init innovation in traffic systems SE | Kaeppelestrasse 4-10 | 76131 Karlsruhe | Germany | Tel.: +49.721.6100.0 | www.initse.com

Press Review

init

Page 1/7

:Dr'\v'mg g Mo custainable

transport industry ~4qig®
forward with e-mobility

As the public transport industry experiences increasing pressures
to decarbonise in the face of worsening climate change, operators
across the globe are working to identify the best ways in which to
reduce their emissions. E-mobility is often considered to be the best
option, owed to the fact that the technology is far more developed
and accessible than other alternative power solutions.

This ‘roundtable’ brings together key industry personnel and those
passionate about sharing their opinions on e-mobility to discuss how
the public transport industry is adapting in order to shift away from
polluting diesel vehicles to more sustainably powered ones, as well
as the adjustments to operational processes that operators must
consider when looking to introduce these new types of vehicles.
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How significant a role is e-mobility playing in
the decarbonisation of public transport?

The Future of Mobility
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E-rmobility is essential in the drive towards
a net-zero public transport system. Within the public
transport sector, it is the bus industry that is leading the
way in the electrification of its networks. The scale of
migration towards zero-emission vehicles by transport
authorities and innovative and forward-thinking
private operators has generated a critical mass of
electric vehicle (EV) orders over recent years — which,
in turn, has accelerated the development of the
various technologies needed to make bus network
electrification viable. These maturing technolagies
have led to developments such as longer vehicle
range, faster charger speeds and lower vehicle and
infrastructure costs, meaning that the deployment
of battery electric vehicles is becoming increasingly
more commercially viable for all operators, not just
those able to leverage their parent group resources
or central government funding.

One of the greatest strengths of e-mobility in
decarbonising public transport is its ability to be
introduced effectively at both a large and small scale,
sometimes using existing spare grid capacity for small
scale introductions or developing large scale fleet
delivery via innovative battery storage or flexible grid
supply options. This scale agility makes electrification
a more attractive proposition for public transport
providers requiring a single solution or architecture
for a variety of depot and fleet requirements.

The ability to implement this technology, and the
advances that have occurred in technology, has
allowed operators to play a significant role in the
improvement of air quality in cities and promote
public transport as a more sustainable form of travel,

M Electromobility is the key to the

decarbonisation of public transport. With

the political will to lower carbon dioxide emissions
with a net-zero goal, public transportation plays
an important role. By providing attractive services
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to commuters, the need for individual transport
is reduced and, thus, emissions and traffic overall
becomes less, making cities places worth living in.
With the percentage of renewable energy
in the energy mix for producing electricity rising,
electric-powered buses become even cleaner and more
sustainable. With more than 50,000 buses in use in
public transport in Germany alone, the transition to
battery electric buses helps to save a significant amount
of carbon dioxide and reduces other emissions, too
(such as fine particles, nitrogen oxide, noise, etc.).

| believe that it's necessary to decarbonise
public transport, not only due to public relation issues,
but to convince our passengers and encourage them
to use buses. Often, many people guestion the need to
buy an electric vehicle, especially when the public
transport in their region is not decarbonised. Thus,
we need to accelerate our decarbonisation efforts
in order to fulfil our customers' demands. In the
case of decarbonisation, we have two options: using
hydrogen or e-mobility. From my experience, e-mability
- specifically, electric buses — is the most advanced
solution in current circumstances.

At VHH, we have been providing bus services for
nearly 100 years and, now, we are in the middle
of a significant transition — going from 100 years of
combustion-engine transport to non-combustion-engine
transport. That's a major change. In normal times,
we have nearly over 120 million passengers using
our services. However, these passenger numbers are
not so important — it's the 160 routes that we use to
transport our passengers which are really important.
These are heavily used routes, transporting more than
40,000 passengers per day. Then, you have to consider
the 13 bus depots that we have in Hamburg, where as
little as 20 buses to maybe 200 buses are stored and
maintained. Transforming these to e-mobility is one of
the major tasks that we have to achieve. #
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What are the benefits of choosing
electric-powered vehicles over other forms of
alternative power, such as hydrogen or CNG?

