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Introduction

Zutari, in partnership with PURCO SA, has been tasked with establishing the feasibility, viability and
desirability of the University of Cape Town (UCT) switching from their current Internal Combustion
Engine (ICE) shuttle fleet to a Battery Electric Vehicle (BEV) bus fleet. The study is undertaken in the
context of the broader UCT vision and strategy for a long-term sustainable future and extends beyond
the strictly financial aspects of making such a change. The key factors in the study are reflected
diagrammatically in Figure 1.

Assignment aims
The University of Cape Town is considering replacing their current bus fleet of 27 buses

(leased from Bidvest) with electric powered buses when the lease expires in December 2025. The
intent at this stage is that the project will be implemented in two phases. This would entail an initial
proof of concept stage (entailing one or two buses being run as a pilot study) before the roll out of the
new fleet. The University hopes to go to market for both the fleet and the infrastructure, although the
exact structuring of this transaction still needs to be determined. This might entail a consolidated
lease for both elements and stages, or a staged procurement process. The University how requires
assistance in assessing the viability (and possible risks) of this change, and they require support to
enable the procurement of the service and assets. This document represents Zutari’s report on the
required assessment.

Evaluation framework
gl

The study examines the potential for transitioning from diesel engine to battery electric
vehicles in terms of an evaluation framework comprising:

e Feasibility — this is primarily

related to technical feasibility and

relates to:

o The availability of electric
buses with the power, range,
and passenger capacity to
provide the necessary
services in the University of Will people
Cape Town environment wan i
without significant changes to
the fleet size or operations

o The availability of sites able
to accommodate the bus fleet
for overnight and for other
charging opportunities

will it last?

— Will it work?

o The availability of electricity Can we affort it?
supply for the charging sites
from the existing e|ectricity Figure 1-1: Evaluation Framework
grid

o The local availability of the skills and capacity to maintain and operate electric buses

e Viability — this is primarily related to the financial soundness of making the change, but also
considers the energy environment and its impact on available options:
o Affordability for UCT and the cost of acquiring and operating an appropriate bus fleet

e Sustainability — this is primarily in the context of environmental and technological sustainability
and consideration of such factors as:
o Increased independence from fossil fuel and resilience built on renewable energy.
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o Reduction in Greenhouse Gasses (GHG) emissions
An estimate of the Rand value of “Going Green”, which may influence the financial viability
o Vehicle lifespan, both in conventional life expectation terms and in terms of technological
change. This will include aspects such as battery lifespan and disposal

e Desirability — in the context of the foregoing measures of feasibility, viability and sustainability, is
it desirable to make a shift in fleet motivel power? Will the implementation of a shift to the
alternative energy model examined in this study:

o Positively influence UCT’s standing as a leading academic institution on the African
Continent?
o Offer possible research advantages?

Although technological advances are being made in sustainable mass transport with other power plant
as well, battery electric vehicles are the focus of this study with the analysis being based on a 10-year
technological life cycle but also influenced by current leasing terms.

Buses

T—w Taking the current UCT Shuttle service operations and fleet into account and using
information relating to that fleet as well as some additional calculations, the basic requirements for
standard (nominal 12 m) buses in terms of peak power (+200kW) and power storage capacity
(£200kWh?) have been established. This information has been used to explore the electric bus market
and found to be representative of the capabilities of the equivalent standard buses available
internationally. Most buses can exceed these requirements to some extent and achieve a greater
gradeability than required for UCT. The same bus market exploration has highlighted that the
international availability of midi-buses (nominal 9m) (£140kW and £140kWh) is very limited, although
there are midi-buses meeting the required specifications available from the European market.

What has also been established is that there is essentially no local availability of suitable buses, with
the local market being in its infancy and the major manufacturers only just starting to examine the
South African market opportunities. The implication is that buses need to be imported and this has a
significant financial impact as discussed later.

Ol\2 Charging equipment
&ﬁf ging equip

Ignoring the immediate local availability of buses, the issues of charging equipment that will
facilitate charging of the buses matched to the operational requirements of the UCT Shuttle Service
system have been examined. There are two main options available, DC fast charging and AC regular
charging, each with advantages and disadvantages. Both types were considered as warranted for the
UCT environment to provide a balance between cost, grid power requirements and the ability to keep
all buses active during peak operating hours. The technology that is required, however, is based on
the specific vehicle selected and the specific Original Equipment Manufacturer (OEM). In comparison
to the cost of the buses, this forms a relatively small part of the overall cost, and the systems are fairly-
readily available although there is understood to be a market shortage just at present (October 2022).

C’ Grid supply capacity

With respect to the grid supply capacity, the charging strategy that was developed as part of
this study shows that all charging of vehicles will take place during the night-time, with some
opportunistic charging available as highlighted in the charging strategy. This has the advantages of
lower cost of electricity and reducing the impact of peak power demands.

1 The term “motive power” refers here to the means of power production, such as diesel, hydrogen, battery
electricity, etc. although it can also refer to simply the power required to move a vehicle.
2 That the two numbers are both 200 is purely coincidental to the UCT operating environment.
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UCT is supplied from the City of Cape Town’s electricity grid. Presently there is no self-generation at a
large scale that is present at or available to the campus. There is, though, an installed base of diesel
generators that provides backup power for campus activities. Adjustments to the existing electrical
network on campus have been proposed for the supply to the proposed charging infrastructure,
including some additional back-up power.

[ Parking, holding and recharging areas

In respect of bus parking infrastructure, the holding areas currently being planned by UCT
have been evaluated and found to be adequate for the deployment of electric buses. Provision is
made in the design of these facilities for the placement of the required charging equipment and power
reticulation. This is done by University of Cape Town'’s current infrastructure upgrades that include
cable ducts for the future reticulation cable installation.

[I Financial analysis

A detailed financial analysis, comparing the use of ICE to BEVs has been undertaken to
evaluate the comparative life cycle costs. Whilst this analysis clearly indicates that the deployment of
BEVs has a significant positive impact on operating costs, the lack of BEVs on the local market results
in the life cycle cost of BEVs being in approximately 42% more expensive based on current cost
structures. The relative net present value (NPV) of the battery electric versus diesel bus options is
shown in Figure .

EV vs. ICE (NPV)

B BuUsS ierminail vaiue
23 m Battery Replacement
< —_— .' a Ra arameaen
L - \@ —
= A Enero
- =
(o = e e ead
- 4 1 raciines O&
e
e Bus Purchase
-:_ —a nan St

Figure 1-2: Net present value of battery electric versus diesel buses.

Figure 1-2: Net present value of battery electric versus diesel buses. indicates how the initial facility
investment is higher for electric buses but, that the operational difference between Internal
Combustion Engine buses and the Electric Vehicle buses differ annually. This graph is further
explained in detail in Section 7.5, page 46

Xi
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ICE vs. EV per Annum

45
40
35
30
25
20
15
10

Millions

R million

1 2 3 - 5 6 7 8 9 10

W EV Construction MEV Operation B EV Lease

ICE Construction m ICE Operation  m ICE Lease

Figure 1-3: EV and ICE Annual Operational Cost Profile, Lease Basis (R mill).

Environmental analysis
=2

Whilst it is quite clear that local greenhouse gas emissions are eliminated through the deployment of
Battery Electric Vehicles, their deployment relocates some of the emissions actually generated by
power generation and raises some new environmental concerns in respect of the materials used in the
batteries and their eventual disposal. Concurrently, Internal Combustion Engines buses with engines
with a EURO VI environmental rating have substantially reduced Green House Gases (GHG) and
other emissions? since the EURO | inception as a standard in 1992. These buses have very low local
greenhouse gas emissions but are, of course, still reliant on fossil fuels. In short however, the overall
environmental benefits of Battery Electric Vehicles over Internal Combustion Engines vehicles benefits
are not yet quite as definitive as might be believed, especially in South Africa where fossil fuel, mostly
coal, is the primary input for electricity generation and produces GHG far above the current global
emissions average. This has a substantial impact on the current Emissions (CO2) Per Km (EPK)
calculated if the bus fleet is charged from the Eskom grid. Perhaps surprisingly, grid tied electrical
charging generates more GHG than modern diesel bus operations. The emissions are as followed
broken down in EPK:

e Diesel EPK 1048 g/km CO:2
e Electrical EPK 1738.8 g/km CO:2
e Solar EPK 80 g/km* CO2

Solar/renewable energy charging, however, would be less GHG intensive. This has no financial
viability impact on the project as CO: is not quantified in capital on a day-to-day operational cost.

3 Diesel engine vehicles also produce Nitrous Oxides (NOx) and Particular Matter that are both extremely harmful
to health. The increasing EURO standards have significantly reduced permissible levels of these emissions,
amongst others, as well: (ICCT_Euro6-VI_briefing_jun2016)

Xii
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__ Local and international considerations
EEEN . . . . . . .
T —° Notwithstanding the foregoing concerns, it is recognised that both internationally and

locally, there is a very strong drive towards the deployment of BEVs. In South Africa,
there is a Green Paper promoting the use of “new energy” vehicles, but this has not yet been taken up
in any formal form and the reality is that South Africa is still lagging somewhat in comparison with the
international arena in this space. In this context, UCT needs to assess its appetite for being a leader in

the field, with the incumbent risks, or a preference for waiting for a more mature market environment.

Local coach builders such as Busmark (who were involved with the coach building for the BYD buses
that are in the Golden Arrow Bus Services fleet) and others that have been involved in bus building for
many years are prepared for the technology implementation. As investments in the EV sector
increases the transition from ICE to EV or FCEV vehicles is expected to be much smoother.

Alternative considerations and opportunities for UCT

There is an overall “value of going green” effect that cannot be quantified for adopting a
strategy of transitioning to an Electric Bus fleet. By not being able to financially measure these
intangibles, such as being the trend leaders in South Africa, building grounds for academic studies
and signalling intent of “going green”, these cannot form part of a financial analysis but should be
considered as strategic intent indicators and drivers for UCT going forward. The value of the
deployment of BEVs as an option under consideration at the University as part of a broader
sustainability drive should not be based on tangible cost alone but consider these intangibles as an
offset to financial considerations. This means that the value of the BEVs within the opportunities
available for other sustainability projects must be carefully considered.

' Conclusions

The study undertaken and reported here indicates that whilst there are certainly benefits to the
deployment of BEVs, the South African market is still in its infancy with no local manufacturer or even
established supplier present. This results in high initial costs and limited supporting infrastructure
being available. The financial impact is estimated to result in a significantly higher life-cycle cost to
deploy BEVs rather than ICE buses, without there being a clear-cut case for the environmental
benefits of BEVs given current electricity generation practices in the country. Based on the values
used in this study, a premium of approximately 42% could be expected for the deployment of battery
electric buses instead of diesels over the 9-year analysis period. It is recognised that many factors
could influence the relative values and so it is emphasised that these numbers are based on currently
available information

Recommendations

The study team recommends that UCT delay the deployment of a BEV fleet and rather
seeks to prolong the use of the existing ICE alternative, whilst awaiting the development of the local
market. If the existing fleet is to be replaced with new vehicles, EURO VI environmentally rated
vehicles should be given preference in any lease renewal, EURO V being the minimum acceptable
rating.

In respect of the local electric bus market, it is noted that there is some movement amongst the Metro
Municipalities operating integrated rapid public transport networks to investigate, pilot and ultimately
transition to BEVs. These cities have significantly higher fleet requirements than UCT and will thus
provide more impetus for local market development.

It is proposed that UCT allow for the market to mature prior to committing to what, at present, is
neither the most financially viable for the University nor environmentally beneficial option for the
country given the high level of CO2 production of current electricity generation mix in South Africa.
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With electrical grid and generation infrastructure spends tending to be directed towards the cleaner
technologies, it is envisaged that there will be improvements regarding the use of EVs and their
environmental impact, even if they are charged from the grid. Figure 1-4;: Schematic representation of
Business Case recommendationis a representation of the business case suggestions as discussed in
section 9 Final recommendations. This visually represents a suggested timeline as per the
aforementioned reference that allows for increasing the current lease, allowing for EV market maturity
and then gradually switching to EV buses.

3
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Experimental units provide
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: Physical and financial life
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Financing | Typical bus lease | Extended i
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’
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Figure 1-4: Schematic representation of Business Case recommendation
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The UCT Shuttle service is a Student and Staff Transport system that is a well-entrenched part of UCT
offering and is one of the most utilized* bus systems in South Africa. Aside from being an attractive
feature of the University for parents and students, this system assists in alleviating multiple, local
transport related problems, such as parking, traffic flow, residence needs and diverse campus spatial
locations.

The current provision of the UCT Shuttle service is through an in-house operating team using leased
diesel engine buses. The lease on the buses is due for renewal at the end of 2025 and, in planning for
that renewal, UCT is considering the opportunities for alternative bus technology in support of its
broader sustainability initiatives. In this regard, the UCT shuttle fleet services over 100km of route, 7
days a week, culminating in a total distance of almost 20,000 km per week and using around 50,000
litres of diesel per quarter. This level of fossil fuel usage warrants a careful look at alternative and
more sustainable, options to reduce the environmental footprint of the fleet whilst still accommodating
the transport needs of the users.

This study examines the implications of shifting from the use of diesel to battery electric buses in
terms of a variety of factors, including electric bus availability, capability, and life cycle costs along with
the infrastructure requirements necessary to support electric bus operations.

1.1 Strategic Intent

As a leading academic institution, UCT has a role to play in promoting environmental sustainability
and technological development. The University thus has a programme in place that constantly seeks
to reduce the environmental impact of the University, improve sustainability in general and self-
sustainability where appropriate. In the process this provides the backdrop for research and
development that leads to ongoing improvements on the environmental and sustainability fronts.

One of the elements in the energy footprint of the University is the UCT Shuttle service and, whilst this
is not seen as a primary element of the sustainability drive, it is nevertheless a significant and very
obvious element of that footprint. The strategic goal of relying, as far as is possible, on renewable
energy sources, low to zero atmospheric pollutant technologies and a general minimisation of negative
environmental impact means examining all components of the UCT environment, including the UCT
Shuttle service, for goal supporting opportunities.

4 Considered in terms of the daily movement patterns and levels of bus utilisation, not in terms of overall
passenger numbers or system size.



In order to evaluate the benefits of shifting from the current diesel bus operations to an alternative
such as electric buses, it is necessary to understand the operational requirements as well as the
impacts of the current system.

2.1 Current Fleet, Routes, Stops and Holding areas

2.1.1 Fleet

The fleet consist of 30 vehicles, including an adapted vehicle for disabled passengers. Three different

vehicle types are being used, as reflected in Table 2-1 and examples of which are shown in Figures

2-1 and 2-2:

Table 2-1: Current UCT Shuttle bus fleet.

Vehicle Type Number of vehicles Capacity (Passengers + Driver)
in fleet

2 41 (seated)

45 (standing)

Scania standard bus in various 3 61 (seated)

configurations - Figure 2-1 _

(EURO V environmental rating.) 15 (standing)
13 37 (seated)

45 (standing)

Volare midi-bus - Figure 2-2 9 32 (seated)
(EURO Il environmental rating) 23 (standing)

Quantum 8 14

Each bus is fitted with a monitoring system that allows its location to be constantly checked. The
buses cater for sight- and hearing-impaired users.
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Figure 2-1: Scania Bus Figure 2-2: Volare Bus

The Quantum minibus are used for irregular routes which operate on an ad hoc basis, i.e., there are
no set routes/timetables.

2.1.2 Routes
The UCT Shuttle operates on 21 routes, shown in Figure 2-3.
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Figure 2-3: UCT Shuttle Routes
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The routes operated and the timetables change depending on the academic calendar. Some of the
routes are more utilised and are subject to change. The Operations UCT Map is out of date and no
spatial mapping/shape file was available of the existing routes. Zutari mapped out the routes in
collaboration with UCT staff as seen in the graphics of Figure 2-4.
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Figure 2-4: UCT Shuttle Routes Spatial (Bing Maps)

Spatial mapping was used to established route profiles per route (as attached in Appendix D). This
was to establish both the highest instantaneous and greatest full route incline/decline that must be
accommodated by the buses.

(Some distance discrepancy in the route profile and the Spatial mapping if based on the cartesian
projection used. The projection used is EPSG :4326 — WGS 84 and the spherical difference between
the route profile model using a more rounded spheric (discounts some spatial deviation) was deemed
negligible in terms of route profile and gradient.)
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Figure 2-5: Mowbray Route

2.1.3 Stops

The UCT Shuttle service stops were provided by UCT and mapped out spatially in order to gain a
holistic spatial view on the current stops and routes

The stops per route and the stop locations are in Table 2- and Figure 2-6 respectively.
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Table 2-2: Routes and stops
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3 Sandown Y
4 Tugwell Y
5 Forest Hill Y Y
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7 Rochester Y Y
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9 Liesbeeck Y Y
10 Hiddingh Y
11 Obz Square Y Y Y |Y
12 FHS Y Y
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Figure 2-6: Bus stop locations

The following amenities are provided at busier stops, such as North and South stop:

e Pole and sign;
o Shelter;

e Seating; and

e Road markings.
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Figure 2-7: North Stop Figure 2-8: South Stop

Some stops use existing, historic bus stops (Figure 2-99) while other stops are unmarked with
limited/no facilities (Figure 2-1010).

Figure 2-9: Sandown Stop Figure 2-10: Hiddingh Stop

2.1.4 Holding Areas

Current Holding Areas

Buses are currently being held overnight at the P4 parking area on Upper Campus (shown in Figures
2-11 and 2-12 below). Drivers also stop at this location for breaks when not in use for other university
needs, break locations are then handled on ad hoc basis.
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Figure 2-11: Aerial view of P4 Figure 2-12: Buses at the existing holding area
(P4)

Future Holding Areas

UCT plans to build two new holding areas, referred to as the Forest Hill and North Stop holding areas.
The locality of these two holding areas and cut outs of the concept design drawings are shown below.
The concept design drawings are attached in Appendices B and C.

Forest Hill

The proposed new Forest Hill holding area, shown in Figure 2-13, will be able to accommodate 26
large buses. Access to the holding area will be via Broad Street and Avenue Road extension.
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Figure 2-13: Proposed Forest Hill holding area
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North Stop

The proposed holding area will be built north of the existing North stop, with buses accessing and
leaving the holding area via North Entrance Road. The aerial view of the proposed North Stop holding
area are shown in Figure 2-14.

North Stop
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Figure 2-14: North Stop holding area

2.2 Operating requirements

2.2.1 Minimum vehicle power

The power requirements for buses are based mainly on their ability to operate at sensible speeds,
including on inclines, such as encountered in the UCT operating environment. Based on work done
by a member of the team some years ago, including for the specification of the first current format
UCT Shuttle Service buses, acquired in 2004/5, and used widely since, a minimum power of 11kW per
ton gross vehicle mass is recommended.

Based on a typical standard bus having a GVM of approximately 18 tons, a minimum of a 200kW
power plant is recommended. This estimation has worked well for applications at UCT and many
other bus systems around South Africa and is deemed the basis for bus power selection.

The same basic parameters applied to the nominal 9m midi-buses used in the UCT Shuttle Service
system result in a power requirement of about 140kW

2.2.1.1 Gradeability of Route Profile

Motor vehicles generally have a gradeability value specified to give the user an indication of what
gradients the vehicle can traverse safely. This is an important factor to consider when selecting
vehicles that will be used in hilly terrain.

10
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Although there are certain norms and standards applied to road design and construction that are
generally applicable, a route profile was built of each of the UCT Shuttle service routes to establish
some sense of the extent of incline and decline. The maximum incline represents the minimum
gradeability of the buses deployed and the longest sustained incline indicates the minimum sustained
power output capability of the vehicle. The declines influence the regeneration opportunities for
electric buses.

On average the slope for the routes is graded at 4% with the downhill segments providing
regenerative braking opportunities. (Regenerative braking feeds energy back into batteries). The
steepest incline measured over a specific distance is the incline to upper campus that all buses
traverse, this is a distance of 225m with a 17m incline/decline resulting in an 8% gradient that must be
accommodated by any bus operating in the UCT environment.

