

that EVs might pose for electricity grids in Canada. That is, if governments
continue to push for an all-electric vehicle fleet by continuing to subsi-
dize EV purchases directly, and through policies that raise gasoline prices
and requiring all vehicles sold beyond 2030 or 2035 to be electric, it would
be necessary to start construction of power plants to meet the anticipated
increase in demand.
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INTRODUCTION

Promotion of electric vehicles has become a major policy tool in many
countries’ efforts to reduce and perhaps even eliminate fossil fuel use,
af least when it comes to vehicular fransportation. The idea is that, by
replacing internal combustion engines (ICEs) as the main source of
locomotion, electric vehicles (EVs) would take advantage of electric-
ity generated solely from renewable sources of energy, primarily and
sometimes exclusively from wind and solar sources. There are many
problems in moving toward a transportation system that relies solely on
battery electric vehicles, even if only passenger cars, sport utility vehi-
cles (SUVs), and light-duty trucks operate
on batteries recharged from the electric-
ity grid. Short-term problems relate o the
availability of charging sites. In the lon-
ger term, inadequate electric-generating
capacity, both renewable and thermal, and
transmission infrastructure can hamper
the transition away from ICEs.

In Canada, the federal government is plan-

ning to massively increase the use of EVs
in the coming years. Current federal policy is that all new passenger
vehicles must have net-zero emissions by 2035, eventually requiring
100% of the fleet to be electric. This study examines the impact of
adopting electric vehicles—battery electric vehicles (BEVs) and plug-in
hybrid electric vehicles (PHEVs)—on electricity demand. We investigate
how much more electricity various Canadian power grids would need to
generatfe fo accommodate EVs. For example, we provide illustrations of
what it means fo generate this new electricity supply: How many power
plants (say, equal in capacity fo BC's Site C Project) would be required
to generate this new electricity, or how much nuclear capacity would
be needed in Ontario (viz., Ontario’'s Bruce Power plant) to meet EV
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demand? We also examine where the electricity needed to meet the demand
from EVs is likely to come from.

We begin our investigation by looking at data on vehicle sales and registra-
tions in Canada to get some notion of the penetration of electric vehicles in
the vehicle fleet. We define the electric vehicles as those generally consisting
of BEVs and PHEVs, distinguishing them from ICEs and hybrid vehicles that
re-charge their batteries via a fossil-fuel driven ICE.

Data on sales of electric vehicles in Canada

Data on the registration of all fuel and vehicle types in Canada, including EVs,
are available from Statistics Canada from the 1st quarter of 2017 through the
4th quarter of 2022 (Statistics Canada, 2023a). Data on the sale of electric
vehicles are available for many cities and regions throughout Canada for the
period 2017-2022 (data are lacking for Alberta, Nova Scotia, and Newfound-
land and Labrador) (Statistics Canada, 2023b). Data on the sale of passenger
vehicles, trucks and total vehicles, as well as their origin (e.g., domestic ver-
sus foreign manufacture) have been collected monthly since January 1946
through to the first few months of 2023; however, no distinction is made by
the type of fuel the vehicles require (Statistics Canada, 2024a).

To determine the impact of policies favouring EVs over other vehicles, in
figure 1 we plot quarterly EV registrations and total vehicle sales, and the
proportion of the former to the latter. EV registrations constitute a small
but rising proportion of all vehicles sales, rising from less than 1% of sales
in 2017 to 9.1% in the last quarter of 2022.

In figures 2 and 3, we provide information concerning the rate at which
electric vehicles have been adopted. The number of battery EVs or PHEVs
registered as a proportion of total vehicle sales over the period from Q12017
to Q4 2022 are provided for British Columbia, Ontario, Quebec, and Canada
as a whole in figure 2. The data on EV registration and total vehicle sales for
the last quarter of 2022 are shown in figure 3. Notice that British Columbia
leads the rest of Canada in purchases of vehicles that draw power from the
electricity grid; it is followed by Quebec, and then Ontario. More than 18%
of vehicles sold in BC were EVs, compared with about 14% in Quebec,10% in

Canada (excluding the above provinces),and 8% in Ontario. The most obvious
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Figure 1: Electric and total vehicle sales in Canada, by quarter, Q1 2017 through Q4 2022
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Source: Statistics Canada, (2023a); (2024a); graph compiled by the author.

Figure 2: Percentage of new vehicle registration that is battery electric vehicles or plug-in
hybrids, by selected provinces and Canada, 2017-2022.
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Source: Statistics Canada, (2023a); (2024a); graph compiled by the author.

explanations for the greater penetration of EVs in BC are its lower prices of
electricity, its generally higher gasoline prices, and its milder temperatures,
compared with ofher jurisdictions in Canada, although these factors might
nof be statistically significant determinants of purchases.

For more defailed information on the distribution of vehicle registrations
by fuel type for the four jurisdictions, see figure 4. The data in the figure
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Figure 3: Proportion of total vehicle sales accounted for by EVS, 2021-2022
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Note: No data on electric vehicles are available for Alberta, Nova Scotia, and Newfoundland and
Labrador.

Source: Statistics Canada, (2023a); (2024a); graph compiled by the author.

compare quarterly registrations of gasoline ICEs, BEVs, PHEVs and total fuel
types with the baseline, 2017 registrations (2017=100). While total registra-
tion of vehicles and registrations of gasoline ICEs fell somewhat between
2017 and 2022 (gasoline-powered ICEs fell to a greater extent), EV registra-
tion rose significantly in all jurisdictions. While PHEV registration doubled
overall (that in BC quadrupled), registration of BEVs rose by almost 12-fold
(nearly 14-fold in BC). However, compared with ICE vehicles, EVs are quite a
small proportion of all vehicles on the road at any given time (see figure 1).

Government policies to electrify fransportation consist of legislation that
focus on zero-emission targets, requirements to terminate the sale of ICEs
after a specified date (2035, say), along with retail subsidies. The policies
essentially force automobile manufacturers to build and sell more EVs, even
if their costs are subsidized by higher prices for SUVs and small trucks.
(In some countries, e.g., the US, these policies are reinforced by draconian
tailpipe emission regulations that cannot be met by current ICEs.) The poli-
cies are effective in slowly electrifying the country’s fleet of passenger cars,
multi-purpose vehicles (mainly SUVs), vans and small frucks. The trend can
be seen in figure 5, which shows cumulative sales of EVs and cumulative
total vehicle sales from 2017 through 2022. The graph is similar to figure 1,
except for the fact that, while quarterly registrations of EVs to total vehicle
sales increased from less than 1% to 9% between 2017 and 2022, the increase
in EVs as a proportion of total vehicles on the road increased from under
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1% to only 3.5%—only one out of 28 vehicles on the road is an electric
vehicle (not including those registered prior to 2017, which are primarily
ICE vehicles).

In conclusion, the uptake of electric vehicles over the past six years
has been slow, although steadily increasing. Whether this will continue
depends on government policies and the public's desire and ability to
adopt this new technology. There are several specific concerns about

Figure 4: Growth in new vehicle registration, selected provinces and Canada, 2017-2022
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Source: Statistics Canada, (2023a); (2024a); graphs compiled by the author.

Figure 5: Cumulative sale of electric vehicles and all vehicles in Canada, 2017-2022
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EVs: because they weigh some 30% more than their equivalent ICEs, their
tires wear out faster, which is accompanied by more particulate matter enter-
ing the atmosphere; EVs appear not to hold their value to the same extent
as ICEs (Haynes, 2023); EVs take some 2.5 to 11.0 hours to recharge at the
better charging outlets, and much longer at other outlets;' EVs (and backup
batteries) can burst into chemical-fuelled fires that burn hotter and are more
difficult to extinguish than ICE fires and could potentially damage concrete
structures (Driessen, 2023; Tesla Fire 2023); and there are environmental
issues related to the mining of the metals required to produce EV batter-
ies and dispose of them (International Energy Agency, 2021; World Nuclear
Association, 2021; Kara, 2022). Further, unlike ICEs, where the West has a
technological advantage, China has an advantage in producing EVs and is
fast replacing legacy manufacturers, such as Ford, GM, Toyota and Volkswa-
gen, as the main producers of EVs, resulting in the hollowing out of factories
and jobs in North America and Europe (Xie, 2023).

EV emissions realities start with physics. To match the energy stored in one
kg. of oil requires 15 kg. of lithium battery, which entails digging up some
15,000 kg. of rock and dirt o access much needed minerals, such as lithium
(15 kg. of lithium per battery), graphite, copper, nickel, aluminum, zinc, neo-
dymium, and manganese. The global mining and minerals sector uses some
40% of all industrial energy, which is dominated by oil, coal, and natural gas.
Further, it is unlikely that the increased global demand for electricity can
and will be met from renewable wind and solar sources. (van Kooten, et al.,
2020; Duan, et al., 2023; Mills, 2023). Given the emissions associated with
the mining of inputs used in batteries and power generation equipment, and
the extent to which power generation is not renewable, the climate change
benefits of replacing the fleet of ICEs with EVs may be much lower than
anficipated (Leyland, 2023; Finley, 2023; Ridley, 2023).

