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Abstract: There are major concerns globally on the increasing population of internal combustion
engine (ICE) vehicles and their environmental impact. The initiatives for the advancement of
alternative propulsion systems, such as electric motors, have great opportunities, but are marked
by a number of challenges that require major changes in policies and serious investment on the
technologies in order to make them viable alternative mobility sources around the world. South Africa
has struggled a lot in adopting electric vehicles among all the emerging countries. This is mostly
attributed to a non-conducive environment for electric vehicle adoption. This study administered
a survey consisting of Likert-scale questions in the Gauteng Province to gather information on
people’s views on some of the major concerns around electric vehicle technology. The survey results
demonstrated that Gauteng residents perceive electric vehicle price as the main constraint towards
adoption of the technology and introduction of government policy towards addressing this challenge
would be helpful. Some of the suggested interventions, such as the rollout of purchasing subsidies
and tax rebates, received a high level of satisfaction among the respondents. Future initiatives that
tackle issues of charging infrastructure network also received high satisfaction. Thus, there is a need
for all stakeholders in the South African automotive industry to improve the enabling environment
for the adoption of electric vehicles.

Keywords: electric vehicle policy; electric vehicle incentives; charging infrastructure; green transport
strategy; Gauteng province

1. Introduction

Ownership of vehicles is growing at a faster rate than the human population. The
world had 50 million cars in 1950 and the figure rose to 600 million after 50 years; this is
expected to increase to 3 billion vehicles by 2050 [1,2]. Without downplaying the importance
of vehicles in our lives, their ever increasing population has a negative impact on the
environment through increased pollution and emission of greenhouse gases resulting from
the combustion of fossil fuels [2]. This has resulted in emissions from the transport sector
alone being at around 25% of the total global emissions [3]. In South Africa, transport
contributes close to 11% of total emissions with road transport’s share being around
91% [4]. It is evident that carbon emissions from the transport sector must be prioritised if
the global community is serious about reducing greenhouse gas emissions [5]. At a country
level, shifting towards electric vehicles will enable South Africa to attain its national
development goals as well as the sustainable development goal (SDG) targets, which
include transitioning to a low-carbon economy and providing a sustainable transport
system [6].
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Substituting internal combustion engine (ICE) vehicles with electric vehicles (EVs)
can be a solution for offering urban dwellers a better quality of life with less pollution [7].
The use of EVs has a huge potential of reducing greenhouse gas emissions in the transport
sector [7,8]. Thus, it is important for governments around the world to initiate policy
measures that support the market penetration of EVs both at district and national level [5].
Electric cars have other advantages as compared to conventional cars, including high
energy efficiency, reduced noise and low operating costs [9]. Nevertheless, these socio-
economic benefits are accompanied by multiple challenges, such as high purchase prices,
low driving range in between recharging, low variety of models, small loading capacity, a
need for regular charging, low maximum speed and low acceleration [2,10]. Policy makers
should seek ways to understand these challenges and propose strategies that ensure the
advancement of the technology while taking into consideration local factors [11].

In South Africa, the adoption of electric vehicles has been extremely slow with less
than 1000 battery EVs and plug-in EVs sold since their introduction on the market in
2013 [12,13]. Sales figures of new EVs in 2020 were less than 100, with the best year so far
being 2015, when around 120 EVs were sold [14,15]. Preliminary studies in South Africa
on consumer perceptions of electric vehicle purchases demonstrated a number of socio-
economic and technological barriers that impede the diffusion of EVs in the automotive
market [16,17]. The data from the sales figures do not show an increase in the vehicles as in
other emerging countries, such as China and India, implying that there is a non-conducive
environment for the adoption of EVs in South Africa [12,18–21]. In India alone, close to a
million EVs were sold in 2017 [22]. Is this a matter of technology introduced; supporting
infrastructure; prices of the vehicles or the type of vehicles? According to Dane [23], South
Africa does not have any major policy that can assist the country in shaping the way
forward regarding the electric vehicle market and proportion of local industry. It remains
to be seen whether the newly adopted green transport strategy will provide the stimulus
needed to attract the investment into electric mobility exceeding US$513 billion by 2050
on electric vehicles and US$488 billion by 2030 on hybrid vehicles stated in South Africa’s
intended contributions to climate change response [4,24].

This study assesses some of the policy recommendations and technological advances
that might act as a stimulus to future electric vehicle adoption in South Africa. The research
question is as follows: What are the possible impetuses that can be explored to improve the
diffusion of electric vehicles in the South African automotive market? The article seeks to
augment studies that are already available from other regions in the world with consumer
perceptions on EVs from the African continent.

