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Passenger battery electric vehicles

Tipping points: current status

A first tipping point has been crossed:
in leading markets, electric vehicles
are already cheaper to own than fossil
fuelled cars
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* This shift will accelerate as BEVs cross ‘tipping points’ where they
outcompete fossil fuel cars first on the cost of ownership, then on el IR Y L Y VN S 0
purchase price [2]. m

* In the EU and China, the first tipping point has already been crossed:
BEVs are now cheaper to own than petrol and diesel cars, in the small
and medium-sized car segments, when both the purchase price and the

cost of use are accounted for. In the US, this tipping point is likely to be
crossed in 2024 [3].

* These three markets have global impact, accounting for 60% of the
global car market. Their progress greatly increases economies of scale
in battery production, bringing down the cost of electric vehicles for the
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= Fossil fuelled vehicle total cost of ownership Source: Lam, A. and Mercure,

————— J.F., 2022. Evidence for a global
electric vehicle tipping point.

Sources: [1] Systemiq (2022) [2] Lenton & Sharpe (2021) [3] Barbrook-Johnson et al (2023) & EEIST modelling [4] BNEF (2023) oo es e e e


https://www.systemiq.earth/wp-content/uploads/2023/01/The-Breakthrough-Effect.pdf
https://www.tandfonline.com/doi/abs/10.1080/14693062.2020.1870097?role=tab&scroll=top&needAccess=true&journalCode=tcpo20
https://eeist.co.uk/eeist-reports/new-economic-models-of-energy-innovation-and-transition/
https://about.bnef.com/electric-vehicle-outlook/
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A second tipping point is imminent: in
leading markets, electric vehicles will
be cheaper to buy than fossil fuelled
cars within the next one to three years

* The shift in consumer preference towards battery electric vehicles
(BEVs) is likely to accelerate once upfront purchase price parity is
achieved, while range, model availability and charging infrastructure
continue to improve [1].

* This tipping point is expected as early as 2024 in Europe and Chinaq,
and 2026 in the US for medium-sized cars, and even sooner for
smaller vehicles [2]. It has already been achieved for some models -
in China, the two best-selling BEVs in 2022 were priced at under
$6,500 and $16,000, less than the equivalent fossil fuelled cars [3].

* In other countries the tipping point is later, but still likely this decade
- in India it may occur around 2026 [4]. In Japan, it is likely to occur
after 2030 given strong policy favouring hybrid vehicles [2].

* These tipping point forecasts exclude subsidies, so the tipping
point for the consumer will be even earlier where governments
provide them.

Sources: [1] |[EA (2023); BNEF (2023); Ritchie (2023) [2] Barbrook-Johnson et al (2023) & EEIST modelling [3] IEA (2023) [4] EEIST modelling
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Source: Lam, A. and Mercure,
J.F., 2022. Evidence for a global
electric vehicle tipping point.


https://www.iea.org/reports/global-ev-outlook-2023
https://about.bnef.com/electric-vehicle-outlook/
https://hannahritchie.com/ev-data-explorer/
https://hannahritchie.com/ev-data-explorer/
https://hannahritchie.com/ev-data-explorer/
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Strong policy can bring forward . /\
o o o ®
tipping points by years g
* Norway achieved ownership cost parity in 2012, a decade ahead = ‘o !
of the largest markets, and achieved purchase price parity in = |
2021. Its policies included a combination of subsidies and taxes > i
that made electric vehicles (EVs) cheaper to buy than fossil fuelled S E
cars, preferential freatment for electric vehicles (access to bus lanes, v i
and free parking) and investment in charging stations. This led to g |
a tipping point in price, accessibility and attractiveness. Norway’s E, i
EV share of car sales reached 18% in 2015, then 79% by 2022 = i
(5 times the global average) [1]. > i
* China crossed the price parity tipping point for small cars before E 20 i
any other large market, through a combination of regulations to = i
shift industry investment, subsidies for electric vehicle production i
and purchase, and public investment in charging infrastructure [2]. i
- California is ahead of the rest of the USA, thanks to purchase N o i
subsidies and regulatory policy. Its EV share of car sales stood at | o Netherlands i
25% in the first quarter of 2023, 3-4 times the level of the rest of the .Romggjqkiq A i) L UK ‘E
USA, and EVs are now its largest export [3]. The Inflation Reduction P°';“d Sp:m PP Belgium ”°'Y.. den ™ ° |
Act should help the rest of the USA catch up: it is expected to cut the ?500 400 200 00 06 é 00
purchase price of electric cars by $3,000 to $9,000 [4], accelerating
adoption and bringing forward the price-parity tipping point. souree: Shorpe & Lenten 02D

