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About U hy, SOLUTIONS

hySOLUTIONS is a public private partnership organisation founded in 2005
Shareholders: @HQCHBAHN VATTENFALL o’ VHH _.'

Handelskammer
Hamburg

Handwerkskammer Hamburg

Project development and management
in the field of hydrogen and fuel cell
technology as well as in electromobility

Coordinator for Hamburg,
formally mandated by the Senate

Some 30 projects (predominantly R&D) both national and international in realisation

Networks: Initiating or joining regional, national and European organizations, working
groups and expert committees



Clean Transport Strategy hy SOLUT'ONS

HAMBURG

Emission reduction targets: pJilner 2011

-40% by 2020 / -80% by 2050

“ll.
As second largest city in Germany role model for *
sustainability and climate protection **

EUROPEAN
GREEN CAPITAL

German center of wind-industry, headquarters of all major
OEMs in Hamburg

Continuous growth of the city requires strict emission
cuttings and the reduction of congestion

Early conversion to green and innovative solutions
maintain the competitiveness of the local industry




Why Electric Buses? hy: SOLU“ONS

Clear political commitment

From 2020: Only emission-free buses to be

purchased by local operators ™
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Long term strategy
Early preparation to ensure attractiveness and performance capability of buses
in the future

Use of buses up to 14 years: safe energy supply needed

Introduction of new technology (workshops, refuelling) only doable step by step
Sufficient time for education and on-the-job training

Functional view: different powertrains for different types of operation

CAPEX and OPEX but also productivity and flexibility to be considered
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Innovative Buses in Hamburg hy SOLUT'ONS

Fuel cell buses
= Since 2003: HyFLEET:CUTE with up to 9 fuel cell buses

= Since 2011: New generation of fuel cell hybrid buses,
consumption: 8 kg hydrogen/100 km; range: 350 km

= Since end of 2014: 2 battery buses with a fuel cell as range
extender

= Next generation fuel cell buses expected in 2017/18

Hybrid buses
= Since 2010: Diesel-electrical hybrid buses
= Ongoing tests with hybrid buses

Battery buses
= Line operation with plug-in since 2014
= QOperation of electric buses from June2016
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Current innovative bus fleet hy SOLUT|0NS

Description Manufacturer Vehicle type Number First use

Vehicles with combustion engine

Diesel-electric hybrid bus serial EvoBus Articulated bus, 18m 5 2010
Diesel-electric hybrid bus serial Hess D-articulated bus, 24m 2 2012
Diesel-electric hybrid bus parallel Volvo Solobus, 12m 29* 2011
Diesel-electric Hybridbus parallel Volvo Articulated bus, 18m 15 2014
Plug-In-Bus Volvo Solobus, 12m 3 2014

Pure electrical vehicles

Fuel cell bus EvoBus Solobus, 12m 4 2011

Battery bus with fuel cell as Range-Extender Solaris Articulated bus, 18m 2 2015

Battery bus N.N. Solobus, 12m 3 from 2016
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Bus Operation hy SOLUT'ONS

“Innovation line” 109

U Alsterdorf
Barmbek-Nord

Distance: 10 km (central station - U Alsterdorf)

Eppendorf
Winterhude

Concept: exclusive use of innovative buses
Operation of PHEV as well as BEV and FCHB

BEV: electrically all distance Rother-

baum

Hoheluft
Barmbek-Std

Recharging infrastructure at both end stops

St. Georg
Hauptbahnhof/ZOB

®

St. Pauli

Criteria for the selection of line 109
Length of line (number of charging stations)
Availability of space and energy supply 7
during charging

Public perception (inner city traffic)




Hydrogen buses: current status hy SOLUT'ONS

Germany |D
= Hamburg 6, Karlsruhe 2, Stuttgart 4, Cologne 4 k

European joint project HighVLOCity
= 5 European partners (Flanders, Liguria, Aberdeen)
= 14 Buses and 3 refueling stations/production units 2012 until 2016
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European joint project CHIC QE "”Q:.'-.
= 12 European partners (Bozen, London, Milano, Switzerland, Oslo)

