O Clean Bus Report

O

O
J




Foreword to
Clean Bus Report 2022

As this report is published, we are witnessing impressive developments in the field of clean buses,
which are quickly transforming the way public fransport is operated in our cities. To fully appreciate
how quickly this is happening, we should recall that when the ASSURED project started, in 2017,

we had around 20,000 alternatively fuelled buses on our streets, of which less than a thousand
ZEro-emission ones.

In that year, the Commission, together with the Committee of the Regions, launched the Clean

Bus Deployment Initiative, bringing together transport authorities, cities and regions. We then put in
place a supportive policy framework with the revised Clean Vehicles Directive, promoted research,
innovation and deployment, including through projects like ASSURED, JIVE/JIVE2 and the Clean Bus
Europe Platform, and most importantly we — policy makers, public authorities, fransport operators,
manufacturers — worked together and created long-term certainty for the deployment of these
technologies across the EU. And it is fair to say that the results of these combined efforts are beginning
to show: the number of electric buses in our streets has increased dramatically, from 1,600 electric
buses in 2018 to more than 7,000 today, while the overall number of clean buses on our streets has
gone from just above 20,000 in 2018 to more than 30,000.

And this is only the beginning: not only we see new orders for zero-emission buses in our cities
announced almost every month, but new factories are also being opened for the production of
zero-emission buses in Europe. It becomes more and more evident that a push for clean buses is also
a push for competitiveness, jobs and growth, and an important help to the recovery of one of the
sectors hit hardest by the COVID-19 pandemic.

Many businesses in the public transport sector have had to face immense operational and financial
difficulties in the last two years; by providing financial support for zero-emission buses in the confext of
NextGenerationEU and the Recovery and Resilience Facility, we can help public fransport authorities,
operators and vehicle manufacturers build back better and prepare for the upcoming challenges.

Because as impressive as this transition has been so far, we must not forget that more still needs to
be done: the coming years will represent a decisive moment for the achievement of our climate
commitments and the European Green Deal’s objective of becoming the first climate-neutral
continent by 2050.

For the tfransport sector, this means a 90% reduction of GHG emissions. With the Sustainable and
Smart Mobility Strategy, we set out the visions and announced concrete measures to meet this goal;
a first set of proposals was published in the “Fit for 55" Package, and later this year we will propose
new CO; emission performance standards for heavy-duty vehicles.

These ambitious objectives require a much more efficient mobility system, relying on a stronger
and cleaner public fransport: zero-emission buses will feature prominently in this context, as will
their ongoing promotion through initiatives like the Clean Bus Europe Platform and research
projects like ASSURED.

Herald Ruijters
Director Investments, Innovative and Sustainable transport
European Commission, DG MOVE
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Clean buses for greener,
liveable cities

While the climate crisis remains on the top of the agenda, the momentum for clean vehicles
remains right alongside it. Discussions on how we work towards changing the future direction of our
planet quickly steer towards the topic of public transport; they often conclude with a plea to further
advance clean public and shared mobility.

In 2016, | wrote a similar infroduction for the first e-Bus Report, published by the ZeEUS project. We
recognised a growing trend towards the electrification of buses and a genuine commitment towards
cleaner and quieter cities. Five years since then, | believe we can celebrate a frue breakthrough.
There has been an explosion in the development, tfechnology maturity and deployment of electric bus
fleets. UITP, together with its members, have been at the forefront, proactively steering and promoting
clean public transport as the backbone of our mobility system.

More than ever, we see not only the will, but also the actions from operators and cities to meet their
fransport emissions reduction targets. These targets on air pollution and noise levels, combined with
financial support schemes at regional, national and EU level have proven highly effective in supporting
modal shift as well as clean bus deployment and fleet renewal. The data collected for this report
underlines this: the share of clean buses increased from 14.5% in 2017, to 22.9% in 2021 - a hike of 88%.
The highest growth was for battery electric buses: their numbers grew from 481 in 2017 to 3,538 in 2021.

At UITP we know what it means to advocate for the necessary cause of public tfransport and clean
modes, and to actively work on solutions that enable change. It is projects such as ASSURED, JIVE and
the Clean Bus Europe Platform, that translate this into action, eliciting and sharing knowledge on the
different fechnologies, and ensuring it reaches out to the entire sector. Today, cities and operators can
choose among a wide array of solutions that suit their decarbonisation goals. The cooperation among
projects has been, and sfill is, essential fo achieve the technological and operational advancement
we witness foday, thus reassuring the fransition tfowards cleaner and more sustainable bus fleets.

To boost the deployment of large-scale fleets of e-vehicles through interoperability and
standardisation is an ambitious objective. It requires bringing together an entire sector. Industry,
cities, operators, academia — with their knowledge, but also with their different interests and needs.
The role of ASSURED in this field has been key. The project has created a unique collaboration spirit,
bringing around the table key stakeholders in the sector to work together towards our common goal:
developing interoperable solutions that facilitate massive deployment all around Europe.

ASSURED has supported the work of standardisation bodies worldwide, developing tools to test and
verify interoperability of e-bus charging. The '‘ASSURED 1.1 Interoperability Reference’ is available to
support bus operators to test and verify that their new chargers and vehicles are interoperable with
existing ones and with those of other brands. It is a great example of how research, collaboration and
knowledge exchange can facilitate tangible progress for our sector.

The ASSURED Clean Bus Report highlights this progress. Created through the valuable collaboration
with fellow EU-initiatives JIVE and the Clean Bus Europe Platform, it provides an updated overview of
the European market for clean buses. Furthermore, it compares figures of 2017 and 2021, presenting
(another) proof that cities and operators acknowledge the win-win situation of the decarbonisation
and electrification of urban transport.

We would like to express our deepest gratitude to all public fransport operators, authorities,
manufacturers, and suppliers for their invaluable contribution to this report. Moreover, we celebrate
them for committing to a better, more sustainable world.

Umberto Guida
Senior Director Knowledge & Innovation
uITP
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As coordinator of ASSURED, VUB-MOBI is proud that the project has created a fast track to
accelerate the deployment of electric Heavy and Medium-Duty vehicles. With the ambition of
achieving clean HD and MD urban transport, ASSURED provides clear answers to the current
challenges on the electrification in cities, and on the development of high-power fast charging
infrastructure and smart tools for leet management comprising energy and costf-saving eco
features.

The ASSURED high-efficiency fast charging solutfions enable high interoperability between electric
buses and chargers of different brands. The development of such solutions has been paralleled
by the conceptualisation of key standardisation and norms on interoperability for both electric
vehicles and chargers already validated in real-operation demonstrations in the EU cities
Barcelona, Osnabruck, Gothenburg, Eindhoven and Jaworzno.

The smart design and fleet management tools developed within the project enable the
optimisation of on-board vehicle battery systems for ultrafast charging with cost-effective
solutions, as well as to advance fleet management with digital twin models comprising features
such as eco-driving, eco-comfort and eco-charging.

The innovative ASSURED solutions will allow boosting the electrification in cities towards 2ZERO,
clean and sustainable fransport.

Prof. Joeri van Mierlo
Director VUB-MOBI (Mobility, Logistics and Automotive Technology Research Centre)
and ASSURED Coordinator

Since launching in 2017, the JIVE projects have enabled the scale up of Europe’s fuel cell bus
sector from 10s fo 100s of vehicles. The consortium of city councils, tfransport authorities and
operators have achieved the projects’ main goal: to stimulate the fuel cell bus market.

With over 200 JIVE buses currently on the road, and 110 more vehicles scheduled for delivery by
fhe end of 2022, the projects have led to substantial price reductions and have catalysed the
development of new models (including 18m and coaches). Beyond JIVE, we are already seeing
commitments for deployment of 1000s of fuel cell buses in Europe by 2025.

The JIVE consortium has enjoyed a sfrong collaboration with European projects such as ASSURED
and the Clean Bus Europe Platform to work towards the common goal of decarbonising the bus
sector and meeting the Clean Vehicle Directive targets over the coming decade.

Madeline Ojakovoh
JIVE Coordinator, Principal Consultant at Element Energy, an ERM Group Company

Clean air, ensuring healthier and more liveable communities, is a key priority for transport
authorities and operators. The bus sector is demonstrating strong commitment to the
decarbonisation goals and is embracing clean technologies and innovation whilst investing
in substantial fleet renewal in many of our citfies. As the Chair of the UITP Bus Committee,

I am extremely proud to see our members actively supporting this transition, sharing their
knowledge and expertise on clean bus deployment, thus helping advance the sector and
deliver substantial benefits to our respective communities.

Michael Renshaw
Executive Director Transport for Greater Manchester, and UITP Bus Committee Chairman
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Five years have passed since the release of the last ZeEUS eBus Report, which
showcased the first steps in the electrification of public transport of 92 cities around
the world. At that time, the scope of the report were battery electric buses, plug-
in hybrids, and dual mode trolleys, and targeted selected bus routes. The ZeEUS
project represented a real breakthrough for the deployment of battery electric
buses and trolleybuses in the demonstration cities, where project partners started
literally from scratch to test and play with the new technology, learning by

doing, and creating an enormous knowledge body that is foday the basis of the
operations we see in many cifies.