» Route Profile

4% Gradient — For every 25m there is a 1m deviation
Peak Gradient — Peak Gradient in all UCT route profiles ranges to about 8%-+- (within all bus specs)

Mowbray Route Profile
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Figure 2-15: Mowbray Profile

2.2.2 Estimation of bus battery capacity

Although the motor power requirement is well understood, the amount of power used in kWh is more
difficult to assess. It is possible to carry out calculations based on the terrain, typical vehicle speeds
and loading and so on, but this is a complex and perhaps unnecessary exercise. As an approximation
for the purpose of testing the market and sensitivity to this aspect, the typical fuel consumption of
buses operating in this environment has been used instead. Based on 40 litres of diesel per 100km
average fuel consumption for a standard bus and an approximate energy conversion rate of about
3kWh per litre of diesel, we can estimate that a bus is typically using about 120kwWh per 100
kilometres travelled. Based on a first approximation of an average of 150km per day per bus, the
expectation is that the bus power system must be able to deliver no less than 180kWh between
charges, with at least 200kWh being the target usable battery capacity for each standard bus. A
battery capacity of around 140kWh is required for the midi-buses. This is proposed as the basis for a
minimum vehicle specification, noting that most market ready buses quite easily meet and often
significantly exceed these minimum values.

2.2.3 Determination of bus hours operated

Given the approximate daily power consumption of the buses, the question becomes one of how many
hours a day are available to essentially replenish the 200kWh capacity to each bus battery. For this

11
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purpose, the initial approach was to approximate the bus operating hours by looking at the driver
duties.

A very high-level review was undertaken considering the charging options and times required for a
200kWh recharge and the limited opportunities for charging. The outcome of the analysis shows that
both fast and regular charging systems could be considered based on the Bus charging technology. It
is noted that the fast-charging systems are more expensive than regular or “slow” charging systems,
but in the context of the price of a bus, are preferable to the acquisition of additional buses.

Modern smart charging technology allows a range of advantages in terms of power consumption,
charging rates and sequential charging that will allow for an autonomous charging regime once the
vehicles are present at the holding areas and connected to the infrastructure.

Based on the distances travelled and the time available for charging there is no requirement for
additional chargers that need to be installed at remote locations unless vehicles are planned to be
parked there overnight.

2.2.4 Bus market

In parallel to other work, separate research has gone into options in the electric bus market. Itis clear
from investigations, that there are electric buses that have characteristics meeting or exceeding the
requirements of the standard buses for UCT operations in terms of motor power, battery capacity,
passenger capacity and vehicle dimensions. Key in these observations is that the power and battery
capacity estimates given earlier are practical and sensible in the context of what is available
internationally. Further work is ongoing into the availability of similar vehicle specifications in South
Africa. All the above efforts have been in the context of defining the parameter ranges within which it
will be necessary to work. Having established that all parameters can be met with internationally
available buses and charging technology, further refinement of each of the parameters may be
required to avoid over or under specifying where there are options close to the approximated
parameters.

2.3 Existing Electrical Supply

The source of electrical energy to all the university campuses is from the City of Cape Town’s
electrical network. The municipal supply is derived from a mixture of sources; however, a large
component of the existing supply is derived from Eskom.

The electricity on campus is distributed mainly using a medium voltage (MV) ring network that
provides supply to the various loads at a lower usable voltage level of 400/230V. There are however
some areas that derive their supply at a low voltage supply of 400V directly from the CoCT.

From data made available, there are four feeders from the CoCT substation to the UCT intake
substation. There are a further five feeders present for sub-distribution, while a single feeder is used
for power factor correction at the MV level.

The locations proposed for the bus holding areas have possible tie in points from which supplies can
be derived for the EV charging and lighting infrastructure, each holding area is discussed further.

For the North Stop holding area, the charging electricity supply may be derived from either:
Sports Centre Substation — 500kVA installed capacity
RW James Substation — 1000 + 800 kVA installed capacities

The RW James substation is the more likely of the two substations due to its closer proximity to the
North Stop holding area.

The Forest Hill holding area is located close to the University’s hockey field, where a low voltage
supply is present from the CoCT to the University’s club house. This supply is of low capacity and is
therefore not suitable for high power charging, the requirements of which are investigated further in
this report.

12



The EV bus market is an undeveloped market in the South African context, while this technology
grows globally, its application on the African continent is significantly slower. This is due to various
factors which could include the following:
a. Initial cost of the vehicle
Electricity stability and supply
Skills and understanding of the technology
Presence of EV manufacturers or partners on the continent
Significantly low number of EVs on the roads comparable to ICE vehicles

®oo o

Despite this, there is an increasing interest in moving towards cleaner fuel sources and towards
improving climatic conditions. Local Government policies incentivising and removing barriers of entry
through tax reform and/or rebates can be a large driving force behind the adoption of cleaner, more
sustainable forms of energy and their usage and creating demand to reach the critical mass for broad
adoption.

3.1 Bus Suppliers & Models

Our local bus manufacturers have been involved with developments on EV based bus chassis, and
other cleaner more efficient technologies, however, due to the smaller market size and to maintain
their competitive advantage, this information is not easily shared. Busmark 2000 is the company that
was involved with the outfitting of the BYD chassis that were brought into South Africa as pilot units
and has experience with EV buses and the requirements of the local market.

The limitation with most European bus manufacturers is the fact that they may only supply completely
built units (CBUSs) to South Africa with the EV drivetrains. This may not meet the local content
requirements. Companies like BYD (from China) have supplied bus chassis for our local market to a
small degree of success.

Performance and operational data on the buses that are being tested for use in the Golden Arrow Bus
Services (GABS) case is not readily available. Attempts to gather information related to specification
and offering of future buses from BYD was also not very successful.

The requirements upon which the buses were specified are as follows:

Table 3-1: Standard bus application requirements

Route length (daily) 200 km

Maximum gradient 8 %

Minimum speed at which to climb the above gradient 30 km/h

Minimum sustained speed on level surfaces 60 km/h or 80km/h

Minimum passenger capacity 85 (64 seated, 21 standing)
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Details gathered from various EV bus OEMs from China and Europe give a good indication that
vehicles are available for the application at hand. At this stage the EV market in South Africa is
virtually non-existent in terms of manufacturing, and thus CBUs have been considered for the
purposes of this study. In time and with investment from both Government and Private sector this
should improve the environment and hence the costs of vehicles and associated equipment going
forward.

Details extracted from the BYD website from the American offering, the Yutong E12 vehicle proposed
by BAI and the Mellor Sigma 12 offering are as tabulated below.

Table 3-2: Standard EV Bus Technical data

Length (m) 12.3 12.17 11.975

width (m) 2.6 2.55 2.55

Height (m) 3.34 3.35 2.73

Curb weight (kg) 13099.8 - -

Gross weight (kg) 17,759.50 18,500 19,000

Passenger Capacity 84+1 44 +1* 83

Top speed (km/h) 105 100 80

Max gradeability (%) 20 17 13

Motor type Synchronous Synchronous Synchronous

Max Power (kW) 150 x 2 215 350/195

Max Torque (Nm) 550 x 2 1200 3500/1700

Battery type Lithium Iron Lithium Iron LFP
Phosphate (LFP) Phosphate (LFP)

Battery Capacity (kWh) 255 422 420

Charging capacity (DC) 110 kwW 150 kw 200 kW max

Charging time (h) 21-26 2.8 2.1 (@200kW)

* These buses were the standard City Bus offering for the European market, thus the lower passenger
capacity, however, we were assured that the numbers expected for the local conditions can be met,
should these vehicles be selected for local deployment.

From the details extracted above it is evident that buses exist with the required technical specifications
that are required for the UCT application.

Mellor was the only company that had suitable midi-buses suiting the UCT application. The Sigma 8 is
a nominal nine-meter bus with specifications as presented below. Yutong is in the process of testing a
nine-meter bus, which will only be released in 2024. For the purposes of this study only the Mellor
Sigma 8 bus was considered.
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Table 3-3: Midi EV Bus Technical data

Length (m) 8.725
Width (m) 2.35
Height (m) 3.1

Curb weight (kg) -

Gross weight (kg) 13,000

Passenger capacity Up to 54 passengers
Top speed (km/h) 78

Max gradeability (%) 20

Motor type Synchronous

Max Power (kW) 150/80

Max Torque (Nm) 650/ 230

Battery type LFP

Battery Capacity (kwWh) 210
Charging capacity (DC) 150 kW max
Charging time (h) 1.5- 1.8 (@150kW)

While EV buses, like conventional buses, can be ordered to customer specification, manufacturing
time delays are expected with custom made vehicles. In most cases order quantities will justify the
need to manufacture a custom-made vehicle. For this reason, small fleet owners generally order
standard production models.

Customisations in terms of vehicles and drivetrain options will tend to increase the manufacturing time
and are subject delays unless there are similar specifications that may be required by other users to
make it feasible for the OEM to adjust their manufacturing processes.

Most manufacturers have a minimum order quantity that needs to be met before orders can be placed.
This normally restricts smaller fleet owners to manufacturers that are willing to meet the smaller
numbers. It is generally preferable if standard vehicles can be purchased in these instances.

3.2 Current Technology (EV Buses)

Standard production EV buses are available with various specifications from various manufacturers.
While some manufacturers claim to offer a customised approach, this will generally require a large
order to make the customisation feasible for the OEM to include on their production line.

With the relatively small number of buses that are required for the UCT fleet, the buses sourced may
have to be from a mass-produced typical supply that is used in the mass market

3.2.1 Batteries for buses

BEV buses make use of Lithium based battery technology, with Lithium-lron-Phosphate (LFP)
batteries being the most popular technology at present. Bus manufacturers purchase batteries from
reputable manufacturers and generally warrant the batteries for the lifespan of the bus.
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Batteries are made up from raw materials that are sourced from various producers. There is a drive
from the more established OEMs to manufacture or get involved in the manufacturing process of
batteries from the early stages. This has seen OEMs getting involved in the purchasing process and in
some cases purchasing raw materials directly from the producers. This is generally done to ensure
that the materials used in the battery manufacturing process is responsibly sourced.

The four major raw materials associated with EV battery manufacturing are Copper, Lithium, Cobalt
and Nickel. In most cases these resources are present in abundance globally. The biggest concern is
however the sustainability and ethical sourcing of the materials.

Copper reserves are available in abundance in the South American regions, with Chile having enough
copper reserves that can be mined at the present rate for another hundred years. Other abundantly
available materials include Aluminium, which can be used as an alternative to copper. Should this
need arise, alternatives are available.

Lithium is also available at large scales at present; however, production is not scaled to the expected
levels. The majority of the lithium reserves are present in South America and Australia. Over the past
few years Australia has been the largest producer of Lithium, with most of the material being bought
up by China for their battery production.

Cobalt is one of the most contentious materials that is used for battery production. This is not due to
the unavailability, but rather due to human-rights abuses in the DRC associated with the mining of the
materials. Cobalt reserves are present in countries like Russia and Australia, while China also has
local reserves available.

Presently, with the DRC accounting for 70% of global production, the question of human-rights and
sustainability are brought to the forefront. China leads the way for refined cobalt production at 70% of
global supply. Materials used by the Chinese manufacturers are usually sourced from mines in the
DRC. However, other large vehicle manufacturers have already gone ahead with agreements with
alternative suppliers to ensure that materials are sourced responsibly.

Nickel is another material that is required for EV battery manufacturing. There seem to be sufficient
reserves available with the largest reserves shared between Australia and Indonesia. There are
various reserves present in other parts of the world that could be sourced for EV battery
manufacturing.

3.2.2 Battery disposal

Most EV batteries including bus batteries reach the end of lifespan when the ability of the battery to
retain 70-80% capacity can no longer be sustained. This impacts the range capability of the vehicle
and is therefore replaced at this stage. With improvements in battery technology, there is an
expectation that some batteries may last the lifetime of the bus.

EV batteries can then enter a second life stage providing an opportunity for the batteries to be
repurposed or remanufactured for further use. Only when the batteries are no longer feasible for any
other application are they recycled to the extent possible given prevailing technologies.

As the market matures, and a significant percentage of batteries become available, the developing
markets will also mature and so will the recycling processes.

Reuse is one of the focus areas considering the need for energy storage with the transition to
renewable resources. However, when the battery can no longer be reused, recycling and disposal
become the only options available.
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Figure 3-1: EV battery afterlife

Due to the current under-developed state of the EV market in South Africa, supporting industries are
still to be developed. It is envisaged that as adoption of EVs increases, further development of
supporting markets will also increase. The recycling and repurposing markets are however still at an
early stage of development in countries that have already begun the EV transition as the first lithium
EV batteries deployed are only how coming to the end of their useful life in any quantities. As the
sector matures and the required R&D completed, a standardised approach can be implemented.

Presently the dumping of LIBs into landfill sites in South Africa is banned and there is a drive from the
Department of Forestry, Fisheries and Environmental Affairs for economic opportunities to be pursued
with the recycling of these items.

Inputs are required from the producers of the batteries to setup procedures, processes and resources
to implement the measures at the post-consumer stage. These are linked to the collection, storage
and transportation of products, recycling, recovery and treatment, thus putting onus on the battery
manufacturer to supply a viable disposal route for consumers. The aim is to divert waste from landfill
sites, increasing the recycling rate to achieve the objectives of the National Waste Management
Strategy.

While no mention of EV batteries is made, the majority of EV batteries being lithium based will also fall
under the above rules for disposal. It is envisaged that as the EV market matures in SA the LIB
recycling industry will become more established. Presently there are no end-of-life EV LIBs that have
joined recycling value chain. Implementation of the extended producer responsibility (EPR) regulations
are set to transform the local LIB recycling industry.

The current recycling method that is presently employed is hydrometallurgy, which makes use of
agueous chemistry to recover metals from ores, concentrates and recycled residual materials.
Products obtained from lithium-ion battery recycling include cobalt, nickel and copper. Most of the
other materials are destroyed due to the high temperatures associated with the process.

At the end of the process, toxic gases and waste products need to be recaptured and disposed of in a
responsible manner. It is noted that any lithium recovered from the process cannot be reused at this
stage.

The recycling technology implemented at present is however not advanced enough for efficient
recovery of materials. Research and development is being undertaken by various facilities to improve
upon the recycling process.

Positives are, however, that there are various experimental battery technologies for storage and EV
applications, both of which will benefit the drive towards reduction of GHG emissions. As battery
energy density improves, smaller EV batteries can be used, and the impact on the environment should
also be reduced.
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3.3 Current Charging Technology

EV Chargers are critical for the charging of the EV bus batteries. There is a move internationally to
move to a more standardised charging plug configuration and most EVs are being released with CCS
type 2 charging ports.

There is a trend towards using DC fast chargers for fleets and vehicles which are used for longer
distance operations. This comes with the advantage of shorter charging times and hence higher
vehicle availability.

It is noted that charging of EVs is generally controlled within the limits that are set on the EV by the
OEM. This will consider safety factors as well as longevity of the battery. When choosing a bus, the
charging technology capability will be key to deciding on charging strategies and infrastructure
requirements.

3.4 Charger types

Two types of chargers are available based on the supply that is provided to the vehicle. AC charging
stations provide an AC supply to the vehicle and relying on on-vehicle charging equipment with limited
charging capacity. DC charging stations provide a DC supply to the vehicle, facilitating significantly
higher charging rates. For the purposes of this study, DC fast chargers were considered as the
technology of choice for fleet applications.

3.4.1 Charger OEMs

EV Chargers from three suppliers were considered for the feasibility study. These included units from
Schneider Electric, Siemens and ABB.

3.4.1.1 Schneider Electric

Schneider electric is presently only supplying AC chargers to the local market as their new range of
DC chargers will only become available in 2023. The AC chargers are generally for domestic use and
in some cases for public access charge points, however power outputs are limited between 7.4 — 22
kW. These are generally Mode 2 and 3 chargers.

These chargers are not fit for UCT bus fleet purposes and were not considered further for this study.

3.4.1.2 Siemens

Siemens has a range of chargers available in their portfolio. The holding area layout concept was
based on using the Siemens Sicharge UC charging centre with the 5 charging dispensers that can be
connected to the charging centre.

This unit is capable of being upgraded using modules. Cable lengths of up to 10m are available. The
dispensers with air cooled cables were selected as charging power of 150 kW is available from these
units, with a peak power of 200 kW.

The charging dispensers have a small footprint of 600 x 300 mm, and only weigh 95 kg. A 10m cable
length is available from the dispenser and is suitable for applications where long cables are required.
The CCS type 2 socket connection standard is suitable for use with buses from Europe or China.

User authentication using RFID is an option if required. PLC communications standards allows this
unit to integrate into the electrical infrastructure with ease. Network connection using Ethernet
interfaces or mobile network connectivity is possible.
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These units have been on back order and are not available for pricing for this period. There seem to
be delays with components at this stage. These charging stations will become more available as

adequate components become available again.

Unit considered:

Table 3-4: Sicharge UC 400 (kW), with air cooled cables

Supply required:
Nominal current:
Power Factor:

Peak power output:
Rated Power output:
Voltage output range:
Efficiency at full load:

Charging station Weight:

Charging Station dimensions:

Charging standards:
Dispenser Weight:
Dispenser footprint:
Communication std:
Number of dispensers:
Authentication:

Cable lengths:

Outlet option:

Ingress protection:

Impact protection:

400 V AC (3ph + E)

456 A

0.98

400 kW @ 1000 V DC

300 kW

10 ... 1000 V DC

>96%

2780 kg

1526(W) x 1109 (D) x 2000 mm (H)
IEC61851-1/23/24,1S015118 (DIN70121)
95 kg for floor mounting

600 (W) x 300 mm (D)

PLC

up to 5 units for sequential charging
PIN (RFID optional)

10 m maximum for air cooled cables
CCS Type 2

IP54

IK10

Cloud based service packages are available for monitoring and analysis. Firmware updates are

delivered remotely.

3.4.1.2.1 Installation requirements

The DC cable between the charging unit and the dispenser can be installed underground or above
ground. Shielded cable is recommended when routing the cable above ground to reduce

electromagnetic interference.

Electrical Protection provided includes the following:

Overvoltage protection
Overload protection

Insulation monitoring since the EV has to be grounded during the charging process.
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Table 3-5: Cable data for ground installation

Main power 400V AC
supply

Charging station — 750V DC
Dispenser

Charging station — Earthing
Dispenser

Charging station — 230V AC
Dispenser auxiliary supply

Charging station — Communication
Dispenser

3.4.2 ABB

2 x 4c x 95 mm?

2x1c x 70 mm?2
(per-pole +/-)

1 x 1c x 35mm?

1 x 3¢ x 2.5mm?

RJ45 CAT 6 (TP)
FO 50/125, OM4, 4fib

0.6/1.0kV
Cu/XLPE/AWA/PVC

0.6/1.0kV
Cu/XLPE/AWA/PVC

Cu/ PVC (Y/G)

0.3/0.5 kv, Cu/PVC

LIYCY (TP)

Internationally, ABB is one of the largest EV charger manufacturers. They have various solutions that
are available from home charging units to fleet charging units with varying output capacities. The units
that are suitable for fast, fleet charging were investigated as part of this study.

The Terra 360 EV DC Fast charger is a modular charging station that can be ordered with lower power
value of 90 kW and upgraded as required in 30 kW steps using available modules. It can serve up to 4
vehicles at the same time, however the cable reach is limited to 5 m, as these are generally used for

public charging of EVs.

