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Electric car sales continue to break records, but mineral supply constraints are looming

Few areas in the world of clean energy are as dynamic as the electric
car market. Sales of electric vehicles (EVs) doubled in 2021 from the
previous year to a new record of 6.6 million. Back in 2012, just
120 000 electric cars were sold worldwide. In 2021, more than that
many are sold each week. Nearly 10% of global car sales were
electric in 2021, four times the market share in 2019. This brought
the total number of electric cars on the world’'s roads to about
16.5 million, triple the amount in 2018. Global sales of electric cars
have kept rising strongly in 2022, with 2 million sold in the first
quarter, up 75% from the same period in 2021.

The success of EVs is being driven by multiple factors. Sustained
policy support is the main pillar. Public spending on subsidies and
incentives for EVs nearly doubled in 2021 to nearly USD 30 billion. A
growing number of countries have pledged to phase out internal
combution engines or have ambitious vehicle electrification targets
for the coming decades. Meanwhile, many carmakers have plans to
electrify their fleets that go further than policy targets. Finally, five
times more new EV models were available in 2021 than in 2015,
increasing the attractiveness for consumers. The number of EV
models available on the market is around 450.

The increase in EV sales in 2021 was primarily led by the People’s
Republic of China (“China”), which accounted for half of the growth.
More vehicles were sold in China in 2021 (3.3 million) than in the

entire world in 2020. Sales in Europe showed continued robust
growth (up 65% to 2.3 million) after the 2020 boom, and they
increased in the United States as well (to 630 000) after two years of
decline. The first quarter of 2022 showed similar trends, with sales in
China more than doubling compared with the first quarter of 2021
(accounting for most of global growth), a 60% increase in the United
States and a 25% increase in Europe.

In China, electric cars are typically smaller than in other markets.
This, alongside lower development and manufacturing costs, has
contributed to decreasing the price gap with conventional cars. In
2021, the sales-weighted median price of EVs in China was only 10%
more than that of conventional offerings, compared with 45-50% on
average in other major markets. China accounts for 95% of new
registrations of electric two- and three-wheeler vehicles and 90% of
new electric bus and truck registrations worldwide. Electric two- and
three-wheeler vehicles now account for half of China’s sales. The
speed of charging infrastructure roll-out in China is faster than in most
other regions.

By contrast, EV sales are still lagging in other emerging and
developing economies, where the few models that are available
remain unaffordable for mass-market consumers. In Brazil, India and
Indonesia, fewer than 0.5% of car sales are electric. However, EV
sales doubled in a number of regions in 2021 — including in India—
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which could pave the way for quicker market uptake by 2030 if
supporting investments and policies are in place.

Sales keep rising, but much more needs to be done to
support charging infrastructure and heavy-duty vehicles

The Covid-19 pandemic and Russia’s war in Ukraine have disrupted
global supply chains, and the car industry has been heavily impacted.
In the near future, EV delivery delays to customers may dampen
sales growth in some markets. But in the longer term, government
and corporate efforts to electrify transport are providing a solid basis
for further growth in EV sales. The IEA Announced Pledges Scenario
(APS), which is based on existing climate-focused policy pledges and
announcements, presumes that EVs represent more than 30% of
vehicles sold globally in 2030 across all modes (excluding two- and
three-wheelers). While impressive, this is still well short of the 60%
share needed by 2030 to align with a trajectory that would reach net
zero CO2 emissions by 2050. Under current policy plans reflected in
the |IEA Stated Policies Scenario (STEPS), EVs reach just over 20%
of sales in 2030, increasing the stock 11-fold from today’s levels to
200 million vehicles.

The global market value of electricity for EV charging is projected to
grow over 20-fold in the APS, reaching approximately
USD 190 billion by 2030, which is is equivalent to about one-tenth of
today’s diesel and gasoline market value. Yet, the amount of public
charging infrastructure that has been announced might be insufficient
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to power the size of the EV market being targeted. There are
important variations across countries terms of charging
infrastructure roll-out speed and need. The suitable number of
chargers per EV will depend on local specificities such as housing
stock, typical travel distances, population density and reliance on
home charging. Charging at home and workplace are likely to supply
much of the demand overall, but the number of public chargers still
needs to expand ninefold and reach over 15 million units in 2030 to

in

meet the levels envisaged in the APS and provide consumers with
adequate and convenient coverage.

Electric trucks have so far been substantially deployed only in China,
thanks to strong government support. In 2021, however, several
other countries announced support for heavy truck electrification.
Truck manufacturers have also developed new electric truck models:
more than 170 were available outside China in 2021. Rapid
deployment will be needed to keep pace with government
announcements, and further efforts will be needed to meet net zero
ambitions. The electric trucks accounted for just 0.3% of global truck
sales in 2021. This needs to reach around 10% by 2030 in the APS,
and 25% in the IEA’s Net Zero Emissions by 2050 Scenario (NZE).
Short-haul trucks are the segment that can be electrified fastest, and
for the most part these do not need a wide charging network if depot
charging is available. Longer-range trucks will require high-power
chargers that are currently expensive and often require significant
grid upgrades. As a result, early planning and investments are crucial
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to minimise the strain on the grid and provide a suitable network for
the next stage of heavy-duty vehicle electrification.

The simultaneous electrification of road transport and the deployment
of decentralised variable renewables such as rooftop solar will make
power grid distribution more complex to manage. Grid simulations
suggest that between now and 2030, EV loads in major car markets
should not pose significant challenges. This is because EVs are likely
to account for less than 20% of the overall vehicle stock in most
countries. However, some early adopter cities could face grid
congestion pressures between now and 2030. Digital grid
technologies and smart charging hold the key to transforming EVs
from a grid integration challenge to an opportunity for grid
management.

Electrifying transport helps address air pollution, oil
import dependency and climate change

Electrifying transport has multiple benefits. Russia’s invasion of
Ukraine has brought the role of EVs in reducing oil demand to the
fore; it is one of the 10 measures proposed by the IEA to cut oil use
in the near term. EV deployment in line with the pledges and
announcements in the APS suggests a displacement (excluding two

and three wheelers) of 1.6 million barrels per day (mb/d) of oil by
2025, and 4.6 mb/d by 2030. In terms of climate change, EVs achieve
net greenhouse gas emissions reduction of nearly 580 Mt CO2-eq in
the APS on a well-to-wheel basis compared to an equivalent use of

ICE vehicles — more than Canada’s energy-related CO, emissions
today. Electrifying transport naturally boosts electricity demand: in the
APS, EVs are projected to account for about 4% of total final
electricity demand by 2030. At 1 100 terawatt-hours (TWh), electricity
demand from EVs globally in 2030 in the APS is equivalent to twice
today’s total electricity use in Brazil.

Focus is on critical minerals as battery markets expand

The rapid increase in EV sales during the pandemic has tested the
resilience of battery supply chains, and Russia’s war in Ukraine has
further exacerbated the challenge. Prices of raw materials such as
cobalt, lithium and nickel have surged. In May 2022, lithium prices
were over seven times higher than at the start of 2021.
Unprecedented battery demand and a lack of structural investment in
new supply capacity are key factors. Russia’s invasion of Ukraine has
created further pressures, since Russia supplies 20% of global high-
purity nickel. Average battery prices fell by 6% to USD 132 per
kilowatt-hour in 2021, a slower decline than the 13% drop the
previous year. If metal prices in 2022 remain as high as in the first
quarter, battery packs would become 15% more expensive than they
were in 2021, all else being equal. However, given the current oil
price environment the relative competitiveness of EVs remains
unaffected.

Today’s battery supply chains are concentrated around China, which
produces three-quarters of all lithium-ion batteries and is home to
70% of production capacity for cathodes and 85% of production
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capacity for anodes (both are key components of batteries). Over half
of lithium, cobalt and graphite processing and refining capacity is
located in China. Europe is responsible for over one-quarter of global
EV production, but it is home to very little of the supply chain apart
from cobalt processing at 20%. The United States has an even
smaller role in the global EV battery supply chain, with only 10% of
EV production and 7% of battery production capacity. Both Korea and
Japan have considerable shares of the supply chain downstream of
raw material processing, particularly in the highly technical cathode
and anode material production, Korea is responsible for 15% of
cathode material production capacity, while Japan accounts for 14%
of cathode and 11% of anode material production. Korean and
Japanese companies are also involved in the production of other
battery components such as separators.

Mining generally takes place in resource-rich countries such as
Australia, Chile and the Democratic Republic of Congo, and is
handled by a few major companies. Governments in Europe and the
United States have bold public sector initiatives to develop domestic
battery supply chains, but the majority of the supply chain is likely to
remain Chinese through 2030. For example, 70% of battery
production capacity announced for the period to 2030 is in China.

Pressure on the supply of critical materials will continue to mount as
road transport electrification expands to meet net zero ambitions.
Additional investments are needed in the short term, particularly in
mining, where lead times are much longer than for other parts of the
supply chain. Projected mineral supply until the end of the 2020s is

in line with the demand for EV batteries in the STEPS. But the supply
of some minerals such as lithium would need to rise by up to one-
third by 2030 to match the demand for EV batteries to satisfy the
pledges and announcements in the APS. For example, demand for
lithium — the commodity with the largest projected demand-supply
gap —is projected to increase sixfold to 500 kilotonnes by 2030 in the
APS, requiring the equivalent of 50 new average-sized mines.

There are other variables affecting demand for minerals. If current
high commodity prices endure, cathode chemistries could shift
towards less mineral-intensive options. For example, the lithium iron
phosphate chemistry does not require nickel nor cobalt, but comes
with a lower energy density and is therefore better suited for shorter-
range vehicles. Their share of global EV battery supply has more than
doubled since 2020 because of high mineral prices and technology
innovation, primarily driven by an increasing uptake in China.
Innovation in new chemistries, such as manganese-rich cathodes or
even sodium-ion, could further reduce the pressure on mining.
Recycling can also reduce demand for minerals. Although the impact
between now and 2030 is likely to be small, recycling’s contribution
to moderating mineral demand is critical after 2030. In the NZE
Scenario, demand grows even faster, requiring additional demand-
side measures and technology innovation. Today’s corporate and
consumer preferrence for large car models such as sports utility
vehicles (SUVs), which account for half of all electric models
available globally and require larger batteries to travel the same
distances, is exerting additional pressure.
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Five recommendations to accelerate the uptake of EVs worldwide

1 — Maintain and adapt support for electric cars

As the electric car market matures, reliance on direct subsidies must
decrease and eventually fade out. Budget-neutral feebate
programmes — which tax inefficient internal combustion engine
vehicles to finance subsidies for low emissions or EVs purchases —
can be a useful transition policy tool. Stringent vehicle efficiency
and/or CO2 standards have promoted EV adoption in most leading
EV markets and should be adopted by all countries seeking to hasten
the transition to electromobility.

2- Kickstart the heavy-duty market

More heavy-duty electric models are available, and electric buses
and trucks are becoming competitive on a total-cost-of-ownership
basis across more and more applications. Policy-led deployment can
help kickstart this sector. Zero emission vehicle sales mandates,
purchase incentives and CO; standards can all help speed up the
transition.

3- Promote adoption in emerging and developing
economies

Electrification of road transport in emerging and developing
economies should prioritise two/three-wheelers and urban buses, as
these vehicle types are most cost competitive. Price signals and

charging infrastructure availability can also help the economic case
for electrification.

4- Expand EV infrastructure and smart grids

Governments should continue to support deployment of publicly
available charging infrastructure at least until there are enough EVs
on the road for an operator to sustain a charging network. Continued
government support, either through regulations requiring the building
out of charging stations or through fiscal policies and support, should
ensure equitable access to charging for all communities to ensure
that nobody is left behind in the transition. Incentivising and
facilitating the installation of home chargers in existing parking
spaces is important. Mandating EV charging readiness for new
buildings can help. At the same time, local authorities should support
the installation of chargers in existing buildings. Co-ordinated plans
on grid expansion and enhancements, including digital technologies
to facilitate two-way communication and pricing between EVs and
grids, are needed now to ensure that EVs can become a resource for
grid stability rather than a challenge.
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5- Ensure secure, resilient and sustainable EV supply
chains

Electrifying road transport requires a wide range of raw material
inputs. While all stages of the supply chain must scale up, extraction
and processing is particularly critical due to long lead times.
Governments must leverage private investment in sustainable mining
of key battery metals and ensure clear and rapid permitting
procedures to avoid potential supply bottlenecks.

Innovation and alternative chemistries that require smaller amounts
of critical minerals, as well as extensive battery recycling, can ease
demand pressure and avoid bottlenecks. Incentivising battery “right-
sizing” and the adoption of smaller cars can also decrease demand
for critical metals.

Governments should strengthen cooperation between producer and
consumer countries to facilitate investment, promote environmentally
and socially sustainable practices, and encourage knowledge
sharing. Governments should ensure traceability of key EV
components and monitor progress of ambitious environmental and
social development goals at every stage of battery and EV supply
chains..
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Electric Vehicles Initiative aims to accelerate EV deployment

The Electric Vehicles Initiative (EVI) is a multi-governmental policy
forum established in 2010 under the Clean Energy Ministerial (CEM).
Recognising the opportunities offered by EVs, the EVI is dedicated to
accelerating the adoption of EVs worldwide. To do so, it strives to
better understand the policy challenges related to electric mobility,
help governments address them and to serve as a platform for
knowledge sharing.

The EVI facilitates exchanges between government policy makers
that are committed to supporting EV development and a variety of
partners, bringing them together twice a year. Its multilateral nature,
openness to various stakeholders and engagement at different levels
of governance (from country to city-level) offer friutful opportunities to
exchange information and to learn from experiences developed by a
range of actors in the transition to electric mobility.

The International Energy Agency serves as the co-ordinator to
support the EVI member governments in this activity. Governments
that have been active in the EVI in the 2020-21 period include
Canada, Chile, People’s Republic of China (hereafter “China”),
Finland, France, Germany, India, Japan, the Netherlands, New
Zealand, Norway, Poland, Portugal, Sweden, United Kingdom and
United States. Canada and China are the co-leads of the initiative.

The Global EV Outlook annual series is the flagship publication of the
EVI. It is dedicated to track and monitor the progress of electric
mobility worldwide and to inform policy makers on how to best
accelerate electrification of the road transport sector..
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Trends and developments in EV markets

Over 16.5 million electric cars were on the road in 2021, a tripling in just three years

Global electric car stock, 2010-2021
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IEA. All rights reserved.

