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This document was funded by the UK PACT (Partnering for Accelerated Climate Transitions) 

programme in South Africa, and produced by Sustainable Energy Africa in partnership with the City 

of Johannesburg and City Power. 

1. Executive Summary 

Introduction 

National and local government have developed policies and plans to accelerate the uptake of 

electric vehicles (EVs) in South Africa, as a result of socio-economic imperatives surrounding local 

manufacture and climate change response. 

Local EV uptake and impact 

An uptake of 40-50 thousand EVs, mostly private vehicles, is expected in Johannesburg by 2030, 

which will increase electricity consumption by 8% when compared to projected electricity use 

without EVs. 

Without incentives, unmanaged “dumb” EV charging during the evening peak electricity use period 

is highly likely and will drive costly grid infrastructure upgrades. The adoption of EVs will not be 

uniform across the City, leading to localised grid demand impacts, which may coincide with capacity 

hotspots, where existing load on City Power’s network is reaching network constraints. 

Managing EV uptake 

The grid is currently used as one of the largest mechanisms of redistributive social protection, 

through Free Basic Electricity. Planning for its maintenance and protection is therefore essential. 

Internationally, time-of-use (TOU) tariffs and increased access to public charging are the most 

common forms of EV management. TOU tariffs encourage charging during off-peak periods, while 

public charging stations are generally installed the medium to high voltage grid, where more 

capacity is available. 

Locally, EVs are unlikely to be a threat to grid integrity until 2030, providing an opportunity to learn 

by doing. Rigid fit-and-forget regulatory responses are likely to be ineffective. A collaborative 

response is required. 

Response recommendations include building internal information and communications technology 

skills, establish or link to an industry working group, establish a smart charger communication 

protocol, develop an EV TOU tariff, and facilitate public charging. 

Local EV tariffs response 

A lack of public charging facilities can stunt EV uptake, in particular for lower-income households in 

multi-unit dwellings and for public transport services. 
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A public charger owner / operator will struggle for their revenue from electricity sales to EV 

customers to break even with their utility bill from City Power during the early years of EV uptake, 

since the breakeven point is highly sensitive to the number of customers charging per month. 

An alternative public charger utility tariff with reduced fixed charges (the demand charge) and 

increased variable charges (the energy/electricity charge) will decreases the charger owner’s profit 

margin at high utilisation, but improves the business case at low utilisation. 

Residential EV customers charging at home should be discouraged to charge during peak periods. 

Incentivising off-peak charging will likely require a combination of customer awareness and 

education, mandatory smart charging, ripple control load management and TOU tariffs. 

A cost of supply study will likely be necessary to gauge the full financial impact of new EV tariffs on 

City Power. 

Feasibility of electric minibus taxis 

Since a common focus of national and local government strategy is to enable a shift towards public 

transport, it is imperative that the dominant public transport mode is sustainable, safe, accessible 

and affordable. 

An electric minibus on the Soweto-Johannesburg route can in theory complete its daily travel 

requirements of 180-200 km on one full charge, and is stationary for long enough each day to charge 

for the required hour. 

Electric minibus taxis are currently unavailable in South Africa, resulting in very high capital costs, 

due to import duties and taxes. There are also little to no savings on energy costs due to the high 

price of public charger electricity. 

Electric minibuses are financially unfeasible today, but this is a worst case scenario and the business 

case will only improve. The biggest levers to improve the electric minibus business case is to reduce 

capital costs through local manufacture and restructuring taxes (a national lever), and to reduce the 

price of electricity from public EV chargers (a local lever). 

Exploring the City’s role in facilitating public EV charging 

According to national and local regulations and mandates, Cities need to facilitate and co-ordinate 

infrastructure that is equitable, sustainable, accessible and affordable, while adhering to technical 

and safety standards 

The City needs to consult with Eskom, NERSA, charge point operators and EV manufacturers to 

ensure a unified response to EV charging tariffs and charging management, in order to avoid 

customer confusion. 

A total of 4300 to 8500 public EV chargers should be installed by 2030, based on international 

benchmarks. These chargers should be installed at suitable densities (no unnecessary clusters or 
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neglected areas), along key transport corridors in areas with available grid capacity. Grid capacity 

may be enhanced through battery storage. 

Fast chargers should be situated at highways and public transport nodes, while slower chargers can 

be placed in areas where vehicles are likely to stand for longer periods, such as at malls or vehicle 

fleet depots. 

Cities will likely need to encourage/lead on EV charger installations in underserved areas and/or 

sectors that may be neglected by private installers, in order to facilitate universal access. 

The business case for owning and operating a public EV charger is weak during early EV uptake due 

to low utilisation. It could be improved by the City offering favourable EV charging tariffs to charge 

station owners, in particular to chargers linked to public transport facilities. 

Installing a charging station at key public transport hubs, such as a minibus taxi rank, can increase 

utilisation and therefore improve the business case. The City may consider a public private 

partnership, hereby it leases land at favourable rates to entities wishing to install public chargers in 

such locations. 

Building codes should support EV chargers, in particular for multi-unit dwellings, where tenants may 

not have the capital or ability to install private EV chargers. 

The City can increase the share of electricity provided by public EV chargers from renewables 

through purchases from independent power producers and rooftop PV customers. A solar system’s 

payback is improved by increasing its size and linking it to building loads, rather than EV chargers. 
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2. Acronyms and terms 

AC Alternating current 

BRT Bus Rapid Transit 

CAP Climate Action Plan 

CCP Charging communication protocol 

City When capitalised, refers to the local government authority 

CNG Compressed natural gas 

DC Direct current 

DCFC Direct current fast chargers 

DTIC Department of Trade, Industry and Competition 

eNaTIS Electronic National Traffic Information System 

EV Electric vehicle 

GHG Greenhouse gas 

GWh Gigawatt-hour (one billion watt-hours) 

ICE Internal combustion engine 

ICT Information and communications technology 

IET Institute of Engineering and Technology 

IPCC Intergovernmental Panel on Climate Change 

IPP Independent power producers 

kWh Kilowatt-hour (one thousand watt-hours) 

LV Low voltage 

MFMA Municipal Finance Management Act 

MWh Megawatt-hour (one million watt-hours) 

NERSA National Energy Regulator of South Africa 

NOx Nitrogen oxides 

OCPP Open charge point protocol 

PV Photovoltaic 

SANS South African Nation Standards 

SDF Spatial Development Framework 

SOx Sulphur oxides 

SSEG Small-scale embedded generation 

TOU Time of use 

TWh Terawatt-hour (one trillion watt-hours) 

V2G Vehicle to grid 
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3. Introduction 

While electric mobility is still in its infancy in South Africa, a global 

transition to electric vehicles is underway, with most automobile 

manufacturers including electric vehicles (EVs) in their planning on 

future production and sales, and some countries and cities 

(including markets for South African vehicle exports) declaring bans 

on conventional fossil fuel vehicles within the next decade. A 

thriving EV market, supported by local manufacturing, holds the 

promise of economic growth and job-creation, counteracting the 

inevitable decline in demand for internal combustion engine (ICE) 

vehicles globally. In South Africa, EVs could contribute towards 

sizeable greenhouse gas (GHG) emissions reduction in the transport 

sector, as road transport is responsible for over 90% of all transport emissions. 

3.1. Global EV context 

EVs are experiencing strong growth. There were 10 million electric cars on the world’s roads at the 

end of 2020, following a decade of rapid and exponential growth1. 

Multiple countries are banning ICE vehicles (Norway by 2025, Germany and UK by 2030, Scotland 

by 2032, and France by 2040) and promoting EVs. These countries include some of South Africa’s 

key vehicle export markets. 

Transitioning to EVs is increasingly affordable due to the lower levelised cost of transport of EVs 

over ICE vehicles – maintenance and running costs per km of private EVs is much lower than ICE 

vehicles. The capital cost of EVs is expected to match ICE vehicles (reaching price parity) by 2025. 

EVs are more sustainable and lead to improvement of local air quality. EVs have no tailpipes 

emissions; producing zero local emissions. Significant reductions in local air pollutants such as NOx, 

SOx and particulate matter will lead to substantial health and socio-economic benefits, especially in 

cities. EVs powered by South Africa’s carbon-intensive coal-based grid still emit marginally less GHG 

emissions than ICE vehicles, due to the high energy efficiency of EVs and the fact that a sizeable 

share of vehicle fuels in South Africa is sourced from coal (through Sasol’s coal-to-liquids process)2. 

                                                      

 

1 Global EV Outlook 2021 
2 SEA (2016), Well-to-Wheels Greenhouse Gas Emissions and Energy Comparison between Battery Electric Vehicles, 
non-Plug in Hybrids and Conventional Passenger Cars for South Africa. Link: https://www.cityenergy.org.za/battery-
electric-vehicles-vs-non-plug-in-hybrids-vs-conventional-passenger-cars-technical-brief/ 

National and local 

government have 

developed policies 

and plans to 

accelerate the 

uptake of EVs in 

South Africa. 

https://www.cityenergy.org.za/battery-electric-vehicles-vs-non-plug-in-hybrids-vs-conventional-passenger-cars-technical-brief/
https://www.cityenergy.org.za/battery-electric-vehicles-vs-non-plug-in-hybrids-vs-conventional-passenger-cars-technical-brief/
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As the grid decarbonises and more EV owners invest in small-scale embedded generation (SSEG), 

the GHG benefits will be significant. 

Cities are taking action. Cities and local governments around the world continue to develop and 

improve clean transport policies to reduce GHG emissions, improve air quality, and improve socio-

economic opportunities. 

3.2. Local EV context 

South Africa lags the global EV uptake trend. EVs remain extremely marginal in terms of vehicle 

model availability, vehicle demand as well as local manufacturing capability. However, as the price 

of EVs continue to decline and more models become locally available, an accelerating uptake of EVs 

is expected, as has occurred in other countries where price parity is reached. 

The automotive industry is South Africa’s largest manufacturing sector and contributes more than 

6% towards national GDP (ITA, 2016). Roughly half of the cars sold in the country are imported (TIPS, 

2020), while more than two-thirds of its exports go to the UK and EU (ITSSA). As a result, South 

Africa is intimately linked to, and impacted by, global EV trends. The imminent bans on ICE vehicles 

in its key export markets will cause substantive job losses and loss of export earnings if the local 

industry does not shift towards EV production. 

South Africa is one of the world’s biggest emitters of GHG emissions. Setting aggressive emissions 

reduction goals will open up access to international climate finance, while negating the risk of 

shrinking export markets due to carbon border taxes imposed by export markets. The country has 

ratified the Paris Agreement, which aims to limits global warming to 1.5°C. Cities are recognised as 

key implementers of emissions mitigation actions, with transport as one of the key mitigation 

sectors. 

In response to these imperatives, industry and government’s ambition within the EV space is 

increasing rapidly. National and local policies and plans include: 

3.2.1. Department of Transport’s Green Transport Strategy 

The Green Transport Strategy sets the national policy directive for the transport sector. It identifies 

the transport sector as the fastest-growing source of South Africa’s GHG emissions, with road 

transport as the primary source. The strategy aims to substantially reduce these emissions, while 

meeting the country’s future mobility demands in a way that supports socio-economic 

development. It will do this through the development of climate-responsive norms and standards, 

including fuel economy standards; promotion of a modal shift from private passenger cars to non-

motorised transport and rail; and the promotion and facilitation of a shift to green technologies, 

such as EVs. EV charging stations are highlighted as an important investment area for the country, 

with one of the strategy's quick wins noting that government will work with the private sector to 

expand the number of charging stations and that these should be powered by renewable energy. 
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3.2.2. Department of Trade, Industry and Competition’s Auto Green Paper 

In May 2021, the Department of Trade, Industry and Competition (DTIC) published its draft Auto 

Green Paper on the advancement of new energy vehicles in South Africa. It seeks to establish a clear 

policy foundation that will position South Africa at the forefront of electric vehicle and vehicle 

component manufacturing, complemented by encouraging local demand for EVs, and increasing 

the country’s competitiveness in response to the global transition from the internal combustion 

engine era into electric mobility. The paper proposes several policy instruments to stimulate local 

production of electric vehicles, to incentivise local EV uptake and to increase foreign investment to 

benefit the country. 

3.2.3. Metro commitments to Net Zero Carbon by 2050 

Four of South Africa’s major metropolitan cities – Johannesburg, eThekwini, Tshwane and Cape 

Town – have developed climate action plans with targets and actions to achieve city-wide carbon 

neutrality (net zero carbon), by 2050. The transport sector is recognised as a key response theme 

in these action plans, considering that across the four metros, road transport accounts for roughly 

a third of metro-related GHG emissions and 44% of South Africa’s petrol consumption3, which is 

largely used in private transport (cars). As such, facilitating a shift towards EVs plays a critical role 

in reducing transport-related emissions within these action plans. 

3.2.4. Actions within City of Johannesburg Climate Action Plan 

Green transport is one of five themes addressed in the net zero carbon by 2050 mitigation goal of 

the City’s Climate Action Plan (CAP). This theme focuses on transit-oriented development, a shift to 

public and non-motorised transport, fuel efficiency and fuel switching, such as to EVs. Actions 

related to fuel switching include: 

 Stakeholder engagement and awareness-raising. 

 Conversion of municipal fleet vehicles. 

 Partnering with the private sector to enable investment in public charging infrastructure. 

 Develop an EV tariff for City-owned charging stations. 

 Install charging stations at City-owned properties. 

 Undertake a smart-charging pilot and explore the vehicle-to-grid business case. 

 Lobby national government to develop a strategy to enable a switch to electric minibus 
taxis, buses and freight vehicles. 

 Launch an EV bus pilot. 

 Feasibility study on buses running on hydrogen generated from solar power. 

 Partner with private sector to investigate options for freight EVs. 

                                                      

 

3 Sustainable Energy Africa (2020), State of Energy in South African Cities 2020. 
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 Partner with private sector to promote use of electric scooters and establish electric scooter 
share schemes. 

4. Local EV uptake and impact 

This section forecasts the uptake of EVs for the City of Johannesburg metropolitan area for 2030, 

2040 and 2050 to identify the impact of EV electricity demand on City Power’s distribution grid. 

4.1. Forecasting the uptake of EVs in Johannesburg 

A bottom-up mobility model was developed, with baseline years based 

on eNaTIS vehicle registration data and assumptions on vehicle 

occupancy, daily distances travelled, fuel intensity and fuel shares by 

vehicle type. Daily distances travelled by passenger vehicles were 

calibrated until motorised passenger modal shares approximated the 

modal shares of the city. The vehicle types used within the model align 

with that provided by eNaTIS as well as in the City’s Climate Action Plan: 

 Heavy load commercial vehicles (large trucks) 

 Light load commercial vehicles (small trucks and bakkies) 

 Heavy passenger vehicles (buses) 

 Cars 

 Minibuses 

 Motorcycles 

Growth in passenger-kilometres (a function of the number of passengers per vehicle and the 

distance that vehicle travels) and tonne-kilometres (in the case of freight or commercial vehicles) 

was driven by economic and population growth. Model outputs included the estimated number of 

vehicles of each type (diesel, petrol and electric) and the electricity and/or energy demand for EVs 

and ICE vehicles respectively. Further detail on model assumptions and methodology can be found 

in the appendix “Methodology and assumptions of EV uptake model”. 

The model took a holistic approach of including the City’s 2050 climate action plan targets for both 

passenger modal share shifts (Table 1), as well as EV uptake ambitions (Table 2). These targets were 

sourced from the detailed emissions modelling scenarios behind the City of Johannesburg Climate 

Action Plan 2021, which were workshopped robustly with officials from a range of departments 

within the City4. The uptake of EVs between the 2050 end year and the 2016 base year was assumed 

                                                      

 

4 Note that all scenario assumptions do not predict the future, but intend to determine an approximate scale of 
ambition that may be plausible. Similarly, the EV uptake model’s intention is to determine an approximate scale of EV 
uptake to ensure adequate planning based on potential grid impact. 

An uptake of 40-

50 thousand EVs is 

expected in 

Johannesburg by 

2030. 
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to follow an exponential curve, with accelerating uptake in later years, as has been illustrated in 

real-world uptake across the world. 

Table 1: Motorised passenger transport mode share over time 

Mode 2016 2030 2040 2050 

Bus 9% 15% 26% 38% 

Car 49% 44% 34% 27% 

Minibus 41% 40% 39% 34% 

Motorcycle 1% 1% 1% 1% 

Table 2: Share of pass-km or tonne-km by EV 

Vehicle type EV share (2050) Rationale 

Heavy load 

 

2030: 1% 
2040: 3% 
2050: 14% 

The electrification rate of heavy-duty trucks is relatively low, due to the 
requirement of advanced technologies for high power charging and 
large batteries, as well as uncertainty on the evolution of this market 
with regards to fuel options - other alternatives include CNG/diesel 
dual-fuel and hydrogen. 