20



Business Case for the deployment of BEVs on the UCT Shuttle service

Table 3-6: Technical data Terra 360 DCFC
Supply required: 400 V AC (3ph + E)

Nominal current:

Power Factor: >0.96 @ full load

Peak power output: 90 - 360 kW upgradeable in 30 kW steps

Rated Power output: 360 kwW

Voltage output range: 150 ... 920V DC
Efficiency at full load: >95% peak
Standby power 80W

Charging station Weight: 700 kg

Charging Station dimensions: 720 (W) x 710 (D) x 2200 mm (H)

Charging standards: IEC61851-1, -21-2, -23, 24,

IEC 62196-2, -3, IEC 61000, ISO 15118 ready

Communication std:
Connectivity

Number of ports:

Authentication:

Cable lengths:

Outlet option:
Ingress protection:

Impact protection:

OCPP 1.6j +
Mobile network modem, RJ45 Ethernet

4 for shared charging, else single charging up to
180 kw

RFID, App, PIN code, ISO 15118 using vehicle
authentication

5m or 7 m, with retractable cable management as
an option

CCS Type 2
IP54
IK10 (Cabinet), IK8 (touch screen)

3.5 Economic Benefit in the Market (Not UCT specific)

Noting that the capital cost of acquiring electric vehicles in general is relatively high at this stage in the
technology life cycle and that thus, the economic benefit may not be seen for some time, nevertheless,
the reduction in operating and maintenance costs should, over sufficient time, outweigh the additional
capital cost while also providing, in the appropriate environment a reduction in GHGs. As the market
matures, the expectation is that vehicle prices will drop relative to older technologies, improving the
relative benefit of the EV vehicle.

The greatest benefit of using EVs in comparison with ICE powered vehicles can be achieved when
charging of the vehicle is carried out from a renewable/ sustainable energy source.

At the present fuel and electrical energy costs it is evident that EV powered vehicles could provide a
benefit of up to 77% in terms of fuel costs. Further benefits include the lower maintenance
requirements of EVs in comparison with ICE vehicles.

The regular servicing and maintenance required by ICE powered vehicles is significantly reduced in
EVs and the minor maintenance requirements for EVs will cost considerably less and should result in
much lower downtime of vehicles.
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The green paper, (Auto Green paper on the advancement of new energy vehicles in South Africa
(44606), was published on 21 May 2021 to establish a foundation for the long-term strategy for EV

and component manufacturing. The strategy is complemented by the focus on increasing competition

in the global race to transition to EVs.

4.1 Goals Of the Green Paper

The stated goal of the policy proposed in the Green Paper is:®

1.

The creation of a high-yielding business environment, including an appropriate fiscal and
regulatory framework, that makes South Africa a leading and a highly competitive location, not
only within the African continent but globally, for electric vehicle production.

Support and investment in the expansion and development of new and existing manufacturing
plants to support the production of new energy vehicles and components within South Africa and
to grow the level of employment in the sector.

Development and investment in new energy vehicle component technology and expansion of the
fledgling electric supply chain, by increasing support and investment in a set of unique NEV
components.

Reinvestment and support towards reskilling and upskilling of the workforce to ensure the right
skills are available for the design, engineering and manufacturing of electric vehicles and related
components and systems.

Transition of South Africa towards cleaner fuel technologies available globally [CleanFuels2];

Adoption of new and sustainable manufacturing processes to significantly reduce greenhouse gas

emissions and improve our environmental wealth.

Ensuring that Research and Development [R&D] investment is strategically targeted at activities
that are likely to give South Africa a competitive advantage

5 (AUTO GREEN PAPER ON THE ADVANCEMENT OF NEW ENERGY VEHICLES IN SOUTH AFRICA (Gazette 44606),
2021)
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Figure 4-1: Government Goals with Green Paper

4.2 Key Extracts for UCT

The green paper covers a lot of aspects to consider in the process of mapping out this new technology
in South Africa, and although it has not been approved to date (2022) the following are key extracts to
focus on.

4.2.1 Using Tax reforms to support industrial policy ambitions

The Governments main intention is to use tax reforms to support industrial policy ambitions. Industry
has set out a compelling business case to present before the National Treasury to stimulate greater
domestic demand for vehicles in South Africa, by reducing the Ad Valorem duty as well as to address
the fringe benefits on vehicles for employees of automotive companies. A standard rate per kwh could
be used [e.g., the industry suggests an average rate of 2020 of 137$/kWh] to reduce the price of an
EV in aligning it to be closer to the price of an ICE vehicle for a period of say five years in stimulating
market demand for EVs. Government has noted the need to synchronise such reforms with active
localisation of production. In this way, the Ad Valorem tax could be used as the instrument to tackle
the demand side. This must be balanced with the need for Treasury to maintain a targeted tax
collection from the Ad Valorum tax, which may require a restructuring of the tax, with one option to be
considered of lower taxes on EV’s balanced against higher tax levels for luxury vehicles over a certain
price.

4.2.2 Local Manufacturing

Local manufacturing will be a key pillar in gaining a foothold on the Electric Vehicle value chain and
ensuring South Africa’s role as a local, and international exporter, focusing especially on the battery
manufacturing. Eight percent of South Africa’s GDP is based on vehicle manufacturing of which 2/31
is for export, and to not loose position or regress in GPD growth, South Africa must take hold of
certain aspects of the EV value chain in manufacturing. The government aims to do this is enhancing
some of the current manufacturing policy as well as introducing new policy options, like reducing
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duties, determining value of VALA (Volume Assembly Localisation Allowance) credits and overall
sunset clauses that would help stimulate growth till critical mass adoption is generated and a measure
of parity with ICE is reached.

Some of the key point is mapped in Figure 4-2: UCT Extract Simplified

Government Response - Key Points

Insight
Publshed 19 May 07! No clearly Locking af stimulating
was 1o be submitied defined regulations local market demand Would mean possibly
cggir?e?::)gnegijg?gfggrz in terms, as status of by reducing Ad Valorem restructuring motor
- in limb T iod of fi i
still has not been submitted paperin imbo ax over period of fime industry tax
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global trend. not on procurement of time(5 Years)

Figure 4-2: UCT Extract Simplified
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5.1 Infrastructure

While most civil infrastructure is being addressed prior to the inception of an EV bus project at UCT,
provision is being made for the installation of the required electrical infrastructure going forward. The
eventual transition to EV buses is relatively certain and planning for this is vital to prevent additional
rework in the future. This part of the report identifies the electrical infrastructure that is required for the
transition to EV buses.

5.1.1 Location

The two holding areas identified are listed in this section with electrical installation details outlined. A
conceptual design for the infrastructure is present in section 5.1.2.

5.1.1.1 North Stop

The North stop holding area will house the midi-buses which are used on a more frequent basis.

For the North Stop holding area, the supply ring may be derived from one of the following existing
substations:

> Sports Centre Substation — 500kVA installed capacity
> RW James Substation — 1000 + 800 kVA installed capacities

It is envisaged that a maximum of 10 Midi buses will be provided for at the North Stop. This will
therefore require a capacity of 800kVA for the supply to the EV charging station and dispensers.

The RW James substation is closer to the location and could possibly be the choice for the tie in for
the electrical supply for the EV charging infrastructure. The SLD overview shown below gives an idea
as to what is required for this part of the network.
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Figure 5-1: North stop electrical SLD overview

It is further noted that standard buses can also be parked at the North Stop holding area. Should there
be need to charge the larger buses at this location, it is possible to do so, considering that similar DC
Fast chargers can be used for both locations for the midi-buses and standard buses.

5.1.1.2 Forest Hill

The proposed Forest Hill holding area presently has a LV supply from the CoCT. This supply is
provided to the club house near the hockey field at a voltage level of 400V.

It is envisaged that four large capacity charging stations with dispensing stations will be installed at
this location. This requires a power supply with the capacity of 1600 kVA will for the charging of 20
standard EV buses. A sequential charging philosophy will be used to ensure that peak power
demands are not exceeded.

A high capacity MV supply point will have to be provided for the purpose of this project. From site
investigations by the UCT team, there is a CoCT MV Substation close to the location. Plans for an
additional MV supply point will have to be discussed going forward. The final sizing of the mini
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substation will have to consider the supplies to the hockey field and club house. The final supply will
therefore become an MV rated supply from the CoCT.

The figure below outlines the expected layout of the electrical infrastructure required for the charging
of the buses at the Forest Hill holding area.
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Figure 5-2: Forest Hill electrical SLD overview

5.1.2 Conceptual Design

Electrical supply will be provided from the ring network that is present on campus as far as possible.
To ensure that bus availability is maintained, it is essential that a back-up power source is available for
the charging of buses should power supply not be available from the electrical grid.

The charging stations will require a three-phase 400V supply per charging station, and a 230V
auxiliary supply for auxiliary services. Due to the number of vehicles that will need to be charged at the
higher power outputs, a high-capacity supply is required.

This will be derived from the MV supply that will be used to transform the power to a usable voltage
level. The LV power will then be distributed via suitably rated LV distribution switchgear that will be
installed within an existing substation building (should there be space) or new LV substation buildings.
An alternative could be new containerised substation solutions that can be installed in a suitable
location on campus.
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Both holding areas will require the following additional infrastructure:

MV/ LV transformer or Mini-substation.

LV Substation with distribution for EV Chargers and lighting loads.

A substation building or containerised substation solution.

A generator for backup power

Charging stations located near the substation

Dispensing stations located at the holding areas

Cable distribution system for the power to the dispensing stations
Security fencing for access control to Substations and/ or holding area

5.1.3 Associated risks

Additional costs outside the scope UCT associated with backup power that may be operated on an
infrequent basis will have equipment procured for low cycle use. It would be beneficial if the added
infrastructure can be included into a network that can be used to supply other building loads when
required during power outages during campus hours.

5.2 Charging System

A charging system that incorporates a modular approach in terms of power output modules is
recommended for the fleet charging. Equipment with small footprints that can be installed around the
vehicle would be advantageous in terms of space usage as far as possible.

There must be some level of redundancy included in the system to ensure that the availability of the
fleet is not compromised in the event of equipment downtime. This can be achieved by oversizing the
charging stations to allow for additional load to be taken up and by duplicating equipment so that there
are sufficient ports available for EVs to be connected to the charging source when required.

5.2.1 System Concept Design

A smart charging concept that can schedule charging in a manner that will allow for
sequential charging of vehicles is recommended. This will allow for the vehicles to be
parked and connected with a charging dispenser, while the charger carries out the
charging in a smart manner.

EVs generally restrict the amount of power that can be absorbed based on internal equipment ratings
that are determined by the OEM. This therefore defines the maximum charge rate that the EV can
absorb. On most EV buses this rate is between 100 — 200 kW.

The chargers selected can be used for both midi and standard buses. The charging rates will be
determined by the vehicle and the strategy that needs to be implemented considering the constraints
of the electrical installation and UCT’s electrical consumption limits.

5.2.2 Charging Plan

Although there is some charging time available during the day off-peak period for topping
up the batteries, the charging plan considered allows for all buses to be charged during
the night-time hours when the vehicles are not in use and other electricity demand is low.
This allows for a period of 8 hours that will allow the batteries to be replenished. As buses
are returned to the holding area the drive shall connect them up to a charging dispenser as shown in
Figure 5-3. This graph shows the bus availability for charging against the electricity tariff structure with
the green line reflecting potential daytime charging.
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Figure 5-3: Standard Bus Charging Strategy

When the scheduled charging time is reached, the charging will begin at the pre-programmed rates.
This will allow for the management of load currents and time of use to ensure that peak demands are
not exceeded. Managed charging infrastructure is important for load management especially in cases
where power is required for other critical areas or peak demand capacities are to be managed.

This charging strategy, as seen in section 7.3 is also vital in terms of costing as it starts influencing the
Time of Use tariffs in City of Cape Town.

5.2.3 Associated risks

With the electronic components and logistics value chains being affected by the Covid

pandemic, the electronics manufacturing sector have been affected such that there are
currently delays in getting equipment manufactured. There is an expectation that the challenges will
be overcome, and that equipment availability will be improved. With many western countries
increasing the speed of transition to EVs, EV related infrastructure equipment has become a demand
item.

Stand-alone EV chargers are generally more accessible than higher end smart charging
@ equipment. These units may not, however, meet all the requirements of smart charging.
A@




This chapter sets out the Business Case considerations with the financial breakdown in Chapter 77.

6.1 Business needs

The University has the fundamental “business need” to facilitate student and staff access to its
campuses and residences. This need has been addressed through the provision of the UCT Student
and Staff Transport Service. Leading from this fundamental business need and the operating model
used for providing the UCT Shuttle Service, the lease renewal for the bus fleet is a “business need”
that has come to the fore as the current lease period approaches its end. In addressing this need,
other UCT initiatives are taken into account that led to the consideration of so called “green
technologies” as an alternative to the current diesel bus fleet. Although other technologies do exist, EV
buses were selected, by UCT, as the most practical option for consideration in the current
environment.

6.2 Benefits

The use of electric buses eliminates the local production of various harmful emissions and some level
of noise pollution associated with diesel engines. Even though much of South Africa’s power is
generated from fossil fuel sources, the production of electricity can result in more efficient and cleaner
use of the fuel. It does need to be kept in mind of course, that modern diesel technology, in the form of
EURO VI environmentally rated diesels are very significantly cleaner than older diesel technologies,
but these can also be more expensive to maintain. UCT presently operates EURO V standard buses
and EURO Il midi-buses. Comparative emissions requirements are reflected in Table 6-1.

Table 6-1: Comparative environmental requirements for EURO | through VI heavy duty diesel engines.

Euro | 1992, =85 kW ECE R-49 4.5 1.1 8.0 0.612
1992, > 85 kW 4.5 1.1 8.0 0.36
Euro Il 1996.10 4.0 11 7.0 0.25
1998.10 4.0 11 7.0 0.15
Eurolll  7999.10 EEV only ESC & ELR 1.5 0.25 2.0 0.02 0.15
2000.10 2.1 0.66 5.0 0.104 0.8
Euro IV~ 2005.10 1.5 0.46 3.5 0.02 0.5
EuroV ~ 2008.10 1.5 0.46 2.0 0.02 0.5
EuroVl  2013.01 WHSC 1.5 0.13 0.40 0.01 8.0x10"

a pPM = 0.13 g/kWh for engines < 0.75 dm3 swept volume per cylinder and a rated power speed > 3000 min-!
Source: Emission Standards: Europe: Heavy-Duty Truck and Bus Engines (dieselnet.com)
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Although the EURO VI technology has made very significant inroads into the problems, one of the
major benefits of moving away from diesel is the elimination of the NOx and particulate pollution
associated with these vehicles. The particulate matter is of significant concern in respect or its health
implications. Many studies have been undertaken and reported on this problem, for example the
United States Department of Labour, Occupational Health and Safety Administration,
(https://www.osha.gov/diesel-exhaust) reports:

“Diesel exhaust is a mixture of gases and particulates produced during the combustion of diesel
fuel. The very small particles are known as diesel particulate matter (DPM), which consists
primarily of solid elemental carbon (EC) cores with organic carbon (OC) compounds adhered to
the surfaces. The organic carbon includes polyaromatic hydrocarbons (PAH), some of which
cause cancer when tested in animals. Workers exposed to diesel exhaust face the risk of health
effects ranging from irritation of the eyes and nose, headaches and nausea, to respiratory
disease and lung cancer.”

Emission from stationary power plant is more easily cleaned of these harmful pollutants thus making
electric vehicles a theoretically cleaner option in this respect. In South Africa, electricity generation
emissions control is limited, and present information suggests that EURO V and VI diesel engine
buses remain a cleaner option that grid charge EVs. (The use of coal and diesel in ESKOM power
plant incur similar environmental costs to the acquisition of diesel for vehicles.)

The above-mentioned emissions factor aside, transition to electric buses provides an opportunity to
start using locally generated renewable energy to power the buses, essentially moving away from all
forms of fossil fuel. To a limited extent, this can extend to independence from external power, be that
direct use of fossil fuel or electricity from the national grid.

An outcome of following the electric bus transition path is that it allows the university to further explore
the impact of this technology through academic programs using local data. As an early adopter of the
technology, the University can provide a basis for studies of this technology in action and establish a
leading position in this field.

6.3 EV Barriers to entry

Electric vehicles hold many promises, from reducing dependence on fossil fuels and lower
maintenance requirements to decreasing greenhouse gas emissions. There are however some
barriers to the transition from ICE vehicles to EVs. We will look through the topics to identify the
perceptions behind each of the topics below and their relevance to the study.

6.3.1 Range anxiety

Early EVs introduced the concept of “range-anxiety”. While this is applicable to personal transport,
with public transport, the expected operation of vehicles is more structured. This allows for a managed
approach for distances to be travelled and planning for downtime when the vehicles can be recharged
for the next shift.

With improved battery charging and battery technologies, range is much less of a concern. The
introduction of DC fast chargers allows one to recharge the battery to 80% capacity in a short period of
time (usually a mattery of minutes on passenger EVs, while slightly more on larger applications).

With the technology that is available, range anxiety is therefore not a phenomenon that needs to
concern the application of EV buses due to the structure and planning that will be in place for the
application.
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6.3.2 EV batteries

EV batteries are a topic that garners much discussion in the world today, for amongst other reasons,
due to the perceived human rights abuses® and effects that are associated with environmental
concerns. While many similar minerals are mined for existing fossil fuel refinement processes, these
minerals attract a negative association when applied to batteries.

The battery manufacturing processes and chemistries have undergone refinement over the years, and
continue to be improved. With ongoing research and development, this process is addressing the
source of minerals, some of which are quite limited resources, as well as the disposal at the end of
life.

As part of reducing emissions, reuse plays a major role that can extend the usable life of batteries.
Battery recycling is being addressed at various levels. From private to grid connected storage
solutions that will assist the renewable energy transition, used EV batteries have a potential to be
reused beyond the EV application. Energy storage is a field that is growing rapidly and a second life
option for batteries will result in reduced mining and other processes in the long run.

6.3.3 Battery Safety

There have been reports where EVs have come into the spotlight for catching fire while charging. The
main culprit in most of these applications has been the battery through their chemistry and behaviour
under charge and possibly high load conditions.

While battery management systems have improved and are able to monitor batteries more efficiently
down to the cell level today, various advances in battery technologies have also reduced the risks.
The use of Lithium-Iron-Phosphate (LFP) batteries have shown a considerable improvement in
stability during the charging process and its ability to withstand overcharging. Overcharging tended to
be the main culprit for older EV fires.

To further improve safety, some EV Bus OEMs have fire suppression systems and other safety and
monitoring systems installed on their vehicles. This helps to shut the vehicle down and alert the users
of any unsafe conditions that may arise.

6.3.4 Charging times

In the passenger EV world, charging time is still seen as a negative characteristic of EVs. Similarly, in
fleet operations it is essential that there is a high availability of the fleet, and charging time is also of a
major concern.

Improvements have been made in terms of charging technologies from the days of slow, low power
charging to modern, high power fast chargers. The chargers today address various factors that are
essential to the operation of a fleet, as well as other operations that require the use of electric power
as in UCT’s case.

There is a need for faster charging times, however this must be managed within the constraints of the
power capacity that is available. In many cases higher power capacities are required for fleet charging
applications than would otherwise be required. The peak electricity demands have to be monitored
and managed to ensure that loading is limited during peak demand periods, while managing loads not
to create new peaks during operation.

Modern charging technologies allow for these features to be incorporated within fleet charging
infrastructure that make use of DC fast chargers (DCFCs). This has become the trend for fleet
applications, where DCFCs are the solution that most large vehicle (Bus and Truck) manufacturers are

6 It is not a matter researched in this study, but there is considerable reference in the media to the use of child
labour, in dangerous conditions, for the mining of some of the battery materials in countries like the Democratic
Republic of the Congo.
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implementing, this combined with smart charging can alleviate many concerns regarding EV charging
times.

6.3.5 Electricity grid impact

The inclusion of EVs in general increases the load on the current electrical grid at UCT. From a
passenger transport perspective, large vehicles require higher power chargers for replenishing their
high-capacity batteries. When compounded with the number of vehicles in a fleet, the electrical power
consumption increases drastically to levels where historic peak power demands can be exceeded
should the charging not be managed.

Unmanaged charging could lead to increased costs during peak power usage periods and could also
result in grid stability issues. Increased investment in additional infrastructure for power distribution
may have to be carried out by utilities to ensure that equipment present is not overloaded during
operation. This will require close collaboration between the fleet owners and the utilities.

