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Electric vehicles (EVs) are important elements in the global strategy to tackle climate change. EVs are widely considered

to be more environmentally and economically efficient than internal combustion engine-based vehicles (ICEVs), and as

the technology matures and availability increases, governments around the world are beginning to phase out ICEVs and

promote EV adoption.
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1. Key Factors Associated with EVs

There have been many studies of the factors influencing potential EV users and the importance of taking their views into

consideration. For example, according to Funke  the share of electric taxi fleets in Karlsruhe, Germany, could increase

by up to 45% if taxi users’ perspectives were considered. Meanwhile  suggests that knowing customers’ needs and

segmenting buyers by range requirements is critical, rather than presuming that all drivers need currently expensive large

batteries. In terms of adoption,  concludes that EVs are more attractive to consumers with high annual mileage in

Germany, while  finds that the high purchase price and high battery costs are the most important factors affecting EV

adoption in China. However, Singh  concludes that policymaking is the most influential factor in terms of influencing the

rate of EV adoption since it can directly affect customers’ intentions to purchase an EV. In regions, such as Japan and

California, US, for example, long-term government subsidies encourage drivers to switch to EVs , and many studies

have found that the development of EV infrastructure enhances acceptance of EVs, something which requires policy

support . Such factors are expected to influence the perceptions of potential EV users in Saudi Arabia and other

petroleum producing states, and these are discussed in more detail below.

1.1. Charging Infrastructure

Charging infrastructure is a key issue in relation to EV adoption, and Tie  recommends the building of a comprehensive

nationwide charging infrastructure to precede the introduction of EVs. This is a particular issue in the context of Saudi

Arabia, a relatively large country (at over 2,000,000 km )  with a desert climate. The long distances between cities and

the heavy use of air-conditioning drains batteries more quickly, and Saudi drivers report feeling ‘range anxiety’ , so

charging stations are needed on all main roads. An optimal solution would be the formation of isolated microgrids supplied

by renewable energy, with diesel backup .

Charging Stations

Numerous studies have found that a lack of infrastructure has a direct impact on consumers’ intentions to purchase an EV

; this not only affects market sales, but it has also risen to the top of the list of arguments against the spread of

EVs . Research indicates that an increase in public charging infrastructure development leads to an increase in EV

sales; however, in the early stages of the EV market, private charging options, such as home or workplace charging, have

also proven to be significant . Moreover, lower total expenses associated with household charging unit installation and

vehicle operation would significantly enhance customer behaviour towards and perceptions of EVs .

Repair and Maintenance Workshops

According to  the absence of EV repair centres and workshops compared to those for ICEVs has disappointed current

EV owners. For example, a study in Denmark  found that the fact that EV technology is still new means that relatively

few workers are qualified and trained to fix EVs, so even simple repairs are costly and more complex repairs may take

several months.

Effect on the Electricity Grid
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EVs consume a high amount of real power in a short period of time due to the non-linear nature of their loads, and this

can cause instability in the power networks . Overloading of charging may also affect aspects of the grid and

distribution network, depending on driving and charging behaviour, so EVs can have a significant impact on the power

network’s load curve . The KSA generates an estimated 362 TWh of electricity, mainly from crude oil and natural gas,

; however, demand can exceed supply in the hot summer months, and the widespread adoption of EVs will place

additional burdens on an overstretched grid. In addition, as less than 1% of electricity comes from renewable energy

resources , this may also increase GHG emissions unless steps are taken to further develop renewable electricity

production.

1.2. Vehicle to Grid Technology

Storage of energy is also an issue for EV adoption; however, the increasing global uptake of EVs facilitated by

technological advances, such as cheaper batteries, has initiated new business models to exploit the potential of EVs for

electric storage. V2G technology is one such development, and it enables EVs to be charged and to return stored

electricity to the grid through a connection to a domestic, commercial, or public charging station . Vehicle batteries are

charged at a low tariff when demand on the grid is low and excess unused power is available, then partially discharged at

a higher tariff during peak demand, when the grid is short of supply, allowing owners to make a profit . V2G thus offers

cheap, flexible, and fast-responding storage  and also incentivizes EV owners to participate in charge/discharge

systems.

