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INTRODUCTION

ENERGY 
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This research paper is part of  
a 12-month series published by the 
Al-Attiyah Foundation every year. Each 
in-depth research paper focuses on a 
current energy topic that is of interest 
to the Foundation’s members and 
partners. The 12 technical papers are 
distributed to members, partners, and 
universities, as well as made available 
on the Foundation’s website. 
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Electric vehicles have gained significant 
market share in the past year and 
numerous automakers have committed to 
predominantly EV futures. EVs have gained 
range, costs have fallen, and numerous 
governments have rolled out supportive 
packages for their manufacturing, purchase 
and charging. The imperative to tackle 
climate change, energy security concerns 
including the war in Ukraine, the desire to 
build new competitive domestic industries, 
and the other advantages of e-mobility 
have all made EVs more important.

What is the future for e-mobility? What 
does this mean for the outlook for internal 
combustion engine (ICE) vehicles?
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•	 Electric vehicle1  (EV) sales will continue 
growing in 2023 albeit at slower rates 
(23% year-on-year, compared to 62% in 
2022) due to a more negative economic 
outlook and rising prices on the back of 
inflation and supply chain constraints.

•	 Regulatory support for the uptake of 
EVs will continue shifting from the tax 
incentive model of previous years to the 
“polluters pay” model. EVs benefit not only 
on lower carbon dioxide emissions, but 
also on lower local air and noise pollution.

•	 While EVs may have higher up-front costs 
than internal combustion engine vehicles 
(ICEVs), their benefits ultimately result 
in lower lifetime costs when compared 
to an ICEV, taking into account variables 
other than the purchase cost, such as 

03 EXECUTIVE SUMMARY
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maintenance, fuel/charging costs, fuel/
charging source, battery size, and type of 
fuelling/charging infrastructure.

•	 A common misconception with EVs is 
that their silence equals lower speed and 
performance when compared to ICEVs. 
However, the opposite is true: EVs can 
accelerate faster than ICEVs and have more 
than enough speed for typical daily use. 

•	 Rising costs and supply chain constraints 
are making alternative battery chemistries 
important. Better safety and stability, and 
lower cost and stable supply of associated 
raw materials, alongside improvements in 
auxiliary technology could cement lithium 
iron phosphate (LFP) as the mainstay of EV 
battery chemistries in contrast to ternary 
(Nickel Cobalt Aluminium (NCA)/Nickel 
Manganese Cobalt (NMC)) ones .

1.This paper concentrates on light road vehicles. Electrification of heavy road vehicles (buses and trucks), rail, 
shipping and air travel are interesting topics in themselves, but present greatly different challenges.
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•	 EVs, e-mobility, and the electrification of 
transport will lead to a peak in oil transport 
use by 2030, which itself will drive a decline 
in oil consumption overall.

•	 This will also shift the mix of the barrel 
demanded, away from gasoline (cars), and 
relatively towards diesel (in geographies 
where electrification or hydrogen-fuelling 
options for heavy vehicles such as trucks 
and buses are either limited or slow-
moving), and jet fuel.

•	 Increased electricity demand from EVs 
is positive for low-carbon generation, 
including gas with carbon capture and 
storage (CCS), renewables and nuclear. 

•	 Oil and gas producers can adapt to 
e-mobility’s rapid changes to the transport 
sector by:

o	 It also represents a major opportunity 
for electricity distribution and storage 
integration to support EV charging 
requirements and infrastructure. 

o	 Defending demand through improving 
the acceptability of their hydrocarbons 
(either through CCS or renewables, 
which could power fossil fuel 
infrastructure or operations);

o	 Creating demand through investing in 
new markets (by geography and sector 
– such as petrochemicals, industry, 
aviation) and products (such as 
hydrogen and ammonia, both of which 
could support green transport);

o	 Diversification, by broadening their 
economies beyond energy.

IMPLICATIONS FOR LEADING OIL & GAS PRODUCERS

o	 Hedging, by investing in non-
hydrocarbon transport options or into 
EVs themselves, either internationally, 
or even in domestic manufacturing. 
This could cover various parts of the 
value chain – the vehicle, battery, critical 
materials input, software, charging and 
electricity retail, or related areas such 
as autonomous vehicles, presenting a 
potential “hedge” against losing out to 
EVs, and;
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05 HISTORY & PROJECTIONS OF EV UPTAKE

Global sales of EVs have grown rapidly since 
2016, and are projected to almost double 
in 2023 from 2021 levels (a 99% increase), 
marking an unprecedented uptick in adoptioni. 