Fleet owners will also need to invest in local electricity distribution infrastructure to supply the charging
stations. Generally, grid connection points to the electricity grid will increase from kilowatts to
hundreds of kilowatts or even megawatt scales. This needs to be managed between the utility, such
as City of Cape Town and the charging infrastructure owner to determine what grid impact studies
would be required and to what detail, to minimize any downstream negative impact on the utility grid.

6.3.6 Repair & Maintenance workshops

With ICE buses maintenance and repair is readily accessible as it is a mature market and the
technology is understood more widely and, in most cases, supported by the OEMs. There is greater
understanding of the technology and Fleet owners usually have in house support with OEM or other
specialist support being easily accessed.

EV technology is much newer and skilled service providers will need to develop. Most EV Bus OEMs
do not have a South African facility, thus support in the event of break downs could become a
challenge until the market matures. In the interim however, most OEMs include training as part of the
offer to provide the user with necessary skills for the operation and maintenance of the vehicles.

Since UCT is not a fleet operator and does not have these skills available in their operations, an
external service provider will be required. This could be a risk, as presently there aren’t many skilled
service providers available to execute the required services.

This will require investment into the development of skills to work on the EV buses for the UCT
operations. The University will have to determine whether this will be fit for its purpose of transition at
this stage. These discussions will have to be had with the OEM when the project implementation is
planned, as the present environment has minimal support for the technology.
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6.4 Swot Analysis of transition to BEVs

Understanding the possible internal and external advantages and disadvantages is needed to make a
more informed analysis of the business case. Having a holistic view on what opportunities and
challenges UCT would face in acquiring an electric bus fleet is thus vital.
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Figure 6-1: Swot Analysis

6.4.1 Strength (Internal factor and Helpful)

Innovation Leader — UCT is one of the leading academic institutions in South Africa, Africa and
globally. This Status is maintained through innovative projects of the University being at the
forefront of global trends such as the adoption of EV vehicles globally. Academic research can
be used to further develop the market.

Operational Cost Reduction — There is a significant reduction in day-to-day cost due to the
lower TOU electric tariffs and the cost of diesel per litre. This is a large reduction on operational
cost for UCT as the current diesel buses consume almost 50000 litres of diesel per quarter.
Electric vehicles have a lot fewer moving parts, which significantly reduces the service and
maintenance cost of the vehicles although they are not without maintenance requirements.
Global Trend — Electric Vehicles are on the rise across the globe and with an emphasis placed
on mass transportation and carbon reduction, numerous bus fleets are transitioning to cleaner
electric vehicles.
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Dependency on fossil fuel - Moving away from fossil fuel will help reduce UCT reliance on finite
resource which is highly dependable on external global factors. This does caveat though in the
means that the EV is charged, referring to Eskom reliance on “dirty power” or more sustainable
renewable energy.

Over 16.5 million electric cars were on the road in 2021, a tripling in just three years

Global electric car stock, 2010-2021
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Figure 6-2: Global Trend EV’

6.4.2 Weakness (Internal factor and Harmful)

Few bus suppliers — Currently all bus suppliers are international stakeholders as no part of the
South African market is part of the value chain. These means that there are few bus suppliers to
choose from that increase cost and dependency limiting the ability to shop around

Large CAPEX expenditure — Due to international market being only suppliers UCT will be
subjected to import cost and tariffs. This makes it the capital expenditure quite large.

Reduces resources for other Renewable Projects — UCT has other renewable energy projects
running and by investing large capital cost into a single project might harm funding for other
renewable energy projects like load reduction strategies and PV solar and storage capabilities.
Need to Upgrade Electricity Infrastructure — There might be the need to for electrical
infrastructure upgrading at the new Foresthill holding area to be able to handle the charging
load for the buses during the charging period.

Grid Tied — The charging will be grid tie and with the current electricity challenges in South
Africa, electrical redundancy should be supplied by UCT in order to ensure that service could be
delivered independently of the external electricity supply if necessary.

Grid Tied — The expectation of grid tied charging for the BEV’s, fed from the Municpal/Eksom
grid, the energy genration mix currently in South Africa means that the emission in terms of
CO2 is higher to generate the needed energy to charge the buses than the tail pipe CO2
emisissions from the diesel buses.

Investment in appropriate skills development may be needed for adoption of BEV technology.
Changes in operating procedures and disruption of current processes will require user buy in.

7 (Global EV Outlook 2022 - Securing supplies for rictric Futire, 2022)
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6.4.3 Opportunity (External and Helpful)

Academic studies — Having an electric fleet would help UCT build academic case studies on the
use and impact of electric fleets. This can be in the any or all of the technical, environmental,
social and governance arenas. Such an opportunitiy can promote further development with UCT
academic and operational aspects overlapping.

Student pull factor (Internal Dependant) — Having a fully operational and safe service that can
operate on social and sustainable manner is a pull factor to potential students. The current fleet
is highly utilised and provides students and staff with safe reliable transport for most of their
day-to-day travel needs, alleviating parking, traffic congestion and need for single passenger
vehicles. A battery electric fleet may add to the “attractiveness” on the basis of the novelty
factor at this stage of the technology life-cycle in South Africa.

Reducing Dependency on crude oil — If dependency could be reduced on global factors and
combined with sustainable energy production and storage through a turnkey solution such as a
large enough Solar generation and storage, UCT could reduce external global factors on
operational cost.

Future opportunities for grid stability when V2X8 technologies are implemented.

6.4.4 Threat (External and Harmful)

South Africa Energy Challenges — Currently South Africa is facing multiple challenges on the
energy front. Loadshedding has become a day-to-day reality for most of South Africa. This lack
of energy supply will impact a transition to an electric vehicle solution would be greatly impacted
by this requiring UCT to ensure electricity redundancy through backup generators that would
increase the need for diesel usage again.

Global crude oil price — As mentioned in opportunity, UCT is affected by external global factors
such as the crude oil price. OPEC decisions have direct cost impacts on UCT operational cost
with no, and/or very costly solutions to mitigate that risk.

Low market maturity in SA — The South African government has been slow to react to taking
charge of the electric market value chain. The first green paper was introduced in May 2021 and
has still not been presented or adopted by government. Multiple factors play a role in
governments response. Reducing Ad Valorem tax and creating an opportunity for EV to reach
parity with ICE could create larger demand and stimulate the market but by not doing anything
and sustaining high import tax rates, government has become a barrier to the market maturity
that will help private institutions.

Technology might need third party entrenchment — Due to low market maturity and limited
suppliers UCT could be entrenched by third party suppliers in terms of software solutions
running on the required systems. This may lead to lack of choice, or opportunity, if the market
does mature to more suppliers and more viable solutions. Discussing platform agnostic
solutions with suppliers might be needed. (Charging and Bus)

8 V2X — Vehicle to Everything: Essentially technology that allow communication between vehicles and their
surrounds and interacting equipment intended to optimise performance, efficiency and safety.
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6.5 Misconceptions on Emissions

The overall emissions produced by traditional internal combustion engines and the energy needed to
power an electric bus fleet, play a significant perceived beneficial impact factor in the switch between
EV and ICE and the differences between them. Globally there are tax incentives and sustainability
factors that help the drive factors for, or against, EV and ICE. UCT are limited by the South African
parameters when it comes to two main factors as discussed below in terms of tax (capital incentives)
and power generation (sustainability).

6.5.1 Tax/Capital Incentive

The South African Revenue Service dictates that Motor Vehicle Carbon dioxide (CO2) Emissions
above a specified threshold deemed harmful to the environment are subject to the payment of an
Environmental Levy if used in South Africa. The objective of the levy is to influence the composition of
South Africa’s vehicle fleet to become more energy efficient and environmentally friendly but at the
moment is only applicable at the manufacture/purchase price of said vehicle.

These levies that are calculated at R132.00 per g/km CO2 emissions exceeding 95g/km°® and are
payable by the manufacturer of the vehicles in South Africa or when imported. This adds to the overall
cost of the vehicles at purchase, buses included. This forms part of the overall cost and governments
green paper (section4) on taxes that could possibly be targeted in lowering EV levy cost. The overall
impact on this is that the day-to-day operations of vehicles on South African roads are not subject to
C02 tax. There is thus no capital incentive for UCT in terms of emission on the day to day running of
an EV fleet compared to an ICE fleet.

6.5.2 Sustainability

Any Electric Vehicle solution will have to factor in how much COz:is generated per kWh produced in
South Africal® which hovers around a 1080 grams CO:2 per kWh sold. (1040 grams per kwWh 202011
and 1080 grams 20212 which grew due to the substantial decline in efficiency in coal fired power
stations in 2021). Due to South Africa’s large dependency on coal fired power stations, as shown in
Figure 6-3: Installed Capacity This greatly impacts the sustainability of energy production and all
associated sustainability initiatives reliant on Eskom, grid tied electricity generation. The following
calculation shows the emissions comparison.

The reader is reminded that whether ICE or BEV, the original fuel is sourced in the same way and is
thus not accounted for here.

6.5.2.1 CO2 Emissions Per km -ICE Vehicles (Diesel)

Diesel
Emissions per km (EPK) Total CO2 grams per Litre*Total diesel spent per km travelled
2620*0.40

1048.00 g/km

EPK

EPK * Total Annual km
1048.00 * 566416.8 km (Standard and Midi Total)
593.60 Ton COz per year

UCT Total Annual CO2

Total Diesel Tied Annual CO,=593.60 Tons CO>

9 (SARS, 2022/04/06)
10 (Eskom Integrated Report, 2020)

1 (Eskom Integrated Report, 2020)
12 (Eksom Integrated Report, 2021)
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6.5.2.2 CO2 Emission Per km -Electric Vehicle (kwh)

Energy Grid Tied Standard
Emissions per km (EPK) Total CO2 grams per kWh*Total kWh spent per km travelled
1080*1.61(AVE over Standard buses reviewed)

1738.80 g/km

EPK

Standard
UCT Total Annual CO: EPK * Total Annual km
1738.80* 343937.8 km (Standard Total km)

598.03 Ton CO: per year

Energy Grid Tied Midi
Emissions per km (EPK) Total CO2 grams per kWh*Total kWh spent per km travelled
1080*0.88 (Mellor Bus)

950.4 g/km

EPK

Midi
UCT Total Annual CO2 EPK * Total Annual km
950.4 * 222479.9 km (Standard Total km)

211.44 Ton COz per year

Total Grid Tied Annual C0,=809.48 Tons CO>

From the EPK we can see that the the CO2 generated per km is a good metric to measure for a basic
comparison between EV and ICE. This calculation shows that grid tied EV solutions emits an
additional 206.82 tons of CO2 emission per annum compared with traditional ICE buses due to
aforementioned factors. This highlights that switching over to any grid tied solution for electrical
vehicles does not constiture a “greener” solution if certain criteria are not met. Carrying out the same
calculation on an estimated Solar Generated power supply results in a significant difference (50 grams
per kWh?3 for complete life cycle/value chain of solar panels, not storage. This is not inline with the
ICE and EV complete lif)

Energy Solar produced Standard
Emissions per km (EPK) Total CO2 grams per kWh*Total kWh spent per km travelled
50*1.61(AVE over Standard buses reviewed)

80.50 g/km

EPK

Standard
UCT Total Annual CO2 EPK * Total Annual km
80.50* 343937.8 km (Standard Total km)

27.68 Ton CO: per year

Energy Solar produced Midi
Emissions per km (EPK) Total CO2 grams per kWh * Total kWh spent per km travelled
50 * 0.88(Mellor buses reviewed)

44 g/km

EPK

Midi
UCT Total Annual CO2 EPK * Total Annual km
44* 222479.9 km (Midi Total km)

9.78 Ton COz2 per year

Total Solar Charged Annual C0,= 37.46 Tons CO;

13 https:/iIwww.world-nuclear.org/information-library/energy-and-the-environment/carbon-dioxide-emissions-from-electricity.aspx
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Figure 6-3: Installed Capacity*

This calculation shows that by introducing a renewable energy source that will deliver the full charge of
the electrical needs of the BEV will achieve 37.46 CO: tons per annum. This greatly reduces the CO:2
emissions to 1/15% of diesel emissions and 1/20% of grid tied/Eskom power generation.

6.5.2.3 Energy system challenges

The South African energy grid has been under major stress for many years, this stress has not yet
been alleviated. While the country grapples with the effects of insufficient electrical energy availability,
Government has indicated plans to help recover the energy deficiency in various publications. The
Integrated Energy Plan (IEP) document mentions plans for sustainable power supply and transition of
the energy grid to address the energy situation with various scenarios being considered. In this
document There is mention that EVs will only make a significant contribution after 2030.

There is mention of increasing the generation assets with additional nuclear generation capacity. With
coal still being a commaodity that this widely available in South Africa there is mention that the reliance
on coal will continue in the long term, with cleaner technologies being investigated in line with
international research and experience.

While the inclusion of Nuclear will improve on the emissions numbers and energy availability for grid
generated electricity, this technology comes with a high cost. In the interim lower cost clean
alternatives are being investigated, however, it seems that the idea of a later implementation of
nuclear will probably be realised in the long term.

Presently, Eskom’s generation fleet is under pressure with several coal powered power stations
reaching the end-of-life stage. While some of the stations are being refurbished to extend their
operational lifespan, there are plans for decommissioning of identified assets as per Eskom’s Medium

14 (South Afica Energy Profile 2021 - International Rewewable Energy Agency, 2022)
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term system adequacy (MTSAQ) 2022 report. It is expected that there will be 5.288 MW of generation
capacity removed from the grid between 2023 and 2027.

While this could improve the emissions outlook in terms of reduced coal emissions from older
technologies, further investments in renewable energy on a large scale will be required to replenish
the reduction of coal-powered generating assets, while also addressing the needs for additional
capacity for industrial and other applications with the South African context. There is however a
positive outlook that the country will increase its renewable energy capacity, and this will improve the
emissions outlook for grid generated power in the long term.
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The SWOT analysis highlighted the broad range of considerations influencing the decision whether to
pursue an EV solution, including issues such as UCT’s strategic intent and its green agenda. But a
foremost consideration is the financial implication of the selected option. If more expensive, then the
strategic benefits need to be weighed up against the cost premium paid.

Figure 7-1 depicts schematically how the cost of the EV vs. ICE options was assessed. On the left,
the starting point is that either option must deliver the same output (level of service) as achieved by
the current UCT bus operation. The same routes, bus frequencies and bus capacity (vehicle size) are
provided. This is not controversial, because as demonstrated previously, the EV buses can indeed
technically deliver the required output, i.e. more buses or a different mix of large vs. midi buses is not
required.

Whichever bus technology, the same real (present-day) business sustaining cost (overhead) will
apply, and even if the overhead amount changes, it will therefore not affect the relative costing of EV
vs. ICE.

The same principle applies to the common bus terminus infrastructure. Although operations will be
consolidated at two locations (North Stop and Forest Hill) with related improvement in facilities, as a
starting point, the same facilities are required for both bus technologies. However, in addition, the EV
solution requires charging infrastructure, including in the case of Forest Hill back-up power generation
to overcome inadequate power supply there. Such EV-specific infrastructure costs are added to the
EV costing.

As regards the fleet, the same fleet size and mix applies for both options. But there is a purchase
price differential, with EV buses costing somewhat more than ICE equivalents. And the two
technologies also have quite different energy carrier supplies (electricity vs. Diesel) and which confer
different energy cost requirements. These bus purchase price and energy requirements are at the
heart of the comparison between the EV and ICE options.

All the above common and technology-specific costs are aggregated and compared per EV and ICE
solution. This can be done by financing the buses in two ways, either as up-front purchase or
amortised through an operational lease over a longer timeframe. Leasing is the current arrangement
and also the preferred option for UCT going forward. The two financing approaches give essentially
the same relative cost answers, but the option with the highest bus cost also incurs a relatively larger
interest component in its lease rate so that its relative cost is then higher.
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Figure 7-1: Holistic Costing Model

7.1 Fleet Selection

Operations are currently conducted with 18 standard and 9 midi-buses, and this arrangement is also
the basis for comparing the EV vs. ICE energy platforms. The vehicle options were previously
presented in section 3.1, where it was confirmed that all makes, and models considered comply with

the required technical performance specifications.

The EV bus purchase prices are shown in Table 7-1. These are indicative prices as provided by the
OEMs. The comparative ICE Scania (standard) and Marcopolo Volares (midi) prices are R3.1 mill.
and R 1.5 mill. respectively. The EV buses have a wide price range, but throughout are noticeably

pricier than the ICE equivalent.

Table 7-1: EV Bus Purchase Prices

Standard BYD Type D School bus 8.000
Yutong E12 10.000
Mellor Sigma 12 12.230
Midi Mellor Model Sigma 8 8.720

In the business case cost estimation, the large BYD EV and the [first Yutong model] (which has a
slightly longer battery life) were assumed on a rough order of magnitude amount due to uncertain
pricing models, which is an assumption of achieving EV prices at the lower (optimistic) end of the price

spectrum.
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7.2 Terminus Infrastructure

The infrastructure requirements, lay-out and design considerations were previously discussed in
section 5.1.

Accordingly, Table 7-2 shows the estimated capital expenditure outlay. The table firstly distinguishes
the terminus locations at Forest Hill (midi buses) and North Stop (standard buses). Some of the
terminus improvements are common to the ICE and EV operations, but then there are EV-specific
requirements related to the power/recharging requirements and the housing of such. For Forest Hill,
the cost differential is roughly the cost of two midi EV buses and for North Stop the cost of one large
EV bus.

Table 7-2: Terminus Facility Investments (R million)

Forest Hill Structures 20 2.0
Civils 0.2 0.2 0.2
Power Supply 2.0 2.5 4.5 2.0
Recharging 5.0 5.0
Total 2.2 9.5 11.7 2.2
North Stop Structures 1.0 1.0
Civils 0.2 0.2 0.2
Power Supply 1.0 2.0 3.0 1.0
Recharging 5.0 5.0
Total 1.2 8.0 9.2 1.2
Totals for 34 17.5 20.9 3.4
Both Stops

7.3 Cost of Electrical Usage Requirement

The charging requirements and implications for the design of the terminus facilities were previously
discussed in section 5.1. The deployment of the fleet across the routes imply that buses are available
(parked) for charging as indicated in Figure 7-2 (standard buses at North Stop) and Figure 7-3 (midi
buses at Forest Hill). Importantly, during the electricity off-peak price TOU (time-of-use) slots, as
shown in section 5.2.2, the whole fleet is stabled and available for recharging. If required, however,
through the day, at least some buses are free for a battery top-up. Each coloured box indicates a
separate bus and the hours that they are available for charging. The green line indicates a peak time
for possible solar charging, and as indicated in the two graphs, they do not coincide with the optimal
charging time and thus do indicate the need for electric battery Storage, as discussed in the section
below.
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The average daily energy requirement would be in the range of 2.9MWh to 3.3MWh, having taken into
account weekday vs weekend schedules.

For interest, a typical photo-voltaic irradiance pattern is shown (the green curve) indicating that real-
time PV availability is highest when buses are operational — which obviates the potential of PV
charging except if backed up by a Battery Energy Storage System (BESS).

When considering renewable resources there are various requirements that need to be considered,
including technology to be used, location and effectiveness through the year. Solar PV is the most
used technology that is seen as a solution for most energy grids, mainly due to the pricing and
affordability, however, this also brings up environmental concerns in the longer run.

Generally, a combination of solar and battery storage is seen as the most effective method of
maintaining electrical continuity to loads. For the purposes of this study, renewable resources were
excluded, however a high-level analysis to determine the Solar PV requirements was carried out with
the following high-level results for North Stop, based on the existing fleet size. BESS was based on
the use of existing Lithium-lon Battery technology.

Table 7-3: North Stop Renewable Energy Estimation

9 978.912 kWh 2 MW 1.5 MW, 4MWh

The estimated cost for the PV solar is R40.322m, while a BESS will cost in the region of R97.5m. The
estimated rooftop space required for the estimated power is 14,286 m?2.

For the application at Forest Hill, where the standard buses will be located, the following high-level
estimation has been carried out.