Notes: BEV = battery electric vehicle; PHEV = plug-in hybrid electric vehicle. Electric car stock in this figure refers to passenger light-duty vehicles.

“Other” includes Australia, Brazil, Canada, Chile, India, Japan, Korea, Malaysia, Mexico, New Zealand, South Africa and Thailand. Europe in this figure includes the EU27, Norway,

Iceland, Switzerland and United Kingdom.
Sources: |[EA analysis based on country submissions, complemented by ACEA; CAAM; EAFO; EV Volumes; Marklines.
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Trends and developments in EV markets

Electric car sales more than doubled in China, continued to increase in Europe and picked up
in the United States in 2021

Electric car registrations and sales share in selected countries/regions, 2016-2021
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Notes: The countries/regions shown are the world’s largest EV markets and are ordered by size of the total car market (i.e. all powertrains) in the upper half of the figure and by sales
share of electric cars in the lower charts. Acronyms and geographic groupings are defined in the Notes of the previous figure. Regional EV registration data can be interactively
explored via the Global EV Data Explorer.

Sources: IEA analysis based on country submissions, complemented by ACEA; CAAM; EAFO; EV Volumes; Marklines.
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Trends and developments in EV markets

Electric car sales are accelerating, with China and Europe setting new records

Sales of electric cars reached another record high in 2021 despite
the Covid-19 pandemic and supply chain challenges, including
semiconductor chip shortages. Looking back, about 120 000 electric

cars were sold worldwide in 2012. In 2021, that many were sold in a
week.

After increasing in 2020 despite a depressed car market, sales of
electric cars — battery electric vehicles (BEVs) and plug-in hybrid
electric vehicles (PHEVs) — nearly doubled year-on-year to 6.6 million
in 2021." This brought the total number of electric cars on roads to
over 16.5 million. As in previous years, BEVs accounted for most of
the increase (about 70%).

EV markets are expanding quickly. Electric car sales accounted for
9% of the global car market in 2021 — four times their market share
in 2019. All the net growth in global car sales in 2021 came from
electric cars. Sales were highest in the People’s Republic of China
(“China” hereafter), where they tripled relative to 2020 to 3.3 million
after several years of relative stagnation, and in Europe, where they
increased by two-thirds year-on-year to 2.3 million. Together, China
and Europe accounted for more than 85% of global electric car sales

in 2021, followed by the United States (10%), where they more than
doubled from 2020 to reach 630 000.

China accelerates EV vehicle deployment as a new
five-year plan sets more ambitious objectives

More electric cars were sold in China in 2021 (3.3 million) than in the
entire world in 2020 (3.0 million). China’s fleet of electric cars
remained the world’s largest at 7.8 million in 2021, which is more than
double the stock of 2019 before the Covid-19 pandemic. Over
2.7 million BEVs were sold in China in 2021, accounting for 82% of
new electric car sales. Electric cars accounted for 16% of domestic
car sales in 2021, up from 5% in 2020, and reached a monthly share
of 20% in December, reflecting a much quicker recovery of
EV markets relative to conventional cars.

This impressive growth comes alongside government efforts to
accelerate decarbonisation in the new 14th Five-Year Plan (FYP)
(2021-2025), continuing the trend of progressively strengthening
policy support for EV markets in the past few FYP periods. The
current FYP includes medium-term objectives in transport such as
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reaching an annual average of 20% market share for electric car
sales in 2025. Notably, China had extended subsidies for electric cars
for two years in the wake of the pandemic, with a planned scale-back
of 20% in 2021 and 30% in 2022 — but by the end of 2022 they will
be phased out. There are also a number of subnational regulations
that give preferential treatment to EVs, such as local subsidies or tax
breaks, financial incentives and exemptions from purchase
limitations.

Growth in 2021 in spite of declining subsidies indicates the maturing
of China’s EV markets. Consumer anticipation of declining subsidies
may also have supported record high sales, although the pace at
which subsidies effectively decline warrants further examination.
China’s electric car market can be expected to further expand in 2022
and beyond, as investments from previous years ramp up production
capacity and bear fruit.

Europe sustains strong growth after its 2020 boom,
reaching the world’s highest electric car penetration
rates

In Europe, electric car sales continued to increase in 2021 by more
than 65% year-on-year to 2.3 million, after the boom of 2020. EV
sales remained strong even though the overall automotive market
has not yet fully recovered from the pandemic: total car sales in 2021
were 25% lower than in 2019. Over the 2016-2021 period, EV sales

Trends and developments in EV markets

in Europe increased by a compound annual growth rate (CAGR) of
61%, the world’s highest, above China (58%) and the United States
(32%).

Overall, electric cars accounted for 17% of Europe’s auto sales in
2021. Monthly sales were highest in the last quarter, when electric
car reached a 27% sales share and surpassed diesel vehicles for the
first time. However, the distribution is uneven across countries. The
largest market in terms of number of EVs sold remains Germany,
where electric cars accounted for 25% of new cars sold overall, which
increased to one-in-three in November and December. Germany
offers some of the highest subsidies in Europe.

The highest market share for new electric car sales in 2021 in Europe
are Norway (86%), Iceland (72%), Sweden (43%) and the
Netherlands (30%), followed by France (19%), Italy (9%) and Spain
(8%). For the first time in 2021, the bigger market of the United
Kingdom was not included in European Union-wide regulations,
although it has put in place national law that mirrors EU regulations.
The key driver underpinning EV growth in Europe is the tightening
CO2 emissions standards that occurred in 2020 and 2021. The
expansion of purchase subsidies and tax benefits in major markets
also contributed to the acceleration of sales.

In 2021, there were about 5.5 million electric cars on European roads
— more than three-times the stock of 2019 before the Covid-19
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outbreak. As in previous years, new sales were evenly split between
BEVs and PHEVs, in contrast to China where BEVs typically score a
clear lead. In 2021, Europe’s stock of electric cars was about 55%
BEVs, a share that has remained steady since 2015 and is lower than
other regions such as China (80%) and the United States (65%). This
may reflect a corporate strategy among European automakers and
original equipment manufacturers (OEMs) of offering PHEV versions
of many large and high-end car models to capitalise on their
experience in developing conventional drivetrains (a necessary part
of PHEVs), whereas their experience in electric powertrains is more
recent. In addition, the CO> requlation structure in Europe makes
PHEVs very attractive for OEMs in terms of compliance.

A new wave of electric car uptake in the United States

After two years of consecutive decline of 10%, electric car sales
increased in the United States in 2021. About 630 000 electric cars
were sold — more than in 2019 and 2020 combined — bringing the
total stock of electric cars to over 2 million. About 75% of new
EV sales were BEVs, up from 55% just five years ago, resulting in a
higher share of BEVs relative to PHEVs today over the total EV stock
(65%) than in 2015-2016 (about 50%). Relative to other regions, the
overall car market recovered faster from the pandemic in the United
States, but electric cars still doubled their share to 4.5% in 2021.
Tesla accounts for over half of all units sold, and there are generally
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fewer models available in the United States than in other major
markets. Some of the main drivers underpinning growth in the United
States in 2021 were the increased production of Tesla models and
the availability of new generation electric models by incumbent
automakers.
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Global Electric Vehicle Outlook 2022 Trends and developments in EV markets

Available electric car models may reached 450 in 2021, with particular expansion of SUVs

Status and evolution of electric vehicle model availability, 2015-2021
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Sources: |IEA analysis based on EV Volumes and Marklines.
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Trends and developments in EV markets

Automakers accelerate efforts to offer new electric options and EV driving range continues to

expand

Five times more models in 2021 than in 2015

Globally, there were over 450 electric car models available in 2021,
an increase of more than 15% relative to 2020 offerings and more
than twice the number of models available in 2018. Over the 2015-
2021 period, the CAGR for new models was 34%. The increase in
the number of available EV car models is associated with a notable
increase in sale volumes in all markets. This reflects the interests of
automakers to capture EV market share by producing new options
quickly to appeal to an broadening pool of consumers.

As in previous years, China offers the broadest portfolio, with nearly
300 models available, compared with 184 in Europe and nearly 65 in
the United States. Thanks to consistently high electric car sales,
Chinese automakers have been able to diversify offerings and market
a larger number of products over the years. Availability increased in
all major markets relative to 2020, but increased more in Europe
(26%) and the United States (24%) than in China (13%) as these
markets catch up.

Automakers and consumers continue to prefer SUVs

In 2021, global sales of conventional sport utility vehicles (SUVs)
marked another record, setting back efforts to reduce emissions. This

development is also seen in EV markets. SUVs and luxury models
typically generate much larger profit margins, which is one reason
why automakers promote them and boost supply. About half of the
electric car models available in major markets in 2021 were SUVs,
far ahead of small (10%) or medium-size models (23%).

Small models found most success in China (13% of available
models), with the example of the best-selling Wuling Hongguang Mini
EV, and least in the United States (2%). In China, there were more
than ten new offerings for small and medium cars relative to 2020 (up
13%), versus 22 new models offered for larger models and SUVs (up
13% as well). Meanwhile, there were many more new offerings for
large models and SUVs in Europe and the United States — about 50
in total — than for small and medium EVs, hence the number of
models available in these segments increased disproportionately.

While smaller electric car models are BEVs for the most part, the
share of PHEVs in larger models and SUVs is higher, especially in
Europe and the United States. This may result from automakers
discontinuing some high power, luxury conventional vehicle models
to offer these as PHEVs instead. In 2022 and beyond, expectations
are for even more electric SUVs to reach markets as automakers and
OEMs accelerate efforts to electrify this fast growing segment to
simultaneously seek profits from larger models and comply with
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policy and market regulations. This is expected to result in even
higher demand for large battery designs and the raw materials to
produce them.

BEV and PHEYV driving range is increasing, albeit slowly

Over the 2015-2019 period, the sales-weighted average range of new
BEVs increased steadily at a 12% annual growth rate on average,
but then stagnated in 2019-2020, and only moderately increased in
2021 (up 3.5%), to reach 350 kilometres (km). The CAGR over the
2015-2021 period remained high at 9%, reflecting sustained efforts
to improve vehicle efficiency and increase battery size. The sales-
weighted average driving range of new PHEVs increased by 8.5% in
2021 and exceeded 60 km for the first time, after several years of
relative slow growth, resulting in a 2.7% CAGR over the 2015-2021
period. This increase in part is due to the availability of new PHEV
models equipped with larger batteries and thus lower rated CO:
emissions.

Driving range remains an important consideration for consumers.
Automakers typically aim for longer ranges to boost sales. On the
other hand, increasing driving range typically implies larger batteries,
increased resource needs and higher prices. In the long run, driving
range is likely to plateau, as a market optimal vehicle range is
reached and fast charging becomes more widely available.
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Evolution of average range of electric vehicles by powertrain
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Notes: Range is sales-weighted and normalised to the Worldwide Harmonized Light
Vehicle Test Procedure for all regions. Range for PHEVs refers to the all-electric
electric drive range.

Sources: IEA analysis based on EV Volumes.
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EV model availability and sales share have increased significantly

Number of available EV models relative to EV sales share in selected countries, 2016 and 2021
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Electric car sales spiked in emerging markets in 2021

Electric car models available in selected emerging markets by segment (left), sales and models available by region 2016-2021 (right)
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Notes: The countries shown are expected to receive funds from the Global Environment Facility (GEF) and be part of the Global E-Mobility Programme which aims to support countries
with a shift to electromobility. Africa includes Burundi, Cote d' Ivoire, Ethiopia, Ghana, Kenya, Madagascar, Mauritius, Mozambique, Rwanda, Senegal, Seychelles, Sierra Leone, South
Africa, Tanzania, Togo, Tunisia, Uganda and Zambia. Asia includes Bangladesh, India, Indonesia, Maldives, Nepal, Philippines, Sri Lanka, Thailand and Viet Nam. Eastern Europe,
Central and West Asia include Albania, Armenia, Belarus, Jordan, Uzbekistan and Ukraine. Latin America and Caribbean include Antigua and Barbados, Argentina, Belize, Colombia,
Costa Rica, Chile, Dominican Republic, Ecuador, El Salvador, Grenada, Guatemala, Honduras, Jamaica, Nicaragua, Panama, Paraguay, Peru, St Lucia and Uruguay. The number of
available models refers to unique models across the selected sample of countries (all “GEF countries” in the left figure, and by region in the right figure). In the top figure, the number of
available models includes BEVs and PHEVs. Luxury models are excluded. Crossover models refer to small SUVs.

Sources: |[EA analysis based on EV Volumes.
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EV sales and model availability remain limited in emerging markets, despite positive signals

Sales of electric cars picked up in 2021

Electric cars have not met similar success in all regions in the last
decade. China, Europe and the United States account for nearly two-
thirds of the overall electric car market and their aggregated sales
represented 95% of total electric car sales in 2021. In large
economies such as Brazil, India and Indonesia, EVs account for less
than 0.5% of total sales, with some growth over the last years, albeit
from low sales levels.

There were positive developments in 2021, however, possibly
signalling stronger prospects. Electric car sales in emerging markets
spiked to unprecedented levels in 2021: more than doubling in Asia
to 33 000; in Eastern Europe, Central and West Asia to 32 000; and
in Latin America and the Caribbean to 18 000. In Eastern Europe,
Central and West Asia, this growth was led by BEVs, which
accounted for about 65% of new electric car sales. In Latin America
and the Caribbean, sales were more evenly split with PHEVs.
Although electric car sales remained low across Africa, they
increased by 90%, of which BEVs accounted for 85%.

Model availability remains limited and prices high

Few EV models are available in emerging markets. In 2021, there were
only 90 distinct models available across members of the Global
Environment Facility’s Global E-Mobility Programme, which counts

PAGE | 24

more than 50 countries. Less than 20 models were available
throughout Africa, and less than 40 in emerging Asian markets. In Latin
America and the Caribbean 75 models were available, which are
slightly above the number of models in the United States, but far
behind Europe and China.

Available models tend to be the larger or more expensive ones in
emerging markets. Across the countries in the GEF programme, two-
thirds of the available models were large cars and SUVs in 2021, which
is similar to Europe and the United States despite stark disparities in
purchasing power. In India, Tata’s Nexon BEV SUV was the best-
selling model — accounting for two-thirds of EV sales — and most other
offerings were SUVs as well. In South Africa, three-quarters of the
available options for electric cars are from high-end brands. Similar
observations can be made across the developing and emering
economies.

