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CHIC — an overview of the project CHIC @

What?

Where?

When?

How
much?

CHIC
partners

56 fuel cell electric buses and their refuelling infrastructure:

Aargau (CH), Bozen (IT), Cologne (DE), Hamburg (DE), London (UK),
Milan (IT), Oslo (NO), Whistler (CA)

Between 2010 and 2016 (post-2016 under discussion)

€25.9 million EU co-financing (Fuel Cells and Hydrogen Joint
Undertaking — FCH JU), total budget of €81.8 million
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Why engage with fuel cell buses? a2

Powertrain choice — operation as usual

* Among the zero-emission powertrain options, fuel cell
buses have the longest range and shortest refuelling
times (similar to a diesel bus) while still providing full
operational flexibility

* Fuel cell buses represent a long term solution for a
sustainable technology which does not limit
productivity and quality of service

Complying with (upcoming) legislation

* Bus fleets will have to be cleaner & quieter with regulations already in place at local, national
and European levels; in parallel, a growing number of European cities are facing infringement
procedures for lack of compliance with EU Air quality regulations

* Fuel cell buses emit zero local pollutants — only water vapour at the tailpipe — and less noise;
they represent a tool to tackle cities’ air quality issues and comply with air and noise legislation

* In addition, fuel cell buses offer a potential for complete decarbonisation of the fuel over the
whole lifecycle (well-to-wheel) and thus compliance with legislation on CO2 reductions, as
hydrogen can be produced from renewable energy sources




Why engage with fuel cell buses? /2 CHIC (&),

Co-financing opportunities & regional strategy

* The purchasing costs of fuel cell buses have decreased by more
than 50% since the first generation, however they are still
expensive; the main driver for cost reduction is expected to be
volume through economies of scale

* A combination of European, national and local funding is key to
finance these projects
* The regional aspect can be a key driver to invest in the technology

- e.g. availability of by-product hydrogen or large amount of
renewable energies in need for storage solutions in the region

Happy customers and bus drivers

* The technology is almost silent and offers additional comfort to
passengers and bus drivers: lack of vibration, smooth drive

e Offers an improvement in the working environment of bus drivers
— e.g. health, better customer relations, no range anxiety and full
flexibility

* Reputational benefit for operators — seen as a clean, modern
company at the forefront of innovation

1Source: CHIC report D.3.5 Influencing factors to the acceptance process of FCH technologies in public transport available at http://chic-project.eu/info-centre/publications
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Where are fuel cell buses in Europe today?

CHIC @

Over 90 fuel cell buses in operation or about to start operation, next large scale procurement of fuel cell

buses under way

EU-funded fuel cell bus projects
CHIC ©

v" Aargau, CH =5 FC buses (2011)
v" Bolzano, IT- 5 FC buses (2013)
v London, UK — 8 FC buses (2011)
v Milan, IT = 3 FC buses (2013)

v Oslo, NO -5 FC buses (2013)

(2011/2016)
v" Hamburg, DE* — 6 FC buses
(2011/2016)

High V.LO-City ()

San Remo, IT -5 FC buses (2016)
v Antwerp, BE — 5 FC buses (2015)
v Aberdeen, UK — 4 FC buses (2015)

HyTransit @
v Aberdeen, UK — 6 FC buses (2015)

Countries with (upcoming) fuel cell buses
4 In operation
Planned operation
(2015) Operation start/planned start
* Co-financed by regional/national funding

EU-funded fuel cell bus project

3Emotion @

v' Cherbourg, FR -5 FC buses (2017)

v’ South Rotterdam, NL — 2 FC buses
(2017)

v’ South Holland, NL— 4 FC buses
(2017)

v London, UK — 2 FC buses (2017)

v Antwerp, BE — 3 FC buses (2017)

v' Rome, IT =5 FC buses (2017)

Current national/regional-funded
fuel cell bus projects @

v’ Karlsruhe, DE * — 2 FC buses
(2013)

v’ Stuttgart, DE * — 4 FC buses (2014)

v" Frankfurt, DE * - 1 FC bus (2016)

v" Arnhem, NL* — 3 FC buses (2017)

v Groningen, NL* — 2 FC buses
(2017)

v" North Brabant, NL* — 2 FC buses
(2016)