M Electromobility based on battery electric vehicles has the
highest efficiency of all propulsion types available and, therefore, is

the way to go for most public transport companies. Furthermore, electric
energy can be produced in large quantities using renewable energy,
making it an alternative that is not only locally emission-free, but also
generates only a small amount of emissions over the whole process chain.

Hydrogen is only very rarely available as ‘green’ hydrogen that is
produced with renewable energy. Most available hydrogen is 'grey’ hydragen, coming
from other industrial sources. Also, the efficiency of hydrogen-powered vehicles, compared
to battery electric vehicles, is much lower. Prices for hydrogen-powered buses are
significantly higher, too, compared to the prices of battery electric buses. All of this would
need changes to make hydrogen an alternative for mass transport.

There sure are, at least at the moment, niches where hydrogen-powered buses make sense.
In regional transportation, with large distances between bus stops and only few opportunities
for recuperation or re-charging underway, hydrogen-powered buses have a niche.

And, with prices for battery electric buses falling and battery capacities rising, together
with smart systems supporting bus operators (like INIT's smart depet management
systerns, charging managements systemn and optimised planning of blocks), the
challenges of transitioning to and the operation of battery electric buses can be handled.

CNG was a bridge technology that is dwindling, especially now with gas prices on
a high and a situation where supplies of gas in many parts of the world cannot be
guaranteed, and it is not as attractive anymore. Although, in Europe, there is the taxonomy
of labelling gas as sustainable energy, but there is a growing resistance in the public
against this label, as gas usually is a fossil energy.

The main advantage of EVs is that they're more cost efficient. At the
moment, it is much easier to introduce them into our existing operations and
mixed operations with combustion engines and diesel-engine buses. Many
of our decisions, particularly when choosing between hydrogen fuel cell and
electric buses, are really economically driven. We need to ensure the most
stable operations at the lowest costs possible. At the moment, hydrogen has
significantly higher operational costs. Hydrogen is much, much more expensive
than electricity in terms of what we have here in Hamburg. However, we are also considering
how we can make that switch to hydrogen in a couple of years' time, when we see that
hydrogen will be a more economically sustainable option. We can imagine using hydrogen for
our long-range lines, that run by motorways, and hydrogen planning bus lines. In addition, the
variety and availability of electric vehicles is much higher, and a more standardised technique
can be used on the loading infrastructure side.

In terms of the disadvantages, on larger fleets, the infrastructure for electric buses costs
much more than for hydrogen buses, which makes it difficult to scale the infrastructure
for electric buses. In my opinion, the greatest disadvantage would be that we have to
manage the range and loading time for electric buses much more closely than for their
hydrogen counterparts.

While hydrogen buses are a great alternative to tradition diesel vehicles, the demand
for green hydrogen poses the biggest challenge to the wider adoption of this alternative
fuel. On the other hand, with electric buses, we can usually transition faster and more
easily. This may change in the future, but this is where | think we currently stand as
an industry. However, in other locations/ countries with different conditions, views on
these sustainable fuels may differ. This is why it is important that we look at the specific
conditions and requirements of a company when deciding on which green fuel we use to
decarbonise our public transit fleets. For the time being, our decision here in Hamburg is
to achieve this with electric buses.
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What are the challenges
that transport operators
face when looking to
introduce electric vehicles
in their operations?

(283 There are
a number of challenges
to introducing electric
vehicles to a fleet
operation, and they
tend to fit into five
main categories:
connection of depot to the electricity
grid; depot civil works and electrical
energisation; installation of vehicle charger
infrastructure; vehicles; and fleet/charger
management (including smart charging).
For some applications, opportunity

charging is an option, providing significant
benefits for operators as it lowers the
overall peak power requirements for an
operational site and also reduces the
required battery capacity for vehicles.
It also has the potential to reduce the
onsite charge infrastructure and allow
for a more traditional, diesel-like stabling
arrangement. An opportunity charge
solution does, however, require a greater
degree of collaboration with third parties
and also restricts future network changes
of vehicles, dependent on location-specific
route infrastructure. Under the right
arcumstances, and in close collaboration
with local transport authorities, this can
be a sophisticated and highly effective
e-moability solution.

