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Executive Summary

The governments of Canada, the United States, and many other
nations are mandating a shift in vehicle technology: away from
vehicles powered primarily by internal combustion engines, and
toward vehicles powered primarily with electricity stored on board
in batteries.

Canada’s government has established policies designed to push
automakers to achieve the government’s goal of having 35 percent
of all new medium- and heavy-duty vehicle sales be electric by 2030,
rising to 100 percent of all new medium- and heavy-duty vehicle
sales being electric by 2040.

The US has set a target requiring 50 percent of all new passenger
cars and light frucks sold in 2030 be electric, or largely electric hybrid
vehicles. These timelines are ambitious, calling for a major expan-
sion of the prevalence of electric vehicles (EVs) in the major vehicle

classes in a very short time—only 7 to 10 years.

Barring breakthrough developments in battery technology, this

massive and rapid expansion of baftery-electric vehicle production

will require a correspondingly massive and rapid expansion of the

mining and refining of the metals and rare earth elements critical to

battery-electric vehicle technology.

The International Energy Agency (IEA) suggests that fo meet interna-
tional EV adoption pledges, the world will need 50 new lithium mines
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by 2030, along with 60 new nickel mines,and 17 new cobalt mines. The
materials needed for cathode production will require 50 more new
mines, and anode materials another 40. The battery cells will require
90 new mines, and EVs themselves another 81. In total, this adds up fo
388 new mines. For context, as of 2021, there were only 270 metal mines
operating across the US, and only 70 in Canada. If Canada and the US
wish to have internal supply chains for these vital EV metals, they have
a lot of mines to establish in a very short period.

Historically, however, mining and refin-
ing facilities are both slow to develop

€6 re . S
Mining and refining facilities and are highly uncertain endeavors
are both slow to develop and plagued by regulatory uncertainty
are highly uncertain endeavors and by environmental and regulatory

barriers. Lithium production time-
plagued by regulatory uncer-

. . lines, for example, are approximately
tainty and by environmental

6 to 9 years, while production time-
and regulatory barriers.” lines (from application to production)
for nickel are approximately 13 to 18

@ years, according to the IEA.

The establishment of aggressive and short-term EV adoption goals
sets up a potential conflict with metfal and mineral production, which
is historically characterized by long lead-times and long production
timelines. The risk that mineral and mining production will fall short of
projected demand is significant,and could greatly affect the success of
various governments’ plans for EV transition.

fraserinstitute.org



POLICY BACKGROUND

Concerned about the prospects of severe man-made climate change,
governments around the world have instituted programs to phase out
the use of fossil fuel-powered, internal combustion-driven transpor-
tation systems—beginning primarily with cars and light trucks—and
replace them with Battery-Electric Vehicles (BEV); or vehicles mostly
powered by electricity but which also feature internal combustion
backup power, called Plug-in Hybrid Electric Vehicles (PHEVs).

In December 2022, the Canadian government infroduced regulations
that would lead to the phasing out of sales of new fossil-fuel powered,
internal combustion vehicles, to be replaced by sales of vehicles desig-
nated as “Zero Emission Vehicles,” or ZEV in legislation.! Canada’s Action
Plan will “set annually increasing requirements fowards achieving 100
percent new light-duty zero-emission vehicle sales by 2035, including
mandatory interim fargets of at least 20 percent of all new light-duty
vehicles offered for sale by 2026 and at least 60 percent by 2030”
(Canada, 2022).

Further, to reduce emissions from medium- and heavy-duty vehicles:

The Government of Canada will aim to reach 35 per cent of fotal
new medium- and heavy-duty vehicle sales being zero-emis-
sion vehicles by 2030. In addition, the Government will develop
a medium- and heavy-duty zero-emission vehicle regulation to
require 100 per cent of new medium- and heavy-duty vehicle sales
fo be zero-emission vehicles by 2040 for a subset of vehicle types
based on feasibility, with intferim 2030 regulated sales require-
ments that would vary for different vehicle categories based on
feasibility, and explore interim targets for the mid-2020s. (Govern-
ment of Canada, 2022)

According to the cost-benefit analysis published in the Canada Gazette
describing Canada’s new ZEV transition plan:

1 This categorization scheme includes BEVs only, not PHEVs.
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From 2026 to 2050, the proposed Amendments are estimated fo
have incremental ZEV vehicle and home charger costs of $24.5 bil-
lion, while saving $33.9 billion in net energy costs. These impacts
accrue to those who switch to ZEVs in response fo the proposed
Amendments. The cumulative GHG emission reductions are esti-
mated to be 430 megatons (Mt), valued at $19.2 billion in avoided
global damages. The proposed Amendments are thus estimated to
have net benefits of $28.6 billion and would help Canada meet its
GHG emissions reduction targets of 40 per cent below 2005 levels
by 2030 and net-zero emissions by 2050. (Canada Gazette, 2022)

As Canada and the United States share an integrated automobile mar-
keft, it is also worth noting that the US has plans for a fransition to
electric vehicles, though the strategies of
the two counftries differ considerably. US

and Canadian plans for vehicle electrifica-

tion are different in forms and functions,
timelines, and fargets. The first distinction

is that the US includes plug-in hybrid elec-
tric vehicles into its “ZEV” category, along
with fuel cell electric vehicles, which are
currently niche vehicles sold primarily in
California, rather than mainstream pro-
duction vehicles (Voelcker, 2022).