Resolution of some of these issues could well put a damper on the future
development of electric vehicles. In this study, however, the focus is on Can-
ada and the implications that EVs will have for power generation, particularly
as it affects the need for additional generating capacity.

1 Tesla charging information, with the maximum rate depending on the Tesla model being
considered, available af <https:/evcharging.enelx.com/ca/en/resources/blog/577-how-long-
does-it-take-to-charge-a-tesla#:~:text=> [accessed 18 October 2022].
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ELECTRICITY GRID AND ELECTRIC VEHICLES: SELECTED
JURISDICTIONS

As the number of electric vehicles increases, the demand for electricity
to recharge their batteries will increase accordingly. To date, there is lit-
tle evidence to indicate that the power required by BEVs and PHEVs is a
problem for the electricity grid—the current provincial grids appear to
have sufficient capacity to handle the recharging requirements of EVs.
This observation is corroborated by federal data, which indicate that,
prior to 2021, the electricity use required amounts to about 0.4% of the
second most important energy use, that for passenger transportation
(Natural Resource Canada, 1991).

As of July 2023 there were some 344 different models of electric vehi-
cles that consumers could potentially purchase, although the database
we employ in the following discussion consists of 299 EV models (for
a list of the models see Electric Vehicle Database, n.d.).2 Data are avail-
able regarding the battery capacity, the associated energy efficiency
and range, and towing weight. The data are summarized in table 1. The
distributions of models with each of these characteristics are shown
in figure 6.

Much of the information in table 1 and figure 6 is provided by the
electric vehicle manufacturers, often based on tests performed under
perfect conditions or from theoretical models.3 In practice, batteries
may not perform to the same levels indicated by the manufacturer;
batteries should not, for example, be recharged in temperatures below

2 Our data are based on information accessed on March 16, 2023 <evdatabase.org>; since
then, 45 new models have been added, although the majority are not available for pur-
chase until later in 2023 or in 2024.

3 The authors of the Electric Vehicle Database point out that: “The EV Database aims to gather
as much real-world data as possible. A ot of information in the car industry is often nof
applicable in practice, as these are often based on theoretical data gathered in laboratories.
To avoid misunderstandings, the EV Database shows the official dafa in addition to the
real-world data” (n.d.). We could not find evidence indicating that the theoretical and real-
world dafa were separated. The website also provides a disclaimer concerning the use of
the data.
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freezing, as battery performance falls quickly when temperatures are below

-30°C and declines somewhat as the batteries age. There is not enough

information available to assess how performance is affected over time and

under various weather conditions.

We analyze the potential demand that EVs pose on electricity grids in Canada

in this section and provide background information and data on electricity

supply and electric vehicles in Canada and its provinces are presented in

table 2.

Table 1: Summary statistics of available electric vehicle models: battery capacity
and energy, and vehicle range and weight

Table 2: Electricity availability and electric vehicle requirements, 2022

Jurisdiction

Canada

Newfoundland
& Labrador

PEI

Nova Scotia
New Brunswick
Quebec
Ontario
Manitoba
Saskatchewan
Alberta

British Columbia

Electricity suppl .
ty aPP)’ dis

(MWHh])

578,273,577

8,514,552

1,564,861
10,417,930
13,388,427

210,693,634
135,308,943
25,411,885
24,975,059
79,531,379
67,053,704

Statistic Capacity (kWh)  Energy (Wh/km) Range (km) Weight (kg)
Mean 70.2 199.3 357.5 1,226.5
Maximum 123.0 295.0 685.0 2,500.0
Minimum 16.7 150.0 95.0 300.0
Median 71.0 192.0 365.0 1,000.0
Observations 299 299 299 188
Source: Electric Vehicle Database (n.d.).
tl::i;agreiven venides e:;lregr)argpeer Jg:t!; I'E‘\e/l;gl)r,\ % gf .ele'cfri‘cif.y use
f—_ “otal Elecf‘ric. EV(kWh)¢ juu(’;;&n;lz‘f)zon in jurisdiction
(zero-emissions)
15,200 21,351,392 510,135 3,030 1,545,468 0.27%
18,100 NA NA 3,608 NA NA
15,300 88,490 961 3,049 2,931 0.19%
16,600 NA NA 3,309 NA NA
16,600 480,257 3,533 3,309 11,689 0.09%
14,300 5,197,139 200,406 2,850 571,187 0.27%
16,000 8,138,249 149,376 3,189 476,357 0.35%
14,800 613,566 4,550 2,950 13,422 0.05%
15,800 631,662 2,975 3,149 9,369 0.04%
15,200 NA NA 3,030 NA NA
13,100 2,435,505 120,351 2,611 314,233 0.47%

a Source: Statistics Canada (2023c)
b Source: Natural Resources Canada (2010);], Statistics Canada (2022a)
c Source: Statistics Canada (2024a). NA=not available.
d Source: Author's calculations. NA=not available
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To determine the strain that electric vehicles might impose on electricity
grids in Canada and the impact of policies requiring the fransition to EVs, we
examine the installed capacity and generation by various energy sources in
Canada and three major provinces—British Columbia, Ontario, and Quebec.
The latest capacity data are available for the three provinces for 2022, but
2020 is the latest year data are available for capacity data in Canada. We
also breakdown electricity generation by source in 2022 for the three prov-
inces, as well as 2020 generation by source for Canada. For these categories,
renewables include solar, wind, biomass, biofuels,and municipal solid waste
sources. Hydro refers to run-of-river hydro, “storage hydro” (hydraulics with
a large reservoir), wave, and tidal sources. Natural gas and oil refer to natural
gas, biogas, oil, and diesel sources. Coal refers to coke and coal, while nuclear
refers to nuclear power.

Each jurisdiction has incentivized the purchase of EVs in various ways. These
include a minimum national carbon tax that progressively increases (and
is mainly reflected in gasoline and diesel prices), EV-production mandates,
government financing for charging stations, and subsidies for EV purchases.
As the technology for EVs improves, consumers are more likely to purchase
them. These factors all played a role in the increase in new electric vehicle
registrations over the past several years (see figure 4).

Information concerning the vehicle fleet in Canada and the three provinces is
provided in the previous section. We could not find any data for years before
2010, so we have taken the cumulative number of new vehicle registrations
by province to get an idea of the fuel types that make up the fleet of vehicles
in each jurisdiction. Realistically, there are probably more gasoline vehicles
than our estimates indicate, because of the popularity of ICEs prior to 2010
(Statistics Canada, 2022). Due to the lack of data, in this section we only
provide information on growth of EVs in comparison to growth in electricity
demand since 2010 (Canada Energy Regulator, 2021; 2023-a). The focus is on
electricity production and the potential to meet future load increases. Then,
in section 4, we explore the extent to which generating capacity will need
to be increased to accommodate electric vehicles in the future. We do not
address the capacity of the electricity transmission and delivery systems to
handle the increased demand that EVs will impose.
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Canada

With its vast water supply, Canada has plentiful hydroelectric generation
capacity, with 54% of total installed capacity attributed to hydraulic sources
(table 3). This does not, however, imply that some 54% of the actual power
generated in Canada comes from hydro. It depends on the relationship
between capacity and generation—on the capacity factors (CF) of the var-
ious generating sources.* Hydropower is essentially generated in two ways.
First, run-of-river power is nondispatchable—it must be used as it is gener-
ated or else it will need to be "discarded” (not generated or dispatched). The
capacity to generate run-of-river electricity at any point in time depends
on the rate of flow of the river. In contrast, storage hydroelectric capacity
is determined by the capacity of the generating units and the height of the
water in the reservoir behind the dam, which will fluctuate from one season
and year to another. However, the available power in that case is dispatch-
able—controllable by the system operator.

Canada also has significant energy production capabilities coming from gas,
wind, and nuclear sources. In 2020, about 74.2% of Canada’s installed capac-
ity came from hydro, nuclear, wind, and solar, all of which are considered
green energy sources (Canada Energy Regulator, 2021). Most of Canada’s
energy, 61.9% of the total, came from hydro in 2020; 12.5% came from oil
and gas, primarily for provinces and territories whose geography does not
allow for hydraulics, and for remote communities. Although only Ontario
and New Brunswick have nuclear energy capacity, this accounted for 13.3%
of Canada’s electricity production in 2020. Overall, some 82.5% of the coun-
try's electricity production came from green sources in 2020 (Canada Energy
Regulator, 2021).>

In Canada as a whole EVs continue fo be a very small proportion of total
vehicles on the roads. Although new EV registrations have increased dra-
matically in the past couple of years, particularly BEVs, they remain a small
fraction of the nation’s EV fleet. New vehicle registrations since 2011 are likely

4 The capacity factor is determined by the actual output of a generating source over a given
period divided by its rated capacity multiplied by the number of hours in the period (8,760
hours in a year, say).

