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1 Executive summary

This document outlines possible responses by the City of Johannesburg on managing the uptake
of electric vehicles (EVs) in such a way as to mitigate the impact on the local electric grid. This
work forms part of the City of Johannesburg EV Readiness Support Programme and is funded by
UK PACT (Partnering for Accelerated Climate Transitions) in South Africa. The project is
implemented by Sustainable Energy Africa (SEA), working in partnership with the City of
Johannesburg.

CONTEXT: National and local government have developed policies and plans to accelerate the
uptake of EVs in South Africa.

Imminent bans on internal combustion engine (ICE) vehicles in key export markets will cause
substantive job losses and loss of export earnings if industry does not shift towards EV
production. The transport sector is also recognised as a major contributor to greenhouse gas
emissions. A shift to EVs, coupled with a cleaner grid, will contribute substantively to national
emissions reduction targets.

National and local governments are responding through policies that support or enable the
uptake of EVs. This includes the national Department of Transport's Green Transport Strategy;
the national Department of Trade, Industry and Competition’s Auto Green Paper; and targets and
actions contained in the climate action plans of some of the country's major metros, including
Johannesburg.

EV UPTAKE FORECAST: An uptake of 40-50 thousand EVs is expected in Johannesburg by 2030.

By 2030, expected uptake is 40-50 thousand EVs, with the largest number of EVs being private
passenger cars (Figure 1). 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 (Figure 2).
By 2050, EVs are expected to increase electricity demand across the city (including Eskom and
City Power distribution areas) by 8% (Figure 3).
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Figure 1: Electric vehicle uptake by vehicle type
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Figure 2: Electricity demand by EV vehicle type
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Figure 3: The impact of EVs on city-wide electricity demand

UTILITY IMPACT: Without incentives, unmanaged “dumb” EV charging is highly likely and will
drive costly grid infrastructure upgrades.

The focus was on the charging impact of private passenger vehicles (cars) and minibus taxis, due
to the scale of impact and interest by the City.

Electricity demand from minibuses was negligible by 2030, highlighting the extreme efficiency of
public transport and the possibilities of encouraging quite aggressive electric vehicle uptake in
this sector without placing undue strain on the grid.

Work charging (during midday) coincides with typical high solar generation periods, providing an
opportunity to procure cheap electricity with solar technology. The impact of work charging is
less severe in winter, as it fills in a midday low demand period.

Off-peak charging (at night) is ideal, as it occurs in low-demand times, when electricity is cheapest
for the utility and grid capacity is available.

Dumb charging (in the late afternoon / evening, directly after the consumer arrives home from
work) will greatly increase the costs of distribution utilities, yet it is the most likely scenario
without interventions or incentives.

The findings lead to the following suggestions for utilities:

— Determine areas with a high potential for EV uptake and develop plans to minimize
upgrades.

— Deploy smart metering technology that allows time of use tariffs and demand response
through controlled with pricing signals.

— Incentivised consumers to charge during off-peak demand periods.
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Figure 4: Summer load profile of private EVs in 2030
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Figure 5: Winter load profile of private EVs in 2030



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. The highest EV uptake is expected in the
northern parts of Johannesburg, in particular the Brynorth and Bryanston substations feeding Bryanston.
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INTERNATIONAL EV MANAGEMENT PRACTICES: Time-of-use tariffs (ToU) and increased access
to public charging are the most common forms of EV management.

Internationally, managing EV charging is based on local policies, urban form and the capacity of
distribution networks. A common thread 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, who 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 opt-in EV tariff.

LOCAL EV MANAGEMENT OPTIONS: Rigid fit-and-forget rules (e.g. NRS 097-2-3) will be
ineffective in managing EV loads. Collaborative response is required.

Registration of household (private) EV chargers may not be ideal. Local experience on registration
of residential rooftop PV systems shows low compliance, with little capacity for enforcement by
the local authority. A possible solution is to link registration with vehicle licensing requirements,
which will require collaboration with national stakeholders.

EV charger capacity limits could be imposed through a circuit breaker or inverter setting, or
through collaboration with EV charge point operators to voluntarily impose limits on their
charger installations. Yet international trends are towards the convenience of faster, higher-
capacity chargers.

Ripple control is a potential simple solution, controlling certain appliances (such as electric
geysers or EV chargers) through a signal and receiver. Extensive ripple control is already installed
in the City of Johannesburg. On/off switching may impact EV batteries negatively.