In the United States, the Biden Administration published Executive
Order 14037 in 2021 which contained the stated goal “that 50 per cent
of all new passenger cars and light tfrucks sold in 2030 be zero-emission
vehicles, including battery electric, plug-in hybrid electric, or fuel cell
electric vehicles” (United States Federal Register, 2021). The inclusion
of plug-in hybrid vehicles (generally not considered to be zero-emis-
sion vehicles) is a significant distinction between the US and Canadian
electric vehicle plans.

President Biden also issued another executive order in 2021 that would
require the federal government to stop acquiring gasoline-powered
cars in its own vehicle fleets. Executive Order 14057 requires “100
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percent zero-emission vehicle acquisitions by 2035, including 100
percent zero-emission light-duty vehicle acquisitions by 2027” (United
States Federal Register, 2021b).

Internationally, vehicle electrification goals are different still. The Inter-
national Energy Agency (IEA) in its Global EV Outlook 2021 characterizes
the collective EV target of “all existing policies, policy ambitions and
targets that have been legislated for or announced by governments
around the world. It includes current EV-related policies and regula-
tions, as well as the expected effects of announced deployments and
plans from industry stakeholders. STEPS [the “Stated Policy Scenario”
of the IEA] aims fo hold up a mirror to the plans of policy makers and
illustrate their consequences” (IEA 2021a: 73).

In this scenario, the IEA finds that “the collective target of the EV30@30
signatories [a coalition of city governments and EV industry groups] to
achieve 30 percent sales share in 2030 for light-duty vehicles, buses
and trucks is surpassed at the global level (reaching almost 35%), which
reflects increasing ambitions for widespread EV deployment” (IEA
2021a: 73).

It is self-evident that increasing production of electric vehicles will
require a corresponding increase in the constituent materials from
which they are manufactured. In the case of electric vehicles powered
by large batteries, one must assume that increasing the production of
electric vehicles will require a massive increase in the production of
mefals used in battery and EV manufacturing, such as lithium, nickel,
cobalt, copper, manganese, graphite, and other elements sometimes
designated as rare earth elements (REEs), or energy critical elements.

Canada has begun to ramp up its production refining capacity for lith-
ium and other rare earth elements required for the electric vehicle tran-
sition. For example, the Canadian government recently showcased lith-
ium production in Canada. In James Bay, Quebec, the government has
approved the James Bay Lithium Mine Project, a proposal to mine 5,800
tonnes of lithium-bearing ore per day in the Eastman Cree community
(D’Andrea, 2023). In Saskatchewan, the government has approved a plan
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to produce and refine lithium at a plant in the southern part of the
province. According to the government, “Stage one of the project will
produce [from Saskatchewan oilfield brines] 1to 1.75 kilograms (kg) of
lithium hydroxide per day. Stage two will include the construction of
one of Canada’s first lithium extraction and refining facilities, which
will produce approximately one fonne of lithium hydroxide per day,
resulting in 365 fonnes per year. This will serve as a demonstration plant
prior to full commercialization” (Saskatchewan, 2020).

Rare earth elements production is also underway in the NWT with the
processing and refining of two rare earth elements critical to the pro-
duction of powerful magnets used in electric vehicle motors to take
place in Saskatchewan (Frew and Ponticelli, 2023). The Nechalacho
mine “hosts a world-class resource” of rare earth ores, relatively rich
in neodymium and praseodymium, metals used in the production
of high-strength magnets used in electric motors and battery alloys
(Vital Metals, 2020). Most recently (as of time of writing), the Canadian
government announced that it will pay CANS$13 billion in subsidies to
Volkswagen to establish a battery manufacturing facility in Ontario
(Scherer, 2023). This pledge was matched with a CANS$15 billion sub-
sidy to Stellantis for a second battery manufacturing facility in Ontario
(Shakil, 2023).

The International Energy Agency would like to see Canada move still
more quickly in its development of rare earth mining and refining
capacity. At a Canadian government-organized panel discussion in Feb-
ruary 2023, Fatih Birol, the head of the IEA, “warned that the energy
shortages currently gripping Europe could be repeated as the world
tfransitions to cleaner fuels, if Western countries do not increase the
availability of rare earth minerals and develop friendlier sources of
them.” Further, according to an article in the Globe and Mail covering
the event, Mr. Birol said he would like to see countries like Canada more
involved on the international stage because “there is rule of law, there
is fransparency, and there is also accountability of the government...
The sooner that happens, the better, he said” (Walsh and Graney, 2023).
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WHAT DO GLOBAL VEHICLE ELECTRIFICATION GOALS
LOOK LIKE, NUMERICALLY?

Figure 1, from The Role of Critical Minerals in Clean Energy Transition,
shows expected EV market penetration to 2030 under IEA’'s Sustainable
Development Scenario, or SDS. The SDS reflects what the IEA believes
would be required to satisfy international agreements under the Paris
Climate Accords (IEA, 2021b).2

As is readily apparent from the graph, both electric vehicle sales and
battery storage capacity growth are expected to be several orders of
magnitude greater than production in 2020. Electric car sales (in the
left panel), are expected to rise from approximately 3 million in 2020,

Figure 1: The Adoption of EVs and Battery Storage is Set to Accelerate
Rapidly over the Coming Decades

Annval electric car sales and battery storage capacity in the SDS

Electric car sales Battery storage capacity additions
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E 70 = Rest of world
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IEA. All rights reserved.

