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Requirements of Future Energy Supply
/ Global \

Avoid/ reduce emissions Competition

Increase efficiency
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Secure fuel/ energy supply
by diversification

‘ “M s
i

)
/

Hydrogen and Fuel Cell Technologies offer huge potentials to support these goals!
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Status of Hydrogen and Fuel Cell
Technology

 Successful demonstration programs ongoing in Germany

« Some systems are already close to commercial
applications

 Further R&D is necessary for most applications, especially
to cut costs

 Demonstration is required in order to
— validate the technology
— prepare the market environment

* Industry, governments and research join forces to prepare
the markets for hydrogen and fuel cell technologies
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Political Support

The driving factors for governments to suppo

hydrogen and fuel cell technology are:

« Environmental benefits through
reduced or no emissions

« Secure energy supply due to various
sources of hydrogen

« Economic growth through innovative
technologies

The German National Innovation /

=

Programme (NIP) and the European —
Joint Technology Initiative (JTI) provide
the necessary public support
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Objectives of the NIP

Use the funds to generate maximum benefit, e.g.:

reduce time to market, create new markets

make Germany more competitive

build up high-tech competencies

create jobs and generate industrial return
... and, last but not least:

conserve energy and combat climate change
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Market Preparation Programmes

The German National Innovation Programme (NIP) has a similar structure
like the European counterpart, the JTI.

Transportation and Infrastructure
NIP Stationary Power Supply JTI
Early / Special Markets

The NIP follows the concept of public-private-partnerships meaning
that industry, research and politics invest in and manage common
activities.
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The German government invests additi§nat*500 mio.
€ in demonstration activities and the market
preparation for hydrogen and fuel cell fechnology
(responsibility: Federal Ministry for rénsport,
Building and Urban Development) n top of already
ongoing R&D programmes (respon%’bility: Federal
Ministry of Economics). Together with the industry
iInvestments will add up to more than, 1,4 billion €
over ten years (2007-2016).

Special
Markets

Trans-
portation
54%

(houses)
24%
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National Development Plan

Politics, industry and science together have defined the
necessary steps for the implementation of the NIP in the

National Development Plan.

Content:
*Development Plans for
— Transportation
— Stationary Home Energy Supply
— Stationary Industry Energy Supply
— Special Markets
«Criteria for project funding
*Guidelines for the evaluation of Lighthouse Projects
*Program Management (NOW)

4 \DEENZUNDER.

Nationaler Entwicklungsplan
Version 2.1

zum

.Innovationsprogramm Wasserstoff- und
Brennstoffzellentechnologie®

vorgestellt vom

| Wasserstoff
Strategierat|l Brennstoffzellen

21.03.2007
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Implementation of the NIP

Federal government issues mandate to NOW
Programme described in Development Plan EP2.1

Responsibility of NOW (www.now-gmbh.de ) for the NIP:
— R&D
— Demonstration (lighthouse projects)

— Commercialization

Administration by project management agency



http://www.now-gmbh.de/
http://www.now-gmbh.de/
http://www.now-gmbh.de/
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Commitment/ Involvement

OEMSs

All major OEMs have
programmes for the
development and
market introduction
of hydrogen and fuel
cell products.

Suppliers

Partly triggered by
OEMSs, partly thriving
for own new
business, many
suppliers show
hydrogen activities.

Research

The leading research
Institutes are
supporting the
Industry in further
developing the
technology.

Energy

Due to the different possibilities for hydrogen
production not only oil companies but also energy
suppliers and bio-fuel initiatives are involved.