China and the EU have led the charge so far 
thanks to favourable government incentives 
and subsidy schemes, as well as concerted 
action (especially in the case of the EU) on 
meeting aggressive climate goals, of which 
electrified transport is a key component. 

For example, EVs made up 25% of all European, 
and 21% of all Chinese light vehicle sales in 
2022, compared to ~13% globally for the same 
year (10.5 M new EVs (battery electric vehicles 
(BEVs) and plug-in hybrids (PHEVs)) out of 
global light vehicle sales of 81 M new unitsii).

On an annualised basis, EV sales recorded the 
most growth in 2021, when they surged by 
103% on 2020 levels, and maintained a healthy 
growth of ~62% in 2022iv. Rates of growth 
in 2023, however, are expected be slower, at 
around 23%, due to a more negative economic 
outlook and rising prices on the back of 
inflation and supply chain constraints. 

Still, a global sales growth of an additional 2.5 
M units is impressive, and would see EVs make 
up ~16% of world light vehicle sales, from just 
0.8% in 2016v. 

As in past years, BEVs are expected to account 
for the most of this increase, at around 70%. 
Clearly the EV market is slated to continue 
making great strides despite softer economic 
indicators, and not just in sales.

Figure 1 Global electric car stock by region, 2010-2023 2022iii 
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Table 1 Investment into EVs and associated parts through to 2030 by major OEMsx

Original equipment manufacturers (OEMs) are 
planning to spend nearly US$ 1.2 T through 
2030 on EVs and their associated batteries 
and materials (Table 1), with Tesla, Toyota, 
Volkswagen, Ford, and Honda contributing 
the most to dedicated EV investmentvi, while 
continuing to deliver new electrified models. 
Currently there are over 500 models of EVsvii 
available on the market, which is more than 5 
times than those available in 2015viii.

A key factor for the surge in spending is the 
“Tesla Effect”, which has made EVs a glamorous 
investment proposition for both traditional 
OEMs and new start-ups. Out of the 37 largest 
global automakers, Tesla is investing the most in 
EVs (around US$ 100 B) and in batteries (around 
US$ 400 B) enroute to building 20 million 
EVs in 2030ix. This will continue reinforcing a 
competitive market differentiated by varying 

• Fuel economy and emissions targets 
imposed by national governments as part 
of national climate action plans (CAPs) 
or city access restrictions (zero-/low-
emissions zones) (such as in Europe and 
China) on older ICE vehicles, and; 

•	 Increasing global scrutiny on inefficient 
fossil fuel-based transport, negatively 
impacting brand image and prestige 
(particularly for legacy brands, such as US 
OEMs).

models and features, alternate battery 
chemistries, R&D, and lifecycle emissions. 

EVs have also become a strategic commitment 
for OEMs. Major automakers now have 
dedicated production, sales, and electrification 
targets for their fleets. These are mostly borne 
out of:
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08POLICY & INCENTIVES FOR EVS ARE CHANGING

Regulatory support for the uptake of EVs 
continues shifting from the tax incentive model 
of previous years to the “polluters pay” model 
(i.e. imposing penalties on the purchase of ICE 
vehicles in the form of a carbon tax proportional 
to the vehicle’s rate of CO2 emissions per 
kilometre of travel).

This is most prominent in Europe, where low 
taxes or purchase grants for zero-emission 
vehicles (such as BEVs) are being paired with a 
high tax burden on polluting cars, either in the 
form of an acquisition tax or an ownership tax.

For example, high tax burdens on polluting (i.e. 
ICE) vehicles in Malta, Greece, Romania, and 
Sweden are paired with negative tax burdens on 
BEVs resulting in high tax differentials which can 
be correlated with the increased uptake of BEVs 
at the country level. 

In some countries, previous tax exemptions on 
BEVs are now being phased-out as their uptake 
increases, in line with ambitions to end all sales 
of ICE vehicles between 2030 and 2035. This is 
most prominent in Norway, Netherlands, Finland, 
and the UK. Additional benefits such as free 

Figure 2 Tax incentivisation of private vehicles in European countriesxi  

parking, free charging or use of dedicated or 
high-occupancy lanes will also be withdrawn.