According to Weiller and Neely , V2G has both short- and long-term potential benefits. The former includes residential

applications, such as vehicle-to-home for smart home systems, and it is significant to note that Tesla has promoted its

EVs as central to the ‘self-powered home’, in which they are integrated with solar panels and a so-called Powerwall .

The long-term benefits include potential reductions in GHG emissions (around 13,429 kg CO  per year with self-

sufficiency of 99.1% and net metering) and reduce per-unit electricity prices by up to 12% . In addition, as Tesla’s move

suggests, continued technological innovation and development of V2G systems, alongside shorter battery response

times, will potentially be enhanced by integration with solar photovoltaics, among other options .

The development of this technology is currently constrained by inadequate infrastructure, battery degradation, and low

consumer awareness. For example, grid-scale uses of EV batteries for storage and V2G applications are unlikely to be

deployed in the short-term because EV adoption rates do not yet justify new control architectures being implemented.

However, studies of consumer acceptance of V2G have identified key institutional and policy factors as including

incentives to EV consumers, such as direct subsidies, emission-based taxes, provision of charging infrastructure, and free

parking. Developments in battery capacity, driving range, and in the purchase price of EVs are discussed below.

1.3. EV Batteries

Lithium ion batteries (LIBs) are used for EVs and grid storage applications because of their superiority to conventional

lead–acid or nickel–cadmium batteries in terms of energy density, specific power, cost, safety, cycle life, and calendar life.

An LIB stores chemical energy during charging and converts it to electrical energy while discharging, and an EV carries

LIBs in groups connected as modules, which are joined together to form a complete battery pack. Each module has the

circuits for a thermal management system and the whole pack is used to power the motor which propels the EV . The

power density, cycle life, cost per kWh of energy, and calendar life correspond to the energy requirement of the battery

system. However, the range and the battery capacity of an EV are not linear; the weight of the battery pack increases with

an increase in capacity, which adversely affects the efficiency of the vehicle on the road. It is therefore important to

compare batteries and battery systems based on energy and power densities, rather than on range requirements.

Different battery technologies and their specific energy and specific power ratings are shown in Figure 1 .
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Figure 1. Various battery technologies used in EVs and their specific energy and specific power ratings.

Driving Ranges and Charging Times

One of the main challenges associated with battery electric vehicles (BEVs) is the limited capacity and driving range

associated with the batteries and their cost. The battery capacity of many current models limits their driving range to 250

km, although some new models offer ranges of up to 400 km, and upcoming models are predicted to range beyond this

. Consumers are also concerned about the cost of batteries. In 2015 this was approximately USD 350/kWh, making the

cost for a battery capacity of 40 kWh as much as USD 14,000, meaning an EV would cost at least USD 12,000 more than

a similar ICEV ; however, it is estimated that these will decrease to around USD 112/kWh by the end of 2025 . It is

important to recognize that real-world driving ranges will not be the same as the rated (or manufacturers’) range, as

factors, such as driving conditions and drivers’ skills, will affect vehicle efficiency. Thus, the time taken to charge an EV is

also a significant consideration. 

The shortest attainable rapid charging time is 22 min for the Tesla Model 3, while most other modern EVs can be rapidly

charged fully within 45 min. Among these, the Tesla Roadster has the longest range, at 965 km, with a real-world range

closer to the rated range than other EVs. The length of time it takes to recharge an EV depends on the type of charger

used, with the fastest chargers costing the most. There are currently three main types of chargers, AC level 1, level 2 and

DC fast chargers, and their key performance details are shown in Table 1. AC level 1 EV supply equipment delivers

charging through a 120-volt AC plug and provides a range of about 2–5 miles per charging hour, while AC level 2

equipment is capable of charging through 208–240-volt electrical supply, and it can be installed at home or as a public

charging point. This provides 10–20 miles per charging hour; however, as the charging time for a 24 kWh battery pack is

around 8 h, an EV should be fully charged at home when 240-volt services are available . Next, 480-volt direct current

(DC) fast charging equipment provides charging in around 30 min, but these are only available at public stations and

cannot be installed in residential buildings for safety purposes. Globally, there are three types of DC charging systems:

Type 4 CCS/COMBO (Combined Charging System), Type 4 CHAdeMO, and Tesla dual single-phase AC and DC charger

; however, only the Japanese CHAdeMO standard chargers (used by Nissan, Mitsubishi, and Kia), are currently fitted

with V2G technology .