Away from opportunity charging,
one of the most important elements
to understand early on in planning is
to establish what surplus grid power is
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available within the operator's existing
sites and the surrounding areas; knowing
this is key and could influence the type

of technology deployed. A site with

readily available grid capacity would

have a myriad of options available to it,
enabling deployment at scale without
compromising on vehicle type or charging
solution. A site with limited available power
would need to think much more carefully
about the requirements of fleet charging
and the 'charging window', mapping the
vehicle run-in times to expected state of
charge to ensure that each vehicle has
sufficient time (and supply) to charge.

This could influence decisions on whether
or not to opt for an AC charge solution or
a faster charging and more flexible DC
solution, which can affect the type of
vehicles deployed. The key to solving this is
working with good partners in the supply
chain - from the DNO or, in many cases,
an IDNO —who can provide a flexible
range of solutions for supply and site civil
waorks to unlock the potential for the site
with Independent Connection Partners
(ICP) and Charge Point Operator (CPO)
partners. These relationships are essential
and will become as strategically important
to operators as their relationships

with vehicle manufacturers and
maintenance providers.

Finally, telematics and fleet/charger
management solutions will need to bring
it all together; ensuring interoperability
between vehicles and infrastructure
is key to this and will help to optimise
the use of the fleet and infrastructure
to meet warranty and performance
requirernents and protect the assets
throughout their design life.

WSS 13H There are several challenges.

The operation of diesel-powered
buses is a process that has been well
established over the last century.
The biggest challenges now can be
seen in two areas: the operational area
(planning and operations), and then
depot and maintenance.

On the operational side, there
are range limitations under certain
circumstances and the charging of the
buses. On the depot and maintenance

side, the processes of vehicle handling
and the need to adapt the infrastructure
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(fire safety, energy provision).

The process of block planning
for diesel buses has been established for
decades. The behaviour of diesel buses
is well-known, and outer influences like
temperature (cold or heat) is neglectable.
With battery electric buses, there is the
need to adopt planning if you want to use
the vehicles in an efficient way. You cannot
put a battery electric bus on a typical
diesel block and hope that it will work.
Therefore, many operators use the buses
only on short blocks, wasting the potential
of the vehicles and wasting money.

As re-charging is different from
re-fuelling vehicles and has its own
rules and problerns, the infrastructure
needs to be adapted. The capacity of
powerlines needs to be extended; power
limitations must be taken into account.
Systems that help to prevent reaching
power limits and ensuring the operability
of the vehicles (e.g. the INIT charging
management and depot managements
solutions) must be introduced.

As fire safety regulations are different
for electric buses, firewalls must be built,
the layouts of the depots need to be
altered and second levels in the workshops
are needed to work on the rooftops of the
buses, where the batteries are located.

Traditionally, when looking at
diesel buses, we manage our bottlenecks
in operations right from the start.
When doing so, we look at the major
bottlenecks for the drivers of diesel
coaches, and we manage our operation
concerning our driver ability and driver
time limitations — how long can they
drive? When do they have to rest? —and
so on. That is what we concentrate on
when running our operations.

However, with electric buses, we
have more restrictions. First, there is
a restriction on range limitations — we
need to introduce loading times. Second,
electric buses are much more expensive
than a standard diesel vehicle, so we
simply can't afford to have as many spare
electric buses like we do for diesel buses.
Furthermore, more needs to be done in
order for our asset utilisation to increase.
Therefore, when introducing EVs to our
operations, we have three additional

demands — how can we manage asset
utilisation? How can we manage range
limitations? And how can we manage
loading time? — which makes it much
more complicated. In order to manage
these complexities, we have to shift from
manual-managed processes to digital
processes to get it done, especially
when we have to run 650 buses on 30
locations, for example, making it difficult
to do so manually. Thus, we have heavily
invested in the digitalisation of all of
our processes.