2. Materials and Methods

To assess the policy recommendations that will entice consumers to purchase electric
vehicles in the future, a web-based survey was conducted on Survey Monkey from 28
September to 8 November 2018. The study employed a convenience sampling approach in
which questionnaires were distributed at first to all the colleagues of the author’s workplace,
friends, family members and people working in municipalities, universities and other
major companies in the Gauteng Province. The initial contacts were encouraged to pass the
questionnaire to their network of people. The weblink (https://www.surveymonkey.com/
r/electriccars [last accessed on 12 December 2018]) was distributed to the respondents
via email, Facebook, short messaging system (SMS) and WhatsApp [16,25]. The study
targeted people residing in the Gauteng Province with the potential to purchase a vehicle
in the future.

The survey was composed of two parts: general questions and recommendations for
policy and improvement questions. In total, 25 of the 26 questions were close-ended multi-
ple choice, which enabled quantitative analysis of the information. Almost all the questions
were of a Likert-scale type, mostly asking the degree to which the respondent agrees or
disagrees with a certain statement. All these multiple-choice questions were compulsory
for all the respondents. The core questions concentrated on both the technological and
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policy recommendations that were geared towards high consumer acceptance of electric
mobility. The two sections present in the questionnaire were as follows [26,27]:

1. General information: Age, gender, race, education, monthly disposable income, region
of residence, type of dwelling, property ownership, number of cars owned, type of
car owned, type of fuel of the car, engine size of the car, kilometres travelled on a
daily basis, awareness that cars emit greenhouse gases that cause climate change,
awareness of any full electric vehicle in the South African market and awareness of
anybody owning an electric car.

2. Recommendations on policy and adjustments: Chances of buying a full electric vehicle
if driving range is increased drastically, chances of buying a full electric vehicle if there
will be a charging station at workplace, chances of buying a full electric vehicle if there
will be charging station at each of the major fuel filling stations, chances of buying a
full electric vehicle if vehicle variety in South African industry is increased, chances
of buying a full electric vehicle if there will be government financial incentives in the
form of tax rebates, savings in annual car license renewal and toll gate exemptions,
chances of buying an electric car if the government mandates a dedicated lane for
EVs in major congested roads and any other suggestions that would make them buy
an electric vehicle.

To check for the reliability or internal consistency of the questionnaire used to inves-
tigate the policy recommendations for South Africa for the adoption of electric vehicles,
Cronbach’s alpha statistic was used. Cronbach’s alpha tests whether the Likert-scale type
of multiple-choice questions are reliable [28,29]. The equation used is as follows:

∝=
N ∗ c

v + (N − 1) ∗ c

where N is the number of items, c is the average covariance between item-pairs and v is the
average variance.

The results of the Cronbach’s alpha showed a value of 0.899, which is above 0.8,
indicating that the survey questions for the future recommendation of policy relating to
electric vehicle adoption in South Africa show high level of reliability [29].

The responses to the closed-ended survey questions were converted to percentages
based on the total number of responses for that particular question that relates to a certain
perceived recommendation for policy adjustments in an effort to improve the adoption
of EVs in South Africa. The frequency table generated was used as a basis for analysis
of the responses from the consumers. The XLSAT statistical software was also used to
test whether there were significant differences in the responses against the demographical
factors using the chi-square test at 95% and 90% confidence level. The recommendations on
the role that government policies can play towards increasing the market share of electric
vehicles based on the results of the survey was also deliberated.

3. Results and Discussion
3.1. Basic Information

In total, 402 complete responses were obtained from the survey administered from 24
September to 8 November 2018. All the data were used in the analysis. The respondents
were mostly aged between 25 and 44, with over 70% of the total survey population. Less
than 2% of the respondents were aged below 18 years and over 65 years. There was a close
to 50–50 gender representation, with most people being of African descent (89%). Most of
the respondents were highly literate (over 80% post-matric qualification) in contrast to the
results of the 2011 census, which stated that over 80% of people living in Gauteng had a
matric qualification or lower. This is an indication of the biasness in the sample obtained in
the study. Over 50% of the people were living in the Tshwane metropolitan area (Pretoria).
In terms of car ownership, the majority of the people had one car (45%), with 26% having
no car and 21% having two cars, while less than 10% owned more than two cars. Over 90%
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of the respondents were aware of the negative impacts that fumes from ICE vehicles have
on the environment.