Note: Electric cars include battery electric and plug-in hybrid electric passenger light-duty vehicles, but exclude 2/3-wheelers.
Source: IEA (2020c)

Source: IEA, 2021b: 84.

2 The Infernational Energy Agency publishes a great deal of dafa regarding electric vehicle
production, composition, manufacturing, and production of raw materials. As the IEA is
considered an authoritative, quasi-independent source of information on these issues,
we will rely heavily on their latest publications in this study.

At the same fime, the author makes no claims regarding the plausibility of IEA's mathe-
matical modeling used fo generafte some of these estimates. However, as if is assumed
that I[EA's data will significantly infuse government policy development, these modeled
estimates are worthy of aftention. As with most mathematical modeling exercises, which
frequently rely (of necessity) on an array of subjective assumptions, the author advises
caution in assuming these models are reliable reflections of reality.
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Figure 2: EV and Battery Storage Deployment Growth through 2040

EV and battery storage deployment grows rapidly over the next two decades,
with light-duty EVs accounting for around 80% of the total

Global battery capacity additions
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IEA. All rights reserved

Source: IEA, 2021b: 87.
Note: STEPS = Stated Policy Scenarios of world governments pursuant fo Paris climate accord.
SDS = Sustainable Development Scenarios of the Infernational Energy Agency.

to 40 million in only 10 years: a more than 10-fold increase, and to then
nearly double in the decade between 2030 and 2040.

Readers should note that this IEA model includes “plug-in hybrid” elec-
tric vehicles which, as previously mentioned, are not treated uniformly
in various national and international plans regarding vehicle electrifi-
cation targets and timelines discussed above.

Correspondingly, IEA estimates that battery production will also
increase significantly in coming years as is displayed in figure 2.

As with figure 1, one will note that the “ramp” of increased battery
power production is very steep. As the IEA states, “In the SDS [Sustain-
able Development Scenarios], global installation of uftility-scale bat-
tery storage is sef for a 25-fold increase between 2020 and 2040, with
annual deployment reaching 105 GW by 2040. The largest markets for
battery deployment in 2040 are India, the United States and China”
(IEA, 2021b: 86).

The increased production of batteries will inevitably lead to increased
demand for the metals used in their fabrication. Hence, the IEA also
projects significant growth in demand for EV battery metals and
minerals.

fraserinstitute.org



HOW WILL GLOBAL VEHICLE ELECTRIFICATION
INFLUENCE MINERAL AND METAL PRODUCTION
REQUIREMENTS?

According to the International Energy Agency, electric vehicles use
about six times more rare metals than do internal combustion vehi-
cles. Figure 3 breaks this out graphically by the various metals required
for EV production. The data in figure 3 show the key metals used in
the vehicle electrification equation. Copper, lithium, nickel, cobalt, and
graphite stand out sharply as components of electric vehicles that will
be needed in quantities far higher than is the case for conventional

infernal combustion vehicles.

Figure 4 puts this information into context with respect to IEA's pro-
jected growth in mineral demand for EVs through 2040. Readers will
note that the chart of expected demand essentially shows exponential
growth. Looking at the right-hand panel of the chart, one notes that fwo
metals—Ilithium and nickel (critical battery elements) are expected to

Figure 3: Minerals Used in Electric Cars Compared to Conventional Cars
(kg/vehicle).

0O 10 20 30 40 50 60 70 80 90 100 10 120 130 140 150 160 170 180 190 200 210 220

e I -
Conventional car I

IEA. Licence: CC BY 4.0

Copper sLithium «Nickel « Manganese Cobalt - Graphite = Zinc « Rare earths  Others

Appears in Notes
The Role of Critical Minerals in Clean Energy Transitions Steel and aluminium not included. The values for vehicles are for the entire
vehicle including batteries, motors and glider. The intensities for an electric car

are based on a 75 kWh NMC (nickel manganese cobalt) 622 cathode and
graphite-based anode. The values for offshore wind and onshore wind are based
on the direct-dtive parmanent magnet synchronous generator system
(including array cables) and the doubly-fed induction generator system
respectively.

Source: IEA 2021d.
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Figure 4: Projected Growth in Mineral Demand for EVs, 2020 through 2040.

Mineral demand for EVS in the SDS grows by nearly 30 times between 2020 and 2040,
with demand for lithium and nickel growing by around 40 times

Mineral demand from new EV sales
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IEA. All rights reserved.

Note: Silicon is excluded from the demand growth graph due to its very high growth (over 500-fold increase), starting from a low base.

Source: IEA, 2021b: 98.
Note: STEPS = Stated Policy Scenarios of world governments pursuant to Paris climate accord.
SDS = Sustainable Development Scenarios of the International Energy Agency.