For many years, major EV markets such as the China, Europe and
United States also have been dominated by high-end models, before
car manufacturers could offer less expensive, mass-market options.
Even though some small electric vehicle models are now available,
prices remain too high for mass-market consumers in emerging market
countries. As a result, mostly consumers from high income groups are
able to purchase EVs, thereby limiting mass-market adoption. The lack
of widely accessible charging infrastructure and weaker regulatory
push also contribute to slower market uptake in emerging markets and

developing economies.
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Global total spending on electric cars nears USD 280 billion in 2021 and the share of
government support in total spending continues to decline

Consumer and government spending on electric cars, 2016-2021 Government spending on electric cars by region, 2016-2021
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Only central government purchase support policies for electric cars are taken into account. Consumer spending is the total expenditure based on model price, minus government
incentives. Incentives provided for company cars are not included.

Sources: IEA analysis based on EV Volumes.
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Consumers and governments spend more and more on electric cars

Consumer and government spending on electric cars
doubled in 2021, led by considerable increases in China
and Europe

Worldwide consumer and government spending on electric cars
continued to increase in 2021. Consumer spending doubled to reach
nearly USD 250 billion, about eight times what was spent five years
ago. Government spending, such as through purchase subsidies and
tax waivers, also doubled to nearly USD 30 billion. The resulting
government share of total spending for electric cars remained at 10%,
down from about 20% only five years ago.

In China, consumer spending nearly tripled to about USD 90 billion in
2021. Government spending also increased, doubling relative to
2020 levels to reach USD 12 billion. However, government spending
on a per electric car basis decreased from about USD 5 000 to
USD 3 750, in a declining trend since 2016 highs. The drop in 2021
reflects declining per unit subsidies and spiking sales.

Europe massively increased public spending on electric cars in the
last two years. In 2019, public support for electric cars accounted for
about USD 3.0 billion and levels have been rising steadily since
2016. In 2020, it more than doubled to USD 8 billion, and in 2021 it
increased to USD 12.5 billion. Consumer spending similarly
increased to USD 112 billion in 2021, resulting in a constant share of
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government in total spending since 2019 at about 10%. While
government spending to support electric car uptake increased as a
whole, the per unit support level remained flat in the range of
USD 5000 - 6 000 over the 2019-2021 period. This reflects two
mechanisms that balance each other: increasing per unit subsidies in
Covid-related stimulus packages; and tightening eligibility
requirements for subsidies with a vehicle price cap (for equity
considerations).

In the United States, consumer and government spending increased
in 2021, although they lag behind levels in China and Europe.
Consumer spending doubled to USD 30 billion relative to 2020 levels
and government spending tripled to USD 2 billion. Public spending
on a per unit basis ranks lower than in other regions, at about
USD 3 200, which is above the support level of USD 2 300 provided
in 2020, but below the 2019 level of USD 4 500.

Electric cars remain cheaper in China

The global sales-weighted average price of BEVs in 2021 was just
over USD 36 000, down 7% relative to 2020, and stable at
USD 51 000 for a PHEV. However, these average prices are
significantly skewed downwards by the market in China, which
accounts for the highest sales and lowest prices. This is notably due
to a stronger market position for small and medium models there,
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lower production costs and more integrated domestic battery value
chains. Excluding China, the average BEV price was just under
USD 50 000 in 2021, up 3% relative to 2020, and over USD 57 000
for the average PHEV, up 4%.

Price distribution of electric cars compared to overall car market
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electric cars, mid-lines being medians. Europe includes: France, Germany and Italy.

Sources: I[EA analysis based on |HS (2021) and EV Volumes.

In China, the sales-weighted average BEV cost about USD 27 000 in
2021, down 6% from the previous year, and USD 40 000 for a PHEV,
down 2%. In Europe, the average BEV cost about USD 48 000 in
2021, more expensive than Chinese models but less expensive than
US BEVs, and over USD 58 000 for a PHEV, the world’s highest

Trends and developments in EV markets

PHEV average price. Both BEV and PHEV average prices were up
4% relative to 2020 average European prices. In the United States,
BEVs are more expensive on average although they were cheaper
than in 2020 by nearly 4% at over USD 51 000, driven by the
dominate Tesla models. Meanwhile, the average PHEV cost about
USD 50 000 in 2021, up 3.6% from 2020.

There are regional variations in terms of price differential between
electric and conventional cars. In China, where electric models are
smaller and less expensive on average, the price gap is narrower
than in other major markets. We estimate that the sales-weighted
median price for BEVs in China was only 9% higher than the overall
car market, and that the average BEV was 20% more expensive than
the average conventional vehicle, compared to about 45 - 50% in
Europe and the United States for both metrics.

Globally, decreasing EV prices and increasing driving ranges in 2021
relative to 2020 have resulted in a 10% decrease in the sales-
weighted average price-per-range ratio for BEVs and 14% for
PHEVs. Excluding China, the drop was 7% for BEVs and an increase
of 2% for PHEVs because average prices increased faster than the
average range. The highest drop for BEVs was recorded in the United
States (-8%), where the price dropped by 4% while the range
increased by 5% on average. In Europe, while BEV driving range
increased by 11% on average, prices also increased, resulting in a
slower price-per-range decrease (-6%).
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Electric light commercial vehicles sales pick up after a slow start

Electric light commercial vehicle (LCV) sales worldwide increased by
over 70% in 2021. At a global level, the electric LCV market share is
2%, about four times less than for passenger cars. Even in advanced
EV markets, the LCV share barely exceeds 12%. The economic case
for electrifying LCVs is stronger than for cars in cases such as urban
delivery since LCV fleets are driven intensively, often operate on
predictable routes and can be charged at commercial depots. The
fact that the uptake of electric LCVs has been slower than cars in
most markets to date may be attributable to a mix of factors, including
less stringent fuel economy and ZEV regulations, fewer model
options, and a diversity of use profiles (including lower annual
mileage).

China accounted for the largest number of LCVs sales in 2021, at
86 000, showing rapid growth consecutively for 2020 and 2021.
Europe was the second-largest market with more than 60 000 electric
LCV sales in 2021 and where sales have been quickly increasing
partially in response to CO2 performance standards.

Korea has seen a very rapid increase in sales of electric LCVs,
reaching 28 000 in 2021 (a 12% market share of overall LCVs), up
from just 1 500 just two years prior. This increase is attributable to an
innovative policy in Korea that incentivises the adoption of EVs for
commercial use (see Chapter 2).

The vast majority of electric LCVs are BEVs, only a few PHEVs are
sold in Europe. This may reflect that most electric LCVs are acquired
for specific uses within fixed delivery areas and may not need an
extended driving range. The average battery size of LCVs is 18%
smaller than for passenger cars; this may be due predictable and
shorter routes, or because total ownership and operation costs are
key factors in fleet owner decisions to buy electric LCVs.

Electric LCV registrations by type and market, 2015-2021
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Electric two/three-wheelers have high market shares, especially in Asia

Sales of electric two/three-wheelers in China continued to increase
rapidly in 2021. The very small battery sizes needed to deliver
adequate range for a daily commute and the simplicity of their
manufacturing make them cheaper to buy than their internal
combustion engine (ICE) counterparts in many regions. This is not
the case in Europe and the United States where electric models still
tend to be more expensive, but where the total costs of ownership
and operation are lower than ICE analogues (assuming they are used
relatively frequently for transport rather than for recreational
purposes).

China dominates the market, reaching nearly 9.5 million electric
two/three-wheeler new registrations in 2021 out of a global total of
just over 10 million." Electric two/three-wheeler sales in China
increased on average by nearly 25% per year from 2015 to 2021 and
now account for more than half the global market. Other high volume
markets are Viet Nam where 230 000 electric two/three-wheelers
were sold in 2021 and India with nearly 300 000. Electric two/three-
wheelers can displace the use of oil and cut emissions in these
markets where they account for around half of gasoline consumption
for all road transport. In Europe, the electric two/three-wheeler market
share reached 5% in 2021 with 87 000 sales.

' Tracking sales of electric two/three-wheelers is not an easy task, as definitions vary across
countries. Often, electric bicycles are included in the statistics. The accounting here includes only

Several companies that entered the two/three-wheeler market
focussing only on electric models are now large companies that sell
their vehicles worldwide, such as Niu and Gogoro. This market
continues to attract new investment. A notable example is one of the
world’s largest electric two/three-wheeler factory being built in India.

Electric two/three-wheeler sales share by region 2015-2021
50%

40%
30%

20%

Electric 2/3W sales share

10%

I
00/0 Ll L 1 T T T 1
2015 2017 2019 2021
——China Viet Nam ——Europe
India Developing Asia Latin America

North America

IEA. All rights reserved.

Note: 2/3W = two/three-wheeler.
Sources: IEA analysis based on country submissions and Motorcycles Data.

vehicles that fit the UNECE definition of L2-L4. This year we have updated our data sources to
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Update on private sector commitments in the EV100 Initiative

The Climate Group’s EV100 is a 122-member worldwide initiative
that brings together forward-looking companies committed to
accelerating the transition to electromobility by purchasing EVs
and installing charging points.

The initiative welcomed 31 new members in 2021, including the
first members headquartered in Brazil and Korea. Over the past
year, EV100 members have increased their global ambition, with
5.5 million vehicles now committed across 98 markets
worldwide, a 13% increase over previous commitments.
Members are acting on these commitments and have collectively
deployed over 200 000 EVs and 20 000 charging points at
3 100 locations worldwide.

New members that joined in 2021 include Donlen, a US based
leasing company, which has committed to more than
150 000 EVs. Zomato, a food delivery service in India, has
committed to more than 160 000 EVs. EV100’s first members in
Korea, LG Energy Solutions Ltd. and SK Networks, together have
committed to transition 200 000 corporate vehicles to electric.
Unidas — the first Brazilian EV100 member — is one of the largest
car rental companies in the country and aims to electrify
85 000 vehicles by 2027, while also working to install more than
1 000 charging points for staff and customers.

The majority of new vans are registered by businesses, which make
vehicle purchase decisions based on the total cost of ownership. Recent
research shows that in major European markets, electric vans are the
cheapest option for all user groups when purchase subsidies are
included. This reflects a global trend towards rapidly improving the
business case for electric vans. The shift in cost is reflected in demand.
Charging infrastructure, electric van driving range and availability of
suitable vehicle types all remain barriers to uptake. However, the main
challenge is ensuring that supply meets established demand.

Number of vehicles and chargers committed by EV100 members,
2017-2021
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Major automakers accelerate electrification plans

EV sales target announcements, 2010-2022 (Q1)
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Note: Dots represent the date of automaker announcements on sales or production targets for EVs.
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Major automakers accelerate electrification plans and aim for a fully electric future

In recent years, automakers have been progressively fleshing out
business strategies that consider electrification not only as a way to
comply with policy regulations or respond to government incentives,
but also as an opportunity to capture market share and maintain a
competitive edge. Looking forward, one can expect increasingly
aggressive pricing and the development of a wider range of models.
In some market, the combined ambitions of OEMs are more
ambitious than government announcements (see Chapter 3).

In 2021, several major automakers have announced plans to
accelerate the transition to a fully electric future by developing new
product lines as well as converting existing manufacturing capacity.
Key examples include:

Toyota, the world’s largest car manufacturer, announced the roll-out
of 30 BEV models and a goal of reaching 3.5 million annual sales of
electric cars by 2030. Lexus aims to achieve 100% BEV sales
globally in 2035.

Volkswagen announced that all-electric vehicles would exceed 70%
of European and 50% of Chinese and US sales by 2030, and that by
2040, nearly 100% should be zero emissions vehicles.

Ford expects one-thid of its sales to be fully electric by 2026 and
50% by 2030, building on the success of its F-150 electric model, and
to move to all-electric in Europe by 2030.

Volvo committed to becoming a fully electric car company by 2030.
Geely targets around 30% of electric cars in sales by 2025.

BMW aims for 50% of its vehicles sold to be fully electric by 2030 or
earlier.

Mercedes announced that from 2025, all newly launched vehicles will
be fully electric.

General Motors aims for 30 EV _models and for installed BEV
production capacity of 1 million units in North America by 2025 and
for carbon neutrality in 2040.

Stellantis targets 100% of sales in Europe and 50% of sales in the
United States to be BEVs by 2030.

Hyundai targets sales of 1.9 million BEVs annually by 2030 to secure
a 7% global market share, and to end sales of ICE vehicles in Europe
in 2035.

Kia aims to increase sales of BEVs to 1.2 million in 2030.

In China, some automakers are adjusting to reflect the goal of carbon
peaking by 2030. Dongfeng plans to electrify 100% of its new models
of main passenger car brands by 2024. BYD announced that it would
only produce BEVs and PHEVs from April 2022 onwards.
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Korea maintains lead in deploying fuel cell electric vehicles

Fuel cell electric vehicles (FCEVs) are zero emissions vehicles that
convert hydrogen stored on-board using a fuel cell to power an electric
motor. Although FCEV cars have been commercially available for
about a decade, registrations remain more than two orders of
magnitude lower than EVs. This is in part because hydrogen refuelling
stations (HRS) are not widely available and unlike EVs, FCEVs cannot
be charged at home. In addition, few commercial FCEV models are
available, and high fuel costs and purchase prices result in a higher
total cost of ownership than EVs.

Governments have funded, either fully or partially, the construction of
HRSs to enable the deployment of FCEVs, including public buses and
municipal trucks as well as cars. Today there are about 730 HRSs
globally providing fuel for about 51 600 FCEVs. This represents an
increase of almost 50% in the global stock of FCEVs and a 35%
increase in the number of HRSs from 2020. Over 80% of the FCEVs
on the road at the end of 2021 were LDVs with the majority being
passenger cars. Buses and trucks each constitute almost 10% of
global FCEV stock.

In 2021, Korea maintained the lead in FCEV deployment, with over
19 000 vehicles (almost double the stock at the end of 2020). The
United States has the second-largest stock of FCEVs, increasing from
about 9 200 at the end of 2020 to 12 400 at the end of 2021.

Together, Korea and the United States represent over 60% of global
FCEV stock, though only a quarter of refuelling stations with 114 stations
in Korea and 67 in the United States.

China has the largest fleet of both fuel cell buses and trucks, with a
combined stock of more than 8 400 vehicles. China accounts for almost
90% of fuel cell buses worldwide and over 95% of fuel cell trucks.