In the UK, Vehicle Excise Duty will be equalised 
for both zero-emission and ICE vehicles 
from 2025 onwards as the Expensive Car 
Supplement Exemption for EVs ends. New BEVs 
registered from 2025 onwards will be liable 
to pay the supplement (currently EVs with 
a list price below £ 40,000 are exemptedxii). 
Removing the VED exemption could marginally 
reduce the incentive to switch to EVs, but 
a ban on the sale of new ICE vehicles from 
2030 onwards will inevitably translate to 
higher purchases of EVsxiii. Impact shall also 
be minimal given the marginal cost of the VED 
compared to the overall cost of the vehicle.

In Norway, extremely steep CO2-differentiated 
purchase taxes on ICE vehicles (between € 
3566 for a 1500 kg car with type approval 
emission rates of 50 gCO2/km and 50 mgNOx/
km and € 30,265 for a 2000 kg car with type 
approval emission rates of 150 gCO2/km and 
50 mgNOx/kmxiv) have done away with the 
requirement for massive EV subsidisation.  
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Only a negligible share of Norwegian incentives 
currently is made up by subsidies, with the 
main driving factor for EV uptake being the 
high rate of taxation on ICE vehicles.

In Finland, a purchase incentive of € 2000 
for new EVs introduced in 2018 ended in 
March 2023xv. A corresponding registration 
tax exemption meanwhile will also be offset 
by an increase in the basic tax on electric and 
hydrogen vehicles as their uptake increases. 
The basic tax on zero-emission cars is currently 
€53.29 per year, which will increase by €65 per 
year, bringing the new tax level to €118.29 per 
yearxvi.

Similarly in other jurisdictions, such as China, 
national subsidies that at one point handed 
as much as US$ 8,700 back to EV buyers have 
now been phased-out, as China retains its 
status as the world’s biggest market for EVs. 
Still, growth rates have slowed, prompting 
provinces to offer their own EV “sweeteners” to 

keep sales elevated in line with Chinese climate 
action plansxvii. 

For example, Shanghai, which has one of 
the highest EV penetration rates in China, 
is offering residents a one-time cash back 
reward of US$ 1,450 when they buy a new EV 
to replace an existing ICE vehicle. In Beijing, a 
similar subsidy reward of between US$ 1,160-
1,450 for trading in an ICE vehicle for an EV is 
stimulating billions of yuan in EV salesxviii. Major 
Chinese cities also increasingly restrict the 
issuance of new car registrations to EVs only.

Policy and incentives in the US meanwhile are 
also evolving, with a slew of new credits being 
reinstated by the Inflation Reduction Act (IRA) 
of 2022 for EVs purchased from 2023 to 2030. 

EV buyers may qualify for up to US$ 7,500 in 
federal tax credit depending on income tax 
levels and vehicle specifications, including 
where it is built. 
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For example, if a consumer purchasing a Ford 
F-150 Lightning owes US$ 3,500 in income tax, 
then the federal tax credit they’d receive would 
be US$ 3,500. If they owe US$ 10,000 in income 
tax, then they’d qualify for the full US$ 7,500 
creditxix. 

Figure 3 Consumer and Government Spending on EVs, 
2017-2022xxiii 

However, this credit would be split into two 
equal halves, each half redeemable if the EV 
has battery components manufactured or 
assembled in North America, and; has critical 
minerals that are extracted or processed 
in the US, or in countries with which the 
US has a free trade agreement, or uses 
critical minerals that were recycled in North 
Americaxx.

The IRA effectively changed the qualification 
rules for the US$ 7,500 tax credit which could 
previously be availed as a consumer tax break 
for the first 200,000 vehicles an automaker 
soldxxi. This threshold has now been removed, 
but the requirements of North American 
assembly and battery and critical minerals 
sourcing rules could eliminate some 70% of 
EV models in the US currently from qualifying 
for the creditxxii.
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11 COSTS AND PERFORMANCE: WHERE 
DO EVS STAND VIS-À-VIS ICEVS?

Two of the most common prejudices against 
EVs is their alleged weaker performance 
compared to ICEVs and their often more 
expensive upfront costs. These concerns are 
not without reason: 

•	 On average, EVs’ batteries need to be 
recharged before a similar ICEV would 
need its fuel tank refilled; 

•	 They take longer to “refuel”, and even 
with the fastest EV charger could take 
about 15 minutes, which is significantly 
more than the time it takes to refill an 
ICEV’s tank,;

•	 Recharging sites are still not as 
widespread as fuel stations, and may 
be occupied, out of order, or have 
incompatible chargers, and;

•	 The still evolving nature of EV supply 
chains means that consumers often have 
to pay more upfront for an EV than an 
ICEV, which has matured, well-established 
legacy supply chains. 

o	 A related concern is that an EV’s 
battery modules might need to 
be replaced within its lifetime, 
depending on frequency of charging 
and the temperature it is stored at, 
which could also increase overall 
costs.

o	 EVs in accidents may have to be 
written off as it is difficult to assess 
the integrity of the batteries which 
are built into the car body.

o	 For these reasons, and because EVs 
are rapidly evolving and improving, 
the resale value of EVs may be 
uncertain and relatively low.