Figure 5: Distribution of the Production of Selected Minerals by Governance
and Emissions Performance, 2019

Scrutiny of ESG issues: The majority of current production volumes come from regions
with low governance scores or high emissions intensity

Distribution of production of selected materials by governance and emissions performance, 2019

high emissions intensity
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low emissions intensity
40% . High governance score and
° high emissions intensity
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R * low emissions intensity

Copper Lithium Nickel Cobalt

100%

80%

60%

IEA. All rights reserved

Notes: Analysis using the World Bank Worldwide Governance Indicator (as a proxy for governance) and electricity CO- intensity (as a proxy for emissions
performance). Composite governance rank scores below 50 were classified as low governance; electricity CO2 emissions intensity above 463 g CO2/kWh (global
average value in 2019) was classified as high emissions intensity.

Source: World Bank (2020), IEA (2020).

Source: IEA, 2021b: 126.
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see the greatest growth in demand, followed by copper (a key compo-
nent of electronic systems), and graphite, also a critical component in
the production of batteries. Added demand for steel-making metals
(manganese and cobalf), while large, is lower than that related to EV
batftery production.

Figure 5 shows where the International Energy Agency expects the met-
als and minerals needed for the electric vehicle transition to come from,
and characterizes the quality of governance in the mining regions that
currently produce needed EV metals.

Figure 6 suggests, further, that the IEA does not expect the production
locales of these critical metals to change very much in the near future.

How will all of this play out with regard to the mining of EV battery
metals and minerals? In its Global Electric Vehicle Outlook 2022, the IEA
again offers estimates. As Figure 7 shows, both of IEA's future scenarios
require a massive increase in the number of mines needed to provide
materials for every aspect of the EV transition. Fifty new lithium mines
are needed by 2030, in the “Announced Pledges scenario” (a variation

Figure 6: Expected Change in Distribution of Countries Producing
EV Minerals, 2019 to 2025

Geographic concentration: Analysis of project pipelines indicates that, in most cases, the
geographical concentration of production is unlikely to change in the near term

Major producing countries of selected minerals, 2019 and 2025
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Note: Due to the availability of data on projections for future p ion, REEs here pri y 3 i terbium and ium only. DRC =

Democratic Republic of the Congo; US = United States; Russia = Russian Federation.
Source: |EA analysis based on the project pipeline in S&P Global (2021) complemented by World Bureau of Metal Statistics (2020) and Adamas Intelligence (2020)
(for REEs).

Source: IEA, 2021b: 121.
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on the STEPS scenario based on established government pledges) along
with 60 more nickel mines, and 17 more cobalt mines. The materials
needed for cathode production will require 50 more mines, and anode
materials another 40. The battery cells will require 90 more mines, and
EVs themselves another 81 (IEA, 2022: 175). In total, this is 388 new
mines. For contfext, as of 2021, there were only 270 metal mines oper-
ating across the US, and only 70 in Canada.

Figure 7: Number of Mines Required to Produce Needed Minerals for the Growth of Electric Vehicles
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Notes: STEPS = Stated Policies Scenario; APS = Announced Pledges Scenario. Number of additional mines/plants/factories required to meet projected demand from the 2021
demand level is shown by the arrows. Projected demand is annual. Metal demand is total demand including EV and non-EV demand. Assumes the average annual production

capacities: lithium mine - 8 kt; nickel mine - 38 kt; cobalt mine - 7 kt; cathode plant - 94 kt; anode plant - 54 kt; battery gigafactory - 35 GWh; and EV production plant - 0.5 million
vehicles. Nickel demand does not distinguish between Class 1 and Class 2 nickel.

Sources: |EA analysis based on S&P Global ; Bloomberg NEF; Benchmark Mineral Intelligence.

Source: [EA, 2022: 175.
Note:: STEPS = Stated Policy Scenarios of world governments pursuant to Paris climate accord.

SDS = Sustainable Development Scenarios of the International Energy Agency.
APS = Announced Pledges Scenario (Assumed comparable to SDS above).

In a 2022 article titled “The Raw-Materials Challenge: How the Mefals
and Mining Sector Will Be At the Core of Enabling the Energy Transi-
tion,” the McKinsey company shows how it envisions the supply of raw
materials for metals would have to expand from current levels to meet
the EV sales growth targets under a scenario of limifing climate change
t0 1.5°C (which is essentially the Paris Accord upper limit for containing
climate change).

As figure 8 shows, while all metals production is projected to increase,
lithium production is expected to increase over 700 percent, with
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demand running so high that substitute elements could be required
to meet demand.

Figure 8: Raw Material Supply Growth Needed to Satisfy Predicted Electric Vehicle
Sales Growth

If technology transition were to happen as expected today, raw materials supply growth
would need to accelerate significantly versus historical rates.
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One of the many possible scenarios used to illustrate the impact on raw-materials demand. Demand also includes other applications for each material.
Source: Critical raw materials for strategic technologies and sectors in the EU, A foresight study, European Commission, Mar 9, 2020; US Geological Survey;
World Nuclear Association; MineSpans by McKinsey; McKinsey analysis

Source: McKinsey, 2022.
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IS MINING FOR EV METALS AND MINERALS LIKELY TO
KEEP UP WITH PROJECTIONS LIKE THOSE OF THE IEA
AND MCKINSEY?