Table 1. Chargers, miles per charging hour and charging times for each level of charging .

Charging
Levels

Miles per Charging
Hour

Charging Time for a 24 kWh Battery
Pack Charger Standard

AC level 1 2–5 ~17 h SAE J1772

AC level 2 10–20 ~8 h SAE J1772

DC fast
charging 50–70 ~30 min CHAdeMO, CCS, Combo, Tesla

Supercharger

Battery Lifespan

Competition with conventional ICEVs requires EVs and their batteries to run reliably for 10–15 years under various

climatic conditions and duty cycles. The main factors limiting battery lifetime are time at high temperature, state of charge

(SoC), cycling at high depth of discharge (DoD), and C-rate . While time at high temperature may not be regarded as a

significant factor within Western European or North American contexts, it takes on much greater importance in the Saudi

context, where summer temperatures average 45 °C .

Charging is most efficient when the battery has low charge or SoC, while charge acceptance slows towards saturation.

Charging efficiency also depends on temperature and SoC. As the battery ages, internal resistance increases, and the

charge rate slows. An SoC above 80% promotes capacity fade, while keeping the lithium ion at high SoC affects lifetime

more than cycling at mid-range SoC .

1.4. Weather Conditions and Terrains

Research suggests that the performance of an EV varies considerably according to the climate and terrain in which it is

driven. For example,  found that the driving range in mountainous terrain was less than the manufacturers had

estimated. In addition, the thermal behaviour of lithium ion batteries is adversely affected by extreme heat, with both

charging efficiency and life cycle significantly reduced when battery temperature exceeds 50 °C. For example, the Nissan

Leaf’s battery capacity was found to deteriorate when tested in the heat of Arizona in the US . Saudi Arabia has a

desert climate with extremely high temperatures in the summer, reaching an average of 45 °C , and mountainous
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regions in the west and southwest, and this could raise doubts about the suitability of EVs, negatively impacting their

quick adoption, at least in the short-term.

1.5. Safety of EVs

While there are risks with any motorised vehicle, the risk of fire and other hazards associated with lithium ion batteries are

particularly serious in EVs for a variety of reasons; these include high demands in terms of driving performance and

charging speed, the resulting increasing scale and energy density of battery packs, and unavoidable traffic accidents .

There is an additional risk that burning lithium ion batteries may release toxic gases as a result of their high heat rate .

Concerns around the risks associated with fires due to batteries overheating are likely to be exacerbated when external

air temperatures are already high, as is the case in the KSA.

1.6. Environmental Benefits

EVs have the potential to play a key role in reducing GHG emissions within the transportation sector, which has one of the

highest emissions rates of any sector . However, evaluating exactly how environmentally friendly EVs are is a complex

task that includes assessing the electricity generation sources for charging and manufacture and the challenges

associated with recycling EV batteries, and their overall contributions to environmental degradation. Consequently, users

are frequently unsure whether driving an EV will actually assist the environment by reducing GHG emissions .

However, the use of renewable resources to power EVs could significantly enhance their green credentials.

1.7. EV Prices

EV pricing depends on several factors, including driving range, battery capacity, and km/kWh energy consumption. Table
2  lists the manufacturer’s suggested retail price (MSRP) for selected US BEVs, showing their range, battery capacity,

and km/kWh consumption. The fact that even the cheapest models come in at over USD 29,900 demonstrates that

purchase price is a significant factor in relation to EVs, especially by comparison with ICEVs.