3.2. Recommendations on Policy and Advancements of Adoption of Electric Vehicles in South Africa

Respondents were presented with an opportunity to state their willingness to purchase
electric vehicles in the future given certain technological advances and policy changes, and
their results are shown in Figure 1.
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Since the driving range of EVs is one of the major thorns in their adoption all over
the world [30], respondents are willing (over 80%) to make future purchases of EVs if
this problem is solved (Figure 1). The chi-square results showed a significant difference
in responses by gender (at 5%), with a considerable percentage of females not eager (7%
female vs. 3% male) to purchase EVs even if the driving range is increased (Table 1). In
order to fulfil this promise, there has to be major breakthroughs in the development of
rechargeable batteries [31]. There are signs of success in this area, as some of the new cars on
the market in Europe and North America are proclaimed to have a driving range exceeding
500 km [31]. Based on this information, consumers will have less range anxiety in the
future and the number of electric vehicles on South African roads will definitely increase.
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Table 1. Chi-square test between demographic factors and factors that tend to improve electric vehicle market penetration.

Factors a + b + c + d + e + f + g + h +

Age 0.517 0.955 0.526 0.962 0.538 0.255 0.504 0.503
Gender 0.000 ** 0.002 ** 0.017 ** 0.367 0.141 0.262 0.795 1.000

Education 0.118 0.533 0.603 0.269 0.265 0.034 ** 0.165 0.098 *
Region 0.252 0.939 0.911 0.276 0.089 * 0.037 ** 0.430 0.049 **

Settlement type 0.013 ** 0.791 0.441 0.019 ** 0.586 0.357 0.163 0.067
Dwelling type 0.261 0.241 0.562 0.194 0.254 0.255 0.500 0.361

Type of car driven 0.946 0.722 0.450 0.846 0.681 0.024 ** 0.027 ** 0.095 *
Daily commuting distance 0.717 0.076 * 0.459 0.492 0.006 ** 0.389 0.673 0.797

Awareness of climate change 0.205 0.018 ** 0.037 ** 0.728 0.040 ** 0.209 0.068 * 0.737
+: a = driving range can be increased tremendously; b = electric vehicle charging stations are installed at major fuel stations across the
country; c = electric vehicle charging stations are installed at workplaces; d = electric vehicle price is reduced and is comparable with
internal combustion engine vehicles; e = increased variety of electric vehicles; f = availability of government tax rebates on electric vehicle
purchases; g = exceptions for annual car licenses renewals and toll gates; h = government allows electric vehicles to drive on bus lanes on
congested roads and during busy times. **: (significant at 5%). *: (significant at 10%).

The poor network of charging stations is currently a deterrent measure that prevents
consumers from purchasing EVs [2,32]. The charging points that are present in South Africa
are not on the major roads, and this can cause a huge inconvenience to motorists. Even
though the majority of the respondents in Gauteng indicate that their adoption of electric
vehicles can be enhanced if charging stations are present in major filling stations across the
country (Figure 1), there is a significant difference in the responses by gender and awareness
to climate change at the 5% significance level (Table 1). A study by Lieven also showed
that respondents around the world are dissatisfied by the absence of charging stations on
freeways. The presence of this infrastructure at these strategic points would not change
the driving patterns of motorists, thus enhancing positive experience on this emerging
technology. Thus, there is a need for government to be more involved in the expansion of
the charging stations network in South Africa; currently, this expansion has mostly been
spearheaded by the private sector, with minimal involvement of the government.

One of the major obstacles that was presented is the lack of convenient charging
spots in some countries, including South Africa. It is suggested that placing charging
stations at workplaces will resolve this problem. The respondents attest to this notion,
with 87% stating that they are likely to buy an EV if there is a policy that encourages
employers to install charging stations in their parking lots (Figure 1). However, there is also
a significant difference in the responses by gender (Table 1). This idea should be supported
by government subsidies for the employers to compensate their electricity usage during
charging. An increase in charging spots will also help curb the pre-conceived range anxiety.

It has been documented all over the world that purchase price is the main constraint
for purchasing EVs [2,33]. Currently, EVs are more than twice as expensive as ICE vehicles
in their class and the drive to be more environmentally friendly can be suppressed by
this constraint [34]. Over 90% of the respondents in the Gauteng Province show their
willingness to purchase an EV if and only if their prices become comparable to the tradi-
tional cars (Figure 1). However, there is a significant difference in responses according
to settlement type at a 95% confidence level (Table 1). In order to bridge this price gap, a
number of countries in the developed world and emerging economies have introduced
lucrative incentives to new EV purchases [35]. Incentives of reducing purchase price are
found to be the most effective in the adoption of EVs and increase in market share [11].
This has been a successful intervention by governments in Europe and China, with other
countries being encouraged to follow [20,36]. Norway managed to achieve a market share
of 18% in 2015 due to the incentives, which have been consistently enhanced since 1990 [11].
It has to be noted that EV adoption needs greater persistence from all stakeholders.