Light load 

 

2030: 1% 
2040: 3% 
2050: 14% 

Electric light-duty trucks will be used for deliveries in urban areas, 
where driving distances are shorter and overnight charging is possible. 
While current penetrations rates are similar to heavy-duty trucks, 
there is potential for higher uptake. Construction and agricultural light-
duty vehicles are expected to electrify last. 

Buses 

 
 

2030: 2% 
2040: 10% 
2050: 50% 

The bus segment is expected to electrify quickly, reflecting the City’s 
commitments to convert public transport fleets. Electrification of Bus 
Rapid Transit (BRT) buses will likely be far higher than the average bus 
electrification rate, due to the flagship project status of the BRT 
system. 

Cars 

 

2030: 2% 
2040: 12% 
2050: 60% 

Model availability is steadily increasing in South Africa. The market for 
personally-owned electric cars is approaching price parity. Imports will 
increasingly be electric due to ICE vehicle bans in supply markets, and 
the DTIC’s Auto Green Paper indicates that the country is looking 
towards local manufacturing of EVs. Most international EV forecasts 
expect passenger cars to drive the growth of EVs. 

Minibuses 

 

2030: 2% 
2040: 10% 
2050: 50% 

Minibuses electrification may be driven by the total cost of ownership, 
model availability and/or government programmes (e.g. national taxi 
recapitalisation; provision of charging infrastructure at taxi ranks by 
local government authority; etc.). 

Motorcycles 

 
 

2030: 4% 
2040: 20% 
2050: 100% 

It is more difficult for motorcycles to meet ever-tightening EURO 
standards, due to higher-revving engines. Therefore this sector is 
expected to electrify first. Electric motorcycles already make financial 
sense in the urban environment due to short travel distances. 

The modelled EV population, according to these assumptions, is provided in Figure 1. A total of 

around 1.3 million EVs is projected by 2050 – making up 44% of the city’s vehicle population. By 

2030, expected uptake is 40-50 thousand EVs. The largest number of EVs will be private passenger 

cars, at 75% of overall EVs in 2050, due to the high number of private vehicles combined with high 

uptake. Despite modest EV uptake rates in light-duty commercial vehicles (small trucks and bakkies), 
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due to the large number of these vehicles, they represent the second largest EV vehicle market by 

2050. 

 

Figure 1: Electric vehicle uptake by vehicle type 

 

Figure 2: Electricity demand by EV vehicle type 

Figure 2 quantifies the electricity demand expected from the projected uptake of EVs. The demand 

for electricity from EVs is expected to reach about 3.1 million MWh (3.1 TWh) by 2050, across 

both Eskom and City Power distribution areas. Most of this demand will be from cars (58%) and 

light-duty trucks (24%). As such, the electrification of transport is one of the only major load growth 

opportunities in the foreseeable future. If managed correctly, this load growth can translate to 

significant revenue growth. Yet it must be noted that some of this additional demand may be met 
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by independent power producers or, in particular for car charging by private households, by rooftop 

solar PV. 

The additional EV electricity demand is compared to demand forecasts without EVs in Figure 3. 

The demand forecast for other sectors was based on emissions modelling related to the City’s 

Climate Action Plan, and follows demand expected in a scenario of ambitious energy efficiency 

policies and actions across all sectors. By 2050, EVs are expected to increase electricity demand 

across the city (including Eskom and City Power distribution areas) by 8%. 

 

Figure 3: The impact of EVs on city-wide electricity demand 

While an 8% increase in electricity demand may seem manageable from an overall system 

perspective, the localised impacts of EVs on the distribution grid is significantly more complex. The 

adoption of EVs will not be uniform across the City, both in terms of geographic distribution and 

density. As with solar PV, EVs are typically found in clusters, linked to suburbs with higher shares of 

high-income households or to large commercial and industrial facilities, such as malls. Managing 

these localised impacts will be the greatest challenge for electricity distributors such as City Power. 
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4.2. The impact of EVs on distribution utilities 

The impact of EVs on City Power’s distribution grid was 

investigated by examining the impact of various charging 

behaviours on City Power’s load profile, as well as the impact of 

localised EV uptake on City Power’s substation distribution areas. 

4.2.1. The impact of EVs on City Power’s load profile  

Two focus areas are highlighted: the impact of the uptake of 

electric private passenger vehicles (cars) and that of electric 

minibus taxis. The reason for this is due to the 

disproportionately large impact of cars (discussed below) and the City’s particular interest in 

electrifying minibus taxis, due to the potential positive socio-economic benefits to citizens, 

especially considering that the majority use minibus taxis as their main means of transport. 

It is expected that passenger cars will dominate in terms of grid impact, due to the sheer number of 

vehicles, as well as the high uptake of EVs in this sector. The City has far less ability to manage the 

installation of private EV chargers as opposed to public and fleet chargers. Public and fleet charging 

will typically connect to higher voltage networks, where the grid has more capacity available for EV 

loads, while private EV chargers tend to connect to residential low voltage networks, where the 

capacity for additional EV charging can be limited. 

Most residential customers are on either inclining block electricity tariffs (customer pays 

progressively more per unit of electricity if they use more electricity) or flat rate tariffs (customer 

pays the same for each unit of electricity used), which will not incentivise charging during different 

times of day. In contrast, most commercial and larger customers, where public charging is likely to 

be installed, are on time of use tariffs, which encourages electricity use during off-peak or low 

demand times, such as at night or during the middle of the day. 

Internationally, most charging is done via private home charging, especially in areas where of- 

street parking is more common, as is the case in wealthier Johannesburg suburbs, where EV uptake 

is expected. 

As such, the technical impacts of EVs on City Power’s grid will be dominated by the impact of private 

cars. The cumulative impact from private EV chargers on low voltage feeders and transformers 

can cause the need for infrastructure upgrades to prevent network failures. 

The impact of electric car and minibus charging in 2030 was considered, based on assumed daily 

average travel distances of 43 and 86 km respectively, and the use of 3.45 kW and 30 kW chargers 

respectively. The number of EVs per mode by 2030, based on the EV uptake model, is 36,156 cars 

and 1,257 minibus taxis. 

Without incentives, 

unmanaged “dumb” EV 

charging is highly likely 

and will drive costly 

grid infrastructure 

upgrades. 
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Only one charging scenario was considered for minibuses, as it was assumed that they would be 

transporting passengers during the morning and evening peak times, while remaining relatively 

stationary during the middle of the day, when they would charge. For private car charging, the 

following three scenarios were considered: 

1. Work charging: all EVs charge at work during midday, coinciding with high solar generation 
periods. 

2. “Dumb” charging: EVs start charging as they arrive at home around 5pm, with no control or 
management system. 

3. Off-peak charging: charging is delayed/managed and only begins during the low usage 
portion of the day, from around 10pm. 

The additional demand of these scenarios was added to a typical summer and winter load profile 

experienced by City Power, shown in Figure 4 and Figure 5 respectively. To provide insight into the 

potential financial impact, both figures include the Eskom Mega-Flex tariffs; the rate at which Eskom 

sells its electricity to the municipal distributor, City Power. Electricity bought by City Power during 

the morning and evening peaks is expensive when compared to electricity bought during the night 

or the middle of the day. 

Electricity demand from the minibuses was negligible by 2030 and is therefore not shown in the 

demand impact graphs. This serves to highlight the extreme efficiency of public transport (less 

energy required to move people, due to higher vehicle occupancies) and the possibilities of 

encouraging quite aggressive electric vehicle uptake in this sector without placing undue strain 

on the grid. 
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Figure 4: Summer load profile of private EVs in 2030 

 

Figure 5: Winter load profile of private EVs in 2030 

Figure 4 illustrates the expected load on a typical summer day. Both work and dumb charging add a 100 MW load. Work charging occurs around 

noon, during Eskom’s “Standard” tariff, which is the second cheapest period for City Power to purchase electricity. Work charging coincides with 

typical high solar generation periods, providing an opportunity to procure cheap electricity with solar technology. Dumb charging occurs over the 

evening peak period, which is the most expensive time to purchase energy from Eskom. It also coincides with already-high demand, resulting in 

further potential strain on the network. Off-peak charging does not add to already-existing usage peaks. Instead, this scenario fills in a low demand 

period, making use of the cheapest electricity. The winter profile in Figure 5 is similar to the summer profile, with some noticeable differences. The 

most obvious is the increase in the various Eskom tariffs, with the price of peak consumption more than triple the standard tariff. These tariffs are in 

response to the strain placed on the national grid by the higher and “peakier” winter demand profiles across the country (illustrated by the JHB 

average demand graph line), driven mainly by residential households’ increased use of heat-generating appliances, such as kettles and heaters. 
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Dumb charging will greatly increase the costs of distribution utilities. The winter demand profile 

can accentuate or change the impact of EV demand. Dumb charging, while still adding 100 MW, 

has a far higher change of exceeding a municipal distributor’s notified maximum demand (the 

highest demand a distributor tells Eskom they need) and hence incur high penalty costs. 

On the other hand, the impact of work charging is less severe in winter, as it fills in a midday 

low demand period. During the summer, work charging creates a new peak, but this may be off-

set somewhat through sourcing this demand from rooftop PV. 

Out of the three scenarios, impacts from off-peak charging seem to be the least subjected to 

change from the summer and winter load profiles. It consistently makes use of the cheaper tariffs 

and fills in low demand periods. It is important to note that of these three scenarios investigated, 

dumb charging is the most likely to occur without interventions or incentives for private EV 

charging. This will have negative financial impacts, due to the need to upgrade grid infrastructure 

to deal with the increased winter peak demand, as well as the financial losses incurred when 

buying electricity at a very high tariff and on-selling it at a flat rate lower than the peak tariff to 

residential customers.  

A USA study5 quantified the costs of transmission and distribution grid upgrades that a utility 

could face based on various charging patterns of EVs. They too point out that the overall demand 

is not a concern, but rather that specific locations and time periods will face more stress during 

high charging demand. Distribution networks will be the first areas to experience strain, following 

by transmission networks. The study found that by implementing smart charging and optimising 

the location and time of charging, costs related to distribution and transmission infrastructure 

upgrades to cater for EVs can be decreased by up to 70%, equating to a value of roughly 4000 

USD per EV (roughly R60,000 using 2021 exchange rates). The optimising charging scenario 

assumed that EV charging avoided peak demand periods, and rather split their charging over 

standard and off-peak periods. The findings lead to the following suggestions:  

 Utilities should determine areas with a high potential for EV uptake and develop plans 
to minimize upgrades. 

 Deploy technology that aids in reducing EV impacts, including smart metering technology 
that allows time of use tariffs, and demand response systems allowing EVs to be 
controlled with pricing signals. 

                                                      

 

5 Boston Consulting Group (2019), The Costs of Revving Up the Grid for Electric Vehicles. 
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 Lead consumers to helpful charging behaviour, with incentivised charging during off-
peak demand periods and avoidance of charging at critically constrained grid points. 

4.2.2. The impact of EVs on City Power’s substations 

City Power’s network is already experiencing capacity hotspots, where existing load is reaching 

network constraints. Figure 6 shows subscribed capacity by substation for the City Power 

distribution area. Note that this figure not include data on Eskom distribution areas’ capacity. 

The total EV demand forecast for private vehicles by 2030, as discussed in the section on 

“Forecasting the uptake of EVs in Johannesburg”, was spatialised using ward-level data on 

households income and car ownership from Statistics South Africa’s 2011 Census. It was assumed 

that EV uptake will be higher in wards where a high share of households are high-income 

households and where a high share of households already own a car. Detailed methodology and 

assumptions notes can be found in the appendix “Methodology and assumptions of EV 

spatialisation”. Note that the ward boundaries do not align with substation boundaries. 

Comparing existing substation capacity constraints (Figure 6) and projected EV uptake by ward 

(Figure 7) provides insight into how EV uptake could affect City Power’s infrastructure. Areas that 

are already experiencing strain (red and pink areas in Figure 6) that correspond with high EV 

uptake areas (red and orange areas in Figure 7) represent areas where infrastructure upgrades 

are most likely to be needed. Larger maps for Figure 6 and Figure 7 can be found in the appendix 

“Large-scale substation capacity and EV uptake maps”. 

The highest EV uptake is expected in the northern parts of Johannesburg, in particular the 

Brynorth and Bryanston substations feeding Bryanston, an affluent suburb of Sandton. 

Determining the additional expected demand per substation is difficult, due to the mismatch 

between ward boundaries and substation supply areas. Nonetheless, it is estimated that the 

additional EV demand will range between 3500-4500 MWh for Brynorth and 2500-4500 MWh 

for Bryanston. In 2013, the Brynorth substation load represented a firm capacity of 110%, while 

Bryanston experienced a capacity of 75%. 

The Vorna Valley (serving Midrand suburbs of Vorna Valley, Kyalami Hills and Waterfall City), 

Noordwyk (serving Midrand suburb Noordwyk) and Peter Road (serving Roodepoort suburbs of 

Roodekrans, Wilgespruit, Willowbrook and Amorosa) substation areas were already experiencing 

firm capacities of 104%, 102% and 79% respectively, and are also expected to see a significant 

increase in energy demand from EVs. 

The Bordeaux substation (Blairgowrie, Randburg) was most constrained in 2013, with a firm 

capacity of 165%. The expected EV uptake in this area is in the lower range, but still substantive 
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(1000-3000 MWh). Like Bordeaux, Allendale (covering Midrand industrial and township areas of 

Commercia and Rabie Ridge) had a high firm capacity of 162%, but a low EV uptake. 

Within the southern constrained substations of Johannesburg, such as Lotus (Unaville and 

Zakariyya Park), Nirvana (Thembelihle) and Eikenhof (Olifantsvlei and Naturena), private EV 

uptake by 2030 is expected to be at a minimum. 
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Figure 6: Allocated capacity of City Power substations in winter 
2013 

Full size EV hotspot map in Appendix 

 

Figure 7: EV hotspot map: annual energy demand from EVs on City Power 
substations in 2030 

Full size EV hotspot map in Appendix 
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5. Managing EV uptake in the City of Johannesburg 

This section outlines possible responses by the City of Johannesburg on managing the inevitable 

uptake of electric vehicles (EVs) in such a way as to mitigate the impact on the local electric grid. 

5.1. The case for EV management practices  

Cities can help decrease EV charging impacts on the grid, and 

related upgrade costs by planning and managing EV 

installations and tariffs. Unmanaged EV charging by high-

income households (the early EV adopters) could cause the 

need for extensive grid upgrades, the cost of which will be 

spread across all citizens, which is regressive. The grid is 

currently used as one of the largest mechanisms of 

redistributive social protection, through Free Basic Electricity 

(which is cross-subsidised by high income users). Planning for 

the grid’s maintenance/protection is therefore essential. EV 

tariffs that encourage charging in off-peak times will limit the 

cost linked to grid upgrades. 

5.2. Review of international EV management practices  

When EV charging is not managed, it has the potential to impact 

the grid negatively. The question arises as to how this 

management should take place. Learning from other country 

and city regulatory, policy and technology responses to EV 

uptake is a useful starting point when considering how best to 

manage the complex challenges EVs pose to distribution 

utilities. 

UK government grants incentivise smart charging. When 

purchasing a smart EV charger, consumers receive a government grant linked to emissions 

reductions. Interestingly, customers receive this grant via their distribution utility; meaning that 

chargers are to be registered prior to receiving the grant. In addition, transitioning the 

consumer’s charging habits to off-peak hours are incentivised with opt-in low-cost EV time of use 

(TOU) tariffs offered by utilities. For chargers less than 13.8 kVA, customers must notify the 

distribution utility within 28 days of the installation of any charging equipment. For chargers 

greater than 13.8 kVA, the approval of the distribution utility is required prior to installation. 

Time-of-use tariffs and 

increased access to 

public charging are the 

most common forms 

of EV management. 

Managing EV uptake 

by high-income 

households is essential 

to prevent increased 

costs and decreased 

service delivery ability 

to low-income 

households 
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In the US, the consensus is that TOU EV tariffs sufficiently incentivise smart charging. In addition 

to the electricity bill savings, some utilities further incentivise smart charging by covering the cost 

of a smart meter and EV charger. The utilities expect to recover the cost of these meters as 

customers move to purchasing electricity at cheaper times as a result of the TOU tariffs6. Some 

utilities are piloting demand response-based charging incentives7. This option allows an EV 

charger to be switched off or delayed during peak/critical usage times, and in return the customer 

receives a financial incentive. 

Netherlands is incentivising the use of public and work charging. The government provides tax 

breaks to companies installing public and work EV chargers, while no private charging incentives 

are available. If a resident has no nearby no public charging stations, one can be requested free 

of charge in most municipalities. There is a lack of off-street parking compared to other countries, 

due to denser urban design, providing a larger need for public charging infrastructure. As such, 

chargers are installed in public areas in places where the grid has more capacity available. 

