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A B S T R A C T   

Transport is an integral component of the energy system, and in Sub-Saharan Africa the demand for transport has 
been increasing due in part to population growth and economic development. To demonstrate the extent of this 
increased demand, emissions from transport in Africa grew by 84% over 6 years last decade [1] until, in 2018 in 
Sub-Saharan Africa, 15% of final energy consumption was demanded by the transport sector [2]. However, a 
global system change is underway for road passenger transport: a transition from polluting internal combustion 
engine vehicles to low-emission electric vehicles. Sub-Saharan Africa will not be immune to this transition, 
especially as a region which currently depends heavily on the import of second-hand vehicles [3]; not to mention 
the emission and air quality benefits electric vehicles can offer. Yet, by 2019 only 500 electric vehicles were on 
the roads in South Africa [4]. In this Aiewpoint, we aim to dispel concerns that electric vehicles are always 
unaffordable and will cripple the already overloaded power systems in Sub-Saharan Africa. Instead, we propose 
that with innovative thinking and context-specific approaches and technologies, different from those in High- 
Income Countries, electric vehicles could in fact offer benefits to governments, the power systems, and vehicle 
owner-operators in Sub-Saharan Africa. Be lay out how the historically siloed transport and electricity sectors 
could evolve to support each other in the future.   

1. Introduction: why high-income country approaches to 
electrifying transport will not work in Sub-Saharan Africa 

Electric Aehicles CEAsD in High-Income Countries CHICsD have several 
common characteristics: they are considered high-end, mass-manufac-
tured, private passenger cars operating in urban areas, supported by 
national subsidies, and introduced with the confidence that the elec-
tricity sector will ensure there is sufficient generation to meet the de-
mand they induce. By comparing these characteristics with the Sub- 
Saharan Africa CSSAD context, we identify three core reasons why HIC 
approaches to vehicle electrification should not be shoehorned into SSA: 
CiD the mobility patterns and vehicle characteristics of the transport 
systems, CiiD the availability of capital, and CiiiD the unreliable state of the 
electricity systems. 

Firstly, the characteristics of SSA transport systems are fundamen-
tally different to those in HICs [5]. In SSA, the maEority of Eourneys are 
undertaken using privately-owned and informally run “public” transport 

vehicles, known as paratransit [6], which are demand-responsive, and 
often under-considered by transport planners [F]. Paratransit vehicles 
include motorbike taxis Ce.g., boda-bodasD, 16-seater minibuses Ce.g., 
matatusD, and auto-rickshaws Ce.g., tuk-tuksD [8,9]. Paratransit vehicles 
meet the demand for 50–98% of automotive passenger trips in SSA cities 
[10]. In contrast, in the GK, 13% of automotive Eourneys are conducted 
using public transport while the vast maEority C85%D are completed in 
private cars [11]. Hiven these differences between the transport systems, 
the private EA model is not suitable for the maEority of transport needs in 
SSA. Instead, innovative approaches to SSA-specific EAs Ce.g., minibuses 
and motorbikesD will need to be developed, along with appropriate 
business models, targeted at the paratransit vehicle owner-operators. 
Due to its dominance in SSA, this Aiewpoint focuses on paratransit. 

Secondly, the availability of capital is significantly lower in SSA than 
in HICs. Due to a lack of capital, the maEority of vehicles are bought pre- 
owned from HICs. In Africa, 60% of annual registrations are of pre- 
owned vehicles [3]. In some countries, like Nigeria and Gganda, it can 
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be as high as 90% [12,13]. These second-hand vehicles are reported to 
have poor safety and environmental standards [3]. In light of these 
considerations, to foster the transition to EAs, the price must be 
acceptable to the owner-operators, close to that of pre-owned Internal 
Combustion Engine CICED vehicles. 

Thirdly, the power system is unreliable and insufficient in many 
countries in SSA [14]. For example, in Sierra Leone there were 53 un-
planned blackouts per day throughout 201F.1 Even in South Africa, one 
of the more afLuent countries in SSA, rolling blackouts are not uncom-
mon [15]. In HICs, the expectation is that power will be available when 
required; evidently the same cannot be said for countries in SSA. 
Therefore, it is even more important that the electrification of transport 
is developed hand-in-hand with the electricity system. 