= 52 Busse and one refueling station for each location 2010 until 2016 @
European joint project HyTransit HIGHVLOCITY
= 5intercity buses

= Extension of Aberdeen project with 1 refueling station 2012 until

2017 HyTransit
USA, Canada, Brasil
= Approx. 35 fuel cell buses operated :&"3.:'3:_.“

= More projects in preparation \/




European initiative for FC buses

FCH JU — General Assembly 12.11.2014
Letter of Understanding signed by five major
European bus OEMs
Handover to the First Mayor of Hamburg and
the Deputy Mayor of London representing 30

European Regions

Funding volume until 2023: approx. 60 Mio. Euro
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Letter of Understanding
On the Development and Market Introduction of Fuel Cell buses

From EvoBus, MAN, Solaris, Van Hool, APTS/VDL
To To whom it may concern

Preamble

Projections made by the International Organization of Public Transport (UITP) based on models of
the International Energy Agency have demonstrated that, by 2025:

- 60% of the world pepulation (4.5 bn people) will be living in urban areas

- Maebility in urban areas will increase by 50% cempared to 2005

- The number of trips by privately owned motorized vehicles will increase by B0%
As a result, the GHG emissions and urban traffic fatalities will increase both by 30%.

In a business as usual scenario, the situation is unsustainable. Our generation has both the
responsibility and the technical means to act now.

Public transport, in particular heavy duty urban buses, can play a major role in reversing this
negative spiral for it has attractive market characteristics and provides operational prerequisites
that are suppertive of a technology launch.

Over the last decade, governments and the industry have given special attention to the
introduction of hydrogen as a road transport fuel. Whereas hydrogen is not the only answer to
the challenges ahead, it offers an effective way of coping with them:

- Eero tailpipe emissions, reduced well-to-wheel emissions, noise levels and vibrations

- Meets the energy challenges when using renewables

- Allows the development of a green economy and jobs

1. Market characteristics

Public entities or private operators acting in a legal public framewerk provide public transport.
Hence, the markets are meeting political and environmental objectives (such as affordable and
improved mobility, city air quality concerns, CO2 emissions, renewable energy policies). The
public procurement process allows for regulated cempetition and funding is structured
differently than for private mobility

2. Operational prereq es

Urban bus applications with stop-and-ge traffic, changing loads, low commercial speed in all
climates with virtually non-stop operation, are among the harshest service conditions.




EU Commercialisation Study hy SOLUT'ONS

Fuel Cell Bus Commercialisation Study

= Published September 2015

= Highlights great potential offered by fuel cell buses to
address public transport needs

= Following steps to enhance the commercialisation are
suggested:

— Increase the number of buses to 300 — 400 in
Europe by 2020

Fuel Cell Electric Buses -

— Continue work to reduce costs of buses (purchasing Potential for Sustainable

Public Transport in Europe

and maintenance costs) and hydrogen refuelling i i

infrastructure

— Engage with bus operators to deliver large-scale
demonstration projects

— Secure match funding from public sources
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* This study can be found on the CHIC website: http:/chic-project.eu/info-centre/publications or on the FCH JU website



http://chic-project.eu/info-centre/publications

EU Commercialisation Study hy SOLUT'ONS

Joint Procurement T
= The FCU JU commissioned a consultancy elementenergy
team led by Element Energy to carry out a %

. . . . energy h yv WA T stra Gudd
prOJECt to Coordlnate the JOInt yewﬂmems ¥) SOLUTIONS H?FJ %@ H B B E L wynstra Guade
procurement of fuel cess buses across G fom fllower
E u ro e N. Eu'rope : ‘ the five mainlclusters:

p i France

Cyprus, Greece, Portugal,

S. Italy, Spain
= The consultancy team consists of seven Jialnl ey
organisations coordinating activities in five i i -
clusters in France, Germany, Benelux, s | i
Northern Europe and UK - sl Evan e
g e

= Vision: Develop a procurement programme
that will allow the deployment of France
hundreds of fuel cell buses across Europe <)
before 2020

¥y SOLUTIONS
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EU Commercialisation Study hy SOLUT'ONS

Objectives
=Define business plans for fuel cell bus procurement in each cluster (including funding
plan).