Table 2. EV manufacturers and models with range, battery capacity, per kWh energy consumption, and manufacturer’s

suggested retail price .

Manufacturer Model Range (km) Battery Capacity (kWh) km/kWh MSRP (USD)

Tesla Model S 100D 564 100 5.65 94,000

Tesla Model S P100D 542 100 5.42 135,000

Tesla Model 3 498 78 6.39 35,000

Tesla Model X 100D 474 100 4.75 96,000

Tesla Model X P100D 465 100 4.65 140,000

Tesla Model S 75D 442 75 5.90 74,500

Chevrolet Bolt EV 383 60 6.39 36,620

Tesla Model X75 381 75 5.08 70,532

VW e-Golf 201 35.8 5.62 30,495

Hyundai Ioniq Electric 200 28 7.13 29,900

Ford Focus Electric 185 33 5.60 29,120

BMW I3 183 33 5.55 44,450

Kia Soul EV 178 30 5.95 32,250

Nissan Leaf 172 30 5.74 29,900

Honda Clarity Electric 150 25.5 5.61 33,400

Fiat 500e 140 24 5.84 32,995

As Table 2 demonstrates, almost all models exhibit similar range per kWh energy consumption, at 5–6 km/kWh, except

the Tesla Model X variants, at less than 5 km/kWh. While Tesla models are broadly comparable with competitors’ models

in km travelled per kWh, they have superior ranges because of their larger battery capacity, compact packing, and efficient
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thermal management systems. The Hyundai Ioniq Electric has an impressive range per kWh of approximately seven

kilometres; this high efficiency may be due to Hyundai’s battery technology. If Hyundai could scale its battery capacity to

the 100 kWh capacity of Tesla, then it would have a driving range of 710 km, far longer than any other model, including

those of Tesla. However, the pricing shown here suggests that any such innovation would lead to a significant increase in

price, as Tesla models are among the most expensive listed, with the highest suggested retail price of the Tesla Model X

P100 D being the most expensive at USD 140,000.

1.8. Charging Costs

While the average purchase costs of EVs far exceeds those of ICEVs, the running costs are typically much lower. For

example, EDF Energy’s GoElectric 35 tariff , currently available to UK users, has an off-peak rate of GBP 0.045/kWh

(USD 0.06/kWh), enabling users to fully charge a standard 40 kW Nissan Leaf overnight for only GBP 1.80 using a 7 kW

home charger. This is much lower than the equivalent fuel cost for a conventional petrol or diesel car. In any driving

scenario, the recharge consumption of an EV can be determined by multiplying its drive efficiency (in kWh/mile) by miles

travelled. In the case of level 2 charging, the A/C charge rate is equal to the EV’s hourly recharge consumption, and

dividing the required daily recharge consumption by the vehicle charging rate gives the number of charge hours per day

. The optimal daily charging amount can be estimated using Equations (1) and (2) below:

 

(1)

(2)

DHC represents the daily hourly charges (USD), VCR is the vehicle charge rate (kW), T is charging time (hours), CHR is

the charge required (kWh) and LMP  is the locational marginal price (LMP) during the nth lowest-ranked hour of the day

(USD/kWh). When estimating DHC, the LMP values can, if necessary, be taken as starting from the lowest LMP hour and

moving to the next rank ordered LMP hour. The savings achieved in the Tesla 3 long-range and Chevrolet Bolt for a range

of driver profiles (light, average, heavy, and Lyft/Uber) are shown in Table 3 .

Table 3. Hourly and flat charging rates for Tesla and Bolt and corresponding savings over conventional petrol cars .

Driver Profile Vehicle Hourly (USD) Flat Rate (USD) % Saving Hourly USD Saving Hourly

Light driver
Tesla 37 91 59 54

Bolt 40 98 59 58

Average driver
Tesla 74 182 59 108

Bolt 81 196 59 115

Heavy driver
Tesla 132 303 57 172

Bolt 143 327 56 184

Lyft/Uber
Tesla 289 607 52 318

Bolt 315 654 52 339

 Light driver—24 miles/day; average driver—48 miles/day; heavy driver—80 miles/day; Lyft/Uber driver—161 miles/day.

