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Summary

Bus transportation systems using battery electric buses are reaching increasing attention in recent years. After
several years of testing battery electric buses in demonstration projects, now several cities and urban bus
operators started to electrify their bus fleets partially/completely. Recent developments show that new charging
strategies and advanced energy storage technologies enable full-day operation of battery electric buses. The
objective ofthe [ EAHEY Task J¥Bl @Batt €018iuX20kivto analyse and assess the current state
of technology and demonstration experiences of battery electric buses to conclude on future perspectives. The
following partners cooperate in Task 33: Spain: IREC i Catalonia Institute for Energy Research, Canada: NRCAN
i Natural Resources Canada, Office of Energy Research and Innovation, Finland: VTT, Germany: hySOLUTION,
South Korea: Ulsam University, and Austria: JOANNEUM RESEARCH (Operating Agent). Beside the participating
countries futherc ooper ati ons were established: | EA AMF Annex
Energy and the Environment, Chile) and PRO-EME: Promoting Electric Mobility in Urban Europe, a project in the
program ERA-NET Electric Mobility Europe, (DLR, Germany).

The organization of workshops with participation from industry, research organizations, technology policy experts
and governmental institutions established an international basis for the exchange of information on the relevant
issues on e-buses. Two workshops on state of technology and future perspectives of battery electric buses in
Helsinki 2018 and Eindhoven 2019 were organised.

The results are the following key issues for battery electric buses:

1 Key drivers: climate protection and decarbonisation of the transportation sector, improvement of air quality,
the European Green Vehicle Directive,

1 Technological aspects: battery electric buses and adequate charging systems for depot or opportunity
charging on the road are available on the market,

1 Experiences from demonstration projects:

o Paradigm shift from vehicle procurement to system procurement,

o Early stakeholder involvement in the planning and joint feasibility study necessary,

o IT supporting fleet monitoring to optimise operation,

0 Integrating e-bus services into the overall city transport decarbonisation/defossilisation strategy,

1 Rolling out of battery electric bus fleets in the Netherlands: Amsterdam and Eindhoven have the most
innovative and biggest e-bus fleet in Europe,

1 Performance indicators: operating costs, energy consumption, charging and overall system performance,

1 Environmental aspects: life cycle assessment necessary to determine environmental impacts. Battery
electric buses are most energy efficient bus system and the use of additional renewable electricity
maximizes the environmental benefits,

1 Economic aspects: In the baseline situation the total costs of the different bus systems are:

0 E-bus system with

A depot charging 1.2 0/ km
A opportunity charging 1.0 0/ km
0 Hydrogen bus system using renewable hydrogen from electrolysis 1.9 0/ km
o Diesel bus system 0.9 4/ km

1 R&D issues: fleet management, heating and cooling systems and strategies, inductive charging at
stations/road, high power charging 1 MW and higher, light weight vehicles,

91 Dissemination: several dissemination activities were undertaken, and

1 Outlook: the expectation is fthat 2020 1 2030 will be the century of battery electric buses in urban
environmento
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Zusammenfassung

Bussysteme mit batterie-elektrischen Bussen haben in den letzten Jahren zunehmende Bedeutung erlangt. Nach
umfangreichen weltweiten Demonstrationsprojekten sind die elektrischen Bussysteme technologisch soweit
entwickelt, um im taglichen Betrieb eingesetzt werden zu kénnen. Die IEA HEV Task 33fiBatt ery El ectr
(2016 i 2020) hat zum Ziel, den gegenwartigen Entwicklungsstand von Transportsystemen mit batterie-
elektrischen Bussen zu untersuchen und zu bewerten, um daraus Zukunftsperspektiven fir den breiten Einsatz von
batterie-elektrischen Busflotten zu erarbeiten. Die folgenden Partner arbeiten in Task 33 zusammen:

Spanien: IREC T Catalonia Institute for Energy Research, Canada: NRCAN i Natural Resources Canada, Office of
Energy Research and Innovation, Finland: VTT, Germany: hySOLUTION, Sidkorea: Ulsam University und
Osterreich: JOANNEUM RESEARCH (Operating Agent). Neben diesen Partnerlandern gibt es auch eine
Kooperation mit der | EA  AMF Annex 53 ASustainabl e Bus Systemsh,
Environment, Chile) und PRO-EME: Promoting Electric Mobility in Urban Europe, ein ERA-NET Electric Mobility
Europe Projekt, (DLR, Germany).