In most areas, electric vehicles are compact cars, and the variety is very low compared
with that of ICE cars. The difficulty to obtain an electric SUV or bakkie in South Africa can
be challenging to some of the consumers whose travel routes include untarred roads. Even
though the respondents show that they are willing to buy an electric vehicle if there can be
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a variety of classes (Figure 1), there are significant differences in responses according to
the daily community distances and awareness of climate change at a 5% significance level
(Table 1). In other areas where the technology has been piloted for a number of years, there
have been a lot of new classes that have been introduced to the market to stimulate the
adoption [37,38]. In recent times, there were also new entrants to the South African market
that has increased the variety of EVs.

As stated earlier, governments have a major role to play in ensuring that electric
vehicles are adopted by the majority in order to achieve their mitigation obligations. One of
the main initiatives has been the introduction of tax rebates of a fixed amount [33,36]. This
makes the EVs more affordable and is an indication that governments are also committed to
the cause of combating climate change. Around 86% of the people show strong support to
the idea (Figure 1), but there are significant differences in responses according to education,
region and type of car driven (Table 1). In Norway, EVs are exempted from registration tax,
which can exceed 3000 Euros depending on the emission level, engine size and weight of
the vehicle [11]. It can be noted that rebates alone will not change the purchasing behaviour
of consumers. Other initiatives, such as basic educational programs on TV and print and
online campaigns, can ensure that people are well informed and are in a position to make
the right choices [39,40].

The introduction of exemptions on annual car registration renewal has the potential to
induce more people to consider purchasing electric vehicles [11]. This can be coupled with
toll gate exemptions and free charging in malls [36]. The results show that over 85% of the
people believe that this incentive can entice them to purchasing EVs, even though there is
a significant difference in responses by type of car driven (Table 1). A number of countries,
such as Norway, have adopted this policy, and people have responded positively to this
initiative [41]. Other incentives in some countries include VAT exemptions, which were
introduced to enable the EVs to compete with ICE vehicles on the market [11].

Another intervention will be that of allowing EVs to use dedicated bus lanes in major
congested roads [11,33]. This initiative showed the lowest appreciation, with only 77%
of the people stating that it might influence them in purchasing an EV (Figure 1) with
significant differences according to region (5%), education (10%) and type of car driven
(10%). This can be a major incentive to motorists residing in Gauteng, especially in peak
hours taking into consideration the density of charging stations. This initiative has worked
extremely well in other parts of the world [36].

3.3. Role of the South African Policies towards EV Adoption

The importance of advancing the electrification of the transport sector has been
highlighted in many studies, as the greenhouse gas emissions from the transport sector
continue to rise [42–44]. Research findings by Pautasso et al. [45] and other scientists
also showed that adjusting government policies to enable shifting from ICE to electric
vehicles has the potential to bear the following benefits over and above environmental
considerations: (a) better health conditions for the citizens due to reduced air pollution [46],
(b) potential monetary savings in the public health sector due to reduced respiratory
diseases caused by air pollution [45], (c) reduction of noise pollution, which will benefit
society in a number of ways [47,48] and (d) improved energy security caused by reduced
reliance on exported fossil fuels and high volatility attached to crude oil prices [15,49].

There is an extremely low penetration of electric vehicles on the South African market.
The main barriers identified include: low percentage of climate-conscious consumers [15],
high import duties for vehicles [15], current products not covering an array of consumer
needs in South Africa [15] and the high costs of electric vehicles [16]. Most of these barriers
can be addressed by drafting and implementation of sound government policies. The
lack of policy to address these issues demonstrates to a certain extent a country’s lack of
commitment in meeting its reduction targets. Consumer educational programmes can
be increased to sensitize the communities of the importance of EVs in the fight against
climate change. Other factors can be addressed by further developments in the electric



Sustainability 2021, 13, 12535 7 of 10

vehicle technology and increased drive for current world leaders in vehicle manufacturing
to expand their EV production.