Among the involved parties are encouragingly many SMEs.
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German National Innovation Program (NIP)

NIP The NIP is supported by

National Innovation Program
Hydrogen and Fuel Cell Technolo % Federal Ministry
R 2 . of Transport, Building
and Urban Affairs

Markets / Applications: Demonstration

Transportation

R&D Stationary:Home Energy Supply

Stationary:Industrial Energy Supply

Special Markets Market
preparation

@ Federal Ministry
. of Economics

and Technology

and

@ Federal Ministry
of Education

and Research

* Federal Ministry for the
&9 Environment, Nature Conservation
and Nuclear Safety
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http://www.bmu.de/english/aktuell/4152.php

Hy==15

ﬁ Federal Ministry
of Transport, Building
and Urban Affairs

s Nationale Organisation Wasserstoff-
und Brennstoffzellentechnologie

Roadmap — R&D

Focussed R&D is necessary to:
* Reduce cost
* Increase
e Lifetime
 Reliability
« Efficiency

'1___f Y, i::]
. 12

In Germany a dedlcated
techﬁology platfonm will
be installed to, _coordinate
the exchange laetween
demonstranon ahd R&D.
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Demonstration: Lighthouse Projects

e Basis for market preparation

e |mplementation of infrastructure and vendor systems
e Public awareness and visibility

e Confidence in the future of the technology

e Combination of R&D and demonstration

e Frame for suppliers (esp. SMEs)

e Efficient combination of public and private resources

=» Strengthen German competitiveness
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Transportation

The transportation industry offers different possibilities to use hydrogen.

Industry is investing heavily in the development of hydrogen and fuel cell
related technologies.
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Infrastructure — Demonstration

OEMs and energy suppliers in
Europe have agreed to
concentrate on a few
demonstration sites
(lighthouses) in order to
maximise infrastructure usage

and visibility at minimised cost.

At most sites primarily busses
will be operated, the centre for
passenger car demonstration
will be Berlin.
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Next Steps for the Development of a Hydrogen Infrastructure
for Road Transport in Europe

A commen pesitian paper af
BMIW Group, DaimlerChrysler AG, Ford Motor Company, General Meters Eurape AG,
Ntriabezeuge AG, Shell Hydrogen B\, Tatal France and Velkswagen AR

a langrterrs independent sustainsble_energ
supply e an imporiarn frmegic goal for Eurcpe
Therefors, spacial anentian by govermments, CEMs and
the energy sector has bem given aver the it few year:
15 the introduction cf hydrogen 2 a fuel for road frana-
pert. What iz needed now i3 3 concrete near and mid
ferm action plan 10 snsure that develaproent and deploy-
ment cf hysirogen vehicle: and infrastrucnane in Eurcpe
will progress in an sligned way and mere quickly i erder
12 i izstion of hyragen

Realizing thet he companies invabved ol hae their own
spacfiz tmeines, the timing of thece phases reprasants
mirimum ccnsensus. Depending an vareus influsnzing
factars, the commercisiization of hycregen and fusl cell
vehickess may oczur even eatier

In crter o allow the effectire buildnup o @ minFnetwark
of hydrogen rehalin st she plt reson for
passenger cars thould meet 3 sat of tachricd, lagal and

vehides around 2015 {er earlier), In this cortest, differsnt
infrastructure needs far passenger cars S g at mas-
market whout compard to captive lcts (e, chy
huses?med tobe e

which ane partly o vals For city buses,
These srefor carspleanesisting byrageninfrastrucure
(Filing statians, wiority 10 eiztng hydregen production
and distribution cenires), » favaurable |zg\sla|me

e these goals and the resuking scicrs 35 3
FeEatle it edestane o e it o » dogen
infrastructure in Eurcpe.