Egypt’s oversized distribution grid allows for looser management of EVs. In Egypt, households 

are typically connected with a 90A three phase connection, even for small apartments. As a 

result, private EV charging does not pose an imminent threat to Egyptian distribution grids. In 

addition, plans have been published for mass roll-out of public chargers by government and 

private charger operators.  

China’s vast network of public chargers reduces low voltage network impacts. Most EV users in 

China rely on public charging. This is because most of the population stays in multi-unit dwellings, 

often preventing sufficient area to install a private charger. The central government largely 

promotes and incentivises EV infrastructure roll-out. Public chargers are also offered at 

favourable electricity tariffs, enticing EV owners to charge at public chargers rather than private 

chargers. Chinese cities have the highest ratio of public chargers to EVs in the world. 

Swedish grid operators are working with EV charging point operators to reduce congestion. As 

a result of generous government grants, Sweden has seen a rapid uptake of EVs. Stockholm has 

thus experienced congestion on its distribution networks and EV chargers need to be throttled 

                                                      

 

6 https://www.tdworld.com/smart-utility/article/21135451/us-utilities-expanding-managed-charging-programs-
for-evs-finds-study 
7 https://www.utilitydive.com/news/as-utility-collaboration-with-charging-companies-rises-emerging-
difference/581877/ 

https://www.tdworld.com/smart-utility/article/21135451/us-utilities-expanding-managed-charging-programs-for-evs-finds-study
https://www.tdworld.com/smart-utility/article/21135451/us-utilities-expanding-managed-charging-programs-for-evs-finds-study
https://www.utilitydive.com/news/as-utility-collaboration-with-charging-companies-rises-emerging-difference/581877/
https://www.utilitydive.com/news/as-utility-collaboration-with-charging-companies-rises-emerging-difference/581877/
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to reduce load8. Swedish distribution utilities are now working with charge point operators to 

minimise charging during peak hours. 

In short, managing EV charging is based on local policies, urban form and the capacity of 

distribution networks. A common thread to managing EV charging is to encourage the use of 

public charging, which pushes EV loads onto higher voltage networks and places less strain on 

low voltage networks. Managing private EV charging typically involves the change of charging 

habits, encouraged through TOU EV tariffs. Smart charging is also gaining traction, where utilities 

communicate with EV charge point operators that then manage EV charging based on local grid 

parameters. Registration of EV chargers is often incentivised through rebates, tax credits or 

through making use of an EV tariff. 

5.3. Local EV management options 

Based on international and local experience, City Power has 

a couple of options as to the approach it may take with 

regards to EV management. 

5.3.1. Registration of EV chargers 

An EV charger is a load, similar to other loads such as pool 

pumps, geysers, air conditioners or heat pumps – all can also 

have a relevant impact on the grid, yet are not regulated. 

Further, the SANS 1014201 states that “An electric vehicle charging station is deemed to be a 

machine or an appliance and not part of the electrical installation”. When viewed from this 

perspective, there is no legal reason as to why EV chargers would need to be registered. Yet if EV 

charging infrastructure allows for vehicle-to-grid services (V2G), which occurs when energy is 

transferred from the vehicle to the grid, it is seen as a small-scale embedded generation (SSEG) 

system, which does require a registration process and should comply with City Power’s SSEG 

policy. Vehicle-to-grid services technology is still in its infancy, with solutions not yet at 

commercial market scale. 

5.3.1.1. Learning from the SSEG registration experience 

SSEG systems, as generators, do legally require registration with the local distribution utility. 

However, compliance by customers has been low across the country. Both City Power and the 

                                                      

 

8 https://europe.autonews.com/automakers/swedens-ev-boom-under-threat-power-crunch  

Rigid fit-and-forget rules 

(e.g. NRS 097-2-3) will be 

ineffective in managing 

EV loads. Collaborative 

response is required. 

https://europe.autonews.com/automakers/swedens-ev-boom-under-threat-power-crunch
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City of Cape Town performed aerial surveys, revealing that the majority of systems were 

unregistered. 

Within the City of Johannesburg, the aerial survey highlighted that the total number of SSEG 

systems were orders of magnitude higher than official registered systems: 6000-7000 total 

systems in comparison to just over 200 registered systems9. The vast majority of these 

unregistered systems were residential systems. This low residential registration uptake is 

related to various challenges. Residential customers are often not aware of registration 

requirements, since they are not always informed by system installers and the application 

process is not online. The City also has very little capacity to enforce registration. While most 

high-income customers are on smart credit meters, those who are still on a prepaid system need 

to pay for and install a smart meter, at a cost of R 1,200 (2020/21 price). Customers are often 

reluctant to switch from prepaid to credit meters, possibly due to distrust of the City’s billing 

system. In contrast, most commercial systems are registered. Such systems are generally 

installed through registered EPC (Engineering, Procurement and Construction) solar installers. 

Cape Town undertook a concerted registration awareness campaign. A penalty-free grace period 

was provided, in order to allow for the registration of previously unregistered systems. After the 

grace period, non-compliant customers were liable for a disconnection fee of the SSEG system 

and may have their electricity disconnected until such time as the SSEG system is either 

disconnected, decommissioned or registered and the disconnection fee had been paid. This 

awareness campaign increased registration. 

While SSEG registration has been difficult, EV registration will be even more challenging. SSEG 

systems are usually PV systems, located on rooftops, making them publicly visible. In contrast, 

private EV chargers will be installed within garages. Further, the electricity consumption pattern 

of an EV owner may not change dramatically enough to pick up on the billing system, since a 

typical 3.45 kVA charger has a similar – even slightly smaller – demand to that of a conventional 

electric geyser. The other standard household charger size of 7.5 kVA may produce more 

noticeable consumption pattern changes. 

                                                      

 

9 University of Johannesburg (2021), An Assessment of Installed Solar Water Heater and Photovoltaic Systems in 
the City of Johannesburg. Work was undertaken using aerial photography and artificial intelligence. Funded by 
C40's Empowering Cities With Data programme. 
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5.3.1.2. Utilising vehicle licensing data with eNaTIS 

Vehicle owners are required to renew vehicle licenses annually. This data is gathered into the 

electronic National Traffic Information System (eNaTIS) database. License renewal includes the 

provision of information regarding the vehicle, such as the engine size and the owner’s proof of 

residence. If information on the owner’s address and the vehicle’s engine type (EV or ICE) is 

collected, it presents an opportunity for City Power (or any local municipality) to monitor 

hotspots of EV uptake, while avoiding the need to introduce an additional registration process. 

This process will require engagement and collaboration with national stakeholders, such as the 

Department of Transport, in order to set up mechanisms for data-sharing and to include 

additional EV-related data fields to the vehicle license form. 

5.3.2. Battery charge limits 

The City of Cape Town has proposed the introduction of limits on the allowable current used to 

charge a battery storage device. Their reasoning is that after a load-shedding event, when 

batteries are depleted, the coincident charging of batteries can overwhelm grid capacity. Table 3 

shows the proposed maximum battery charging current limit, which increases as the customer’s 

circuit breaker size increases. 

Table 3: City of Cape Town maximum battery charging current limit 

 

A similar limit could be imposed on EV chargers, limiting the charger capacity, either through a 

circuit breaker or a password-protected setting on the inverter. However, implementation will 

be a challenge. Faster charging, by higher-capacity chargers, are more convenient for customers 

(international trends are towards such chargers) and customers will know their inverter 
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passwords and therefore have the opportunity and motivation to change their limit. Customer 

awareness and collaboration will be crucial. 

An alternative possible solution may be to work with EV charge point operators (such as 

GridCars) to require that they voluntarily impose these limits on their installations. 

5.3.3. Ripple control 

Ripple control is a simple communication solution, involving the installation of a receiver on the 

electricity meter, which is controlled by a signal from the utility. A signal is sent as to when EV 

chargers should stop charging (peak time) and when they can restart charging (off peak), thereby 

reducing charging during peak grid congestion periods. 

George Municipality uses ripple control as a demand-side management intervention on 6500 

conventional electric geysers in their jurisdiction. The ripple control receivers are issued to 

customers alongside the instalment of prepaid meters. These receivers are used to shift the time 

of energy consumption and to reduce the municipality’s maximum demand. Through utilising 

ripple control to improve the management of these 6500 geysers, the municipality saves in excess 

of R8 million on their Eskom bulk electricity bill. 

City Power already has extensive ripple control installed (estimated 180,000 systems) and could 

therefore relatively easily create a separate load group for EV charging; adding the additional 

contact needed in the receiver to control EV charging at home. 

5.3.4. EV tariffs 

Standard, fixed-price electricity tariffs do little to encourage EV adoption or optimise charging 

behaviour. In fact, such tariffs may even discourage efficient charging practices, because 

customers are able to charge when it is most convenient, rather than when it is most beneficial 

to the grid. In contrast, time‐varying tariffs convey price signals that better reflect the cost of 

producing and delivering electricity at different hours. Time‐varying rates include time of use 

(TOU) rates, critical peak pricing, peak time rebates, and dynamic hourly pricing. In addition, 

some utility tariffs include a demand charge, which is typically based on a customer’s maximum 

power demand during a month. 
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Studies in California10 found that EV charging behaviour tends to respond well to TOU tariffs, 

because the load is highly flexible, i.e. customers can easily change when they charge their 

vehicle. As a result of successful pilots, three of the state’s utilities were ordered to shift to TOU 

as a default tariff, with an opt-out rather than opt-in design. A transition period was required in 

order to ready the billing system. TOU tariffs should be an essential component of City Power’s 

EV management solution. 

Further analysis on the financial impact of possible EV tariffs for private residential customers, 

and the size of the behaviour change incentive, is covered under “Residential EV tariff analysis”. 

5.3.5. Collaborating with EV charge point operators 

Collaboration between utilities and charge point operators (such as GridCars) will enable the 

deployment of EV management solutions to significantly reduce the technical impacts of EVs on 

the distribution grid. In developed markets, EV management solutions alleviate strain on the grid 

by alerting charge point operators of grid congestion and requesting EV chargers in the area to 

be switched off. The downside of managed EV charging is that EV owners may experience 

charging delays and battery degradation due to the interruption of charging. This means that if 

EV management solutions are to be truly adopted, an effective deployment should consider 

incentivising EV owners to collaborate in this manner. 

5.3.6. Develop standardised charging communication protocols 

A charging communication protocol (CCP) is the backbone of smart charging. It is how a user’s 

information (battery state, charger status, charger power) and grid information (distribution 

network capacity, TOU pricing signals) are shared, providing a way for decisions to be made. 

In the US and the UK, the open charge point protocol (OCPP) is becoming increasingly popular. 

OCPP is an open-source protocol that allows any supported networks (utilities, charge point 

operators, etc.) to connect and manage any EV chargers that support OCPP. It provides a level of 

interoperability for a network to control a wider range of chargers, and for the user to switch to 

a different network without the need for a new EV charger, in so doing also protecting the 

customer from becoming locked in to using one service provider. 

                                                      

 

10 https://www.utilitydive.com/news/california-utilities-prep-nations-biggest-time-of-use-rate-roll-out/543402/ 

https://www.utilitydive.com/news/california-utilities-prep-nations-biggest-time-of-use-rate-roll-out/543402/
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5.4. Way forward for City of Johannesburg 

As EV model availability increases and upfront costs 

decrease, the mass adoption of EVs locally will become 

a reality. Planning for EV-grid integration will ensure a 

smooth transition. However, forecasts of EV uptake in 

Johannesburg show that EV uptake will not have a 

substantial impact on City Power’s distribution grids 

within the next five years. A total of 20,000 EVs is 

expected on Johannesburg’s roads by 2026, allowing 

the City time to ‘learn by doing’. The next five years 

represents a crucial time to test approaches in 

steering EV uptake in a grid-beneficial direction. 

Managed EV charging reduces strain on the grid 

considerably by avoiding charging during critical peak 

hours. Internationally, grid congestion has been 

avoided by incentivising public charging at locations 

where the grid has capacity, implementing demand 

response programs for EV charging with charge point 

operators, and the use of tax incentives or rebates on approval of EV charger registration. 

Without incentives, the registration of EV chargers is likely to be difficult and will pose 

administrative challenges. Other forms of registration within South African cities, such as for 

SSEG systems and boreholes, have not seen large-scale compliance. 

Going forward, a better-suited methodology is to avoid dumb charging by implementing an EV 

TOU tariff. The design of these tariffs should incentivise consumers to charge during off-peak 

hours, by offering lower tariffs during these times (usually between midnight and 6am). This will 

reduce the EV owner’s charging cost, while also reducing the cost of City bulk electricity 

purchases by avoiding purchases in the expensive peak periods. These tariffs should be 

developed through engagement with the national energy regulator (NERSA). 

Future considerations can include further tariff advancement, such as demand response 

programmes to manage charging in response to real-time grid conditions. The chargers being 

installed by charge point operators, such as GridCars, already have the functionality to respond 

to real-time demand by – for example – ramping down EV charging in response to higher demand 

by other household appliances. City Power should consider working with charge point operators 

to form aggregated groups of EV chargers, with demand for these groups ramped up or down in 

response to grid availability and constraints. 

1. Over the next five years 
EVs are not a threat to grid 
integrity. The City can 
learn by doing. 

2. Develop an EV time of use 
tariff with NERSA. 

3. Establish a smart charger 
communication protocol. 

4. Establish/link to an 
industry working group. 

5. Facilitate public charging. 
6. Build internal information 

and communications 
technology skills 
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Since the proposed interventions will have an impact on, or involvement of, a range of 

stakeholders, it is recommended that the City considers setting up or linking into an industry 

working group or steering committee, which will consider aspects linked to smart charging and 

its impacts on the grid. 

In addition to an EV TOU tariff, City Power could reduce home charging by facilitating public 

charging availability in areas where there is grid capacity, such as on higher-voltage networks. 

The role a City could play in facilitating public charging is further investigated in the section of 

the report “Feasibility of shifting to electric minibus taxis”. 

A critical aspect of managing future EV loads is to ensure that equipment installed over the next 

5 years is “future-proof”. As such, there needs to be a set of standardised charging 

communication protocols (CCPs) that are adopted and required by EV chargers. Without 

standards set on the allowed CCPs, communication between EV chargers, utilities and charge 

pointer operators may not be possible without the installation of new equipment. This will result 

in future costs incurred by all stakeholders. Standards set on the allowed CCPs should allow 

interoperability, to ensure that charging equipment can be connected and is compatible with 

various systems or networks, and include cyber security, so that the consumer or management 

entity is not placed at risk. 

Cities will require expertise related to EV management. A great way to do this is by training City 

staff to be equipped and also offers a way to address gender parity. Specifically, by upskilling 

youth and female engineers and information and communications technology (ICT) specialists 

employed by the City on infrastructure and software related to grid management. The rapidly-

evolving space of new technologies (EV and SSEG), smart grids and the internet of things will 

require new skills to manage. The City can aim to grow these skills internally, through training 

programmes, becoming a centre of excellence and source of skilled technicians. 

6. Local EV tariffs response 

This section outlines possible tariff responses by the City of Johannesburg to manage the 

inevitable uptake of EVs in a way that will mitigate the impact on the local electric grid. Given 

the estimated annual electricity demand of Johannesburg in 2030, the electricity required by EVs 

does not pose a major obstacle from an overall demand perspective. The complication will be 

created from the uneven distribution of such vehicles across the City distribution network. EV 

uptake, like residential solar PV, is likely to be concentrated in high-income areas, meaning if all 

these EVs charge simultaneously, these low-voltage networks may become constrained, as 

discussed in the section “Local EV uptake and impact”. The tariff responses to mitigate EV 

charging impacts can be grouped into two main intervention strategies: 
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1. Incentivising public charging in areas of higher network capacity. 

2. Shifting residential charging loads into off-peak periods. 

6.1. Public EV tariff analysis 

Internationally, direct current fast chargers (DCFC) can have a 

demand of up to 350 kW per charger. Public DCFCs currently 

installed in South Africa are almost exclusively operated by 

private operators and have a demand of up to 60 kW – 

meaning that one charger can require a large network 

connection. Public EV chargers are often installed at malls or 

other existing loads. In such cases, the demand of the charger 

may be masked or dwarfed. In this case, a charger operator 

may be billed for their electricity demand based on the 

energy bill of the “landlord” (e.g. mall). Sometimes the 

charger operator is only charged for the use of the parking bay. 

If a public charger operator is classified as an individual customer (in other words, not linked to 

an existing large load such as a mall), it will be considered a large power user, due to the high 

energy demand, and will likely be placed on one of City Power’s two industrial LV (low voltage) 

tariffs: a seasonal flat rate tariff or a TOU tariff. Both have similar fixed and demand charges, but 

differ in their consumption charges. 