Still, the benefits of an EV ultimately result 
in lower lifetime costs when compared to 
an ICEV, taking into account variables other 
than the purchase cost, such as maintenance, 
fuel/charging costs, fuel/charging source, 
battery size, and type of fuelling/charging 
infrastructure. 

An important consideration for EV lifetime 
costs is also the availability of tax credits or 
exemptions on ownership or acquisition, or 
subsidy rewards for trading in an ICEV, which 
bring down upfront costs significantly. In 
Table 2, we assume the full US$ 7,500 tax 
credit as part of the IRA’s Clean Vehicle Credit 
scheme, which puts EV upfront costs at par 
with ICEVs.
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Table 2 Comparison of EV Upfront Costs vs ICEV Upfront Costs, with and without the IRA US$ 7,500 Clean Vehicle Creditxxiv

Table 3 Typical Charging Costs of Popular EVsxxix 

What are the variables impacting EV lifetime 
costs?

Cost of Fuelling: A key input that goes into EV 
costs is the cost of fuelling, i.e. charging, over 
its lifetime. Cost of charging an EV depends on 
several factors, including the price of electricity, 
the location of charging, the generation mix 
of the location (because generation mixes 
characterised by cheap renewables have lower 
LCOEs, instead of those characterised by 
costlier fuels like petrol/diesel, or fuels subject 
to a carbon price in certain locations, making 
electricity prices more expensive), as well as 
battery size (noting that the energy required to 
charge the battery is greater than the battery 
size itself, because some energy is lost during the 
charging process).

Across all EV manufacturers, the average cost 
of charging an EV is US$¢ 5.75 per mile, based 
on the global average cost of electricity of US$¢ 
17.2/kWhxxv. In the US, where average electricity 
prices were around US$¢ 14.9/kWh in December 
2022xxvi, the average cost of charging an EV there 
was US$¢ 5/mile, whereas in Denmark, where 
electricity costs are much higher, at US$¢ 57.5/
kWh, the average cost of charging an EV there 
is US$¢ 19/mile .Even at the most expensive 
electricity price, the cost of charging an EV is 
lower than the cost of fuelling an ICEVxxvii.  

The global average for fuelling a petrol 
(gasoline)-powered ICEV (compact sedan) was 
US$¢ 14/mile in 2022, which in Denmark would 
be as high as US$¢ 35/mile (based on Danish 
retail gasoline prices), 84% higher than the 
average cost of charging an EV therexxviii.
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Figure 4 Average cost of fuelling an EV vs ICEV based on 
US prices (December 2022) by vehicle category US prices 
(December 2022) by vehicle categoryxxx 

Fact Box 1 A V2G Concept could enable additional savings 
for EV ownersxxxii 

Figure 5 Maintenance cost per mile of typical light-duty 
vehiclesxxxi

Maintenance Costs: Maintenance costs on 
average for EVs are generally in the range of 
US$¢ 6-6.2/mile, whereas for ICEVs can be 
up to US$¢ 10.1/mile. EVs have fewer moving 
parts, require fewer oil-changes, have lower 
wear on brake-pads because of regenerative 
braking, and dispense with some components 
such as the exhaust, radiator, carburettor, 
spark plugs, gearbox, clutch and so on. While 

the difference may appear minimal, over the 
lifetime of the vehicle it makes a considerable 
impact. For example, if a vehicle is driven 
200,000 miles over its lifetime, that would 
represent US$ 8,000 saved with an EV, 
representing significant savings.

Charging Infrastructure: The cost of 
charging or fuelling an EV depends on several 
sub-factors. These include:

1. Electricity Source: Charging from the utility 
grid can sometimes be more expensive than 
choosing an electricity alternative, such as 
rooftop solar, community solar, community 
choice aggregation (CCA), or green power 
plan (GPP). Costs are typically less annually 
if the EV is charged from a community solar 
scheme, but CCAs and GPPs can be costlier 
than the utility. For owners of rooftop solar 
systems, an EV can essentially be charged 
for free once the cost of the solar system 
has been paid off. 