Fuel cell electric vehicle stock, 2021

FCEV stock and HRS by region, 2021 FCEV stock by mode, 2021
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Notes: FCEVs = fuel cell electric vehicles (shown in the outer ring); HRS = hydrogen
refuelling station (shown in the inner ring). PLDVs = passenger light-duty vehicles;
LCVs = light commercial vehicles; RoW = rest of the world.

Source: |[EA analysis based on data submission of the Advanced Fuel Cell Technology
Collaboration Program (AFC TCP).
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Trends in electric heavy-duty vehicles
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Zero emissions trucks and buses continue to gain market share...

Registrations of electric buses and heavy-duty trucks increased in
2021 in China, Europe and the United States. Sales of electric buses
increased 40% over the previous year even as the global bus market
remained roughly constant. Global sales of electric medium- and
heavy-duty trucks more than doubled over 2020 volumes, while total
sales volumes remained at roughly the same level as the previous
year. Electric medium- and heavy-duty truck sales totalled more than
14 200 in 2021, which represents less than 0.3% of the total number
of registrations for medium- and heavy-duty vehicles worldwide.

In 2021, the global electric bus stock was 670 000 and electric heavy-
duty truck stock was 66 000. This represents about 4% of the global
fleet for buses and 0.1% for heavy-duty trucks.

Bus registrations

As in previous years, China dominates the electric bus market and
new registrations continue to increase. However, sales of electric
buses since about 2018 in the United States and throughout Europe
have been chipping away at this dominance of the global market.
India is finalising a tender for more than 5 500 electric buses, which
should turn it into one of the world’s largest markets for electric buses.

The increase in electric bus sales in countries such as France,
Germany, Spain and United Kingdom can be attributed to national
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and/or city-level targets to transition to public procurement of only
zero emissions buses, as well as to the EU Clean Vehicles Directive
for member states.

Heavy-duty truck registrations

China accounted for nearly 90% of electric truck registrations in 2021,
down from nearly 100% in 2017. Sales in the United States and
Europe have begun to rise rapidly in the past few years, driven by an
increase in available models in those markets, policy support, rapidly
improving technical viability and economic competitiveness of
electric trucks in certain applications.
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https://economictimes.indiatimes.com/industry/renewables/cesl-launches-biggest-ever-tender-worth-rs-5500-cr-for-5580-electric-buses/articleshow/89015132.cms?from=mdr
https://theicct.org/decarbonizing-bus-fleets-global-overview-of-targets-for-phasing-out-combustion-engine-vehicles/
https://theicct.org/decarbonizing-bus-fleets-global-overview-of-targets-for-phasing-out-combustion-engine-vehicles/
https://transport.ec.europa.eu/transport-themes/clean-transport-urban-transport/clean-and-energy-efficient-vehicles/clean-vehicles-directive_en#:%7E:text=The%20revised%20Clean%20Vehicles%20Directive,targets%20for%20their%20public%20procurement.
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... and China accounts for the vast majority of registrations

Electric bus and truck registrations and sales shares by region, 2015-2021
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Notes: Other = Australia, Brazil, Canada, Chile, Korea, India, Indonesia, Japan, Mexico, South Africa, Thailand, Malaysia and New Zealand. Electric bus and truck registrations and
stock data can be interactively explored via the Global EV Data Explorer.

Sources: |IEA analysis based on country submissions, complemented by ACEA; EAFO; EV Volumes.
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Model availability widens for all types of HDVs

The availability of electric heavy-duty vehicle (HDV) models
continues to expand across all leading global markets.? According to
the “beachhead model” of zero emissions HDV adoption, market
expansion in heavy-duty segments and duty cycles where economics
and supportive policy have already given EVs a strong basis for

market growth, such as transit buses, can help to build manufacturing
capacity, supply chains and technology transfer of key components
of electric powertrains for subsequent waves of electrification. Initial
deployment of HDVs in such applications can also build confidence
in and familiarity with the faster charging needs and grid capacity
which subsequent, HDV duty cycles depend.

The first step in EV adoption in the HDV segment will be successful
deployment and proof of economic benefits and societal benefits (e.g.
reduced noise and air pollution) in early applications. Subsequent roll
out will build upon the operational experience, technology advances
and infrastructure to deploy zero emissions HDVs in return-to-base
operations such as urban delivery vans, shuttle and school buses,
and garbage trucks. The aim is to make even longer distance
applications with higher overall daily energy storage needs, such as
regional and long-haul freight, competitive and convenient, and to
increase their payloads as well as their flexibility and autonomy of
operations. Commercialisation patterns of HDVs by segment clearly

Zero Emission
Technology Inventory
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illustrate the progress across typical stages of technology
development. They also show the steadily increasing range of
models available in each segment.

Charging strategies for HDVs

Depot charging, which keeps costs down by charging (often
overnight) at slow but sufficient speeds, is the common method used
for commercial vehicles, regardless of duty cycle and application.
Provision of high speed opportunity charging along routes may be
necessary for applications with longer but regular routes or
predictable operations, such as shuttles and public transit or school
buses. Applications with highly variable routes, like urban delivery
vans, may also benefit from charging on publicly available chargers
in cities, e.g. while drivers take a break.

Very fast charging on highways will be needed to provide flexibility
and autonomy for regional and long-haul electric trucks. Given the
high construction and grid integration costs, the business case for
very fast charging infrastructure of more than 350 kilowatts (kW), or
even more than 1 megawatt (MW), may be uncertain, especially in
the initial years of electric HDV market deployment. This uncertainty
coupled with long lead times and investment requirements needed
for HDV megawatt charging capacity along transport corridors are
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https://globaldrivetozero.org/publication/the-beachhead-model/
https://globaldrivetozero.org/tools/zero-emission-technology-inventory/
https://globaldrivetozero.org/tools/zero-emission-technology-inventory/

challenges (see Chapter 5). Policies and measures to support the
development of charging networks, may have an important influence
in the timely roll out of charging infrastructure for EVs including HDVs.
Strategic planning is required to optimise the design and
development to be compatible with HDV operational needs.
Co-ordinated roll out will need to focus first on the most heavily used
freight corridors.

Other options to provide power to electric HDVs are battery swapping
and electric road systems. Pilot programmes for battery swapping are
underway by various companies in China, e.g. CATL, Foton New
Energy Vehicle, Geely, China Energy Investment Corporation and
Qiyuan Motive Power. These trials include battery swapping
operations for fleets numbering from tens to low hundreds in heavy-
duty short-distance operations such as urban and regional delivery.
A central government direction to pilot battery swapping across eight
cities include three that aim to focus on swapping for HDVs and the
ambition to scale up the number of trucks using battery swapping into
the thousands in the coming few years. By early 2022, 159 new truck
models on the Chinese market have battery swapping capabilities.

Electric road systems can transfer power to a truck either via
inductive coils® in a road, or through conductive connections between
the vehicle and road, or via catenary (overhead) lines. Catenary and
other dynamic charging options may be promising from the
perspective of competing favourably in terms of total capital and
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operating costs This is in comparison, with very fast highway
charging in which the key determinants of competitiveness are the
costs and capacities of batteries for HDVs and the volume of freight
traffic. By enabling charging-on-the-move, catenary systems could
support operational flexibility of logistics operators.

Field trials of catenary systems installed by Siemens with Scania
trucks have been used in real transport operations on motorways
since 2016. Currently three systems of 13 km length are used by
15 trucks. Germany has announced innovation clusters that aim to
roll out hundreds of kilometres of motorway equipped with catenaries,
used in combination with stationary charging and refuelling. The
United Kingdom aims to trial a catenary system for heavy-duty trucks.
A few European countries, e.g. France and the Netherlands, have
commissioned studies on the economic viability and environmental
impacts of electric road systems. Catenary or other dynamic charging
solutions also have the advantage of functioning on any zero
emissions powertrain system (i.e. PHEV, BEV or FCEV) equipped
with a pantograph or other on-board power transfer components.
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https://www.yicaiglobal.com/news/china-first-highway-heavy-duty-truck-battery-swap-service-starts-operating
https://www.china5e.com/news/news-1095987-1.html
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https://www.csrf.ac.uk/2020/07/white-paper-long-haul-freight-electrification/
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https://www.csrf.ac.uk/2020/07/white-paper-long-haul-freight-electrification/
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Electric bus and truck models are expanding

Current and announced zero emissions commercial vehicle models by type, release date and range, 2019-2023
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IEA. All rights reserved.

Notes: Data are derived from CALSTART’s Zero Emission Technology Inventory. Although the inventory is continuously updated, this snapshot may not be fully comprehensive due to
new model announcements and small manufacturers not yet captured in the inventory. ZEVs include BEVs, PHEVs and FCEVs. “Other” includes garbage, bucket, concrete mixer,
mobile commercial and street sweeper trucks. The HD and step van figure includes announced models for 2023.

Sources: |[EA analysis based on the Global Drive to Zero ZET]I tool database.
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Financial performance of EV- related company stocks
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Stocks of EV-related companies have outperformed incumbent automakers since 2019

Historical financial performance at index level of selected transport-related companies
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Notes: Arithmetic return = sum of quarterly returns on a given stock (capital gains and dividends). The highlighted area in red represents a credit crisis. The highlighted area in blue
represents a recovery period of capital markets followed by the Covid-induced credit shock in Q1 2020. Weekly financial performance of selected EV and battery companies plotted
against the top-ten automakers and the broader public equity market benchmark, MSCI All Country World Index (ACWI) at an index level. All indices except MSCI ACWI are equal-
weighted, giving equal importance to each constituent company regardless of its market capitalisation. The EV index consists of 14 pure-play EV companies and the battery index
consists of seven battery manufacturing companies. The stock financial performance and market capitalisation do not necessarily reflect the actual operational profits or losses of a
company but inform on investors views and expectations of future returns.

Sources: IEA analysis based on Bloomberg Terminal (2022).
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Easier access to capital means that EV-related companies can invest more

In the last two years, financial markets have amply rewarded EV and
battery companies. Until 2020, the financial performance of EV
stocks did not show a significant difference at portfolio level* with
other automakers and was in line with overall market performance.
At the close of 2019, the total market capitalisation of the selected
14 EV stocks stood at about 13% that of the top-ten vehicle
manufacturers, and the EV index was slightly lower as well.

Since 2020, both the EV and battery indices have outpaced that of
the top-ten automakers as well as the broader market benchmark.
The Covid-19 crisis negatively affected all indices, but the pace of
recovery varied. In the first half of 2020, the EV and battery indices
recorded robust growth 70% and 40% respectively. This period
coincides with announcements of green recovery packages and net
zero pledges in major vehicle markets, establishing the EV as a future
mode of transport in Europe, Japan and Korea, among other regions.
At the close of 2021, the market capitalisation of EV manufacturers
was 60% higher than that of the top-ten automakers combined. Such
high levels can be primarily attributed to Tesla, which accounts for
80% of the total market capitalisation of 14 pure-play® EV companies.

In 2021, the EV and battery indices at hand remained above that of
automakers and the broader market. The battery index outperformed

that of EVs, reflecting the increasing importance of battery supply
chains in major auto markets. The observed decline in returns for the
EV index can be attributed to increased competition in passenger
vehicle EV markets from traditional automakers. In 2021, the majority
of the top-ten automakers expanded their EV businesses, making it
more difficult to draw a sharp distinction between the pure-play
EV makers and the top-ten automakers. This could have led
environmental, social, and governance conscious investors to divert
their investments from pure-play EV makers to a broader portfolio of
auto manufacturers. OEMs are considering introducing their
EV activity through separate initial public offerings in an effort to
benefit from the higher market capitalisation enjoyed by pure-play
EV makers. Financial markets believe that the future is electric.

Current market valuations for pure-play EV makers are significantly
higher than for traditional OEMs relative to the number of vehicles
produced. Tesla stands at USD 1.1 million for every vehicle sold in
2021, while NIO and Xpeng have between around
USD 0.4-0.6 million. Incumbent automakers stand much lower,
ranging at around USD 0.01-0.04 million. However, most
EV manufacturers lag behind in terms of profitability, with many
reporting marginal or negative return on total assets.
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The high valuation of stocks could indicate that pure-play EV makers
have comparatively easier access to capital from public equity
markets. This allows EV companies to expand production and R&D
facilities, thus increasing the overall capital expenditure on road
transport electrification. On these grounds, high valuations could
reflect that investors believe that EV-focussed automakers will
capture significant market share, become profitable and provide high
financial returns in the future. This implied vision of the future of the
automotive sector is in line with a rising number of government plans
for the decarbonisation of road transport.

One of the key factors underpinning this surge in valuations is that
investors are seeking more sustainable and climate-friendly
investments. The role of government policy and regulation in
providing positive market signals to investors is critical. The EU
taxonomy for sustainable activities, introduced in 2020, which
includes the manufacturing of EVs and batteries, was an important
step to guide investors towards low-carbon industries (see

Chapter 2).
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Companies included in the EV, battery and top-ten automaker
indices

Top-ten automaker

EV index .
index

Battery index

e Tesla ¢ LG Energy e Toyota Motor

e Lucid Group Solution ¢ Volkswagen

e Rivian Automotive e BYD ¢ Kia

e NIO e Contemporary e General Motors
o Li Auto Amperex e Ford Motor

» XPeng Technology Ltd « Nissan Motor

e Fisker e Samsung SDI « Stellantis

« Nikola e Gotion High-Tech o Renault

e Arrival e Eve Energy Co e Hyundai Motor

e Proterra » Farasis Energy o Mercedes-Benz

e Lion Electric Gan Zhou Group

e Hyzon Motors

e Canoo

¢ Hyliion Holdings
Corp
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Trends in charging infrastructure

PAGE | 44 qu



Trends and developments in EV markets

Charging infrastructure is expanding significantly

Publicly accessible LDV charging points by power rating and region, 2015-2021
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Notes: Values shown represent number of charging points.
Sources: IEA analysis based on country submissions.
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Publicly available EV charging points were up by nearly 40% in 2021

Public charging expands despite pandemic-related
slowdown in construction

As EV markets swell, access to public charging will need to expand
as well. Today most EV charging takes place at residences and
workplaces. Consumers will increasingly expect the same services,
simplicity and autonomy for EVs as they do for conventional vehicles.

Publicly accessible chargers worldwide approached 1.8 million
charging points® in 2021, of which a third were fast chargers.” Nearly
500 000 chargers were installed in 2021, which is more than the total
number of public chargers available in 2017. The number of publicly
accessible chargers was up by 37% in 2021, which is lower than the
growth rate in 2020 (45%) and pre-pandemic roll out rates. The
average annual growth rate ranked almost 50% between 2015 and
2019. In 2021, fast charging increased slightly more than in 2020
(48% compared with 43%) and slow charging much slower (33%
compard with 46%).