A public charging station’s electricity demand will be very different to that of a typical industrial 

user. Industrial customers generally have relatively flat load profiles during the day, while a public 

charger will have periods of inactivity followed by sudden spikes in demand when an EV is 

charging. This means that a public charger operator’s electricity bill will have very high fixed 

monthly charges, due to the high demand spikes, no matter the number of EVs charging. The 

charger operator may be unable to recoup these fixed billing costs in the early stages of EV 

adoption, as the number of EVs charging may be too low for the revenue from energy sales to 

break even with the operator’s fixed demand costs. 

The impact that current and alternative tariffs would have on the revenue generation (including 

profit margins) of a DCFC station owner was investigated, using the following baseline 

assumptions: 

 The charging station has two 60 kW chargers. 

 The charging station operator is billed on City Power’s industrial LV TOU tariff. 

 The charging station operator charges EV customers R 5.50/kWh. 

A public charger 
owner's business case is 
improved through City 
Power tariffs with lower 
fixed (demand) charges 
and higher variable 
(energy) charges 
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 An EV charges 36 kWh per charging event, based on a 60 kWh battery charging from 20% 

to 80%. 

The current and alternative tariffs are outlined in Table 4. 

Table 4: Existing and test public charger tariffs 

Charge type Industrial LV (TOU) Alternative EV (TOU) 

Demand charge (R/kVA) 224.88 74.96 

Demand charge (R/kVArh) 0.2358 0.2358 

Service Charge (R/Month) 1,187.58 1,187.58 

Capacity Charge (R/Month) 1,061.75 1,061.75 

Summer energy charges 
  

Peak energy (R/kWh) 1.6883 4.2208 

Standard energy (R/kWh) 1.2711 3.1778 

Off peak energy (R/kWh) 0.9771 2.4428 

Winter energy charges 
  

Peak energy (R/kWh) 4.0173 10.0433 

Standard energy (R/kWh) 1.5339 3.8348 

Off peak energy (R/kWh) 1.0510 2.6275 

The charging station operator’s expected revenue and utility bill (based on the existing industrial 

LV tariff) is portrayed in Figure 8; the charger operator revenue shown by the line graph, while 

the charger operator costs (the City Power utility bill) is shown by the bars. 

The majority of the costs are from the monthly demand charge, emanating from the maximum 

demand of both 60 kW chargers – at a combined 120 kVA (assuming unity power factor). The 

demand and fixed charges are static, regardless of the number of EV charging events. Thus, when 

there are fewer charging events, a charger operator’s utility bill heavily outweighs their 

revenue. It will require 200 charging events or 7,200 kWh sold in a month for the charging station 

to become profitable. Although 7,200 kWh might seem like a large amount, it equates to the 

charging station being used for less than 12% of the year. Even this may still be an optimistic 

projection for the first few years of operation, while EV uptake is still relatively low. 
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Figure 8: Existing TOU tariff utility bill and revenue 

Given that a lack of public charging facilities can stunt EV uptake, in particular for lower-income 

households or multi-unit dwellings, where off-street parking for private charging may not be 

available or affordable, it is necessary to consider tariff options that improve the business case 

for charging stations to operate with low traffic volumes. 

An example of what this could entail is illustrated in Figure 9, with an alternative public EV tariff. 

This tariff offers a reduced utility bill for low utilisation and a higher bill for medium to high 

utilisation. This is achieved by reducing the fixed charges (the demand charge), while increasing 

the variable charges (the energy/electricity charge). The new demand charge is a third of the 

original rate, while the energy charge is two and a half times the original rate per kWh. This tariff 

structure enables the charger operator to cover fixed expenses (the demand charge) at least 50 

charging events sooner, which equates to a charger utilisation rate of 9%. It does result in a 

decrease of profit margins at higher utilisation rates, due to the higher energy charge. This 

change in variable cost (the energy charge) leads to the charger operator’s utility bill increasing 

by R 18,000 when there are 500 charging events per month. 

In summary, an alternative public charging tariff with lower demand charges and higher energy 

charges decreases the charger operator’s profit margin at high utilisation, but improves the 

business case at low utilisation, by decreasing the revenue needed to break even with the fixed 

monthly costs. 
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Figure 9: EV tariff utility bill and revenue 

Figure 10 shows the costs a public charger operator needs to recoup from EV owners based on 

the operator’s utility bill on the current (industrial LV TOU) and alternative EV utility tariff, as 

opposed to the costs of running ICE vehicles. The bars in the graph indicate the total utility bill 

costs to the charger operator (including demand and energy charges), divided by the units of 

electricity they sell, at various charger utilisation rates, to obtain the R/kWh value that the 

charger operator should levy if they wanted to break even with their costs. For example, if only 

10 cars charged at the charger each month, the charger operator would need to charge roughly 

R83/kWh to break even on the current industrial LV TOU tariff, while they would need to charge 

roughly R35/kWh to break even on the alternative EV utility tariff. 

The rate per kWh a charger operator would need to levy to break even with their utility costs is 

initially very high, but decreases exponentially with the number of charging events. On the 

existing utility tariff (industrial LV TOU), the break-even rate is as high as R164/kWh if only 5 cars 

charge at their public charger a month, but drops steeply to R17.58/kWh at 50 charging events. 

The alternative EV utility tariff substantially decreases the breakeven rate to R66/kWh for 5 

charges and to R9.59/kWh for 50 charges. In both cases, the charger operator will be making a 

loss at low utilisation of their charger, since charger operators today charge in the range of R 4-

6/kWh, but the loss will be less pronounced on the alternative EV utility tariff, and the utilisation 

required to reach the R 4-6/kWh breakeven is lower than on the existing utility tariff. 

As a comparison, a typical petrol internal combustion engine (ICE) fuel cost per km is included 

and the charger operator breakeven rate is converted from R/kWh to R/km using an assumed EV 

efficiency of 16 kWh/100km. The ICE fuel cost is based on a fuel economy of 10.4 lit/100km and 

a fuel price of 14.40 R/lit (average across Gauteng and coastal regions in 2020). 
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The cost per km, shown on the secondary y-axis, displays how the breakeven cost of the charger 

operator compares with the running cost of a petrol vehicle. Given the average petrol price and 

efficiency of an ICE engine, the cost of fuel is R1.50/km. It takes around 100 charging events 

before the public charging station breakeven point meets this rate on the existing industrial LV 

TOU utility tariff, whereas the alternative EV utility tariff can match it at 50 charging events per 

month. After the cost of charging matches the petrol operational cost, it falls to below a third of 

the cost at 450 charges a month. 

 

Figure 10: Cost of driving an EV and ICE 

To consider how this proposed EV utility tariff might affect City Power’s revenue, a comparison 

was made in Figure 11 of Eskom bulk energy costs (the cost for City Power to buy electricity from 

Eskom), the revenue to City Power from sales to a charger operator on its existing industrial LV 

TOU tariff and the revenue from sales on the alternative EV tariff. However, this comparison does 

not include City Power’s fixed distribution and maintenance costs. Therefore, it is not a complete 

picture of how City Power will be impacted, but is indicative only. 

Figure 11 reveals that the alternative EV tariff results in lower revenue to City Power at low 

charger utilisation, but when a charging station reaches 250 charging events or sells 9000 kWh, 

there is an increase in revenue when compared to the existing industrial LV TOU tariff. The 

decrease in City Power’s revenue from on-sale to an EV charger with low utilisation on this new 

tariff may not necessarily mean an inability to cover City Power’s costs, due to the very low Eskom 

purchase costs and low charger connection utilisation (it would be operating less than 15% of the 

year), resulting in a reduction of maintenance and distribution costs when compared to a typical 

120 kVA connection. 
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Figure 11: City Power costs and revenue 

In summary, a new tariff with reduced demand charges and increased energy charges should be 

considered for EV charging stations, although a cost of supply study will likely be necessary to 

gauge the full financial impact on City Power. The alternative tariff will reduce the startup costs 

for charging station owners, and – while it does result in lower revenue to the City at lower 

utilization rates when compared to the existing tariff – the revenue is higher at higher charging 

station utilisation when compared to the existing tariff. The lower revenue to the City during low 

charger utilisation may be balanced by reduced operational costs. 

6.2. Residential EV tariff analysis 

EV owners who charge at home will be on a 

residential/domestic City Power tariff. Residential 

customers have several electricity tariff and payment 

options, including conventional, prepaid and time of use 

(TOU). Ideally, EV owners should be billed according to 

their TOU, as the EV represents a large flexible load.  

The financial impact of various City Power tariffs on an EV 

customer and City Power was investigated, based on a 

single EV with an efficiency of 16 kW/100km, charging on 

a daily basis using a 3.45 kW home charger, to meet daily travelling needs of 43 km. In addition, 

two new residential EV charging tariffs, EV1 and EV2, were tested. Both EV tariffs are slightly 

modified versions of the existing residential TOU tariff. EV1 has a peak consumption price 50% 
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higher than that of the residential TOU tariff, with an off-peak price 50% lower, and the same 

price for standard periods. EV2 only differs from the existing TOU tariff by a reduced off-peak 

price of 50%. A comparison of the existing and alternative City Power tariffs can be found in Table 

5 and Table 6. 

The tariffs at which Eskom charges City Power for electricity purchases is captured in Table 7. 

Two charging scenarios were investigated: (1) off-peak (charging during the middle of the night) 

and “dumb” (charging immediately as the driver arrives home after work). In addition to the EV 

electricity consumption, an average household electricity usage of 1,250 kWh per month was 

assumed. 

Table 5: Existing City Power residential TOU tariff and alternative residential TOU EV tariffs 

Charge type Existing TOU11 TOU EV1 TOU EV2 

Demand charge (R/kVA) 0 0 0 

Demand charge (R/kVArh) 0 0 0 

Service Charge (R/Month) 147.74 147.74 147.74 

Capacity Charge (R/Month) 478.57 478.57 478.57 

Summer energy charges 
  

 

Peak energy (R/kWh) 1.7266 2.5899 1.7266 

Standard energy (R/kWh) 1.3660 1.3660 1.3660 

Off peak energy (R/kWh) 1.0746 0.5373 0.5373 

Winter energy charges 
  

 

Peak energy (R/kWh) 3.9727 5.9591 3.9727 

Standard energy (R/kWh) 1.6274 1.6274 1.6274 

Off peak energy (R/kWh) 1.1483 0.5742 0.5742 

 

  

                                                      

 

11 For a single-phase household ≤80A 
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Table 6: Existing conventional and prepaid City Power tariffs 

Charge type Existing Conventional12 Existing Prepaid 

Demand charge (R/kVA) 0 0 

Demand charge (R/kVArh) 0 0 

Service Charge (R/Month) 169.30 0 

Capacity Charge (R/Month) 498.74 0 

Energy charges 
  

0 – 350 kWh (R/kWh) 1.6320 1.6970 

351 – 500 kWh (R/kWh) 1.6320 1.9465 

501 – 1000 kWh (R/kWh) 1.8729 2.2180 

1001 – 2000 kWh (R/kWh) 2.0111 2.2180 

2001 – 3000 kWh (R/kWh) 2.1217 2.2180 

>3000 kWh (R/kWh) 2.2258 2.2180 

Table 7: Eskom rates (2021/22) 

Charge type Eskom Megaflex 

Transmission charge (R/kVA/month) 13.69 

Summer energy charges 
 

Peak energy (R/kWh) 1.2808 

Standard energy (R/kWh) 0.8815 

Off peak energy (R/kWh) 0.5592 

Winter energy charges  

Peak energy (R/kWh) 3.9265 

Standard energy (R/kWh) 1.1895 

Off peak energy (R/kWh) 0.6459 

Figure 12 displays the overall utility bill of a residential customer (split into the cost of charging 

their EV and for running other household appliances) on various tariff options, and compares this 

to the cost for City Power to purchase that electricity from Eskom in order to on-sell to the 

residential customer. 

                                                      

 

12 Based on the Inclining Block Tariff for a house on 60A 
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Figure 12: Residential monthly utility bill 

A customer charging an EV during peak periods on the EV1 tariff or on the conventional tariff has 

the highest utility bills. This is a good start to the desired outcome, as ideally EV customers should 

be discouraged to charge during peak periods. However, an unexpected result of the proposed 

EV1 tariff is shown. Even though it offers the cheapest charging when done at off-peak periods, 

these savings are outweighed by the increase to the utility bill from the household consumption. 

Household non-EV peak consumption (such as for cooking) is typically not shifted easily. 

Therefore it could be considered unfair to increase the peak energy charge as done in the EV1 

tariff. As a result of the very high peak charges of the EV1 tariff, a customer would most likely 

prefer to stay on the existing TOU tariff and charge during off-peak periods, or move on to the 

prepaid tariff. 

This leads to the proposal of the EV2 tariff. It has the same energy charge for peak periods as the 

existing TOU tariff and therefore does not penalize non-EV peak energy consumption further. Yet 

it still offers greater incentive to charge during off-peak hours than the existing TOU tariff, since 

its off-peak charges are 50% lower. The EV2 tariff results in the lowest utility bill when an EV 

charges during off-peak periods. 

Comparing the existing TOU tariff with the EV2 tariff, the utility bill is reduced by R250/month 

even before EV charging is considered. Off-peak charging allows a customer on the EV2 tariff to 

reduce their bill by an additional R280/month (see Table 8). The question must be considered as 

to whether this is a high enough incentive for a high-income customer to change their charging 

behaviour. Additionally, a cost of supply study is necessary to determine if the EV2 tariff can 

recover network costs, since the revenue from this tariff is R380/month lower than on the 
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existing TOU if a customer charges during off-peak times on both. This loss may be offset by the 

need for expensive network upgrades if all EVs had to charge during peak times. For City Power, 

a decrease of R178/month in Eskom bulk purchases is seen when the charging of an EV is delayed 

until off-peak periods as opposed to plugging in right after work. 

Table 8: Household utility bill savings from charging an EV off-peak 

Tariff R/month 

Conventional 0 

Prepaid 0 

Existing TOU 180 

EV1 414 

EV2 280 

The cost to an EV owner to charge an EV with the discussed tariffs was compared to the 

alternatives of public EV charging and fuelling up a conventional petrol vehicle in Figure 13. 

Assumptions include a public charging rate of R5.50/kWh, a petrol vehicle efficiency of 10.4 

lit/100km and an average fuel price of R14.40/lit. A petrol vehicle is the most expensive to run, 

with EV charging being significantly cheaper. It costs 60 c/km less to use an EV charged at public 

chargers than to refuel a petrol vehicle for use over the same distance. If a customer charges at 

home, where the electricity tariff is lower, an additional 47 to 78 c/km can be saved. 

 

Figure 13: Residential cost of charging vs petrol 
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In summary, the following observations and suggestions are made: 

- Household load dominates energy consumption, even with EVs, and therefore tariffs 

need to be designed primarily for household load profiles. 

- Separating the household load from the EV load, through separate meters, allows for EV-

specific tariff design. 

- Without mandatory requirements, EV owners are unlikely to move across onto a costlier 

TOU tariff. 

- A cost of supply study is necessary to determine if network costs are recovered in the 

proposed tariffs. 

- Existing and proposed tariffs may not offer enough incentive for customers to change 

charging behaviour.  

- To incentivize off-peak charging, it will likely require a combination of customer 

education, mandatory smart charging, ripple control load management and TOU tariffs. 

- All electricity tariffs (including public charging) provide significantly reduced operating 

costs when compared to petrol costs. 

- Traditional tariff instruments are insufficient to fully capture the value of flexible EV loads. 

New tariffs instruments are needed to incentivise EV load flexibility. 

7. Feasibility of shifting to electric minibus taxis 

This section covers the financial feasibility of a minibus taxi owner shifting from an internal 

combustion engine (ICE) minibus taxi, running on petrol or diesel, to an electric minibus taxi, 

given the current cost environment. It also covers the cost levers that will change in future or can 

be leveraged currently in order to improve the business case of an electric minibus taxi. 

7.1. The importance of sustainable and affordable minibus taxis 

Most people, nationally and in Johannesburg, travel by 

means of public transport (minibus taxis and buses), 

while higher-income households use private cars. 

Minibus taxis are the dominant form of public 

transport, with more than 70% of public transport trips 

in Johannesburg made using a minibus taxi.13  

                                                      

 

13 Behrens, R., McCormick, D. Mfinanga, D., 2015. Paratransit in African cities: Operations, regulations and reform. 

Minibuses, as the dominant 
public transport mode 
should be sustainable, safe, 
accessible and affordable. 
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In Johannesburg, 38% of households spend more than 10% of their disposable income on public 

transport.14 Decreasing the costs of using a minibus taxi will increase economic opportunities by 

making transport more accessible. 

The national minibuses taxi fleet is an average of over 10 years old. Older vehicles are usually 

less efficient, producing more greenhouse gas emissions and pollutants. This has a detrimental 

effect on the respiratory health of the local population, while also being unsafe for users and 

more expensive to maintain for owners and operators. 

Since a common focus of national and local government strategy is to enable a shift towards 

public transport, it is imperative that the dominant public transport mode is sustainable, safe, 

accessible and affordable. 