In the GCC and Middle East countries, 
a vehicle-to-grid (V2G) concept could 
enable EVs to communicate to the power 
grid through smart grid systems to sell 
demand response services, by delivering 
electricity into the grid. In this way the 
EV can not only facilitate energy storage 
during its recharge time, allowing for 
better integration of renewable energy, 
but can also allow the restoration of 
the stored energy from the vehicle into 
the grid, providing significant economic 
benefits to the EV owner.
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2.	Battery Size: A larger battery will consume 
higher energy to be charged, however, 
depending on an EV’s range, the charging 
cost per mile could still be less, since the 
vehicle would be required to charge less 
frequently. For example, while the popular 
Nissan Leaf would cost only US$ 6.73 to 
charge, in terms of mileage this would come 
out to US$¢ 4.5/mile. On the other hand, the 
Tesla Model 3 will cost about US$ 10.47 to 
charge, but the cost per mile is much lower, 
at US$¢ 3.85 due to the higher range of the 
car, reducing frequency of charging. The 
Tesla Model 3 is one of the more efficient 
EVs available on the market in terms of 
kWh required to drive one mile; a higher 
efficiency EV will have a lower charging cost 
per mile.

3.	EV Charger: EV chargers typically come 
in three levels, and the level used can 
impact the amount of energy stored in 
the battery. Typically, a higher voltage 
charging level equals less energy loss. 
For example, Level 1 charging (120-volt 
chargers, using a regular outlet, mainly 
in the US) and Level 2 charging (via 208- 
or 240-volt standard home EV chargers, 
mainly in Europe and other countries) 
require converting AC electricity into DC 
that the EV battery can store and usexxxiii. 
This conversion causes energy loss 
because of the heat produced by it. 

Level 3 charging (400-volt chargers 
typically available in public charging 
infrastructure) provides DC electricity 
(bypassing the Level 1 and Level 2 
limitation of AC to DC conversion within 
the vehicle, which is time-consuming, 
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by converting AC to DC in the charging 
station itself), so no in-vehicle conversion 
loss occurs. Level 3 charging has an 
efficiency of 90% and above, while Level 
1 and 2 can be as low as 60%. Level 3 
charging infrastructure is also pretty hefty, 
weighing in upwards of 250 kilograms, 
hence why it is mostly available in public 
EV charging stations on highways for 
longer distances or road trips. It can 
also potentially cost upwards of 200 
times more than a Level 2 charging 
infrastructure, although it could charge 
more vehicles . 

This is mainly why electricity sourced from 
public EV charging stations on highways 
using Level 3 charging infrastructure is 
pricier than direct charging at home from 
the grid (although at-home charging uses 
Level 1 and 2 charging systems, which 
have lower efficiency and more energy 
loss). However, even with the higher cost 
from Level 3 charging systems, the overall 
price to charge an EV on a long-distance 
trip is still far below what an ICEV would 
pay for gas on the same road trip.

4.	Timing of Charging: Certain locations 
may charge different electricity rates 
during the day to charge an EV. In the 
US, time-of-use rates or time-varying 
rates are imposed by state utilities when 
the cost of electricity and the electricity 
demand is high – such as in the middle 
of the afternoon on a hot dayxxxv. While 
it typically costs less to charge an EV at 
night if a utility uses time-of-use rates, it 
could lead to higher peak net electricity 
demand (i.e. the highest electric power 
demand minus power provided by solar 
and wind) as EV ownership expands. 

This could be mitigated by expanding 
daytime charging infrastructure to use 
excess solar power more efficiently as it 
would enable drivers to tap solar power 
when it is immediately available, instead 
of requiring power grid operators to invest 
in more energy storage to store daytime 
solar power for night-time charging. 

This can be particularly helpful in countries 
with large solar resources that do not have 
the requisite energy storage to support 
night-time charging. In countries with a 
hybrid generation mix, daytime charging 
would eliminate the problem of lower 
carbon savings from night-time charging, 
as the grid would likely be fuelled by fossil 
fuels at that time. The increase in remote 
working can also help alter consumer 
behaviour by allowing people to charge 
their EVs from home during the day, 
although they could also charge at work if 
charging points are availablexxxvi.

Performance specifications meanwhile 
continue improving rapidly, with the range 
of some of the latest EV models coming in at 
>500 miles (about 800 km), such as California-
based Lucid Motors’ Lucid Air Grand Touring, 
which has an estimated 516 miles of range . 