A critical assumption embedded in the idea of an EV fransition is that the
world will be able to produce the materials—particularly the metals—
needed to build electric vehicles, in government’s chosen quantities,
on government’s chosen fimelines. Those materials include numerous
metals, including copper, lithium, nickel, manganese, cobalt, graphite,
and a smattering of other metals and minerals generally lumped into
the category of rare earth elements. Skeptical voices are, well, skeptical.

In an interview with Yahoo! Finance, Keith Phillips, CEO of Piedmont
Lithium (PLL), told reporter Akiko Fujita that “There's going to be a real
crunch to get the material. We don’'t have enough in the world to turn
that much [lithium] production in the world by 2035." Phillips continued
to explain that, “..a slow permitting process has stalled approvals for
new production sites. Meanwhile, China has continued to dominate
the industry, refining more than half of all lithium supply while Aus-
tralia and Chile remain the largest producers in the world. Projects get
permitted [in Australia] in under a year... Here, it's two, four, six, seven,
eight years, which is a problem, especially in a business that's booming
so fast” (Fujita, 2022).

Others believe the fears of a Lithium crunch are overblown. In an article
by David Kramer in Physics Today, Benchmark (a mineral-market anal-
ysis firm) product director Andrew Miller observes that while forecast
shortages take into account what's happening now, and known to be
in development, “lithium is not scarce, so the question is how quickly
resources can be developed or accelerated to meet these requirements.”
In the same article, Roderick Eggert,an economics professor at the Col-
orado School of Mines, is quoted as observing, “There is a significant
amount of unused mining capacity, principally in Australia, that should
allow growth in demand over the next few years to be met without a
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dramatic increase in price.” Eggert further observes that “There are a
lot of undeveloped resources from both Australia and South America,
and they will compete against one another” (Kramer, 2021).

For all that mining is a massive global endeavour, hard data on the
timelines of mining planning, permitting, construction, and produc-
tion are scarce in publicly accessible literature. The Fraser Institute has
aftempted fo measure timeline uncertainty, and its growth, in publi-
cations since 2015. In the first effort, the author (with colleague Taylor
Jackson), looked at the timelines of permit acquisition in Canada. What
we found, even then, is grounds for skepticism about the rapid expan-
sion of mining activities in Canada, or in countries with comparable
regulatory regimes (Green and Jackson, 2015).

As figure 9 shows, even in 2014 (when the data was gathered) mining
permit times in Canada were perceived by mining company executives
(globally) to have been lengthening for 10 years.

Mining permitting and development timelines do not look much better
in the United States. In an article in Mining Magazine from 2020, Kevin
Shaw and Dan Whitmore give an example of one US-based mining
endeavour that took rather longer than expected: “The property for
the Kensington gold mine was purchased in 1987. The initial permits

Figure 9: Changes in the Time-to-Permit Approval, 2004 to 2014.
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for the mine were requested in 1990, and production was anficipated
to commence in 1993; however, a series of permitting issues resulted
in the mine only beginning commercial production in 2010 (a delay
of 17 years). Litigation concerning a key permit that had been issued
went all the way to the U.S. Supreme Court before being upheld. At the
outset, the Kensington gold mine was estimated to cost US$195 mil-
lion to build. The final cost for construction was USS$290 million. At the
beginning of the project, production costs were estimated o be US$225
per ounce of gold. At the end, production costs had increased by 34
percent per ounce and the company reduced its anticipated production
of gold by almost a third” (Shaw and Whitmore, 2020).

Shaw and Whitmore described another US mining project, the Rose-
mont Copper project, that was submitted to the US Forest service for
approval in 2007, but litigation and opposition by indigenous groups
delayed the project for over 13 years (Shaw and Whitmore, 2020).

A 2016 report by the United States Government Accountability Office
(GAO) is somewhat dated, but its key findings are still revealing:

From fiscal years 2010 through 2014, BLM [Bureau of Land Manage-
ment] approved 66 mine plans, and the Forest Service approved 2
mine plans for hardrock mines that varied by mineral type, mine
size, and location. The length of time it took for the agencies to
reach the third step of the five-step mine plan review process—the
step in which the mine plan is approved—ranged from about 1
month to over 11 years and averaged approximately 2 years. (GAO,
2016)

In figure 10, the International Energy Administration also offers data
regarding the timelines for development of lithium and nickel mines,
both globally and in select jurisdictions. As a reminder, lithium, the
component most crucial for electric vehicle batteries, is likely to be the
rate-controlling metal needed for the EV transition to unfold according
to the various ambitious governmental timelines.

The IEA also discusses the importance of investment lead times in the
production of various elements and stages of EV battery production.

fraserinstitute.org
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Figure 10: Mining Project Development Lead Times (in Years)

Project development lead times: Market tightness can appear much more quickly than new projects

Global average lead times from discovery to production, 2010-2019
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Note: Global average values are based on the top 35 mining projects that came online between 2010 and 2019.
Source: IEA analysis based on S&P Global (2020), S&P Global (2019a) and Schodde (2017).

Source: IEA, 2021b: 122.

Figure 11 shows what IEA considers “typical” lead times to initial pro-
duction (i.e., mining) of lithium, nickel, and battery cathode ingredients
(such as cobalt and magnesium), production of the batteries them-
selves, and production of electric vehicles. As can be seen, the lead
times—the time before production begins—are relatively short for
the actual manufacturing and building of products (EVs and batteries),
but significantly longer for the metals and minerals that go info them.
While the lead time for manufactured aspects of EV production, such
as EV production itself, is only estimated at about three years in this
figure, and battery production at about five years, lithium and nickel
lead times are upwards of 15 years.