7.2. Non-cost considerations of an electric minibus 

Aside from the direct cost considerations of the switch 

from ICE to electric minibus taxis, there are other non-

cost considerations that need to be addressed: electric 

minibus model availability, time it takes to charge an 

electric minibus, electric minibus range, and availability 

and choice of charging facilities.  

There are currently no electric minibus taxi models 

available in the South Africa market, although an electric 

version of the dominant ICE minibus in South Africa, the Toyota Hiace Ses-fikile, is available in 

Europe. 

Electric minibuses will need to charge at a public fast-charging station. The average capacity of 

a public EV charger in South Africa is 60 kW. An electric minibus taxi with a battery capacity of 75 

kWh is able to charge in roughly an hour. While smaller charging stations can be installed at a 

minibus owner or operator’s home, or the minibus could in theory simply be plugged in to a 

normal wall socket for charging, the charging times will take too long. For the standard home 

                                                      

 

14 Gauteng Department of Roads and Transport (2020), Gauteng Province Household Travel Survey Report 
2019/20. URL: 
https://www.csir.co.za/sites/default/files/Documents/GHTS%20201920%20FINAL_LOW%20RES%20%281%29.pdf. 

An electric minibus can 
complete its daily travel 
requirements on one full 
charge and is stationary for 
long enough each day to 
charge. 

https://www.csir.co.za/sites/default/files/Documents/GHTS%20201920%20FINAL_LOW%20RES%20%281%29.pdf
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chargers of 3.5 – 7 kW, charging times will be in the range of 9 – 18 hours. For a simple home 

socket, it will be even longer – taking days rather than hours.  

Electric minibus taxis available internationally that are similar in size and capacity to the local ICE 

minibus taxis and have a battery capacity of 75 kWh are stated to have a range of 200-250 km on 

one charge. A minibus taxi driver on the Soweto-Johannesburg route completes 6 trips per day, 

at roughly 30km per trip, which means that an average minibus driver on inter-city routes travels 

a total of 180-200km per day15. An electric minibus taxi would therefore require one 1-hour 

charge or two 30-minute charges to complete its daily travel requirements. 

Minibus taxis tend to travel during the morning and evening rush hour peak periods, remaining 

largely stationary during the middle of the day and at night. When excluding stops that are less 

than 20 minutes in duration or stops where a minibus taxi is actively loading passengers, a 

minibus is stationary for an average of 8 hours over the course of a day16. This means that a 

minibus taxi is stationary for long enough to enable charging time for their daily travel 

requirements, if the charging facilities are available. It also presents an opportunity to 

supplement the electricity with solar PV, which generates mainly during the middle of the day, 

when minibus taxis are stationary (Figure 14). 

                                                      

 

15 Source: Telephonic interview with minibus taxi driver. 
16 Source: C. J. Abrahama, J. Rixa, I. Ndibatya, M. J. Booysen (2021), Ray of hope for sub-Saharan Africa's 
paratransit: Solar charging of urban electric minibus taxis in South Africa. 
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Figure 14: Minibus movements compared with solar PV output17 

There are currently over 100 public chargers in the Gauteng region. Public EV charger roll-out has 

been driven by the private sector and is therefore focused on the needs of the majority of the 

market: electric private vehicles (cars). In order to facilitate a transition to electric minibus taxis, 

public EV chargers will need to be located at taxi ranks and along taxi routes, ensuring that a 

minibus is able to access a charger at a convenient location during down-times. 

7.3. Comparing the costs of an electric and ICE minibus taxi 

The minibus taxi industry consists of many small, 

medium and micro-enterprises, often individuals, 

with limited access to capital. SA Taxi, a major 

financier of minibuses that offers finance to 

customers excluded by traditional banks, indicates 

an average of 1.3 vehicles financed per client, 

highlighting that the minibus taxi business are small, 

on average. It is therefore unlikely that an ICE 

                                                      

 

17 Sources: (1) Cape Town 2012 cordon counts (counts number of inbound & outbound vehicles passing specific 
points on major routes) and (2) CSIR, average global horizontal irradiation data over an average of 14 South African 
locations, converted into solar output (kW/kWp). 
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minibus taxi owner will consider an electric minibus taxi unless the immediate financial case is 

very strong. Payback over long time periods or very high capital costs will be unfeasible. 

The major cost drivers of a minibus taxi are the capital and finance costs, insurance, maintenance 

and fuel (energy). The assumptions for these costs, both currently and future growth, are found 

in Table 9. The annual minibus mileage is included, since this has a bearing on maintenance and 

energy costs. All costs are nominal in that they include inflation. The ICE vehicle costs are for a 

petrol vehicle. Detailed notes on the assumptions, as well as their and sources, are captured in 

the appendix “Electric minibus feasibility model assumptions and sources”. 

Table 9: Minibus taxi nominal cost assumptions (growth rates in brackets) 

Variable ICE EV 

Capital cost R 478,500 
(6 years, 20.2% interest)  

R 1,398,400 
(6 years, 20.2% interest) 

Insurance R 3,143 / month (4.2% p.a.) R 3,929 / month (4.2% p.a.) 

Maintenance, excluding battery R 2,500 / 10,000 km (17% p.a.) R 1,625 / 10,000 km (17% p.a.) 

Mileage 65,000 km p.a. 65,000 km p.a. 

Energy / fuel R 2.360 / km (7.5% p.a.) R 2.357 / km (10% p.a.) 
R 325 p.a. service fee (4.2% p.a.) 

The capital cost for an electric minibus is almost triple that of an ICE minibus taxi. Electric 

minibuses are currently unavailable locally and would need to be imported. The electric version 

of the Toyota Hiace Sesfikile, the Toyota Proace, has a retail price of roughly R 800,000 when 

converting from Euros to Rands, yet this price is pushed up considerably by import duties and 

taxes. Import duties of minibuses imported from the UK is 15%, while import duties for goods 

from countries outside the Customs Union is another 10%. The ad valorem luxury tax can be as 

high as 30%, depending on the value of the vehicle. VAT adds an additional 15%. Electric minibus 

taxis are assumed to be financed using similar terms to that of ICE minibus taxis: financed over 6 

years at 20.2% interest. 

Insurance premiums for an electric minibus taxi are 25% higher than an ICE minibus taxi. 

Electric vehicle insurance premiums are higher than their ICE counterparts, since electric vehicles 

have a higher capital costs; are more expensive to repair, due to new and innovative technology, 

with lower parts availability; are more powerful; and can more easily suffer severe damage (e.g. 

battery damage from a fender-bender). Insurance premiums are assumed to increase in step with 

inflation (at 4.2% p.a.), since most claims are from accident damage. The cost of parts, labour and 

paint increases over time. Therefore reduced vehicle value has little bearing on insurance 

premium price. 
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The maintenance costs of an electric minibus taxi, excluding battery replacement, are 35% 

lower than its ICE counterpart, due to the fewer number of moving parts. The maintenance costs 

of an electric car is 25-30% than its ICE counterpart, while electric bus maintenance is 40-60% 

lower. It was assumed that minibus maintenance cost reductions are pegged between that of 

cars and buses. Maintenance costs of vehicles increases at rates far higher than inflation, since 

older vehicles cost more to maintain than newer vehicles to maintain. Real (excluding inflation) 

maintenance costs of a transit bus can increase at 21% p.a., while that of a medium-duty ICE 

vehicle can increase at 13% p.a. It was assumed that maintenance cost increases for a minibus 

are similar to that of a medium-duty vehicle. Inflation was added to reach 17% p.a. Indications 

are that EV maintenance costs may be higher, but it was uncertain was to whether this would 

include battery replacement. Therefore the maintenance costs increase for the electric and ICE 

minibuses were set to the same value. 

Electric vehicle batteries are expensive to replace / repair, but costs are decreasing sharply and 

warranties are long. Electric vehicle batteries currently cost 137 USD/kWh, which equates to R 

148,988 per battery for a 75 kWh minibus battery, yet it is estimated that the same battery will 

only cost R 91,000 in 2030, including the impact of inflation, due to observed high technology 

learning rates. Banks are also considering battery finance options to cushion the impact of the 

replacement cost. The Toyota Proace has a battery warranty of 15 years or 1 million km (which 

is essentially the same thing, assuming an average mileage of 65,000 km p.a.). EV drivetrains last 

longer than that of an ICE vehicle, in which case an EV will eventually be cheaper to own / 

operate, since the vehicle itself will not need to be replaced as often. Yet this longer-term payoff 

will have little bearing on a minibus owner, due to their low access to capital. An EV would need 

to have similar or lower costs than an ICE vehicle before a switch may even be considered. 

The costs of energy per km for an electric minibus taxi is only marginally cheaper than an ICE 

minibus taxi. Despite an electric minibus taxi using far less energy to travel one km than its ICE 

counterpart (1.4 MJ/km vs. 4.7 MJ/km), that energy source, electricity, is currently relatively 

expensive. The price of electricity at public EV chargers was assumed to be R 5.88/kWh, while 

petrol price was assumed to be R 17.10/lit, which equates to R 1.63/MJ for electricity vs. R 

0.50/MJ for petrol. Electricity price was assumed to increase at 10% p.a. (including inflation), 

based on City Power projections over the next 3 years, while petrol price was assumed to grow 

at 7.5% p.a., based on historical price increases over the past decade. To charge at a public EV 

charger also requires the payment of an annual fee of R 325.00, which was assumed to grow 

according to inflation. 
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7.4. The reference scenario – a worst case 

The nominal (includes impact of inflation) cumulative 

costs for all costs (capital and finance, insurance, 

maintenance, and energy) for both an electric and an ICE 

minibus taxi is shown in Figure 15. In the current cost 

environment, an electric minibus taxi will cost more to 

own and operate than an ICE minibus taxi, and there is no 

breakeven year when its costs will be lower. Yet it must 

be noted that this is a worst case scenario, assuming that 

none of the costs variables ever change, which is 

extremely unlikely.  

Note that costs are very high for both vehicles by year 15 due to the fact that they are cumulative 

(year 2 costs are added on top of year 1 costs, etc.) and include the impact of inflation. As 

reference, the price of petrol has increased from about R 6.00/lit from 15 years ago to roughly 

triple the price today. 

 

Figure 15: Cumulative costs of owning and operating an electric and a petrol minibus taxi 

By year 15, the highest cost for both the electric and petrol minibus taxi is the energy / fuel (Figure 

16). The impact of the much higher capital cost of the electric vehicle is apparent. The higher 

costs of the electric minibus taxi is driven by the higher capital cost, as well as higher insurance 

and energy costs. Only the maintenance costs are lower than that of a petrol minibus taxi. 
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Figure 16: Cumulative costs by category for an electric and petrol minibus taxi over time 

A key uncertainty in the model is the electric minibus taxi vehicle efficiency. There is very little 

data available yet on real-world measured minibus taxi electricity use per km driven. Most 

sources indicate a range of anything between 270 Wh/km to 400 Wh/km, although some 

research pointed to values as high as 980 Wh/km (see appendix “Electric minibus feasibility 

model assumptions and sources”). The energy intensity has a substantive impact on costs, given 

that energy costs contribute the largest share of the total costs. The impact of various energy 

intensities on all overall costs (capital / finance, insurance, maintenance and energy) is shown in 

Figure 17. 
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Figure 17: Impact of minibus taxi energy intensity on cumulative total capital and operational costs 

7.5. Policy levers to improve the electric minibus taxi business case 

Key levers to improve the business case of electric minibus 

taxis is to reduce the vehicle capital cost and the cost of 

electricity and/or charging at a public EV charger, since 

capital costs and energy costs have the biggest impact on 

total cumulative costs (Figure 16). These levers held by 

different spheres of government, national and local, 

which means that collaboration will be required to drive a 

unified response on improving the business case for 

electric minibus taxis.  

National government has a key role in reducing electric minibus capital costs. In recognition of 

the looming ban of ICE vehicle sales in key vehicle export markets, coupled with the vehicle 

manufacturing sector’s high contribution to South Africa’s GDP, the Department of Trade, 

Industry and Competition published a draft Green Paper in May 2021 on the Advancement of 

New-Energy Vehicles in South Africa. The paper outlines a strategy with a two-pronged focus: (1) 

increase local demand for EVs through lowered import duties and restructuring of the ad valorem 

luxury tax across ICE vehicles and EVs, and (2) grow local manufacturing capacity to meet local 

and international demand for EVs. 
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If all import duties were removed and ad valorem was halved tomorrow, the cost of an electric 

minibus taxi will decrease to roughly R 1 million. If an electric minibus could be bought for the 

equivalent retail price in European markets, it would sell locally for R 800,000. The impact of the 

vehicle capital cost of these two scenarios on the total cumulative capital and operational costs 

of an electric minibus taxi is shown in Figure 18. 

 

Figure 18: Impact of minibus capital cost on total cumulative capital and operational costs 

Local government has a key role in reducing the public EV charging electric price. The impact of 

the electricity price at public EV chargers on total cumulative capital and operational costs of an 

electric minibus taxi is shown in Figure 19. The electricity price could be reduced through two 

strategies: (1) decreasing the City’s overall electricity price, through purchase of lower-cost 

electricity from independent power producers and small-scale embedded generators, and (2) 

decreasing the price for a minibus to charge at a public EV charger. Options to reduce the price 

of public EV charging is discussed in the “Public EV charger roll-out strategy” section. 
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Figure 19: Impact of electricity price on total minibus cumulative capital and operational costs 

In summary, both national and local action is required in order to improve the business case 

for electric minibus taxis. Reducing the electric minibus capital costs or reducing the price of 

public EV charging may not improve the business case enough on their own, but when combined, 

the two levers can push down overall cumulative costs of an electric minibus to the same level 

as that of a petrol minibus taxi. At a capital cost of R 800,000, a slightly longer finance term of 7 

years rather than 6 years, and a public EV charging price of R 2.50/kWh, total cumulative costs of 

an electric minibus taxi are lower than a petrol minibus taxi from year 2, while the costs within 

the first year is only R 800 / month higher (Figure 20). 
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Figure 20: Impact of minibus capital cost and public EV charging electricity price on total cumulative 
capital and operational costs 

8. Exploring the City’s role in facilitating public EV charging  

This section discusses the potential roles for the City of Johannesburg in owning and/or 

supporting public EV charging stations, in a way that empowers citizens and enables a just 

transition. The sub-sections cover the various stakeholders in the EV charger value chain, a review 

of the regulatory environment in South Africa and how it relates to the City’s role in public EV 

charging, strategic locations for various charger types across Johannesburg, typical infrastructure 

costs associated to public charging, the role of renewable energy, and potential City 

empowerment business models. 
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8.1. South African regulatory environment 

8.1.1. National level legislation 

According to the National Infrastructure Development 

Act, local municipalities have an important role to play in 

ensuring that there is adequate infrastructure, as they 

should facilitate and coordinate the development of 

public infrastructure. Local municipalities are also 

responsible for ensuring that infrastructure development 

is given priority in planning, approval and implementation. Local municipalities can outsource 

infrastructure development, however they are responsible for facilitating and coordinating the 

process, and are mandated to improve the management of such infrastructure. Therefore, cities 

can either develop and own electric vehicle charging infrastructure or coordinate this 

development.  

8.1.2. Municipal legislation and policy 

The Municipal Systems Act states that municipal services and developments should promote 

equity, health, and financial and environmental sustainability. Local municipalities can do this 

by promoting access to cleaner transport options such as electric vehicles and ensuring that the 

provision of the necessary charging infrastructure in an equitable manner, catering for all regions 

of the city. 

A shift to EVs, in combination with a shift to a cleaner grid, will decrease tailpipe greenhouse gas 

and pollutant emissions, resulting in improved respiratory health of citizens. Electrification of 

public transport may also reduce public transportation costs in the long term since EV 

maintenance costs are substantially lower than their ICE counterparts, and EV drivetrains have 

higher longevity. 

Regarding equity and inclusion in the EV transition, the City’s focus could be on public charging 

infrastructure for underserved suburbs and/or public transport. Equity and transition inclusion 

can also be enhanced through provision of more affordable or subsidised EV tariffs to certain 

underserved sectors/households. This is provided the tariffs are transparent, approved, and do 

not contradict requirements for a fair and competitive regulatory framework. 

A green building policy could ensure that adequate infrastructure is put in place for EVs, by 

mandating the provision of infrastructure necessary for the eventual installation of EV chargers. 

This will ensure that provision is made for EVs in multi-unit dwellings, and not only within private 

free-standing homes. 

