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Agenda

* NIP Overview — The National Innovation Program
Hydrogen and Fuel Cell Technologies

e NOW - The National Organisation Hydrogen and Fuel
Cell Technologies

e TES — The Transport Energy Strategy

e CEP - The Clean Energy Partnership

e GermanHy — Where does Hydrogen come from?
* Government Vision and Policy

—
—
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German National Innovation Program (NIP)

ten year program (2007 — 2016)y ),

strategic alliance (politics, a,cade‘mia i%ﬁlustry)

ecial
500 mio. € public funding for demonstration ) I\jzrkets
activities and market prepgratlon for hydrogenang . .. 10%
fuel cell technology (responsibility: Federal | (industry)

Ministry for Transport, Building and Urban 2 ortation
Development) % A T 54%

. { ] . dilA= (houses)
approx. 20-25 mio. € annually public funding for 24%
R&D programs (responsihility: Federal Mini of
Economics)

/

Together with the industry investments |n the NIP
will add up to more than 1,4 billion & !
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German National Innovation Program (NIP)

NIP

National Innovation Program
Hydrogen and Fuel Cell Technology % | Federal Ministry

The NIP is supported by

of Transport, Building
and Urban Affairs

Markets / Applications: Demonstration

Transportation
R&D Stationary:Home Energy Supply

Stationary:Industrial Energy Supply
Special Markets

@ Federal Ministry
; of Economics
and Technology
and

@ Federal Ministry
Market of Education

t. and Research
preparation

@ Federal Ministry far the
o o Environment, Nature Conservation
and Nuclear Safety

—
—
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NOW — The National Organisation
Hydrogen and Fuel Cell Technologies

NOW is

*the program management organisation responsible for the

eimplementation of the National Innovation Program Hydrogen and Fuel cell Technologies
(NIP)

*the central point of contact for hydrogen and fuel cell technologies in Germany

NOW'’s responsibilities include
*Qverall coordination of the NIP
* Link between demonstration and R&D activities
» Setting of overall program direction and identification of synergies between areas
*the implementation of demonstration activities
* Initiation, prioritization and approval of projects
* Design of lighthouses
* Project supervision
*Communication (general public, politics, etc.)
*International collaboration

—
—
Dr. Klaus Bonhoff | HTAC | Washington | July 2008
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NI "f | \ J  Sherenolder Germar Federal Governrrent (100%)

Represented by the Federal Ministry of Transportation,
Building and Urban Affairs (BMVBS)

S T i

Strategy

Council
Plenum

Board of Management Dr. Klaus Bonhoff (chair), Kai Klinder

Hydrogen
Infrastructure

Transportation
Applications

Stationary
Applications

Special
Markets




Transport Energy

develop conS|stentustreleg|es
to secure future mobility




Key Messages

™ security of energy
challenges in the 2

Verkehrswirtschaftliche
Energiestrategie | VES




Key Messages

™ energy effficiency and diversification of primary energy sources are
key to secure the energy basis for transportation long term

™ develop alternative fuels and innovative drivetrain technologies
following common strategies built upon consensus of all stakeholders

Verkehrswirtschaftliche
Energiestrategie | VES




Verkehrswirtschaftliche
Energiestrategie | VES

Key Messages

concentrate on most promising technologies

® hydrogen and fuel cells
B 2nd generation biofuels

define and implement a hydrogen- and biofuels roadmap




Key Messages

™ increase usage of renewable energy
sources in the transportation sector

Energy potential In PJ/a

™ potentials exist to cover important
share of the future fuels demand in T
Europe Tp—

e paret

(Liglluse}

Verkehrswirtschaftliche
Energiestrategie | VES



TES — 3rd Status Report, August 2007

m possible transition fuels towards hydrogen based
on renewables (fuels matrix)

B Potentials for renewable energies in Europe
and its possible use in the transportation sector

" Legal framework to introduce hydrogen as a fuel
iIn Germany

Verkehrswirtschaftliche
Energiestrategie | VES
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Requirements of Future Energy Supply
/ Global \

Competition

Avoid/ reduce emissions

Increase efficiency

Secure fuel/ energy supply
by diversification

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

K. Bonhoff | Fuel Cell and Hydrogen Activities of Federal Government| 20.02.2008 | 13
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--....CEP Federal Government B | s
e

Partnership

CEP Part of the German national strategy for sustainability

Supported by
e [Federal Ministry of Transport, Building and Urban Affairs

e Applies currently for funding through the German National
Innovation Program (NIP) for Hydrogen and Fuel Cell
Technologies

www.cep-berlin.de 15.09.2008 14



CEP CEP 2003 — 2007

e Clean Ener
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— Largest hydrogen demonstration project in Europe
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Over 400.000 km withfhydrogen fuel
Over 3000 hydrogen refuellings

e Two new partners joined

'FC 30689!'

www.cep-be

Continuous upgrade of existing stations and cars
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GermanHy =

1. Targets for Road Transport Sector in Germany

targets for tomorrow’s mobility why hydrogen?