Based an cument knowledge, we anticipate that the
further milout of hycrogen vehides wil happen in
2 phases

Phose | uril 2010: Techralagy Development and Cast
Reduction

Burdling of hydragen demand for cars t0 ane pilat
region in Eurape for testing higher whimes of crs in
order 1 sllow ta detemine whether we sre meuin
towands sccapiable hydragen cost in relatien ta future
lerge zcale produdticn.

of the Fina

Sl o ieent faarale o & swtars, ave of
apgronsis, kow bureauracy) and the potenial far argan
ic grawth of the hydrogen infrastrusture ['Lightheuse
Functian® of the region]. Based an hese assumptians,
the falowing most pmmmng Iocationsiegions have
been identified in il discusicns for ushicle deploy-
mert i Comespereing renorare EuR-ug et
commerdalzsticn:

1. LHP flighthause Froject) for cars and city buses (one
pilt regionlc Berlin {Gemmany)

2. LHP far chy buses ffew ssleced cissiragicnsh
Hamburg (G ermary] which could neluds symengies with
station ary applcations and cculd serve a3 an extensicn of
the  Berln  pmoject,

Phesell from 301D to approx. 2015
Techmology Refinem ent and Merket Pr!pura‘lm
imterm milestane is to effer in Fhase Il 3 bydragen
efuching stasen piretructre (700 bar CGHyand Ly
v cars [publich accesile and
mgmi into coemertional staticns) in coe Europezn
pilat region and far city buses in a few selected European
citiesregians with refusling staficns in dedicated depats
15 enaure custamer converiense and to Tete and test
consuner scceptance.

Phase lll stating araund 2015 Commercialisstion.

Rampup of procudion leading to mass productio
within 1 least 10 years for every OEM

= 'l
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) —

j} ]
\__‘?
ra
4

=

{

Tyrel i, Lendan United Kingdam, Marth Rhine
Wastphalis (Germany) and some cther lecaticns.

Centributicns from sdditianal vehicle manufacturers

cutlined above are accepied and a short4ems retm of
investmen during these pre-comm ercial technology and
market preparation phases is net anficested, but s the
“gozt-abentry” 1o jointly deterine the commercial
vabibty of hydrogen-iusled vehides. It should be
emphasized, however that any plrs are sill in the
develcpment phase and na densicn has been faben at

presert on any further spegfic jaint itistive Any
implementation cf such iniiatives, inducing the rol cut of
v comliance.

joint stzz, wil be zubject to competiticn

ling
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Transportation Timeline

All activities aim at preparing the market for hydrogen and fuel cell
technology in the transportation sector until 2015.

This includes competitive products, an established infrastructure, well
defined legislation and customer acceptance.

To reach this goal all activities have to be coordinated centrally.

Especially the exchange between demonstration and research is of
Importance.

Phase 1 Phase 2 Phase 3
until 2010 2010 - 2015 from 2015

Technology development | Market preparation

Cost reduction Technology refinement Market introduction

16
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Clean Energy Partnership

Current status
« Operation of hydrogen and fuel cell cars
« Two hydrogen stations installed

Future plans

* Expand vehicle fleet

* Include bus activities

* Install further hydrogen stations

« Connect Berlin and Hamburg
QIE‘..'wuum. @ 6 BVG DAIMLERCHRYSLER C Gorel ) -—} & A a VATTENFALL VOLKSWAGEN

WYoRo THELINDEGROUP qorar 0 ‘Ceweswssor
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Zero Regio in Frankfurt Zero Rosio

In operation since November 2006 lonic Compressor installed
Hydrogen dispenser: 35MPa & 70MPa Maximum hydrogen pressure:
CGH2, LH2 85MPa

Pre-cooling: -28° C (-15° C at nozzle) IR-Communication interface in
Flow rate: 60g/sec preparation

Fill time: 3kg in less than 3 minutes Photovoltaic system: 78m?2, 8kW
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Industry Commitment
Example: Daimler
Generation 1 Generation 2 Generation 3+4 Generation 5

Technology Demonstration Customer Acceptance Cost Reduction + Mass Production
Market Introduction
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Industry Commitment
Example: Daimler
Generation 1 Generation 2 Generation 3+4 Generation 5

Technology Demonstration Customer Acceptance Cost Reduction + Mass Production
Market Introduction
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Industry Commitment
Example: BMW
Generation 1 Generation 2 Generation 3+4 Generation 5

Technology Demonstration Customer Acceptance Cost Reduction + Mass Production
Market Introduction
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Industry Commitment
Example: General Motors

GM has years of experience with fuel cell vehicles.