Cities need to facilitate and 
co-ordinate infrastructure 
that is equitable, 
sustainable, accessible and 
affordable, while adhering 
to technical and safety 
standards 
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In order for local municipalities to procure infrastructure, it must align with the Municipal 

Finance Management Act (MFMA), which aims for sound and sustainable management of the 

financial affairs of municipalities. Given that EVs are at present likely only to be accessible to 

wealthier communities, due to high costs, EV charging infrastructure may struggle to be approved 

since it can be seen as primarily benefiting wealthier neighbourhoods and diverting scarce 

resources from basic services to poorer communities. However, all communities should be 

included in the EV transition. The City could focus efforts on providing charging infrastructure 

that will target transport services for lower-income households, for example charging 

infrastructure for minibus taxis, while also providing public charging infrastructure in areas that 

are unlikely to install private home chargers, due to either space (no off-street parking) or 

financial constraints. 

If the City decides to outsource the management of charging equipment or operations, they must 

adhere to supply chain rules stipulated in the MFMA. A City’s regulatory framework must prove 

to be fair, equitable, transparent, competitive and cost effective. The City may enter into a public 

private partnership agreement if they can demonstrate it will: provide value for money to the 

municipality; be affordable for the municipality; transfer appropriate technical, operation and 

financial risk to the private party. Various ownership models are covered in Table 10. 

Table 10: Public EV charger ownership models 

 

Public charging tariffs for City-owned charging stations will need to be determined using their 

normal tariff application processes as stipulated in the Electricity Pricing Policy, and approved by 

NERSA. The City is already a licensed distributor of electricity, and could therefore sell electricity 

to customers that utilise public charging infrastructure. Since the City buys electricity at bulk 
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prices from Eskom, it presents a possible opportunity to provide more affordable charging rates 

at stipulated times (when tariffs from Eskom are low) to specific sectors (e.g. minibus taxis) 

and/or households that may be underserved or unable to afford private charge point costs. A city 

can provide more affordable rates or subsidised EV tariffs, provided the tariffs are transparent, 

approved, and do not contradict requirements for a fair and competitive regulatory framework, 

as per the MFMA. 

8.1.3. Standards and codes 

Cities must adhere to technical and safety standards (SANS, IEC, NRS, etc.). The South African 

Nation Standards (SANS) and the Institute of Engineering and Technology (IET) code of practice 

are utilised to regulate EV charging equipment.18 Additionally, regulations such as NRS are used 

to ensure charging equipment complies with electrical grid standards. Applicable regulations can 

be categorised as: charger requirements, metering requirements and Vehicle to Grid (V2G) 

requirements. 

Charging requirements for alternating current (AC) and direct current (DC) charging are 

stipulated in SANS 62196-2/3. In South Africa, the allowed configuration for all AC conductive 

charging on domestic, industrial, commercial and public access charging stations shall be of Type 

2 socket only. Whereas the required configurations for DC conductive charging are type AA 

(CHAdeMO) and configuration type FF (COMBO 2). To ensure safe operating conditions, a globally 

recognised hardware certification VDE.0 (Association for Electrical, Electronic & Information 

Technologies) must be supplied with the charging equipment. Charging stations (public and 

private) must comply with all relevant SANS and IET codes to ensure safe charging installations. 

EV charging systems that utilise metering must comply with IEC 62052-11 and IEC 62053-21, as 

stated by SANS 61851. IEC 62052-11 covers general requirements, tests and test conditions of 

metering equipment. The IEC 62053-21, looks at particular requirements of static meters for 

active energy (classes 1 and 2). 

If the electric vehicle charging station can feed back into to the grid (vehicle to grid), it will likely 

be classified as an embedded generator. Therefore the system and all associated equipment 

(batteries, inverters) would need to comply with the following NRS Grid Interconnection of 

Embedded Generation standards: the NRS097-2-3, which outlines the simplified utility 

connection criteria for low-voltage connected generators, and the NRS097-2-1, defining the 

                                                      

 

18 Uyilo: https://electrical.theiet.org/wiring-matters/years/2020/80-may-2020/the-iet-code-of-practice-forelectric- 
vehicle-charging-equipment-installation-4th-edition/ 
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utility interface requirements. A vehicle to grid connection will likely need to follow a similar 

process to the one currently required for small-scale embedded generation. This process will 

need to be put into place by the governing municipality or city. Vehicle to grid technology will be 

more prevalent with private chargers (than public chargers), as this could potentially provide an 

alternative electricity supply source for consumers and reduce electricity bills if they are on a 

TOU tariff. A vehicle to grid connection will likely need to follow a similar process to the one 

currently required for small-scale embedded generation. 

8.2. Public charging infrastructure stakeholder 

engagement 

The roll-out of public EV chargers involves multiple 

stakeholders. All should be included in engagement and 

collaboration, in order to facilitate an aligned and 

equitable approach to the provision of public EV charging 

facilities and services across the city. Key stakeholders are 

listed below. 

The local municipal authority, in this case the City of Johannesburg, is in charge of local grid 

maintenance and management for their distribution areas. This can include smart infrastructure 

and TOU tariffs designed for EVs. The local authority is able to draft local policies or bylaws to aid 

local grid management and enable EV uptake. It has a strong role in the enablement of 

infrastructure roll-out, such as public EV chargers, either through an approval process or 

potential ownership. It is important as this can have a social-economic growth and investment 

impact to the area. Utility and energy billing management systems are also a task of the local 

authority. 

Eskom is the responsible party for managing power generation and transmission of the national 

grid. It is also an electricity distributor. For example, within Johannesburg, Eskom distributes 

electricity to some areas of Sandton, as well as Soweto, to name a few. Eskom provides bulk 

electricity to the City of Johannesburg, which on-sells this electricity to its own customers. 

Both Eskom and City may consider owning their own public EV chargers, in order to pursue 

electricity sales to the new and growing market of EVs. Collaboration with each other and with 

private charger owners and/or operators is key to reducing customer confusion through the 

provision of aligned tariffs and billing / payment options. 

Nersa regulates electricity tariffs and power generation. It is critical to gain formal clarity on how 

Nersa views public EV chargers – whether as retailers of a service or as on-sellers of electricity. 

In the former case, the market decides tariffs; in the latter, the tariffs would be regulated. Nersa 

Eskom, NERSA, charge 
point operators and EV 
manufacturers should be 
consulted to ensure a 
unified response to EV 
charging tariffs and 
charging management. 
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would also be a key stakeholder with regards to any new EV-related tariffs Eskom and the City 

may want to implement, which must first be approved by the regulator. 

Charge point operators manage public EV charger infrastructure and systems. This could involve 

installation and maintenance of the pay-point equipment and internet connection, the charging 

and payment interface, and its backend services. Information and communication technology 

(ICT) are implemented to meet these range of tasks, specifically in the application development 

of charging management (smart charging), payment enquiry, technical support and customer 

charging behaviour response. The City should collaborate with charge point operators on 

investigating the ability to provide demand response based on grid constraints. Similarly, EV 

manufacturers may be able to offer demand-response options in future, as EVs become 

increasingly “smart”; operating as their own charge point operator. 

8.3. Cost of installing and operating a public charger 

8.3.1. Capital costs 

The cost of owning and operating a public EV charger can be 

broken down into the following cost categories: infrastructure 

costs, site costs, design and engineering costs, permitting and 

inspection costs, a grid connection fee, labour costs, and 

operation and maintenance costs. 

Infrastructure costs consist of the electric vehicle charging 

station, an electricity meter, and a hardware extended warranty. Incentives and subsidies 

(rebates, tax credits/exemptions, grants, etc.) are often available internationally but none are 

currently available in South Africa.  

Site costs refer to the purchasing or leasing of land or even a single parking space.  

Design and engineering costs will typically involve paying a consultancy to perform a site design 

and load calculations.  

Permitting and inspection costs are often called soft costs and is seen to incur large fees 

internationally. These costs are variable and will depend on the permitting process of the 

respective local authority. 

A grid connection fee is a once-off fee for establishing a network connection. This fee can be very 

high, depending on the connection size.  

A public EV charger is 
financially unviable at 
<100 charging events 
per month. Payback is 
very sensitive to 
customer utilisation. 
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Labour costs include an electrician fee for connecting the charger to the electrical service (e.g. 

panel work, trenching/boring, repaving parking, etc.), and costs relating to a new electric service 

or upgrades (e.g. transformers), traffic protection, signage, lighting, and a repair labour warranty.  

Operations and maintenance costs include a monthly utility bill (electricity consumption, 

demand and fixed charges), EV charger network subscription to enable additional features, billing 

transaction costs, and lastly preventative and corrective maintenance. 

The costs of a single 60 kW DC charging station, as an example, equate to a total of R 746,200 

(Table 11). The costs per charger may decrease if multiple chargers are installed at one site. 

Table 11: Capital Input Costs of a 60 kW DC Charging Station 

Item ZAR Description 

Electric vehicle 
charger 

450,000 One charger per port, pay-point. (Source: GridCars) 

Electric meter 1,000 (Source: GridCars) 

Design and 
engineering 

40,000 Site design and load calculations (Source: GridCars) 

Labour 
(construction) 

98,200 Charged at 20% of the total cost. Includes: trenching, conduit, wire, 
circuit breakers, panel upgrades, concrete cut and patch, asphalt cut 
and patch, signage, striping, bollards, labour, etc. (Source: New West 
Technologies, LLC, 2015) 

Service / grid 
connection fee  

157,000 Includes the connection fee and the network capacity fee. It is based 
on the smallest available connection for this charger capacity: a 70 
kVA connection. This fee may increase for larger capacity 
connections. (Source: City Power tariffs) 

Total estimated 
cost 

746,200 
 

8.3.2. Operation costs 

The utility bill and revenue of a public charger was modelled (Figure 21), based on the following: 

the charger operator / owner will be billed according to City Power’s industrial low voltage TOU 

tariff (this is only applicable if a charger is not linked to an existing building and therefore its 

tariff), the charger operator / owner will charge a fee of R5.50 per kWh to EV customers, and EV 

customers consume a total of 36 kWh (60% charge for a 60 kW battery). 
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Figure 21: Estimated utility bill and revenue of a single 60 kW DC charger 

It takes more than 100 EVs charging per month for the charger operator / owner to generate 

enough revenue to pay the utility bill. Below this number of charging events, a charging station 

is unviable; unable to break even with its operational costs alone, and therefore not able to pay 

off the capital outlay. In the current tariff environment, the utility bill consists of high demand 

charges, which can only be recovered with higher utilisation rates. 

8.3.3. Payback 

A public charging station’s payback period was modelled assuming 150 EVs charging per month 

(<100 charging events mean that payback will never be reached), a capital cost of R 746,200, 

5400 kWh sold per month (36 kWh per EV x 150 EVs) at R 5.50/kWh (resulting in a cash flow of R 

80,900 p.a.), and no City Power (utility bill) tariff increases. The impact of inflation is excluded. 

This scenario results in an estimated payback period of 10 years (Figure 22). Payback time will 

decrease if customer utilisation (number of customers charging at the station each month) 

increases. 
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Figure 22: EV charger payback period with no tariff increases 

In order to determine the sensitivity of the EV charger owner’s payback period to utility (City 

Power) tariff increases, a real utility bill tariff increase of 9% (excluding inflation) per year was 

used, while it was assumed that the EV charger owner does not increase the fee it charges EV 

owners / customers (R 5.50/kWh). A charger owner / operator may simply pass the increases on 

to customers, but this may decrease customer utilisation, negatively impacting payback even 

further. Taking the utility bill increase into account, the payback period increases by 4 years 

(Figure 23). 

 

Figure 23: EV charger payback period with increasing utility tariffs 
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The sensitivity of the number of customers (utilisation rate) on the payback period was evaluated. 

No tariff increases or inflation are considered in this example. Similar to previous examples, it 

assumes a capital cost of R 746,200, 36 kWh per charge at R5.50/kWh, and the charger owner is 

on industrial low voltage TOU City Power tariff. The public EV charger payback period is very 

sensitive to customer utilisation rate (Table 12). A decrease from 150 to 116 customer charging 

events per month more than quadruples payback years. 

Table 12: Payback period sensitivity of the number of customers 

Customers per month (no.) 116 122 128 134 140 146 150 

Payback period (years) 39.3 24.9 18.3 14.4 11.9 10.1 9.2 

8.3.4. Business case 

The initial market potential business case for public EV chargers includes: 

 A high total cost of ownership, with low production capacities. 

 A low number of customers, though with high affinity and spending capacity (early 
adopters). 

 A low number of different vehicles, which means that little to no competition takes place. 

 Low market penetration and small market volumes. 

The above variables will impact the viability of an EV charger during its market entry stage, 

whether it is City-owned or privately-owned. This may limit the amount of social investment 

opportunities, especially in the first operational years, likely the first 5-10 years. It may also 

reduce the potential to provide inclusive participation of lower-income groups and previously 

disadvantaged groups in the market, whether through innovative infrastructure benefits, 

reduced transportation costs from electric public transportation fleet, or the ability to participate 

as business owners (own and operate EV chargers). 
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8.4. Linking public EV chargers with renewable energy 

EVs pose an opportunity to decarbonise the transport 

sector, if combined with a cleaner grid (based largely on 

renewables). Even with the country’s carbon-intensive coal-

based electricity, the fact that a share of petroleum fuels is 

sourced from Sasol’s coal-to-liquids process and that EVs use 

far less energy per km driven than ICE vehicles, means that 

currently EVs can produce fewer operational emissions than 

ICE vehicles19. The country’s electricity generation build plan 

(IRP 2019) aims for an increase in the share of renewables in 

the national grid. Renewable energy targets are an integral 

part of climate action plans adopted by cities such as 

Johannesburg.  

8.4.1. How can the city promote renewable energy for EVs? 

The first step in aiding citizens to make the link between renewable energy and EV charging is by 

raising awareness. This can be done with pilot sites, such as covered PV parking, and promoting 

feasible onsite generation. 

The City could green their own grid by procuring energy directly from independent power 

producers (IPPs) and from rooftop PV small-scale embedded generators (SSEG). SSEG customers 

can be encouraged to export excess electricity onto the City’s grid through favourable export 

tariffs. In addition, the City could offer customers the ability to purchase renewable energy 

through green tariffs – similar to Eskom’s renewable energy tariff. 

Lastly, the City may implement policy or by-laws requiring that a certain share of EV charger 

energy is provided by renewables, similar to its Green Building Policy. 

8.4.2. Practically linking renewable energy to EVs 

Small-scale renewable on-site generation linked to an EV charger, such as the UNIDO-funded 

Cape Town public EV chargers, are great for awareness-raising and promotion of renewable 

                                                      

 

19 SEA (2016), Battery Electric Vehicles vs non-Plug in Hybrids vs Conventional Passenger Cars: Technical Brief. Link: 
https://www.cityenergy.org.za/battery-electric-vehicles-vs-non-plug-in-hybrids-vs-conventional-passenger-cars-
technical-brief/ 

The City can increase the 
share of renewables 
through purchases from 
IPPs and SSEG customers. 
A solar system’s payback 
is improved by increasing 
its size and linking it to 
building loads, rather 
than EV chargers. 
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energy for EVs. However, such a site is expensive and produces less power than the charger 

rating, thereby requiring supplementary energy from the grid. Another challenge posed is that 

the time of energy generation (during sunny hours) may not align with charger usage (could occur 

at any time of day or night). Without battery storage, energy will be fed into the grid at the export 

rate (what the charging station owner is paid for the energy), which is usually lower than the 

import rate (what the charging station owner pays for energy from the grid). Ideally, to increase 

PV system payback in the current tariff environment, all electricity generated should be used on-

site, rather than fed into the grid at the lower export tariff.  

The above statements can be tested by considering the payback period of just the PV system. A 

6.8 kW PV system (similar size to Cape Town example) estimated at R 25/W can cost R 170,000 

or more. Installing a larger system could reduce this rate by R 10 – R 15/W. To account for the 

cost of electricity, a PV owner is assumed to be on an industrial low voltage TOU tariff, as this is 

an applicable tariff matching a 60 kW charger load. If all of the estimated system’s generated 

electricity is consumed on-site: it can reduce the annual electricity bill by R 17,741. This results in 

a payback period of 9.5 years. The same system only consuming 50% of the energy generated 

has an increased payback period of 14.5 years. This is due to the export credit (what the owner 

of the PV system is paid for feeding into the grid) of only 48 c/kWh, when compared to the import 

tariff (what the PV owner pays for any electricity drawn from the grid), which ranges from 97 

c/kWh to 402 c/kWh for someone on a low voltage industrial TOU tariff. The payback period does 

not take into account inflation or tariff increases. 

Ideally, on-site systems should be designed to match building loads, which means that it is far 

more likely that the energy produced will be consumed on-site, decreasing payback. A system 

sized for a building and EV charger’s load would also be much larger, resulting in economies of 

scale, reducing the capital cost per W installed. 
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8.5. Public EV charger roll-out strategy 

8.5.1. Charger location 

Part of the City’s mandate is to guide infrastructure 

development either through spatial planning and/or building 

regulations. Spatial planning is informed by the City’s Spatial 

Development Framework (SDF). A key component of the 

SDF is the concept of transit-oriented development 

corridors, which aims for development along public 

transport corridors, in the form of mixed land-use 

dominated by high-density accommodation options; 

supported by offices and social facilities, retail and 

commercial development, and opportunities for leisure and 

recreation. The intention is that residents of the City will live 

closer to their workplace, reducing travel distances, and be able to work, live and play without 

having to use private motorised transport. Safe, affordable and convenient buses, cycling and 

pedestrian facilities will reduce the domination of private vehicles. 