Since then, the fechnological development and maturity of low- and zero-
emissions powertrains allow that cities and operators can choose the most suitable
technology to define their energy transition strategy. This is a major step when
looking at the flexibility and market offer available only five or six years ago.
Today, zero-emission fechnologies are increasingly gaining pace, and the steadily
increasing shares of battery electric and fuel cell hydrogen vehicles show that the
market is ready for massive adoption.

Alike the situation for battery electric vehicles some years ago, it is expected that
the next five years see major developments for hydrogen buses, with significantly
advanced knowledge and expertise by the operators thanks to research projects
such as JIVE and facilitated by initiatives like the Clean Bus Europe Platform (CBEP).

In addition, important advancements in the field of interoperability and
standardisation, automation, and IT intelligence for fleet management, make it
is possible to operate a fleet of clean buses with high efficiency. Many of these
developments have been explored and validated within ASSURED.

ASSURED contribution to fleet electrification

ASSURED is aimed at boosting the deployment of urban commercial electric fleets
(buses, tfrucks and vans) across Europe and ensure their integration with high power
fast charging infrastructure.

With a strong focus on electric buses, the project has developed and delivered key
innovations that enable the optimisation of fleet operation, like the interoperability
and standardisation of e-bus charging through high power fast charging solutions,
and the intfroduction of intelligent tools for smart charging and energy storage
systems.

These solutions have confributed to reducing the total cost of ownership and
operational costs, thus increasing the competitiveness of the technology, user
acceptance, and facilitating mass adoption and fleet upscale. By reducing the
cost and improving the efficiency, operators can fulfil the service requirements at
ease and provide high quality public fransport. Additional elements explored within
the project were how to improve grid stability fo ensure a secure energy supply,
essential for future uses when a larger number of vehicles will rely on the charging
infrastructure.

One of the project’s key milestones has been the release in July 2019 of the
ASSURED 1.0 Interoperability Reference, and its updated ASSURED 1.1 version,
which has made it possible to test and verify the interoperability of charging
infrastructure for battery electric heavy-duty vehicles. This reference was tested
and successfully demonstrated in Barcelona and Osnabruck to charge buses
with chargers of different brands in real operation, and the results of the tests
were the basis for the final updated reference. In the same spirit, the Gothenburg
demonstration has demonstrated several interoperable charging solutions for
different type of vehicles (e-bus, e-tfruck and e-car).
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Another key milestone has been the development of smart tools for optimised
fleet operation, charging and energy storage, fargeted to the demo fleets in
Eindhoven and Jaworzno. The Eindhoven demo fleet will be scaled up from

43 to 100 e-buses in 2022. The solutions applied to the Jaworzno demo fleet have
achieved significant cost reductions and increased efficiency of the charging.

Finally, ASSURED has brought together the most relevant players along the entire
value chain of electric mobility to collectively address the standardisation and
interoperability challenges and develop solutions that enable the full electrification
or urban commercial fleefs. In this sense, the project is an outstanding example of
how cooperation between the end users, industry, technology companies and
academia can provide fruitful results that help advance the sector and make a
difference.

Still, the work to ensure cleaner and more sustainable cities does not end here.

We still need more efforts to ensure that citizens choose public transport and urban
buses because it is more convenient, comfortable, and efficient than private cars.
In this sense, the ASSURED legacy is ready to be transferred to other interesting
applications, like e-BRT systems. What are the next steps and how we can confinue
innovating and developing solutions fo advance the sector is about fo be
revealed.

What is a clean bus?

When it comes to clean buses, there is a wide range of available, mature
technologies. According to the fuel supplied to the powertrain and emissions
generated, these technologies can be categorised as either clean (low-emissions)
or zero-emissions.

In line with the scope of the ASSURED, JIVE and CBEP projects, this report focuses on
the below categories of clean and zero-emissions urban buses (Class |). However,
we acknowledge that other categories are in operation with different capacity
(mini and midi buses) and vehicle Class.

The ASSURED Clean Bus Report has adopted the definitions provided in the Clean
Vehicles Directive (EU Directive 2019/11610):

A clean bus is fuelled by:

* Electricity
* Hydrogen
* Natural gas (CNG, LNG)

* Most biofuels not blended with
conventional fossil fuels

* Synthetic and paraffinic fuels not
blended with conventional fossil ones

* Liquefied petroleum gas (LPG)
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A zero-emission (tailpipe) bus is a vehicle:

* Without an internal combustion
engine

* With an internal combustion engine
emitting less than 1g CO,/kWh or less
than 1g CO,/km



e Battery electric bus

Battery electric buses are all-electric or purely electric vehicles with an electric
propulsion system that uses chemical energy stored in rechargeable battery
packs. Battery electric vehicles (BEVs) use electric motors and motor controllers for
propulsion instead of infernal combustion engines (ICEs). They have no ICE, fuel cell
or fuel tank and derive all their power from their battery packs.

Automated infrastructure @
mounted pantograph

in Gothenburg |

(Source: Volvo Group)

Battery buses are charged statically using mechanical and electrical equipment.
Different technologies for battery charging can be found on the market, all of
them with similar functionalities but with specific advantages and drawbacks
which are considered by cities or operators in their selection according to what
fits better in their overall strategy. The most common charging technologies are
conductive, via manual connectors, roof-mounted pantograph, infrastructure-
mounted pantograph, ground-based automated connection device, flash-
charging. For frolleybuses technologies include catenary charging and In-Moftion-
Charging.

Automated charging @
roof-panfograph in
Osnabrick (Source:

Stadtwerke Osnabrick)

Chapter 1 a Infroduction




Based on the data collected for this report, for fleets hosting more than 10 battery-
electric vehicles, the most common technology is conductive manual plug for
overnight charging, followed by automated roof-mounted pantograph. Regarding
the automatic connection device, roof-mounted pantographs are most found
among the surveyed urban bus systems being present in 20 cities, followed by
infrastructure-mounted.

e Plug-in hybrid electric bus

The main feature of plug-in hybrid buses is that motion is achieved through an
electric motor using energy stored in rechargeable batteries, similar fo BEVs.
However, an intfernal combustion engine is used only as a backup. The main
difference with conventional hybrid buses (not in the category of clean buses for
this report) is that hybrid buses use the ICE to provide most of the power.

Plug-in electric @
hybrid vehicle
(Source: TEC, Wallonia)

® Fuel cell hydrogen
electric bus

Fuel cell hydrogen buses use electric
energy produced through an electro-
chemical reaction both for the powertrain
and for a support battery charging. Energy
stored in the batteries adds additional
power in demanding situations like a rapid
acceleration or gradients. Only water and
heat are emitted because of hydrogen
consumption. The biggest advantage

of this technology is the longer range,
allowing normal daily public tfransport bus
operations with no intermediate refuelling
stops.

Hydrogen bus in Cologne @
(Source: Regionalverkehr
K8In GmbH)
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® Trolleybus

A trolleybus is a dynamically charged
electric bus. The dynamic charge is
provided through direct contact between
the trolleybus’ poles and the overhead
wires. Trolleybuses can opfionally be
equipped either with limited off-wire
capability, a small diesel engine or battery
pack, for auxiliary or emergency use only.
However, today'’s trolleybus technology
can provide "“hybrid electric bus” features
on demand.

Trolleybus in Budapest @
(Source: Budapesti
Kozlekedési Kbzpont)

e Battery trolleybuses

These are bus-type vehicles propelled by an electric motor, drawing power from
overhead wires via connecting poles called trolleys. Power is supplied either from a
central power source that is not onboard the vehicle or via on-board rechargeable
batteries. This enables the vehicles to run electrically while independent of the
overhead wires for part of their route while maintaining full operational capability.
Battery trolleybuses are charged dynamically using the existing frolleybus catenary,
or static with a device for connecting to the electrical grid. This combination

of technologies allows cities with existing frolleybus infrastructure to expand the
network without necessarily expanding the infrastructure. This is a direct substitute
for trolleybuses that use a diesel range extender for extended frolley lines, or as a
backup in case of disruption in the infrastructure.

Battery trolleybus driving @
on baftery-mode
disconnected from
overhead wires in Cagliari
(Source: Consorzio Trasporti
e Mobilitd S.p.A.)
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e Natural gas vehicles

Natural gas is a fossil fuel mainly composed by methane that is compressed

to increase energy density. Biomethane or bioCNG (Compresses Natural Gas)

is one of the many biofuels, a non-fossil variant that is collected from biomass
fermentation. LNG (Liquified Natural Gas) is cooled natural gas that achieves
higher energy density than CNG. Both types of vehicles use combustion engines,
thus emissions for them are the same.