= reduction of transport emissions hydrogen (H,) is a carbon-free energy carrier

= decrease oil dependency hydrogen can be generated from different
primary energy sources

= increase energy efficiency H, facilitates the use of the highly efficient
fuel cell (FC)

= enhance share of renewable energies hydrogen may serve as storage media for
renewable energies

= strengthen competitiveness of German H, and FC are key technologies with a high

automotive industry potential for value creation
fuel strategy of federal government: hydrogen can play an important role as a

transport fuel in the future

Where will the Hydrogen come from ?
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4. Relevance of Hydrogen in Road Transport

shares of transport modes in final energy consumption

= Germany uses some 30% of its primary energy final energy [PJ/a]

in the transport sector 3,500 1
= hydrogen and fuel cells can assume great 3,000 | |

importance in road transport by 2050, and

evolve into central components of a more 2500 | |

diversified market of fuels and propulsion —

concepts

2,000 - 4 —

= over 70% of all cars and LDVs may run on B Inland Navigation

hydrogen and fuel-cell technology in 2050 LSO g Rail Transport 1

. Air Transport

= this equates to a hydrogen-share of 20 to 259 1,000 | Road Transport — Other Fuels 1

in the overall transport energy demand, Road Transport — Hydrogen

depending on the scenario applied 500 | |
= key limiting factor is the market penetration 0

achieved by hydrogen vehicles 2010 2020 2030 2040 050w w7y

: o

Where will the Hydrogen come from ?
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5. Sources for Hydrogen in Germany (I/II)

political imperative:
shares of primary energy carriers in hydrogen production share of renewable energies

at least 50%
0% 20% 409 60% 809 100%

~ ‘Moderate’

>~ ‘Climate’

~ ‘Resources’

B Coal without CCS ™ Coal with CCS Natural Gas ™ Wind = Biomass = By-Product
~ hydrogen will be produced from different primary energy sources. depending on the scenario applied, the
respective share of individual sources varies

. the future mix of energies used for hydrogen production will depend on political targets and framework
conditions, as well as achievements on technological development

Where will the Hydrogen come from ? 18 e ———
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5. Sources for Hydrogen in Germany (11/11)

biomass

wind

imports

by-product

black coal
lignite

natural gas

on-site

biomass gasification represents the most economical option for producing hydrogen
from renewable energies, but the potential of biomass is limited

wind is the most important renewable resource for hydrogen generation, and will
further substantially gain in significance with growing shortage of fossil resources

therefore, central electrolysers will play a key role in converting renewable energies to
hydrogen

with high rates of market penetration, imports - mainly electricity and hydrogen from
renewable energies - may markedly grow in importance

most by-product hydrogen is already being used, though some potential remains

as of 2020 gasification of black coal and lignite may represent an economical option,
but CO, capture and storage (CCS) is mandatory to meet tough climate targets

without CCS, more natural gas reformation is needed to meet climate targets

on-site production may play a role in the introductory phase (though there remains
some uncertainty about economic viability)

Where will the Hydrogen come from ?
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6. Development of a Hydrogen-Infrastructure
.

the build-up of infrastructure happens step by step,

v{-l
starting from densely populated/urban areas T

during the introductory phase (until 2030) the transport
by trailer of centrally produced liquid hydrogen to filling
stations dominates (e.qg. to integrate offshore wind and
by-product hydrogen)

, .
(.‘ﬁt pamiyss ]
< ¢ s

t;ﬁ,\& 2 % H. Berlin

g
i (7
with growing demand most hydrogen will be distributed 2 .-i-\ { L YCNSDY,
by pipelines in compressed form ' - -' /D‘Q;‘%
.'u - i v
on-site production of hydrogen from natural gas, %“" ‘JL ¢ which pipeli
biomass and electrolysis may play a role regionally YGJ\ furt or which pipeline
LY ‘ﬁ!& 2030 approx. 20%
: ﬂaa‘l % =¥, 2050 approx. 80%
LH, Production Hs Liguid Transport by Trailer  CH., Transport by Pipeline : % L ‘3(1'\:
O 800 - 2400 GWh 800 - 2392 GWh w6641 -6911 GWh ﬁ,ﬁ v
3% Munich
() 248-800 GWh 393-800 GWh 5947 - 6640 GWh