Sources: [1] Bkerkan et al (2016); Eigenbaum (2017); Norwegian EV Association (2023) [2] Anadon et al (2022) [3] CEC (2023); Reuters (2023); Utility Dive (2021) [4] ICCT (2023)



https://www.sciencedirect.com/science/article/pii/S1361920915002126
https://www-sciencedirect-com.libproxy.ucl.ac.uk/science/article/pii/S2210422416301162?via=ihub
https://elbil.no/norway-celebrates-another-record-breaking-year-for-electric-vehicles/#:~:text=For%20over%20a%20decade%2C%20the,to%2079.3%20percent%20in%202022.
https://eeist.co.uk/eeist-reports/ten-principles-for-policy-making-in-the-energy-transition/
https://www.gov.ca.gov/2023/08/02/milestone-1-in-4-new-cars-sold-in-california-were-zero-emission/
https://www.reuters.com/business/autos-transportation/slow-selling-evs-are-auto-industrys-new-headache-2023-07-11/
https://www.utilitydive.com/news/evs-hit-1m-sold-are-now-californias-top-export-as-energy-transition-drive/610099/
https://theicct.org/wp-content/uploads/2023/01/ira-impact-evs-us-jan23.pdf
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National policy
recommendations

Zero emission vehicle mandates are
the single most effective policy to
drive the transition

« Zero emission vehicle (ZEV) mandates ensure a complete shift to the
new technology by requiring an increasing proportion of cars sold to
be zero emissions. This ensures a complete elimination of emissions,
leaving nothing to chance [1].

« ZEV mandates do the most to accelerate electric vehicle cost
declines: by ensuring the largest deployment of EVs in a given time
period, they push the technology furthest down the learning curve.

- ZEV mandates and efficiency regulations are both highly cost-
effective approaches to increasing the uptake of electric vehicles.
They are considerably more cost effective as individual policies than
subsidies and taxes, and have been central to the successes achieved
by the leading markets of the EU, China, and California [2].

* Contrary to traditional economic advice on carbon pricing, taxes
used alone are the least cost-effective way to drive the transition.
However, they can be useful as part of a package of policies [3].

Sources: [1-3] Barbrook-Johnson et al (2023)
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Mandate* Regulation® Subsidy! Tax?
Regulation’ Mandate* Subsidy’ Tax?
Subsidy: an EV purchase subsidy set at the level required to achieve ownership cost parity with an equivalent fossil fuelled car in 2022
2Tax: a tax on fossil-fuelled vehicles set at the level required to achieve ownership cost parity with an equivalent EV in 2022
3Regulation: requires the carbon intensity of new vehicles to reduce linearly from its level in 2022 to zero by 2035. . 2030 . 2050
“Mandate: requires all new vehicles to be zero emission by 2035

Source: Lam, Vercoulen, Mercure & Sharpe, in
Barbrook-Johnson, P. et al (2023). New economic
models of energy innovation and transition


https://eeist.co.uk/eeist-reports/new-economic-models-of-energy-innovation-and-transition/
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Policy combinations can achieve
more than the sum of their parts

* The right policies used in combination can achieve more than the sum
of their parts - resulting in additional cost and emissions savings [1].

* The greatest gains occur from combining electric vehicle (EV)
mandates with other policies, including efficiency regulations,
road taxes, and purchase subsidies [2]. In all cases, infrastructure
investment will be needed too.

* Policy combinations have driven the growth of electric vehicle sales

in the markets leading the transition, including Norway, California,
China, the EU, Canada and the UK [3].

* Tax and subsidy combinations can cross the tipping point without
needing government spending: a small tax on each fossil fuelled car
sale can fund a large subsidy for each electric vehicle, because electric
vehicles are still a small share of the market. This is a revenue-neutral
way to cross the cost parity tipping point [4].

« Some policy combinations achieve less than the sum of their parts,
for example when efficiency regulations are combined with taxes [2].

Sources: [1] Lam 8 Mercure (2021) [2] Barbrook-Johnson et al (2023) & EEIST modelling [3] CSE India (2023); Canadian Climate Institute (2022) [4] Barbrook-Johnson et al (2023)
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Combining certain policies creates additional CO2 emissions reductions
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RT = Annual registration tax

FE = Fuel economy regulation

EVM = EV mandate

EVS = EV subsidy

Interactions (reinforcement effect)

! Interactions (trade-off effect)

Source: Lam, A. and Mercure, J.F.,
2021. Which policy mixes are best for
decarbonising passenger cars? Energy
Research & Social Science, 75, p.101951.


https://ore.exeter.ac.uk/repository/handle/10871/125146
https://eeist.co.uk/eeist-reports/new-economic-models-of-energy-innovation-and-transition/
https://www.cseindia.org/zero-emission-vehicle-zev-mandate-policy-report-11813#:~:text=To%20put%20it%20simply%2C%20a,be%20ramped%20up%20over%20time.
https://climateinstitute.ca/zev-mandates-are-good-climate-policy/
https://eeist.co.uk/eeist-reports/new-economic-models-of-energy-innovation-and-transition/
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International action

Coordinated action among the largest
markets can bring electric vehicle
costs down faster than any country
can achieve alone

* If the EU, US, and China align their regulatory trajectories towards
all new car sales being zero emission by 2035, this can bring forward
national price parity tipping points by several years. This happens
because a faster transition in the largest markets scales up production,
which drives faster innovation and lower costs [1].

* This benefits all countries. For example, coordinated action between
Europe, the US and China could bring forward the electric vehicle (EV) /
fossil fuelled vehicle price-parity tipping point in India by nearly
3 years [1].