CNG bus, Ciudad Real @je
(Source: Grupo AISA)

® Biofuels

Fuels deriving from organic material are all included under this term. Other than
bioCNG, common biofuels are bioethanol and biodiesel. Both are a result of
biomass treatment as opposed to long time-consuming natural processes forming
fossil fuels. It is important to note that vehicles using liquid biofuels, synthetic and
paraffinic fuels, are only considered clean if they are not blended in any proportion
with conventional fossil fuels.
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® Clean bus deployment:
global dynamics and trends

Climate change and local air pollution are the main factors driving the fransition
tfowards clean- and zero-emission technologies in the transport sector. Around

the world, national and local governments have issued fransport decarbonisation
visions and plans, and set up targets and timelines supporting the fransition from
fossil-fuelled fleets towards clean and zero-emission technologies. These visions
and plans are often part of the supra-national and/or local air, or climate plans,
and include measures to decarbonise both the transport and the energy sectors,
as these are intrinsically interrelated: in the mid- and long-term, it is not possible

to pursue the fransition fo zero-emission fleets without decarbonising the energy
sources powering zero-emissions fleets. The electricity supplied, both to power the
battery packs and to produce hydrogen, needs to come from certified renewable
sources.

Globally, cities are showing strong will and leadership to decarbonise their fransport
system through the announcement of official commitments for the adoption of
zero-emission technologies (quotas for new bus procurement), and the definition of
fransition plans, setting targets and timelines to achieve these plans. It can be said
that this is the first step when it comes to the successful deployment of clean and
zero-emission buses; once the policy framework and the strategy are in place, the
stakeholders follow. This is the case of EU member states like Austria, Denmark and
the Netherlands, but also the US State California and countries like New Zealand,
Chile, Colombia and Cape Verde, whose governments have not only announced
official commitment to full decarbonisation of the bus fleet, but also set up targefts.

Several projects and initiatives build on the positive drive of national and local
governments, e.g. in Europe (EU-27), and because of the revised CVD, the Clean
Bus Europe Platform project; in Latin America, with the Zero Emission Rapid-
deployment Accelerator (ZEBRA) Partnership project; or in the Global South, thanks
to the TUMI e-Bus Mission. These initiatives and projects are the result of the strong
leadership shown by natfional and local governments towards the decarbonisation
of urban transport.

The following sub-sections provide a more detailed view per region, highlighting

the policy framework, the existence of national and local decarbonisation plans,
and the targets and timeline set up fo achieve it. Whenever available, a glance
info the registrations of clean and zero-emission buses is also provided.

Finally, it is worth mentioning that this report is being released in the beginning

of the third year of the COVID-19 pandemic. The previous two years have been
extremely challenging for public transport operators across the world. The sanitary
situation impacted severely bus service provision, with increased costs due to the
new cleaning and disinfection procedures related to the disease, but also due

to drastic reductions in ridership levels and yearly passengers carried, with the
consequent impact of revenues. At the time of writing, ridership starts improving,
with some operators reaching 80% of the 2019 ridership values. Still, it is expected
that the sector will not fully recover to pre-2020 ridership levels until 2023. This should
be considered when exploring Section 2. Cities.!

' UITP has been monitoring the effects of the COVID-19 pandemic on ridership levels by collecting the data
from its members for bus, metro and tramways services. These data, and many other publications related to
the pandemic are available for UITP Members on UITP MyLibray’s dedicated COVID-19 Knowledge Hub.
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® Europe: The role of the EC Clean Bus Deployment
Initiative and the Clean Bus Europe Platform

The momentum for clean buses in EU-27 has been fostered through supporting
policy and financing frameworks as well as various initiatives and projects.

The Clean Bus Deployment Initiative, launched by the EC in July 2017, foresaw
three main pillars to support and boost clean bus technologies. The inifiative

set up the policy framework for the future deployment in Europe, through the
Clean Vehicle Directive (CVD)? which sets mandatory targets for the public
procurement of clean and zero-emission buses, and that entered into force in
August 2021 for the next 10 years. Other policies supporting clean bus deployment
are the Alternative Fuels Infrastructure Directive (AFID), which defines what is

a clean tfechnology and sets up targets for the deployment of alternative fuel
charging and refuelling infrastructure, and the EC Green Deal, which establishes
the framework for a climate-neutral Europe by 2050 and includes the Fit for 55
Package.

The funding and financing framework has been secured by the creation of the
dedicated mechanisms like the "European Green Deal Investment Plan and Just
Transition Mechanism™, aiming to mobilise public investment and help unlock
private funds through EU financial instruments, notably InvestEU, which would lead
to at least €1 ftrillion of investments®. Against this background, the EC launched the
Clean Bus Europe Platform (CBEP) project to support knowledge and experience
exchange. The platform is the strategic line of action to facilitate and support

the implementation of the CVD targets, as well as to boost the deployment of
clean buses across EU-27. To this end, the platform brings together cities, transport
authorities and operators to exchange know-how and expertise. Together with the
industry, financing and funding entities and associations, the platform is the “place
to be” for any stakeholder interested in clean bus deployment.

It is undeniable that the CVD can pose a challenge to cities and operators,

but it is equally an opportunity to improve the image of the urban bus, boost
operational efficiency and thus improve the quality of the service. In this sense,
sharing knowledge and expertise is key to ensure a fair fransition fo cleaner and
zero-emissions bus operations. There is no doubt that the Clean Bus Europe Platform
and other projects to come will accompany cities, public transport administration,
operators, and citizens, on the path to achieve public fransport carbon neutrality.

Electric bus depotin g
Berlin (Source: Berliner
Verkehrsbetriebe)

2The Clean Vehicle Directive was adopted by the European Parliament and Council in June 2019. The
Directive needed to be transposed into national member states’ law by 2 August 2021; the date from which
it entered into force.

3 More information is available on the EC website: Financing the green transition: The European Green Deal
Investment Plan and Just Transition Mechanism.
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In addition, countries like Austria, Denmark, Finland, the Netherlands, Norway,
Switzerland and the United Kingdom have signed the “Memorandum of
Understanding on Zero-Emission Medium- and Heavy-Duty Vehicles 2021". The
collective ambition is to accelerate the deployment of zero-emission medium- and
heavy-duty vehicles and related infrastructure that enable these technologies to
reach 30% of newly procured vehicles by 2030, enable a full transition in new fleets
by 2040, and to facilitate the achievement of net-zero carbon emissions by 20504

e Examples of best practices in Europe

The City of Eindhoven (the Netherlands) deployed the largest fleet ever seen in
continental Europe back in 2016, a status that was kept until 2018. A total of 43
articulated battery electric buses were put into service with opportunity charging
via automatic roof-mounted pantographs. The charging infrastructure was installed
at the depot, conveniently situated only one kilometre away from Eindhoven
central station, which serves as the endpoint for the main lines of Eindhoven'’s

bus system. Now, after five years of successful operation, the Eindhoven fleet is
about to be scaled up to 100 buses, building on the lessons learned and ASSURED
takeaways.

Schiphol Airport in Amsterdam is one of the largest airports in the world, and a main
transport hub for the country. Since 2018, bus operator Connexxion operates over
200 battery electric buses 24/7, bringing passengers to the airport and running
transfers between terminals.

Groningen-Drenthe (the Netherlands), deployed in 2019 a total of 164 multi-brand
electric bus fleet whereby VDL, Heuliez Bus and Ebusco vehicles are sharing

an interoperable Heliox charging system. The charging infrastructure counts 23
opportunity fast charging points with roof-mounted pantograph technology along
the route, and four depot charging locations fitted with CCS plugs and roof-
mounted pantograph technologies. In addition, after a small pilot of two buses
launched in 2017, 20 VanHool fuel cell hydrogen buses joined the fleet in late 2020,
supported by the FCHJU as part of the JIVE2 project.

Depot charging @
infrastructure in
Groningen — Drenthe
(Source: OV Bureau
Groningen Drenthe)

“Read the full MOU here.
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https://globaldrivetozero.org/site/wp-content/uploads/2021/11/Global-MOU-ZE-MHDVs.pdf

VanHool fuel cell hydrogen buses are also in operation in Cologne and Wuppertal,
with 30 and 10 vehicles respectively, all of them placed in the same order. A
successful pilot of two hydrogen fuel cell buses was in operation in Cologne in 2014,
where fuel cell hydrogen technology was trusted fo progressively decarbonise

the bus fleet. In Wuppertal, battery electric vehicles did not match operational
requirements at that time, while the longer range of fuel cell buses allowed to
infroduce zero-emission buses in the fleet. Hydrogen for buses is produced locally
using electrolysers powered by the AWG Waste-to-Energy plant in Wuppertal.

The first fuel cell hydrogen bus beyond any pilot phase in Spain is running in

Torrején de Ardoz, confracted by Madrid Region (CRTM) and operated by Alsa.

In addition, 10 hydrogen buses will be added to Madrid’s public bus operations

by EMT Madrid, who recently tendered the design and construction of a green-
hydrogen production solar plant, financed under the FEDER funding scheme. Also
in Spain, Barcelona will add the first hydrogen-powered bus to its bus fleet in 2022,
in the frame of the JIVE/JIVE2 project. Halfway across the Mediterranean seq, in
Mallorca, EMT Palma awarded in February 2022 five hydrogen units to Solaris, which
will be also powered by solar produced hydrogen in the frame of the EU H2020
Green Hysland project.