5 In Canada, hydro produced 380.8 TWh of electricity in 2021, accounting for 59.4% of fotal electricity
generation; in 2021, hydro accounted for 11.9% of total power generation in the EU and only 5.8%
in the US (British Pefroleum 2023).
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Table 3: Electricity capacity and generation, by power source, Canada,
2020 (percent)

Capacity Generation
Coal 6.03% 4.99%
Nafural Gas 15.25% 11.93%
Oil 2.45% 0.56%
Hydro 54.97% 61.87%
Nuclear 9.01% 13.37%
Wind, Solar, Biomass 8.92% 5.67%
Solar 1.85% 0.36%
Biomass 1.53% 1.24%
TOTAL 100.0% 100.0%
Level 148.9 GW 624 TWh

Source: Canada Energy Regulator (2021).

still on the road (see column 3, table 2), which gives us an idea of the break-
down of vehicles on the road today. Between 2011 and the end of 2022, BEVs
constituted only 1.3% of new vehicle registrations, while PHEVs accounted
for 0.6%, and fotal zero or low-emitting EVs were responsible for less than
2% of the vehicles on the road. Electricity generation and EV registrations
per quarter since 2017 (2017=100) are shown in figure 7) (Statistics Canada
2024b; 2023a). Electricity generation has stayed relatively constant, fluctu-
ating with the seasons, but EV registrations within Canada have increased
seven-fold since the beginning of 2017.

Figure 7: Growth in quarterly EV registrations and electricity generation
or load, Canada, Q12017 - Q4 2022, 2017-2022 (2017=100)
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British Columbia

British Columbia relies predominantly on hydroelectricity, and its hydro-
power capacity represents over 87% of its total installed capacity. Overall,
91.6% of its total installed capacity is from hydro, wind, and solar sources
owned by BC Hydro or individual power producers (IPPs) throughout the
province (BC Hydro 2024a; 2024b). BC's IPPs produce about one-third of its
power.The most recent data indicate that IPPs contribute about 18,875 GWh
per year (BC Hydro, 2024b), while BC Hydro contfributes 48,190 GWh annually,
for a total of about 67,065 GWh in 2022 (see table 4).

Table 4: Electricity capacity and generation, by power source, British
Columbia, 2022 (percent)

Capacity Generation
Coal 0.0% 0.0%
Oil and Natural Gas 3.4% 1.6%
Hydro 87.3% 90.3%
Nuclear 0.0% 0.0%
Wind, Solar, Biomass 9.4% 8.1%
TOTAL 100.1% 100.0%
Level 17.6 GW 67.1 TWh

Source: BC Hydro (2021).
Note: Capacity does nof add to 100% due fo rounding.

British Columbia and the territories have made significant progress transi-
tioning to electric vehicles. However, based on new registrations per vehicle
type, ICE gasoline vehicle registrations far exceed other fuel types, although
BEVs have been growing in popularity, with almost 25,000 new registrations
in 2022. British Columbia has significantly more electric vehicles on the road
than Canada overall, with 3.2% and 1% of its cumulative new registrations
aftributable to BEVs and PHEVs, respectively.

Energy production fluctuates relatively little (depending on the season),
whereas EV registrations increased almost 10-fold between 2017 and the end
of 2022 (2017=100) (figure 8) (Statistics Canada, 2024b, 2023a). The growth in
EV registrations relative to ICE vehicles was higher than in other provinces;
well over 100,000 EVs have been registered since 2017. The rapid adoption
of EVs in British Columbia could bode ill for future electricity developments
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as these have generally taken a long time to get approved, particularly in the
case of hydroelectric projects.

Figure 8: Growth in quarterly EV registrations and electricity generation, British
Columbia, Q12017 - Q4 2022, 2017 = 100.
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Ontario

Unlike British Columbia and Quebec (for Quebec see below), Ontario has a
greater variety of electricity-generation assets, with nuclear energy conftrib-
uting the largest share in Ontario’s production capacity. Ontario has three
nuclear power plants, including the Bruce generating station, which is one of
the world’s largest, with eight nuclear reactors. Of Ontario’s total grid-con-
nected capacity, 34% is attributable to nuclear, while only 27.5% is from oil
and gas; total renewable-energy capacity accounts for 38.1% of the prov-
ince’s electricity-generating capacity (IESO, n.d.-a). However, because nuclear
power plants continually operate at near capacity, this source accounted for
53.6% of Ontario’s total electricity production in 2022. A combined total of
89.4% of the province's power generation in 2022 came from nuclear, hydro,
wind, and solar sources (IESO, n.d.-b). Yet, only nuclear energy is sufficiently
reliable enough to be used to provide base-load power (IESO, n.d.-c).

Ontario trails the rest of Canada in adopting electric vehicles, with gaso-
line powered vehicles representing almost all the new registrations in the
province from 2011 to 2022. Unlike the other provinces, Ontario’s primary
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Table 5: Electricity capacity and generation by source, Ontario,
2022 (percent)

Capacity Generation
Coal 0.0% 0.0%
Oil and Natural Gas 27.5% 10.4%
Hydro 23.3% 25.9%
Nuclear 34.4% 53.7%
Wind, Solar, Biomass 14.8% 10.1%
TOTAL 100.0% 100.1%
Level 38.1GW 146.9 TWh

Source: Independent Electricity System Operator (n.d.-c).
Note: Generation is over 100% due to rounding.

alternative to ICE vehicles in recent years is the hybrid vehicle, rather than
the BEV. Since 2020, the number of newly registered cars has declined, but
the numbers of new hybrid car registrations and new BEV registrations
have both increased. Using cumulative new vehicle registrations since 2011,
almost 1% are BEVs and about 0.4% are PHEVs, so less than 2% of vehicles on
the road in Ontario are zero- or low-emission vehicles. The change in Ontar-
io's EV registrations and energy production (2017=100) is shown in figure 9
(Statistics Canada, 2024b; 2023a). As indicated in the figure, electricity pro-
duction is rather flat, but new EV registrations have increased about 5.5 times
since 2017, which is lower than the national growth rate in EV registrations.

Figure 9: Growth in quarterly EV registrations and electricity generation,
Ontario, Q12017 - Q4 2022,2017 =100
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Quebec

Quebec has developed hydroelectricity on a large scale and is the leading
producer of renewable energy in Canada. Quebec’s grid operates much like
British Columbia’s, with a primary provincial power supplier together with
IPPs selling electricity to the grid. With the combination of Hydro Québec
and the IPPs, the province has an installed generation capacity that is 87%
hydro, and hydro and wind account for nearly 97% of Quebec’'s generating
capacity (table 6). Quebec has the highest installed hydro capacity of any
province in Canada, at approximately 47,733 MW.

Despite having 87% installed hydropower capacity, Quebec generates nearly
93% of its electricity from hydro. Thus, in 2022, the province produced almost
100% of its electricity from clean energy sources, with less than 0.1% coming
from oil and gas (Hydro Quebéc n.d.-b). Quebec had the highest electricity
generation in Canada in 2022, with production of 210.7 TWh (table 6).

Table 6: Electricity capacity and generation, by power source, Quebec, 2022
(percent)

Capacity Generation
Coal 0.0% 0.0%
Oil and Natural Gas 3.4% ~0.0%
Hydro 87.3% 92.8%
Nuclear 0.0% 0.0%
Wind, Solar, Biomass 9.4% 7.2%
TOTAL 100.1% 100.0%
Level 47.7 GW 210.7 TWh

Source: Hydro Québec (2024; n.d.-a; n.d.-b).

Quebec has moved away from gasoline vehicles at an increasing rate, with a
significant gap emerging between ICE and total registrations, although ICE
still account for the great majority of its total new registrations. Cumulative
new vehicle registrations in Quebec from 2011 to 2022 include a total of
almost 2.1% BEVs and 1.3% PHEVs, which are both greater than the national
mean. While electricity generation has stayed relatively constant over time,
new EV registrations since 2022 have increased approximately six fimes
above the 2017 average (figure 10).

fraserinstitute.org



EVs

20 G. Cornelis van Kooten

Figure 10: Growth in quarterly EV registrations and electricity generation,
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ELECTRIC VEHICLES AND ELECTRICITY GRIDS

In this section, we explore the potential strain that EV adoption puts
on electrical systems across Canada, with particular emphasis on BC,
Ontario, and Quebec. In addition to determining the electricity required
by EVs, there is the problem of what the ultimate energy source might
look like. We begin by considering possible sources of energy for gen-
erating the power required by EVs.

Evaluation of Potential Energy Sources for EVs

Power-generation sources are not all created equal, nor do they have
the properties needed to facilitate the conversion of personal and
commercial transportation to electric vehicles. Although investment in
EVs is ongoing, harsh Canadian winters reduce the feasibility of EVs—
batteries are less efficient and more difficult (and sometimes nearly
impossible) fo recharge if temperatures are well below freezing. This is
a particular problem where outdoor parking prevails, which is the case
at many workplaces and residential areas in some regions of Canada.

