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-CelgC support for FC & H, R&D
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Figure 2 — EC funds to Hydrogen and Fuel Cell research in the various FPs




-7Z Hydrogen Energy
#_ and Fuel Cells

VISION

Hydrogen Energy
And Fuel Cells
(2003)

FCH JU

Officially operative

since September 12, 2008
0,94 B€

European Hydrogen & Fuel Cells
Technology Platform

“IMPLEMENTATION PLAN
- Status 2006”

A—

Hydrogen and Europe: an old love story ***

STRATEGY

Strategic Research Agenda
Deployment Strategy
Strategic Overview

(2005)

100 Stakeholders invested
more than € 10 m€ for the JTI
preparation

IMPLEMENTATION
Implementation Plan

(March 2007)

7,4 B € 10 years



UN PROGRAMME PERENNE ET
STRUCTURANT
LE JTI1 FCH




| JT1 Hydrogene
€= Une priorité européenne: discours en accord avec les actes

Une premiére réussie dans le domaine de 1‘énergie
Partenariat public/privé perenne approuvé par EC, Parlement, Etats Membree

Objectif: accelerer déploiement technologies H2 et Pac Transports, Stationnaire e G e e @
production et marchés précoces e

7 annees 2008-2013, 940 M€, 50 % industrie ©

Organe de décision: Governing Board

Center for Process
Innovation

L @s4Préside N.ERGHY, siege board du JTI /-"‘!3
VT A (N-ERGHY
’ SRS 64 membres de 17 pays

research on fuel cells & hydrogen

:g 215.505 M€
—EN (47 participants)

: ¢ ic ; : “Q S .8 e
e AR g e HRAM 1838 persons
i (47 participants)




Mise en place des outils de planification stratégique

eS®

Public Awareness, Education

Market Support
{SME Promotion, Demand-Side Measures, efc.}

° Déf-ln-lt-lon et m-ise é jour deS plans de Technology, Sustainability & Socio-Economic Assessment Framework
) . . . Specific PNR & Harmonised RCS

realisation annuels (AIP) et multi-annuel Research and Technological Development
(MAI P ) St ems & Modules E‘irrlﬁ::g;}:eﬁtb .

- ConSUltation IG / RG / EC Components New Technologies Material & Design & Degradation & Research

_ Consultation dU Comité Scientifique Long-term and Breakthrough-Orientated Research

et du groupe des Etats Membres Rtuaang Potucions | Pawer Martets
Infrastructure Distribution Generation & CHP
By Application Area By Activity Type

Cross-Cutting

Activities (6-8%) Long-Term & Breakthrough

Transportation & Support Actions
Early Markets Refuelling infrastructure (9-11%) Research (13-15%)
{1 2_140/0} (32-35“/0}
Research & Technological
Development (31-35%)
Stationary Power Hydrogen Production & Demonstration

Generation & CHP (34-37%) Distribution (10-12%) (41-46%)



Reépartition temporelle des calls
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Exemple Appel 2008

Focus on demonstration projects :

Gaining customer acceptance for fuel cell
vehicles in Scandinavia

= Roll-out latest state-of-the-art hydrogen
fuel cell vehicles operated by customers

m  Consolidate existing hydrogen-fueling hub
in southern Norway and add one new

station of latest design in Oslo (70 MPa,
capacity min. 200 kg/day)

m Carry out five European vehicle road tours
(extended vehicle fleet) supported by
mobile refueler.

= Communicate on project performance

m Actively link Scandinavian Hydrogen
Highway Partnership (SHHP) to European
network

CENTRO
a Far o DAIMLER [‘l? Logic |y rogt:n "Sweder ll-

AT A, S

H2moves Scandinavia

Participating vehicles:

5 Think
FC city cars

2 Alfa Romeo
Mito FCEV

10 Daimler

B-Class F-CELL
Refueling stations

2 1 refueler with 70 MPa, pre-cooling (-40°C)

= 1 mobile refueler for EU demo tours
Certification & project safety

2 Improvements in regulations, C&S

o Safety relevant emergency mechanisms
Project key data :

o Budget ~20 M€ ( ~8 M€ EU + ~2 M€ (DK, NO))

o Start 1 Jan 2010, duration 36 months

. —
c- "

HVDRDGBN I.hllt systemitschalk



Exemple Appel 2008
NEXTHYLIGHTS

Project structure and

expected results
Active passenger car demo sites

Pasj.enger S:(ars City Buses Other Vehicles

International, national and regional
H, & FCEV strategies
TSNP SN S P R R
International industry strategies to commercialize
vehicles and H, infrastructure

Py e eV @ (alo
Demo projects and programs # Copenhagén
with focus on Europe onden® Hombirg
puossitanicaer gt ety gl cio i R UL B L C e L po e S S L S L C L L e ®NRW
_ Status of technology development ®Frankfurt 7
and techno-economic benchmarking ?
7

Regions & municipalities commitment

Cross-sectional infrastructure synergies
[ e e R T ) [ ]