A mass substitution of diesel vehicles by new CNG buses is ongoing in Madrid. In
fact, EMT Madrid plans to phase out all diesel buses by December 2022. To do so,
in 2021 520 CNG units were awarded to Solaris, Scania and EvoBus, that are being
gradually commissioned between 2021 and 2023. According fo the data collected
for this report, the EMT Madrid fleet composition in 2017 was 50% CNG, 48% diesel
and 2% electric buses, while in 2021 CNG buses accounted for 78%, while 15% were
diesel fuelled and 6% electric powered.

Trasporto Passeggeri Emilia Romagna (TPER) awarded Scania and Industria Italiana
Autobus (ex BredaMeranini) a contract for 15 LNG inter-city buses and 31 LNG
class-Il. The units are to serve the metropolitan area of Bologna and entered info
service between late 2019 and mid-2020. With a maximum range close to 1,000 km,
LNG buses were chosen by TPER to provide a cleaner suburban and interurban
service in the area. Bologna had already a deep experience in natural-gas
powered buses, technology already adopted for buses in 2002 (Doheim, R.M.

& Farag, Alshimaa & Kamel-Ahmed, Ehab. 2020).
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e A glimpse at the evolution of clean technologies
in the European bus market

Since the release of the previous ZeEUS eBus Report in 2017, the European bus
market has moved from the pilot phase to the commercial service of clean and
zero-emissions vehicles.

This section aims to provide a short but comprehensive glimpse of the evolution

of the clean bus technologies market. It is based on selected figures provided in
the Chatrou CME Solutions Report® on registrations of alternative drivelines 2021,
complemented with selected results from the data collected among the cities that
contributed to the elaboration of this report.

In this sense, it is important to note that the data collected in this report covers a
period of five years, when cities’ fransition plans expand over a longer fimeline.
Thus, no conclusions on Europe’s overall transition should be made. However, the
positive evolution of the market of new registrations, and the increasing number
of clean buses in the cities gathered in the report are encouraging signs that the
fransition to cleaner fleets is well underway.

When looking at the overall stage of clean bus deployment (further explained
in the Approach section), we can see that the piloting phase has been passed:
on average, cities position themself just over stage 2 (Small lines and simple
operations). More precisely, 46 cities claim to be in stage 2 or 3 (More lines and
larger service) for clean bus deployment in their fleets.

In 2021, the European bus market registered 15,061 new vehicles, showing a small
increase compared to 2020, with 14,893 new registrations (Chart: New urban buses
registered per propulsion type. Source: Chafrou CME Solutions). Although diesel
vehicles still account for most of the registrations, the share of new registrations has
decreased from 43% in 2020 to 34% in 2021 (25% reduction). This rapid decrease
shows a fast shift towards alternative drivelines. Today, 43.8% of new registrations
are diesel-free vehicles, of which 21.8% are battery electric and 20.5% CNG
vehicles.

® New urban bus registered per propulsion type
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> The scope of the Chatrou Report includes EU-27 countries, Switzerland, Norway, Iceland and UK.
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The share of new registrations of battery electric buses is steadily growing from
12% in 2019, to 15% in 2020 and 22% in 2021. The adoption of electric vehicles is
accelerating for two reasons. On the one hand, it is pushed by top-down policies
like the Clean Vehicles Directive (and national regulations), which establishes
mandatory quotas for newly procured buses: 22.5% of the newly procured

buses should be zero emission buses in public tenders from 2021 to 2026. On the
other hand, electric vehicles demonstrated to be very competitive in terms of
operational and maintenance costs with other technologies. As reported by one
of the operators surveyed, "All new investments are basically electric vehicles
because of their lowest TCO".

The total bus stock has become almost six times larger in the last four years,
growing from 1,629 estimated units in 2017 to 9,354 units at the end of 2021 (Chart:
Battery vehicle stock in Europe). It is remarkable that in 2021, three countries
registered over 500 electric vehicles for the first time: Germany (555), UK (540) and
France (512), which accounts for the half of the 2021 new registrations 3,282 BEV.

® Battery vehicle stock in Europe
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Looking at the cities involved in the ASSURED Clean Bus Report, it is relevant how
the number of cities with at least one electric vehicle doubled from 35in 2017, to
711in 2021. In some cases, battery electric buses represent just the first approach
to the new propulsion system, e.g. Aranjuez (Spain), Rethymno (Greece) and
Prague (Czech Republic), but in other cases they are already integrated in the
commercial service. Amstelland-Meerlanden (the Netherlands), Osnabruck
(Germany) and Jaworzno (Poland) are the case studies with the highest share of
electric vehicles, representing 70%, 65% and 62% of the entire fleet.

In terms of absolute numbers, electric vehicles increased from 481 in 2017 to 3,538
in 2021, representing the 38% of the European e-vehicles stock. London and Paris
are the cities with the larger number of electric vehicles, with respectively 728 and
400 bus units, even if these correspond to 8% of the entire fleet.

Focusing on CNG, in Europe the number of bus registrations slowed down after two
years of growth, remaining over the 20% of new vehicles with 3,088 new bus units in
2021. France confirms to be the leader country, accounting for 54% of total CNG
vehicles registered in 2021, followed by Spain (11%) and ltaly (6%).

As per the cities involved in this report, the figures for 2021 show that Madrid has the
highest number of CNG vehicles namely 1,634, followed by Paris, 600, and Nanftes,
390. The last four years, the number of cities with a share of more than 50% of CNG
vehicles compared fo the entire fleet doubled. Ravenna is the only city having
100% of its leet composed by natural gas.
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The market share by bus manufacturer shows that manufacturers are competing
for the leadership of the European market in the different clean technologies. The
electric vehicle sector appears to be quite balanced, with Solaris, BYD-Alexander
Dennis Ltd, Mercedes and Yutong, registering over 300 electric buses in 2021.
Compared to 2020, the market share of electric buses slightly increased from 39.3%
to 42.7%.

Regarding the CNG solution, Iveco Bus increased in 2021 its market leadership,
increasing the number of bus units registered from 955 in 2020 to 1,269 last year.
Moreover, lveco Bus represents alone over 40% of the market share and when
taking also the second and the third manufactures in terms of number of units,
Scania (539) and MAN (489), they cover 75% of the entire CNG fleet registered in
2021.

When looking into the evolution of fuel cell hydrogen buses, we can see that
numbers soared in the last 12 months. 158 vehicles have been registered in 2021,
50% more compared to all vehicles registered in the previous nine years. This
growth was concentrated in the UK, 68 vehicles, the Netherlands, 37 vehicles, and
Germany, 33 vehicles.

The larger manufacturer of fuel cell buses is Wrightbus, the English producer of the
first hydrogen double decker bus, with 71 vehicle registrations at the end of 2021.
Other main OEMs are Solaris (37), Van Hool (21) and Caetano (20).

According to our survey, the hydrogen solution has been integrated into
commercial service in 11 cifies in 2021, compared to six cities in 2017. Only in two
cifies the technology represents more than 10% of the total fleet: Cologne and
Frankfurt-Hochst.

Hydrogen double @ :'_
decker bus =

(Source: Transport for
London)
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Below are the overall results of the survey conducted within the ASSURED project.

One of the positive developments in the sample cities investigated is that the total
number of buses increased by 19%, exceeding the 50,000 bus units.

The number of diesel vehicles decreased by 1,052 in the last four years, an
approximate 3% of the total number of diesel vehicles present in 2017 (Chart:
Number of clean buses). At the same time, the number of clean buses increased
by 88%, almost doubling the number of clean vehicles compared to 2017. The
share of diesel-free vehicles increased from 15% to 23%, and currently there are
12,504 clean buses circulating in the cities included in the ASSURED report.

® Number of clean buses ® Share of clean buses
Source: UITP ASSURED survey Source: UITP ASSURED Clean Bus Report survey
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The technology that registered the fastest increase is the Battery Electric Vehicles,
which increased from 481 to 3,538 units, growing by about 635% in the last four
years. As of 2021, the share of clean vehicles in use is composed of more than half
of CNG vehicles (54%), followed by 28% of battery electric vehicles.

Looking at the distribution of propulsion solutions by the number of cities, diesel is
still the most common technology, present in 89 out of the 100 cities investigated.
This situation it is not surprising because it is not easy to replace the entire fossil
fuel fleet in just four years, but the increasing number of cities that infroduced
alternative propulsion vehicles shows the effects of the European environmental
policies for clean transport (Chart: Number of public transport system by
propulsion).