Given the positive local environmental and health impacts of replacing ICE (internal combustion 

engine) vehicles with EVs, the City could enhance access to public EV chargers by ensuring that 

they are located on key transport corridors or nodes, as per the SDF (Figure 24). 

It is important to consider the distance between chargers and the density of chargers. They 

should be placed within feasible distance from one another, within EV battery range, while also 

avoiding unnecessary clusters or large underserviced areas. 

Substation capacity must be considered when placing chargers. Installing chargers where excess 

capacity is available will help avoid unnecessary grid upgrades. Battery storage can also be 

considered in areas with insufficient infrastructure capacity. 

A useful tool for potential public EV charger installers would be an online map, highlighting areas 

of available grid capacity that coincides with the City’s major transport corridors, while also 

keeping track of installations to date, in order to highlight areas that may be neglected or 

oversupplied. 

Public EV chargers should 
be installed at suitable 
densities (no 
unnecessary clusters or 
neglected areas), along 
key transport corridors in 
areas with available grid 
capacity. 
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Figure 24: Gauteng 25-year Integrated Transport Master Plan: The proposed public transport network 20 

                                                      

 

20 City of Johannesburg (2016), Spatial Development Framework 2040, Link: 
https://www.joburg.org.za/documents_/Pages/Key%20Documents/policies/Development%20Planning%20%EF%B
C%86%20Urban%20Management/Citywide%20Spatial%20Policies/Spatial-Development-Framework-2040.aspx 
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8.5.2. Charger capacity 

There will likely be a need for a variety of charger capacities. 

Fast roadside chargers will be needed for rapid charging. 

These should be located along major traffic routes and 

public transport nodes. Existing petrol stations or areas near 

major highways serve as potential locations. Slower 

chargers can be placed in areas where vehicles are likely to 

be parked for longer periods or overnight. These include bus 

depots, city fleets, shopping centres and malls. 

8.5.3. Number of public EV chargers 

As discussed earlier, chargers will need to be placed 

strategically a suitable distance from one another. If this is 

coordinated efficiently, it will allow fewer EV chargers to 

serve the growing population of EV users, while covering a 

wider area. The exact number of public EV chargers required 

is largely dependent on EV uptake. In the “early adopters” stage of the EV transition, public 

charging typically accounts for 5% or less of all charging. This can increase up to 20% when the 

EV penetration is considered to be at the “mass roll-out” stage. 

 

Fast chargers should be 
situated at highways and 
public transport nodes; 
slower chargers at malls 
/ depots. 

4300 to 8500 public EV 
chargers should be 
installed by 2030. 
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Figure 25: Charger type percentage and EV penetration21 

South Africa is currently in the early adopters stage of the EV transition, with a population of less 

than 2000 EVs across the country. However, this is expected to change rapidly, with projections 

of 40-50 thousand EVs by 2030 in Johannesburg alone (see report section “Local EV uptake and 

impact”). 

A common metric for estimating the number of chargers needed for an EV population is the 

charger to car ratio. The early adopters stage has a ratio of one public charger per 20 EVs, 

whereas in the mass roll-out stage there is one public charger for every five EVs. Assuming a 

scenario between early adopters and mass roll-out, results in 10% public charging or one public 

charger per 10 EVs. This will require a range of 2100 to 8500 public chargers installed in the City 

of Johannesburg by 2030, based on international benchmarking (Figure 26). Cities that are dense, 

have limited off-street parking availability and a higher focus on public transport, such as 

Amsterdam and Beijing, have higher numbers of public chargers available, and therefore a lower 

number of EVs per public charger. The converse is true in cities that are car-focused, with wealthy 

car-owners largely charging at home: public charger numbers are lower. 

Based on the projected EV uptake, the City should ideally look to facilitating the installation of 

anywhere between 4300 to 8500 public EV chargers by 2030. Even the low end of this scale will 

still entail a massive build programme for public chargers. It will be important for City Power to 

streamline a public charger connection process for timely approval of installations. 

                                                      

 

21 Amsterdam Roundtable Foundation and McKinsey & Company (2014), “Evolution: Electric vehicles in Europe: 
gearing up for a new phase?” 
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Figure 26: Projected number of public charging stations required in Johannesburg based on international 
benchmarks22 

8.5.4. Improving access (financial and physical) 

Broadly favourable EV charging tariffs for charge station 

owners, in particular during the early phases of EV uptake, 

will increase charger utilisation, which in turn improves the 

charger business case, resulting in lower tariffs – essentially 

solving the “chicken and egg issues” (EV chargers need many 

customers to be viable, but customers only buy EVs if chargers 

are available) and driving rapid uptake into a future where the 

number of EVs are high enough to allow for lower EV charging 

tariffs. 

The City may consider a public-private partnership with a private installer, which could entail 

reduced City Power service charges and a progressive City Power EV charger tariff for public 

chargers in underserved areas. 

A potential city lever is developing progressive public charging tariffs and/or consider rolling out 

city-owned infrastructure for underserved or key customers/sectors, such as minibus taxis. A 

public EV charger’s payback is improved through high utilisation, which means that a charger at 

a major minibus taxi rank, if all vehicles are electric, may experience high enough utilisation to 

drastically reduce payback. Favourable EV charging tariffs may take the form of a limited monthly 

                                                      

 

22 International Council on Clean Transportation (2020), Electric vehicle charging guide for cities. 

Access can be 
improved through 
public private 
partnerships, 
progressive tariffs and 
building codes.  
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allocation of lower-cost EV charging electricity units, similar to Free Basic Electricity, but linked 

to one vehicle. 

Cities should aid the development of chargers in a way that offers universal access. While owners 

of private free-standing buildings will easily be able to install their own private EV charger, 

tenants of multi-unit dwellings often do not have the capital or the ability to install EV chargers. 

Building codes should support EV chargers, in particular for multi-unit dwellings. 

Cities will likely need to encourage/lead on EV charger installations in underserved areas 

and/or sectors that may be neglected by private installers. To encourage public charger 

installation in underserved areas, the City could consider leasing municipal owned land/property 

to private installers at favourable rates, to enable public access and fulfil the social development 

objective and service delivery mandate of the City to all its communities. 
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9. Appendices 

9.1. Local EV uptake and impact 

9.1.1. Methodology and assumptions of EV uptake model 

Table 13: Baseline fuel share and fuel economy assumptions 

Baseline (2016) 
assumptions 

Fuel share Fuel economy (GJ/km) 

Diesel Petrol Electricity Diesel Petrol Electric 

Heavy load 100% 0% 0% 1.47 N/A 0.16 

Light load 39% 62% 0% 0.44 0.46 0.14 

Heavy passenger 100% 0% 0% 1.29 N/A 0.11 

Cars 39% 61% 0% 0.36 0.37 0.06 

Minibus 39% 62% 0% 0.43 0.49 0.08 

Motorcycle 0% 100% 0% N/A 0.18 0.03 

Table 14: Baseline vehicle load and distances travelled assumptions 

Baseline (2016) assumptions 

Load per vehicle km/day 

Passengers Tonnes Diesel Petrol Electric 

Heavy load N/A 15.0 132 N/A 132 

Light load N/A 0.5 53 46 50 

Heavy passenger 35.0 N/A 78 N/A 78 

Cars 1.2 N/A 49 37 43 

Minibus 13.0 N/A 101 72 87 

Motorcycle 1.0 N/A N/A 23 23 

Fuel share, vehicle load, fuel economy (ICE vehicles) and distances travelled were based on ERC 

(2012), Quantifying the energy needs of the transport sector for South Africa: A bottom-up model. 

Passenger vehicle distances per day adjusted until pass-km mode share output matched the 

mode share as provide by the City of Johannesburg’s transport department. 
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Fuel economy for electric vehicles was sourced from Weiss, M. et al (2020), Energy efficiency 

trade-offs in small to large electric vehicles. Environ Sci Eur 32, 46 (2020). 

https://doi.org/10.1186/s12302-020-00307-8. 

In the case of ICE vehicles, it was assumed that fuel economy improves at a rate of 0.5% per year. 

Example calculation for energy consumption: 

Energy demand of diesel cars = Number of cars x Share of cars that use diesel x Distance driven 

per day x No. of days in a year x Litres of diesel used per km driven 

Passenger-km for base year calculated as follows: 

(Number of cars x People per car x Distance drive per car over a year) + (Number of motorcycles 

x People per motorcycle x Distance drive per motorcycle over a year) + (…similar for all passenger 

modes…) = Total passenger-km 

Tonne-km for base year calculated as follows: 

(Number of heavy load vehicles x Tonnes transported per heavy load vehicle x Distance driven per 

year by a heavy load vehicle) + (…same calculation for light load…) = Total tonne-km 

Passenger-km and tonne-km grown into the future was assumed to be driven equally by 

economic growth and population growth. Calculation: 

Passenger-km or tonne-km in following year = Passenger-km or tonne-km in previous year x 

(1+Population growth x 50% + Economic growth x 50%) 

Table 15: Population and GDP growth factors used 

Average growth per year 2016 - 2025 2025 - 2030 2030 - 2040 2040 - 2050 

Population 2.1% 1.2% 1.2% 0.7% 

GDP 2.9% 3.5% 3.2% 3.2% 

Source: City of Johannesburg - Oxford economics data 

9.1.2. Methodology and assumptions of EV spatialisation 

EV demand (MWh) was distributed by ward based on a scaling factor using household income 

from Statistics South Africa’s Census 2011 ward-level data. The assumption is that initially only 

very high income households can afford EVs, but in later years when price parity is reached EV 

uptake starts occurring in lower income bands. 
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For reference, a BMW i3 base model in South Africa in 2021 retails at R 754,200. By 2030, it was 

assumed that the EV import tax is dropped from 25% to 18% (to similar levels of ICE vehicle – 

representing a drop of 7%) and that the 17% luxury tax is scrapped. This will encouraged cheaper 

European imports. Assuming a price of 30,000 EUR, exchange rate of 14.15 ZAR/EUR, 15% VAT 

and 18% import duties, the EV price in 2030 in 2021 Rands is R 576,168. 

Using Wesbank’s Repayment Calculator23, assuming a repayment term of 60 months, 9% finance 

rate, 0% balloon payment, the resultant monthly installment is roughly R 12,000. Therefore, in 

2030, it was assumed that only households earning >R 614,400 p.a. (> R 51,200/month) buy EVs. 

Scaling factor used for each ward = Number of households earning > R 614,400 p.a. and that own 

a car in that ward ÷ All household in the municipality earning > R 614,400 pa and own a car 

Table 16: EV uptake scaling factors (2030) 

Ward EV uptake scaling factor EV demand (MWh) 

Total 100% 85,394 

79800001 : Ward 1 0% 3 

79800002 : Ward 2 0% 9 

79800003 : Ward 3 0% 5 

79800004 : Ward 4 0% 14 

79800005 : Ward 5 0% 4 

79800006 : Ward 6 0% 9 

79800007 : Ward 7 0% 113 

79800008 : Ward 8 0% 123 

79800009 : Ward 9 0% 262 

79800010 : Ward 10 0% 218 

79800011 : Ward 11 0% 42 

                                                      

 

23 
https://www.wesbank.co.za/partners/calculators/repayment.xhtml?siteID=wesbank&gclid=CjwKCAjwoNuGBhA8Ei
wAFxomAyjNs7pt_XlmiJ21on2xZNv12iyihGuZebHublC4wBqPe6YOcux42hoCm3kQAvD_BwE 

https://www.wesbank.co.za/partners/calculators/repayment.xhtml?siteID=wesbank&gclid=CjwKCAjwoNuGBhA8EiwAFxomAyjNs7pt_XlmiJ21on2xZNv12iyihGuZebHublC4wBqPe6YOcux42hoCm3kQAvD_BwE
https://www.wesbank.co.za/partners/calculators/repayment.xhtml?siteID=wesbank&gclid=CjwKCAjwoNuGBhA8EiwAFxomAyjNs7pt_XlmiJ21on2xZNv12iyihGuZebHublC4wBqPe6YOcux42hoCm3kQAvD_BwE
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Ward EV uptake scaling factor EV demand (MWh) 

79800012 : Ward 12 0% 39 

79800013 : Ward 13 0% 99 

79800014 : Ward 14 0% 148 

79800015 : Ward 15 0% 12 

79800016 : Ward 16 0% 27 

79800017 : Ward 17 0% 78 

79800018 : Ward 18 0% 113 

79800019 : Ward 19 0% 19 

79800020 : Ward 20 0% 11 

79800021 : Ward 21 0% 25 

79800022 : Ward 22 0% 68 

79800023 : Ward 23 2% 2,060 

79800024 : Ward 24 0% 10 

79800025 : Ward 25 0% 60 

79800026 : Ward 26 0% 16 

79800027 : Ward 27 0% 100 

79800028 : Ward 28 0% 29 

79800029 : Ward 29 0% 27 

79800030 : Ward 30 0% 14 

79800031 : Ward 31 0% 19 

79800032 : Ward 32 2% 1,866 

79800033 : Ward 33 0% 36 

79800034 : Ward 34 0% 18 

79800035 : Ward 35 0% 10 

79800036 : Ward 36 0% 19 

79800037 : Ward 37 0% 16 
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Ward EV uptake scaling factor EV demand (MWh) 

79800038 : Ward 38 0% 29 

79800039 : Ward 39 0% 28 

79800040 : Ward 40 0% 11 

79800041 : Ward 41 0% 16 

79800042 : Ward 42 0% 14 

79800043 : Ward 43 0% 18 

79800044 : Ward 44 0% 59 

79800045 : Ward 45 0% 26 

79800046 : Ward 46 0% 18 

79800047 : Ward 47 0% 20 

79800048 : Ward 48 0% 58 

79800049 : Ward 49 0% 10 

79800050 : Ward 50 0% 4 

79800051 : Ward 51 0% 10 

79800052 : Ward 52 0% 12 

79800053 : Ward 53 0% 45 

79800054 : Ward 54 2% 1,635 

79800055 : Ward 55 0% 340 

79800056 : Ward 56 1% 516 

79800057 : Ward 57 0% 400 

79800058 : Ward 58 0% 353 

79800059 : Ward 59 0% 3 

79800060 : Ward 60 0% 118 

79800061 : Ward 61 0% 47 

79800062 : Ward 62 0% 24 

79800063 : Ward 63 0% 15 
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Ward EV uptake scaling factor EV demand (MWh) 

79800064 : Ward 64 0% 54 

79800065 : Ward 65 0% 34 

79800066 : Ward 66 1% 632 

79800067 : Ward 67 0% 267 

79800068 : Ward 68 0% 126 

79800069 : Ward 69 0% 367 

79800070 : Ward 70 1% 694 

79800071 : Ward 71 1% 578 

79800072 : Ward 72 1% 1,037 

79800073 : Ward 73 2% 1,721 

79800074 : Ward 74 2% 1,754 

79800075 : Ward 75 0% 17 

79800076 : Ward 76 0% 9 

79800077 : Ward 77 0% 6 

79800078 : Ward 78 0% 10 

79800079 : Ward 79 0% 5 

79800080 : Ward 80 0% 24 

79800081 : Ward 81 1% 691 

79800082 : Ward 82 0% 132 

79800083 : Ward 83 1% 1,230 

79800084 : Ward 84 1% 689 

79800085 : Ward 85 1% 1,186 

79800086 : Ward 86 1% 1,232 

79800087 : Ward 87 2% 1,904 

79800088 : Ward 88 2% 1,799 

79800089 : Ward 89 2% 2,015 
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Ward EV uptake scaling factor EV demand (MWh) 

79800090 : Ward 90 3% 2,692 

79800091 : Ward 91 2% 1,652 

79800092 : Ward 92 0% 311 

79800093 : Ward 93 5% 4,507 

79800094 : Ward 94 3% 2,771 

79800095 : Ward 95 0% 2 

79800096 : Ward 96 2% 2,067 

79800097 : Ward 97 4% 3,282 

79800098 : Ward 98 2% 1,667 

79800099 : Ward 99 2% 1,498 

79800100 : Ward 100 0% 290 

79800101 : Ward 101 4% 3,123 

79800102 : Ward 102 3% 2,542 

79800103 : Ward 103 6% 4,740 

79800104 : Ward 104 3% 2,201 

79800105 : Ward 105 0% 53 

79800106 : Ward 106 4% 3,840 

79800107 : Ward 107 0% 2 

79800108 : Ward 108 0% 8 

79800109 : Ward 109 1% 1,126 

79800110 : Ward 110 0% 254 

79800111 : Ward 111 0% 42 

79800112 : Ward 112 4% 3,103 

79800113 : Ward 113 0% 11 

79800114 : Ward 114 0% 171 

79800115 : Ward 115 3% 2,975 
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Ward EV uptake scaling factor EV demand (MWh) 

79800116 : Ward 116 0% 8 

79800117 : Ward 117 3% 2,278 

79800118 : Ward 118 1% 779 

79800119 : Ward 119 0% 190 

79800120 : Ward 120 0% 372 

79800121 : Ward 121 0% 59 

79800122 : Ward 122 0% 77 

79800123 : Ward 123 0% 29 

79800124 : Ward 124 0% 188 

79800125 : Ward 125 1% 948 

79800126 : Ward 126 2% 2,076 

79800127 : Ward 127 0% 32 

79800128 : Ward 128 0% 11 

79800129 : Ward 129 0% 17 

79800130 : Ward 130 0% 39 

79800131 : Ward 131 0% 2 

79800132 : Ward 132 4% 3,452 

79800133 : Ward 133 0% 12 

79800134 : Ward 134 2% 1,987 

79800135 : Ward 135 0% 124 



 

  

9.1.3. Large-scale substation capacity and EV uptake maps 

 

Figure 27: Large-scale EV hotspot map (Johannesburg north) 
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Figure 28: Large-scale EV hotspot map (Johannesburg south) 
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Figure 29: Large-scale substation capacity map 2013 (Johannesburg north) 
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Figure 30: Large-scale substation capacity map 2013 (Johannesburg south) 
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9.2. Electric minibus feasibility model assumptions and sources 

9.2.1. Capital and finance costs 

Table 17: Minibus taxi vehicle capital and finance costs 

Variable Data Notes Source(s) 

Minibus 
capital cost 
(ICE) 

R 478,500 
Cost for petrol 16-seater Toyota Hiace Ses-fikile. 
Includes service plan, which covers cost of servicing and 
parts for first 60,000km. 