—_ AUTOnomy

GM'’s current
product, the Equinox
offers:

«73 kKW

«160 km/h top speed
4,5 kg CGH2

«320 km range

22



ﬁ Federal Ministry
of Transport, Building
and Urban Affairs

s Nationale Organisation Wasserstoff-
und Brennstoffzellentechnologie

OEMs all over the world
develop fuel cell vehicles

Hybrid pioneers Honda and Toyota have vivid fuel cell car programmes

Toyota FCHV 70 MPa

90 kW PEM fuel cell stack,
hybrid with Ni MH battery;
range 560 km

Honda FCX Clarity

new PEMFC developed
by Honda: 100 kWe
range ~ 430 km

Most OEMs are also
active in fuel cell
technology, e.g.:

Chery - Eastar FCV Hyundai Tuscon Hydrogen Car

23
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Infrastructure: Hydrogen Production

Geothermal Hydrogen can be
Power
produced from many

m Hydro Power .
/ different sources
* renewable
* emission free ﬁ— Solar Power
M Wind Power
\
* resource saving Waste
« reduce landfills Incineration
o well avell_able ﬂ Grid-Mix
* cost efficient Compression  Dispensing
* eX|st|ng_ f_a.CllltleS Crude Oil Refmery
* cost efficient
* energy e_fficient Natural Gas Steam Reformer
» well available
* renewable
. . [ ]
« emission neutral W Biomass M Converter

Electrolysis
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Potential of Hydrogen for
European Road Traffic

18000
16000
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12000
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4000

Energy potential in PJ/a
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0

2020 (Lignocellulose)

Source: TES (Transportation Energy Strategy) Report 2007

reg. Electr.)
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Lighthouse Industrial Power Generation

60 biogas systems
« High temperature fuel cell, 200-700 kW

« Combined with gas washer, ORC, heat usage

* Cooperation of —
fuel cell and biogas ks e,
system manufacturers S0 LR
with operators and

energy suppliers

| \ t
| a : l
ik §
i }
| I

Industry has accepted the opportunities that hydrogen and fuel cell

technology offers.
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Lighthouse Home Energy Supply

* Cooperation of well known manufacturers of heating technology, energy
suppliers, research institutes and users

* |Installation von more than 600 systems in 3 - 5 German regions

* Deployment of synergies
through cooperation in
demonstration, development,
RCS, qualification and
communication

Fuel cell based home energy supply is a chance for both users and

Industry.
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Special Markets

Special Markets
have a key role
within the NIP.

 Early market
opportunities
especially for the
supply industry

 Create Public
acceptance and
visibility

Material Handling

Boats/ Coast

« forklifts . Igjjsure
. . @ gl ) @ 2
* industrial trucks 2 Sy e
. etc. L ~ N
: ~FR.8 APU
For manufacturing £l 3 Py
airports, trade shows ... | L * ships
= |} ajrglanes
} )

AN
X
Special Vehicles ,,3

» Cargo bikes
* Municipal vehiclegﬁ-—f/

usv
* mobile telephony
* railroad

caravan
trailer’
« trlicks

\3 camper

-,\.

Bodéﬁﬁee
* |leisure
-« _light vehicles

“+"* boats
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Advisory Board

government, science, industry




ﬁ Federal Ministry
of Transport, Building
and Urban Affairs

s Nationale Organisation Wasserstoff-
und Brennstoffzellentechnologie

Conclusion

Hydrogen and fuel cell technologies contribute to future
energy requirements.

Fuel cells in combination with hydrogen based on

Emissions renewable energy sources are emission free

. - Fuel cells are more efficient than most other energy
EﬁICIenCy conversion devices

Different sources of hydrogen broaden the primary

Energy portfolio energy portfolio significantly and offer regional
opportunities

PP Germany is a major driver for hydrogen and fuel cell
technology in Europe