The number of cities with at least one battery-electric vehicle increased from 35 in
2017 to 71 in 2021, and the cities that infroduced natural gas solutions moved from
37 to 44. Also, in the cases of In-Motion Charging, FCHEV and PHEV, the number of
cities using these solutions doubled in the last four years, whereas the number of
cities with trolleys solution remains constant af 17.
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® Number of cities with at least one vehicle per propulsion type
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From the collected survey answers, we can see that the average fleet age in
Europe is eight years and two months, only a bit over half the expected lifetime for
an urban bus unit. A fotal of 12 cities has a remarkable average fleet age lower
than four years, while 48 cities outstand the surveyed average for that indicator.

e Latin America

The Latin America region has withessed a remarkable deployment of clean bus
technologies in the last years. Chile and Colombia announced their commitment
to procure only zero-emission buses from 2035 on, as indicated in their national
plans. Costa Rica has committed to full leet transition by 2050, and Uruguay has
announced the intention of procuring only zero-emission buses by 2040. Chile and
Uruguay are also signatory parties of the *Memorandum of Understanding on Zero-
Emission Medium- and Heavy-Duty Vehicles 2021".

In addifion to the political drive of these countries, one of the main inifiatives
supporfing clean bus deployment in the region is the Zero Emission Rapid-
deployment Accelerator (ZEBRA) Partnership.

The project, co-led by ICCT and C-40, was launched in 2019 with the aim of
supporting the transition to zero-emission buses in leading Latin American cities.
The project has the goal of ensuring the procurement of 3,600 e-buses in the
region, and with the scope on cities like Medellin, Mexico City, SGo Paulo, and
Santiago de Chile. Similar to the CBEP in EU-27, ZEBRA brings together cities, the bus
industry, and financial institutions to ensure the political commitment of the cities
involved, secure the availability of zero-emissions buses and investment on e-bus
projects, and facilitate knowledge-sharing and exchange on bus electrification
among cities.$

¢ https://www.c40.org/what-we-do/scaling-up-climate-action/transportation/zero-emission-rapid-
deployment-accelerator-zebra-partnership/
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In terms of market deployment, according to e-Bus Radar, an organisation that
monitors e-bus adoption in Latin America, a total of 2,564 battery e-buses are in
operation as of Felbruary 2022. Nearly one-third of them are trolleybuses, while
the other two-thirds are battery electric buses, mostly solo buses with a length
span between 12 and 15 meters. Arficulated buses are a bit behind on the ramp-
up phase, but implementations can be found in SGo José dos Campos, Cali,
Bucaramanga, Medellin or Mexico City.

As of March 2022, frontrunners among Latfin American cities are Santiago de

Chile and Bogotd. In Santiago, public transport system Transantiago maintains the
leadership as the largest e-bus fleet outside China, with about 800 e-buses, of a
total fleet of 6,800 buses in operation. The new confracts awarded in February 2022
will bring forward the electrification of the Transantiago fleet, adding 941 e-buses
by 2025, which will represent the 25% of the total bus fleet.

In Bogotd, Colombia, the first articulated BRT bus was tested in 2017. The fleet

of TransMilenio counts currently 655 e-buses in operation, out of the 1,485 buses
that have been already awarded and expected to be commissioned along
2022. Furthermore, 1,800 CNG buses have been deployed since 2020, with 745
of them being articulated and biarticulated buses operating the BRT main axes.
Smaller high-capacity bus systems in the country are infroducing e-buses in their
operations, which add up to reach the planned total number of 1,589 e-buses in
the country for 2022.

Brazil hosts the BYD-Marcopolo partnership which delivered the first 12 22-meter
e-buses in the Linha Verde corridor in SGo José dos Campos in November 2021.
The city of Goi@nia has also tested the articulated BYD- Marcopolo buses in a 14
km BRT line and plans to fully electrify it soon. Metrobus (Goidnia’s public fransport
operator) plans to infroduce 110 buses as soon as in 2022.

Mexico City has the largest bus fleet, with approximately 22,300 buses in operation.
In summer 2021, Ciudad de Mexico deployed a total of 10 Yutong battery electric
arficulated buses to join the fleet operating BRT line 3, while the city counts nearly
500 trolleybuses.
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® The United States and Canada

In the United States and in Canada, the policy framework on clean buses is yet
incipient. Only the US State of California has officially approved binding targets for
the deployment of clean buses in its “Innovative Clean Transit (ICT) regulation™ of
2018. From 2029 on, all newly procured buses by California’s public fransit agencies
will have to be zero-emission, while by 2040, the total bus fleet will have shifted

to zero-emissions. Similar goals apply for Seattle and Washington DC, aiming for

a 100% renewal-energy-powered fleet by 2040 and 100% zero-emission bus fleet
respectively.

In addition, 15 US States (California, Colorado, Connecticut, Hawaii, Maine,
Maryland, Massachusetts, New Jersey, New York, North Carolina, Oregon,
Pennsylvania, Rhode Island, Vermont, Washington, and the District of Columbia)
signed the “Multi-State Medium- and Heavy-Duty Zero Emission Vehicle
Memorandum of Understanding 2020 in which the signatory states agree to work
together to foster “a self-sustained market” of zero-emission medium- and heavy-
duty vehicles, and from 2050 on, to “strive to make sales of all medium- and heavy
duty vehicles in their jurisdictions” zero-emission, achieving 30% of the sales zero-
emissions by 2030.7

MTA electric busin @

New York City, USA.
(Source: Marc A. Hermann
/ MTA)

Likewise, Canada is also a signatory party of the “Memorandum of Understanding
on Zero-Emission Medium- and Heavy-Duty Vehicles 2021", together with several
European countries and Chile, New Zealand, Turkey, and Uruguay.

UITP calculations were done using the last release of APTA's Public Transportation
Vehicle Database in 2020 for the USA. A share of 30% on the total regular public
fransport bus fleet fell under the clean bus definition given by the European Clean
Vehicle Directive. Out of them, 72% (12,655 vehicles) were powered by natural
gas, 6% (1,027) were BEV, FCHEV or frolleybuses, and the rest were other clean bus
technologies such as biofuels.

In December 2021, Calstart, a clean fransportation industry consortium with
headquarters in California, released the "“Zeroing in on ZEBS" report, which offers an
exhaustive review of zero-emission bus deployment in the USA and Canada.

7 https://www.energy.ca.gov/sites/default/files/2020-08/Multistate-Truck-ZEV-Governors-MOU-20200714_ADA.pdf
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Battery electric buses in the USA added up to 3,364 vehicles, while 169 fuel cell
electric buses were in operation, being the latest technology pointed out by
many transit agencies to deploy their zero-emission bus strategies better meeting
their operational needs. In Canada, a total of 596 battery electric buses were

in operation and 10 fuel cell hydrogen buses were planned or announced in
September 2021.

Electric busin @
Monftréal (Source: STM/
Julien Perron-Gagné)

While most of the ZEB fleets are modest with up to 10 vehicles, the USA and
Canada are on the road to a large fleet upscale, already revealed by the 27% ZEB
total number growth between 2020 and 2021 in the USA.

In Canada, according to a recent study from the bus operator Cutric, the national
bus fleet had in January 2022 up to 825 compressed natural gas buses in operation.

In brief, updated data on ZEB show a clear ramp-up trend in clean buses weight
among USA tfransit bus fleets, which will be most probably constated in the next
Public Transport Vehicle Database release.

® |ndia

The Government of India is working to accelerate electric bus deployment

since 2015, when the Faster Adoption and Manufacturing of (Hybrid and)
Electric Vehicles (FAME) subsidy scheme was launched. To foster the progressive
technology transition towards efficient electric and hybrid vehicles, the FAME
scheme tackles the impact of higher costs associated with lower or zero-emission
bus adoption.

The second phase of the scheme, FAME-Il, was approved in 2019 with an outlay
of Rs 10,000 crore (USD1,308,464) for three years, out of which 86% is allocated to
demand incentive to create demand for electric vehicles. However, in addition to
the higher cost of e-buses, the COVID-19 pandemic induced financial constraints
that have caused Indian bus agencies to postpone their plans for pilots and scale
up of e-buses under FAME-II. For this reason, FAME-Il has been extended until
March 2024. Focusing on the bus industry, the scheme will induce e-bus demand
by supporting the purchase of 7,000 e-buses for urban and interurban services in
several cities around the country.
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The Convergent Energy Services Limited (CESL), under the second phase of FAME-I,
aggregated e-bus demand across the biggest five cities in India under the “Grand
Challenge” initiative, bringing together Delhi, Kolkata, Bengaluru, Hyderabad, and
Surat. The scheme includes fully electric buses and aims to reduce the operating
costs for cities. It is expected that standardising the tendering conditions in different
cities willinduce the homogenisation of the electric bus fleets across the country,
leading to a reduction of the total operational costs and a faster deployment in an
affordable manner and at scale.

Apart from central government funded projects, smaller initiatives driven by state
governments and cities are in place, such as the 350 e-buses subsidised by the
Pune municipal corporation, or the 50 vehicles supported by the Kerala state
government.