Table 7-4: Forest Hill Renewable Energy Estimation

18 2.769 MWh 5.5 MW 3.5 MW, 4MWh

The estimated cost for the PV solar is R 111.078m, while BESS will cost in the region of R292.5m. the
estimated rooftop space required for the power above is 39,286 m2.

The above estimates require huge space and capital expenditure, alternatives such as partnerships
with Independent Power Producers (IPP) and possibilities of wheeling power over the network should
be considered if the will to transition to renewable energy supply is present.

7.4 Phase Expenditure

Whereas the spending on the fleet and terminus infrastructure happens up-front, the ongoing
operations take place over nearly a decade. The backdrop macro-economic environment therefore
needs to be projected specifically for unit operating costs that could inflate faster/slower than the
general norm. Accordingly, Table 7-5 shows the inflation scenario applied. A general baseline
inflation rate of 5%/annum is assumed, with key unit rates deviating from that. It is assumed that the
diesel price, which is at an historic high presently, will not increase at the same differential as ESKOM-
linked tariff increases. The bus price differential is included as it affects the end-of life terminal value.
The interest rate (for lease purposes) is assumed to remain at the current premium above inflation.
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Table 7-5: Inflation Base Rate & Deviation

CPI (Base) 5%/ann.
Vehicle differential +3%
Diesel differential +2%
Electricity differential +5%
Interest rate above inflation 4.45%

The detailed assumptions about operational expenditures are listed in Appendix C. In summary:

* Bus management overheads (including driver salaries) have a starting value of R 1.8
mill/month

» Facilities (terminus) operating, and maintenance cost is around R 80,000/month, with an
additional R 70,000/month for the EV solution

* Electricity cost (for EVs) is about R 60,000/month and diesel (if ICE) is about R440,000/month

+ Service cost (including tyres) fluctuates because of different service interventions and
frequencies, but is around R144,000/month for the EV option and R493,000/month for ICE.

7.5 Bus Financing

UCT's preferred bus acquisition approach is to obtain the bus fleet, not via outright up-front purchase
but rather by means of an operational lease as is used for the fleet presently. A lease introduces a
third-party financier (lessor) who acquires the buses itself and makes them available to UCT (lessee)
at an amortised cost spread over several years. An “operational” lease (as opposed to a “financial”
lease) implies that ownership and related accounting privileges/obligations remain with the lessor, and
the parameters of the lease must therefore fall within the scope of an operational lease (the lease term
must not exceed 75% of the expected life of the asset, and the net present value of total lease
payments must be less than 90% of the asset purchase price).

As is the case presently with the Bidvest lease, the lease will be in the form of a full-maintenance
lease. UCT will have the obligation to operate the buses according to proper operational standards,
including the checking of lubricants, tyres, etc. UCT will also arrange the maintenance and based on
the prior approval of such by the lessor, the lessor shall pay for the reasonable repairs and
maintenance required.

For the cost comparison, essentially the same lease conditions are assumed as currently apply to the
Bidvest lease arrangement. In the absence of more precise information about EV vehicle availability it
is not yet possible to test the market on whether more advantageous lease conditions may be
extended to EVs (although this may be possible given the green premium involved). The key terms
assumed therefore are:

* Lease terms of 9 years
+ End-of-term residual value of 20%
* Interest rate of 9.75% (current prime rate).

The calculation of the resultant lease rate is shown in Appendix C. For a standard bus, it amounts to
R123,000/month for EV vs. R 38,000/month for ICE, and R 107,000/month for EV midi vs. R
18,000/month for ICE midi.
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7.6 Total Financial Cost Compared

The total cost of each bus technology option is the sum of the various cost components discussed in
the previous sections incurred over the analysis period. This period is set at 9 years, which is the
duration of the leases of the existing ICE fleet (before the lease term was extended). Because this
period is shorter than the expected useful life of the bus, the calculation provides for a terminal value
which may be thought of as a potential income from the sale of the bus at that point. To compare like-
with-like the bus life (and therefore contribution of terminal value) is assumed the same for EV and
ICE, but since there is a potential for the EV life to be longer than ICE, the effect of extending the EV
life (and increasing its terminal value) is tested in section 7.7). As long as the bus lives are the same,
then changing the analysis period (the 9 years) does not affect the relative cost of the EV vs. ICE
options.

The expenditure is not the same every year. At the outset, there is infrastructure and bus capital
expenditure. During the operating life there is inflation (inflation in general but also differential inflation
between diesel and electricity) and differing vehicle-related spending (maintenance and tyres, but not
batteries since battery replacement falls outside the analysis timeframe). To have a single
comparative number for each of EV and ICE, the uneven stream of costs is collapsed to its net
present value (NPV). The discount rate applied to reduce future costs to the 2022 base year is 10%,
which is roughly the same as the medium-term risk-free interest rate in South Africa.

Figure 7-4 presents the comparative NPV values and also shows the constituent cost categories, with
the bus values shown on a purchase basis. It is clear that the initial fleet acquisition cost dominates
the result. In the case of EV, the bus cost makes up 69% of the total, i.e., the sum of the “Bus
Purchase” and “Bus Terminal Value” components in the graph. For ICE, the share is only 26%. The
next most prominent cost components are the “Energy” (diesel) and “Service” (maintenance) costs for
ICE, in which areas EV operations are substantially more cost competitive. Overall, the EV option is
42% financially more costly than ICE.

EV vs. ICE (NPV)
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Figure 7-4: EV and ICE Total Cost Profile, Purchase Basis (NPV, R mill.)

Accordingly, when stripping out the bus cost, Figure 7-5: EV and ICE Operational Cost Profile,
Purchase Basis (NPV, R mill.) shows that once the EV fleet is in place, it is more than a third less
costly to keep on the road. However, because the up-front EV bus price (Table 7-1: EV Bus Purchase
Prices) premium is so large, the annual operational savings do not cause an inflection point where the
total ICE cost overtakes the total EV cost in a reasonable timeframe.
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Figure 7-5: EV and ICE Operational Cost Profile, Purchase Basis (NPV, R mill.)

Figure 7-6: EV and ICE Operational Cost Profile, Lease Basis (NPV, R mill.) represents the total cost
result, but in this case calculated on a lease basis (i.e., the buses are not purchased up-front but
leased for the analysis period). Although the cost structure is quite similar as before, in this case EV is
49% financially more costly. Its increased costliness is because of the higher interest amount (within
the total lease rate) paid on the more expensive EV buses.

EV vs. ICE - Bus Lease (NPV)
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Figure 7-6: EV and ICE Operational Cost Profile, Lease Basis (NPV, R mill.)

Figure 7-7 presents the annual EV vs ICE cost profile, based on the leased approach. The initial
facility investment to accommodate EV is slightly higher than for ICE (light green area vs. yellow bar).
Thereafter, the annual EV running cost (green area) is substantially lower than for ICE (light orange
bars). However, the higher up-front cost of the EV buses translates into a higher lease rate (dark
green area vs. Dark orange bars) to the extent that the overall EV costs exceed the ICE costs. The
years that the difference is smaller is because of the timing of major ICE maintenance services.
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ICE vs. EV per Annum
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Figure 7-7: EV and ICE Annual Operational Cost Profile, Lease Basis (R mill).

7.7 Sensitivity Analysis

The calculations presented above wrap together a variety of performance and cost assumptions which
are quantified at roughly a pre-feasibility level of reliability. As long as the future actual numbers
change synchronously, the relative costs and the financial preference for ICE will remain. But it
should be tested how resilient the ICE preference is if costs were to change more variably.

The key cost drivers are shown in Table 7-6. Two rounds of sensitivity testing are done:

e The first tests a reasonable deviation from the original assumption per cost driver. So, the
assumption is increased/decreased by 10% to see the effect of the assumption being a little
higher/lower than expected. A 10% test is a typical reliability range. Where a percentage
change is not possible, then a unit of input (e.g. one bus, one year) is tested. These tests are
carried out one-by-one and quickly show which assumptions have the most leverage on the
overall outcome.

e The second tests the extent to which the assumption needs to change to equalise the EV and
ICE cases. ltis therefore not constrained to the selected percentage, but allowed to change
until changing that one assumption gives indifferent results (i.e. EV and ICE are the same).

The question being asked is whether the EV cost can plausibly drift into the ICE cost range so that the
relative cost premium disappears. The starting point is therefore the 42% premium under the bus
purchase and the 49% under the bus lease approach. The first round of testing (e.g. 10%
increase/decrease) is shown in the column headed “Factor” and the effect on the cost premium in the
“Ratio EV/ICE” column. For example, increasing the distance (km) operated by the fleet changes the
EV/ICE ratio from 42% to 37%. In other words, 10% more distance reduces the EV premium paid by
5 percentage points.

The second round of testing is to determine how much the individual driver itself would have to change
to erase the cost premium. The required change is shown in the "Break-Even Factor” column. In this
case, the distance operated would have to increase threefold for EV to equalise with the ICE
alternative.
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Table 7-6: Sensitivity Testing

Purchase Approach
Term Days
Distance Operated
Facilities Construction
Bus Fleet (No of each)
EV Bus Purchase Price
Electricity Tariffs
Diesel Price
EV Bus Life

Lease Approach
EV Bus Life
EV Lease Term
EV Lease Interest Rate

The result of the first tests (moderate changes) is that the cost premium indeed reduces somewhat,
but always less than the change in the factor tested (a 10% change leads to a less than 10% change
in the premium). The second tests show that substantial — and quite unrealistic — changes are
required in factors individually to achieve cost parity.

In the initial analyses, it seemed possible to obtain EV bus prices which were not significantly higher
than for ICE buses. Finally, though, based on factors such as high midi-bus costs, it became clear
that the EV bus premium could not be wished away. So, whereas it initially appeared possible to

+10%
+10%
-10%

-10%

-10%

+10%
+1

+1
+1
-10%

+42%
+37%
+39%
+42%
+38%
+32%
+42%
+39%
+36%
+49%
+44%
+42%
+45%

N/A
x3 times
N/A
N/A
-40%
N/A
x2.5 times
doubled

N/A
N/A
N/A

construct a scenario of a combination of factors working together to make the EV cost competitive, this

is not possible in the final analysis.
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This section aims to come up with three prospective scenarios that the University of Cape Town could
follow in order to ensure that the institution stays ahead of a growing global curve. It is undeniable that
the market is shifting to reduce reliance on ICE for modes of transport and globally Battery Electrical
Vehicles are the most advance in terms coming to mass production.

The transition to alternative energy sources such as electricity for modes of transport is on the rise is
unlikely to be regressing to ICE in future. This assures that there are some measures that UCT should
take in order to future proof the institution to a global trend that is shifting to a more electric powered
market.

> The market transition to EV will happen in future and the South African Market is changing
(slowly).

| 2 Future Proof Infrastructure — This will allow UCT flexibility in terms of their options in each
scenario.

> Globally, countries are commiting to ending the sale of ICE vehicles which are thus expected to
become less available over time due to the global trend of phasing out ICE sales in the medium
to long term future.

> Technology improvements promoting the use of EVs going forward.

8.1 Full Transition to EV: All out approach

This involves a full transition whereby UCT goes to market, based on the costing model presented and
gets favourable terms and rates from the vendors and financial institutions.

8.1.1 Positives

> Leading in the technology implementation front.

> Understanding the technology and way forward.

> Large reduction on carbon footprint based on current fleet output if the renewable enrgy
charging stations, such as solar with storage capacity, can be secured. This factor turns to a
negative if grid tied.

> Lower Operational cost in running the fleet (Maintenance and fuel)

8.1.2 Negatives

> High cost of implementation will require funding models that will need to be further investigated.

> Electrical grid impact should the necessary upgrades not be implemented. City of Cape Town
restrictions on existing electrical infrastructure for upgrades.

> If the charging stations are grid tied then the emssions of a full fleet swap will be larger than the
current ICE fleet

8.1.3 Dependencies

> Availability of vehicles that meet the requirements for the application.

> Existing infrastructure from the City of Cape Town to support upgrades, especially in the Forest
Hill application where there are no high-capacity connections present.

> Cost competitiveness and finance options to go forward with the project would be needed
making it dependent on approval for additional funding received for intial capital expenditure.
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8.2 Semi-transition & Extend lease

This scenario will be a hybridized approach to the transition towards the EV technology. This will take
the approach of using EV and ICE technology together and will allow the user to make investments as
required for a smaller fleet. With ICE buses usually being specified to operate for 1,000,000 kms, the
existing fleet will have to be assessed to verify whether they are suitable to be kept in service for a few
more years at least up until 2030. This will have the positive effect of not requiring new buses and
possible carbon reduction in terms of that.

UCT is then able to trial and become familiar with the requirements of the EV technology. The learning
will allow for future replacement of the ICE fleet with practical experience with BEV vehicles.

8.2.1 Positives

Maintaining the leadership role in EV application for tertiary institutions in SADC.

Transitioning into the EV landscape and understanding the requirements going forward to full
transition.

Putting into place the basic infrastructure, systems and understanding for transition to EV
technology.

Operational experience with EVs and identifying bottle necks that can be addressed when the
fleet sizes systematically increases.

Fewer vehicles will not require large investment in electrical infrastructure changes in the short
term (e.g. Modular charges )

8.2.2 Negatives

Possibly not meeting the requirements for accelerated carbon neutrality.
Economy of Scale — Ordering fewer buses would increase the cost significantly from
manufacturers that work on scale. An off-the-shelf option would be only option.

8.2.3 Dependencies

Partnerships and possible funding structures to facilitate the semi-transition.
Electrical infrastructure availability to support the smaller scale charging loads.
Cyclability of the EV buses that are included in the fleet.

8.3 Status Quo: Waiting for Market Maturity

Keep the existing fleet as is, however, where infrastructure changes are being carried out changes will
have to be implemented for the transition of technologies going forward. Make provision for charging
stations and other infrastructure. With ICE buses usually being specified to operate for 1,000,000 kms,
the current fleet will have to be assessed to verify whether they are suitable to be kept in service for a
few more years. This will have the positive effect of not requiring new buses and possible carbon
footprint reduction in terms of that.

8.3.1 Positives

No need for new buses, thus not adding to the impact that new ICE vehicles may have on the
environment.

Provision is made for new technology to be implemented in the future.

Market should mature offering options in the South African Market

Give opportunity to invest in other sustainable energy projects Load reduction Strategies/ Solar
Power investment.
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8.3.2 Negatives

> Possibility to not be seen as innovation leader to other institutions that may adopt EV
technologies before UCT.

> Could increase maintenance budget
> Dependency on fluctuating diesel prices

8.3.3 Dependencies

> Will to move forward with the changes.
> Market to mature in South Africa

> Energy security — South Africa moves to more secure and reliable energy transition (No
Loadshedding)
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The change to EV for mass transportation is inevitable. The present climate which has fuel prices at
an all-time high is a driver for most people to consider alternative fuel sources for mobility. With the
present electricity costs at a more stable price in comparison with fossil fuels, transition to EVs is
bound to be accelerated soon.

UCT could use a few approaches to facilitate the transition and develop a leading position in EV
transition in its sector.

Since diesel buses are generally specified with a 1,000,000 km lifespan, and this can be achieved
should proper servicing and maintenance be carried out, the existing fleet could be retained until a
stage that the EV technology matures. This can provide an opportunity for a test / experimental
transition to the EV technology to be introduced with minimal investment.

UCT can consider partnering with OEMs for bus and charger infrastructure to garner support for the
transition with preferential pricing and technical support. This will require communication of the
University’s intention to transition to EV technology with large players in the sector. Once support is
gained, this transition or study thereof could be accelerated towards a partial transition which will
provide the foundation for a larger scale deployment of EV buses into the fleet.

Presently, the technology for transportation and charging is available and can be implemented. This
will however require a significant once off investment for infrastructure related to EV charging.
However, the preparations for the infrastructure implementation can be planned with the future
transition in mind and can be implemented in a phased manner.

Considering an incremental transition commencing with only a few EV buses, the following can be
considered. Since charging stations are available in modular designs that can be upgraded as and
when required, the possibility of using the North Stop for a few standard EV buses should be
considered. This function, in conjunction with exploring other, renewable energy sources alternatives
such as partnerships with Independent Power Producers (IPP) and possibilities of wheeling power
should be incorporated in medium to long term planning to ensure more environmentally friendly
outlook

The EV buses can be integrated into the fleet to provide a training ground for operations and
management resources alike. Scheduling and operation of the new technology vehicles will give the
existing resources an opportunity to become future ready.
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Some infrastructure investments are already being undertaken to rationalise the UCT bus terminus
arrangements, and to centralise these at two locations. Appropriate accommodation of charging
facilities is provided for, and these can be activated at the time a decision is made to convert to an EV
fleet. The infrastructure activities will therefore continue and remain unaffected whatever the ICE vs.
EV decision is in the short term.

The assessment presented in this report is that although there are many considerations supporting the
switch to EV, currently it is not financially prudent especially given that EV buses are not yet
commoditised locally, and they have a high-ticket price. But the general view is that the horizon is not
that distant for these drawbacks to resolve. So, the EV implementation strategy is all about managing
the situation up to the horizon event.

There are three main considerations in this period:

> There is some speculation about when the technology tipping point will occur, i.e., when EV
economics will trump that of ICE. This point probably relates more to commercialisation factors
than improvement in EV technology itself, specifically when the local EV bus supply system
develops some economy of scale and EV buses become off-the-shelf items and the financial
package becomes commoditised. This situation is not imminent but is at least expected within
the next decade.

> The lease on the current fleet has already been extended, but the utilisation rate has been
moderate and physically the current ICE buses are expected to be able operate until around
2030. The financing arrangement will have to be refreshed or restructured, but the fleet should
be capable to serve well into the horizon period.

> The current bus lease was originally for seven years and then extended by another two years.
Nearly a full lease cycle may therefore be squeezed into the horizon period.

The proposed strategy is therefore to make an interim arrangement to secure the continued use of the
existing ICE fleet after expiry of the current (extended) lease. This would “buy time” and move the ICE
vs. EV decision on to about 2028.

In the meantime, UCT should continue to monitor EV developments for major changes or
opportunities. There are bound to be opportunistic openings to introduce an individual vehicle in the
fleet (e.g., consider the second-hand EV buses on offer by BYD which may be purchased by the City
of Cape Town), or where an academic initiative may lead to the need to experiment with EV. From a
fleet management perspective, these opportunities do not need to be actively pursued, but just
reacted to when they arise and incorporated into operations if appropriate.

It is acknowledged that five or six years from now UCT will find itself in a risk period where the current
fleet condition may become physically poor, and the local EV supply system is not yet properly in
place. Circumstances at that point will dictate how to proceed, but the fall-back option would be to
engage in another seven-to-nine-year ICE supply cycle.

Figure 10-1 shows a framework for moving from the current diesel to an electric bus fleet in line with
the above approach.
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Figure 10-1: Schematic representation of Business Case recommendation.

In terms of the practical steps that are required now, Appendix B gives an overview of the UCT
procurement landscape. Three procurement packages are foreseen, package A for the bus fleet itself,
B for charging and C for terminus infrastructure.

10.1 RFP Document Incorporating specs

As noted, before, package C (terminals) is proceeding in any event, independent of the ICE vs. EV
decision. Design inputs have been made for that contract, including determining the battery limit for
EV charging and reserving the required charging space.

Package B (charging) has been broadly described in this report. The technology is stipulated to be
competitive in that it is not bespoke to a specific supplier and is also not attached to a specific bus
manufacturer. Procurement would proceed when the decision is made to proceed with EV.

10.2  Draft Lease Agreement

Package A (buses) is also left in abeyance with respect to EV. Given EV’s green credentials and the
expected longer bus life, a more competitive lease may be available than is available for ICE buses.
However, the current ICE supply-and-finance arrangement will have to be rolled over or restructured.
This must be done in the next year or so. The appropriate procurement approach for any
opportunistic or experimental EV procurements in the horizon period will have to be decided on a
case-by-case basis.
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Table 10-1: Summary of current Bidvest vehicle lease agreement

Descriptor

Parties

Lessor

Lessee
Term

Contract

Life of Asset
Vehicle

Ownership

Possession

Risks

Insurance

Lessee Use Obligations

Lessor Obligations

Operating vs. Financing (Capital)
Lease
Lease term < 75% of asset life?
No transfer of ownership to lessee?
No "bargain price" option at lease
end?
Lease payments <90% of vehicle fair
market value?