Toyota 

Minibus 
capital cost 
(EV), Pre-tax 

R 800,000 

Retail cost of Toyota Proace (electric version of the 
Hiace) in European market, without subsidies, 
converted into Rands. Average European retail price of 
EVs with similar specs to local ICE minibus taxi, 
converted into ZAR, is roughly R1 million. 

 Toyota 

 European EV 
database24 

Import duties 
for minibus 

15% 
Import duties for minibus taxis are specifically 
categorized and are 15-20%. Duties of 15% are applied 
to minibuses imported from the UK. 

SARS 

Import duties 
(Customs 
Union) 

10% 
Applied to goods imported from countries other than 
Botswana, Lesotho, Namibia or Swaziland. 

SARS 

VAT 15%  SARS 

Ad valorem 
(luxury tax) 

27% 

Applied to vehicles (considered a luxury item) on a 
sliding scale, increasing as the value of the vehicle 
increases, to as high as 30%. For a vehicle at a cost of R 
800,000, the rate is roughly 27%. 

 SARS 

 BMS Services 

 GBCSA 

Minibus 
capital cost 
(EV), Post-tax 

R 1,398,400 

Calculation: [Capital cost x (1 - manufacturer rebate)] x 
(1 + import duties) x (1 + VAT) + [Capital cost x (1 - 
manufacturer rebate)] x ad valorem x (1 + VAT). Ad 
valorem rate is based on the value of the goods (invoice 
price, excluding duties), but VAT is payable on ad 
valorem and also on goods price with duties (i.e. 
compounds on duties). 

SARS 

Finance term 6 years Average term of 71 months. 
SA Taxi 
(financier) 

                                                      

 

24 URL: https://ev-database.org/ 

https://ev-database.org/
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Variable Data Notes Source(s) 

Interest 
(nominal) 

20.2% Rate in 2020. 
SA Taxi 
(financier) 

Table 18: Minibus taxi insurance costs 

Variable Data Notes Source(s) 

Monthly 
instalment 
(ICE) 

R 3,143 
For comprehensive insurance, including life insurance, for a 
Toyota Hiace in 2021. 

SA Taxi 
(financier) 

Monthly 
instalment 
(EV) 

R 3,929 
Based on difference (25%) between insuring an Audi E-tron 
50 (EV SUV) and an Audi Q5 TDI 50 (ICE SUV). 

Online article 

Annual 
instalment 
increase 
(nominal) 

4.2% 

Most claims are from accident damage and parts / labour / 
paint costs increase over time, therefore reduced vehicle 
value has little bearing on premium price. Therefore 
assumed premiums grows with inflation (CPI). 

 Statistics 
South Africa 

 MiWay 

9.2.2. Maintenance costs 

Table 19: Minibus taxi maintenance costs 

Variable Data Notes Source(s) 

Maintenance, 
ICE 

R 2,500 per 
10,000 km 

Includes servicing & parts. Applies 
once vehicle service plan has 
lapsed. 

Toyota 

Maintenance, 
EV (excl. 
battery) 

R 1,625 per 
10,000 km 

One average, maintenance for an 
electric car is 25-30% lower than 
ICE counterpart; light duty vehicle 
is 40% lower, bus is 40-60% lower. 
Assume 35% lower for a minibus. 

 Argonne National Laboratory 
(2021), Comprehensive Total 
Cost of Ownership 
Quantification for Vehicles with 
Different Size Classes and 
Powertrains 

 Online articles 

Maintenance 
cost increase 
(nominal) 

17% p.a. Real (excludes inflation) repair and 
maintenance costs of ICE medium-
duty vehicles increase by 13% p.a. 
and transit buses by 21% p.a. 
Assume 13%, but add inflation 
(another 4%). 

 Argonne National Laboratory 
(2021), Comprehensive Total 
Cost of Ownership 
Quantification for Vehicles with 
Different Size Classes and 
Powertrains 

Distance 
travelled 

65,000 km 
p.a. 

(1) 59,280-83,220 km p.a. – Mean 
distance per day of 228km 
(83,220 km/year if same 

(1) C. J. Abrahama, J. Rixa, I. 
Ndibatya, M. J. Booysen (2021), 
Ray of hope for sub-Saharan 
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Variable Data Notes Source(s) 

distance for each day of week; 
59,280 km/year if this distance 
only on weekdays) from GPS 
tracking of minibuses in 
Stellenbosch. 

(2) 70,000 km p.a. nationally. 
(3) 64,680 km p.a. in Johannesburg 

Africa's paratransit: Solar 
charging of urban electric 
minibus taxis in South Africa.25 

(2) DEA LTMS (Long Term 
Mitigation Scenarios) 

(3) ERC (2012), Quantifying the 
energy needs of the transport 
sector for South Africa: A 
bottom-up model. 

Table 20: Electric minibus battery costs 

Variable Data Notes Source(s) 

Battery cost 
(2021) 

R 1,987 per 
kWh 

Based on cost of 137 USD/kWh in 2020, converted 
using exchange rate of 14.5 ZAR/USD. Some e-bus 
batteries in China are selling for average of 105 
USD/kWh. Source: BloombergNEF. 

BloombergNEF26 

Battery cost 
(2030) 

R 1,214 per 
kWh 

Expected price by 2030 is 58 USD/kWh (841 
ZAR/kWh at 14.5 ZAR/USD). Assume this is real cost 
(in 2021 ZAR). Converted into nominal terms using 
inflation (CPI) of 4.2% p.a., i.e. 841 x (1 + CPI)^(no. of 
elapsed years). 

BloombergNEF 

Battery size 75 kWh Toyota Proace has battery of 75kWh. A 75 kWh 
battery has range of roughly 200-300 km, while a 50 
kWh battery has range of 150-200 km (source: 
https://ev-database.org/). Battery size used to 
calculate battery replacement cost (kWh x R/kWh). 

 Toyota 

 European EV 
database 

Battery 
replacement 
cost (2021) 

R 148,988 
 

Calculated: kWh x R/kWh. For reference, the cost of 
replacing an electric car’s battery in South Africa 
ranges between R20,000 and R100,000, depending 
on whether it is repacked or replaced (source: ABSA 
presentation at 2021 Smarter Mobility Africa). 

N/A (calculation) 

Battery 
replacement 
cost (2030) 

R 91,045.78 Calculated: kWh x R/kWh. N/A (calculation) 

                                                      

 

25 URL: https://www.sciencedirect.com/science/article/pii/S0973082621000946?via%3Dihub 
26 URL: https://www.forbes.com/sites/mikescott/2020/12/18/ever-cheaper-batteries-bring-cost-of-electric-cars-
closer-to-gas-guzzlers/?sh=1c195c2873c1 

https://www.sciencedirect.com/science/article/pii/S0973082621000946?via%3Dihub
https://www.forbes.com/sites/mikescott/2020/12/18/ever-cheaper-batteries-bring-cost-of-electric-cars-closer-to-gas-guzzlers/?sh=1c195c2873c1
https://www.forbes.com/sites/mikescott/2020/12/18/ever-cheaper-batteries-bring-cost-of-electric-cars-closer-to-gas-guzzlers/?sh=1c195c2873c1
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Variable Data Notes Source(s) 

Battery 
replacement 
regularity 

1,000,000 km Battery warranty for Toyota Proace is 15 years or 1 
million km (75% of value covered; vehicle must be 
serviced by Toyota). 

Toyota27 

9.2.3. Energy costs 

Table 21: Minibus taxi fuel use 

Variable Data Notes Source(s) 

Petrol 
minibus fuel 
use 

13.8 
lit/100k
m 

(1) 14.3 lit/100km: new Toyota Hiace Ses-fikile 
(2) 11.6-13.0 lit/100km: In 2021, based off 2006 
values and annual efficiency improvement 
assumptions. 
(3) 13.8-13.9 lit/100km: Real-world Toyota Hiace 
petrol median fuel use. 
(4) 12.2 lit/100km: Real-world fuel use over 
27,000km for a 2017 2.7lit manual petrol Hiace 
used in Mexico. 

(1) Car sales platform28 
(2) ERC (2012), Quantifying 
the energy needs of the 
transport sector for South 
Africa: A bottom-up model 
(3) Fuelly real-world fuel-
use tracking website29 
(4) Fuelly real-world fuel-
use tracking website 

Diesel 
minibus fuel 
use 

10.6 
lit/100k
m 

Real-world fuel use over 68,000km for a 2018 
automatic diesel Hiace used in Thailand. 

Fuelly real-world fuel-use 
tracking website 

Electric 
minibus taxi 
electricity 
use 

400 
Wh/km 

(1) 270 Wh/km: Estimate of average efficiency 
of EV minibuses with similar specs to Toyota 
Hiace (size, max payload). 

(2) 279 Wh/km: Based on Toyota Proace battery 
capacity, assumed usable battery capacity of 
90% and stated range. 

(3) 307 Wh/km: Based on 13 lit/100km for 
petrol minibus and indication that EV usually 
uses 70-80% less energy than ICE version of 
same model. 

(1) European EV database 
(2) Toyota 
(3) Online article 

comparing EV & ICE of 
same model30 

(4) European EV database 
(5) Ebus Test 201831 
(6) Stellenbosch 

University32 
(7) Ebus Test 2018 
(8) Ebus Test 2018 

                                                      

 

27 URL: https://www.electrive.com/2020/05/28/toyota-reveals-fully-electric-proace-van/ 
28 URL: https://www.autodealer.co.za 
29 URL: https://www.fuelly.com/ 
30 URL: https://www.caranddriver.com/shopping-advice/a32494027/ev-vs-gas-cheaper-to-own/ 
31 URL: https://www.sustainable-bus.com/news/electric-bus-range-focus-on-electricity-consumption-a-sum-up/ 
32 URL: https://www.sciencedirect.com/science/article/pii/S0973082621000946?via%3Dihub 

https://www.electrive.com/2020/05/28/toyota-reveals-fully-electric-proace-van/
https://www.autodealer.co.za/
https://www.fuelly.com/
https://www.caranddriver.com/shopping-advice/a32494027/ev-vs-gas-cheaper-to-own/
https://www.sustainable-bus.com/news/electric-bus-range-focus-on-electricity-consumption-a-sum-up/
https://www.sciencedirect.com/science/article/pii/S0973082621000946?via%3Dihub
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Variable Data Notes Source(s) 

(4) 400 Wh/km: Apparent real-world measure of 
worst case scenario of electric minibus (-
10°C, HVAC on, highway driving). 

(5) 750 Wh/km: Delivery trucks below 7m. 
(6) 930-980 Wh/km: Modelled energy use, 

based on GPS data of minibus movements 
(acceleration, deceleration, etc.) in 
Stellenbosch and Kampala. 

(7) 1310 Wh/km: Average efficiency for 12m bus 
from best case scenario of 800 Wh/km (20°C, 
skilled driver, no traffic) to worst case of 
2500 Wh/km (-10°C, bad driver). Driving 
behaviour can decrease efficiency us to 30%; 
cold weather (-5 ° to 0° C) up to 38%. 

(8) 1650 – 1840 Wh/km: Measured (real-world) 
use by 18m bus use, with air-con. 

Table 22: Energy conversion factors 

Variable Data Source(s) 

Petrol 34.2 MJ/lit 
Department of Energy (DoE) (2013), Draft 2012 Integrated Energy 
Planning (IRP) Report, Annexure B - Model input and assumptions 
(optimisation model), Appendix A: Energy Carrier Properties. 

Diesel 38.1 MJ/lit DoE (2013), Draft 2012 IRP, Annexure B 

Electricity 3.6 MJ/kWH DoE (2013), Draft 2012 IRP, Annexure B 

Table 23: Energy price 

Variable Data Notes Source(s) 

Petrol price R 17.10/lit Average for inland unleaded petrol 
in 2021 (Jan-Oct). 

AA33 

Diesel price R 14.69/lit Average for inland diesel 50ppm in 
2021 (Jan-Oct). 

AA 

Petrol price 
increase (nominal) 

7.5% p.a. Based on average inland ULP 95 
nominal price increase between 
2006 and 2019. 

Department of Energy, 
Statistics34 

                                                      

 

33 URL: https://aa.co.za/fuel-pricing/ 
34 URL: http://www.energy.gov.za/files/energyStats_frame.html 

https://aa.co.za/fuel-pricing/
http://www.energy.gov.za/files/energyStats_frame.html
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Diesel price 
increase (nominal) 

7.3% p.a. Based on average inland diesel 
nominal price increase between 
2006 and 2019. 

Department of Energy, 
Statistics 

Electricity price at 
public charger 

R 5.88/kWh (1) R 5.50 / kWh: Average price 
charged in 2020. 

(2) R 5.88 / kWh: Price in 2021. 

(1) Jaguar35 
(2) TopAuto36 and EV charging 

stations map37 

Electricity price 
increase (nominal) 

10% p.a. Increase projections for 2022/23 
and 2023/21. For reference, 
increase in 2021/22 was 15%. 
Increase in 2020/21 was 6%. 

City Power38 

Fee to charge at 
public charger 

R 325.00 
p.a. 

Charged by ActiveCharge, which 
manages payment method for 
GridCars public charger network. 

TopAuto39 

 

  

                                                      

 

35 URL: https://www.jaguar.co.za/electrification/jaguar-powerway.html# 
36 URL: https://topauto.co.za/features/6610/how-much-it-costs-in-rand-to-charge-an-electric-car/ 
37 URL: https://www.chargestations.co.za/ChargeMap.aspx?UserGroupID=facf9751-58ca-490f-8ca5-
d2b433e6b2e5 
38 URL: 
https://joburg.org.za/documents_/Documents/TARIFFS/City%20Power%20Tariffs%20Report/City%20Power%20Ta
riffs%20Report%202021-2022%20(Signed).pdf 
39 URL: https://topauto.co.za/features/6610/how-much-it-costs-in-rand-to-charge-an-electric-car/ 

https://www.jaguar.co.za/electrification/jaguar-powerway.html
https://topauto.co.za/features/6610/how-much-it-costs-in-rand-to-charge-an-electric-car/
https://www.chargestations.co.za/ChargeMap.aspx?UserGroupID=facf9751-58ca-490f-8ca5-d2b433e6b2e5
https://www.chargestations.co.za/ChargeMap.aspx?UserGroupID=facf9751-58ca-490f-8ca5-d2b433e6b2e5
https://joburg.org.za/documents_/Documents/TARIFFS/City%20Power%20Tariffs%20Report/City%20Power%20Tariffs%20Report%202021-2022%20(Signed).pdf
https://joburg.org.za/documents_/Documents/TARIFFS/City%20Power%20Tariffs%20Report/City%20Power%20Tariffs%20Report%202021-2022%20(Signed).pdf
https://topauto.co.za/features/6610/how-much-it-costs-in-rand-to-charge-an-electric-car/
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www.ukpact.co.uk  

For any enquiries, please get in touch via email at communications@ukpact.co.uk 

http://www.ukpact.co.uk/
http://www.ukpact.co.uk/