The European Union is introducing new pieces of GH|G @
legislation to tackle transport challenges 2 R

Transport-related challenges affect EU EU regulations in place/under discussion to
citizens’ health and quality of life tackle those issues
*  GHG emissions: 25% of EU emissions * Climate and Energy targets*: - 40% GHG
come from transport, of which 2/3 from emissions by 2030 (from 1990 levels)
road transport; transport emissions e On air qualitys: National Emissions Ceiling
rising:+ 36% since 1930 (NEC) & Ambient Air Quality Directives (local
level)s

e Air pollution: 400,000 deaths/year? in

. : * Exhaust emissions standards for all new
Europe because of poor air quality

motor vehicles sold in the EU (EURO VI)s

* Noise pollution: 25% Europeans exposed * Procurement of cleaner vehicles with the
to harmful noise emissions:? Clean Vehicles Directive’

* The Noise Directives (decibels value limit for
new vehicles from summer 2016)

* The Heavy Duty Vehicle Strategy® to reduce
fuel consumption and CO2 emissions —
binding legislation to come

* Directive supporting the deployment of
alternative fuels infrastructure?o

Pollution in london

LSource: EC Transport pocketbook; 22" 3 Source EEA Air quality report 2014 and EEA Noise in Europe report 2014; *COM/2014/015; 5Clean Air Polil0y Package adopted on 18/12/2013; éRegulation (EU) 582/2011;
Directive 2009/33/EC; 8Regulation (EU) 540/2014;°COM (2014) 285; 1°2014/94/EU 7



Pioneering local authorities are pushing for transport GH|G @
decarbonisation and better air quality 2 R

EU local authorities have set ambitious targets to clean up their public transport fleets

Oslo

— Target: a 20% transport emission reduction by 2030

— “Fossil Free 2020” plan: All bus operations shall be fossil free by 2020
— The public transport share shall increase by 50% by 2030

London
— Target: 60% CO, emissions reduction by 2025 (from 1990 levels)

— London has the largest fleet of hybrid buses; from 2020, in the Ultra Low Emission
Zone, only zero emission buses will be allowed

— London is facing EU infringement procedures for its bad air quality

Hamburg
— All buses procured from 2020 must be zero emission

— In December 2014, Hamburg started the operation of the “innovation line 109”, the
first of its kind in Europe, in which only low carbon and ultra-low carbon buses are
operated

Many other cities are introducing emission-free zones in their centres and continue to set ambitious
targets to increase/clean their public transport fleets like in Paris, Rotterdam, Tokyo etc.; this

process is pushing the bus industry to develop new low-emission powertrains 0



The fuel bus industry is expanding to cope with GHIC @
cities’ ambitions to operate clean fleets 2 Nt/

The industry is developing products to comply with local, national and EU regulations

* The main European and international bus manufacturers and powertrain integrators are coping

with more stringent regulations and proposing new solutions such as engaging with the fuel cell
bus technology to supply clean bus fleets to cities

* The industry recognises this accelerating shift to cleaner buses and therefore is preparing for the

transition by developing and perfecting new low-emission products (buses and associated
refuelling station solutions)

Fuel cell bus manufacturers and integrators Refuelling stations and H2 providers
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Bus suppliers and buyers/operators have joined forces to GH|G @
set up the fuel cell bus coalition i R

The fuel cell bus coalition

* A coalition of industry and public stakeholders (including most of the CHIC
cities/operators) was established between 2014-2015

* The aim of the coalition was to identify the required number of buses to be deployed
to bridge the gap towards commercialisation by reaching scale effects and reducing
costs

Strong commitments

* Five major bus OEMs expressed their
commitment to commercialise hundreds of fuel
cell buses in a Letter of Understanding (LoU)
signed on 12/11/2014

* Local authorities replied to this letter by signing
a LoU on 23/06/2015, showcasing their
readiness to integrate hundreds of buses in their
bus fleets