* Coordinated international action would have a greater impact now
than later, as price declines are steeper earlier in the transition [1].

* Other forms of international cooperation that can accelerate the
transition to EVs include financial and technical assistance
for emerging economies, particularly to facilitate investment in
charging infrastructure, and harmonising standards for battery
sustainability [2].

Sources: [1] ] Barbrook-Johnson et al (2023) ; Lam & Mercure (2022) & EEIST modelling [2] Breakthrough Agenda (2022)
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J.F., 2022. Evidence for a globadl
electric vehicle tipping point.


https://eeist.co.uk/eeist-reports/new-economic-models-of-energy-innovation-and-transition/
https://www.exeter.ac.uk/media/universityofexeter/globalsystemsinstitute/documents/Lam_et_al_Evidence_for_a_global_EV_TP.pdf
https://www.iea.org/reports/breakthrough-agenda-report-2022
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Public chargers are growing exponentially

Solvable challenges

N 1.4 million

* Globally, the global deployment of public chargers has roughly kept g -2 million

pace with the rise of electric vehicles (EVs) over the past five years, N ion
staying at about 8-10 EVs per public charger. This indicates that o

o : I8 800,000
charging infrastructure can keep up with EV deployment [1]. z

* Proactive policy such as financial subsidies and incentives can g P

accelerate charging infrastructure deployment. With these policies, ] 400,000

China became the largest charging infrastructure network in the ‘g 200,000

world (now with only 7 EVs per charger), and the Netherlands built its % 0

Z 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

total public charging points to 10 times the EU average [2].

* There are enough mineral reserves for the transition, and solutions
are emerging to ease supply constraints and reduce prices. New There are sufficiont materils
lithium mines are rapidly starting production, near-total recycling (Global reserves. million metric fonnes)
of batteries has become technically feasible, and recycling policies
are increasing in key markets [3].

5,600 8

Ul

Lithium

20

1,300

. Other requirements by 2050

Sources: [1] Ritchie (2023); [EA (2023) [2] Anadon et al (2022); ChargeUp Europe (2022) [3] East Company (2023); ETC (2023) . Energy transition requirements by 2050

Sources: International Energy Agency

Sources: Energy Transitions Commission


https://www.sustainabilitybynumbers.com/p/public-ev-chargers?triedSigningIn=true
https://www.iea.org/reports/global-ev-outlook-2023
https://eeist.co.uk/eeist-reports/ten-principles-for-policy-making-in-the-energy-transition/
https://cdn.motor1.com/pdf-files/il-report-state-of-the-industry-2022.pdf
https://www.fastcompany.com/90866220/norway-has-the-most-evs-per-capita-and-the-most-chargers-per-ev-heres-how-they-did-it#:~:text=Norway%E2%80%94which%20has%20more%20EVs,for%20how%20to%20get%20there.&text=Up%20to%20this%20point%2C%20EV,driven%20largely%20by%20private%20investment.
https://www.energy-transitions.org/wp-content/uploads/2023/08/ETC-Materials-Report_highres-1.pdf
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Wider benefits

There are many benefits of a fast
electric vehicle transition: avoid
expensive oil imports, create jobs
and cut pollution

* The transition can cut expensive oil imports. Many countries spend
huge sums on oil imports every year (China spent $365bn on crude
oil imports in 2022, the US $205bn, India $173bn, Japan $102bn) [1].
Transport accounts for about two thirds of global oil demand [2].
The transition to electric vehicles (EVs) allows more of this money to
be invested domestically instead.

* Being a leader in the transition can be good for jobs and industrial
competitiveness. In 2022, top global automakers announced
spending plans of nearly $1.2 trillion up to 2030 to develop and
produce EVs, more than doubling estimates made in 2021 [3]. The
number of different fossil fuelled vehicles on sale in leading markets
is declining, while the variety of EV models is rising, clearly indicating
the focus of new investment [4].

* A rapid electric vehicle transition can save lives. Emissions from
fossil fuelled vehicles were linked with around 385,000 premature
deaths globally in 2015, and the shift to electric transport could cut
this by 75% [5].

Sources: [1] World'’s Top Exports (2023) [2] UN (2021) [3] Reuters (2023) [4] Barbrook-Johnson et al (2023); Lam & Mercure (2022) [5] ICCT (2019)
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Source: Lam, A. and Mercure,
J.F., 2022. Evidence for a global
electric vehicle tipping point.


https://www.worldstopexports.com/crude-oil-imports-by-country/?expand_article=1
https://www.un.org/sites/un2.un.org/files/2021/10/fact_sheet_transport_general.pdf
https://www.reuters.com/technology/exclusive-automakers-double-spending-evs-batteries-12-trillion-by-2030-2022-10-21/
https://eeist.co.uk/eeist-reports/new-economic-models-of-energy-innovation-and-transition/
https://www.exeter.ac.uk/media/universityofexeter/globalsystemsinstitute/documents/Lam_et_al_Evidence_for_a_global_EV_TP.pdf
https://theicct.org/publication/a-global-snapshot-of-the-air-pollution-related-health-impacts-of-transportation-sector-emissions-in-2010-and-2015/
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