Payment
Basic

Excess
Frequency
Indexing/Adjustment

Extension for Use

Termination
Early by Lessee

Contract

Bidvest Bank
UCT

7 + 2 years
20 - 25 years (diesel bus)

By Lessor

By Lessee

To Lessee

Comprehensive insurance by Lessee covering all risks
of loss, damage, destruction. Proceeds of insurance
claim ceded to Lessor

Operate vehicle according to specs

Maintain vehicle in good repair/condition

Checking of vehicle fluids, battery, tyres, etc.

Service and maintain vehicle at authorised service
provider (at Lessor’s cost), i.t.0. “maintenance sticker’
issued by Lessor

Pay for fuel and topping-up oil between specified
services

Arrange for replacement of tyres

Pay for rectification of defects/repairs related to
accidental damage; effects of non-sanctioned
use/actions; missing items; replacement of
windscreens/windows/headlights/etc. not covered by
insurance; modifications required by law; effects of
any Lessee non-compliance; vehicle
licensing/registration; replacement of tyres not
specifically provided for

Comply with all laws regarding possession, operation,
etc.

Properly house vehicle, prevent its loss/theft
Authorise maintenance

Pay for reasonable repairs, maintenance, service

[all must be “yes” to qualify as operating lease]

Yes
Yes
Yes

Yes? (TBC against lease agreement schedule)

Rate/km up to estimated monthly km (confirmed at
least every 6 months). [Is there a floor price?]

Rate/km for distance exceeding estimated monthly
Monthly

Linked to change in prime rate, insurance premiums,
or other taxes, etc.

Until earliest of max allowed kms reached or additional
6 months

On terms agreed by Lessor
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For Lessee Actions
Upon Maximum Use

For Loss/Destruction

Contract breach, insolvency, etc.

If total use >200,000km Lessor may retake
possession (without affecting Lessee’s obligation to
make payments)

Vehicle removed from contract (may be replaced)
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Procurement Concept

The term procurement is commonly used to refer to the initial purchasing and taking possession of
something provided by someone else. A broader interpretation is that it entails choosing and
executing a “delivery model” for a service, considering how risks should be apportioned to achieve an
overall, lifetime efficient solution. This interpretation allows for a trade-off between internal and
external provision, combining goods (including facilities) and services (such as operation and
maintenance), and other mixing-and-matching opportunities to achieve the best value-for-money
(VFM).

Overview

This note reviews UCT’s procurement approach and procedures and finds that, although created to
deal with “purchasing” rather than “procurement” in the above sense, the approach is principle-based
and quite flexible and should not detract from achieving the lifetime VFM objective. Next, the
procurement timeframes for the EV bus arrangements are defined, which are the immediate focus on
a technical pilot and the longer-term comprehensive solution — which is then the focus of the
remainder of the note. The range of procurement options is unpacked in principle, and then applied
to the suit of activities to be performed. The conclusion is that there are three main components
(“contracts”) that need to be procured, against the background of various activities that UCT will
perform itself. The details of and relation between these three contracts is what will be addressed in
the procurement strategy proper later-on.

UCT Procurement Framework

Overview

The University is not subject to general public sector procurement rules, emanating from (for
example) the Public Finance Management Act (PFMA). Notwithstanding, as a good corporate citizen
acting in the public interest, it supports general government policy which, in the case of procurement,
implies adhering to objectives and principles of competition, value for money, transparency,
accountability, and economic inclusion and development. Its approach to procurement is formalised
in various policies and procedures, the key ones which are discussed below.

Role of PURCO

Before turning to its own policies, it should be noted that UCT is a member of PURCO (Purchasing
Consortium Southern Africa), which is a non-profit procurement consortium supporting the higher
education sector. PURCO’s aim is to save time and money through professional and focused
collaborative procurement amongst members. PURCO conducts collaborative national tenders (for
common products and services) itself and assists members to manage individual tenders they
execute themselves.

Most of the components making up the EV bus procurement package (possibly except for items such
as fuel, tyres, insurance) will be of an “individual” (non-common) nature. The role of PURCO is
therefore to attend the development of the EV bus solution and its procurement, and to advise where
required, but not to manage the actual procurement process.



Procurement Policy & Procedure [PUR004]?

PURO004 applies to the procurement of all goods and services. The process entails registering a
tender request, preparing tender documents, inviting tenders, receiving tenders, evaluating tenders,
adjudicating tenders, and awarding the tender.

The following roles are provided for:

e Specification Committee, to compile unbiassed specifications, prepare evaluation criteria, and
determine any applicable special conditions

e Evaluation Committee, to evaluate tenders in terms of the criteria

e Tender Adjudication Committee?, to consider the Evaluation Committee recommendations, to
confirm that due process was followed, and to make a final award or recommendation.

e Procurement and Payment Services (PPS) is represented on all the committees and provides
support to the overall procurement process.

Although PURO004 does not exclude a two-stage process (RFI/RFQ/shortlisting and RFP), the usual

process appears to be single-stage (RFP only). The tender comprises technical specification and
commercial (price schedule, payment terms, etc.) aspects. A one or two-phase approach may be
applied, with bidders achieving a minimum functional score proceeding to the financial evaluation
phase. For this purpose, a two-envelope bid may be used (one for functionality and the other for price
and B-BBEE status).

The actual technical scores of bidders who achieved the minimum functionality are not considered
further, i.e. they were found to be “sufficient” and passed through the technical “gate”, and the
“excess” score does therefore not offset a higher price. So, in a value-for-money context, “value” is
settled before assessing “money”.

The financial evaluation is based on the 80/20 or 90/10 B-BBEE preference point system?, the
selected ratio depending on the value of the tender. The tender value is firstly expressed relative to
the lowest (technically compliant) bid, and then up to 20 or 10 points are added for B-BBEE status.

PURO004 does not require the bid to be awarded to the highest financial score, although it notes that
this would be an “unlikely event”. The Evaluation Committee compiles a shortlist based on the
financial points and the Adjudication Committee decides to either approve or reject the
recommendation or revert to the Evaluation Committee for further clarification.

As regards competition, procurement can be open or restricted (“closed”) in the case of specialised
services (these are usually preferred vendors of PURCO). There may also be direct negotiating with
vendors for the purchase of goods or services, for example if these can only be supplied by a
particular vendor due to no reasonable alternative or substitute being available or in the absence of
competition for technical reasons. These considerations may conceivably apply for the procurement
of EV buses and related aspects. It is not clear from PUR0O4, but it is assumed that a decision to
procure directly would still have to be endorsed by all the committees involved in a competitive
bidding process.

The overall impression is that procurement follows a structured process without being overly
prescriptive. The integrity of the process relies on transparency, separation of roles (non-overlapping
responsibilities between committees), and the declaration of conflicts of interest. It appears to be
sufficiently flexible to deal with more complicated forms of procurement (e.g. multi-year PPP-type
contracts), although some additional steps may then be required, specifically:

1 UCT Finance Department: Policies & Procedures for Quotations, Tenders and Requests for
Proposals

[PURO004], 2020

2 There may be cross membership between the Specification and Evaluation committees, but no
member of the Evaluation Committee may serve on the Tender Adjudication Committee

3 Note that these ratios do not refer to the quality: price weighting commonly used in procurement



e Supporting the specification step with a more fully-fledged feasibility study to define the
acceptable/desired outcomes better (which is what is already being done for EV buses)

e Confirming UCT’s ability to pay for (and if necessary, support) the contract (referred to as
“affordability” in the PPP domain)

e Making risk assessment a more pertinent aspect of the evaluation, i.e. likelihood of achieving
desired outcomes, risks retained by UCT, etc.

e Introducing a time value aspect to the financial evaluation (for prices to be compared on an
NPV basis).

B-BBEE (Preferential Procurement) Policy [PUR005]*

PURO0O05 gives effect to UCT’s support of B-BBEE and SMME development. UCT gives preference to
those suppliers that have a valid B-BBEE Certificate or affidavit but will not exclude non-compliant
suppliers of goods and services where it is in the interest of UCT to use such a vendor.

For tenders above R1m, if open bidding then 90/10 and if closed then 80/20 preference points
systems apply.

Other Policies

Other procurement policies referred to in PUR004 and which may apply to the procurement of EV
buses are:

o Delegated Authority Limits [GEN0O02] specifies who has the authority to contract on behalf of
the University, which for financial and budgetary (including purchasing) is the Executive
Director: Finance, and for Properties and Services (P&S) is the Executive Director: Properties
& Services. A schedule sets out the approvals required and conditions to be met depending
on the type (e.g. contract, lease) and value of spending involved.

e Threshold values for purchasing procedures [PPP002], which determine that for tenders
between R1-5m bids may be open (90/10 B-BBEE applies) or closed (minimum three bidders,
80/20 B-BBEE), and above R5m bids must all be open with 90/10 B-BBEE.

Contract Strategy Document

The CSD is a summary document of the style of a “head of procurement”. It presents the highlights of
the particular procurement event and the tender execution plan.

The CSD contains:

e Tender key attributes (title, end user department, value, budget approval status,
commencement date, etc.)

e Needs statement (scope of work required, alternatives considered, supplier factors, issues,
and risks, B-BBEE considerations)

e Selected tender approach (whether open or closed, and if closed the vendor list)

e Tender evaluation team (presumed to be the Evaluation Committee referred to under
PURO004)
¢ Implementation schedule.
The CSD is presumably prepared by PPS, and is signed off by the applicable Department, Head of
Department (for contracts greater than R2m), budget holder, and a PPS manager.

For the EV bus programme, there is likely to be a portfolio of CSDs that make up the overall
procurement plan, i.e., one CSD for every discrete part of the overall implementation.

4 UCT Finance Department: B-BBEE (Preferential Procurement) Policy [PUR005], 2019



Pilot Stage vs. Long-Term Period
The timeline of the EV bus contractual arrangements is book-ended by the following considerations:

e The current bus lease arrangement would originally have expired in 2022 but was extended
for a further two years (to 2024). This would therefore be when the succeeding arrangement
should be in place.

e UCT is embarking on a green energy (solar/PV) programme. However, this is not a pre-
condition for the EV project and will continue regardless of the EV bus initiative and does
therefore not affect the project timeline.

e Atypical vehicle lease would be for a period of seven to nine years, but an EV engine is
expected to last longer than a diesel one. However, the EV battery must be replaced
approximately every ten years. The term for the EV bus component of the procurement
package could therefore be 10 years or slightly longer but will ultimately be determined by the
vehicle provider/lessor. At the Start Strong Workshop it was proposed that a ten-year
contract duration be applied (although there may be room for a longer period).

e Some components of the bus package (stabling and other buildings, possibly the charging
infrastructure) will have a useful life substantially beyond that of the actual buses. Itis
unlikely (e.g. buildings) but not impossible (e.g. charging) that these could become obsolete
or stranded upon expiry of the EV bus contract.

In summary, there are three time periods to keep in mind. An initial two years to get EV

arrangements in place (short-term), a decade or so to see through an EV bus provision arrangement
(long-term), and the time after that where sunk investments can continue to be used, repurposed, or
scrapped.

Short-Term Pilot Stage

It has been UCT'’s intention to utilise the short-term window to do an EV bus test case, and to set up
the longer-term arrangements. The test would be at the scale of one or two buses. Ideally,
competing battery technologies should go head-to-head, but the pilot may have to be carried out with
whatever vehicle/battery is available (like the BYD e-bus used by GABS and TBRT, lithium iron
phosphate battery, with 37+20 pax capacity).

The test can confirm vehicle/technology capabilities, such as operating range, peak performance
achievement, and recharging frequency and practicality. “System” design aspects such as fleet size
and mix, location of recharging infrastructure, possible route/schedule changes, etc. cannot be
assessed, but the operational characteristics of the individual EV bus should greatly assist to
understand and plan these aspects.

The availability of suitable bus/es at short notice, reliance on whatever charging equipment is required
for that bus, the short period required (much shorter than a typical lease), and the fact that there will
have to be some “goodwill” from the provider/lessor to participate, imply that the pilot will have to be
procured in a “closed”, as-available manner. The contract will be very specific (it will not look like a
typical lease). It will comprise both vehicle and charging equipment. Other aspects of the current
(diesel bus) lease that are the responsibility of the lessee may have to remain with the bus provider,
and these will have to be negotiated one-by-one. The specification should emphasise the
performance data outputs that are expected from the bus/es. A premium may have to be paid for this
short-term arrangement.

Long-Term Bus Fleet Stage

The long-term arrangement will allow more scope for UCT to dictate requirements, and to expose
some aspects of the procurement package to competition and risk transfer. The subsequent sections
of this document attempt to start putting some structure to those options.



Forms of Procurement

As noted in the introduction, procurement is not just the action of initially acquiring a good or service
but entails how the good or service is going to be delivered and managed over its contract life. There
is a range of available delivery models from which the appropriate one/s must be selected for each
component, and combinations of components of the EV bus “package”.

Error! Reference source not found. provides a simplified overview of delivery models. A
comparison like this is usually done for either equipment or infrastructure procurement, but because
the EV bus package includes both categories, here these are treated together. The column headings
show the broad delivery models, ranging from internal, self-provision (“Own”) across different external
mechanisms to complete cession (“PPP”). The “PPP” category includes a whole sub-range of options
(availability franchise, lease, concession, etc.) which — amongst other — entail different ownership
rights, but these can be investigated as required later. The row headings are the differentiating
aspects of the models, i.e. the main obligations. These are sorted so that the “fault line” of how
responsibilities are shared between UCT (“Self’), and a third party (“Other”) can be seen across the
models.

Table Error! No text of specified style in document.-1: Broad Procurement/Delivery Models

Internal External
Use
Obligation
own Einancial | REMY Service PPP
Operating
Lease
Lease
Ownership & Reinvestment Self Other Other Other i Self/Other
Asset Accounting Privileges Self Self Other Other _O-th-er----
Maintenance Self Self S-em(StFe-r i Other Other
Possession, Operation, Repairs Self Self Self Other Other
Insurance Self Self Self Other Other
Revenue pertains to Self Self Self Self Other

Contract Packages & Choice of Procurement/Delivery Model

Although the detailed content of all the aspects of the EV bus requirements is still being defined, at a
high level at least the main components are quite clear. These are shown in Error! Reference
source not found., but excluding the short-term pilot stage contract which is a bespoke procurement
(as discussed in section Error! Reference source not found.). The table further shows the results of
a preliminary discussion with the Director: Procurement & Payment Services (PPS) division (2 June
2022) regarding a starting point for aggregating requirements into procurement components
(“contracts”). Some additional perspectives were provided by the Director: Environmental
Sustainability (24 June 2022). And it is expected that further responses will be made on the write-up
presented here.

Some responsibilities currently reside with UCT itself and should remain as-is (marked as “Self’). For
some activities there is a “preferred” procurement, but the content and implications need to be fleshed
out. Sometimes there is a “possible” alternative to consider in competition with a preferred option.
And there is one case where there is a preference for an external model of which the form remains to-
be-decided (“TBD”).



The components for which there is no clear preference are numbered (A, B, etc., roughly in order of
importance), and these are the ones that should receive attention in the EV bus procurement plan.
The selection of the various procurement models is discussed in the following sub-sections.

Table Error! No text of specified style in document.-2:; Preliminary Identification of Procurement

Contracts
Procurement
Requirement Package
Internal Lease/ Service PPP Component
Rent
Service Planning & Oversight Self
Administration Self
Operations, Crew Self
Management, Fleet Self
Scheduling
. Possible
2
Info/telematics Self? Other A
Insurance Self
Ops, repairs Self
Vehicles : Prefer
Maintenance Other
A
. Prefer
Ownership Other
. Preferred
Charging not self TBD TBD B
Fuelling Other
Facilities -
. Prefer Possible
Stabling/depot Self Other
C
Prefer Possible
Crew/staff Self Other

Service Provider Role

UCT currently does the bus service planning, management, scheduling, duties, operation, etc. and
appoints bus drivers and (presumably) some other staff to look after the vehicles day-to-day. It is not
the intention to change this approach, and the way that these resources, skills, etc. are procured will
remain as-is. There will therefore be no further investigation of these aspects from a procurement

perspective.

Vehicle Lease

The “primary” contract (together with recharging) will be to secure the buses. This may of course be a
mixed bus solution, with some conventional (diesel/ICE) and some EV vehicles.




Current Lease Contract

The key provisions of the existing vehicle full maintenance, operating lease contract with Bidvest
Bank (who own and avail the vehicles) are summarised in the Annex. In short, Bidvest owns the
vehicles and pays for their maintenance. UCT carries all operating risk, including insurance and day-
to-day items like refuelling, tyre replacement and repairs. UCT pays on a per kilometre basis, subject
to a maximum use cap. The tariff is linked to changes in financing cost. There are some provisions in
place to ensure that the arrangement stays an “operational” (rather than “financial”) lease.

Future Lease/s (Component A)

A future agreement for EV buses is expected to be of very much the same nature as the current
contract, but probably adjusted for EV-specific requirements such as life-of-bus, battery replacement,
and recharging requirements/standards.

The minimum technical requirements/specifications will be developed from UCT’s perspective. A
major decision point is the selection of battery/recharging technology, and it will have to be
determined whether the optimal/desired technology is readily available, or whether a compromise
solution should be selected. Another aspect that needs to be investigated is how the EV bus
performance recording system works and what he respective responsibilities should be in that regard.

From a legal formulation perspective it is expected that the relevant financial leasing company will
prescribe most of the contract terms. The commercial aspects (term, rate, etc.) underpinning value-
for-money will be as established through competitive bidding — anticipating that the technical
specifications can be drafted, and that the potential EV bus lessor market is active enough to enable
competition.

Facilities-based Services

Refuelling

There could be some diesel buses still required in future. UCT currently has an arrangement to refuel
buses at an off-site private fuel retailer. This arrangement will stay in place (although the activity level
will probably be lower).

Charging (Component B)

EV charging is the next key component to resolve in the EV bus procurement package. Work is
ongoing to assess the required technology (in combination with the EV bus specifications), and to
match this with where buses require or are available for recharging.

The recharging solution must obviously be coordinated and compatible with the EV bus solution. Itis
not clear at this point to what extent the buses and the recharging gear come as a package or can be
procured distinctly. The charging contract may therefore be linked to or combined with the bus
contract (e.g. the buses and charging solution may be provided by the same supplier).

Similarly, the geographic distribution of charging points is not yet known (e.qg. it may be sufficient to
centralise points at the depots, or possibly points also need to be provided at main stops), and the
requirement may change over time (e.g. equipping smaller stops). There may therefore be a need to
link the recharging contract with the facilities contract/s discussed below (e.g. the charging solution
and facilities may be provided by the same supplier).



Whether it is beneficial to eventually tie the charging contract to the bus or facilities contracts remains
to be decided. For now, the charging investigation needs to determine an optimal/ideal technology
and location solution, which then needs to be coordinated with practical constraints (depot and stops
locations, locations of appropriate power source, etc.).

If the charging arrangement is not meshed with the bus or facility/ies contracts, then the procurement
options can be any along the spectrum in Error! Reference source not found.. However, UCT
would prefer it to be provided by an external party (whether as a rental or full-on outsourced solution).
Procurement VFM will hopefully be achieved through competition, but it there is some chance that
direct negotiation with a single supplier may be required.

Stabling & Crew Centre (Component C)

“Stabling” refers to places for long-period parking of buses (e.g. overnight, lunch breaks). “Crew
centre” refers to one or more places where crew log on, rest, etc. and which can also be used for
service administration. Crew centre/s can be more or less formalised. The stabling and crew centre/s
can but do not have to be combined.

The Director: Capital Planning & Projects has indicated that the stabling should be on-campus and
expressed a preference for two locations (Forest Hill and North bus stop). There are also other stops
(on-campus) which have both parking space and power supply, and which may be considered.