Finally, historic frends in mining, at least in the US, do not lend much
confidence to the idea of a massive, rapid increase in the production
of EV metals or other mined materials. The US National Institute of
Occupational Safety and Health (NIOSH) data shows that in the US at
least, the number of active mines has declined steadily since 1983, with
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metals production peaking slightly from 2000 to 2010, then leveling
off through 2021 (figure 12). Note that as of 2021, the US had only 270
metal mines in operation and Canada, according to data-aggregator
Statista, had 70 metals mines and 931 non-metals mines in production
that year, for a total of 1,001 active mines (Statista, 2023).

Figure 11: Typical Lead Times to Initial Production for Selected Steps in the
EV Battery Supply Chain

Meeting battery metal demand in 2030 and beyond requires investment to be
mobilised now, particularly in new mining capacity

Range of typical lead times to initial production for selected steps in EV battery supply chain
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Figure 12: Number of Active Mines in the United States by Sector and Year, 1983 to 2021
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Source: Centers for Disease Control and Prevention, 2023.
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DISCUSSION AND CONCLUSION

Global governments, including the governments of Canada and the
United States, have adopted ambitious targets for the electrification
of transportation in furtherance of climate policies adopted by those
same governments.

To summarize, both Canada and the United States have adopted aggres-
sive fargets for the adoption of electric vehicles. In Canada’s case, the
current goal is to “reach 35% of tofal new medium- and heavy-duty
vehicle sales being zero-emission vehicles by 2030. In addition, the
government will develop a medium- and heavy-duty zero-emission
vehicle regulation to require 100% of new medium- and heavy-duty
vehicle sales fo be zero-emission vehicles by 2040” (Canada, 2022: 1).
For the United States, the goal is “that 50 per cent of all new passenger
cars and light frucks sold in 2030 be zero-emission vehicles, including
battery electric, plug-in hybrid electric, or fuel cell electric vehicles.”
(United States Federal Register, 2021) Internationally, the International
Energy Agency finds that “the collective farget of the EV30@30 signato-
ries [a coalifion of city governments and EV industry groups] to achieve
30% sales share in 2030 for light-duty vehicles, buses and frucks is sur-
passed at the global level (reaching almost 35%), which reflects increas-
ing ambitions for widespread EV deployment” (IEA, 2021c).

With these highly ambitious timelines comes increased demand for the
metals and minerals needed to produce electric vehicles and batteries.
The International Energy Agency estimates that “Mineral demand for
[EV battery] storage in the SDS [Sustainable Demand Scenario] grows
by over 30 fimes between 2020 and 2040, with demand for nickel and
cobalt growing by 140 times, and 70 times respectively” (IEA 2021b:
104).

Experience with mining production lead times, as discussed above, sug-
gest that for metals such as lithium and nickel, lead times of close to 15
years are common. In turn, this suggests that IEA’s predicted aggressive
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growth rates are unlikely to be feasible over such short time horizons.
In the case of the 2030 scenarios, there are only 7 years remaining to
achieve a significant expansion of metals production.

As mentioned in the Globe and Mail article cited earlier, "It can take up
to 25 years to get a minerals mine into production [in Canada]—far
slower than international competitors such as Australia. Speaking to
reporters after the panel, Mr. Wilkinson [Canada’s Minister of Natural
Resources] said the average ftime it takes is about 12 to 15 years, but
added that even that is too long. ‘If it takes us 12 to 15 years, we are
going fto have a real problem,” he said (Walsh and Graney, 2023).

Finally, plans for a rare earth elements mine in Kiruna, Sweden, also
suggest that the timeline to production is lengthy. In a press release
from mining company LKAB, the company president observes:

“If we look at how ofther permit processes have worked within our

industry, it will be at least 10-15 years before we can actually begin
mining and deliver raw materials fo the market. And then we are
talking about Kiruna, where LKAB has been mining ore for more
than 130 years. Here, the European Commission’s focus on this
issue, to secure access to critical materials, and the Crifical Raw
Materials Act the Commission is now working on, is decisive. We
must change the permit processes to ensure increased mining of
this type of raw material in Europe. Access is today a crucial risk
factor for both the competitiveness of European industry and the
climate fransition,” says Jan Mostrém. (LKAB, 2022)

Government’s history with picking winning and losing technologies,
and executing on those choices over longer timeframes that involve
high levels of uncertfainty is not particularly encouraging. In the case
of vehicle electrification, it may seem different this time—that the
transition is inevitable, and that all of the investments, and planning,
and development of new mines and refining facilities may bear fruit.
But if it does, in this electric vehicle space, it will be a surprising resulf.
Previous efforts to enshrine electric vehicles dating back to the mid-
1900s have failed repeatedly, leaving behind the economic wreckage
of those who, in good faith, dove headlong into government’s plans,
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along with unwitting and sometimes unwilling taxpayers who were tapped
to fund the effort.