Having explored the main factors associated with EV usage globally, the next section examines the factors which are

likely to influence their adoption in Saudi Arabia, notably recent rises in domestic fuel prices and the government’s

ambitious carbon reduction plans set out in Vision 2030.

2. Drivers of EV Adoption in Saudi Arabia

There were over 15 million vehicles in Saudi Arabia in 2020 , four-fifths of these being cars and other light vehicles, and

numbers are expected to reach 25 million by 2030 . Although buses operate between cities and to and from
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neighbouring countries and trains run between major cities, such as Riyadh, Jeddah and Dammam, urban public transport

is limited. Most people use their own vehicles, as the meagre public transport provision is compensated for by subsidized

fuel, making cars affordable, even for low-income residents . For example, in Riyadh, the capital city, private vehicle

ownership almost doubled between 1996 and 2008, accounting for 85% of 8 million daily trips taken, against only 2% in

buses . According to the Saudi Energy Efficiency Center , transportation currently consumes around 21% of total

energy in the KSA, at around one million barrels of oil equivalent per day, and 52% of the sector is light duty vehicles. As

transportation energy consumption is expected to double by 2030 , the widespread adoption of electric vehicles could

have a significant impact in reducing CO  emissions; however, the findings of the survey (survey

questions: https://rb.gy/lhogk8, accessed on 15 February 2021) conducted for this study indicate that there are almost no

EVs on the KSA’s roads at the moment. Only one participant out of 698 stated that they currently drove an EV, with nearly

3.5% owning hybrid vehicles, but more than 96% of respondents still drive conventional vehicles.

However, domestic fuel prices are now being brought into line with international levels, as part of reforms aimed at easing

the burden of subsidies on state finances, improving energy efficiency, and cutting consumption. Between 2007 and 2015,

gasoline prices in Saudi Arabia were fixed, with premium 95-octane gasoline cost of SAR 0.60 (Saudi riyals) per litre,

while 91-octane gasoline was at SAR 0.45 per litre. In the first wave of energy price reforms in December 2015, retail

prices rose to SAR 0.90 and SAR 0.75 per litre, respectively, and there were larger increases in 2018, with prices rising to

SAR 2.04 and 1.37 per litre . In July 2021, following increased crude oil prices, the government capped prices at SAR

2.33 and 2.18 per litre, respectively . As for electricity, the residential and commercial tariffs were set in January 2018 at

SAR 0.18 and 0.20 per kWh, respectively . With consumers now feeling the effect of increases in the price of gasoline,

there is more willingness to consider switching to an electric option.

The Saudi government wishes to promote EVs in line with Saudi Vision 2030, an ambitious and broad reaching strategy to

shift the economy away from oil and reduce GHG emissions, and some policies to support their adoption have already

been developed . However, adoption initiatives, such as the agreement with Lucid Motors, are in their early stages and

are just beginning to be implemented in the country. This is reflective of the approach to EVs of the petroleum-producing

states within the Gulf Cooperation Council (GCC), with the notable exception of the United Arab Emirates (UAE). Although

a global revolution is occurring in the field of EVs, Dubai is the only location in the Gulf to have embraced this technology

to date, with about 50% of Dubai’s taxi fleet now being hybrid or electric, and 300 charging stations available across the

city . Various studies have been conducted to assess the future of EVs in the KSA and to estimate the GHG reductions

that may be achieved by their adoption . Despite the fact that the country is one of the world’s largest oil producers,

many of these studies indicate that a key challenge to EV adoption is the massive additional demand EVs will place on an

already overloaded electrical network, especially during the summer, and steps are now being taken to design systems to

evaluate the impact of EVs on the grid . One possible solution is a techno-economic hybrid power system for EVs using

a mixture of green energy . This would be a significant development, both in terms of developing sustainable EV

infrastructure and meeting the country’s GHG reduction targets. 
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