Zwei Workshops mit internationalen Teilnehmern aus der Industrie, der Forschung, der Technologiepolitik und der
offentlichen Verwaltung waren die Basis fur den Erfahrungsaustausch und den Analysen. Die Workshops fanden

zum Stand der Technik in Helsinki 2018 und zu den zukunftigen Perspektiven von batterie-elektrischen Bussen in
Eindhoven 2019 statt.

Die Ergebnisse zu den Schlisselthemen von batterie-elektrischen Bussen sind:

1 Motivationen: Klimaschutz, Dekarbonisierung des Transportsektors, Verbesserung der Luftqualitat und die
eur op?i s c h éreéniVehicle Dieotiveri A

1 Technologische Aspekte: batterie-elektrische Busse und entsprechende Ladesysteme im Busdepot und auf
der Strecke sind am Markt erhéltlich,

1 Erfahrungen aus den Demonstrationsprojekten:

o Paradigmenwechsel vom bisherigen Buskauf zu einem Gesamt-Bussystem ist notwendig,

0 Frihe Stakeholder-Einbindung in die Planung und Machbarkeitsanalysen ist wesentlich,

o0 IT-Unterstlitzung im Flottenmonitoring ist Voraussetzung flir optimalen Betrieb,

0 Integration von Transportdienstleistungen mit E-Bussen in stadtische Nachhaltigkeitsstrategien,

1 Roll-out von batterie-elektrischen Busflotten in den Niederlanden: Amsterdam und Eindhoven haben
derzeit die innovativsten und grof3ten E-Busflotten in Europa,

1 Betriebsindikatoren: Betriebskosten, Strombedarf, Parameter zur Ladeinfrastruktur und Gesamtsystem,

1 Umweltaspekte: Lebenszyklusanalyse als Voraussetzung zur Umweltbewertung zeigt, dass batterie-
elektrische Busse die hdchste Energieeffizienz haben und zuséatzlicher erneuerbarer Strom die
Umweltvorteile maximiert,

1 Okonomische Aspekte: Im Basisfall sind die Gesamtkosten der Bussysteme folgende:

0 E-Bussystem mit

A Depotladung 1.2 0/ km
A Streckenladung 1.0 0/ km
0 Brennstoffzellen-Bus mit erneuerbarem Wasserstoff 1.9 0/ km
o Dieselbus 0.9 U/ km

1 Forschungsbedarf: Flottenmanagement, Heiz- und Kiihlsysteme, induktive Ladesysteme bei den Stationen
bzw. auf der StraRe, Schnellladung mit 1 MW und Leichtbaufahrzeuge,

1 Zahlreiche Informationsaktivitaten wurden durchgefihrt, und

9 Ausblick: Es best eh2020d 2080 das Jahazehntuler bafteriededektrischén Busse im
stadtischen Umfeld wirdo .
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1 Aim of the activity

This chapter covers the motivation, the goal and scope, the approach and the cooperations and partners

1.1 Motivation

1.1.1 Developing and testing of battery electric buses

Bus transportation systems using battery electric buses are reaching increasing attention in recent years.
After several years of testing battery electric buses in demonstration projects, how several cities and
urban bus operators started to electrify their bus fleets partially/completely. Recent developments show
that new charging strategies and advanced energy storage technologies enable full-day operation of
battery electric buses, e.g. using the opportunity of fast charging concepts. Significant cost reductions
are reached and further expected due to technology standardization and economy of scale. More than
20 bus producing companies in Europe already offer various types of battery electric buses. Main bus
companies started battery electric buses in serial production, because battery electric bus systems have
the potential to substitute diesel buses in cities soon.