Data collected for an ongoing UITP India project reveals important numbers about
electric buses being deployed in the main cities of India. As of February 2022,

386 electric buses are in operation in Mumbai, 300 in Delhi, 250 in Pune, 200 in
Ahmedabad and 180 in Navi Mumbai. All electric buses in India range between
alength of 9 and 12 meters and correspond to a mix of manufacturers, including
Ashok Leyland, JBM Auto Ltd, Olectra Greentech, and Tata Motors.

Charging electric @
buses in Ahmedabad, India
(Source: UITP India)

® MENA Region

Clean bus deployment in the MENA region faces various challenges, but there is a
commitment to achieve the goals of GHG emission reduction and urban air-quality
improvement.

After the deployment of modest CNG city bus fleets and electric bus pilots

being in operation in Cairo and Alexandria in the past years, the Government

of Egypt announced in February 2022 that its entire public tfransport bus fleet

will be powered by natural gas and electricity within the next five years. This
announcement follows the production of the first e-bus manufactured in Egypt by
MCYV in 2021.
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Qatar made a similar announcement in 2021, stating that 100% of the bus fleet will
be zero-emission by 2030. The transition will be made gradually, with the nearest
partial goal of converting 25% of the fleet soon to be reached by infroducing 741
e-buses, before the country is hosting the FIFA World Cup in late 2022.

Amman, in Jordan, is infroducing 15 battery electric buses funded through an EBRD
loan to execute their fleet renewal plan.

Electric bus in Dubai @
(Source: RTA)

The United Arab Emirates targets a full electric fleet as part of their net zero strategy
for 2050. The Union has hosted several pilots in Abu Dhabi, Dubai, and Sharjah. The
Dubai Roads and Transport Authority (RTA) tested a dynamic wireless charging
system in 2020. More recently, two e-buses are being tested between November
2021 and March 2022 on a shuttle line with opportunity charging boosts at end
stops. As announced by Mohamed Al Ali, the Director of Buses at RTA in the UITP
MENA Transport Congress and Exhibition hosted in Dubai in February 2022, e-bus
commercial operations will start in 2025. In addition, Abu Dhabi is rolling out two
pilots with battery electric buses for school and shuttle services but aiming for a
larger deployment including regular public transport operations in the near future.

An ambitious e-BRT line started operations back in 2017 in Marrakesh, Morocco.

A total of 15 e-buses run on this first line, with a total length of 8 km, three of them
equipped with overhead wires that charge on-board batteries while in motion.
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e Australia and New Zealand

The New South Wales Government has set the goal of transitioning the State’s fleet
of 8,000 buses to zero-emission buses by 2030. The first 12 buses were deployed in
October 2021 and up to 40 additional buses are expected to be running in Sidney
by early 2022.

Australia’s capital Canberra will soon add the first 12 battery-electric buses to the
local public transport operator fleet, while an additional 90 zero-emission buses
are being procured in the first quarter of 2022. The ACT government set the goal of
having a full-electric bus fleet operational in Canberra by 2040 the latest.

New Zealand is also signatory party of the *“Memorandum of Understanding on
Zero-Emission Medium- and Heavy-Duty Vehicles 2021".

e Sub-Saharan Africa

The electrification of public transport in Sub-Saharan Africa is the opportunity to
fransition also from informal bus services to public tfransport networks. New BRT
networks in the region find electric bus fechnology ready to be implemented from
the first ride if supported by the public administration.

As an example, the new BRT system in Nairobi, Kenya is planned to start operations

by the end of 2022. On 1 February 2022 the call for offers was officially launched by
the Nairobi Metropolitan Area Transport Authority, inviting firms to present their bids

for operations with clean buses (i.e. battery electric, hydrogen, or biogas or hylbrid).
In parallel, the first electric bus in Kenya was rolled out in January 2022, designed by
Opibus, claiming fo be the first African designed electric bus, or Sub-Saharan Africa
at least.

South Africa’s first two full-electric buses started commercial operations in July 2021
as part of a pilot with an expected duration of one year, after a test period without
passengers.

Abidjan, Ivory Coast, counts a significant fleet of CNG buses run by SOTRA (Abidjan
Transport Company). A total of 450 CNG buses were commissioned already in
2018, 50 of them being high-capacity artficulated, with additional orders bringing
the fotal to 700 buses. Out of these, 100 buses are high-capacity articulated
vehicles. They are incorporated in the urban bus fransport system in Abidjan.
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(Source: SOTRA)
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® China

The Chinese government’s strategy for new energy vehicles sets the national goal
to achieve carbon neutrality by 2060. However, the term “new energy vehicles”
(NEV) does not match perfectly with the clean bus definition applied in this report.
In China, NEV include electric buses (both battery and fuel cell hydrogen) and
hybrid units but excludes natural gas vehicles.

As of 2020, 704,381 urban buses were in operation in China. Out of them 509,193
units fall under the definition of Clean Bus as provided by the EU Clean Vehicle
Directive, representing 72% of the national urban bus fleet. With regards to the
technology share, battery electric represented 54% (378,700 buses) of the total
fleet, and natural gas 18%. Fuel cell hydrogen and trolleybus technologies were
only present in small numbers.

Looking to the distribution per regions, in absolute figures, the Guangdong province
has the highest number of NEV deployed, exceeding the 86,000 units in 2020,
followed by Shandong with more than 45,000 vehicles, and Jiangsu and Zhejiang,
both with more than 20,000 vehicles in operation. However, in relative terms, Hunan
is the province with the highest share of NEV over total fleet, with a ratio of 86.8%.

Electric bus depotin @
Shenzhen (Source: 3
Shenzhen Bus)

Electric buses in China perform 133 km/day on average, with the Lanzhou fleet
leading the race with 203 km/veh-day, closely followed by Guangzhou with just
below 200 km/veh-day. Figures on energy consumption differ by regions between
80 kWh/100km and 95 kWh/100km. The lowest rate is achieved the Southwest
region of China while the highest are found in Northeast and South China. Since
operational constraints are usually raised as main drawbacks for e-bus mass
adoption, figures arriving from China show that those are diluting at a steady pace.

The share of natural gas buses is decreasing at a similar rate as diesel ones, while
battery electric vehicles are taking over the urban public fransport bus service.
However, fuel-cell hydrogen buses are gaining more and more presence also in
China.

Batteries and hydrogen are two of the most promising zero-emission fechnologies in
China. Some cities, such as Shenzhen, have opted for batteries, but Foshan, a fast-
growing city with a population of 8 million, chose the hydrogen energy economy.
Already in 2016, Foshan launched its first line operated with hydrogen buses,
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and currently about 1,000 hydrogen buses are running on 28 lines. The Foshan
Hydrogen Development Plan sets targets for the number of fuel cell vehicles (and
other industrial vehicles) that should be procured until 2030: up fo 2,500 buses

by 2025 and 4,000 buses by 2030. The city has a current network of 20 hydrogen
refuelling stations (HRS) and plans to reach 57 by 2030. The local administration and
the central government provide support and heavy investments to this massive,
ambitious plan.®

Electric bus in Shenzhen, @
China (Source:
Shutterstock)

By the end of 2021, 440 clean hydrogen powered buses were serving nine lines in
Zhangjiakou. Recently, 655 fuel-cell hydrogen buses were added to Zhangjiakou
fleet so 1,100 fuel-cell hydrogen electric buses were in full-operations during the
Winter Olympic Games Beijing 2022.

8 https://meethydrogen.com/resource/foshan-the-hydrogen-technology-city
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® Approach of this report

The ASSURED Clean Bus Report is a collective effort: it has been possible thanks

to the contribution of key stakeholders in the field of clean bus deployment. As
such, its value lies on the up-to-date data and general information provided by its
contributors: cities, public transport authorities and operators, bus manufacturers
and charging systems suppliers.

The report is organised in five chapters. Chapter 1 provides a general overview

of the state of clean bus deployment in several regions, some notes on the policy
framework, and a selection of examples. This chapter is not intended to be an
exhaustive compilation of the many remarkable examples of clean bus systems
currently in operation. Its aim is o provide a first glance into the topic and support
it with interesting use cases. Chapter 2 presents in factsheet style the bus systems
of the conftributing cities and operators, including year-round 2021 data, unless
indicated otherwise. The city factsheets present different profiles, considering
operations from small number of buses to the larger fleets with thousands of buses.
All of them contribute to shape the reader’s own conclusions aside from the ones
that are humbly presented in this document. Chapters 3 and 4 provide a glimpse
intfo the applications available on the market for buses and charging infrastructure.

A vast number of actors in bus operations in Europe have been individually
contacted to share their view on fleet decarbonisation and clean bus technology
adoption, as well as to provide data on their current fleets and operations.

The data were collected through a survey with several sections: selection of
operational data; clean bus strategy and vision; bus fleet data with two-time data
points (2017 and 2021); and specifications for charging and refuelling infrastructure.

Now we underline some considerations for the readers.

The report gathers a total of 100 cities and bus systems, with an aggregated fleet
that represents one quarter of the European bus stock. The data are presented
in a comprehensible way, guiding the reader through a few indicators, as well as
specific details of fleet or infrastructure composition.