Government policies are found to play a critical role towards the adoption of electric
vehicles around the world [21,36,41]. In the case of South Africa, the climate change
response white paper highlighted the importance of EVs in the fight against climate change
by instructing the Department of Transport to initiate a programme that promotes the
use of hybrid and electric vehicles [50]. The Gauteng government has drafted a policy on
promoting green transport in 2014, but the emphasis was on the decarbonisation of public
transport [51]. The green transport strategy is the first main legislature that specifically set
the scene for the reduction of greenhouse gas emissions in the transport sector through the
promotion of low carbon mobility solutions [4]. The strategy aims at creating and enabling
an environment that incentivises the adoption of low or zero tailpipe emission vehicles [4].

The Department of Transport seeks to engage all government institutions in the future
to adopt low carbon technologies under the vehicle energy efficiency programme [4].
There is also a drive to develop a policy for new energy vehicles, as outlined in the Auto
Green Paper under discussion and public consultations in 2021 [52]. To stimulate the
private sector, the Department of Transport together with the Department of Science and
Innovation will pave the way for manufacturing incentives for electric vehicles in an effort
to increase the local content in future mobility solutions in the country [4]. The government
is also proposing to introduce a policy that will scrap all ICE vehicles with a mileage of
400,000 kilometres or more on the roads. This will aid in reducing high-emitting vehicles on
the roads and increasing electric vehicle purchases through other complementary strategies
envisaged. The other initiative is on the possible introduction of incentives to lower the
prices of EVs in an effort to improve competition with ICE vehicles on the market [4].
This strategy has been highly successful in Europe and China, resulting in an enhanced
adoption of EVs in those regions [20,33]. In an effort to educate the public, the Department
of Transport seeks to initiate green transport awareness campaigns around the country [4].

The introduction of a carbon tax on new vehicle purchases which produce tailpipe
emissions is another initiative that tends to promote electric vehicles [53]. Starting from
September 2010, all new ICE vehicles that have emission rates exceeding 120 g/km have
been subjected to this carbon tax [54]. An amount of 75 Rands for every g/km is charged
above the threshold [55]. The upper-limit for double cabs has been set at 175 g/km, with
additional g/km being charged at 100 Rands [55]. Vehicles that lack credible emissions
data are charged based on their engine size. These efforts are meant to accelerate the
introduction of cleaner technologies on South African roads. In the future, the current
environmental levy will be reviewed to include other vehicle categories, such as commercial
vehicles, which are currently excluded in a drive to improve environmental performance of
the country’s vehicles [4]. Over and above the ones-off vehicle carbon tax, the government
of South Africa is reviewing the introduction of an annual tax on cars based on their
emission levels [4]. These future initiatives have the potential to change the electric vehicle
environment in South Africa.

As shown in a number of countries where electric vehicles have been successful,
government intervention has been key towards providing both financial and non-financial
incentives. Early adopters of EVs were mostly lured by the fiscal incentives, but the latest
research shows that incentives are no longer the main driver for the market share increase
in developed countries, with factors such as an increase in fuel prices and increased public
charging stations being the main factors [56]. It is, thus, critical for the South African
automotive industry and government to put in place incentives that will increase the
diffusion of EVs on the market and break some of the barriers present.

4. Conclusions

Even though the participants of the questionnaire on barriers to adoption of electric
vehicles in Gauteng showed positive sentiments, they still indicate that a number of factors
need to be changed in order for them to buy an electric vehicle in the future. Policy
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incentives are considered as one of the most effective measures that can ensure that electric
vehicle sales increase. The government has a role to play in ensuring that there are enough
incentives for companies that are willing to invest in manufacturing EVs in South Africa.
The government should also carefully consider the issue of consumer subsidies for the
purchase of the vehicles, as this was found to be the main constraint in this study and
other studies across the world. Dedicating resources to research and development in the
country will ensure local content that can improve the acceptability of the technology by
the consumers. Other considerations for the government are the issuing of exemptions
on toll gates and other transport-related levies. In order to improve on range anxiety,
the government should consider the issue of expanding the quick charging stations at
strategic areas in partnership with the private sector. Currently, in South Africa, vehicle
manufacturers are the ones heavily ensuring that charging station density is increased
across the country. In countries which have government support for the technology, the
market share of EVs has increased tremendously. The government of South Africa has
adopted the Green Transport strategy, which will enable the widespread adoption of
electric vehicles through a number of proposed initiatives. The implementation of the
strategies suggested in this strategy will enhance the chances of South Africa meeting their
mitigation obligations. Since this study has some limitations regarding sample size and
coverage, further comprehensive studies targeting all segments of the population of South
Africa are needed in the future.
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