Numerous of innovative projects were initiated in recent years, especially in central European countries,
e.g. from pilot projects towards commercial use (e.g. Geneva, Amsterdam i Figure 1, Helsinki). They
tested and demonstrated various types of battery electric buses, charging methods and strategies as
well as energy storage systems. Based on the daily collection of experiences in operating battery electric
buses an evaluation and analysis of key aspects from worldwide electric bus projects (e.g. charging
strategies, electric energy storage systems) is ongoing. Urban public transport is the promising starting
sector for the implementation of battery electric buses also be realizing synergies to already existing
electric infrastructure, e.g. tram, metro.

Figure 1: Battery electric buses at charging station in Schiphol Airport

e S
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The facts on battery electric buses globally are the following (IEA, Global EV Outlook 2019):

1 Global stock of battery electric buses increased by 25% in 2018 relative to 2017, reaching about
460,000 vehicles,
1 In 2018, over 92,000 new battery electric buses were registered, from 104,000 in 2017,
9 China accounts for 99% of the global market for battery electric buses, and
1 Outside of China:
o0 about 900 battery electric buses were registered in 2018, mostly in Europe,
o Latin America had its first roll out with 200 battery electric buses in Chile and 40 in
Ecuador, and
o more than 300 battery electric buses in the United States.

1.1.2 Clean Vehicles Directive

In Europe the Directive (EU) 2019/1161 of the European Parliament and of the Council of 20 June 2019
amending Directive 2009/33/EC on the promotion of clean and energy-efficient road transport vehicles®
now pushest he mar ket introduction of Clean aviehicleseliréctivéoe s
promotes clean mobility solutions in public procurement tenders, providing a solid boost to the demand
and further deployment of low- and zero-emission vehicles. This Directive defines "clean vehicles" and
sets national targets for their public procurement. It applies to different means of public procurement,
including purchase, lease, rent and relevant services contracts. The Directive needs to be transposed
into national law in EU member countries by 2 August 2021.?

The Directive defines a "clean vehicle" as follows:

9 Clean light-duty vehicle: any car or van meeting the following emission thresholds:

0 until 31 December 2025: no more than 50 g/km CO, and up to 80% of applicable real
driving emission (RDE) limits for NOx and PM,;
o from 1 January 2026: only zero-emission vehicles.

1 Clean heavy-duty vehicle: any truck or bus using one of the following alternative fuels: hydrogen,
battery electric (including plug-in hybrids), natural gas (both CNG and LNG, including
biomethane), liquid biofuels, synthetic and paraffinic fuels, LPG.?

The Directive also sets a separate definition for "zero-emission heavy-duty vehicles" (clean vehicle
without an internal combustion engine, or with an internal combustion engine that emits less than
1 g CO2/kWh), as a sub-category of clean heavy-duty vehicles.

1 Directive (EU) 2019/1161 of the European Parliament and of then€il of 20 June 2019 amending Directive 2009/33/EC on the
promotion of clean and energyficient road transport vehiclettps://eurlex.europa.eu/eli/dir/2019/1161/0j

2 European Commission 2019: Clean transport, Urban transport- Clean Vehicles Directive,
https://ec.europa.eu/transport/themes/urban/ekehiclesdirective _en
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The Directive sets out mandatory minimum procurement targets in each Member State as national
targets for clean light-duty vehicles, trucks and buses. On buses, 50% of the minimum target for the
share of clean buses has to be fulfilled by procuring zero-emission buses. The national targets are set
for for buses:

1 2021 -2025 between 241 45%, and
1 20267 2030 between 3371 65%.

1.2 Goal and scope

The objective of the Task 33 (2016 T 2020, Figure 2) is to analyse and assess the current state of
technology and demonstration experiences of battery electric buses towards a broad market roll out.
This covers on one hand the bus technology, e.g. battery or capacitor system, and on the other hand the
charging infrastructure, e.g. fast charging stations at the bus stop and its optimal integration in an urban
infrastructure, e.g. synergies with trams, metro or trolley bus systems. The task work is done based on
an analysis of ongoing demonstration projects and the starting roll out phase of battery electric buses
worldwide. Based on this the future perspectives and challenges for battery electric buses are analysed
and described. This includes the identification of major challenges e.g. technology, costs, public
acceptance and the necessary R&D demand. Finally, the key aspects for a successful broad introduction
of battery electric buses and the necessary framework conditions are concluded.