As in previous years, China is the global leader in number of publicly
available chargers. It counts about 85% of the world’s fast chargers
and 55% of slow chargers. This reflects China’s demonstrated

leadership in the EV sector as well as its very densely populated
urban characteristics.

Public slow charger installations are on the upswing

In 2021, installed slow chargers in China increased by 35% to about
680 000 publicly accessible units, more than four times the number
of slow chargers available in 2018. However, growth has been much
slower in the pandemic period than in previous years. Between 2015
and 2020, the average annual growth rate was over 60%.

Europe ranks second with over 300 000 slow chargers in 2021, a
30% year-on-year increase. The Netherlands leads in Europe with
more than 80 000 slow chargers, followed by 50 000 in France,
40 000 in Germany, 30 000 in the United Kingdom, 20 000 in Italy
and just over 12 000 in both Norway and Sweden. The stock of slow
chargers in the United States increased by 12% to 92 000 in 2021,
the slowest increase among major markets. In Korea, it increased by
nearly 70% to over 90 000.
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Public fast charging availability accelerates

Publicly accessible fast chargers facilitate longer journeys. As they
are increasingly deployed, they will enable longer trips, encourage
consumers that lack access to private charging to purchase an EV,
and tackle range anxiety as a barrier for EV adoption.

Fast charging is being rolled out at a faster pace than slow charging
in China, where fast charging installations (power rating >22 kW)
increased by over 50% to 470 000 fast chargers in 2021, which is
more than the 44% rise in 2020, but slower than the 93% high of
2019. In China, over 40% of publicly available charging units are fast
chargers, well above other major EV markets. The drivers behind
rapid deployment of public chargers in China are government
subsidies and active infrastructure development by public utilities.
With regulatory controls on electricity prices, public charging demand
coming from urban dwellers as well as increasing electrification of
taxis, ride-sharing and logistics fleets have improved the profitability
of EV charging businesses. The massive speed and scale of EVSE
roll out led to reductions in the costs of manufacturing charger
modules for fast charging stations by 67% between 2016 and 2019.

In contrast to 2020, when Europe’s fast charging installations
significantly outpaced slow charging ones, installations were about
the same in 2021. The number of public fast chargers in Europe was
up by over 30% to nearly 50 000 units. This includes 9 200 public fast
chargers in Germany, 7 700 in the United Kingdom, 6 700 in Norway,
4 500 in France, 2 600 in Spain and in the Netherlands. The United
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States counts about 22 000 fast chargers, of which nearly 60% are
Tesla superchargers. Korea has 15 000 fast chargers, 50% more
than in 2020.
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Ratio of electric light-duty vehicles per charger varies significantly by country

Electric LDV per charging point in selected countries, 2010-2021 Charging point per BEV relative to the BEV LDV stock
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Source: IEA analysis based on country submissions.
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As the number of EVs in use climbs, charging networks develop at different speeds

Number of EVs per charger depends on several factors

In 2021, sales more than doubled to bring the total fleet of electric
cars to about 16.5 million, a tripling relative to the stock in 2018.
Meanwhile, the number of publicly available charging points also
tripled to about 1.8 million. Current momentum in EV sales can only
be sustained if ever larger shares of the population have access to
convenient and affordable charging infrastructure, both publicly
available and private chargers at residences and workplaces, among
other destinations. Governments will have to continue facilitating
investment and minimising barriers to the roll-out of charging
infrastructure.

As the number of EVs on the road increases, the EV-per-charger ratio
can help assess the suitability of the charging network. The charger
power (kilowatts [kW]) per EV is an essential metric, since fast
chargers can serve a higher number of EVs compared to slow
chargers. The suitable number of charger per EV depends on a
number of factors, including: housing stock, average distance
travelled and population density. PHEV users require less public
charging than BEVs. Therefore, it is not trivial to determine a suitable
availability metric.

For most countries, we observe that as the stock share of BEVs
increases, the ratio of charging point per BEVs decreases. Similarly,

countries with relatively small EV stocks tend to have low EV to
charger ratios as initial infrastructure deployment may precede EV
sales.

The EV per charging point ratio remained relatively flat over the 2015-
2021 period at under 10 EVs per charging point in China, Korea, and
the Netherlands. This reflects charging infrastructure deployment that
matches the speed of EV stock growth. In the United States, the
number of EVs on roads outpaced the number of public charging
points, with about 18 EVs per charging point in 2021. A similar trend
is observed in Norway, where there were only a handful of EVs per
charging unit in the early 2010s versus around 29 by 2021. Both the
markets in Norway and United States are characterised by
widespread reliance on home charging, due to the high share of
single family dwellings (with garages) by international standards. It
appears that in countries that rely more heavily on public charging,
the charging network is expanding accordingly, while for countries
with high shares of residential charging, fewer public chargers can
serve a higher number of EVs. As the market evolves and more
consumers replace conventional vehicles with EVs, even in countries
with high shares of single family dwellings, the reliance on public
charging solutions will increase.

1ea
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Many European countries still fall short of AFID
recommendations

In the European Union, the 2014 Alternative Fuel Infrastructure
Directive (AFID) regulates the deployment of public electric vehicle
supply equipment. The policy recommended that EU member states
reach 10 electric light-duty vehicles (LDVs) per public charger by
2020. Proposed new EU legislation (the Alternative Fuelling
Infrastructure Regulation [AFIR]) would mandate 1 kW of publicly
available charger per BEV and 0.66 kW per PHEV as well as the
minimum public charger coverage on highways (see Chapter 2).

In 2021, the European Union’s average EV to charger ratio was
14, up from nearly 11 in 2020 and above the recommendation of 10.
The average kW per EV ratio was just above 1 kW, which is the level
proposed in the AFIR for 2030. Some countries have performed
better than others in meeting targets, such as the Netherlands (5 and
2.6 KW per EV ratio) which followed a wide, on demand, slow charger
deployment strategy. In fact, the share of fast chargers remains
generally low at around 3% in the Netherlands. Italy roughly meets
the recommended charger ratios (11 EVs per charger), mostly due to
slow charger availability. In Norway, the ratio is 34 EVs per charger
and 0.7 kW per EV in 2021, but fast chargers account for nearly 35%.
There are promising prospects in Spain, which had 20 EVs per
charger and 1.2 kW per EV and over 30% of fast charging in 2021,
with an EV fleet now larger than Denmark’s. The largest markets in
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Europe — France, Germany and United Kingdom — all do not meet
the European Union’s recommended charger availability
recommendations.

The worldwide average in 2021 was 10 EVs per charger and 2.4 kW
per EV. China’s market is pulling the global averages downwards with
7 EVs per charger and 3.8 kW per EV, along with 40% of fast
charging.
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Charging points per EV and kW per electric LDV, 2021
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Notes: The line refers to the AFID for 2020 and the proposed AFIR target for 2030.
Kilowatts per EV are estimated assuming 11 kW for slow and 50 kW for fast chargers.
Official national metrics might differ from these values as they can rely on more

granular data.

Source: |IEA analysis based on country submissions.
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Charging infrastructure in the United States

The Alternative Fuels Data Centre lists almost 50 000 EV charging
stations currently in operation in the United States. Of these, 93%
are publicly accessible, and 17% are on non-urban roads (including
highways and other arterials). A disproportionate share of direct
current (DC) fast chargers are public (99%) and located on
highways (25%), reflecting the faster charging needs at these
locations.

About 6% of charging stations are located along the interstate
highway system, the backbone of the national road network.
Stations along the interstate highways account for 16% of the total
number of DC fast charging points. About 8% of the US population
lives more than 10 km from a public charging station. Bringing this
share down to less than 5% would necessitate building an
additional 1 185 stations; bringing it down to zero would require
building more than 5 000 additional stations.

Trends and developments in EV markets

Charging by type and location in the United States (thousand)

Stations Points Level 11 Level 2 DC fast
Total 50.7 130.7 3.3 104.8 22.6

Public 472 93% 1166 412 359 932 89% 223 99%
89%

Highway 8.8 17% 227 03 9% 16.8 16% 57 25%
17%

Interstate 3.2 6% 9.3 01 3% 57 5% 36 16%
7%

Notes: Numbers are rounded to the nearest hundred. Shares, in italics, are based
on non-rounded numbers and given out of totals for each category (by column).
Shares do not add to 100% as sets of highway and interstate chargers are each
subsets of public chargers. Total station counts include those mapped by the
Alternative Fuels Data Center, which include some non-public charging stations,
many of which are owned by federal, state or municipal governments, or other public
institutions (e.g. hospitals) or businesses (e.g. car dealers).

Sources: |IEA analysis based on AEDC API.
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https://afdc.energy.gov/fuels/electricity_locations.html#/find/nearest?fuel=ELEC
https://developer.nrel.gov/docs/transportation/alt-fuel-stations-v1/
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EV charging stations in the contiguous United States, 2022

@ Urban/suburban @ Rural/highway @ |nterstate

IEA. All rights reserved.
Source: IEA analysis based on the AFDC API.
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Governments are boosting policies to promote EV deployment, build charging infrastructure

and secure supply chains

Policy developments for electric vehicles (EVs) in 2021 are
highlighted in this section by countries and vehicle category, and
those that influence the deployment of EV charging infrastructure.
The Global EV Policy Explorer tracks key policies and measures that
support the deployment of electric vehicles® and zero emissions
vehicles® (ZEVs) for light-duty and heavy-duty vehicles.

In 2021, there was an unprecedented increase in electric cars with
about 16.5 million on the world’s roads, up from 10 million in 2020.
Governments heightened their policy focus on electrifying road
transport in 2021 and put forward tangible milestones to stimulate
emissions reductions to meet net zero emissions targets. In addition
to a focus on ambitions'® and targets'' for ZEVs and bans on internal
combustion engine (ICE) vehicles, governments triggered policy tools
to accelerate the deployment of strategic EV charging infrastructure
and to secure resilient EV supply chains (see Chapter 4). Based on
2021 sales volumes, about 25% of the global car market is subject to
a 100% ZEV sales ambition or target, or ICE ban by 2035 according
to government announcements. One path forward to reach net zero

—the IEA’s Net Zero Emissions by 2050 Scenario — would require all
car markets to have 100% ZEV sales by 2035.

China, the leading EV market, progressively decreased subsidies for
new energy vehicles (NEV) '? as sales reached 16% in 2021 — more
than tripling from 5% in 2020. China recently announced an ambition
to develop sufficient charging infrastructure to meet the needs of
20 million NEVs by 2025. It also set guidelines to strengthen the
management of its rapidly expanding lithium-ion battery industry,

including minimum production requirements prior to expanding
capacity, minimum technical battery performance standards, plant
operating conditions and land development requirements.

In the United States, also a key EV market, the federal government
announced its first targets that include 50% EV sales by 2030 and
500 000 public chargers. The targets are underpinned by existing
incentives, and new funding packages of USD 7.5 billion to build

charging infrastructure and USD 3 billion for advanced battery supply
chains in the Infrastructure Investment and Jobs Act.
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In the last year, Canada pushed forward the federal government’s
target for achieving 100% zero emissions LDV sales to 2035 from

2040. Leading provinces (such as British Colombia and Quebec)

scaled up their policy ambitions in response.

The Fit-for-55 package in the European Union brought forward a host
of policy and stimulus measures to accelerate ZEV transitions. These
include a proposal for 100% ZEVs by 2035 through its CO2 emissions

standard and new mandated charging infrastructure deployment
targets set under the Alternative Fuels Infrastructure Regulation

proposal for both light-duty vehicles (LDVs) and heavy-duty vehicles
(HDVs).

In 2021, Japan put forward a large funding package for EV purchase
subsidies and charging following the doubling of its BEV purchase
subsidies the previous year. Korea has almost tripled eligible funding
compared to last year for slow chargers as well as extending its
subsidies for EVs until 2025.

India, in 2021, extended its main EV demand stimulating FAME I
policy to 2024. It also increased subsidies for electric two-wheelers
and made budgetary commitments for battery swapping policies and
the development of EV_manufacturing and battery supply capacity.

Thailand and Indonesia aim to become leaders in EV markets in the
region and to supply growing demand in other Asian countries. In
2021, Thailand, a new entrant in EV markets, announced ambitions
of 30% of domestic vehicle production to be ZEVs by 2030 and 100%

of new vehicle registrations to be ZEVs by 2035. It also announced a
package of incentives to promote EV deployment. Indonesia recently

created a government-owned battery corporation that aims to build
140 gigawatt-hours (GWh) of battery capacity by 2030, of which
50 GWh will be for export. (Today’s global battery manufacturing
production capacity is about 871 GWh).

In Latin America, Chile is an EV market leader. Its capital city,
Santiago, boasts one of the largest electric urban bus fleets outside
of China. Chile recently announced its National Electromobility
Strategy, which sets enhanced ambitions to have 100% ZEVs in LDV
sales by 2030 and 100% in public transport vehicles by 2035, as well
as for long-distance trucks by 2045. Some cities in Colombia have

established procurement programmes for electric buses to support
national ambitions of 10% urban bus sales to be ZEVs by 2025 and
100% by 2035. Costa Rica provides tax and government
procurement programme benefits to support its ZEV targets of 100%
ZEVs in passenger LDV sales and 100% in all buses and taxis by
2050.