Source: FCH JU study: "fuel cell electric buses: Potential for Sustainable Public Transport in Europe”, September. 2015 13



The fuel cell bus study: a great potential for sustainable

public transport in Europe

CHIC @

The fuel cell bus commercialisation study (published in September 2015) highlighted the great
potential offered by fuel cell buses to address public transport needs

e The fuel cell bus coalition provided input to the
FCH JU study

* The following steps to enhance the
commercialisation of fuel cell buses are suggested:

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

— Continue work to reduce costs of buses
(purchasing and maintenance costs) and
hydrogen refuelling infrastructure

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

— Secure match funding from public sources

The study can be found on the CHIC website: http://chic-project.eu/info-centre/publications or on the FCH JU website

Fuel Cell Electric Buses -
Potential for Sustainable
Public Transport in Europe

A Study for the Fuel Cefle and Hydrogen Joint
Undertaking
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Commercialisation of fuel cell buses in Europe — cost CHIC @
projections 2 R4

Purchase costs for fuel cell buses are expected to decrease significantly by 2030

* Two scenarios envisaged: * Results of the study show:
— Fuel cell systems developed specifically — HD: The overall costs for FC buses are
for use in heavy-duty vehicles (“heavy- expected to decrease to a cost premium of
duty pathway” - HD) 11-18% compared to diesel buses in 2030
— Fuel cell systems developed for fuel cel — AU: the costs for FC buses are expected to
cars adapted to buses (“automotive decrease even further, the FC bus
pathway” - AU) purchasing price could reach ~ €320,000-

€350,000 for a 12m bus

e The study also highlighted that a supportive regulatory framework for fuel taxation is
needed to develop the commercialisation of fuel cell buses

“Standard bus" in the framework of the study includes both 12 m and 13.5 m buses

Source: FCH JU study: “fuel cell electric buses: Potential for Sustainable Public Transport in Europe”, Sept. 2015

15



Hydrogen mobility initiatives around Europe are CHIC @
coordinating large-scale rollouts of vehicles and stations 2 =

Hydrogen mobility goes well beyond urban buses

* OEMs and hydrogen refuelling infrastructure providers
have massively invested in fuel cell technology

* Hydrogen mobility-type initiatives coordinating
hydrogen infrastructure deployment to initiate fuel cell @ 1) scandinavian Hydrogen
electric vehicles (FCEV) markets have started in a large @ Fionwy Partnershi
number of EU countries, along with EU projects
deploying hydrogen infrastructure (HIT 2'; H2ZNODES)

* Series production have started by some car OEMs, s
along with large FCEVs European demonstration - iCORRIDORS
projects (e.g. HyFIVE?, H2ME?) =S OBILITY

UK H, Mobility

* Itis expected that cross-industry synergies between
the fuel cell bus and cars sectors will accelerate cost
reductions and the uptake of the technology (see I ‘ m:,vlfysn
automotive pathway in FCH JU study)

H2 | mobilitah2.it
Fuel cell vehicle suppliers & developers

@ DAIMLER monoa &)

HYUNDAI

Symbio FCell

e% NISSAN PsAPEUGEOT CITROI'm @

Intelligent
Energy

o TOYOTA Major hydrogen mobility initiatives
Non-exhaustive list

Lwww.hit-2-corridors.eu; 2www.hyfive.eu; 3www.h2me.eu in Europe 17
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The CHIC experience suggests that solid planning and CHIC @
strong project management are highly recommended : b= 4

Although each demonstration will have its local specificity, the CHIC experience suggests that a
number of practical recommendations can be formulated to support other cities in developing
their own trials

Suggestions are grouped in four project phases:

I. Project initiation — engage with the local stakeholders to secure buy-in and
realistic objectives for bus deployments; understand the full project costs and
plan a credible funding strategy; understand how are the relevant suppliers and
infrastructure providers

Il. Pre-procurement — understand the regulations, risks, look for strategic alliance
in the procurement and prepare a robust implementation plan

lll. Procurement — prepare optimal tender requirements to secure the success of
the project