Other competitors include the Mercedes EQS 
450+ AMG Line, which clocks in at 453 miles, 
and Tesla’s Model S (Dual Motor All Wheel 
Drive) with 405 milesxl. These are comparable 
to similarly-sized ICEV counterparts such as 
the Porsche Macan, which has a range of 359 
miles, or the more affordable Honda Civic (446 
miles) and the Toyota Corolla Hatchback (462 
miles)  models.
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Figure 6 Variation in carbon emissions depending on time of 
day for charging an EV in different countriesxxxvii 

A common misconception with EVs is that their 
silence equals lower speed and performance 
when compared to ICEVs that have a deep sound 
of revving engines. However, the opposite is true: 
EVs can accelerate faster than ICEVs and have 
more than enough speed for typical daily use. 

The reason for this is that electric motors are 
simpler than ICE motors. EVs can provide full 
torque from 0 kilometres, resulting in instant 
accelerationxli. To compare, a traditional ICEV 
will take longer to get the engine-generated 
power to the wheels and might need to rev up 
in order to reach maximum torque. The power 
also has to go through to more moving parts, 
like the gearbox, which can make ICEVs less 
efficient.

However, most OEMS have to compromise 
between acceleration and top speed as EVs 
operate on a single-gear speed. Most EVs 
therefore opt for a balanced approach, which 
means lower top speeds compared to multi-
gear, ICEVs. Regardless, the top speeds of 
some of the most popular EVs are eclipsing 
maximum speed limits allowed in most parts 
of the world, making them fast enough for any 
normal usagexlii .
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17 RAW MATERIAL USE & ALTERNATIVE BATTERY CHEMISTRIES

Almost all of today’s BEVs and PHEVs use Li-ion 
batteries, although the exact chemistry varies 
from that of consumer electronics batteries. 
This means an almost complete reliance on 
lithium (“white gold”) as there is currently no 
commercially available substitute at scale. 

~80% of lithium’s increase in demand to 2030 is 
projected to come from EVs, with the remainder 
from battery storage and consumer electronics. 
Most of future BEV demand is slated to be met 
by adoption of higher Nickel-Cobalt-Aluminium 
(NCA) chemistries, which will drive demand for 
lithium hydroxide faster than lithium carbonate.

Demand for battery-grade lithium hydroxide 
could potentially be 6 times that of carbonate 
in 2030. Taking refinery assets currently under 
development, this could lead to an oversupply 
in lithium carbonate conversion capacity, but 
a deficit in battery-grade lithium hydroxide, 
causing producers to substitute hydroxide with 
carbonate in the production of medium nickel 
chemistries, such as Nickel-Manganese-Cobalt 
(NMC).

Table 4 Demand of lithium for EVs by Scenarioxliii 

Demand for nickel, cobalt, and graphite 
(other minerals that go into an EV battery) 
will also see demand surge by up to 25 times 
in an aggressive Net Zero scenario. Copper 
demand for grid lines (to meet EV charging 
requirements alongside electrification of other 
sectors) will also doublexlv.

Developing new assets to meet this demand 
is a challenging process. Ore grades in copper 
mines have started deteriorating, meaning 
more waste rock has to be moved and 
processed, raising costs and carbon footprints. 
Lithium mining meanwhile is monopolised by 
a few large producers such as China, who is 
also the source of 80% of all rare earths (REEs), 
used in many EV motors. Tesla has announced 
it will eliminate REEs from its motors to avoid 
this problem, although possibly sacrificing 
some performance or gaining some weight. 

This has created a supply-chain dependence 
and the potential for bottlenecks, raising prices. 
In the US and Europe, attempts to promote 
domestic mining are limited by environmental 
opposition and high costs.
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Figure 7 Prices for battery grade lithium hydroxidexlvi 

The rising inelasticity of lithium supply caused 
prices to surge to dramatically last year due 
to a combination of higher commodity prices, 
volatility, and supply chain constraints. Another 
reason was the rise in prices of associated 
battery metals, such as nickel, to which lithium 
prices can also be exposed. Russia’s invasion of 
Ukraine created a lot of pressure, since Russia 
supplies 20% of global high-purity nickel. In 
the aftermath of Russia’s invasion, nickel prices 
climbed to US$ 100,000/t, posing a serious 
problem for Europe, whose main source of nickel 
for EV battery development is Russia.