» :
k]

©  24-248 GWh <103 - 393 GWh — 5-2310 GWh

scenario 2030 “Moderate”

Where will the Hydrogen come from ? [ —
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7a. Costs of Hydrogen

200

18.0
16.0

14.0

€ct/kWh

| ! ! |
2020 2030 2040 2050
Filling Stations
Liquidation
H Distribution

| | | |
2020 2030 2040 2050

“ Transport
B Primary Energy
Production

| | 1
2020 2030 2040 2050

fuel costs of hydrogen are comparable to
today’s costs of fossil fuels (both before tax)

50 to 80% of costs stem from primary
energy and hydrogen production

during the introductory phase higher costs
arise from underutilization of infrastructure

important factors of influence: political
targets on climate protection and

renewable energies, development of energy
prices and viability of CO,, capture and
sequestration

Where will the Hydrogen come from ? 21 e ———
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7b. Reduction of CO, and other Emissions

fleet emissions (passenger cars)

without fuel production (tank-to-wheel) with fuel production (well-to-wheel)
g CO,/km g CO,/km
200 200
180 A 180 -4 — ‘Moderate’
160 - 160 - = ‘Climate’
140 4 140 4 ‘Resources’
120 - 120
100 1 substantial 100 -
a0 re_duction in 30 -
mileage
60 - 60 -
40 - 40 4
20 4 20 -
U T T T T 1 U T T T T 1
2010 2020 2030 2040 2050 2010 2020 2030 2040 2050

carbon-dioxide emissions of passenger cars can be substantially reduced with hydrogen

( fleet average may be as low as 20 g/km tank-to-wheel, and 36 g/km well-to-wheel emissions, if hydrogen
is generated from renewable energies, or fossil energies using CCS)

hydrogen-driven fuel cell vehicles cause no local air pollutants and only insignificant noise emissions

Where will the Hydrogen come from ?
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7c. Energy-Imports and Renewable Energies

primary energy supply in Germany

9.350 PJ

‘Moderate Development’

100%

80%
60%

40% domestic renewables
[ import renewables
.~ domestic fossils

[ import fossils

20%

0%

2010 2020 2030 2040 2050

= dependency on energy imports drops from over 90%
to 55% or even 35%, depending on scenario

= share of renewable energies rises from 10% to 30%
or even 75%

6.270 PJ ‘Shortage of Resources’

100%

80%

60%

domestic renewables
[ Import renewables

~ domestic fossils

[ Import fossils

40%

20%

0%
2010

2020

2030 2040 2050

share of renewables in transport sector rises from below
10% to above 50%

availability of domestic lignite is reduced drastically in
scenario ‘Shortage of Resources’

Where will the Hydrogen come from ? 23 e ———
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it can be concluded:

in scenario 'Moderate Development’ the use of hydrogen is recommendable due to advantages
in economics, CO, reduction and security of supply

with scenario 'Climate Protection’ hydrogen is needed to ensure that CO, emissions are cut in
the transport sector and that more renewable energies are used here

in scenario 'Shortage of Resources’ reliance on hydrogen is imperative to maintain at least a
part of today’s private transport volume in the future

related measures and technologies:
increases in energy efficiency are required in all scenarios and economic sectors

batteries are a key technology for future mobility; battery-electric and plug-in-hybrid vehicles are
complementary to fuel-cell and hydrogen propulsion technology

biofuels will play an important role in the transport sector in spite of their limited availability, but
mainly be used by heavy duty vehicles, aircraft and ships

Where will the Hydrogen come from ?
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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

K. Bonhoff | Fuel Cell and Hydrogen Activities of Federal Government| 20.02.2008 | 25
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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)

Nationaler Entwicklungsplan
Version 2.1

Zum

.Innovationsprogramm Wasserstoff- und
Brennstoffzellentechnologie®

vorgestellt vom

| Wasserstoff
Strategierat |l Brennstoffzellen

21.03.2007

Dr. Klaus Bonhoff | HTAC | Washington | July 2008



Key Messages

~ reliable legal framework for

® planning and certification processes
® production, distribution and storage of hydrogen
® production and operation of hydrogen powered vehic_les_

IS needed, to justify investments and to proi -o itive ’;:%"

environment

Verkehrswirtschaftliche
Energiestrategie | VES



Key Messages

™ strong national activities are the basis for a consistent, integrated
European energy strategy for transportation

™ a European harmonised strategy is needed in the fields of

B technical innovation

B technology funding
= Regulation, Codes & Standards ——

Verkehrswirtschaftliche
Energiestrategie | VES
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Market Preparation Programmes

The German National Innovation Program (NIP) has a similar structure
like the European counterpart, the Joint Technolgy Initiative (JTI).