Furthermare, when introducing electric
buses, it's not only the vehicles that pose
a challenge, but also the infrastructure. In
order to support this, we have developed
models looking at how we can change our
infrastructure to meet the requirements
of electric vehicles. An example of this
is our workshop in Bergedorf, which
we have re-designed to better cater for
electric buses. We understood that, in
comparison to traditional diesel buses,
electric buses require repairs from all sides
of the vehicles, especially from the top. To
support this, we changed the design so
that we can repair and maintain buses
from all four sides, from the top and from
the bottom. Now, workers can go up there
and lift the bus, as well. We also have
much more space in between the lines, so
we can see how we operate the buses and
have enough safety space when we do
high-voltage operations.

In addition, it is also important that
we take our staff into consideration,
as they play a vital role in fostering this
transformation. We understand that, when
we adopt emission-free transport, we have
to adapt everything in our company and
ensure that our people are being trained
and are in the right mindset to support this
transition efficiently. We are committed
to training all of our staff and trying to
convince all of our mechanics to learn more
about working with electric buses, including
operating with computers on the buses and
changing DC chargers. From the responses
that we've had, many have said that they
enjoy the training; while many of our drivers
and workers in the workshop have said
that they like the electric buses, as they're
easier to maintain and drive. »
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How can optimising operational processes help to deliver better
results when implementing electric modes of transport?

Electrification gives the operator a chance to
re-evaluate the entire fleet operation. In many ways,
this review has to be conducted due to the fundamental
differences in how electric vehicles and traditional
combustion engine vehicles are used in service and
stabled at depot, but operators should seize the
opportunity to completely review their operation.

An example of this is range anxiety. It is well
documented that electric vehicles traditionally do not have
the operational range of a combustion engine vehicle
and, although the gap is closing, the range challenges of
electric vehicles force operators to schedule in a safety
margin for range risks; especially during cold weather and,
more recently, extreme heat, where the auxiliary systems
on the vehicle reduce the vehicle range and/or the charge
rate at depot. Incentivising efficient driving is an effective
way to combat this and, whilst most operators have
been applying similar methaods for years to reduce fuel
consumption, the benefits of optimising efficient driving
of an electric vehicle are far more critical to the operation
than they would be for a typical diesel fleet. Reducing
energy consumption optimises the range, reduces battery
depth of discharge and shortens the charge window;
through incentivisation or 'gamification’ of promoting
efficient driving, this can yield significant results at scale.

Another benefit of process optimisation is maximising
the use of parking space on-site. Beyond the initial grid
supply and infrastructure requirements for the site, the
type of chargers and how they're coupled to vehicles will
impact the space available for parking; in some cases, by
up to 15 per cent. Introducing a small number of electric
vehicles allows operators to find 'a corner of the yard' to
place them, typically with good cable access to the grid
supply to the site. This approach is risky, as piecemeal
electrification could result in the site running out of
space in the future or ending up with an inefficient and,
potentially, more dangerous vehicle movement area. An
operator can combat this by starting from an 'endgame’
position and working backwards to the start. That way,
the electrification process can be worked up in phases, in
a space-efficient and deliberate way, reducing the overall
footprint of the infrastructure and unlocking innovative
ways of stabling and charging the fleet. By thinking more
strategically about the electrification of the site, the overall
operation could be fundamentally changed for the better
and not just to combat the ‘last in, first out’ vehicle issue
that some of the more challenging sites suffer.

[IEEETE In order to see the impact of the introduction
and transition from diesel buses to electric buses and

to use the buses as efficient as possible, we at INIT

have created software solutions that allow operatars to

simulate the behaviour of electric buses under varying
circumstances and to show how blocks need to be
adapted, so that the increase of vehicles can be kept

to a minimum, thus saving a lot of money for public
transport companies. Every vehicle on the road not only
represents the investment into the vehicle, but also into
personnel. Even a small addition to the fleet can mean
a high negative impact on costs in the long-run. So, it is
necessary to use electric vehicles in the most efficient way
to reach environmental goals and also keep costs down.
Our solutions allow operators to save money through
simulation, even before the first bus is purchased.