Pricing signals such as time of use tariffs, critical peak pricing, peak time rebates, dynamic hourly
pricing and demand charges have been shown internationally to be effective in shifting EV
charging behaviour.

Utilities could collaborate with charge point operators (such as GridCars) by alerting charge point
operators of grid congestion and requesting EV chargers in the area to be switched off. On/off
switching may impact EV batteries negatively. Effective deployment should consider incentivising
EV owners to collaborate.

1 “Public” in this context does not refer to ownership (e.g. government ownership), but refers instead to
charging at publically-available sites, such as malls or roadside.



A charging communication protocol (CCP) is the backbone of smart charging; controlling how
information on the user and the grid is shared. The open charge point protocol (OCPP) is
becoming increasingly popular internationally; providing interoperability.

WAY FORWARD FOR CITY OF JOHANNESBURG: Key actions are to (1) test approaches over the
next 5 years, while EVs are not yet a threat to grid integrity, (2) develop an EV time of use (ToU)
tariff, (3) establish a smart charger communication protocol and (4) establish or link to an
industry working group.

EV uptake will not have a substantial impact on City Power’s distribution grid within the next 5
years, allowing the City time to ‘learn by doing’ - testing approaches.

Without incentives, the registration of EV chargers is likely to be difficult and will pose
administrative challenges. One alternative is to avoid dumb charging by implementing an EV ToU
tariff that offers a lower price between midnight and 6am. Another is to facilitating public
charging on higher-voltage networks, where the grid has more available capacity.

Future considerations can include further tariff advancement, such as real-time pricing, or
collaboration with charge point operators to form aggregated groups of EV chargers.

Standardised charging communication protocols (CCPs) must be adopted among utilities, EV
chargers and charge point operators in order to "future-proof" charging equipment.

2 Acronyms and abbreviations

BRT Bus Rapid Transit

CAP Climate Action Plan

Cccp Charging Communication Protocol

dtic Department of Trade, Industry and Competition

eNaTIS  Electronic National Traffic Information System
EV Electric vehicle

GHG Greenhouse gas

ICE Internal Combustion Engine

Nersa National Energy Regulator of South Africa
NOx Nitrogen Oxides

OCPP Open Charge Point Protocol

SOx Sulphur Oxides

SSEG Small-Scale Embedded Generation

ToU Time of Use



3 Introduction

This document 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. While electric mobility is still in its infancy in South Africa, a global transition to
electric vehicles is underway, with most automobile
manufacturers including EVs in their planning on future
production and sales, and some countries and cities (including National and local
markets for South African vehicle exports) declaring bans on (VG ELIGED
conventional fossil fuel vehicles within the next decade. A thriving developed policies
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
vehicles globally. In South Africa, EVs could contribute towards a
sizeable greenhouse gas (GHG) emission reduction in the [ELLLUWAIIEE
transport sector, as road transport is responsible for over 90% of
all transport emissions.

and plans to
accelerate the
uptake of EVs in

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 growth?,

Multiple countries are banning internal combustion engine (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.

EVs are increasingly affordable. Transitioning to EVs increasingly makes financial sense, due to
the lower levelised cost of transport of EVs over ICE vehicles: maintenance and running costs per
km of 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. 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

2 Global EV Outlook 2021



in South Africa is sourced from coal (through Sasol’s coal-to-liquids process)®. 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 increase
sustainability.

3.2 South African 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,

3 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/
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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.

3.2.2 Department of Trade, Industry and Competition’s Auto Green Paper

In May 2021, the Department of Trade, Industry and Competition (the 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
consumption?, 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 EV actions within City of Johannesburg Climate Action Plan (CAP)

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

4 Sustainable Energy Africa (2020), State of Energy in South African Cities 2020.
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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

Partner with private sector to promote use of electric scooters and establish electric
scooter share schemes

4 Forecasting the uptake of EVs in Johannesburg

The uptake of EVs was forecast for the City of Johannesburg

metropolitan area for 2030, 2040 and 2050 to identify the impact AU QELGERI R
of EV electricity demand on City Power’s distribution grid. thousand EVs is

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

expected in

based on eNaTIS® vehicle registration data and assumptions on Johannesburg by
vehicle occupancy, daily distances travelled, fuel intensity and fuel JPLIE]IR