Fossil fuels may be derided for
their notorious boom and bust

€6 :
Because the conceit of cycles, but government’s pick-
planners vastly outstrips their ing and choosing what they
knowledge of the fine workings think will be winning tech-

logies in the market and
of the economy... government nologles I e market an

. ... in society also has boom and
technology-choosing initiatives

bust cycles. However, because

offer far more bust than boom.” the conceit of planners vastly
. outstrips their knowledge of
the fine workings of the economy, as economists like Milton Friedman and

others have repeatedly observed, government technology-choosing initia-
tives offer far more bust than boom. This is the most likely prospect for the
global government push to mandate vehicle electrification at massive scale
and at prohibitively high speed.

fraserinstitute.org



22 Kenneth P. Green

REFERENCES

Canada (2022). Canada'’s Action Plan for Clean On-Road Transportation. Government
of Canada. <https:/fc.canada.ca/en/road-transportation/publications/canada-s-
action-plan-clean-road-transporfation>, as of November 8, 2023.

Canada Gazette (2022). Canada Gazette, Part I, Volume 156, Number 53: Regulations
Amending the Passenger Automobile and Light Truck Greenhouse Gas Emission
Regulations. Government of Canada. <https:/canadagazette.gc.ca/rp-pr/
p1/2022/2022-12-31/html/reg1-eng.html>, as of November 8, 2023.

Centers for Disease Control and Prevention [CDC] (2023). Number of Active Mines by
Sector and Year, 1983-2021. NIOSH Mining. CDC. <hftps:/wwwn.cdc.gov/niosh-
mining/MMWC/Mine>, as of November 8, 2023.

D’Andrea, Aaron (2023, January 16). Ottawa OKs Lithium Mine Project as Trudeau Visits
Rare Earth Elements Plant. Global News. <https:/globalnews.ca/news/9412972/
justin-trudeau-saskatoon-plant-visit/>, as of November 8, 2023.

Frew, Nicholas, and Daniella Ponticelli (2023, January 16). Justin Trudeau Visits Rare
Earth Elements Processing Planf in Saskatoon. CBC News. <https://vitalmetals.com.
au/portfolio/nechalacho-project/>, as of November 8,2023.

Fujita, Akiko (2022, September 5). “We Don't Have Enough” Lithium Globally to Meet
EV Targets, Mining CEO Says. Yahoo! Finance. <hftps://finance.yahoo.com/news/
lithium-supply-ev-targefs-miner-181513161.html>, as of November 8, 2023.

Green, Kenneth P, and Taylor Jackson (2016). Permit Times for Mining Exploration: How
Long Are They? Fraser Institute. <https:/www.fraserinstitute.org/sites/default/files/
permit-fimes-for-mining-exploration-how-long-are-they.pdf>, as of November 8,
2023.

International Energy Agency (IEA 2021a). Global EV Outlook 2021. IEA. <hftps:/
iea.blob.core.windows.net/assets/ed5f4484-f556-4110-8c5c-4ede8bcbab37/
GlobalEVOutlook2021.pdf>, as of November 8, 2023. (Note: the online HTML
version of this report is not identical to the “published,” PDF version of the report.
In specific, the graphics are frequently not presented in comparable formats.)

International Energy Agency (IEA 2021b). The Role of Critical Minerals in Clean
Energy Transitions. World Energy Outlook Special Report. IEA. <hftps:/www.iea.
org/reports/the-role-of-crifical-minerals-in-clean-energy-fransitions>, as of
November 8, 2023.

International Energy Agency [IEA] (2021c). Global EV Outlook 2021: Prospects for Electric
Vehicle Deployment. IEA. <https://www.iea.org/reports/global-ev-outlook-2021/
prospects-for-electric-vehicle-deployment>, as of November 8, 2023. (Note: The
online HTML version of this report is not identical to the “published,” PDF version
of the report. In specific, the graphics are frequently not presented in comparable
formats.)

International Energy Agency (IEA 2021d). Minerals Used in Electric Cars Compared fo
Conventional Cars. IEA (May 5). <hftps:/www.iea.org/data-and-stafistics/charts/
minerals-used-in-elecfric-cars-compared-to-conventional-cars>, as of November
8,2023. (Note: From an html/online version of IEA 2021b).

fraserinstitute.org



Can Metal Mining Match the Speed of the Planned Electric Vehicle Transition? 23

International Energy Agency (IEA 2022). Global EV Outlook 2022. IEA. <https:/
iea.blob.core.windows.net/assets/ad8fb04c-4f75-42fc-973a-6e54c8a4449a/
GlobalElectricVehicleOutlook2022.pdf>, as of November 8, 2023.

Kramer, David (2021). Fears of a Lithium Supply Crunch May Be Overblown.
Physics Today 74,5 (May): 20-22. <https:/pubs.aip.org/physicstoday/
article/74/5/20/904801/Fears-of-a-lithium-supply-crunch-may-be>, as of
November 8, 2023.

LKAB (2022). Europe’s Largest Deposit of Rare Earth Metals is Located in the Kiruna
Area. Press Release. LKAB. <hftps:/mb.cision.com/Main/11419/3696865/1777621.
pdf>, as of November 8, 2023.