This report applies the definition of “clean™ and “zero-emissions™ (at tailpipe) bus
as provided in the Clean Vehicles Directive (EU Directive 2019/11610). The carbon
emissions of the energy mix of the countries represented are out of the scope of
this report.

The survey included a self-assessment of the clean bus strategy and vision, where
respondents were asked to indicate in which phase of the deployment process
would they place their systems. Respondents could choose among a set of four
stages: Stage 0, for those cities that have a strategy for clean bus deployment in
place, as well as political will; Stage 1, for cities that have started pilots with small
numbers of buses; Stage 2, for cities with small lines and simple operations; and
Stage 3, for cities with mature deployment with more lines and large services in
operation. Rather than matching any set of accountable indicators, this response
followed from their own feeling and expectations.

Strategy/ Bus pilots, Small lines/ More lines/
political will small simple large
@ numbers operations service
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As for the number of buses per technology, figures should be examined keeping

in mind that vehicles are constantly added to and removed from fleets. Most
importantly, the life span of buses is well beyond the comparison between 2017
and 2021, thus any decrease of share of clean buses should be further investigated
through the provided tables. If any, most of the slight decreases in the percentages
are due to the introduction of hybrid or even diesel EUROVI bus as a “cleaner”
solution to replace units with a reassuring and affordable technology at the
purchase time. The quotes provided by the cities may also clarify the direction they
are taking when it comes to clean bus deployment.

As alast remark for Chapter 2, the reader should not disregard the effect of the
COVID-19 pandemic on ridership. The number of passengers carried per year is an
interesting indicator for operators and municipalities who may read this report as a
collection of interesting benchmarks, but although the place-kilometre offered by
operators in 2021 was restored almost to the pre-pandemic levels, the number of
passengers still does not reflect the real service.

In Chapter 3, the reader must understand that a collection of bus models is
presented. The content of the chapter is built from the answers collected from a
survey sent to bus manufacturers, thus it must not be seen, nor was intended, as
a single-stop catalogue of clean buses. The specifications shown for the different
vehicles have been checked by the content review team at UITP and VUB;
however, they should not be taken as final or exact values.

These remarks apply also for Chapter 4.

T R JI




@)

> Chapter 2
Cities

O

O




.I Klagenfurt am «micabils
' Worthersee
Austria

0\Klagenfuri Mobil GmbH

Stage of deployment

Currently, one electric bus accounts for 1.4% of the fleet, but a tender is planned
for the electrification of 2 lines.

Small lines/
simple
operations

Strategy/
political
will

Bus pilots,
small

The plan is to numbers

incorporate a mix of
depot charging and

opportunity charging
electric buses.

Current fleet data

Total bus fleet 2017 m

66 71
| Bussize Total number of vehicles
Mini/ Midi (<12 4 4
Total average weekday VALl m)
driven veh-km (km) Solo (12-15m) 33 38
n.qa. Articulated (218 m) 29 29
Vehicle propulsion type Total number of vehicles
City fopography Battery Electric 1 1
fiat Diesel 65 70

Total yearly driven fleet-km (km)
34 M

Charging & refuelling infrastructure

Total yearly transported .
15.1 M Number of charging plugs (CCS) 1 -

Roof mounted pantograph 1 -
Average fleet age (years)

9.1

Average commercial speed
(km/h)
n.a.

Cl total o) =
of driven kilometres, 2021 "“ || |1 IHiNEER
.IIII L .'.. =

Jlasenlurtﬂnhll | -

genturt Nebl == Kiagenfurt Hobil mcbil>

99.8%

lagenfurt

Rest of the fleet



e Vienna 45 WIENER LINIEN
| Austria
® Wiener Linien

3

L

Stage of deployment

A fleet of 12 electric small buses have been running for almost 10 years, and fuel-
cell hydrogen buses are currently being tested.

SPhotoby|Mdnfred Hef

|

Analysis and operations tests
to determine the technology
which best suits each route
to go electric have been
conducted. 75 zero-emission
buses (mostly BEV, some

FCHEV) will be incorporated
in the fleet by 2025. o CllEBiEE: 207] 2021

Small lines/
simple
operations

Bus pilots,
small
numbers

Strategy/
political
will

IIIII\

\J

© ©

Current fleet data

469 423
| Bussize Total number of vehicles
Mini/ Midi (<12 12 12
Total average weekday VALl m)
driven veh-km (km) Solo (12-15 m) 198 130
250 Articulated (218 m) 259 281
Vehicle propulsion type Total number of vehicles
City Tppogrophy Battery Electric 12 12
medium Diesel 280 e
Total yearly driven fleet-km (km) Qi HRS 177 :
21.7 M
Total yearly transported Charging & refuelling infrastructure
passengers
Roof mounted pantograph 12 2

Average fleet age (years)
4.8

Average commercial speed
(km/h)
18.0

Clean over total number
of driven kilometres, 2021

99.0%

Rest of the fleet

Photo by Johannes Zinner

© Share of clean buses



® Ani'werp . be POLDER
| Belgium
® Bus De Polder nv

Stage of deployment

Currently there is one battery electric bus pilot: in 2022 we plan to deploy another
30 e-buses.

Small lines/
simple
operations

Strategy/
political
will

Bus pilots,
small
numbers

Illll\

\J

© ©

No more diesel buses
will be incorporated
in our public transport fleet. Current fleet data

Total bus fleet 2017 m
57 57
| Bussize Total number of vehicles
Solo (12-15m 53 53
Total average weekday - ( )
Articulated (218 m) 4 4

driven veh-km (km)

140 Vehicle propulsion type Total number of vehicles

Battery Electric - 1

City topography Diesel 57 56
flat

Total yearly driven fleet-km (km)
3.5 M Charging & refuelling infrastructure

U | Depot|  Onroute ]
Total yearly transported €po

passengers Number of charging plugs (CCS) 1 -
n.a.

Average fleet age (years)
12.3

Average commercial speed
(km/h)
20.2

Clean over total number
of driven kilometres, 2021

T

99.2%

Rest of the fleet u E@Li

nkeroever ¢F

© Share of clean buses




Our fleet will be fully
electric by the end of
2035. The next step is the
acquisition of about 100
electric buses in 2024.

Total average weekday
driven veh-km (km)

98

City topography
medium

Total yearly driven fleet-km (km)
31.0 M

Total yearly transported
passengers
87.2 M

Average fleet age (years)
7.7

Average commercial speed
(km/h)
15.8

Clean over total number
of driven kilometres, 2021

96.8%

Rest of the fleet

© Share of clean buses

e Brussels

Belgium

® Société des Transports
Infercommunaux de Bruxelles

.brussels<dis
EWSEMBLE, TRANSPORTONS LE BRUXELLES DE DEMASN

Stage of deployment

Following a reduction of 43% on the diesel-only share, the current bus fleet counts
48% hybrid buses and 4.5% battery electric buses.

Small lines/
simple
operations

Strategy/
political
will

Bus pilots,
small
numbers

IIIII\

\J

©

©

Current fleet data

Total bus fleet 2017 m

700 862

| Bussize Total number of vehicles

Mini/ Midi (<12 m) 12 19
Solo (12-15m) 527 524
Articulated (218 m) 161 319

Vehicle propulsion type Total number of vehicles

Battery Electric - 37
Hybrids - 402
Diesel 700 423

Charging & refuelling infrastructure

Number of charging plugs (CCS) 36 -
Roof mounted pantograph 26 2



Discussions are necessary
for e-buses, for us to gain
experience and know-how
in this new technology. By
2022, more than 15% of our
buses will operate with zero
emissions. We believe there
is no time to lose!

Total average weekday
driven veh-km (km)
250

City topography
flat

Total yearly driven fleet-km (km)
7.0 M

Total yearly transported
passengers
n.a.

Average fleet age (years)
7.0

Average commercial speed
(km/h)
37.0

Clean over total number
of driven kilometres, 2021

92.9%

Rest of the fleet

© Share of clean buses

e Tienen (Flemish Brabant) 2% .
| Belgium
® Multiobus

Stage of deployment

We launched our first e-bus in 2017. While some of the depots do not have e-buses
yet, the main depot is a frontrunner in electrification with 60% e-buses.

Small lines/
simple
operations

Strategy/
political
will

Bus pilots,
small
numbers

IIIII\

\J

©

©

Current fleet data

Total bus fleet 2017 m

118 120
| Bussize | Total number of vehicles|
Mini/ Midi (<12 m) 4 4
Solo (12-15m) 86 88
Articulated (218 m) 25 25

Double decker bus 3 3

Vehicle propulsion type Total number of vehicles

Battery Electric 1 14
Hybrids - 14
Diesel 117 92

Charging & refuelling infrastructure

Number of charging plugs (CCS) 12 -
Infrastructure mounted pantograph 1 -



L ',a.

Several lines are fully
operated by Plug-in Hybrid
Electric Vehicle.