None of the above rule out EAs in SSA, but they do explain the his-
torically low uptake of EAs in this region [4] and highlight the need for 
innovative approaches, developed with the context in mind. In fact, we 
propose that if introduced appropriately, EAs could offer benefits to SSA 
beyond the potential for emissions reductions. These benefits could 
provide a powerful motivation for pathway development. 

2. Discussion 

2+,+ -ow mig$t E.s 'e good for SS#/ 

Assuming that passengers are technology-agnostic provided they get 
from A to B without inconvenience, we consider the benefits EAs in SSA 
could offer to three main stakeholder groups: CiD governments, CiiD 
electricity providers, and CiiiD owner-operators. 

2+,+,+ Governments 
The first benefit to governments is the potential for emission re-

ductions. Emission savings can be calculated by considering the national 
electricity generation mix and the increased efficiency of an EA 
compared to an ICE Croughly 90% efficient compared to 12–40%D [16]. 
In Fig. 1CaD we calculate the potential emissions saving from switching 
from an ICE vehicle to an EA for each country in SSA. As shown in Fig. 1 
CaD, and in work by Knobloch et al. [1F], in all SSA countries electrifi-
cation of transport would reduce emissions immediately considering the 
current electricity mix. The highest emissions reductions are possible in 
countries such as Ethiopia, Gganda, the Democratic Republic of the 
Congo CDRCD, and Namibia. However, even in countries where the 
emissions reductions are not so pronounced Ce.g., South Africa, 
Botswana, and NigerD, electrification of transport still offers the 
advantage that as electricity generation is decarbonised in the future so, 
simultaneously, is transport [18]. The second benefit EAs can offer is 

improved air quality, especially in urban areas. In SSA, transport 
attributable particulate matter and ozone were responsible for nearly 
4500 deaths in 2015 [19]. Improved air quality results in a positive 
effect on population health [1], along with the associated economic 
benefits from, for example, reduced health care spending and fewer lost 
working days [20]. Another benefit of EA adoption is directly economic. 
Many governments in SSA provide drastic fossil fuel subsidies, which 
can be a drain on financial resources. For example, in Botswana and 
South Africa the 201F petroleum subsidies were GSM135 and GSM194 
per capita, respectively [21]. Fig. 1CbD shows the post-tax government 
spending on fossil fuel petroleum subsidies per person according to the 
International Monetary Fund. Subsidies distort the market and can result 
in increased consumption of fossil fuels. By converting to EAs, money 
could be diverted from fossil fuel subsidies to financing cheap, clean 
electricity generation and fossil fuel consumption could be reduced. 
Often these subsidies are adopted to avoid fuel poverty, which must be 
considered in any subsidy reform. In countries that also employ fuel 
taxes alongside subsidies, for example Ethiopia [22], reduced fossil fuel 
consumption will result in reduced tax income, which may need to be 
recovered by other means. However, some advantages to reduced fossil 
fuel consumption still exist in these contexts. A reduction in fossil fuel 
imports can both increase geopolitical independence and reduce the 
strain on a government’s often limited foreign currency [23]. Of course, 
for the small number of countries in SSA that produce oil – such as 
Nigeria and Angola [24] – the benefits may be more questionable, but 
this will be the case for any motion to depart from a fossil-dependent 
economy. 

2+,+2+ E"ectricity providers 
The main benefit of EA uptake for electricity providers is increased 

revenue. In SSA the electricity providers are often Independent Power 
Producers or state-owned utilities, many of which are struggling [25]. 
EAs will create increased energy demand and essentially act as an an-
chor load which boosts revenue to providers. If half of the road transport 
were electrified, this would create a demand of 200 TBh per annum 
across SSA, a market which could equate to GSM14 billion under current 
pricing Ccalculation in appendiciesD. To meet this demand, additional 
clean energy capacity will likely be necessary Ce.g., from solar photo-
voltaics CPADD [26]. The profits earned could be re-invested to increase 
clean generation capacity or improve electricity systems overall. Addi-
tionally, EAs could offer an opportunity to improve grid reliability 
through Aehicle-to-Hrid CA2HD or Aehicle-to-Home CA2HD. By using the 
battery within the EA as an energy storage asset, which can inEect 
electricity back into the grid, house or building in times of need, thus 
improving electricity reliability [2F]. This is especially relevant as the 
capacity of renewable energy generation increases. 