Prices have now started reversing after a two-
year tear (Figure 7), offering a potential boost 
for consumers and OEMs that got hit by rising 
battery costs last year. Lithium hydroxide is 
currently trading at US$ 57,000/t, a more 
sustainable level for battery manufacturing 
requirements, albeit still some 6 times higher 
than prices in January 2021xlvii. 

The falling prices are mainly due to a slowdown 
in demand for EVs, particularly in China and 
other jurisdictions (such as certain EU states) 
that have started unwinding incentive schemes 

to promote EV uptake, as well as continued 
uncertainty that is making traders cautious. 

Still, prices are high enough to motivate 
investment into lithium-processing facilities 
(such as Albemarle’s US$ 1.3 B lithium-
processing facility in South Carolinaxlviii), 
although the exposure of the metal to the 
volatility of other commodities such as oil 
and gas, as well as monopolised trade has 
increased interest of OEMs in alternative 
battery chemistries.

Table 5 summarises key new chemistries 
under consideration by major OEMs of the 
world. While most of these have significant 
energy and performance advantages over 
the incumbent Li-ion, they are mostly in 
demonstration and/or prototype phase, 
meaning supply chains for their scalability are 
either non-existent, or extremely nascent at 
best. 

Some also suffer from specific chemical 
constraints, such as K-ion (potassium ion) 
batteries, which with their superior energy 
density and lower costs could be a highly 
viable alternative, but metal reactivity and the 
lack of electrode materials strong enough to 
handle the stresses of potassium ions make it 
unlikely to enter the EV market anytime soon. 

The only lithium battery chemistry currently 
available on the market to compete with 
ternary Li-ion batteries (NCM/NCA) is perhaps 
lithium iron phosphate (LFP), which is 
swiftly becoming the more common battery 
chemistry for new EVs due to a growing 
preference by OEMs for its lower cost and 
significant energy-density improvements over 
the last decade. 
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LFP-powered BEVs now have ranges of up to 
376 miles, 3 times what an LFP could have 
achieved a decade agoxlix 

Better safety and stability, and lower cost and 
stable supply of associated raw materials, 
alongside improvements in auxiliary 
technology, could cement LFP as the mainstay 

of EV battery chemistries in contrast to 
ternary ones. All major OEMS, including Tesla, 
Volkswagen, Rivian and BYD, are scaling 
investment into LFP, with Tesla, one of the 
earliest large-scale users of the chemistry, 
producing 50% of its EVs in Q1 2022 with LFP 
batteriesl.

Table 5 Key new battery chemistries for EVsli 
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20HOW WILL OIL DEMAND BE AFFECTED?

The rise in government policies towards reducing 
oil use and emissions in line with national 
climate targets and global commitments such 
as the Paris Agreement has inevitably put the 
spotlight on the transport sector as the largest 
consumer of oil. 

As a result, the passenger vehicle sector is not 
considered to be a growth sector for oil, despite 
the rise in people buying ICEVs for the first time 
in developing countries. A decline in demand for 
oil from the sector is inevitable as EVs continue 
making a larger share of total global vehicle 
sales, and sales of ICEVs are phased-out from key 
economies of the world.

Almost all Net Zero and carbon-constrained 
scenarios project EVs to make up over half of the 
passenger vehicle fleet by 2040 and continue to 
dominate the fleet moving forward (Figure 8). 

Among non-carbon-constrained scenarios 
(typically BAU scenarios by major oil and 
gas companies or oil and gas producing 
governments’ projection scenarios) EVs make up 
a smaller share of the total passenger vehicle 
fleet, with some estimates pinning them as low 
as 20% of the passenger fleet by 2050.

Figure 8 EV sales as a percentage of total passenger vehicle 
saleslii 

Figure 9 EVs’ share of total passenger fleetliii 
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Figure 10 Oil demand displaced by EVs by region and 
scenariolv 

Figure 11 Forecast of global oil demand within the passenger 
sector resulting from EV sales projections, Mb/dlvi 

In terms of oil demand displaced, moderate 
climate scenarios, such as the IEA’s Announced 
Pledges Scenario and the Stated Policies 
Scenario, see the increased penetration of 
EVs into the global passenger vehicle stock 
displace some 3.5-4.6 Mb/d of oil by 2030,  a 
significant amount (around 4% of current total 
oil consumption).  

Under the Net Zero Emissions by 2050 
Scenario, they displace some 7.3 Mb/d of 
demand by 2030liv, thereby becoming a key 
input into peak oil demand forecasts. Longer-
term, oil demand displaced by EVs reaches 
nearly 20 Mb/d under most carbon-constrained 
scenarios, and about 25 Mb/d under a Net 
Zero scenario. Because of their lower cost per 
mile, EVs are likely to be driven more and to be 
favoured for high-use segments such as taxis.