New EV market entrant countries are creating conditions to support
electric mobility. Common measures provide tax benefits and cuts in
customs duties for EVs and their components, such as in
South Africa, Kenya, Rwanda, Egypt, Viet Nam and Malaysia. Some

countries have also introduced transport sectoral targets.
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https://www.canada.ca/en/transport-canada/news/2021/06/building-a-green-economy-government-of-canada-to-require-100-of-car-and-passenger-truck-sales-be-zero-emission-by-2035-in-canada.html
https://www2.gov.bc.ca/assets/gov/environment/climate-change/action/cleanbc/cleanbc_roadmap_2030.pdf
https://www.environnement.gouv.qc.ca/changementsclimatiques/vze/rapport-mise-oeuvre-2018-2020-en.pdf
https://www.europarl.europa.eu/legislative-train/theme-a-european-green-deal/package-fit-for-55
https://ec.europa.eu/clima/eu-action/european-green-deal/delivering-european-green-deal/co2-emission-performance-standards-cars-and-vans_en#:%7E:text=and%20stimulating%20employment-,Key%20elements,%2C%20and%20100%20%25%20for%20vans.
https://ec.europa.eu/info/sites/default/files/revision_of_the_directive_on_deployment_of_the_alternative_fuels_infrastructure_with_annex_0.pdf
https://www.electrive.com/2021/11/23/japan-agrees-on-new-ev-subsidy-budget/
https://www.electrive.com/2020/12/16/japan-doubles-electric-vehicle-subsidies/
https://www.electrive.com/2020/12/16/japan-doubles-electric-vehicle-subsidies/
https://www.etnews.com/20211129000199
https://www.electrive.com/2020/07/19/korea-to-extend-subsidies-for-electric-cars-to-2025/
https://www.electrive.com/2020/07/19/korea-to-extend-subsidies-for-electric-cars-to-2025/
https://fame2.heavyindustries.gov.in/content/english/11_1_PolicyDocument.aspx
https://fame2.heavyindustries.gov.in/content/english/11_1_PolicyDocument.aspx
https://www.indiabudget.gov.in/doc/bh1.pdf
https://www.pib.gov.in/PressReleseDetailm.aspx?PRID=1806077
https://pib.gov.in/PressReleasePage.aspx?PRID=1790139
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Global Electric Vehicle Outlook 2022

A 100% ZEV sales ambition/target by 2035 has been announced in 25% of today’s global LDV
market; the Net Zero Scenario requires 100% ZEV in car sales by 2035
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Notes: In this figure, only countries and large regions that have 100% ZEVs in LDV sales ambitions (unofficial targets) in policy/strategy documents or announcements and those with
internal combustion engine bans for LDV by 2035 encoded in law are represented. China, Japan and Israel have electrification targets for 2035, which include ZEVs (BEVs, PHEVs,
FCEVs) as well as hybrid electric vehicles and therefore are not included in this figure. North America category here includes only Canada, California and New York (United States).
Other Europe includes Norway, Iceland and United Kingdom. Shares of the global LDV market are based on 2021 LDV sales.

Sources: |[EA analysis based on country submissions and Marklines. Sales data for California, New York, Iceland are from other sources
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Policies for electric light-duty vehicles
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Sales of electric cars broke all records in 2021 and governments boosted ambitions

Global electric car sales broke records in 2021; more than doubling
from volumes in 2020 even in the face of supply chain bottlenecks.
Ambitious government policy announcements, strategies and

budgetary commitments also characterised EV developments in
2021.

Government expenditure on subsidies for electric cars
doubled in 2021 through a variety of policies to foster
market uptake

Strong policy measures to boost nascent EV industries have been
used over the years in some markets, e.g. China and European
Union. Now some markets, such as China, Korea and United
Kingdom, are steadily reducing per vehicle direct subsidies in
recognition of the ongoing closing of the gap between the purchase
price of electric and conventional cars, and to push auto
manufacturers to lower costs. Others, such as the EU, are using
regulatory measures such as tighter CO2_emissions standards. The
European Union, India and Japan are increasing subsidies for EVs,
in some cases as part of post-COVID19 recovery packages. In 2021,
government expenditure on electric car subsidies almost
doubledalmost doubled (see Chapter 1).

Governments announced more ambitious ZEV targets
and policies in 2021 than ever before

Following the pathfinders for ZEV deployment, the number of
countries that have announced some form of ZEV or electrification
target increased significantly. Some employ a CO» target which, in
effect, would ban ICE cars by requiring zero tailpipe emissions, i.e.,
European Union. It has become increasingly clear that a growing
number of countries have incorporated the electrification of cars and
trucks as a key part of their strategy to reduce emissions as outlined
in Nationally Determined Contributions or net zero targets.

Strategic direction and incentives provided by national and state
governments can provide pivotal signals to shift investment to secure
EV supply chains and for original equipment manufacturers to
develop a wide variety of affordable ZEV car and truck models as
manufacturing companies seek to meet stricter regulatory
requirements and net zero commitments.
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ZEV targets and ambitions are expanding in major car markets

Cumulative number of government ZEV targets by region and type, 2010-2021
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Sources: IEA analysis based on government announcements.
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Highlights of recent electric LDV policies in selected countries

Canada

e Share of global LDV sales in 2021: 2.0%
e Electric LDV market share in 2021: 5.5%
e Electric LDV year-over-year (YOY) increase: 71%

Canada’s Emissions Reduction Plan (ERP) 2030 contains key
milestones that aim to meet its legally binding net zero by 2050 target.
This includes a push to 2035 from the previous 2040 to achieve the
100% zero emissions LDV sales target, with interim targets of 20%
ZEV sales by 2026 and 60% by 2030. The ERP aims to turn this
target into a legally binding ZEV sales mandate. In March 2022,
CAD 1.7 billion (USD 1.3 billion) was announced for incentives for
ZEVs as part of the ERP.

To date, the federal government has invested more than
CAD 1 billion (USD 769 million) to support ZEV deployment via
infrastructure and purchase subsidies. In April 2022, the government
increased its maximum vehicle price to allow for large ZEV cars such

as SUVs, minivans and pick-up trucks, to be eligible for subsidies.
Previously at a flat maximum vehicle price of CAD 55 000
(USD 42 308), large ZEV cars, with a vehicle price of up to
CAD 60 000 — 70 000 (USD 46 154 — 53 846), would be eligible to

receive subsidies. With increasing sales of SUVs occurring all over
the world, higher sales of less efficient, electric SUVs rather than
small electric cars would increase electricity demand for charging
vehicles and also the demand for raw materials such as lithium, nickel
and cobalt for batteries.

Leading provinces also continue to push ZEV deployment. For
example, in British Columbia where ZEVs hold an 8% market share
(2020), the provincial government aims to accelerate its ZEV
mandate to 100% zero emissions LDV sales by 2035 (from 2040).
Quebec maintains a target to reach 100% zero emissions LDV sales
by 2035, and aims to increase the stringency of its ZEV standard.
Nova Scotia introduced a subsidy scheme in 2021 for ZEVs, along
with Prince Edward Island, New Brunswick, and Newfoundland and

Labrador.

Chile

e Share of global LDV sales in 2021: 0.4%
e Electric LDV market share in 2021: 0.2%
e Electric LDV YQY increase: 263%

In October 2021, Chile announced new ambitions to have 100% zero
emissions LDV sales by 2035 complementing the existing ambition
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https://www.canada.ca/content/dam/eccc/documents/pdf/climate-change/erp/Canada-2030-Emissions-Reduction-Plan-eng.pdf
https://www.canada.ca/en/services/environment/weather/climatechange/climate-plan/net-zero-emissions-2050/canadian-net-zero-emissions-accountability-act.html
https://www.canada.ca/content/dam/eccc/documents/pdf/climate-change/erp/Canada-2030-Emissions-Reduction-Plan-eng.pdf
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https://cdn-contenu.quebec.ca/cdn-contenu/adm/min/environnement/publications-adm/plan-economie-verte/plan-economie-verte-2030-en.pdf?1635262991
https://novascotia.ca/news/release/?id=20210312005
https://www.princeedwardisland.ca/en/information/environment-energy-and-climate-action/electric-vehicle-incentive
https://www.nbpower.com/en/products-services/electric-vehicles/plug-in-nb/
https://www.gov.nl.ca/releases/2021/ecc/0901n02-2/
https://www.gov.nl.ca/releases/2021/ecc/0901n02-2/
https://www.gob.cl/en/news/national-electromobility-strategy-launch-government-announces-only-electric-vehicles-will-be-sold-chile-2035/
https://www.gob.cl/en/news/national-electromobility-strategy-launch-government-announces-only-electric-vehicles-will-be-sold-chile-2035/

of 40% ZEV stock by 2050. An initiative to promote the use of EVs
for urban logistics within the Santiago Metropolitan Area was

developed. Companies would be allowed to demonstrate pilot
projects, with access to free charging and the use of a commercial
LDV for eight weeks.

China

e Share of global LDV sales in 2021: 26.7%
Electric LDV market share in 2021: 15.4%

Electric LDV YQY increase: 183%

China extended its NEV subsidy scheme to the end of 2022, an
extension from the previous expiry date of 2020, with a reduction in
the base subsidy amount of 10%, 20% and 30% each year between
2020 and 2022. The range of purchase subsidies has steadily
decreased over time. The intention is to gradually ratchet up
standards on domestic technology innovation and promote the
manufacturing and adoption of EV models that must meet
increasingly stringent performance and efficiency targets to receive
the subsidy, with a view to develop EVs for the export market. China’s

subsidy scheme incentivises longer range battery electric vehicles

Beijing, Shanghai, Tianjin, _Chongging, Shandong, Guangxi, Ningxia
Guangdong, Guangzhou, Jiangsu, Zhejiang and Shaanxi.
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(BEVs) over time, with the effect that the average range of BEVs sold
has increased by 50% since 2016.

Despite decreasing subsidies, EV sales in China have continued to
increase, particularly in 2021. The sharp increase in sales may in part
reflect a rush by consumers to qualify for subsidies before the end of
the NEV subsidy programme, generating increased demand as well
as other market-based reasons (see Chapter 1).

The 20% NEV by 2025 target was established in the Development
Plan for the NEV Industry (2021-2035). Supporting regional five-year
plans have followed suit.'® Notably, several plans include targets to
substantially increase the proportion of NEVs in car sales, while other

features include targets to increase local production of NEVs across
the auto manufacturing industry.
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China has steadily decreased NEV subsidy levels as electric drive range stretched

Purchase subsidies for New Energy Vehicles in China, 2011-2022
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Notes: The subsidy values in this figure are derived by using base subsidy amounts according to electric drive range formula. The final subsidy amount is calculated via three
multipliers: battery energy density; electric energy consumption; and ownership type. To derive the maximum subsidies shown in the figure, the battery energy density and electric
energy consumption multipliers are assumed to be at their maximum for each year, ownership type is assumed to be private. Range categories of [> 80 km and < 150 km] and

[= 150 km and < 200 km] are not displayed in this figure.

Sources: |[EA analysis based on data from ICCT, 2017; ICCT, 2020; Zhou et al., 2020; ICCT, 2019; Ma et al. 2017.
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European Union

e Share of global LDV sales in 2021: 14.6%
e Electric LDV market share in 2021: 14.8%
e Electric LDV YOY increase: 67%

The legally binding climate neutrality target to reach net zero
emissions by 2050 was established in the European Climate Law. A
binding intermediate target aims to cut emissions by at least 55% by
2030 (relative to 1990 levels). The “Fit-for-55” package was launched
in July 2021 and contains key proposals to meet the intermediate
target for 2030.

The Fit-for-55 package includes a proposal by the European
Commission to have more ambitious CO, emissions standards
(compared to current legislation). It would require fleet emissions
reductions (from a 2021 starting point) of 55% for cars and 50% for
vans by 2030, and 100% for both by 2035. This would effectively ban
the sales of ICE vehicles from 2035, as it essentially mandates that
all vehicles sold from that year produce zero tailpipe emissions (it

excludes plug-in hybrids, which emit CO> from the tailpipe). The
proposal is currently sitting within the European Parliament awaiting
approval, with negotiations ongoing.

There has also been significant policy progress among some
EU member states, for instance including EV-related measures in

sustainable recovery components of Covid-19 economic stimulus
packages. As part of a large recovery package announced in June
2020, Germany allocated funding for EV charging infrastructure
deployment and battery development. Consequently electric car
sales increased dramatically. It also increased government
EV purchase/lease subsidies (now extended to the end of 2022) up
to a maximum of EUR 9 000 (USD 10 647) (which includes EUR 6
000 (USD 7 098) from the government and EUR 3 000 (USD 3 549)
from the manufacturer). The government’s portion of the subsidy will
decrease over time until 2025 - EUR 4 000 (USD 4 732) in 2023 and
EUR 3 000 (USD 3 549) in 2024. Subsidies for plug-in hybrid electric
vehicles are likely to be scrapped at the end of 2022. Germany also
offers beneficial tax rates such as benefit-in-kind of 0.25% for BEVs.

In Spain, pandemic-related recovery funding of EUR 400 million
(USD 473 million) is being directed to EV incentive programmes as
part of MOVES Ill. Subsidies for ZEV purchases in Spain are
maximised at EUR 9 000 (USD 10 647) (with scrapping). France
experienced a significant increase in electric LDV sales in 2021, likely
due to its ecological bonus programme which provides subsidies for
ZEV purchases under its Covid-19 economic package, France
Relance, which was extended to mid-2022 (although the subsidy
level decreased from a maximum of EUR7000 to

EUR 6 000 (USD 8 281 to USD 7098) in mid-2021. Romania
doubled the budget of its Rabla Plus programme, which offers
purchase subsidies for BEVs and PHEVs.
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India

e Share of global LDV sales in 2021: 4.2%
Electric LDV market share in 2021: 0.4%

Electric LDV YQY increase: 223%

India continues to move slowly on EV deployment compared with its
other decarbonisation e.g. its ambitious Intended
Nationally Determined Contribution of 175 gigawatts (GW) of
renewable energy capacity by 2022). Yet, India has been showing
increasing promise with recent policy developments, such as the
Faster Adoption and Manufacturing of (Hybrid and) Electric Vehicles
Il (FAME 11) scheme which was extended by the government from
2022 to the end of March 2024. The scheme was revised to include
a 50% increase in purchase incentives for electric two-wheelers to
Indian rupees (INR) 15000 (USD 203) per kilowatt-hour (kWh) of
battery capacity. Additionally, the limit on this incentive was relaxed
from covering up to 20% of the purchase cost of a two-wheeler to
40%. The Ministry of Heavy Industries contracted with state-owned
Energy Efficiency Services Limited to procure 300 000 electric three-
wheelers to spur government-led demand aggregation following the
FAME Il extension.

initiatives,

India had a little more than 1 million EVs on the road at the end of
2021, most of which were electric two/three-wheelers that account for
less than 0.5% of all vehicles. FAME Il is about halfway through its
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expected programme life, yet has funded only around 10% of its
target sales volumes. The recent FAME |l modification may help
address barriers to uptake by reducing upfront purchase cost and
sparking innovation to provide broader EV model availability. The
electrification of two-wheelers in India is seen as an opportunity to
cost effectively electrify at scale, as it is the largest two-wheeler

market in the world.