The work is done in a close cooperation of the relevant stakeholders from the three focus groups:

1 Provider of public transportation services,

1 System and technology provider, and

1 Research institutions.
The results are continuously documented and disseminated via e.g. presentations, workshops,
conference contributions, and publications.

) EEY: R page 14 of 108
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Analyses of future perspectives of battery electric
buses and necessary framework conditions and
technology development

Stakeholder workshops Documentation
to exchange and
information dissemination

Analyses of current state of technology & !
demonstration experiences of battery
electric buses

Figure 2: Objectives of Task 33

The major activities are:

Identify and analyse state of technology and systems of battery electric buses,

Give overview of systems and technology providers with characteristic data,
Stakeholder involvement in workshops in combination with site visit,
Analyse combination of trolley and battery bus systems,

Integration and use of existing infrastructure of trams, trolleys and metro,
Identify success factors, e.g. size of bus, distances between bus stops,
Describe and define various loading strategies,

Analyse sustainability issues T economic, environmental and social aspects,
Identify R&D demand,

Conclude and summarize future perspectives, and

= =4 =4 =4 =4 4 4 -4 -4 -4 A 4

Presentations and contributions at conferences.

1.3 Approach

The most important activity of the working method (Figure 3) is the organization of expert workshops in
different member countries to involve the stakeholders in the value chain of battery electric buses, e.g.
provider of public transportation services, system and technology provider, research institutions. The
organization of workshops with participation from industry, research organizations, technology policy
experts and governmental institutions provides an international basis for the exchange of information on
the relevant activities. The focus of the expert workshops is to analyse, discuss and document the

Coll ect and document Al nternational Success

St ol
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1 State of technology for battery electric buses, and

9 Future perspectives of battery electric buses.
The workshops are combined with site visits to ongoing demonstration activities of battery electric buses
in daily life application.

Stakeholder
involvement

Battery
electric buses

State of technology Success factors

Figure 3: Working method

1.4 Cooperations and partners

141 IEAHEVTCP

The Technology Collaboration Programme on Hybrid and Electric Vehicles (HEV TCP) was previously
known as the Implementing Agreement for co-operation on Hybrid and Electric Vehicle Technologies
and Programmes (IA-HEV). The labelling changed in 2016. (see www.ieahev.orq)

Vision
In November 2014, the IEA Committee on Energy Research and Technology (CERT) approved the fifth
phase of operation for HEV TCP, which is scheduled to run from 1 March 2015 until 29 February 2020.

Mission

The HEV TCP ExCo considers policy/decision makers in governmental bodies at national, regional and
city levels, in the automotive industry, its component suppliers and in utilities as the target audience for
its work. These include the HEV TCP Contracting Parties, which are representing national governments.
The HEV TCP mission is to supply this target audience with objective information to support decision
making, to function as a facilitator for international collaboration in pre-competitive research and
demonstration projects, to foster international exchange of information and experiences, and sometimes
to function as a promoter for Research, Development, Demonstration and Deployment (RDD&D)
projects and programmes.
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Str

ateqgic Objective?2) for

Phase (2015120

To produce and disseminate objective information - for policy and decision makers - on hybrid
and electric vehicle technology, projects and programmes, and their effects on energy efficiency
and the environment. This is done by means of general studies, assessments, demonstrations,
comparative evaluations of various options of application, market studies, technology evaluations,

highlighting industrial opportunities, and so forth.
To be a platform for reliable information on hybrid and electric vehicles.

To collaborate on pre-competitive research projects and related topics and to investigate the

need for further research in promising areas.

To collaborate with other transportation related IEA Technology Collaboration Programmes, and
to collaborate with specific groups or committees with an interest in transportation, vehicles and

fuels.