2+,+3+ Owner*operators 
Be consider there to be two main benefits of EA adoption for 

Fig. 1. Three maps of SSA to show CaD the emissions savings of operating an EA instead of an ICE considering current electricity generation profiles, CbD government 
spending on post-tax petroleum subsidies, which could be reduced and redistributed if EAs were adopted, and CcD the operational cost savings per kilometre for the 
owner-operator if they were to run an EA instead of an ICE. Details of calculations can be found in Appendicies. 

1 Based on blackout data from Sierra Leone’s Electricity Distribution and 
Supply Authority. 
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paratransit owner-operators resulting from the development of SSA 
specific EAs: CiD cheaper operating costs, and CiiD lower vehicle capital 
costs compared to EAs designed for HICs. 

Firstly, lower operating costs compared to ICE vehicles are possible 
due to more efficient vehicle drivetrains and the difference between the 
price of electricity and vehicle fuel. The cost savings are shown in Fig. 1 
CcD for various SSA countries. In all SSA countries Cexcept LiberiaD, it is 
cheaper per kilometre to operate an EA instead of an ICE, resulting in 
reduced total cost of ownership. In some cases, such as the DRC and 
Nambia, cost savings are over GSM0.15Jkm. Annually, in these countries, 
this can translate to a cost saving of GSM3900 per vehicle, see appen-
dicies for details. If fuel subsidies were removed, the saving per kilo-
metre for an EA compared to an ICE would increase even further. 

Secondly, currently, for many owner-operators a new vehicle is un-
affordable [28]. The vehicle capital cost is considered a key barrier to 
uptake. Therefore, to lower vehicle capital cost, affordable vehicles must 
be designed and manufactured. This could be achieved through local 
manufacturing of SSA specific EAs, such as the e-motorbikes manufac-
tured by Ampersand in Rwanda and the e-buses being built in Gganda 
[29]. Alternatively, retrofitting vehicles to be electric could lower prices 
even further and could be a more widely achievable option. Innovative 
financing or leasing could also help to lower the burden of capital cost of 
vehicle ownership. 

Although these benefits may provide significant motivation for EA 
adoption, challenges remain, not least surrounding how these vehicles 
would charge. 

2+2+ &$e e"ep$ant in t$e room) E. c$arging 

As discussed, electricity systems in SSA are notoriously unreliable. 
Additionally, distribution networks are often constrained in their tech-
nical capacity. At first glance, the prospect of adding an additional load 
in the form of EA charging may appear at best daunting or at worst 
foolish. This is further complicated because not all locations suitable for 
EA charging currently have access to the electricity grid. 

However, the electricity generation mix is transitioning to incorpo-
rate greater renewable capacity. Bith the falling cost of renewable en-
ergy, and climate change commitments as part of the Paris Agreement, 
SSA countries are shifting from centralised fossil-fuelled power plants 
towards clean renewable generation, exploiting their abundant natural 

resources. For example, Kenya now has over 820 MB of geothermal 
capacity [30] and is home to the largest wind farm in Africa which is 
over 300 MB [31]. In 2018, GSM2.8 billion were invested into renew-
ables in SSA Cexcluding South AfricaD. As part of this an additional 440 
MB of PA capacity was installed [31]. In other countries, such as South 
Africa, Ethiopia, and Tanzania, PA generation shows significant poten-
tial in the range of 8–3F HB [32]. Co-locating PA with EA charging not 
only provides additional generation to meet this new demand, but also 
eases constraints on local distribution networks and mitigates the need 
to reinforce the network. 

For those installing generation, the aim is always to maximise the 
units of electricity sold. Novel, context-specific EA solutions may pro-
vide an answer to this. For instance, EA charging could be coordinated 
with times of surplus generation to “soak-up” any excess energy. This 
“smart charging” has been shown to reduce requirements for additional 
generation capacity and network reinforcements [33]. In comparison, 
uncontrolled charging, which is when vehicles charge at full power as 
soon as they plug in, could double peak power demand as was found in a 
Kenyan case study [34]. 