Nineteen states in India offer some form of policy support for EVs,

such as purchase incentives, exemptions from road taxes, and
subsidies for investment in battery manufacturing and related
components. The states of Assam, Goa and Maharashtra recently
introduced EV targets, policies and incentives. New Delhi, the capital,
hosts the most ambitious EV targets in the country.
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Increasingly stringent CO2 standards — a major driver for EV deployment — are proposed in the
European Union to boost ZEV sales

European Commission’s proposal for CO2 emission performance standards for cars and vas in the European Union, 2015-2040
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Notes: NEDC = New European Driving Cycle (a testing procedure); PLDV = passenger light-duty vehicles; LCV = light commercial vehicles. The Fit-for-55 standards are proposed
amendments to the regulation setting CO2 emissions standards for cars and vans on behalf of the European Commission. The proposal is currently sitting within the European
Parliament awaiting approval, with negotiations ongoing.

Source: |[EA analysis based on European Commission (2021).
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Japan

e Share of global LDV sales in 2021: 6%
e Electric LDV market share in 2021: 1%
e Electric LDV YOY increase: 48%

Japan’s Strategic Energy Plan was approved to support its net zero
by 2050 target. One of the major updates establishes 2030 targets
for decarbonising its power generation mix. This is of particular
importance to Japan’s 2035 electrification target, as its 2030 fuel
efficiency standard (released in March 2020) now includes a well-to-
wheel energy efficiency approach for all fuels (including electricity).

In November 2021, the government agreed to provide
JPY 37.5 billion (USD 342 million) for e-mobility in a supplementary
budget for 2021. Following the doubling of its subsidies in December
2020, the budget allocates JPY 25 billion (USD 228 million) for ZEV
subsidies and the remainder for charging infrastructure.

Korea

e Share of global LDV sales in 2021: 2%
e Electric LDV market share in 2021: 7%
e Electric LDV YQY increase: 117%

Electric car sales surged in Korea in 2021, with EV sales
(predominantly LDV) surpassing the programme target by 9%. This
is in addition to an increase in cars eligibile to receive the subsidy
from 99 650 KRW to 121 000 KRW from 2020 to 2021, an increase
of 21%, as well as the battery performance, range and vehicle
efficiency criteria for receiving subsidies became more stringent.

The new subsidy scheme introduced in 2021 limited subsidies to

passenger cars priced less than Korean Won (KRW) 90 million
(USD 78 671); cars priced from KRW 60 million to KRW 90 million
(USD 52 448 to USD 78 671) received only 50% of the public
subsidy amount. In 2022, subsidies were limited to cars priced less
than KRW 55 million (USD 48 077), and only cars priced below
KRW 85 million (USD 74 300) were eligible for 50% of the subsidy
amount. Lower cost EV car models benefitted from these changes.
In a context where overall government funding increased but
maximum per car subsidies marginally decreased between 2020 —
2021 and more markedly decreased by 33% in 2021-2022 , the sales
shares of these lower cost models increased markedly. Korea also

extended its subsidy scheme until 2025 and the number of eligible
vehicles for subsidies in hopes to meet its vehicle electrification

targets.

Per vehicle subsidies in 2021 and 2022 were substantially higher for
light commercial vehicles (LCVs). Electric LCV models face fewer
hurdles to obtain commercial registration permits than ICE LCVs,
which resulted in dramatic growth in electric LCV sales over 2020
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volumes. Depending on the model, LCVs can receive between
KRW 9 million and 27 million (USD 7 867 and 23 601) in 2022. Total
government funding for electric LCV subsidies increased from
KRW 210 billion (USD 184 million) in 2020, to KRW 400 billion
(USD 349 million) in 2021 and KRW 574 billion (USD 502 million) in
2022.

United Kingdom

e Share of global LDV sales in 2021: 2.4%
e Electric LDV market share in 2021: 16.3%
e Electric LDV YOY increase: 80%

In mid-December 2021, EV car subsidies in the United Kingdom for
ZEV cars decreased from GBP 2 500 to GBP 1 500 (USD 3 571 to
USD 2 143), with the upper price limit falling from GBP 35 000 to
GBP 32 000 (USD 50 000 to USD 45 714). Subsidies for small and
large vans (emitting less than 50 grammes per kilometre (g/km) and
capable of travelling 96 km with zero emissions), decreased from
GBP 3 000 to GBP 2 500 (USD 4 286 to USD 3 571) for small vans
and from GBP 6 000 to GBP 5 000 (USD 8 571 to USD 7 143) for
large vans This came at a time when the government launched
consultations in early 2022 to implement a ZEV mandate beginning
in 2024 as part of its Net Zero Strategy. Tax incentives continue to be
available for employee purchase or lease of ZEV company cars by

setting the tax rate for BEVs from 1% in 2021/22 and 2% in 2022/23
through to 2024/25 (2021-2023, 20% for ICE vehicle equivalent).

United States

e Share of global LDV sales in 2021: 17.8%
e Electric LDV market share in 2021: 4.2%
e Electric LDV YQY increase: 114%

Electric car sales in the United States more than doubled in 2021
relative to 2020. Significant policy changes in 2021 focussed on
building technological leadership and boosting domestic
EV industries. An executive order issued in August 2021 set a new
ambition for EVs to represent 50% of light-duty vehicle sales in 2030

— the first EV target announced at the federal level.

An executive order rescinded the less ambitious Safer, Affordable

Fuel-Efficient Act (SAFE) and proposed more ambitious fuel

economy targets that aligned with new ZEV and net zero ambitions.
Finalised rulings established more stringent standards for both
corporate average fuel economy (CAFE) and greenhouse gas (GHG)
emissions for model years 2024-2026 (CAFE) and 2023-2026 (GHG
emissions). The stricter emissions standards and reduced
compliance flexibility reflect the current administration’s focus on

accelerating ZEV adoption to foster GHG emissions reductions and
a competitive domestic EV industry. The new GHG emissions
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standards require between 5-10% emissions reductions each year,
and thus require more rapid improvement than even the 2012
standards, albeit from a high fuel consumption baseline. The new
CAFE standards will require fuel efficiency improvements of 8-10%
between 2024-2026.

The Build Back Better Act was drafted in third-quarter 2021 and
includes provisions for additional subsidies to a number of economic

sectors, including the existing federal tax credit for EV purchases.
The bill is pending. It proposes to augment the federal tax incentive
for the purchase of an EV to USD 12 000. This would be a
restructuring of the USD 7 500 base incentive, plus an additional
USD 4 500 for EVs equipped with batteries manufactured and
produced with union labour in the United States.

Notably, the state of California has been allowed to reinstate its ZEV
mandate rather than be subject to less ambitious federal standards.
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For decades, California had followed its own state level regulations
through a waiver. This capability was rescinded in 2019 in favour of
the SAFE ruling. Nine other states have adopted California’s ZEV
mandate. A California state government executive order in 2021 bans
new ICE passenger vehicle sales by 2035. Similarly, the governor of
New York signed legislation in 2021 for in-state sales of new LDVs to
be 100% zero emission by 2035. The state of Washington has

passed legislation (awaiting governor approval) to require 100%
EV sales by 2030.

The state of California, which accounted for 11% of new LDV sales
in the United States in 2021, proposed USD 6.1 billion for EV-related
initiatives in January 2022 — the largest ever budget commitment for
EVs at the state level. Of this amount, USD 1.2 billion will directly
support the addition of 40 000 new passenger EVs. The initiative
focuses on tax credits, charging infrastructure and vehicle subsidies.
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EU Taxonomy Regulation helps define sustainable investment paths

The Taxonomy Regulation in the European Union provides a
science-based classification system that defines various economic
activities that can be qualified as environmentally sustainable,
including investments related to electromobility. Companies are not
obligated to align their economic activities with the Taxonomy
Regulation. However, certain companies will be obligated to
disclose their share of activities that align with the Taxonomy
Regulation (via the Disclosures Delegated Act under Article 8 that
came into force in January 2022).

The classification system enables more reliable public information
for investors and stakeholders, and a more transparent and
science-based comparison of investment options considered
environmentally sustainable. It also helps companies more
objectively plan and raise financing for sustainable economic
activities.

A supplement to the Taxonomy Regulation is the Climate Delegated
Act, which came into force in January 2022. It establishes technical
screening criteria for economic activities, that make a substantial
contribution and do no significant harm to the environment.
Sustainable economic activities pertaining to electromobility state
that cars with up to 50 g CO2/km of tailpipe emissions (or ZEVs,
inlcuding PHEVs) count as a sustainable activity until 2025.
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After 2025, only zero g CO./km tailpipe emission cars qualify as
sustainable.  Other  electromobility-related  activities  include
infrastructure dedicated to the operation of ZEVs, such as electric
charging points, electricity grid connection upgrades, hydrogen
refuelling stations and electric road systems. Energy vectors used for
road transport vehicles are included such as electricity and hydrogen if
they follow emissions and sustainability criteria (less than
100 g CO2-eq/kWh).

The taxonomy has also been significant in pandemic-related recovery
packages to steer financial flows to sustainable and physical activities
such as offering taxonomy regulation compliant green bonds and
infrastructure. At least 37% of the EU’s Recovery and Resilience Fund
is to be climate aligned and 30% of the Next Generation EU funds are
to be raised through green bonds. The European Union is also
integrating elements of the Taxonomy Regulation into the Recovery
and Resilience Fund.

Other countries are following suit. Korea has stated it will develop a
taxonomy for green finance to achieve its net zero emissions
commitments. Similarly, Japan has stated it will work with financial
institutions to develop criteria for sustainable investment. An Executive
Order on Climate-Related Financial Risk by the US government looks
to support efforts in climate-aligned investment.
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Policies for electric medium- and heavy-duty vehicles
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Leading countries announce ZEV targets to decarbonise medium- and heavy-duty vehicles

Momentum to catalyse ZEV deployment in heavy-duty vehicle
segments picked up considerably in 2021. With decreasing costs and
improvements in battery performance, the potential to electrify certain
operations and vehicle types above 3.5 tonnes of gross vehicle
weight is paired with a realisation of the transformative impact of
electrifying these operations to achieve global climate goals.
Although initiatives to roll out zero emissions HDVs at scale are
generally aimed toward 2025 or later, these ambitions coupled with
wider model availability have begun to set up the necessary
regulatory climate to accelerate the electrification of HDVs.

In 2021, 15 countries* (representing roughly 5% of global medium-
duty and heavy-duty vehicle [M/HDV] sales) announced support for
the Global Drive to Zero campaign and programme. These countries
demonstrated their support by committing to the first global
Memorandum of Understanding (MoU) on Zero Emissions Medium-
and Heavy-Duty Vehicles. Signatories intend to work together to
achieve 2030 and 2040 targets for ZEV new truck and bus sales.
Progress towards these goals will be reported annually and

signatories are to develop plans to support such ambitions. Thirty-
nine companies, subnational governments and other key

stakeholders also endorsed the MoU, signalling additional industry
support for these ZEV targets.

Highlights of recent electric M/HDV policies

Canada

In March 2022, the ERP created zero emissions targets for the first
time for M/HDVs: 35% ZEV sales by 2030. The government aims to
create a M/HDV ZEV sales regulation requiring 100% ZEV sales by
2040, with interim mid-2020 and 2030 regulated sales requirements
that vary based on vehicle category. Measures to support this target
include CAD 547.5 million (USD 421 million) for a M/HDV purchase
incentive programme, CAD 33.8 million (USD 26 million) for
hydrogen trucking demonstration projects, and _a tax write-off for

business investments in heavy-duty ZEVs starting at a rate of 100%
from 2020 to 2023 and decreasing thereafter. Canada also
established a CAD 2.75 billion (USD 2.12 billion) Zero Emissions
Transit Fund to help communities invest in zero emissions public
transit and school buses, with a commitment to purchase 5 000 zero

emissions buses over the next five years. Subsidies for M/HDV ZEV
deployment are provided in British Columbia and Quebec.
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Global Commercial Vehicle Drive to Zero Program

The Global Commercial Vehicle Drive to Zero Program is a multi-
stakeholder partnership program of over 130 government and
industry leaders focussed on accelerating the deployment of zero
emissions M/HDVs. Launched in 2018, Drive to Zero’s vision is that
zero emissions M/HDVs will be commercially viable in first success
applications and early-mover regions by 2025, and will dominate
new vehicle sales by 2040. Drive to Zero is a campaign of the Clean
Energy Ministerial under the Electric Vehicles Initiative, co-
ordinated by CALSTART. It recognises the disproportionate impact
that the largest vehicles on the road have on fuel consumption,
GHG emissions and air pollution.

During COP26, Drive to Zero, working in collaboration with the
government of the Netherlands, launched a Global Memorandum of
Understanding on Zero Emissions Medium- and Heavy-duty
Vehicles among 15 countries and endorsed by subnational
governments and industry leaders. The Global MoU includes a
target of 100% of new truck and bus sales being zero emissions by
2040 and an interim target of 30% by 2030.

Drive to Zero’s efforts are focussed on implementation and ensuring
that the signatories and endorsers have the resources to make
informed decisions that accelerate zero emissions M/HDV sales

and deployment. The Drive to Zero programme manages a number
of industry leading tools including the Zero-Emission Technology
Inventory (ZETI), a Total Cost of Ownership calculator (TCO) and
most recently the Global MOU Progress Tracker Dashboard.
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Chile

Among goals announced in the release of the National
Electromobility Strategy in January 2022, Chile set a target for 100%
of public transport vehicles (buses, taxis and shared taxis) sold to be
zero emissions by 2035, and by 2045 for freight transport (long-
distance trucks) and intercity buses. Santiago, the capital, is already
home to one of the largest electric urban bus fleets, outside of China.
With more than 800 electric buses (including mini buses) on the road,
new procurements by municipal governments for electric buses (now
awaiting delivery) will add almost 1 000 buses to its fleet. Various
partnerships have made this possible including the electric mobility
project launched through a collaboration between Enel X, BYD Chile,
and the public transport operator in Chile, Metbus, where 483 electric
buses are to be supplied by more than 120 charging points in

terminals.

China

In China, VI-a emissions standards for new urban HDVs took effect
in 2020, followed by standards for remaining HDVs in July 2021. In
July 2023, China will introduce VI-b emissions standards that

establish more stringent testing requirements and monitoring
systems.

Some sources state a new set of regulations requiring the sale of zero

emissions new energy commercial vehicles may be under

development in China, where it is expected that the policy will likely
mirror the NEV mandate for LDVs.

In addition to purchase incentives outlined in late 2020 for medium-

and heavy-duty ZEVs, a four-year pilot programme was announced
whereby select cities are to receive support for R&D and
demonstration of fuel cell electric vehicles. In 2021, Beijing-Tianjin-
Hebei, Shanghai and Guangdong provinces were approved as the
first demonstration cities.