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)

5 Electronic National Traffic Information System
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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 2050 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 in the City®.
The uptake of EVs between the 2050 end year and 2016 base year was assumed 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% The electrification rate of heavy-load trucks is relatively low, due to the
Q} 2040: 3% requirement of advanced technologies for high power charging and
- 2050: 14% 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% Electric light-duty trucks will be used for deliveries in urban areas,
2040: 3% where driving distances are shorter and overnight charging is possible.
2050: 14% While current penetrations rates are similar to heavy load vehicles,
there is potential for higher uptake. Construction and agricultural light-
duty vehicles are expected to electrify last.
2030: 2% The bus segment is expected to electrify quickly, reflecting the City’s
2040: 10% commitments to convert public transport fleets. Electrification of Bus
2050: 50% 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% Model availability is steadily increasing in South Africa, the market for
2040: 12% personally owned electric cars is approaching price parity, imports will
2050: 60% increasingly be electric due to ICE vehicle bans in supply markets, and

6 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.
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Vehicle type EV share (2050) Rationale

y = the dtic’s 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% Minibuses electrification may be driven by the total cost of ownership,

== 2040: 10% model availability and/or government programmes (e.g. national taxi

Wlm 2050: 50% recapitalisation; provision of charging infrastructure at taxi ranks by
‘@ local government authority; etc.).

Motorcycles 2030: 4% It is more difficult for motorcycles to meet ever-tightening EURO

2040: 20% standards, due to higher-revving engines. Therefore this sector is

2050: 100% expected to electrify first. Electric motorcycles already make financial

sense in the urban environment due to short travel distances.

The uptake of EVs, according to these assumptions, is provided in Figure 8. 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), due to the large number of these vehicles, they represent the second largest EV vehicle
market by 2050.

EV Vehicle population by type
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Figure 8: Electric vehicle uptake by vehicle type

Figure 9 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
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translate to significant revenue growth. Yet it must be noted that some of this additional demand
may be met by independent power producers or, in particular for car charging by private
households, by rooftop PV.

Electricity demand by EV vehicle type (MWh)
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Figure 9: Electricity demand by EV vehicle type

The additional EV electricity demand is compared to demand forecasts (without EVs) in Figure
10. 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%.
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Figure 10: The impact of EVs on city-wide electricity demand
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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.

5 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 BRWALIVIATTT1Y/-0

schemes on City Power’s load profile, as well as the impact of ERTRT T ET-L1o Balo [1]14] 1l A/
localised EV uptake on City Power’s substation distribution charging is highly likely
areas.

and will drive costly
grid infrastructure
upgrades.

5.1 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.

16



Internationally, most charging is done via private home charging, especially in areas where off
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.

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 11 and Figure 12 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 sold / used during
the morning and evening peaks is expensive when compared to electricity sold / used 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 11: Summer load profile of private EVs in 2030 Figure 12: Winter load profile of private EVs in 2030

Figure 11 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 12 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 they tell 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 study’ 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.

— Lead consumers to helpful charging behaviour, with incentivised charging during off-
peak demand periods and avoidance of charging at critically constrained grid points.

7 Boston Consulting Group (2019), The Costs of Revving Up the Grid for Electric Vehicles.
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5.2 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 13 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 13) and projected EV uptake by ward
(Figure 14) provides insight into how EV uptake could affect City Power’s infrastructure. Areas
that are already experiencing strain (red and pink areas in Figure 13) that correspond with high
EV uptake areas (red and orange areas in Figure 14) represent areas where infrastructure
upgrades are most likely to be needed. Larger maps for Figure 13 and Figure 14 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 (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), EV uptake by 2030 is expected to be at
a minimum.
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Figure 13: Allocated capacity of City Power
substations in winter 2013

Full size EV hotspot map in Appendix
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Figure 14: 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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6 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 [RRIEGEHCIETSIIIR)
and city regulatory, policy and technology responses to EV T[] [{ele i ET7-{[3 V- 4-1g-R1,]:]
uptake is a useful starting point when considering how best to [y YN e oI 10 3 11
manage the complex challenges EVs pose to distribution
utilities.

Time-of-use tariffs and

of EV management.

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.

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 tariffs®. Some
utilities are piloting demand response-based charging incentives®. 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 also a lack of off-street parking compared to other
countries, due to denser urban design, providing a larger need for public charging infrastructure.