Further,most people will likely get into the habit of recharging their EVs
in the evening when they arrive home from work and keeping them
plugged in overnight, similar to how they recharge their phones. This
provides the opportunity to charge their vehicles in heated or even
unheated parking garages, or outdoors. Recharging bafteries in the late
afternoon or evening will lead to an increase in peak load. A shift to
night-time recharging will increase both the baseload requirement—
the electricity that is always demanded due fo battery-powered trans-
portation—which infroduces an unpredictable component. Baseload
capacity requires a generating source that is reliable and operates near
capacity all year round except for planned outages. Baseload power can
only be provided by a coal plant, combined-cycle natural gas turbine
(CCGT), nuclear power plant, or hydro-with-reservoir facility. Wind can-
not serve as a baseload power source because of its intermiftency. The
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unpredictable nature of the night-time load resulting from EV recharging
can be satisfied to some extent by baseload plants, but more likely by peak
plants such as open-cycle natural gas turbines (OCGT) and diesel genera-
tors. Wind, run-of-river hydro and solar are also important potential energy
sources (see figure 11), but they require OCGT facilities as backup. Even if
wind capacity is increased, for example, it would be necessary to provide a
reliable backup source of power if wind does not provide adequate power
to meet the deficit in load. Solar power is also intermittent and would not
be a viable option, since electricity will be needed in the evenings and over-
night. For the shift to EVs to be most beneficial in reducing CO, emissions,
it would be necessary to construct additional hydroelectric dams, invest in
nuclear power plants, or build biomass facilities (see below).

Storage hydro is an option for some provinces, for example, British Columbia
and Quebec, which have the available hydraulics (and reservoir), but there
are some serious drawbacks. Storage hydro would require construction of
an additional reservoir, which would impact the flow of current waterways.
Though storage hydro is significantly more reliable than run-of-river hydro,
the amount of water behind the dam still depends on unpredictable pre-
cipitation—a drought could significantly impact electricity generation. Con-
struction of a hydroelectric facility of this size is likely not feasible in most
jurisdictions due to environmental groups’ opposition. Tidal power might be
an option, because of its reliability, but tidal structures could harm marine
life, while the energy generated would depend on the size of the tide shift,
which is uncontrollable, albeit predictable.

Like other thermal electricity-generation sources, biomass burning to gen-
erate electricity can be made reliable and, if sufficient fuel is available,
operated at high capacity. However, there is only so much biomass that can
be used before it becomes costly to source. The marginal cost of biomass
in British Columbia is indicated in figure 11;6 the figure depicts how each
additional unit of biomass energy becomes very expensive quite quickly,
compared with other energy sources. Burning biomass works well at first,

6 Figure adapted from a graph found on BC Hydro's 2021 Resource Options Database, Figure J-2
(BC Hydro 2021).
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Figure 11: Marginal cost of electricity sources, British Columbia, $/MWh
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but when there is no more biomass in an area, it must be fransported longer
distances by trucks, which currently run on fossil fuels. If trucks and timber
harvesting equipment were to be converted to EVs, there would be an addi-
tional load, requiring the hauling of even more biomass. If biomass were to
be seen as a major fuel source, biomass crops would require large amounts
of water, fertilizer and land devoted to timber production. This would crowd
out farmland used to produce food crops, increase food prices, and lead to
a more intensive agriculture, to the detriment of the environment (Marsh,
2022). Biomass fuels are a great option on a small scale, especially where
biomass is available as a by-product of other primary activities. However,
because the marginal cost of biomass power increases rapidly, making it
not economically feasible for large-scale production of electricity, it cannot
be relied on as a major energy source for electric vehicles. Further, biomass
burning is not CO, neutral (van Kooten et al., 2021), which makes EVs less
aftractive as a means of meeting climate objectives.

Nuclear energy is likely the best green energy option for meeting new elec-
tricity needs, but it, too, has some drawbacks. Nuclear power plants can con-
sistently operate near maximum capacity. In addition, since no CO; is emitted
it is considered a green source of energy, although it is not renewable; ura-
nium reserves are finite. Nuclear power is opposed because of its association
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with nuclear weapons, the problem of nuclear waste, and its potentially haz-

ardous impact on life if there is a malfunction. Historically, nuclear disasters

¢Nuclear technology has
constantly been improving
and nuclear reactors are now
safer than ever before, nuclear
energy is one of the most
feasible of all clean energy
sources available to society
today.

have been associated with major human and
environmental catastrophes, andactual or per-
ceived failures of power plants at Three-Mile
Island (USA), Chernobyl (Soviet Union/Ukraine)
and Fukushima (Japan) are still cited as envi-
ronmental and human catastrophes (Process
Industry Forum, n.d.). Because nuclear technol-
ogy has constantly been improving and nuclear
reactors are now safer than ever before, nuclear
energy is one of the most feasible of all clean
energy sources available to society today.

The final option fo meet the additional elec-
tricity demand from EVs is to use natural gas
or coal. Neither of these sources are considered

green, and both are finite. It would not make sense to change the entire vehi-

cle fleet from ICEs to EVs if power is produced from fossil fuels, since there

would still be greenhouse gas emissions. In addition, it would likely lead to

only a small decrease (or perhaps even an increase) in the overall carbon

footprint, because EVs are less environmentally friendly to make (Broom,
2019; Marx, 2019; Mills, 2020).
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IMPACT OF VARIOUS ELECTRICITY SOURCES ON
POWER GENERATION FACILITIES

In this section, we provide crude estimates of the extra demand for
electricity that might be expected and the potential need to construct
new power generating facilities. We first provide estimates based on
average data; we then use a Monte Carlo simulation fo determine pos-
sible ranges of extra electricity demand.

For the initial analysis, we employ EV battery efficiency data from table
1 and average driving distances from table 2 (Electric Vehicle Data-
base [n.d.]; Statistics Canada [2024-a,2023-c, 22-a]; Natural Resources
Canada [2010]; author’s calculations). We multiply the mean distance
driven in each jurisdiction by the cumulative total number of new vehi-
cle registrations, over the period 2011 to 2022. We ighore vehicles older
than 11 years old and assume no EV vehicles registered during this
period are subsequently removed. This gives us an estimate of the total
distance driven in each jurisdiction—the number of vehicle kilometres
(km.). Finally, we multiply the total vehicle kilometres in each jurisdic-
tion by estimates of the overall battery efficiency (watt hours per km,
or Wh/km), thereby providing an estimate of the total additional energy
(in gigawatt hours, or GWh=109 W) that the jurisdiction would need to
produce to accommodate this many EVs. In doing so, we consider the
maximum, minimum, mean, and median values of the battery effi-
ciency, based on the efficiencies of the 299 models of EVs in reported
table 1. The results are shown in table 7.
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Table 7: Energy required to switch to electric vehicles, Canada and selected
provinces?®

British

Canada Columbia® Ontario Quebec
Electricity generated in 2022 (GWh) 625,888 67,062 146,850 227,302
Annual distance (km) 15,200 13,100 16,000 14,300
Based on mean battery efficiency GWh/year
Mean demand 64,681 6,359 25,951 14,812
Current usage 1,254 267 362 499
Addition energy required 63,427 6,092 25,590 14,312
Mean Increase 10.1% 9.1% 17.4% 6.3%
Based on median battery efficiency GWh/year
Median demand 62,312 6,126 25,001 14,269
Current usage 1,208 257 348 481
Addition energy required 61,104 5,869 24,652 13,788
Median Increase 10.0% 8.8% 16.8% 6.1%
Based on low battery efficiency GWh/year
Maximum demand 95,740 9,412 38,413 21,924
Current usage 634 152 189 229
Addition energy required 95,106 9,260 38,224 21,696
Maximum Increase 15.3% 13.8% 26.2% 9.6%
Based on best battery efficiency GWh/year
Minimum demand 48,681 4,786 19,532 11,148
Current usage 1,856 395 535 739
Addition energy required 46,825 4,390 18,997 10,409
Minimum increase 7.5% 6.6% 12.9% 4.6%

a Because there are no dafa breaking down gasoline vs battery use in the average PHEV, we assume that
BEVs and PHEVs operate in the same way.
b Includes the Territories.

Sources: Electric Vehicle Database (n.d.); Statistics Canada (2024-a, 2023-c, 22-a); Natural Resources
Canada (2010); author’s calculations).

The results indicate that EVs could pose a significant burden on Canadian
electricity grids, with system loads increasing by as little as 7.5% to as much
as 15.3%. Overall, Canada could see an increase in the annual load ranging
from 46.8 terawatt hours (TWh) to 95.1 TWh, with BC's annual load poten-
tially increasing by 4.4-9.3 TWh, Ontario’s by 19.0-38.2 TWh., and Quebec’s
by 10-21.7 TWh.

fraserinstitute.org



Elecfric Vehicles and the Demand for Electricity 27

In table 7 we do not account for marginal costs, under-reporting of numbers
to insurance companies to obtain lower premiums, or growth in the overall
vehicle fleet due to population growth. Economic theory suggests that as
marginal costs decline consumers will consume more. Since energy from
the grid is cheaper than gas, the marginal cost of driving a kilometre is less,
so we could expect to see individuals driving more kilometres. It is also very
plausible that individuals under-report their annual insurance estimates of
the distances they drive, to get lower premiums, so the mean kilometers
driven may be higher than stated.” With population growth, there would be
a greater demand for vehicles, which would require more energy. Thus, we
could expect the mean kilometres driven in each jurisdiction to increase,
so the upper bound may be higher than is considered here, and the mean
and median models are most likely lower estimates of the true generation
increase needed.