Environmental analysis and public acceptance
[rtaNaI LAt L ARl L AR — [anasinis MEnARIISHRLNS R RN

Existing LHP cluster
or LHP cluster in preparation

® Current proposal

Business plan for roll-out strategy
.|
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Appel 2009

71ME€, 26 projets en fin de négociation,

26,4M€

Transportation &
refuelling
infrastructure

Large-scale demonstration of road vehicles and refuelling infrastructure (1)
Development of electric driven turbocharger for fuel cell (1)

Development and optimisation of PEM FC electrodes and GDLs (1)
Pre-normative Research (PNR) on composite storage (1)

Pre-normative Research (PNR) on fuel quality (1)

5,7M€

25,9M€

Hydrogen Production
& distribution

New generation of high temperature electrolyser (1)
Improved solid state hydrogen storage systems (1)

Stationary power
Generation & CHP

Degradation and Life time Fundamentals (2)

Materials development for cells, stacks and balance of plant (BoP) (4)
Operation diagnostics and control (3)

Component improvements (1)

Proof-of- concept fuel cell systems (3)

Validation of integrated fuel cell systems readiness (1)

Application specific targets and related technology benchmark (1)

10,3M€

Early markets

Demonstration of fuel cell-powered materials handling vehicles and
infrastructure (3)
Portable generators, backup and UPS power systems (1)

3M€

Cross-cutting issues

Development of educational programmes (2)
Training initiatives for regulators (1)
Development of a framework for Life Cycle Assessment (LCA) (2)




Exemple Appel 2009

Demonstration projects Clean Hydrogen in European Cities (CHIC)

Key figures
JTI-FCH objectives CHIC Project Concept ——
H, Infrastructure and FC Bus Operation’, 10 countries worldwide

Approval + Certification i (8 European,

N L I ;
= I I H .%Ei%retz American)
Measurement + Monitoring + = + = = —
o = 2 filling stations per city
Safety B S & 5 = Demonstration phase
'8 N © o O 2010-2016
o s m (D - 2
9 n s < 'e) at least 3 different
bus manufacturers
Performance and
Assessment framework = Performance an
ili
Evaluation Environment Economy Society
Dissemination to new Dissemination
cities Past —» Present — Future

. ﬂ Phase 0 Phase1 Phase?2
Public awareness regions regions regions
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CEN) L’étude de référence sur les motorisations du futur

A portfolio of power-trains for Europe:
a fact-based analysis

The role of Battery Electric Vehicles, Plug-in
Hybrids and Fuel Cell Electric Vehicles

16



A broad coalition shared performance
estimates on different power trains

DAIMLER & @ g

l\ (S0
HYLUNDAI KIA MOTORS \ 4 VA

- TOYOTA
HONDA g <
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Shell ToraL galpenergia

- —EnEBW VATTENFALL ‘-‘

a-' Powertech [3
LTk Ry

FIT il
HYDROG( )NICS o o P R 0 T 0 N = Elektr Jl 1r,JA ik
Advanced Hydrogen Solutions ﬂ/ ENERGY SYSTEMS &% Hydrogen Technology

Europedn J\rOVV ew Energy World 7
Climate Foundation - S ey o . od
0 n V f- und Brennstoffzellentechnologie [y e——

A portfolio of power-trains for Europe:
a fact-based analysis

The role of Battery Electric Vehicles, Plug-in
Hybrids and Fuel Cell Electric Vehicles

All relevant powertrains
(ICE, BEV, PHEV, FCEV)

3 reference car segments

Cost, emissions, energy efficiency,
driving performance

Well-to-wheel

>10,000 company data
in a “clean room” environment
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Production after 2020 is split between electrolysis, coal/biomass and natural gas

&0

25% FCEV WORLD
Annual H2 production
Percent 100% Primary fuel
100% ]
Natural gas
80%
60%
Electricity
40% 7
20% > Coal / Biomass
0% -
2010 2020 2030 2040 2050
By-product . CSMR . DWE . IGCC w/CCS
. DSMR SMR w/CCS CWE . CG w/CCS

SOURCE: Coalition workshops, Working team analysis



Overview — Distribution technologies

Distribution method

Transmission tonne Liquid tonne Gaseous tonne
pipe“ne H2/day trucks H2/truck trucks H2/truck
' 10 ~35 ~0.4 (250 bar)
100 ~0.8 (500 bar)

1,000

Distribution tonne Liquefier tonne Compressor tonne

pipeline H2/day H2/day H2/day
: ' 10 1
100 10
1,000 100

{ - Assumptions W
30 bar received H2 pressure

SOURCE: Coalition workshops, Working team analysis



—Gaseous trucks are most important at the beginning with liquid trucks
=9 bridging the gap to pipelines

. Pipeline
. Liquid Truck

|:| Gaseous Truck

Annual H2 distribution

Percent 100% Method

Pipeline

—

Liquid Trucks

Gaseous Trucks

I_V

2010 2020 2030 2050

SOURCE: Coalition workshops, Working team analysis 20
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Electric driving is more efficient and allows primary energy
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diversification
0,9 B ICE gasoline T 3.2
ICE diesel
08 r BEV 1 28
0’7 B FCV
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FCEV:s are specifically suited for larger cars, that represent 70% of CO2

PP -y

o S RRINNIIVIEN)

Lowest cost CO2 abatement solution
2050

<10

Annual driving
distance (1,000 10-20
km)
N ..