UCT would probably procure the facilities conventionally, as one or more construction contracts
probably of a turn-key nature, and then maintain and operate the facilities itself in an insourced
manner and as an extension of its existing facilities management capability. Procurement VFM will be
achieved through competition driving cost and delivery time.

However, until the facilities’ requirements, costs, etc. have been assessed, the possibility of
outsourcing these under a longer-term PPP arrangement should be kept open. Drivers for an
outsourcing solution would be a large up-front capital cost (an affordability issue) and/or the
prevalence of specialised elements (e.g. charging, battery maintenance) that UCT cannot or does not
want to manage.

Summary Procurement Strategy Components

From the above discussion there are foreseen to be three components (contracts) making up the
procurement package:

A. Buses. There will be an operating lease contract for the supply of EV buses, not dissimilar to
the current arrangement with diesel buses. The technology selection and supplier community
will direct whether it can be procured competitively.

B. Charging. The charging solution will also be procured externally, but the procurement
convention (rent, lease, concede, etc.) needs to be determined. It may be combined with the
bus, but more likely with the facilities contract.

Facilities. The facilities are likely to be procured via a conventional construction procurement, with

internal operation. Depending on the size and content of the required facility/ies there may be a need
to outsource provision, but this appears not very likely.
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UCT EV vs. ICE

SUMMARY
ltem Class Reporting NPV | Annual
Cost Allocation| Unit 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038
10%
evsotion. . ____ |
Facilities Construction R nom 13,107,849 14,418,634 - - - - - - - - - - - - - - -
Large EV Construct  EV Large R nom 11,033,246 12,136,571 - - - - - - - - - - - - - - -
Midi EV Construct  EV Midi R nom 2,074,602 2,282,063 - - - - - - - - - - - - - - -
Bus Purchase R nom 176,727,273 194,400,000 - - - - - - - - - - - - - - -
Large EV Purchase EV Large R nom 141,381,818 155,520,000 - - - - - - - - - - - - - - -
Midi EV Purchase  EV Midi R nom 35,345,455 38,880,000 - - - - - - - - - - - - - - -
Facilities O&M R nom 10,100,342 - 1,623,919 1,705,115 1,790,370 1,879,889 1,973,883 2,072,577 2,176,206 2,285,017 2,399,267 B - - - - -
Large EV o&m EV Large R nom 6,733,562 - 1,082,612 1,136,743 1,193,580 1,253,259 1,315,922 1,381,718 1,450,804 1,523,344 1,599,512 B - - - - -
Midi EV o&m EV Midi R nom 3,366,781 - 541,306 568,372 596,790 626,630 657,961 690,859 725,402 761,672 799,756 B - - - - -
Overhead Overhead EV R nom 36,451,557 - 5,860,629 6,153,661 6,461,344 6,784,411 7,123,631 7,479,813 7,853,803 8,246,494 8,658,818 B - - - - -
Electricity R nom 8,448,643 - 1,131,823 1,258,425 1,384,267 1,521,316 1,644,214 1,796,365 2,004,705 2,229,376 2,456,456 B - - - - -
Large EV Electricity EV Large R nom 7,725,487 - 1,034,531 1,151,294 1,266,423 1,391,814 1,502,187 1,641,099 1,832,735 2,039,587 2,246,883 B - - - - -
Midi EV Electricity ~ EV Midi R nom 723,156 - 97,292 107,131 117,844 129,502 142,027 155,266 171,970 189,789 209,573 B - - - - -
Service R nom 7,692,939 - 1,353,975 1,422,046 1,563,518 1,427,517 1,437,377 1,594,177 1,440,836 1,625,854 1,452,908 - - - - - -
Large EV Service EV Large R nom 5,104,763 - 902,650 900,000 1,113,518 900,000 902,650 1,144,177 900,000 1,175,854 902,650 - - - - - -
Midi EV Service EV Midi R nom 2,588,177 - 451,325 522,046 450,000 527,517 534,727 450,000 540,836 450,000 550,258 - - - - - -
Tyre Replacement R nom 4,004,893 - - 266,913 1,178,881 299,574 1,711,280 - 2,019,720 - 2,347,251 - - - - - -
Large EV Tyre EV Large R nom 3,079,375 - - - 1,178,881 - 1,375,047 - 1,635,012 - 1,907,078 - - - - - -
Midi EV Tyre EV Midi R nom 925,517 - - 266,913 - 299,574 336,233 - 384,709 - 440,173 - - - - - -
Battery Replacement R nom - - - - - - - - - - - - - - - - N
Large EV Battery  EV Large R nom - - - - - - - - - - - - - - - - -
Midi EV Battery EV Midi R nom - - - - - - - - N . - - - - - - -
Bus Terminal Value Rnom - 53,508,796 - - - - - - - - - - 138,788,036 - - - - - -
Large EV TermVal  EV Large Rnom - 42,807,037 - - - - - - - - - - 111,030,428 - - - - - -
Midi EV TermVal  EV Midi Rnom - 10,701,759 - - - - - - - - - - 27,757,607 - - - - - -
EV Total Excl. Terminal Value R nom 256,533,496 208,818,634 9,970,346 10,806,158 12,378,380 11,912,706 13,890,386 12,942,933 15,495,271 14,386,740 17,314,700 - - - - - -
EV Total Incl. Terminal Value R nom 203,024,700 208,818,634 9,970,346 10,806,158 12,378,380 11,912,706 13,890,386 12,942,933 15,495,271 14,386,740 - 121,473,335 - - - - - -
Emissions R nom - - - - - - - - N - - - - - - - -
Large EV Emission  EV Large R nom - - - - - - - - - - - - - - - - -
Midi EV Emission  EV Midi R nom - - - - - - - - N . N - - - - - -
EV Capex R nom 189,835,122 208,818,634 - - - - - - - - - - - - - - -
EV0&M R nom 66,698,374 - 9,970,346 10,806,158 12,378,380 11,912,706 13,890,386 12,942,933 15,495,271 14,386,740 17,314,700 - - - - - -
EV Total Excl. Bus Purchase R nom 79,806,223 14,418,634 9,970,346 10,806,158 12,378,380 11,912,706 13,890,386 12,942,933 15,495,271 14,386,740 17,314,700 - - - - - -
Bus Lease R nom 138,897,183 - 26,530,000 26,530,000 26,530,000 26,530,000 26,530,000 26,530,000 26,530,000 26,530,000 26,530,000 - - - - - -
Large EV Lease EV Large R nom 111,117,747 - 21,224,000 21,224,000 21,224,000 21,224,000 21,224,000 21,224,000 21,224,000 21,224,000 21,224,000 - - - - - -
Midi EV Lease EV Midi R nom 27,779,437 - 5,306,000 5,306,000 5,306,000 5,306,000 5,306,000 5,306,000 5,306,000 5,306,000 5,306,000 - - - - - -
ce sosion. |
Facilities Construction R nom 9,807,324 10,788,056 - - - - - - - - - - - - - - -
Large ICE Construct  ICE Large R nom 8,675,723 9,543,295 - - - - - - - - - - - - - - -
Midi ICE Construct  ICE Midi R nom 1,131,601 1,244,761 - - - - - - - - - - - - - - -
Bus Purchase R nom 68,040,000 74,844,000 - - - - - - - . - . - - - - -
Large ICE Purchase ICELarge  Rnom 54,785,455 60,264,000 - - - - - - - . - - - - - - -
Midi ICE Purchase  ICE Midi R nom 13,254,545 14,580,000 - - - - - - - - - . - - - - -
Facilities O&M R nom 8,416,952 - 1,353,265 1,420,929 1,491,975 1,566,574 1,644,903 1,727,148 1,813,505 1,904,180 1,999,389 - - - - - -
Large ICE o&m ICE Large R nom 5,050,171 - 811,959 852,557 895,185 939,944 986,942 1,036,289 1,088,103 1,142,508 1,199,634 - - - - - -
Midi ICE o&m ICE Midi R nom 3,366,781 - 541,306 568,372 596,790 626,630 657,961 690,859 725,402 761,672 799,756 - - - - - -
Overhead Overhead ICE R nom 36,451,557 - 5,860,629 6,153,661 6,461,344 6,784,411 7,123,631 7,479,813 7,853,803 8,246,494 8,658,818 - - - - - -
Diesel R nom 36,508,970 - 5,456,867 5,882,725 6,294,516 6,727,031 7,109,040 7,554,170 8,185,305 8,828,384 9,470,362 - - - - - -
Large ICE Diesel ICE Large R nom 25,213,372 - 3,765,453 4,067,830 4,352,578 4,650,531 4,899,368 5,201,814 5,650,930 6,104,716 6,548,184 - - - - - -
Midi ICE Diesel ICE Midi R nom 11,295,597 - 1,691,414 1,814,895 1,941,938 2,076,500 2,209,672 2,352,356 2,534,374 2,723,668 2,922,178 - - - - - -
Service R nom 36,841,353 - 6,567,695 6,783,809 7,168,757 7,255,167 7,343,439 6,811,750 7,388,365 7,093,146 7,314,059 - - - - - -
Large ICE Service  ICE Large R nom 30,238,705 - 5,415,900 5,600,885 5,821,859 6,064,429 5,881,000 5,644,177 6,178,598 5,672,509 5,988,170 - - - - - -
Midi ICE Service ICE Midi R nom 6,602,648 - 1,151,795 1,182,923 1,346,898 1,190,738 1,462,439 1,167,573 1,209,766 1,420,637 1,325,889 - - - - - -
Tyre Replacement R nom 4,004,893 - - 266,913 1,178,881 299,574 1,711,280 - 2,019,720 - 2,347,251 - - - - - -
Large ICE Tyre ICE Large R nom 3,079,375 - - - 1,178,881 - 1,375,047 - 1,635,012 - 1,907,078 - - - - - -
Midi ICE Tyre ICE Midi R nom 925,517 - - 266,913 - 299,574 336,233 - 384,709 - 440,173 - - - - - -
Battery Replacement R nom - - - - - - - - - - - - - - - - -
Large ICE Battery  ICE Large  Rnom - - - - - - - - - - - - - - - - -
Midi ICE Battery  ICE Midi R nom - - - - - - - - - - - - - - - - -
Bus Terminal Value Rnom - 20,600,886 - - - - - - - - - - 53,433,394 - - - - - -
Large ICE TermVal  ICE Large Rnom - 16,587,727 - - - - - - - - - - 43,024,291 - - - - - -
Midi ICE TermVal  ICE Midi Rnom - 4,013,160 - - - - - - - - - - 10,409,103 - - - - - -
ICE Total Excl. Terminal Value R nom 200,071,048 85,632,056 19,238,457 20,508,035 22,595,473 22,632,757 24,932,292 23,572,881 27,260,698 26,072,204 29,789,879 - - - - - -

ICE Total Incl. Terminal Value R nom 179,470,162 85,632,056 19,238,457 20,508,035 22,595,473 22,632,757 24,932,292 23,572,881 27,260,698 26,072,204 - 23,643,514 - - - - - -



Emissions R nom - - - - - - - - - - - - - - - - -

Large ICE Emission ICE Large ~ Rnom - - - - - - - - - - - - - - - - -
Midi ICE Emission  ICE Midi R nom - - - - - - - - - - - - - - - - -
ICE Capex R nom 77,847,324 85,632,056 - - - R - R - - - - - - . . .
ICE O&M R nom 122,223,724 - 19,238,457 20,508,035 22,595,473 22,632,757 24,932,292 23,572,881 27,260,698 26,072,204 29,789,879 - - - - - -
ICE Total Excl. Bus Purchase R nom 132,031,048 10,788,056 19,238,457 20,508,035 22,595,473 22,632,757 24,932,292 23,572,881 27,260,698 26,072,204 29,789,879 - - - - - -
Bus Lease R nom 53,475,416 - 10,214,050 10,214,050 10,214,050 10,214,050 10,214,050 10,214,050 10,214,050 10,214,050 10,214,050 - - - - - -
Large ICE Lease ICE Large R nom 43,058,127 - 8,224,300 8,224,300 8,224,300 8,224,300 8,224,300 8,224,300 8,224,300 8,224,300 8,224,300 - - - - - -
Midi ICE Lease ICE Midi R nom 10,417,289 - 1,989,750 1,989,750 1,989,750 1,989,750 1,989,750 1,989,750 1,989,750 1,989,750 1,989,750 - - - - - -

EV vs ICE NPV

O&M EV R nom 8,239,955 16,358,782 24,813,382 32,210,235 40,050,996 46,692,767 53,921,425 60,022,808 66,698,374 66,698,374 66,698,374 66,698,374 66,698,374 66,698,374 66,698,374
EV Capex EV R nom 189,835,122 189,835,122 189,835,122 189,835,122 189,835,122 189,835,122 189,835,122 189,835,122 189,835,122 189,835,122 189,835,122 189,835,122 189,835,122 189,835,122 189,835,122 189,835,122
Emissions EV R nom - - - - - - - - - - - - - - - -
Total excl. Terminal EV R nom 189,835,122 198,075,077 206,193,904 214,648,504 222,045,357 229,886,118 236,527,889 243,756,547 249,857,929 256,533,496 256,533,496 256,533,496 256,533,496 256,533,496 256,533,496 256,533,496
0&M ICE R nom - 15,899,551 31,307,542 46,740,554 60,793,715 74,867,344 86,963,959 99,681,276 110,738,436 122,223,724 122,223,724 122,223,724 122,223,724 122,223,724 122,223,724 122,223,724
ICE Capex ICE R nom 77,847,324 77,847,324 77,847,324 77,847,324 77,847,324 77,847,324 77,847,324 77,847,324 77,847,324 77,847,324 77,847,324 77,847,324 77,847,324 77,847,324 77,847,324 77,847,324
Emissions ICE R nom - - - - - - - - - - - - - - - -
Total excl. Terminal ICE R nom 77,847,324 93,746,875 109,154,866 124,587,878 138,641,039 152,714,668 164,811,283 177,528,600 188585760 200,071,048 200,071,048 200,071,048 200,071,048 200,071,048 200,071,048 200,071,048
O&M ICE > EV y/n - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Capex ICE > EV y/n - - - - - - - - - - - - - - - -
Total ICE > EV y/n - - - - - - - - - - - - - - - -
Total Excl Bus Capex
Cost Item EV ICE EV-ICE EV/ICE EV share ICE share EV share ICE share
Facilities Construction R nom mill 13 10 3 6% 5% 16% 7%
Bus Purchase R nom mill 177 68 _ 87% 38%
Facilities O&M R nom mill 10 8 2 5% 5% 13% 6%
Overhead R nom mill 36 36 2 18% 20% 46% 28%
Energy R nom mill 8 37 4% 20% 11% 28%
Service R nom mill 8 37 4% 21% 10% 28%
Tyre Replacement R nom mill 4 4 - 2% 2% 5% 3%
Battery Replacement R nom mill - - - 0% 0% 0% 0%
Bus Terminal Value R nom mill - 54 - 21 _ -26% -11%
Emissions R nom mill - - = 0% 0% 0% 0%
Total R nom mill 203 179 24 113 100% 100% 100% 100%
Bus Lease R nom mill 139 s3s[ 8 118
Total Bus Cost R nom mill 123 47 61% 26%
Excl Bus Capex R nom mill 80 132 -40%
Sensitivities
Operator Factor EV ICE Ratio Break-Even Scenario
Purchase Approach R nom mill 203 179 1.13
Term Days X 1.00 R nom mill 203 179 113 137 1.10
Distance Operated X 1.00 R nom mill 203 179 1.13 1.65 1.00
Facilities Construction x 1.00 R nom mill 203 179 113 N/A 1.00
Bus Fleet (No of each) - - R nom mill 203 179 1.13 6 0.00
EV Bus Purchase Price x 1.00 R nom mill 203 179 113 0.82 0.90
Electricity Tariffs X 1.00 R nom mill 203 179 1.13 N/A 1.00
Diesel Price x 1.00 R nom mill 203 179 113 158 1.00
EV Bus Life + = R nom mill 203 179 1.13 5 1.00
Lease Approach R nom mill 219 186 1.18
EV Bus Life + - R nom mill 219 186 1.18 7.5 1
EV Lease Term + = R nom mill 219 186 118 4.5 2
EV Lease Interest Rate X 1.00 R nom mill 219 186 118 0.4 0.85

EV Service & Tyre 143,539 - 1,353,975 1,688,959 2,742,399 1,727,091 3,148,657 1,594,177 3,460,557 1,625,854 3,800,159 - - - - - -
ICE Service & Tyre 493,553 - 6,567,695 7,050,721 8,347,638 7,554,741 9,054,718 6,811,750 9,408,085 7,093,146 9,661,310 - - - - - -
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EXISTING NEW

STORMWATER

STORMWATER MH

FOUL SEWER

FOUL SEWER MH

HYDRANT

DOMESTIC MAIN

VALVE

teole
tpole

GENERAL NOTES

1. THIS DRAWING TO BE READ IN CONJUNCTION
WITH THE FOLLOWING SABS 1200
SPECIFICATIONS:

A GENERAL

C SITE CLEARANCE

DB
DM
LB
LE
ME
MF
MG
MH

EARTHWORKS (PIPE TRENCHES)
EARTHWORKS (ROADS, SUBGRADE)
BEDDING (PIPES)

STORMWATER DRAINAGE

SUBBASE

BASE

BITUMINOUS SURFACE TREATMENT
ASPHALT BASE AND SURFACING

MJ SEGMENTED PAVING
MK KERBING AND CHANNELING

MM ANCILLARY ROADWORKS
2. THE CONTRACTOR WILL BE RESPONSIBLE FOR THE SEARCHING
OF AND PROTECTION OF ALL EXISTING SERVICES

3. NOT ALL EXISTING SERVICES ARE SHOWN ON THIS DRAWING.

4. POSITION AND LEVELS OF EXISTING SERVICES TO BE VERIFIED
ON SITE BEFORE CONSTRUCTION COMMENCES.
ALL DISCREPENCIES TO BE REPORTED TO THE ENGINEER.

5. THE GENERAL CONDITIONS OF CONTRACT,
SECOND EDITION (2010) IS APPLICABLE.

STORMWATER

1. UNLESS OTHERWISE INDICATED ALL STORMWATER]
PIPE TO BE @375 100D PIPES.

SEWER

1. SEWER PIPELINES TO BE uPVC CLASS 34, HEAVY DUTY
SOLID WALL , COMPLYING WITH SABS 791

2. ALL FOUL SEWERS IN ROAD RESERVES SHALL BE PLACED
ON CENTRE LINE

3. ALL SEWER PIPE CONNECTIONS TO BE CROWN TO CROWN.
4. ALL PIPES TO BE LAID ON CLASS B BEDDING (SABS 1200 LB)

WATER

1. MIN WATER PIPELINES TO BE 110mm DIAMETER

2. WATER PIPELINES TO BE uPVC CLASS 12 HEAVY DUTY COMPLY
WITH SABS 966 WITH SPIGOT AND SOCKET RUBBER RING JOINTS.

3. ALL VALVES AND HYDRANTS SHALL BE AS PER STANDARD SPEC'S
AND GUIDELINES OF THE CITY OF CAPE TOWN WATER
AND SANITATION DEPARTMENT

4. ALL VALVES AND HYDRANTS TO BE POSITIONED BEHIND KERBS
AND NOT IN ROADWAYS.

5. WATERMAINS GENERALLY LAID 1.0m OFF ROAD RESERVE EDGE.

6 . MINIMUM COVER OF WATER MAINS:
@110mm = 0.800m
@160mm = 1.000m

DRAWING NUMBER PREFIX:

P = PRELIMINARY (NOT FOR CONSTRUCTION)

C = FOR CONSTRUCTION

T=FOR TENDER

[2x110mm SLEEVES @ 0.6m BELOW GROUND |

|2x1 10mm SLEEVES @ 0.8m BELOW GROUND |

PRELIMINARY STAGE

PREFIX IN REVISION BLOCK DENOTES

CONSTRUCTION STAGE

DUCT MH
Imx 1m
0m 405 2.5 5 7.5 10 12.5m
SCALE 1:250
P PREFIX IN REVISION BLOCK DENOTES
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SICHARGE

CHARGE UC

werful charging solution
r your electric fleet

siemens.com/sichargeuc

IEC Standard


http://siemens.com/sichargeuc
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The SICHARGE UC family

Powerful and reliable, the SICHARGE UC product family takes care of a diverse mix
of electric vehicles with high power demand. It provides you with a technical solution
that fits your specific needs and ensures the highest availability of your fleet.