Monte Carlo simulation

To get a better notion of the potential upper and lower bounds of future
power needs for electric vehicles, we employ a Monte Carlo simulation to
determine the battery efficiency (Wh/km), the distances driven in each juris-
diction (km), and the number of EVs likely on the road at some distant date.
To do so, we employ triangle distributions. The triangle distribution requires
a minimum value (the lowest value the variable might take), a maximum
value, and a most likely value (or mode). This gives us a betfter understanding
of what the additional load requirements will be with the added component

of randomness and is more realistic for a real-life outcome.

For this simulation, we use a battery efficiency distribution that has a mid-
point efficiency of 192 Wh/km, a minimum efficiency of 150 Wh/km, and a
maximum efficiency of 295 Wh/km (see table 1). The distribution is assumed
to be the same for each jurisdiction.

The numbers of vehicles registered by jurisdiction over the period 2011-2022
are shown in fable 2. It is unlikely that these numbers represent the actual
numbers of EVs on the road in the next decade. Therefore, we choose as our
midpoints of the friangle distributions one-half of the vehicle totals (EVs plus

7 This may become less of a problem in the future, as some insurance agencies now require
customers fo provide evidence of annual distances driven from odometer readings.
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ICEs) in table 2. The respective minimum and maximum values of the EVs on
the road in the next decade are given by 0.25 and 0.90 of the total vehicles.

We do not have data on the distribution for kilometres driven in each juris-
diction, so we use the mean driven in each jurisdiction as the midpoint of
the triangle distribution. For each jurisdiction, the minimum and maximum
values of the triangle distribution are taken to be 90% and 120% of this value,
respectively.

In each iteration, a random value is chosen from each of the three triangle
distributions—battery efficiency, number of vehicles, and distance driven
by an average vehicle—for each of the four jurisdictions discussed above.
The results from 1,000 iterations are shown in table 8, for increased hourly
and annual power requirements.

What are the implications for generating capacity in each jurisdiction? First,
consider what would be required if all the added demand were to be met
by CCGT or hydropower. Consider construction of a new hydropower facility,
such as Site C in northern British Columbia. According to BC Hydro, “Site
C will provide 1,500 megawatts of dependable capacity and will generate
about 5100 gigawatt hours of energy each year" (British Columbia, 2018).
For Canada, the load coming from EVs in the next decade would require the
construction of perhaps 10 hydro facilities like Site C, one built in BC, four in
Ontario, and two in Quebec. Construction of even a single dam of that size
is highly unlikely to happen within the next decade, based on how long it
took to complete Site C. It is more likely that the added generating capacity
would come from natural gas sources. In that case, it would be necessary to
build 13 large gas plants of 500 MW capacity or greater in Canada, with one
in BC, five in Ontario and three in Quebec.

If EV demand for power is fo come from renewable sources, however, wind
would be the most likely option. Assuming a capacity of 3.5 MW per turbine
and average wind capacity factor of 25%, the requirements can be seen in
the bottom two rows of table 8. For BC, 600 large wind turbines would need
to be built within the next few years. However, given the unreliability of wind
energy, it would also be necessary to build CCGT, hydropower and/or utility-
scale battery storage capacity as backup. In general, backup requirements

fraserinstitute.org



Electric Vehicles and the Demand for Electricity 29

Table 8: Estimated hourly and annual increase in load from electric vehicles, Canada

and selected provinces

Item Canada Cgll:nnjtr)‘ia Ontario Quebec
Hourly increase (MW)

Mean 4,345.25 488.91 1,629.33 1,048.78
Standard deviation 1,280.95 152.38 492.72 310.09
Annual increase (GWh)

Mean 38,064.4 4,282.9 14,272.9 9,187.3
Standard deviation 11,221.2 1,334.8 4,316.2 2,716.4
Potential number of Site-C equivalents needed?®

Based on mean increase 7 1 3 2
g/leevai;ﬂpolrzjs 1 standard 10 1 4 5
Potential number of 500-MW Capacity gas plants needed®

Based on mean increase 10 1 4 2
g/leevai;ﬂpolrzjs 1 standard 13 1 5 3
Wind Powered Capacity and Turbines (3.5 MW cap)

Capacity (MW) 17,381 1,956 6,517 4,195
Number of turbines 4,966 559 1,862 1,199

a Number deftermined by dividing annual increase (GWh) by 5100 GWh projected annual output of Site C.
b Determined by dividing annual increase (GWh) by 3942 GWh, assuming 500-MW capacity plant operates

8760 hours at 90% capacity.
Source: Authors’ calculations

amount fo some 80% to 90% of installed wind capacity; however, because
backup capacity cannoft pay for itself as it does not deliver enough power
during the year, it would need to be subsidized, thereby adding to system
costs (van Kooten, Whithey and Duan, 2020: 196-204; Duan, van Kooten, and
Liu 2020; van Kooten, 2016).8

Unless society begins almost immediately fo develop the required gener-
ating infrastructure, it will not be possible to meet the expected demand
that EVs might pose for electricity grids in Canada. That is, if governments
continue to push for an all-electric vehicle fleet by continuing to subsidize
EV purchases directly and through policies that raise gasoline prices, and
requiring all vehicles sold beyond 2030 or 2035 to be electric, it will be
necessary to start construction of power plants to meet the anticipated
increase in demand.

8 The actual capacity and generation type required to backstop wind power will vary according to
the makeup of the grid, location of wind turbines, interconnections, grid load profile, and many
ofher factors.
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DISCUSSION AND CONCLUSIONS

A study by Xia (2023) using city-level data for Canada found the factors
in table 9 to have the greatest effect on the purchase of EVs.

Table 9. Main factors predicting consumers’ purchases of EVs

Factor Estimated coefficient
GDP per capita (income) 1.2406
Price of gasoline/diesel 0.2438
Rebate (subsidy) 0.2016
Winter temperature 0.0811
Charging station availability 0.0006

Note: Variables are in standardized form; only statistically significant
explanatory variables shown.
Source: Xia (2023).

Income is the most important factor, followed by the price of gasoline
and then the rebate. A municipality’s average winter temperature is
less important, with the availability of charging stations being the least

important factor.

The gap between US and Canadian gasoline prices amounts to about
CDNSO0.50 per litre. While the carbon tax and some other costs of
acquiring gasoline are important as factors that account for the dif-
ference between the Canadian and the American prices, a major fac-
tor is fuel taxes, some of which are meant to enhance and maintain
transportation infrastructure and contribute to public transportation.
Fuel taxes are meant to incentivize people to drive less and rely more
on public fransportation, thereby reducing congestion as well as CO;
emissions. The driver of an electric vehicle does nof pay fuel taxes. EVs
are exempt from fuel taxes, they often benefit from low electricity
rates (particularly in jurisdictions such as BC and Quebec that rely on
hydroelectricity), and in some cases benefit from unrestricted access
to high-occupancy lanes (HOVs). Overall, these incentives increase driv-
ing distances and reduce reliance on public transporfation and other
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forms of transport, including walking and cycling. Thus, government poli-
cies related to EVs generally lead to greater congestion and deterioration
of road infrastructure due to greater use by heavier vehicles, thus negating
the emission-reducing benefits of EVs.

If the grid were to be fully green, each of the jurisdictions in this study would
need to replace their current energy outputs with green energy. Some juris-
dictions, such as British Columbia and Quebec, would be able to meet the
extra electricity demand with renewable sources, because of their hydrau-
lics. Even so, it might be challenging to construct new hydropower capacity,
because of obstacles to their construction (as was the case with BC's Site
C). In other parts of Canada, natural gas, and perhaps even coal, would be
needed in order to meet additional demand. Of course, this would greatly
reduce the emission-reduction benefits of adopting EVs.

Research suggests that, based on lifecycle analyses and the makeup of the
average grid, the benefit from EVs is smaller than anticipated. Compared to
an equivalent ICE vehicle, an EV reduces CO, emissions by perhaps as little
as 15% after 200,000 km (Ridley, 2023). Savings of this magnitude could
perhaps be realized through future improvements in ICE technology. When
lifecycle emissions are counted, the emission-reduction benefits might be
much smaller, depending on where the batteries and vehicles are built and
how much fossil fuels are burned in mining cobalt, lithium, and other miner-
als. It also depends on lifetime emissions in rebuilding local electricity grids
and producing the power needed to fuel EVs.

In conclusion, many obstacles have still to be overcome in switching to
a completely electric vehicle fleet. Internationally, they include the costs
of externalities related to pollution from mining and manufacturing pro-
cesses. Locally, the major obstacle relates to the likelihood of construct-
ing sufficient power generating capacity to meet the anticipated demand
EVs would impose on electricity grids. The type of electricity that goes info
the grid would also be a big consideration when switching over to EVs, as
jurisdictions will need to increase their electricity production capabilities
with green sources that meet the additional hourly load requirements and
can be employed quickly to balance intermittent renewable energy sources.
These would primarily have to be storage and the development of hydro and
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nuclear power—which are challenging to deploy in a timely way. The real-
world situation is not as easy as merely replacing current ICE vehicles with
EVs,and there are many obstacles to be overcome on the path of electrifying
the personal vehicle fleets within Canada.

fraserinstitute.org



REFERENCES

BC Hydro (2021). 2021 Integrated Resource Plan Application: Sections 1to 4 Appendix
J: Resource Options Database. Appendix J. <https://www.bchydro.com/content/
dam/BCHydro/customer-portal/documents/corporafe/regulatory-planning-docu-
ments/regulatory-matters/rou-resource-options-database-2021-irp-appendix-j-
20211221-v01.pdf>, as of January 29, 2024.