Total average weekday
driven veh-km (km)
116

City topography
medium

Total yearly driven fleet-km (km)
728 M

Total yearly transported
passengers
89.0 M*

Average fleet age (years)
8.0

Average commercial speed
(km/h)
20.0

Clean over total number
of driven kilometres, 2021
93.5%

Rest of the fleet

© Share of clean buses

o Wallonia T.'_'C

| Belgium
® Opérateur de Transport de Wallonie

Stage of deployment

Currently the Plug-in Hybrid Electric Vehicles represent 6% of the total
yearly driven km, and 3 new vehicles powered by bioethanol have been added
to the fleet.

Small lines/
simple
operations

Strategy/
political
will

Bus pilots,
small
numbers

IIIII\

\J

© ©

Current fleet data

Total bus fleet 2017 m

n.a. 1,720
| Bussize | Tofal numberof vehicles)
Mini/ Midi (<12 m) n.a. 54
Solo (12-15m) n.a. 1,281
Articulated (218 m) n.a. 385
Battery Electric n.a. =
Plug-in Hybrid Electric n.a. 97
Fuel Cell Hydrogen Electric n.q. -
Battery Trolley, In Motion Charging n.a. -
Trolley n.a. -
Natural Gas n.a. -
Hybrids n.a. 501
Diesel n.a. 1,119
Other: Bioethanol n.a. 3

Charging & refuelling infrastructure

Number of charging plugs (CCS) 101 -
Infrastructure mounted pantograph - 14

* Data for 2020, including other subcontracted services thus not consistent with the other information shown.



DOPRAVNI

[ !
e | [ )
-,.,,..5! -\ OO0 Feei”
Coif e = Czech Republic
~7 [ lll £ s .
LR ® Dopravni podnik Ostrava a.s.
S rh_.__. T = m
; = -2 Stage of deployment
) : ___?,,. ; CNG buses are mainly used in daily operations, while battery electric
e ~ | andin-motion charging vehicles are also already running. Fuel-cell hydrogen
;' . buses are being tendered in early 2022.
Strategy/ Bus pilots, Small lines/ More lines/
The goal of clean buses ! rs1Tna1|tl)ers glr?;[r)ela?ions ?gr%?ce

accounting for an 80%
of the fleet in 2021 was
achieved. Next goal is
to hit the 88% by the

end of 2022. Total bus fleet 2017 m

286 292

Current fleet data

—3’ | Bussize Total number of vehicles

Mini/ Midi (<12 m) 30 27
Total average weekday
driven veh-km (km) Solo (12-15m) 234 201

155% Articulated (218 m) 22 62
Double decker bus
¢ City topography Vehicle propulsion type Total number of vehicles
medium
Battery Electric
Battery Trolley, In Motion Charging

© Total yearly driven fleet-km (km)

16.5M Natural Gas
Diesel
Q Total yearly transported
passengers
n.a.

Charging & refuelling infrastructure

Number of charging plugs (CCS)

® Average commercial speed Infrastructure mounted pantograph
(km/h) Natural gas
18.0
\C * UITP estimate based on provided data.
\
Clean over total number
of driven kilometres, 2021 — N —
. 13.6% : .
Rest of the fleet
J
4 -

~\

) Share of clean buses

2017 2021
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e Pilsen o PMDP |
| Czech Republic
® Plzenske mestske dopravni podniky

Stage of deployment

Three of the nine frolleybus lines are operated using in-motion-charging along
with conventional trolleybuses. The longest route traveled on battery-power is
12 kilometers.

We are preparing the
electrification of bus lines
to the largest state housing
area in the city, aligned
with our goal of electrifying
the main bus lines using

battery trolleybuses with Total bus fleet 2017 m
in-motion-charging.

Small lines/
simple
operations

Strategy/
political
will

Bus pilots,
small
numbers

IIIII\

\J

© ©

Current fleet data

221 216
| Bussize | Total number of vehicles|

Total average weekday T ANATGIMS 23] 4 S
driven veh-km (km) Solo (12-15m) 163 133
193 Articulated (218 m) 54 80
City topography Battery Electric 1 -
medium Battery Trolley, In Motion Charging 16 38
Trolley 83 62

Total yearly driven fleet-km (km)

9.0M Diesel 116

Total yearly transported
passengers
664 M

Average fleet age (years)
6.9

Average commercial speed
(km/h)
26.3

Clean over total number
of driven kilometres, 2021

56,4%

Rest of the fleet

© Share of clean buses



¢ Prague v 5 Bl
| Czech Republic
® Dopravni podnik hl. m. Prahy

Stage of deployment

Regular operation of the first e-bus fleet started in Feb 2022. The first IMC trolleybus
line will be launched by the end of 2022. Two fenders for new vehicles (14 bipolar
e-buses and 15 e-tfrolleys) are finalised. A third tender for 20 double-articulated
e-frolleys in underway. The charging infrastructure for 14 bipolar e-buses is ready.

Prague’s Climatic Plan
targets 50% zero emission
buses by 2030, along with
25% diesel and 25% for
other cleaner technologies
like hybrids or biofuel. After
thoroughly testing various
technologies, 2022 will see

great leaps forward towards m

a clean bus fleet. 1169 1204

Small lines/
simple
operations

Strategy/
political
will

Bus pilots,
small
numbers

IIIII\

\J

© ©

Current fleet data

| Bussize Total number of vehicles
Mini/ Midi (<12 m 65 101
Total average weekday [l /el )
driven veh-km (km) Solo (12-15m) 622 599
166** Articulated (218 m) 482 504
Vehicle propulsion type Total number of vehicles
City topography Battery Electric 1 1

flat Battery Trolley, In Motion Charging 1 =

Total yearly driven fieet-km (km) M4 ) ]
62.3 M Diesel 1167 0

Total yearly transported
passengers

362.7 M* Charging & refuelling infrastructure

Average fleet age (years)

6.1 Number of charging plugs (CCS) 2 -
Roof mounted pantograph - 2

Average commercial speed
(km/h) * Data for 2020.
16.8 **UITP estimate based on provided data.

Clean over total number
of driven kilometres, 2021

100.0%

Rest of the fleet

© Share of clean buses



J

Denmark
Movia Public Transport

T Zealand é)movia
[ J

14 Stage of deployment
(o We tender out zero emission bus operation in very large scale. 80 to 100% of buses

= in the new contracts are zero-emission buses.

Movia has together with

its owners (municipalies
and regions on Zealand
and Islands) set out the
target that by 2030, all bus
services are fossil-free and
minimum 50% of the fleet is
zero emission. We expect to

perform significantly better m

in terms of zero emission. 1,392 1,376

More lines/
large
service

Small lines/
simple
operations

Strategy/
political
will

Bus pilots,
small
numbers

IIIII\

\J

© ©

Current fleet data

| Bussize Total number of vehicles
Mini/ Midi (<12 m 132 113
Total average weekday VALl )
driven veh-km (km) Solo (]2-]5 m) 1,219 1,201
254* Articulated (218 m) 4] 62
Vehicle propulsion type Total number of vehicles
City fopography Battery Electric 2 160
flat Natural Gas 44 44
Total yearly driven fleet-km (km) Hybrids 2 10
1150 M Diesel 1,344 1,162

Total yearly transported
passengers

190.0 M Charging & refuelling infrastructure

Average fleet age (years)

8.4 Number of charging plugs (CCS) 145 -

Infrastructure mounted pantograph - 4
Average commercial speed Natural gas 4] -
(km/h)
27.0 * UITP estimate based on provided data.

Clean over total number
of driven kilometres, 2021

86.2%

Rest of the fleet

© Share of clean buses



e Tallinn
Estonia
_ ® Akisiaselts Tallinna Linnatransport

Stage of deployment

In 2022, TLT is procuring its first 15 electric buses, which will be in operation in
summer 2023. TLT's strategy sees diesel buses being replaced by environmentally
friendly buses by 2025, mainly by CNG buses and af least 15 electric buses.

The City of Tallinn is currently : )
working on the development ﬁ}{.ﬂfﬁg.w SB,%ZR L iiﬁ";,'fe“”“/
of urban transport models fnumbers operations
and, in cooperation with
TLT, analysing in-motion
charging trolleybuses. Other Current fleet data
technologies are in study to

shape the future strategy. Total bus fleet 2017 m

534 616

| Bussize Total number of vehicles
.} Solo (12-15m 335 382
Total average weekday ( )

driven veh-km (km) Articulated (218 m) 199 234
232 Vehicle propulsion type Total number of vehicles
Trolley 58 47
) City topography Natural Gas - 224
flat Hybrids 44 44
© Total yearly driven fleet-km (km) Bl el
342 M
Q Total yearly fransported Charging & refuelling infrastructure
passengers
Natural gas 320 -
O Average fleet age (years)
6.9
® Average commercial speed
(km/h)
17.2

\o

\
Clean over total number
of driven kilometres, 2021

55.2%

Rest of the fleet

7

~\

) Share of clean buses

2017 2021




We aim to have a 100%
clean fleet in 2030 with two
or thre