IV.Delivery — adopt a sound management protocol to coordinate complex
operations

18



The joint bus procurement strategy to trigger market uptake G'T"G @

As a follow up to the FCH JU study , a pan-European consultancy team was appointed to coordinate
development activities in five “clusters” with a view to unlock the market potential by bringing
down costs, look for match funding, local feasibility , technical specifications and joint procurement

* The consultancy team consists of seven
organisations coordinating activities in five
clusters in France, Germany, Benelux,
Northern Europe and UK, coordinated by the

consultancy Element Energy

e Shows a large interest from a growing number
of cities across Europe, with an appetite to
deploy some 400 buses in the next years

* At national level, joint procurement exercises
have started in 2016 and Requests for Interests
have been published (UK and Germany)

Cities from follower
territories will join one of
the five main clusters:

N. Europe

France
Cyprus, Greece, Portugal,
5. Italy, Spain

Netherlands

ASBEL

Twynstra Gudde

Germany
Austria, N. Italy,
Switzerland

Netherlands
Benelux

UK
elementenergy

Northern Europe
Baltics, Eastern Europe,
Scandinavia

Germany
Le/i

France
—

HDF
-/

wor
i

Note that these are provisional estimates based on the data from cities / operators collected within each cluster. No firm commitment has been made to procure fuel cell buses by
any parties involved. While the cluster coordinators have sought to provide realistic and relatively conservative deployment numbers, in practice these figures may well fall as

more detailed local feasibility work is undertaken.

Source: Element Energy

19



A pathway to hundreds of fuel cell buses in Europe GHlG @

The FCH JU has published its 2016 call in 01/2016, with deadline on 03/05/2016, which
includes the topic “Large scale validation of fuel cell bus fleets”

Main criteria defined in the call:

—  Minimum of 100 buses, including at least three locations with 20+ buses, other locations with
minimum 10 buses

— Target max. on the cost of buses: €650,000 (12m / 13.5m) / €1m (articulated) (baseline
specifications)

— Max. FCH JU funding per 12m / 13.5m bus: €200,000; per articulated bus: €250,000

— Maximum FCH JU funding per hydrogen refuelling stations (HRS): €0.6m per 10 bus HRS /
€1.2m per 20 bus HRS

— Total funding available for the topic: €32million

— Duration of the project: 4 to 6 years

Once this new trial will be awarded, it will represent a major breakthrough for the sector

On the infrastructure side: The 18-month EU project N:ew susFuel | has started in Summer
2015 to look at engineering solutions for depots integrating a larger fuel cell bus fleet (50-
200 buses — 1,000-5,000kg hydrogen/day in 12 locations across Europe)

20



hy) SOLUTIONS

= CO, reduction targets: -40% by 2020 / -80% by 2050

= Strategic approach based on
3 fundamental principles:

Four Pillars Strategy for electro-mobility

. . Synergies with
> Coherency of technologies _ Public afflld ftiompanv urb:n degvebpment
(FCVs and BEVs part of same technological path) eets and housing sector

Inter-Modal
Mobility

Emission-free
public transport

» Complementary use rather than competition
between zero emission cars and public transport

» Use of renewable energy is mandatory

= Political Framework

» Senate’s directive: in public fleets only EV to be procured

» EVs park in public without parking fee, all ICE vehicles at
Charge Point Infrastructure (CPI) towed

> Real estate allowed less parking facilities when connected
with CPI and car-sharing

= Current Status: 2,000 EVs in operation (500 in public fleets)
= CPI: 600 pUb|IC charging points (operated by city owned company)
= As of 2020, only zero emission buses to be purchased

21




Bus Operation

= [nnovation Line 109

>

YV V VY

= Lessons learnt

>

YV V VY

= Fu

>
>
>

Distance: 10 km (central station - U Alsterdorf)
Exclusive use of innovative buses

Operation of PHEV as well as BEV and FCHB
Hydrogen refuelling at Harbour City HRS
Vehicles

KD
£

Dieselhybrid buses (32)

Plug-in-buses (3)

Fuel cell buses (4)

Battery buses (3, june 2016)