BC Hydro (2024a). Our Facilities. <https:/www.bchydro.com/energy-in-bc/operations/
our-facilities.html>, as of January 29, 2024.

BC Hydro (2024b). Independent Projects History & Maps. <https:/www.bchydro.com/
work-with-us/selling-clean-energy/meeting-energy-needs/how-power-is-ac-
quired.html>, as of January 29, 2024.

British Columbia (2018). FACTSHEET: Site C Hydroelectric Project. Ministry of Energy,
Mines and Low Carbon Innovation. BC Gov News. <https:/news.gov.bc.ca/13818>,
as of January 29, 2024.

British Pefroleum [BP] (2023). Statistical Review of World Energy. <bp.com/statisticalre-
view>, as of January 29, 2024.

Brouwer, Kafinka M., and Lucas Bergkamp (eds.) (2021). Road to EU Climate Neutrality
by 2050. ECR Group and Renew Europe, European Parliament. <https:/roadtfocli-
mateneutrality.eu/Energy_Study_Full.pdf >, as of January 29, 2024.

Broom, Douglas (2019, March 27). The Dirty Secret of Electric Vehicles. World Economic
Forum. <https:/www.weforum.org/agenda/2019/03/the-dirty-secret-of-electric-
vehicles/>, as of January 29, 2024.

Bryce, Robert (2010). Power Hungry. The Myths of ‘Green’ Energy and the Real Fuels of
the Future. Public Affairs.

Bryce, Robert (2021, April 21). Not in Our Backyard. American Experiment. <https://www.
americanexperiment.org/reports/not-in-our-backyard>, as of January 29, 2024.

Canada Energy Regulator (2021). Canada’s Energy Futures 2021 Fact Sheet: Electricity
<https://www.cer-rec.gc.ca/en/data-analysis/canada-energy-future/2021electric-
ity/>, as of January 29, 2024.

Driessen, Paul (2023, January 10). Vital Energy Lessons for Virginia and America. Corn-
wall Alliance. <https:/cornwallalliance.org/2023/01/vital-energy-lessons-for-vir-
ginia-and-america/>, as of January 24, 2024.

Duan, Jun, G. Cornelis van Kooten, and Xuan Liu (2020). Renewable Electricity
Grids, Battery Storage and Missing Money. Resources, Conservation & Recy-
cling, 161: 105001. <https:/www.sciencedirect.com/science/article/abs/pii/
$0921344920303189>, as of January 28, 2024.

Duan, Jon, et al. (2023). Calibration of Grid Models for Analyzing Energy Policies.
Energies 16: 1234. <https://doi.org/10.3390/en16031234>, as of January 28, 2024.

Electric Vehicle Database (n.d.). Usable Battery Capacity of Full Electric Vehicles.
<https://ev-database.org/>, as of January 28, 2024.

fraserinstitute.org


https://www.bchydro.com/content/dam/BCHydro/customer-portal/documents/corporate/regulatory-planning-documents/regulatory-matters/rou-resource-options-database-2021-irp-appendix-j-20211221-v01.pdf
https://www.bchydro.com/content/dam/BCHydro/customer-portal/documents/corporate/regulatory-planning-documents/regulatory-matters/rou-resource-options-database-2021-irp-appendix-j-20211221-v01.pdf
https://www.bchydro.com/content/dam/BCHydro/customer-portal/documents/corporate/regulatory-planning-documents/regulatory-matters/rou-resource-options-database-2021-irp-appendix-j-20211221-v01.pdf
https://www.bchydro.com/content/dam/BCHydro/customer-portal/documents/corporate/regulatory-planning-documents/regulatory-matters/rou-resource-options-database-2021-irp-appendix-j-20211221-v01.pdf
https://www.bchydro.com/energy-in-bc/operations/our-facilities.html
https://www.bchydro.com/energy-in-bc/operations/our-facilities.html
https://www.bchydro.com/work-with-us/selling-clean-energy/meeting-energy-needs/how-power-is-acquired.html
https://www.bchydro.com/work-with-us/selling-clean-energy/meeting-energy-needs/how-power-is-acquired.html
https://www.bchydro.com/work-with-us/selling-clean-energy/meeting-energy-needs/how-power-is-acquired.html
https://news.gov.bc.ca/13818
http://bp.com/statisticalreview
http://bp.com/statisticalreview
https://roadtoclimateneutrality.eu/Energy_Study_Full.pdf
https://roadtoclimateneutrality.eu/Energy_Study_Full.pdf
https://www.weforum.org/agenda/2019/03/the-dirty-secret-of-electric-vehicles/
https://www.weforum.org/agenda/2019/03/the-dirty-secret-of-electric-vehicles/
https://www.americanexperiment.org/reports/not-in-our-backyard
https://www.americanexperiment.org/reports/not-in-our-backyard
https://www.cer-rec.gc.ca/en/data-analysis/canada-energy-future/2021electricity/
https://www.cer-rec.gc.ca/en/data-analysis/canada-energy-future/2021electricity/
https://cornwallalliance.org/2023/01/vital-energy-lessons-for-virginia-and-america/
https://cornwallalliance.org/2023/01/vital-energy-lessons-for-virginia-and-america/
https://www.sciencedirect.com/science/article/abs/pii/S0921344920303189
https://www.sciencedirect.com/science/article/abs/pii/S0921344920303189
https://doi.org/10.3390/en16031234
https://ev-database.org/

34 G. Cornelis van Kooten

Enel X Way (2019, November 11). How Long Does it Take to Charge a Tesla? <https://evcharg-
ing.enelx.com/ca/en/resources/blog/577-how-long-does-it-take-to-charge-a-tesla#:~:-
text>, as of January 28, 2024.

Finley, Allysia (2023, February 12). The Climate Crusaders are Coming for Electric Cars Too.
Wall Street Journal <https://www.wsj.com/articles/the-climate-crusaders-are-coming-
for-electric-cars-too-global-warming-energy-power-fossil-fuels-environment-31a692ca>
[Paywall], as of January 28, 2024.

Foushee, Faith (2022, November 15). Tesla Powerwall Review 2022. How Much Does it Cost?
Save on Energy Blog. <https:/www.saveonenergy.com/solar-energy/tesla-powerwall-re-
view/>, as of December 28, 2022.

Haynes, Tom (2023, May 3). Electric Cars Losing Their Value Twice as Fast as Petfrol Alterna-
tives. Telegraph. <https://www.telegraph.co.uk/money/consumer-affairs/electric-car-
price-fall-second-hand-tesla-bmw/>, as of January 28, 2024.

Hydro Quebéc (2024). Hydroelectric Generating Stations. <https://www.hydroquebec.com/
generafion/generating-stations.html>, as of January 29, 2024.

Hydro Quebéc (nd-a). Transénergie et équipement: raccordement de production au réseau
d'Hydro Quebéc. <https:/www.hydroquebec.com/transenergie/fr/raccordement-reseau.
html>, as of January 29, 2024.

Hydro Quebéc (nd-b). Documents and Data: History of Sources of Electricity Generated in
Québec. <https://www.hydroquebec.com/documents-data/open-data/history-electrici-
ty-generation-quebec/>, as of January 29, 2024.

Independent Electricity System Operator [IESO] (nd-a). 2022 Year in Review: Ontario Elec-
tricity Demand Reflects a Rebounding Economy in 2022.<https://www.ieso.ca/en/Corpo-
rate-IESO/Media/Year-End-Data>, as of January 29, 2024.

Independent Electricity System Operator [IESO] (nd-b). Overview: Electricity Data Fast Facts.
<hftps://www.ieso.ca/en/Corporate-IESO/Media/Overview>, as of January 29, 2024.

Independent Electricity System Operator [IESO] (nd-c). Ontario’s Electricity Grid: Supply
Mix and Generation. <https:/www.ieso.ca/en/Learn/Ontario-Electricity-Grid/Sup-
ply-Mix-and-Generation>, as of January 29, 2024.

International Energy Agency [IEA] (2021). The Role of Critical Minerals in Clean Energy Tran-
sitions. IEA <https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-ener-
gy-fransitions>, as of January 28, 2024.

Kara, Siddharth (2022). Cobalt Red: How the Blood of the Congo Powers Our Lives. St. Martin's
Press.

Koonin, S.E. (2021). Unsettled: What Climate Science Tells Us, What is Doesn’t, and Why it Mat-
ters. BenBella Books.

Lennox, John C. (2019). Can Science Explain Every Thing? The Goodbook Company and Oxford
Centre and Zacharias Instifute.