With our Operations Controls systems, we at INIT
support bus operators with their daily operations. The
depot management system knows all of the parameters
of the buses and blocks and creates charging plans
according to the company's requirements. The charging
management system then handles the charging process
and guarantees that the power limitations are not
exceeded, preventing too high prices for electricity. And
the combination of both systems ensures that, even in the
event of charging problems, the operation of the fleet is
guaranteed by the optimised autenomous re-assignment
of vehicles to blocks and the adaptation of charging plans.

The INIT fleet management system monitors vehicles
during operations, keeping track of the State-of-Charge
(SoC) and alerting the dispatchers if vehicles foce the danger
of not being able to fulfil the block. Furthermore, the fleet
management system transmits the SoC of the vehicles
prior to their arrival to depot management, allowing for the
adaption of the assignments in advance, if necessary.

As | briefly mentioned earlier, digitalisation plays
a key role in optimising our operational processes for EVs.
It allows us to establish journey planning for our vehicles,
such as deciding the running times for buses and shaping
journey timetables. For example, in the summer, as the
weather gets warmer and temperatures increase, buses
behave differently compared to in lower temperatures

in the spring and autumn. Therefore, we have to change
our timetables much more frequently in order to match
the different climate conditions, which can only be done
with digitalisation. So, we have to supervise each process
during the operation of electric buses to ensure that

we get the range really up to the limit. This means

that we have to constantly review the electric buses, as
drivers, temperatures and driving conditions influence
the vehicles' energy consumptions. We need to consider
whether our targets will be reached and if our vehicles
will reach circulation. As a next step, we then need to
understand which bus needs to go on which route each
day. This needs to be managed while considering loading
times. Thus, digital processes are essential. #
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What role does effective fleet management play
in operating a successful e-mobility fleet?

m As explained before, fleet management
plays an important role in the operation of an
electric fleet, more than with diesel buses. The
combination of a depot management system with
a charging management system is a necessary .
addition to the fleet management systems that are
already in place at the public transport company.

Depot management systems were hardly ever
in use with diesel buses. Only a small percentage
of bus operators use such systems so far, as the
routines and processes of handling diesel buses
are quite simple. Buses return from service, are
re-fuelled, cleaned and parked. Very often, parking is
sorted by vehicle type, so that any vehicle available
can be taken to perform the service. Here, re-fuelling
and parking are separated from each other.

With electric buses, charging of the vehicles often
takes place at the parking position, which means
that any problems during the charging process can
lead to a domino effect that impacts other vehicles,
too, if parking restrictions — like parking vehicles in
rows behind each other — are in place, endangering

operations. Therefore, fully automated monitoring
of the charging process is a must, utilising the
optimised re-assignment functionality of the depot
management system.

Fleet management is a vital aspect of
digitalisation, and supervising our electric bus fleet
is actually the first step. So, we begin operations

and then get all of our data from the electric buses.

This is one of the challenges that we face — having
to ask manufacturers for the data from their uses
and extricating the data by different means. Data
that is acquired straight from the manufacturers
allows us to better understand the condition of the
buses, the figures at the moment, the remaining
stock of the bus, the state of charge of the vehicle
and the head stage of the batteries. Therefore,
effective fleet management is necessary to
understanding and actually getting our buses into
operation. In terms of better asset utilisation, the
buses run better.
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Do you think that the widespread introduction of e-maobility
will be the turning point for the public transport industry?
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Absolutely. The introduction of electric
vehicles is both a turning point for how the industry
views itself and also its place in society as a part

of the solution to the climate crisis. It also requires
the industry to reinvent the way that it manages its
operation, creating new opportunities from different
ways of working.

Firstly, the introduction of electrification and
other technologies — such as hydrogen fuel
cell, CNG and even the potential of hydrogen
combustion — have propelled the public transport
sector to the forefront of alternative power. The
duty cycle of a city bus lends itself perfectly to
the use of such technologies, and our industry
has become the playground for innovative
organisations who want to use our networks to
develop their solutions.