Battery buses with fc as range-extender

7
°

5

A

7
£ %4

e

A

Today: only vehicles and schedule in focus of operational control,
Future: availability infrastructure, energy supply etc. to be monitored too

Opportunity charging: high demand for charging infrastructure and space
Overnight charging requires battery capacity beyond state of the art

Fuel cell buses as flexible and productive as diesel buses

Complexity of overall system manageable for staff (training)

ropean Joint Procurement Exercise

Funded by European Commission via FCH JU
142 Buses in joint procurement (UK, Germany, N/E Europe)
Potential next call 2017 (300 buses)

SOLUTIONS

Eppendorf

Hoheluft

Rother-
baum

St. Pauli

U Alsterdorf

Barmbek-Nord

Winterhude

Barmbek-Sid

St. Georg

Hauptbahnhof/ZOB

22



Hydrogen refuelling stations

hy) SOLUTIONS

» Masterplan for Hamburg

>

Four refuelling stations in place one more
to be realized in 2016

Partners: Vattenfall, Shell, TOTAL
Availability Hafen City HRS: constantly

98 to 100%

Connection between Scandinavia, Germany
and Central Europe

Bramfeld (SHELL)
Bramfelder Chaussee 370

Altona (SHELL)
Schnackenburgallee 12

HafenCity (Vattenfall)

Hafen (TOTAL)
Aluminium: straBe5 Oberbaumbriicke3

Moorfleet (TOTAL)
Andreas-Meyer-Strale
(ab Ende 2015)

¢
= Partner in New BusFuel

» European project in 13 European cities
» Two studies in Hamburg for a new
bus depot with 260 buses
+ Study 1: On-site production
by PEM-electrolysis
< Study 2: Trailer delivery concept

» Construction for depot already started

Functional design

| Reserved area for
hydrogen infrastructure

23



JIVE

Joint Initiative for Vehicles across Europe

hy) SOLUTIONS

% UK — 56 FC buses Denmark —

Objectives

Deploy 142 FC buses
across nine cities

Achieve 30% cost
reduction versus state
of the art

Operate 50% of the
vehicles for at least 36
months
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10 FC buses
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mmm Latvia—10 FC
buses
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Encourage further
uptake

[l Current FC buses
=l Future FC buses (other projects)

Fuel cell buses in cities participating in JIVE

I==="]

Future FC buses (Project JIVE)

A= Articulated bus (Project JIVE)




JIVE hy) SOLUTIONS

Joint Initiative for Vehicles across Europe

= Application submitted May 3, 2016

» JIVE will seek to deploy 142 hydrogen fuel cell buses and associated refuelling infrastructure across nine cities in
five European countries

» This project alone will more than double the size of Europe’s fuel cell bus fleet (from ¢.80 by the end of 2016 to
>220).

» [Economies of scale are expected to reduce the capital cost of fuel cell buses (to <€650k for a standard bus and
<€1m for an articulated bus).

» Demand is being aggregated through joint procurement processes already underway, which are encouraging
manufacturers to develop and refine their fuel cell bus offers.

» A campaign of monitoring and dissemination of the project results will ensure the lessons learned on the
readiness of the project reach a target audience of bus operators and policy makers, with a view to expanding
who can take action to expand the market for fuel cell buses.

» Development of the JIVE project revealed strong demand for fuel cell buses across Europe. In fact, the number
of deployment locations in JIVE had to be reduced due to funding limits and the project includes follower cities
ready to deploy fuel cell buses should funding become available.

» Asecond call is needed (in 2017) to allow fuel cell buses to be deployed in sufficient volumes to transition to a

fully commercial offering from the 2020s (as described in the Fuel Cell Buses for Europe report - Roland Berger
for the FCH JU, 2015).
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Thank you! hy SOLUT'ONS

Driving Innovation for Hamburg

Heinrich Klingenberg

Managing Director

hySOLUTIONS GmbH

Steinstralle 25

20095 Hamburg

Telefon: +49 40 3288 2311
Heinrich.Klingenberg@hysolutions-hamburg.de
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