However, one cannot assume that vehicles are available for charging 
at all times. Local mobility patterns must be taken into consideration 
when determining the most appropriate technical option. For example, 
unlike private cars in HICs, which are parked 95% of the time, para-
transit vehicles in SSA have a higher usage to provide mobility services. 
Technical solutions that are appropriate to the application must be 
selected. 

2+3+ &ec$no"ogy c$oices to ena'"e E. integration 

To identify the most appropriate EA charging options, we present a 
deep dive into two of the aforementioned paratransit vehicles – the 
minibus taxi and the motorbike taxi – and three EA charging technolo-
gies: battery swap, plug-in charging, and on-board PA, each described 
below. Be will consider the suitability of said technologies under 
different usage scenarios, when electricity for charging is provided by 
co-located PA. In other words, the batteries must charge during daylight 
hours. 

Battery swap requires vehicles to be designed so that the battery can 
be removed and replaced with a fully charged battery within minutes 
[35]. This allows the battery to be charged whenever there is excess 

Fig. 2. Look-up figure to identify most suitable EA charging technology for CaD motorbikes and CbD minibuses given daily distance travelled and the daylight plug-in 
hours, based on indicative values. 
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power generation and at times when the vehicle is not stationary, 
minimising generation curtailment. For example, battery swap could 
allow vehicles that are used during the day to swap their batteries that 
evening for a twin battery which has been outside the vehicle, using 
solar PA to charge during the day. The pattern then repeats the next day. 
In this way, battery swap decouples charging from driving patterns, 
which can be advantageous to vehicles that do not spend much time 
parked. The challenges are that a vehicle must be specifically designed 
to allow this, multiple batteries are needed per vehicle, and a suitable 
battery swap station network is required. All of these can be expensive 
and the battery swap business model has been seen to fail for cars in 
some HICs in the past Ce.g., Better Place in 2013 [36]D. However, in 
Taiwan, this model has been especially successful for motorbikes in 
recent years, with the company Hogoro now expanding its business 
model to India [3F]. 

Plug-in charging, in this work, refers to vehicles which are plugged in 
and charge from stationary solar PA. Therefore, the vehicles must be 
parked at a charging point for sufficient time during the day in order to 
charge. It is assumed that the solar PA is installed at a capacity able to 
meet the EA demand during hours of generation. Solar PA covered EA 
parking bays offer a clean charging solution at the same time as 
providing shade [26]. The challenge is that the vehicle must be 
out-of-use and plugged in for sufficient daylight hours to charge. This 
needs to be carefully considered in conEunction with vehicle operating 
hours to make sure charging does not interfere with mobility service 
offerings. For many minibuses this may work well as they operate pre-
dominantly during commuter-hours and can be stationary during the 
middle of the day. 

On-board solar is when solar PA is placed on the body of the vehicle. 
This is best suited to minibuses which have a larger body area, and this, 
therefore, is not considered for motorbikes in this work. The presence of 
PA on the vehicle body allows the vehicle to charge wherever it is during 
the day, whether it is parked or in motion. This reduces the energy de-
mand of the vehicle when it is plugged in and reduces the number of 
daylight hours during which the vehicle must be parked and charging 
[38]. This technology is not currently widely available, but there is 

active research and development in the area with the Fraunhofer Insti-
tute recently commencing proEect OLade-PA’ which integrates 
light-weight PA into commercial good vehicles [39]. However, the 
addition of PA on the rooftop adds an expense and additional weight to 
the vehicle. It is also vulnerable to vandalism and crime due to the 
valuable PA panels [40]. 

Fig. 2 is a look-up figure to demonstrate the conditions under which 
each technology is suitable for CaD motorbike taxis and CbD minibus taxis. 
Separate figures for the two modalities are necessary due to different 
energy consumption per kilometre CkBhJkmD and different charging 
powers: 3.5 kB for a motorbike and 11 kB for a minibus. Further details 
can be found in the appendicies. 

The figure shows that vehicles which travel longer distances each 
day, and do not have sufficient time plugged in during daylight hours, 
may benefit from the adoption of a battery swap model. In some cir-
cumstances minibuses with on-board PA may benefit from a slight 
reduction in plug-in hours for charging. To understand the financial 
implications, for minibuses, on-board PA appears to be favourable when 
compared with a battery swap system, based on a calculation assuming a 
2 kB PA array which costs GSM2600 [41], compared to an additional 60 
kBh battery pack which costs GSM9360 [42]. However, sufficient space 
is necessary on the vehicle. 