The release of the 14th FYP for Green Transportation by the Ministry

of Transport sets an ambition for NEVs to account for 72% of national
urban public transport (including LDVs and buses) and 20% of
logistics distribution by 2025. Regional policies for Shanghai, Ningxia
and Guangdong have set targets for 96%, 45% and 100%,
respectively, for all new buses to be NEVs by 2025.

European Union

As a part of the European Green Deal, the CO2 emissions
performance standard for HDVs will be reviewed in the fourth-quarter
of 2022. Currently, the regulation requires reducing specific CO>
emissions of regulated segments of medium- and heavy-duty trucks
by 15% by 2025 and 30% by 2030, on average, relative to their
2019-2020 level. The proposed revision of the requlation extends its
scope to other vehicle categories (such as buses) and also includes
targets for 2035 and 2040.

1ea


https://biblioteca.digital.gob.cl/handle/123456789/3773
https://biblioteca.digital.gob.cl/handle/123456789/3773
https://www.iea.org/reports/global-ev-outlook-2020#policies-continue-to-support-electric-vehicle-deployment-and-are-evolving-to-a-more-holistic-policy-portfolio
https://www.ebusradar.org/en/
https://www.dtpm.cl/index.php/homepage/noticias/682-contraloria-da-luz-verde-a-licitacion-de-empresas-que-operaran-nuevos-servicios-de-transporte-publico-metropolitano-con-mas-de-1-630-buses-estandar-red
https://www.enelx.com/cl/es/administracion-publica/transporte-publico-electrico
https://www.enelx.com/cl/es/administracion-publica/transporte-publico-electrico
https://theicct.org/publication/chinas-stage-vi-emissions-standard-for-heavy-duty-vehicles-final-rule/#:%7E:text=China%20VI-b%20will%20take,China%20to%20meet%20the%20standard
https://theicct.org/wp-content/uploads/2021/12/china-hdv-reg-zev-review-sep21.pdf
http://www.gov.cn/zhengce/zhengceku/2020-12/31/content_5575906.htm
https://iea.blob.core.windows.net/assets/e57fd1ee-aac7-494d-a351-f2a4024909b4/GlobalHydrogenReview2021.pdf
http://www.gov.cn/zhengce/zhengceku/2022-01/21/content_5669662.htm?utm_source=SendGrid&utm_medium=Email&utm_campaign=IEA+newsletters
http://dlysj.sh.gov.cn/sdlysjwj2021nd/20211126/04db3627182f4182adef8474d28f2ff3.html
http://www.mee.gov.cn/ywdt/dfnews/202201/t20220107_966375.shtml
http://www.gd.gov.cn/zwgk/wjk/qbwj/yfb/content/post_3554890.html
https://eur-lex.europa.eu/eli/reg/2019/1242/oj
https://eur-lex.europa.eu/eli/reg/2019/1242/oj
https://www.europarl.europa.eu/legislative-train/theme-a-european-green-deal/file-review-of-the-co2-emission-standards-for-heavy-duty-vehicles#:%7E:text=The%20existing%20Regulation%20EU%202019,target%20of%2015%20%25%20by%202025

The Clean Vehicles Directive was to be transposed into national laws
by August 2021.The directive sets national targets for the public
procurement of “clean vehicles”'® for HDVs. In February 2022, the
European Parliament approved a proposal for a directive amending
the Eurovignette Directive. The amendments would benefit ZEV HDV

operators, who would receive significant toll discounts and no longer
face time-based toll charges, but distance-based charges instead (in
most cases).

EU member states that are leading in the zero emissions HDV
market, such as the Netherlands, have set ambitious targets for
trucks, public buses and zero emissions zones.'® To assist
companies in this transition, the government has announced a Zero
Emissions Trucks Purchase Grant (AanZET), offering a range of
subsidies (beginning May 2022) for large, medium and small
enterprises.

Other examples include Finland, where in addition to declaring HDV
targets, an initiative was launched in 2021 to draft a law to provide
purchase subsidies for heavyduty ZEVs (starting in 2022). In
Sweden, a budget of SEK 120 million per year (USD 13.9 million)
(until 2023) provides subsidies for public transport agencies and

companies, municipalities and eligible companies that purchase
electric buses and alternative fuel HDVs.

Austria’s 2021 Mobility Master Plan outlines targets to end the sale
of conventional M/HDVs under 18 tonnes by 2030, and by 2035 for
those over 18 tonnes. A total of EUR 46 million (USD 54 million) was
available in 2021 to support electromobility, including
EUR 60 000 (USD 70 980) offered for the purchase of eligible
commercial heavy-duty ZEVs and up to EUR 130 000 (USD 153 790)
for buses. EUR 46 million (USD 54 million) was available in 2021 to
support electromobility, including EUR 60 000 (USD 70 980) for the
purchase of eligible commercial heavy-duty ZEVs and up to
EUR 130 000 for buses (USD 153 790).

Spain activated EUR 400 million (USD 473 million) to promote heavy
road transport decarbonisation, which funds purchase subsidies for
HDVs of up to EUR 190 000 (USD 224 770) (subsidy level varies
based on vehicle class and beneficiary type).

India

State-owned Convergence Energy Services Limited aims to procure
more than 5 500 electric buses as a part of its Grand Challenge
Initiative. The initiative has been launched in five major cities across
India, with a goal of expanding to nine cities. The initiative aims to
aggregate demand, facilitate procurement and standardise the
process across major cities. The tender is planned to be between INR
35 — 55 billion (USD 475 million-USD 744 million), pulling funding

As of July 2021, numerous cities (primarily in Europe) have implemented zero emissions zones
or have announced plans to do so
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from the FAME Il scheme, acting as one of the largest tenders of this
kind in the world. The date of bus deployment has not been
publicised.

Norway

Norway has a target of 100% of new HDVs, 75% of new long-distance
buses and 50% of new trucks sold to be zero emissions by 2030.
These targets are supported by a subsidy scheme and a fuel tax
imposed on HDVs of approximately EUR 200 (USD 237) per tonne
of COa.

United Kingdom

The National Bus Strategy for England was published in March 2021,
setting out how it will improve co-ordination in bus service and
integrate with other modes of travel as part of a decarbonisation
roadmap. This is in addition to a commitment (made in November
2020) to deliver 4 000 zero emissions buses by 2025. Funding of
GBP 200 million (USD 286 million) was announced in March 2022 to
keep this pledge on track. The country has committed to investing
GBP 270 million (USD 386 million) to zero emissions buses through
the ZEBRA scheme launched in 2021, in addition to the
GBP 50 million (USD 71 million) through the All-Electric Bus Town or

City Scheme.

In addition, the United Kingdom aims to phase out the sale of new

small petrol and diesel trucks by 2035, and large trucks (>26 tonnes)

by 2040. The government began consultations in March 2022 related
to new non-zero emissions buses, coaches and minibuses that aims
to set a realistic date to end the sale of these vehicles. To support
fleet operators, the Department for Transport announced a

GBP 20 million fund (USD 29 million) to support pilot projects. For

eligible vehicles, a Plug-in Truck Grant offers a purchase subsidy of
GBP 16 000 - GBP 25 000 (USD 22 857 - USD 35 714) In its most
populated city, London, government has announced that all new
public transport buses will be zero emissions by 2034.

United States

California’s Advanced Clean Truck Regulation obliges minimum ZEV
sales targets. In 2021 the states of New York, Washington, Oregon,
New Jersey and Massachusetts followed suit. In April 2021 several
of these state governments facilitated a request to set federal
standards and programmes for 100% ZEVs in new sales of medium-

and heavy-duty vehicles by 2045 or earlier.

A recently released California Blueprint earmarks USD 6.1 billion
toward ZEV initiatives in the state, including support for the
electrification of heavy-duty trucks.

In December 2021, the California Air Resources Board adopted a
new regulation that updates standards, testing and compliance
regarding HDV emissions of nitrogen oxide (NOx) and particulate
matter for model years (MY) 2024 to 2031. Shortly thereafter, the US
Environmental Protection Agency announced plans to commence the
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establishment of new standards for criteria pollutants (NOx) for heavy
trucks (starting with MY 2027) to be finalised in 2022. The proposal,
released in March 2022, would reduce NOx emissions by between
47- 61% by 2045. This will be followed by an update to current GHG
standards to allow for ZEV powertrains starting as soon as MY 2030.
Other proposed updates include a more stringent GHG standard for
MY 2027 (1.5% more stringent than the original 2016 standard for
vocational vehicles'” and day-cab tractor-trailer trucks'®), stricter
GHG standards for MY 2028 and 2029, and a revision to the
advanced vehicle credit multiplier between MY 2023 — MY 2028 (to
provide fewer credits for ZEVs due to faster than expected
technology progress for HDVs).

The US federal administration announced funding of USD 7.5 billion
toward the electrification of thousands of school and transit buses
across the country. Additionally, USD 1.1 billion in grants have been
made available for modernising transit bus fleets as part of the Low
or No Emissions Program. A total of USD 5.5 billion will be allocated
to the programme over five years, a portion of which would go
towards ZEVs.
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Subsidies for electric trucks purchases vary

Purchase subsidies and typical prices for ZEV heavy-duty freight vehicles in selected jurisdictions, 2021
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Notes: Heavy-duty freight vehicles in this figure are those classified as Class 8 vehicles in the United States and Canada, and N3 vehicles in European countries. For China, we
assume that heavy-duty tractor-trailers as defined in ICCT (2021) are equivalent. For regions other than China and the Netherlands, the estimated typical purchase price from ICCT
(2022). The subsidy and typical retail price for China is calculated based on ICCT (2021). China has paused subsidies for FCEVs and is developing a new incentive measure.
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https://www.fiscoetasse.com/files/14250/decreto-infrastrutture-del-12042022-155.pdf
https://www.ecologie.gouv.fr/transition-energetique-du-transport-routier-annonce-du-nouveau-dispositif-soutien-poids-lourds
https://www.boe.es/eli/es/o/2022/02/28/tma138/dof/spa/pdf
https://www.rijksoverheid.nl/ministeries/ministerie-van-infrastructuur-en-waterstaat/documenten/kamerstukken/2021/12/14/regeling-aanschafsubsidie-zero-emissie-trucks-aanzet
https://www.nyserda.ny.gov/All-Programs/Truck-Voucher-Program
https://www.transports.gouv.qc.ca/fr/aide-finan/entreprises-camionnage/aide-ecocamionnage/Pages/aide-ecocamionnage.aspx
https://californiahvip.org/
https://pluginbc.ca/suvi/
https://www.klimafonds.gv.at/call/emob-betriebe2021/
https://www.gov.uk/plug-in-car-van-grants
https://www.gov.uk/plug-in-car-van-grants

Policies to support development of charging infrastructure
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Investment in EV charging infrastructure and network planning must drastically increase to

meet ambitious ZEV targets

China and Europe boast the largest EV charging networks in the
world. Their charging networks supplied the largest percentages —
48% in China and 33% in Europe of global EV stock in 2021. This
should come as no surprise, as the deployment of charging
infrastructure is critical to enabling ZEV adoption. Both China and
Europe are looking to enhance charging infrastructure to meet
escalating consumer demand in areas such as standardisation,
improved charge point performance, broader locational coverage to
include rural areas, customer service and increased flexibility for
installing technological advances like high power chargers.
Strategies for the long term focus on building smart and well
connected EV charging networkst.

Announcements of ZEV deployment pledges were significant in
2021. A focus to deploy adequate publicly accessible charging
infrastructure needs to go hand-in-hand to realise ZEV ambitions.
Keeping pace with ambitious EV deployment requires significant
investment in charging infrastructure. More mature EV markets need
to not only further expand the quantity of charging stations to meet
growing demand but also to ensure that a well connected network is
developed to provide EV charging access in developed and rural
areas, residences and key transport corridors. In emerging market

and developing economies, additional barriers may include electricity
access and stable grid connections. Overall, decarbonisation of
electricity systems is a critical factor to achieve the full emissions
reduction potential of ZEVs.

Lessons learned from major ZEV markets demonstrate that the lack
of strategic infrastructure development either by central government
planning or incentivised by policy mechanisms, along with insufficient
co-ordination across key players, e.g. various government entities,
utilities, building operators and charge point providers, tends to lead
to infrastructure concentrated in certain areas (often lacking in remote
regions). Experience in more mature EV markets also demonstrates
that access to property and grid connections, along with supporting
building regulations, interoperability standards and efficient
permitting can ease infrastructure development. Data on mobility
patterns can help to understand charging patterns and behaviours in
order to optimise EV network planning.

Other work is needed to deploy smart grid technologies, maximise
the use of renewables for charging, incentivise and streamline
charging infrastructure integration, and provide incentives to energy
market participants to stimulate advances in related technologies.
Gaps in where charging points are built because they may not be the
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best business case do not always align with an evenly distributed
charging network. Government measures to address this include: to

prioritise EV charging infrastructure deployment in policy to attract
investment; provide long-term contracts for electric vehicle supply
equipment (EVSE); and bundle various location types in competitive
EVSE procurements.

Highlights of recent EV charging policies in
selected countries

Canada

Number of electric LDVs per public charging point: 20"
Number of public charging points per thousand LDV stock?°: 0.53

Canada’s Electric Vehicle and Alternative Fuel Infrastructure
Deployment Initiative provided CAD 96.6 million (USD 74 million)
toward building a coast-to-coast network of fast charging stations,

and has now ended. The Zero Emissions Vehicle Infrastructure is a
five-year programme to 2027 with CAD 680 million (USD 523 million)
to address charging infrastructure gaps, for example at workplaces
and multi-unit residential buildings. A target of 50 000 new EV

chargers and hydrogen stations to be added to the charging network

was announced in late 2021. Subsequently, in March 2022, the ERP
announced an additional CAD 500 million (USD 384 million) for ZEV
charging stations and refuelling infrastructure from the Canada
Infrastructure Bank.

Some provinces that lead in EV market share are allocating public
funds to subsidise charging infrastructure development. In British
Columbia, the CleanBC Roadmap to 2030 set a target of
10 000 public charging stations by 2030 and allocated CAD 1 million
(USD 769 000) to assist public sector organisations to access
rebates for the purchase and installation of level 2 chargers.

Quebec’s Strategy to Electrify Transport 2021-2023 aims to increase
the number of charging stations and creates reserved parking spots
exclusively for EVs. Nova Scotia recently announced funding of
CAD 5