However, a decline in passenger vehicle oil 
demand does not necessarily mean that total 
oil demand itself will decline. Declines in 
the sector could be offset by strong-enough 
growth in petrochemicals, industry, fertilisers, 
and perhaps other transport segments like 
aviation, shipping and trucking, but might not 
be able to offset all displaced demand. 

Still, the decline in oil demand for the 
passenger vehicle segment will not start seeing 
a meaningful decline till at least the mid-2030s 
(Figure 10), due to:

•	 The continued prevalence of ICEVs, at 
least in developing countries (especially 
in Africa and South Asia) where a larger 
number of people are purchasing these 
vehicles for the first time (and with an 
estimated vehicle lifetime of 15 years);

•	 The regulatory hurdles in successfully 
phasing out fossil fuelled-cars, even with 
international and national-level mandates 
to stop all sales of ICEVs by 2030-2035;

•	 Higher scepticism towards EVs in major 
O&G jurisdictions of the world, such as the 
Middle East, where fossil fuels are cheap 
and subsidised (even when market prices 
are high) and EV infrastructure limited, 
affecting adoption;
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Still, even the more sceptical jurisdictions of 
the world, such as oil and gas exporters in 
the Middle East, have begun to acknowledge 
the shift in the transport sector due to the 
advent of EVs, with some, such as Saudi Arabia, 
attempting to create “carbon space” that enables 
continuation of their primary business (i.e. oil 
export) by investing in battery development 
and EV manufacturing (such as through a US$ 
905 M integrated battery chemicals complex 
in Yanbu), as well as joint ventures with Lucid 
Motors to build EVs, and a stake in Tesla. 

The UAE has also established its first EV 
manufacturing company, indicative of a “dual 
strategy” approach that decarbonises domestic 
operations while securing a dominant position 
in emerging, low-carbon energy sources. There 
is also interest in sourcing some of the key 
materials for EVs: Saudi Arabia is expanding 
copper mining, while all the GCC countries 
other than Kuwait are important producers of 
aluminium.

•	 Raw material supply constraints overtaking 
the pace at which alternative, cost-effective 
battery chemistries develop market and 
supply chains beyond mere demonstration;

•	 EV costs taking longer to turn competitive 
with ICEVs, especially in the absence of 
subsidy rewards or tax incentives as these 
are a burden on governments, and;

•	 The slow rollout of EV charging 
infrastructure at scale, and larger than 
standard gas stations, as EVs take an hour 
or more to recharge, especially if Level 1 or 
2 charging is employed (in most developing 
countries).
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23 CONCLUSIONS

Despite the forecasted prevalence of ICEVs for 
the next 7-10 years, EVs have made radical 
changes to the transport sector and are slated 
to continue doing so, with ~16% of new car 
sales in 2023 set to be electric. Their increasing 
competitiveness on costs and performance as 
well as continually increasing international 
pressures to mandate their use to meet climate 
targets means they will demand leading oil 
and gas companies to transform their business 
models to take into account the very material 
possibility of rapid oil demand decline post-
2030 as sales of ICEVs are phased-out.

At the same time, not all possible strides by EVs 
(low-to-zero GHG emissions, higher efficiency, 
no pollution, lower lifetime costs) will be 
achieved at the same time, or at least will 
take time to do so. Barriers of infrastructure, 
regulation and consumer familiarity can hold 
them back even when they reach commercial 
maturity. Some tasks, such as reaching 
full automation of driving, are still more 

challenging than first thought, even though 
they could revolutionise transport as currently 
known.

The implications of e-mobility reach well 
beyond the energy sphere, and will have 
widespread ramifications for industry, society, 
the environment and geopolitics. 2022 already 
presented a teaser in terms of supply chain 
disruptions, bottlenecks, and inelasticity of 
supply. Meanwhile, the growing dominance of 
China in EV and EV battery manufacturing will 
continue shifting the locus of global supply 
chains, raising the potential for strategic 
competition with the EU and US. Legacy car 
makers in these jurisdictions will have to 
compete against a myriad of start-ups, many of 
whom are specialists in the EV space, in order to 
retain their market shares. 

Major oil and gas exporters will have to watch 
developments carefully, invest at strategic 
points, and make their own economic decisions 
robust to new emergent transport paradigms.
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