From this example, it is clear that there is no silver bullet. Technol-
ogy choice depends significantly on driving patterns, and until mobility 
patterns are well recorded, it is challenging to determine which tech-
nology will be most suitable. This results in challenges for EA charging 
infrastructure planning and efforts must be made to gather and make 
available the required data [6]. 

!. "onclusion 

In conclusion, we challenge the perception that EAs in SSA are an 
optimist’s fantasy. Despite the obvious barriers of an unreliable elec-
tricity system and a lack of capital, we argue that EAs could offer ben-
efits to governments, electricity systems, and paratransit owner- 
operators. The key to realising these benefits is to design EA systems 

Fig. !. Schematic to show the future opportunities offered by electric vehicles in the paratransit sector in SSA, and the actions necessary to transition to this future 
from the present situation. 
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which are context-specific and differ from existing HIC approaches. 
If this is achieved, the maEority of EAs in SSA will not take the form of 

the HIC private car. Instead, they will correspond to the modes of 
transport common in SSA such as the minibus or motorbike. Moreover, 
the vehicles and their charging infrastructure will be designed to support 
the marriage of the two previously siloed sectors: electricity and trans-
port. This Aiewpoint has highlighted how EAs could be good for SSA, 
providing benefits such as vehicle emission reductions of over 90%, 
decreased petroleum subsidies which are currently nearly GSM200 per 
capita in South Africa, a Lexible load to support the electricity network 
which could be worth up to GSM14 billion in revenue per annum, 
cheaper vehicle operating costs of up to GSM0.15 per kilometre, as well 
as a potential route to clean generation investment. These are sum-
marised in Fig. 3. 

All of these benefits hinge on understanding SSA transport and 
electricity systems in their own right, and not shoehorning inappropriate 
HIC solutions into SSA systems. Context-appropriate technologies and 
their associated business models need to be developed, be it for new EAs 
or retrofit options, such as battery swap, plug-in charging with co- 
located PA, and on-board PA. 
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Appendices. 

#+ 0aps 

The maps in Fig. 1 were generated using the existing electricity fuel 
mix in each country in 2019 [43], alongside standard emissions intensity 
values for each fuel [44]. Aehicle efficiencies of 0.31 kBhJkm [45] and 
20 mpg [46] were used, which are representative of older inefficient 
vehicles. A 90% EA charging efficiency was assumed, similar to those 
observed in home charging points [4F]. 

%+ Estimated e"ectricity providers revenue potentia" 

Estimated electricity providers revenue potential is calculated 
considering that transport demands 69 Mtoe per annum in SSA, equiv-
alent to 800 TBh of energy per annum and that non-road transport is 
extremely low [2]. As EAs can be up to four times more efficient than an 
ICE, a transition of all vehicles to electric could result in a transport 
related electricity demand of 200 TBh per annum. Hiven that the 
average electricity price in SSA is GSM0.14JkBh, this equates to a 
market value of up to GSM28 billion. As a complete transition is 
extremely unlikely in the near future, we present the value for half the 
vehicles electrifying, equating to GSM14 billion. 

!+ Owner*operator annua" cost saving 

The owner-operator annual cost saving is calculated using a saving of 
GSM0.15Jkm, from Fig. 1CcD and assuming the vehicle covers 100 kmJ 
day, five days a week, which is reLective of paratransit vehicle 

operation. 

D+ (oo1*up 2gure 

The look-up figures in Fig. 2 were generated using the following 
assumptions. Energy consumption was taken to be 0.12 kBhJkm for 
boda-bodas and 0.50 kBhJkm for minibus taxis [34]. Battery capacities 
of the boda-boda and minibus were 20 kBh and 60 kBh, respectively 
[34]. The charging powers were taken to be the standard 3.5 kB for a 
boda-boda and 11 kB for a minibus Cwhich is conservative, so as to 
minimise negative impact on the power networkD. The onboard solar PA 
was assumed to extend the vehicle range by 20%, instead of the 31% 
quoted by Kim et al. [38]. 
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