Members

The 19 member countries of IEA HEV TCP are:

© o N gk wDdNRE

P PR R R R R R R
0w N UDWNRO

Austria,
Belgium,
Canada,
Denmark,
Finland,
France,
Germany,
Ireland,
Italy,

.the Netherlands,

. Norway

. Portugal,

. Republic of Korea,

. Spain,

. Sweden,

. Switzerland,

. Turkey,

. United Kingdom, and
19.

United States of America.

Phase 4&5 (20091 2020) Tasks

The tasks are:

= = =4

)l

Task 1: EV Information Exchange,
Task 10: Electrochemical System,

Task 21: Accelerated ageing testing for lithium-ion batteries - concluded in 2017,
Task 23: Light electric vehicle parking and charging infrastructure,

JOANNEUM
RESEARCH
LIFE
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Task 24:
Task 25:
Task 26:
Task 27:
Task 28:
Task 30:
Task 31:
Task 32:
Task 33:
Task 34:
Task 35:
Task 36:
Task 37:
Task 38:
Task 39:
Task 40:
Task 41:
Task 42:
Task 43:
Task 44:

Economic impact assessment of e-mobility,

Plug-in Electric Vehicles - concluded in 2017,

Wireless power transfer for electric vehicles - concluded in 2019,
Electrification of transport logistic vehicles - concluded in 2017,
Home grids and V2X technologies - concluded in 2018,
Assessment of environmental effects of electric vehicles,

Fuels and energy carriers for transport - concluded in 2017,
Small Electric Vehicles,

Battery Electric Buses - concluded in 2020,

Batteries,

Fuel Cell Electric Vehicles,

EV consumer adoption and use,

Extreme Fast Charging,

Marine Applications (e-Ships),

Interoperability of e-Mobility Services,

CRMA4EV - Critical Raw Material for Electric Vehicles,

Electric Freight Vehicles

Scaling Up EV Markets and EV City Casebook,

Vehicle/Grid Integration, and

Partners in Task 33

Impact of Connectivity and Automation on Electrified Vehicle Usage and Benefits.

The following partners in 6 countries cooperate in Task 33 with their own financing (Eigure 4):

= =4 =4 =4 =4 =4

Spain: IREC T Catalonia Institute for Energy Research,
Canada: NRCAN 7 Natural Resources Canada, Office of Energy Research and Innovation,

Finland:
German
South K
Austria:

VTT,

y: hySOLUTION,

orea: Ulsam University, and
JOANNEUM RESEARCH.
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Figure 4: Countries and institutions in Task 33

1.4.3

International cooperations

Beside the patrticipating countries also the following cooperations were established:

T

144

| EA AMF Annex 53 ASu s tGannilage: (MolidCentreSor Ertergynasdithe
Environment, Chile), and

PRO-EME: Promoting Electric Mobility in Urban Europe, a project in the program ERA-NET
Electric Mobility Europe (EME), Stephan Schmid (DLR, Germany).

Work sharing in Task 33

The work sharing in Task 33 was the following:

=8 =4 =4 =4 =4 4 4 -4 -4 -4 4

Task management and operating agent (JOANNEUM RESEARCH),

Overall bus&charging technologies&system (VTT, JOANNEUM RESEARCH),

Lessons learnt from demonstration projects (VTT, IREC, JOANNEUM RESEARCH),
Market aspects: charging system and bus providers (JOANNEUM RESEARCH, proEME/DLR),
Economic aspects (JOANNEUM RESEARCH, VTT and proEME/DLR),

Environmental aspects (JOANNEUM RESEARCH),

Comparison to hydrogen fuel cell buses (JOANNEUM RESEARCH, hySOLUTION),
Business models and procurement procedure (JOANNEUM RESEARCH, IREC),

R&D demand (JOANNEUM RESEARCH, Ulsam University),

Upscaling to large fleets e.g. electric grid connection (JOANNEUM RESEARCH, VTT), and
Summarizing key issues (JOANNEUM RESEARCH, VTT).
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