8 https://www.tdworld.com/smart-utility/article/21135451/us-utilities-expanding-managed-charging-
programs-for-evs-finds-study

9 https://www.utilitydive.com/news/as-utility-collaboration-with-charging-companies-rises-emerging-
difference/581877/
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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 rollout 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 rollout. 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
to reduce load®. 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.

10 https://europe.autonews.com/automakers/swedens-ev-boom-under-threat-power-crunch
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7 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 Rigid fit-and-forget rules

regards to EV management. (e.g. NRS 097-2-3) will be

ineffective in managing

An EV charger is a load, similar to other loads such as pool UG LUNEE required.
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
economically viable or at commercial market scale.

7.1.1 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
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 systems!l. 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

11 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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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.

7.1.2 Ultilising 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.

7.2 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 1
shows the proposed maximum battery charging current limit, which increases as the customer’s
circuit breaker size increases.
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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
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.

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

Service connection
gs:g:tri'g;oiol Maximum Battery
No. of Service Circuit Capacity** of Maximum Inverter | Charging Current
Phases* | Breaker Size (A) P Capacity (kVA) Limit (A) per Phase
SSEG (kVA***) to -
- from the Grid
the grid
1 40 2.3 9.2 10.0
] 60 3.5 13.8 15.0
] 80 4.6 18.4 20.0
3 40 6.9 27.7 10.0
3 60 10.4 41.6 15.0
3 80 13.9 55.4 20.0
3 100 17.3 62.3 25.0

7.3 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 (estimate 180 000) 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.
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7.4 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.

Studies in California? 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.

7.5 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.

7.6 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.

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

8 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

1. Over the next 5 years EVs
are not a threat to grid

smooth transition. However, forecasts of EV uptake in integrity. The City can
Johannesburg show that EV uptake will not have a learn by doing.

substantial impact on City Power’s distribution grids . Develop an EV time of use
within the next 5 years. A total of 20,000 EVs is tariff with Nersa.

expected on Johannesburg’s roads by 2026, allowing . Establish a smart charger
the City time to ‘learn by doing’. The next 5 years communication protocol.
represents a crucial time to test approaches in . Establish / link to an

Steering EV Uptake ina grid'beneﬁCiaI direction. industry working group

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
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to form aggregated groups of EV chargers, with demand for these groups ramped up or down in
response to grid availability and constraints.

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.

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.

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.
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9 Appendices

9.1 Methodology and assumptions of EV uptake model

Table 4: Baseline fuel share and fuel economy assumptions

Fuel share Fuel economy (GJ/km)
Baseline (2016)
assumptions 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 5: Baseline vehicle load and distances travelled assumptions
Load per vehicle km/day
Baseline (2016) assumptions 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.

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.
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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 6: 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

9.2 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.

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.
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Using Wesbank’s Repayment Calculator!?, 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 7: 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
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

13

https://www.wesbank.co.za/partners/calculators/repayment.xhtml?sitel D=wesbank&gclid=CjwKCAjwoNu

GBhASEiwAFxomAyjNs7pt XlmiJ21on2xZNv12iyihGuZebHublC4wBgPe6YOcux42hoCm3kQAvD BwE
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Ward

EV uptake scaling factor

EV demand (MWh)

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
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
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Ward EV uptake scaling factor | EV demand (MWh)
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
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
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Ward EV uptake scaling factor | EV demand (MWh)
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
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
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Ward

EV uptake scaling factor

EV demand (MWh)

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
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
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Ward EV uptake scaling factor | EV demand (MWh)
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
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9.3 Large-scale substation capacity and EV uptake maps

Legend

Substation zones 2021
1 City Power

EV uptake (MWh)
B 1 - 500

I 500 - 1000
1 1000 - 1500
11500 - 2000
[] 2000 - 2500
[ 2500 - 3000
[] 3000 - 3500
[ 3500 - 4000
[ 4000 - 4500
I 4500 - 4739

NORTHRAND

Figure 15: Large-scale EV hotspot map (Johannesburg north)
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Figure 16: Large-scale EV hotspot map (Johannesburg south)
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Figure 17: Large-scale substation capacity map 2013 (Johannesburg north)
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Figure 18: Large-scale substation capacity map 2013 (Johannesburg south)
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UKKPACT

For any enquiries, please get in touch via email at communications@ukpact.co.uk
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