Transportation and Infrastructure

NIP Stationary Power Supply

Early / Special Markets

—
—
Dr. Klaus Bonhoff | HTAC | Washington | July 2008



THE EUROPEAN INDUSTRY GROUPING

OR A FUEL CELLS AND HYDROGEN JOINT TECHNOLOGY INITIATIVE

‘H

w-»gm- & Fael el
:; Hydrogen Energy

hashrgy Flatern

A &nd Fuel Calls\ m
VISION - STRATEGY
Hydrogen Energy T iy e Strategic Research Agenda
And Fuel Cells Deployment Strategy
(2003) Strategic Overview
e (2005)
Final approval by the Councill
for Competitiveness by May
'3 8‘ -
IMPLEMENTATION —— : _
|mplementation Plan -rzzze | DOCUMENts avallable at:
(March 2007) - www.hfpeurope.org/hfp/keydocs

4 New Energy World

16

fuel cells & hydrogen for sustainability

http://www.fchindustry-jti.eu/



THE EUROPEAN INDUSTRY GROUPING
OR A FUEL CELLS AND HYDROGEN JOINT TECHNOLOGY INITIATIVE

Faclilitating European collaboration

« Establish and execute long-term strategy

« Facilitate collaboration between industry and
research

 Overcome fragmented research activities

o Co-ordinate upstream and market driven
research

e Collaborate and coordinate with national and
regional activities

/16

fuel cells & hydrogen for sustainability

4 New Energy World

http://www.fchindustry-jti.eu/



THE EUROPEAN INDUSTRY GROUPING
OR A FUEL CELLS AND HYDROGEN JOINT TECHNOLOGY INITIATIVE

Stakeholders General Assembly

i
I
e e O R A ALLAAEES ~Saas .
Il.' I ] EC 1 R ] MS ] REG] Il!rtrnalcnmmﬁmi Other Industries & rese NGO J:

______________________________________________________________________

EC EC EC EC EC RG

JT1 Governing Board

National & Regional
Programmes

1G IG 1G 1G 1G 1G
T FCH States ™ N
Representatives ,," Scientific Committee
~~~~~ Group JPtag
_________________ v
EXxecutive Director
JTI1 programme Office
[ ~
i Projects !
T —— P —
Coordinate {™ T

i Coordinate

International Cooperation
IPHE i




THE EUROPEAN INDUSTRY GROUPING
OR A FUEL CELLS AND HYDROGEN JOINT TECHNOLOGY INITIATIVE

The Industry Grouping

64 companies from 15 countries

Major share of European FC industry
Representing 90% of total industry investment
Large corporations and SMEs 2 — W\
Shares 50% of the JTI Program Office runninigf(;/ost 5 N

X% x

4

http:/Awww.fehindustry-jti.eu/ WE’E

fuel cells & hydrogen for sustainability




Industry Grouping Members
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THE EUROPEAN INDUSTRY GROUPING

OR A FUEL CELLS AND HYDROGEN JOINT TECHNOLOGY INITIATIVE

€ 1 billion public and private investment

Support Actions Basic Research
6 % 13 %

Demo Applied Research

52 %

/G

fuel cells & hydrogen for sustainability

q New Energy World

http://www.fchindustry-jti.eu/
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Political Support

hydrogen and fuel cell technology are:

* Environmental benefits through
reduced or no emissions

« Secure energy supply due to various
sources of hydrogen

e Economic growth through innovative
technologies

The German National Innovation /

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

The driving factors for governments to support/
2
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0 £
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Mationale Organisation Wasserstoff-
und Brennstoffzellentechnologie

Contact:

NOW GmbH
Nationale Organisation Wasserstoff und Brennstoffzellentechnologie

Dr. Klaus Bonhoff
Managing Director (Chair)

Fasanenstr. 5
10623 Berlin

Germany

E-Mail:


mailto:klaus.bonhoff@now-gmbh.de
http://www.now-gmbh.de/
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