Leyland, Bryan (2023, May 10). The Wind and Solar Power Myth Has Finally Been Exposed.
Telegraph. <https://www.telegraph.co.uk/news/2023/05/10/wind-solar-renew-
ables-poinfless-waste/?mc_cid=1229b0d72e&mc_eid=3e8db95649>, as of January 28,
2024.

Lomborg, B. (2020). False Alarm: How Climate Change Panic Costs Us Trillions, Hurts the Poor,
and Fails to Fix the Planet. Hatchette.

fraserinstitute.org


https://evcharging.enelx.com/ca/en/resources/blog/577-how-long-does-it-take-to-charge-a-tesla#:~:text
https://evcharging.enelx.com/ca/en/resources/blog/577-how-long-does-it-take-to-charge-a-tesla#:~:text
https://evcharging.enelx.com/ca/en/resources/blog/577-how-long-does-it-take-to-charge-a-tesla#:~:text
https://www.wsj.com/articles/the-climate-crusaders-are-coming-for-electric-cars-too-global-warming-energy-power-fossil-fuels-environment-31a692ca
https://www.wsj.com/articles/the-climate-crusaders-are-coming-for-electric-cars-too-global-warming-energy-power-fossil-fuels-environment-31a692ca
https://www.saveonenergy.com/solar-energy/tesla-powerwall-review/
https://www.saveonenergy.com/solar-energy/tesla-powerwall-review/
https://www.telegraph.co.uk/money/consumer-affairs/electric-car-price-fall-second-hand-tesla-bmw/
https://www.telegraph.co.uk/money/consumer-affairs/electric-car-price-fall-second-hand-tesla-bmw/
https://www.hydroquebec.com/generation/generating-stations.html
https://www.hydroquebec.com/generation/generating-stations.html
https://www.hydroquebec.com/transenergie/fr/raccordement-reseau.html
https://www.hydroquebec.com/transenergie/fr/raccordement-reseau.html
https://www.hydroquebec.com/documents-data/open-data/history-electricity-generation-quebec/
https://www.hydroquebec.com/documents-data/open-data/history-electricity-generation-quebec/
https://www.ieso.ca/en/Corporate-IESO/Media/Year-End-Data
https://www.ieso.ca/en/Corporate-IESO/Media/Year-End-Data
https://www.ieso.ca/en/Corporate-IESO/Media/Overview
https://www.ieso.ca/en/Learn/Ontario-Electricity-Grid/Supply-Mix-and-Generation
https://www.ieso.ca/en/Learn/Ontario-Electricity-Grid/Supply-Mix-and-Generation
https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions
https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions
https://www.telegraph.co.uk/news/2023/05/10/wind-solar-renewables-pointless-waste/?mc_cid=1229b0d72e&mc_eid=3e8db95649
https://www.telegraph.co.uk/news/2023/05/10/wind-solar-renewables-pointless-waste/?mc_cid=1229b0d72e&mc_eid=3e8db95649

Electric Vehicles and the Demand for Electricity 35

Marsh, Jacob (2022, March 9). Biomass Energy: Advantages and Disadvantages. EnergySage.
<https:/www.energysage.com/about-clean-energy/biomass/pros-and-cons-biomass/>,
as of January 29, 2024.

Marx, Paris (2019, June 14). The Electric Vehicle Revolution Will Be Dirty and Unequal: Bafter-
ies for New Cars Will Require a Lot of New Mining, Medium. <https:/medium.com/radi-
cal-urbanist/the-electric-vehicle-revolution-will-be-dirty-and-unequal-674d9184ee6f>,
as of February 26, 2024.

Mills, Mark P. (2020). Mines, Minerals, and “Green” Energy: A Reality Check. Manhattan Institute.
<https:/mediad.manhattan-institute.org/sites/default/files/mines-minerals-green-ener-
gy-reality-checkMM.pdf>, as of February 26, 2024.

Mills, Mark P. (2023, May 8). Electric Vehicle Illusions, Eye on the News. City Journal. <https:/
www.city-journal.org/article/electric-vehicles-and-carbon-emissions?mc_cid=dd20b2f-
S5be&mc_eid=3e8db95649>, as of January 28, 2024.

Natural Resource Canada, Office of Energy Efficiency (1991). National Energy Use Database.
Energy Use Stafistics. <hftps:/oee.nrcan.gc.ca/corporate/statistics/neud/dpa/home.
cfm?attr=0>, as of January 28, 2024.

Natural Resource Canada (2010). 2008 Canadian Vehicle Survey Update Report. Chapter 2,
Geographic Analysis. <https:/oee.nrcan.gc.ca/publications/statistics/cvs08/chapter?.
cfm?attr=0>, as of January 28, 2024.

Process Industry Forum (n.d.). The Five Worst Nuclear Disasters in History. <https:/www.
processindustryforum.com/energy/five-worst-nuclear-disasters-history>, as of January
29,2024,

Ridley, Matt (2023, July 10). Why I'll be Buying a Brand New Petrol Car Just before the 2030
Ban. Daily Mail <https://www.dailymail.co.uk/debate/article-12276725/Why-Ill-buying-
brand-new-petrol-car-just-2030-ban-says-MATT-RIDLEY.htmI?mc_cid=adbf88bc-
d3&mc_eid=3e8db95649>, as of January 28, 2024.

Smil, V. (2017). Energy and Civilization. A History. MIT Press.

Smil, V. (2019). What We Need to Know About the Pace of Decarbonisation, Substantia 3, 2
Suppl. 2,: 69-73. <https:/doi.org/10.13128/Substantia-700>.

Smil, V.(2020). Numbers Don't Lie. Penguin Books.

Statistics Canada (2022). Archived-New motor vehicle registrations, inactive. Table 20-10-
0021-01. <https:/www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=2010002101&pickMem-
bers%5B0%5D=11&pickMembers%5B1%5D=3.1&cubeTimeFrame.startYear=2011&cube-
TimeFrame.endYear=2021&referencePeriods=20110101%2C20210101>, as of January 28,
2024.

Statistics Canada (2023a). New Motor Vehicle Registrations, Quarterly Table 20-10-0024-01.
<hftps://doi.org/10.25318/2010002401-eng>, as of January 28, 2024.

Statistics Canada (2023b). New Zero-emission Vehicle Registrations, Quarterly Table 20-10-
0025-01. <https:/doi.org/10.25318/2010002501-eng>, as of January 28, 2024.

Statistics Canada (2023c). Electric Power, Eelectric Utilities and Industry, Annual Supply and
Disposition, Table 25-10-0021-01 <https://doi.org/10.25318/2510002101-eng>, as of
January 28, 2024.

Statistics Canada (2024a) New Motor Vehicle Sales. Table: 20-10-0001-01). <https://doi.
0rg/10.25318/2010000101-eng>, as of January 28, 2024.

fraserinstitute.org


https://www.energysage.com/about-clean-energy/biomass/pros-and-cons-biomass/
https://medium.com/radical-urbanist/the-electric-vehicle-revolution-will-be-dirty-and-unequal-674d9184ee6f
https://medium.com/radical-urbanist/the-electric-vehicle-revolution-will-be-dirty-and-unequal-674d9184ee6f
https://media4.manhattan-institute.org/sites/default/files/mines-minerals-green-energy-reality-checkMM.pdf
https://media4.manhattan-institute.org/sites/default/files/mines-minerals-green-energy-reality-checkMM.pdf
https://www.city-journal.org/article/electric-vehicles-and-carbon-emissions?mc_cid=dd20b2f5be&mc_eid=3e8db95649
https://www.city-journal.org/article/electric-vehicles-and-carbon-emissions?mc_cid=dd20b2f5be&mc_eid=3e8db95649
https://www.city-journal.org/article/electric-vehicles-and-carbon-emissions?mc_cid=dd20b2f5be&mc_eid=3e8db95649
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/home.cfm?attr=0
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/home.cfm?attr=0
https://oee.nrcan.gc.ca/publications/statistics/cvs08/chapter2.cfm?attr=0
https://oee.nrcan.gc.ca/publications/statistics/cvs08/chapter2.cfm?attr=0
https://www.processindustryforum.com/energy/five-worst-nuclear-disasters-history
https://www.processindustryforum.com/energy/five-worst-nuclear-disasters-history
https://www.dailymail.co.uk/debate/article-12276725/Why-Ill-buying-brand-new-petrol-car-just-2030-ban-says-MATT-RIDLEY.html?mc_cid=adbf88bcd3&mc_eid=3e8db95649
https://www.dailymail.co.uk/debate/article-12276725/Why-Ill-buying-brand-new-petrol-car-just-2030-ban-says-MATT-RIDLEY.html?mc_cid=adbf88bcd3&mc_eid=3e8db95649
https://www.dailymail.co.uk/debate/article-12276725/Why-Ill-buying-brand-new-petrol-car-just-2030-ban-says-MATT-RIDLEY.html?mc_cid=adbf88bcd3&mc_eid=3e8db95649
https://doi.org/10.13128/Substantia-700
 <https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/home.cfm?attr=0>
 <https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/home.cfm?attr=0>
 <https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/home.cfm?attr=0>
https://doi.org/10.25318/2010002401-eng
https://doi.org/10.25318/2010002501-eng
https://doi.org/10.25318/2510002101-eng
https://doi.org/10.25318/2010000101-eng
https://doi.org/10.25318/2010000101-eng

36 G. Cornelis van Kooten

Statistics Canada (2024b). Electric Power Generation, Monthly, Generation by Type
of Electricity. Table: 25-10-0015-01 (formerly CANSIM 127-0002). <https:/doi.
0rg/10.25318/2510001501-eng>, as of January 29, 2024.