McKinsey (2022, January 10). The Raw-Materials Challenge: How the Metals and
Mining Sector Will Be at the Core of Enabling the Energy Transition. McKinsey
and Company. <https:/www.mckinsey.com/industries/metals-and-mining/our-
insights/the-raw-materials-challenge-how-the-metals-and-mining-sector-will-
be-af-the-core-of-enabling-the-energy-transition>, as of November 8, 2023.

Saskatchewan (2020, June 3). New Lithium Production Project in Saskafchewan.
News Release. Government of Saskatchewan. <https://www.saskatchewan.
ca/government/news-and-media/2020/june/03/lithium-production>, as of
November 8, 2023.

Scherer, Steve (2023, April 20). Canada Offering More than C$13 Billion for VW
Battery Plant. Reuters. <https:/www.reuters.com/business/autos-transportation/
canada-offering-more-than-c13-bln-over-decade-volkswagen-battery-plant-
govt-2023-04-20/>, as of November 8, 2023.

Shakil, Ismail (2023, July 6). Canada Agrees Up to C$15 Billion in Incentives for
Stellantis-LGES Battery Plant. Reuters. <hftps:/www.reuters.com/business/autos-
transportation/canada-ontario-give-up-c15-bin-incentives-stellantis-lges-battery-
plant-2023-07-06/>, as of November 8, 2023.

Shaw, Kevin, and Dan Whitmore (2020). The permitting process. Mining Magazine
(June 12). <hftps:/www.miningmagazine.com/sustainability/news/1388075/the-
permitting-process>, as of November 8, 2023 [paywall].

Statista (2023). Number of Mines in Canada in 2020, by Type. Statista. <https:/www.
statista.com/statistics/1184643/number-mines-canada-by-type/>, as of November
8,2023.

United States Federal Register (2021). Executive Order 14037: Strengthening American
Leadership in Clean Cars and Trucks. Government of the United States, National
Archives. <https://www.federalregister.gov/documents/2021/08/10/2021-17121/
strengthening-american-leadership-in-clean-cars-and-trucks>, as of November 8,
2023

United States Federal Register (2021b). Executive Order 14057: Catalyzing Clean Energy
Industries and Jobs Through Federal Sustainability. Government of the United
States, National Archives. <hftps:/www.govinfo.gov/content/pkg/FR-2021-12-13/
pdf/2021-27114.pdf>, as of November 8, 2023.

United States, Government Accountability Office [GAQ] (2016). Hardrock Mining: BLM
and Forest Service Have Taken Some Actions to Expedite the Mine Plan Review
Process but Could Do More. Report to the Chairman, Committee on Nafural
Resources, House of Representatives. Government of the United States. <hftps:/
Www.gao.gov/assefs/gao-16-165.pdf>, as of November 8, 2023.

fraserinstitute.org



24 Kenneth P. Green

Vital Mefals (2020). Nechalacho Project, Canada. Vital Metals. <https://vitalmetals.com.
au/portfolio/nechalacho-project/>, as of November 8, 2023.

Voelcker, John (2022, September 26). Hydrogen Fuel-Cell Vehicles: Everything You
Need to Know. Car and Driver. <https://www.caranddriver.com/features/a41103863/
hydrogen-cars-fcev/>, as of November 8, 2023.

Walsh, Marieke, and Emma Graney (2023, February 8). Canada Needs to Move Quickly
on Production of Critical Minerals, Says IEA. Globe and Mail. <https:/www.the-
globeandmail.com/politics/article-security-minerals-production-canada-iea/>, as
of November 8,2023.

fraserinstitute.org



Can Metal Mining Match the Speed of the Planned Electric Vehicle Transition? 25

ABOUT THE AUTHOR

Kenneth P. Green is a Fraser Institute senior fellow
and author of over 800 essays and articles on pub-
lic policy, published by think tanks, major news-
papers, and technical and trade journals in North
America. Mr. Green holds a doctoral degree in envi-
ronmental science and engineering from UCLA, a
master’'s degree in molecular genetics from San
Diego Stafe University, and a bachelors degree in
general biology from UCLA.

Acknowledgments

The author wishes to thank the reviewers for their comments. Any
remaining errors are the sole responsibilities of the authors. 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



26 Kenneth P. Green

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 © 2023 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
critical articles and reviews.

Date of issue
November 2023

ISBN
978-0-88975-760-8

Citation

Kenneth P. Green

Can Metal Mining Match the Speed of the Planned Electric Vehicle
Transition?

<http://www.fraserinstitute.org>

fraserinstitute.org



Can Metal Mining Match the Speed of the Planned Electric Vehicle Transition?

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 fopic area being addressed.
Whenever possible, external review is a blind process. Updates fo
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 furn for help in resolving the dispute.

27

fraserinstitute.org



28 Kenneth P. Green

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*t
Sir Alan Walters*

Prof. Edwin G. West*



	FAILURE TO CHARGE A Critical Look at Canada’s EV Policy
	Can metal mining match the speed of the planned electric vehicle transition? 
	Policy background
	What do global vehicle electrification goals look like, numerically?
	How will global vehicle electrification influence mineral and metal production requirements?  
	Is mining for EV metals and minerals likely to keep up with projections like those of the IEA and McKinsey? 
	Discussion and Conclusion
	References
	About the Author
	Publishing Information
	About the Fraser Institute
	Peer review—validating the accuracy of our research

	Editorial Advisory Board