=Develop joint procurement approaches at a national / international level for fuel cell
buses (agreed technical specifications, procurement strategy, timescales, etc.).

=|nitiate the procurement activities and select preferred suppliers (where possible).

=Exchange information between clusters —lessons learnt on joint procurement strategies,
techno-economic data, approaches to procurement, legal information, tools for detailed
feasibility assessment etc. —to accelerate the process and ensure a common approach is
taken as far as possible.

=Coordinate procurement activities between clusters and inform the FCH JU of the
deployment plans / barriers to deployment to inform future funding calls.

=Support the efforts of existing demo projects in raising awareness of fuel cell buses
through (i) translation and exchange of existing dissemination materials, (ii) outreach to
national administrators, and (iii) holding dedicated events to raise the profile of the
sector. -




0 Aberdeen
= Linde
= Aberdeen City Council

Oslo/Akershus

g
New BusFuel

= HYOP
= Akershus City Council
= Kunnskapsbyen Lillestrom Forening

e Birmingham
= [TM Power

= Birmingham City
Council

@ Riga ’ !

= Industry role to be
tendered

= Riga Satiksme

:! o London

= Air Products

= London Bus Services
Limited

Hamburg 1 5
= Vattenfall Innovation L
= Hamburger Hachbahn & Tyt ger s
= Siemens 2

HOCHBAHN as partner in NewBusFuel

De Lijn G Hamburg 2
= Linde = Air Products
= De Lijn = Hamburger Hochbahn

Two studies in Hamburg for a new
bus depot with 260 buses

@ Wuppertal

= Hydrogenics

= Wuppertaler
Stadtwerke

1,400 m? reserved for hydrogen m = =

@ Potsdam
= McPhy Energy
= ViP Potsdam
= H2 Logic

@® Stuttgart

L = Siemens
= EmpresaMunicipalde = Stuttgarter
Transportes 9 Strassenbahnen
Bolzano

* Ingenieurbiiro Bergmeister

Institut fir Innovative
Technologien Bozen Konsartial
* Siemens, Linde

infrastructure e

{ Other industrial

Study 1: On-site production

via PEM-electrolysis

VATTENFALL o SIEMENS

Study 2: Trailer delivery concept

PRODUETS £=-

Refuelling station

e

Hydrogen infrastructure
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Hydrogen refuelling stations hy SOLUT'ONS

Masterplan for Hamburg
Connection between Scandinavia and Central Europe

5 Hydrogen refuelling stations in 2016, 4 already

in operation

m Bramfeld (SHELL)
Bramfelder Chaussee 370

Altona (SHELL) m
Schnackenburgallee 12

HafenCity (Vattenfall) §
HafSIOIAE) m Oberbaumbriicke 3

Aluminiumstrale 5
m Moorfleet (TOTAL)
Andreas-Meyer-StralRe
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H, MOBILITY

“0ev hy, SOLUTIONS.

H,MOBILITY Germany

2023/ ~400 HRS
Funded at the 13th of Oct. 10.2015 >
Industry consortium with 6 shareholders:

AR LIQUIDE | DAIMLER iy

THE LINDE GROUP
= @® o
O M V < Cﬂﬁm-!;%:‘:iﬁ ENERGY

Associated partners:

A;r?
@ HONDA
The Power of Dreams

TOYOTA VOLKSWAGEN

Intelligent
Energy

Gefordert durch:

* Bundesministerium
& fiir Verkehr und

digitale Infrastruktur

Koordiniert durch:

g
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Project Zero E hy SOLUT'ONS

For years, partnership and cooperation
between Toyota and Hamburg

Various visits of delegations in Japan and
Hamburg

Constant exchange with Toyota Germany
Pan-European press event with Mirai in
October 2015

First city in Germany to deploy the new
TOYOTA Mirai

20 Mirais in company fleets and as TAXIs
Project start: end of 2015
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Thank you for your attention!