For decades, the bus industry used engines
designed for truck or van applications, shoehorned
into a cupboard at the back of the bus and running
hotter than they were designed to, leading to
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unreliability and a higher maintenance burden.
Since the introduction of hybrid vehicles 15 years
ago, the humble bus began to move ahead of
other commercial road vehicles and is now the
driving force in many of the alternative power
technologies, both in shear volumes and in the
variety of the innovative vehicle and infrastructure
solutions being implemented by operators and
their supply partners. This turning point has led to
a technology revolution within the public transport
industry that, using its unique place in society, it
needs to seize upon to attract the best talent and
innovative partners from all sectors to drive modal
shift and combat climate change.

Outwardly, the introduction of e-mobility is
already driving change. Many transport authorities
are mandating zero-emission fleets for tenders
and also for commercial operations via clean
air zones. The shift in sales volumes towards
zero-emission vehicles for many bus manufacturers
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has been seismic in the last couple of years
and tracks well ahead of sales percentages for
other transport modes. The industry has the
opportunity to showcase these technologies to
society, as a shining example of how sustainable,
decarbonised transport can work; in many towns
and cities, it is already doing this and will only
increase as long as it is funded appropriately.

The benefits of electrification and other
zero-emission vehicles can also be seen in vehicle
design. No longer is the saloon compromised by
the power train configuration or vibrations and
noise from a diesel unit; batteries can be housed
around the vehicle and near silent traction motors
in wheel hubs or neatly packaged underfloor.
This maximises the passenger saloon and
creates an uncluttered space with no-step access
throughout, allowing manufacturers and operators
to create a much more inviting and spacious
customer experience on-board; this is essential
to entice future customers from their electric cars
or scooters.

The changes in design also allow for a focus
to return to the customer and how to offer
a superior offering to encourage modal shift.
Abellio demonstrated this with the introduction
of the new electric vehicles on London’s Route
63, where it has been possible to bring innovative
interior design ideas to the city's network, offering
more comfortable, brighter and safer interiors
for customers.

M It sure is. E-mobility has an impact on
all levels and in all areas of the public transport

industry. Bus manufacturers must develop new
or adapt their existing designs to be able to fulfil
the requirements. New players emerge in the bus
market either with their take on electric bus design
or retrofitting internal combustion engines vehicles
to electric vehicles. Software makers need to enable
their products to handle the new and different
requirements of electric vehicles. We at INIT started
in the early stages of electromobility, with the
[ development of software solutions to help public
transport companies to master the challenges
of electromodbility.

For example, our simulation tool allows
our customers to calculate the impact of the
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introduction of electric buses to the fleet, even
before the first bus is purchased. This is important
for tenders and helps to save a lot of maney,
especially with companies being on a tight
budget after the pandemic. Furthermore, even
bus manufacturers use our simulation tool to
model the behaviour of the buses under different
circumstances. That shows how much trust our
customers have in our products and what expertise
we have gained over the years. Our other solutions,
like our depot management and charging
management systems, are being introduced to
more and more customers worldwide, as new
demands grow out of the challenges of handling
electric buses. And, also, more and more transport
providers are deciding to incorporate live range
prediction and control into their fleet management
for @ smoother public transport service.

Interoperability of systems has become more
important than ever. New communications
standards emerge and we at INIT, being a member
of the VDV, help to shape these new standards for
the benefit of the public transport industry.

Only those players in the market that are able
to offer high quality solutions will survive over
the next decade — and INIT will be one of them,
spearheading and shaping part of the future of
electromodbility.

I think it's important to understand 2 = g e
that there will be no combustion buses allowed : =g
anymore, as outlined in Article 35 of the European
Union's (EU) Treaty. So, having that in mind, every
manufacturer has to change their attitude towards
electric buses and produce them. Above all, we

as transport operators and authorities have to
change. There will be other turning points, and
electric buses are only the first step. We also

have to talk about autonomous vehicles, as well.
However, with these emerging modes of transport
comes big challenges. Therefore, we need to
expand the digitalisation of our processes, as well.
Over the next few years, there will be much mare
change to come in the public transport world. It's
promising. It's challenging. And the speed of the
changes that are coming is exciting. &

Fa e,

init innovation in traffic systems SE | Kaeppelestrasse 4-10 | 76131 Karlsruhe | Germany | Tel.: +49.721.6100.0 | www.initse.com