SICHARGE UC with its multiple connection options furnishes you with modular building
blocks and freedom to choose between Dispensers and high power automated charging
with Pantographs or Hood, thus overcoming space constrains.

Interoperability and

future proof up to 1000 V

To ensure flexibility in electrifying
your fleet — today & tomorrow

Flexible and space-saving

To easily integrate into existing
depot with constraints in HW, SW
or layout

o

B

Q’

Robust, durable,

outdoor designed

To ensure longevity of equipment,
easy outdoor usage with IP54
and highest fleet availability

Optimized CAPEX and OPEX

To realize the most competitive
solution and efficiently manage
your daily operation



High power for your
electric tleet

Keeping an electric fleet charged and running efficiently requires the distribution
of high power in an intelligent way. The SICHARGE UC product family provides
the right technical solutions for your business needs. It depends on the routes,
charging schedules and location of electric vehicles when and where charging

is most reasonable and efficient.

Depot charging Opportunity charging

In a central depot, vehicles generally High power automated charging with
spend some hours during a day or night Pantographs or contact Hoods is the
and can be sequentially charged as per optimal solution for ultra fast charging
the needs of their schedule. and shorter charging cycles.

Charging directly from a SICHARGE This solution can either be implemented
UC compact charger or sequentially for on-route charging or in the depot
connected Dispensers is well suited for when tight schedules need to be consid-
overnight charging at the depot. ered.

(Industrial

AC Charging

oLl
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Charging setup tailored
to your needs

Flexible configuration options

Compact charging

SICHARGE UC 100C or 200C compact charger with integrated cable — simple and direct connection
with your eVehicle.

Sequential charging

SICHARGE UC 100 to 400 with up to 5 air-cooled or 3 liquid-cooled Dispensers or
automated contact Hoods connected sequentially.

Up to 5 devices g

&

| i {7




Ultra high power charging

SICHARGE UC up to 800 kW can be connected to liquid-cooled Dispensers or automated contact
Hoods or Pantograph sequentially.

or >>>>

Implementation of charging flexibility — project specific

The SICHARGE UC family can adopt to your individual needs through flexible combination
in a switching matrix.

TR

>>>>
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The Charging Center is
the core of your system.

It contains the charging
controller, the DC convert-
ers and optionally a direct
cable connection to the
vehicle. Several other
vehicle connections like
the cable based Dispenser,
inverted Pantograph and
Hood can be powered by
this unit.

The cable connected
Dispenser of the UC family
is installed close to the
vehicles connection with a

small footprint and elegant

design.

For investment and space
optimization, several

Dispensers can be powered

in sequence by a single
Charging Center.

High degree of
protection IP54 against
dust and spray water

Covered plug holder
(optional)

Cable holder for
convenient and clean
operation

Power cable with
comfortable length for
rough environments

Inclined rain protection
Hood directs water to
the rear

High degree of
protection IP54 against
dust and spray water

Covered plug holder
(optional)

Multiple options for
floor, wall or roof
mounting

Cable optionally cooled
for up to 400 A

Multilingual 7" outdoor
touchscreen display at an
ergonomic height, accessible
and easy to read — also in
bright sunlight (optional)

Emergency stop button

C3 painted for outdoor
usage

Large doors for easy
maintainance access

)
)
)
)
]

]
)
)
m
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Charging status indication
by 360 degree LED light
(optional)

Multilingual 7" outdoor
touchscreen display at an
ergonomic height, accessible
and easy to read — also in
bright sunlight (optional)

Cable holder for convenient
and clean operation

Power cable for application
in rough environments
with comfortable length

Air ventilation slots for
the liquid-cooled cable




Inverted Pantograph

MastPanto - industrial design
MastPanto — urban design

The inverted Pantograph is a fully
automated option to connect to
the fleet e.g. on feeding oppor-
tunities along the route.

Urban
Industrial design
design '

Cantilever arms available
in short or long with a
large variety of colors to
fit individual environ-
ment of the city

Inverted Pantograph

Easy maintenance
access through the
door, 230 V sockets
inside

WLAN antenna for the
secured and reliable Wi-Fi
communication to
charging infrastructure

Robust charger mast

LED signal lamp to indicate
the status of charging

Baseplate for safe
attachment to the
foundation

Mast mounted Hood

\Cantilever arm For electric vehicles with
integrated Pantograph,

Lightweight mast and the Hood is the connecting
Connection Hood with simple architecture counterpart. The Hood is
insulated 4-pole contact easy to set up available in two variants:

mounted on a mast or

Baseplate for safe directly under the ceiling.

attachment to the
foundation

L
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Technical data

SICHARGE UC
Compact charger &
Charging center

SICHARGE UC
High power charger

SICHARGE UC
Charging center

SICHARGE UC 100C/100 | 200c/200 | 400 | 600 | g0 |

Vehicle interface

Integrated cable Ccs CCS - - -
Air-cooled CCS cable Dispenser x x - - -
Liquid-cooled CCS cable Dispenser - - x - -
Mast mounted Hood x x x x x

Mast mounted (inverted)
Pantograph

Voltage, V AC 400 (3ph + PE) + 10 %

gg:r;?;sa; Q\"m'”a' el 152 228 456 683 911
Frequency, Hz 50*

Power factor (cos phi) >0.98

Peak power, kW (@1000 V DC) 125 200 400 600 800
Rated power, kW 100 150 300 450 600
Current (max.), A 125 200 400 600 800

Voltage (range), VDC
Efficiency factor n (at load 100%), %

Environmental conditions
AR © o1 . T .

Operating temperature and humidity

Max. operating altitude, m 2000 d

Operational environment Indoor and outdoor

IP54, IK10 for housing, IK 09 for HMI

Casing material Galvanized steel, painted, C3

Color Main housing: RAL 9006 — White aluminium; roof and base: RAL 9017 — Traffic black matt

Protection enclosure

. . 746 x
Overall dimensions W x D x H, mm

929 x

1526 x

3052 x 1109 x 2000

898 x 1800 1109 x 2000 1109 x 2000
Approx.weight, kg 1000 1400 2780 4120 5560
General specifications
Charge control unit Siemens controller
Local user interface 7" touchscreen HMI (optional)
User authentication RFID (optional)
Network connection Ethernet interface / 3G | 4G
Electric safety device RCD B-type (optional)
Communications protocol OCPP 1.6 (J-SON)
Cable lengths 3.5/6/10m
Charging standards EN 61851-1/23/24,1SO 15118 (DIN 70121)***
EMC standards EN 55016-2-1 &-3; EN61000-4-2 & -3 &-4 &-5&-6
CE-Certification Yes

*60 Hz upon request

**Details available in the technical manual

***Complies with ISO15118-1 standard use-cases, further use-cases being
implemented



SICHARGE UC
Dispenser

Air-cooled Liquid-cooled

1

s

SICHARGE UC
Mast mounted Hood

ﬂz‘fars.

SICHARGE UC
Inverted Pantograph

=1

Connection options Mast mounted Hood Inverted Pantograph

Design variants

DC output**
Connection standard
Peak power, kW
Rated power, kW
Current, A

Voltage (range), V DC

Air-cooled Liquid- 1D ID-E
cables cooled Industrlal design Urban Industrial | Industrial
cables design design design-
(optional™®) extended
CCS type 2 CCs OPPCharge
125/200 400 800 800
100/150 300 600 600
1251200 400 500 800
10...1000

Environmental conditions

Operating temperature and humidity

Max.operating altitude, m

-25 ...+45 °C =can be extended uHon reﬁuest= and UH to 95% relative humiditx =noncondensinﬁ=
2000 (without derating

Mechanical specifications

IP54, IK10 for housing, IK 09 for HMI

Protection
Height, installed, mm

Road clearance, mm
Cantilever length, mm

Approx. distance mast to curb, mm

Footprint on sidewalk, mm

Operating range Pantograph, mm

Approx. weight, kg

Color

Material

2000 (915 for wall 5000 5805 6573 6573
mounting)
4635 4550 to 4650
nla 3500 3955 4200 5200
1900 1400 1400 2400
600 x 300 350 x 300 940 x 315 1300 x 330 1300 x 330
nla nla 900
95
(60 for wall 180 900 1975 1870 2300
mounting)

Main housing: RAL 9006 —
White aluminium;
roof and base: RAL 9017 -
Traffic black matt

RAL 9006 — White aluminium

Galvanized powder coated
steel

Galvanized steel,
painted, min. C3

Galvanized

steel with Galvanized steel,

fiber glass painted, min. C3
panel

General specifications
Communication standard

Number of possible connectors
(sequential charging)

User authentication
Cable lengths, m
CE-Certification
Network connection

Local user interface

Charging status indication

* Upon a project-specific request

PLC PLC WiFi IEEE 802.11a
upto5 2xx* 1

RFID (optional) nla RFID (optional)

35/6/10 | 35/5 nla nla
Yes
Ethernet interface / 3G | 4G
7" touchscreen HMI nia nia
(optional)

LED (optional) LED nla

** Details available in the technical manual
*** eVehicle under the Mast Hood will be given priority in charging sequence
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More than charging

Experience peace of mind

!

We offer you world-class services and support throughout the entire lifecycle of
your charging equipment, thus assuring the maximum uptime and highest availability
of your chargers.

Preventive 3 Competence

Spare part

maintenance management

Corrective Digita| Support and
int . consultin
maintenance services ulting

Service packages

Our cloud-based service packages Care and Care Plus look after your chargers
using the dedicated Siemens service backend.

Care Care Plus

The basic Care package is included during Enjoy all Care digital services and even
the warranty period and can be extended by more with our Care Plus package. Your
subscription. charger will be proactively monitored and

analyzed by our operation center. Firmware

It ensures that firmware updates keep your ; . . S
P Py updates will be delivered with priority.

chargers up to date as eMobility continues to
evolve. Remote analyses and diagnostics are
performed by our support center on demand.



Managing charging
of your fleet

Benefit from Siemens digital solutions

!

Together with the charging equipment, our best-in-class software services ensure smooth,
reliable and efficient operation of your electric fleet.

Operation,
monitoring and
reporting

Smart
charging

Access

Accounting
control

and billing

Charging Find out more at
scheduling siemens.com/emobility

From planning to operation &

Superior support throughout the lifecycle

Intelligent planning: we support your depot electrification starting from the expert consultancy
and depot planning including the charging simulation.

Smart infrastructure: benefit from our comprehensive charging portfolio which includes DC
and AC equipment as well as advanced solutions for the power connection of your site.

Managing the operations: Siemens software suite offers everything you need to manage
charging of your electric fleet intelligently and efficiently.

Rely on us — we care: during the whole lifecycle our cloud-based service packages Care and
Care Plus look after your chargers to ensure highest availability of your fleet.



http://siemens.com/emobility

Siemens AG
Smart Infrastructure
Distribution Systems

Mozartstrasse 31c¢
91052 Erlangen, Germany

Article No. SIDS-B10059-00-7600

© 04/2021, Siemens AG

Subject to changes and errors. The information given
in this document only contains general descriptions
and/or performance features which may not always
specifically reflect those described, or which may
undergo modification in the course of further
development of the products. The requested
performance features are binding only when they
are expressly agreed upon in the concluded contract.
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Never stop moving!

Terra 360. The EV charger designed for users
on the move, busy urban locations and fleets
of commercial vehicles.

@

« The world's fastest high power
charger, delivering up to 360 kW

« Charge up to four vehicles
simultaneously

- Innovative design suitable for all
parking configurations



At ABB, we have 130 years of
heritage in accessible
technology leadership and a
world-leading AC and DC
charging portfolio - for safe,
smart and sustainable mobility.

That’s why some of the world’s
biggest brands trust us to
provide market-leading
e-mobility solutions from home
to highway to workplace.



Terra 360
Designed around the needs of urban
spaces and today’s EV driver

Municipalities are Distributed fast
banning internal Delivery and taxi Gas & oil companies are charging in residential
combustion companies are embracing electric car areas is an alternative
vehicles from electrifying charging, electricity is to traditional

the city centers their fleets a new type of fuel refueling stations

500 different EV models available Cities are investing into Retail chains are investing
globally by 2022 with the sale of high power charging in fast charging offering
EVs estimated to reach close to infrastructures for private customers a full charge in
10 million by 2025 and public transports exchange of an extended

visit to the store
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Terra 360
The high-power charger for everyone

The Terra 360 is the fastest all-in-one charger on the
market. Designed around the needs of today’s EV
driver, the Terra 360 is powerful, flexible, user-friendly
and designed for accessibility.

Key features

« "All-in-one" integrated design

- Up to 360 kW of charging power

« Modular and scalable in 30 kW steps

« Serving multiple EVs at the same time

- Dynamic power allocation across the outlets

« Supporting the major charging standards

« CCS charging up to 500A (liquid cooled option
available in 2022)

« The only charger that can serve a high performance
car, such as the Porsce Taycan, at full power (270 kW)
and charger a second vehicle (90 kW)

- Serving up to four vehicles at the same time
(available from 2022)

- Charging batteries up to 920 Vdc

- Integrated cable management system

- Five meters of cable reach on all sides of the charger

« 15" touchscreen user interface

- Optional 27" advertisement screens

- Optional credit card payment terminals

- Native support to OCPP 1.6 JISON

- Easy and fast installation and commissioning

- Online and local service and configuration tools

- Native integration to ABB site and fleet power
management solutions




A smart and sustainable investment

ABB’s Terra 360 is the world’s most powerful and
compact all-in-one high power charging solution,
helping charging network operators deploy fast-
charging stations and accelerate the transition
to future mobility.

Retail - -
Commercial Refueling
fleet stations

Use cases

Commercial fleet Delivery fleet depots, Taxi, EV fleet depots
Retail Modern urban charging stations, convenience stores,
supermarkets, shopping centers, parking structures,

car dealerships, racetracks, car dealerships

Refueling stations Highway refueling stations, high traffic roads
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Terra 360 benefits

£

Best in class charging
performance

100 km of range in less than 3 minutes
Dynamic power allocation
Sharing power to serve up 4 vehicles

Up to 500A on every outlet

Ooo
iy

Accessible to everyone

Start charging in seconds with
Plug&Charge functionality

Serving all EV models due to long cable reach

Cables always ready with integrated
retraction system

Designed to be wheelchair user friendly

-

Designed for flexibility

Various parking configurations possible
Wide range of customization options
Power modularity from 90 kW up to 360 kW

Supporting all charging standards

13

User centric design

Simple and intuitive user interface

User guided by the innovative LED
lighting system

Entertainment and information with the
optional advertisement screen

Easy branding and colour customization




The Terra 360 all-in-one
high-power charger

At a glance

Power modularity from

Connected to all the major
back-ends via OCPP

90 kW to 360 kW enables
customers to match

specific charging needs
and increase power level
when required

Innovative lighting
system shows the
charger availability
and the State of
Charge (SOC) of
the connected EVs

Small footprint provides
flexibility in installation and
enables multiple parking

scenarios (frontal and
drive-though parking)

CHARGING POWER

CCS charging up to 360 kW
CHAdeMO charging up to 150 kW
AC Type-2 up to 22 kW

Charger designed to meet
everyone's charger needs,
accessible to everyone

(including wheelchair users)

POWER CONFIGURATIONS

360 /240 /180 / 120 kW
(Upgradable with
extra modules)

o———— User-friendly cable
retraction system and

5 metres long cable reach
providing accessibility
for everyone

Advertisment screen for
user engagement and
brand promotion

Intuitive user interface
with easy-to-follow
instructions ensures
rewarding customer
experience

Connectors available in multiple
standards and delivering up to
500A (CCS) with air or liquid
cooled technology

DIMENSIONS

Height 2200 mm
Width 720 mm
Depth 710 mm
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Technical specification

Charge post

Charging type

Localization

Outlet options

Outlet 1

Outlet 2

Outlet 3 (Optional available from 2022)

Outlet 4 (Optional available from 2022)

Input AC power rating

Input voltage range

Max DC output power rating

Max AC output power rating (optional)
DC output voltage

Number of EV served

Cable length

CCS cables maximum current
CHAdeMO cables maximum current
Network type

Connector types

Protection

Overvoltage category
Power factor (full load)
THDi

Efficiency

Standby power

Short circuit current
Pre-charge current
Inrush current
Leakage current
Energy metering
Cellular communication

Modem

Fast / high power charging

CE
UL (2022)

=

CCS 500A
. CCS 500A liquid cooled (2022)

n

=

CCS 500A
. CCS 500A liquid cooled (2022)

n

-

CCS 500A
CHAdeMO 200A

n

[y

CCS 500A
2. CHAdeMO 200A
3.AC Type-2 22 kW

560 A, 385 kVA @ 50 Hz

400 VAC +/- 10% (50 Hz or 60 Hz)

360 kW

22 kw

150-920 Vdc

Base model up to two, optionally up to four (2022)
5.5 meters

500 A (air cooled, liquid cooled option available from 2022)
200A or 125A (available from 2022)

TN-S, TN-C, TN-C-S, TT (with upstream RCD)

3P+ N+PE

Overcurrent, overvoltage, undervoltage, ground fault including DC leakage protection,
integrated surge protection

Type ll

>0.96

<4.5%

> 95% (peak)
80 W

>60 kA

<1A

<100A

30mA

MID and Eichrecht compliant meters available as option from 2022
GSM /4G / LTE

Embedded cellular modem. Second modem available as option




User interface

Connectivity Internet access via 4G / 3G / Ethernet (R145)

User authentication App, ISO 15118 Plug'n'Charge, RFID, PIN code

User interface 15" LCD high-contrast touchscreen

Number of user interfaces Front (standard). Rear (optional)

Communication protocols OCPP 1.5, 0CPP 1.6 JSON

RFID Reader 1ISO 14443 A + Bto part 4 and ISO/IEC 15693, Mifare, NFC, Calypso, Ultralight, PayPass, HID; and more
Emergency button Yes, option available

Configuration

Software update Over-the-air updates via ABB web portal

Control and configuration ABB web portal, on-board Service Portal, OCPP 1.6

Multilanguage system English, Italian, Spanish, Germany and more than 50 languages available and new languages

configurable via ABB Web Tool

General characteristics

IP and IK rating IP-54 and IK-10 (cabinet) / IK-8 (touchscreen)
Enclosure type Stainless steel 430 and Aluminium
Operational altitude Up to 2000 m

Operating temperature range -35 Cto + 55 C (power de-rating applies)
Storage temperature range -40°Cto +70°C

Humidity 20-95 % Rh non-condensing

Mounting Free-standing cabinet

Dimensions (H x W x D) 2200x720x 710 mm

Weight 700 kg

Certification and standards

Charging system IEC 61851-1 ed 3, IEC 61851-21-2 ed 1, IEC 61851-23 ed 1, IEC 61851-24 ed 1, IEC 62196-2,
IEC 62196-3, IEC 61000

Communication to the EV DIN 70121, CHAdeMO 1.2

Warranty Base warranty 24 months after Site Acceptance Test or 30 months after factory delivery.

Warranty extensions available







For more information please contact:

ABB E-mobility

Heertjeslaan 6,

2629 1G Delft

The Netherlands

Phone: +3188 4404600
E-mail: info.evci@nl.abb.com

https://emobility.abb.com/

© Copyright 2021 ABB. All rights reserved.
Specifications subject to change without notice.
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Business Case for the deployment of BEVs on the UCT Shuttle service

In diversity there is beauty
and there is strength.

Document prepared by:
Zutari (Pty) Ltd

Reg No 1977/003711/07

Riverwalk Office Park
41 Matroosberg Road
Ashlea Gardens
Extension 6

Pretoria

South Africa

PO Box 74381
Lynnwood Ridge
0040

T +27 12 427 2000
F +27 86 556 0521
E tshwane@zutari.com
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