Tesla Fire (2023). Tesla Fires as of 1/28/2024. <https://www.tesla-fire.com/>, as of January 28,
2024.

van Kooten, G.C. (2004). Climate Change Economics: Why International Accords Fail. Edward
Elgar.

van Kooten, G.C. (2013). Climate Change, Climate Science and Economics: Prospects for a
Renewable Energy Future. Springer.

van Koofen, G.C. (2016). The Economics of Wind Power. Annual Review of Resource Econom-
ics 8,1:181-205.

van Kooten, G. Cornelis (2021). Canadian Climate Policy and Its Implications for Electricity
Grids. Fraser Institute. <https://www.fraserinstitute.org/studies/canadian-climate-poli-
cy-and-its-implications-for-electricity-grids>, as of January 29, 2024.

van Kooten, G.C,, P. Withey, and J. Duan (2020). How Big a Battery? Renewable Energy 146:
196-204.

World Nuclear Association (2021, August). Mineral Requirements for Electricity Generation
<https:/www.world-nuclear.org/information-library/energy-and-the-environment/min-
eral-requirements-for-electricity-generafion.aspx>, as of January 28, 2024.

Xia, Chenyang (2023). Exploring the Determinants of Electric Vehicle Adoption in Canada: A
Multi-City Study. Unpublished MA Essay. Department of Economics, University of Vicforia.

Xie, Andy (2023, May 10). China's Lead in Electric Vehicles is Unassailable—The Global North
Simply Can't Compete. South China Morning Post. <https://www.scmp.com/comment/
opinion/article/3219585/chinas-lead-electric-vehicles-unassailable-global-north-sim-
ply-canft-compefe?mc_cid=1229b0d72e&mc_eid=3e8db95649>, as of January 28, 2024.

fraserinstitute.org


https://doi.org/10.25318/2510001501-eng
https://doi.org/10.25318/2510001501-eng
https://www.tesla-fire.com/
https://www.fraserinstitute.org/studies/canadian-climate-policy-and-its-implications-for-electricity-grids
https://www.fraserinstitute.org/studies/canadian-climate-policy-and-its-implications-for-electricity-grids
https://www.world-nuclear.org/information-library/energy-and-the-environment/mineral-requirements-for-electricity-generation.aspx
https://www.world-nuclear.org/information-library/energy-and-the-environment/mineral-requirements-for-electricity-generation.aspx
https://www.scmp.com/comment/opinion/article/3219585/chinas-lead-electric-vehicles-unassailable-global-north-simply-cant-compete?mc_cid=1229b0d72e&mc_eid=3e8db95649
https://www.scmp.com/comment/opinion/article/3219585/chinas-lead-electric-vehicles-unassailable-global-north-simply-cant-compete?mc_cid=1229b0d72e&mc_eid=3e8db95649
https://www.scmp.com/comment/opinion/article/3219585/chinas-lead-electric-vehicles-unassailable-global-north-simply-cant-compete?mc_cid=1229b0d72e&mc_eid=3e8db95649

Elecfric Vehicles and the Demand for Electricity 37

ABOUT THE AUTHOR

G. Cornelis van Kooten, a Fraser Institute senior fellow,
held the Canada Research Chairin Environmental Studies
and Climate af the University of Victoria for 21 years. His
research interest focuses on natural resource economics
and management, and issues related to the economics
of climate change.

At the University of Victoria, Professor van Kooten was

responsible for one of the world's few softwood lumber

trade models and led interdisciplinary studies on economic factors related to
land use, carbon offsets, water use, energy, agriculture, forestry and wildlife.
He has published 12 books and more than 230 academic arficles.

Professor van Kooten is the recipient of numerous academic and profes-
sional awards, including being named a Fellow of the Canadian Agricultural
Economics Society and a Fellow of the Royal Society of Canada.

He received a B.Sc. in Geophysics from the University of Alberta, an M.A.
in Economics from the University of Alberta, and a Ph.D. in Agricultural &
Resource Economics from Oregon State University.

Acknowledgments

The author is indebted to Coton Clarke for data collection and to two
anonymous reviewers and Elmira Aliakbari for comments and suggestions
on an earlier version of this study. Any remaining errors are the sole
responsibilities of the author. As the researcher has worked independently,
the views and conclusions expressed in this paper do not necessarily reflect
those of the Board of Directors of the Fraser Institute, the staff, or supporters.

fraserinstitute.org



38 G. Cornelis van Kooten

PUBLISHING INFORMATION

Distribution

These publications are available from <http:/www.fraserinstitute.org>
in Portable Document Format (PDF) and can be read with Adobe Acro-
bat® or Adobe Reader®, versions 8 or later. Adobe Reader® DC, the
most recent version, is available free of charge from Adobe Systems
Inc. af <http:/get.adobe.com/reader/>. Readers having trouble viewing
or printing our PDF files using applications from other manufacturers
(e.g., Apple's Preview) should use Reader® or Acrobat®.

Ordering publications
To order printed publications from the Fraser Institute, please confact:

* e-mail: sales@fraserinstitute.org

« telephone: 604.688.0221 ext. 580 or, toll free, 1.800.665.3558 exf.
580

« fax: 604.688.8539.

Media

For media enquiries, please contact our Communications Department:
+ 604.714.4582

* e-mail: communications@fraserinstitute.org.

Copyright

Copyright © 2024 by the Fraser Institute. All rights reserved. No part of
this publication may be reproduced in any manner whatsoever with-
out written permission except in the case of brief passages quoted in
crifical articles and reviews.

Date of issue
March 2024

ISBN
978-0-88975-770-7

Citation

G. Cornelis van Kooten

Electric Vehicles and the Demand for Electricity
<http://www.fraserinstitute.org>

fraserinstitute.org


http://www.fraserinstitute.org
http://get.adobe.com/reader/

Electric Vehicles and the Demand for Electricity 39

ABOUT THE FRASER INSTITUTE

Our mission is to improve the quality of life for Canadians, their families,
and future generations by studying, measuring, and broadly communi-
cating the effects of government policies, entrepreneurship, and choice
on their well-being.

Notre mission consiste a améliorer la qualité de vie des Canadiens et des
générations a venir en étudiant, en mesurant et en diffusant les effets des
politiques gouvernementales, de 'entrepreneuriat et des choix sur leur
bien-étre.

Peer review—uvalidating the accuracy of our research

The Fraser Institute maintains a rigorous peer review process for its
research. New research, major research projects, and substantively
modified research conducted by the Fraser Institute are reviewed by
experts with a recognized expertise in the topic area being addressed.
Whenever possible, external review is a blind process. Updates o
previously reviewed research or new editions of previously reviewed
research are not reviewed unless the update includes substantive or
material changes in the methodology.

The review process is overseen by the directors of the Institute’s
research departments who are responsible for ensuring all research
published by the Institute passes through the appropriate peer review.
If a dispute about the recommendations of the reviewers should arise
during the Institute’s peer review process, the Institute has an Editorial
Advisory Board, a panel of scholars from Canada, the United States, and
Europe to whom it can turn for help in resolving the dispute.

fraserinstitute.org



40 G. Cornelis van Kooten

EDITORIAL ADVISORY BOARD

Members

Prof. Terry L. Anderson
Prof. Robert Barro

Prof. Jean-Pierre Centi
Prof. John Chant

Prof. Bev Dahlby

Prof. Erwin Diewert
Prof. Stephen Easton
Prof. J.C. Herbert Emery

Prof. Jack L. Granafstein

Past members

Prof. Armen Alchian*
Prof. Michael Bliss*

Prof. James M. Buchanan*t
Prof. Friedrich A. Hayek*t

Prof. H.G. Johnson*

*deceased; 1 Nobel Laureate

fraserinstitute.org

Prof. Herbert G. Grubel
Prof. James Gwartney
Dr. Jerry Jordan

Prof. Ross McKitrick
Prof. Michael Parkin
Prof. Friedrich Schneider
Prof. Lawrence B. Smith
Dr. Vito Tanzi

Prof. Ronald W. Jones*
Prof. F.G. Pennance*
Prof. George Stigler*
Sir Alan Walters*

Prof. Edwin G. West*



	Executive Summary
	Introduction
	Electricity Grid and Electric Vehicles: Selected Jurisdictions
	Canada
	British Columbia
	Ontario
	Quebec

	Electric Vehicles and Electricity Grids
	Impact of Various Electricity Sources on Power Generation Facilities 
	Discussion and Conclusions
	References
	About the Author
	Acknowledgments
	Publishing Information
	About the Fraser Institute
	Editorial Advisory Board