A/B




After 2025, costs of all power trains converge

FCEV PHEV

1
TCO ranges of different power-train technologies

EUR/km ~ BEV ICE

2010 2015 2020 2025 2030




Battery and fuel cell vehicles can achieve low emissions

C/D SEGMENT
gCO2 / km
200
180 )
160 - ICE — diesel
140 t A
120 ¢
10

100 | A
80 0050
60 r — V ;

2010 / :
40 r , '

BEV : Z /
“1 . /

O fffffffffffffﬂff 1 A

0 200 400 600 800 1 000 1200 1400 1 600

km




CGA/- Retail costs are inefficient in the first 15 years

EUR per kg

15
Hydrogen
infrastructure 5% of
total cost

MMM e

10

0
2010 2015 2020 2025 2030 2035 2040 2045




An economic gap of about Eur 100 billion remains for the next 20 years to

&0

‘000 EUR
200
150 |
100

2010 2020 2030

million FCEVs per year

O R, N W b O
T

develop FCEVs globally
Economic gap

EUR billions per year TCO deltais
15 1 < EUR 3,000
10
5
0
5 - !

2040 2050 2010 2020 2C|?SO 2040 2050

EUR billions cumulative
250 [
200 [
Gap until 2030 is

\ ~ EUR 100 bn

150 [
100 [
50 [

2010 2020 2030

2040 2050 2010 2020 2030 2040 2050
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“H, Mobility” Initiative —

Overcoming the Chicken and Egg Dilemma

* Memorandum of Understanding for “H,-Mobility” signed Sept. 10th 2009 in Berlin

* Ten key stakeholders from industries (OEM, oil, utility & industrial gas)
and NOW as public-private-partnership

* Intention to build up hydrogen fueling infrastructure
and establishing Germany as lead market

DAIMLER eEnBlW B ‘EMR LIQUIDE =[\IUW Ouv PRODUCTS’— Q m VATTENFALL
eni

Torau

28



C@ Four sizes for HRS were defined and Capex/Opex data investigated

Overview of HRS sizes

Very small (XS)
Specification (mobile) Small (S) Medium (M) Large (L)

Number of re-
fueling positions 1 1 2 4

Number of re-
fuelings per hour 2.5 6.0 6.0 10.0
(per position)

Average / maxi-
mum number of 10/ 20 30/38 60/75 125/180
fuelings per day

Average / maxi-
mum H, through- 56 /80 168 /212 336/420 700/ 1,000
put per day (in kg)

Approximate
number of cars per 100 400 800 1,600
station

In addition data for was investigated for three HRS delivery
types: gaseous H, trucked-in, liquid H, trucked-in, and

pipeline/on-site delivery (see next section for more details)
SOURCE: H, Mobility

29



Main achievements and selected end products for pilot market

Germany

Roll-out
scenarios for H,
station network
and FCEVs

Roll out regions
and timing

H, production
and supply road
map

Holistic roll-out
cases

Development of FCEV roll-out scenarios with car
OEMs via "clean team" based on assumptions (e.qg.,
incentives, market environment)

Assessment of H, station rollout and network
requirements (e.g., density, sizes)

Analyses of German regions on traffic density,
income per capita, car registrations, etc.

Definition of "focus regions" and connecting
highways

Assessment of H, production technologies on cost
and CO, emissions (water electrolysis, steam
methane reforming, etc.)

Definition of H, production and supply mixes
focusing on CO, abatement, sustainability, and
economic efficiency

Description of consistent rollout case for Germany

Financial assessment of roll-out cases including
NPV, investment, payback time

Evaluation of risks and sensitivities

30




Des plans précis de déploiement des infrastructures
en Allemagne et au Japon a partir de 2015

Utilisation du réseau gazier comme stockage

after 5 years after 7-8 years

300

a




Coupler ENR (Eolien et biomasse) et Hydrogene
eSD g

CO, free HFS at Berlin Brandenburg International n'p
Airport BBI

= ENERTRAG

2

ToraL

Utilisation du réseau gazier comme stockage

Berliner
Flughafen

= ENERTRAG @

2 Wind Turbine.

Hydrogen Prodution

V Natural gas stockage

Natural gas grid > 60 bar

‘ Mining I

— Electricity grid 220 kV ALY
—  Electricity grid 380 kV O s

atural

Source: DVGW e.V. 2011

Klaus Bonhoff| NOW | IPHE SC Meeting Vancouver| 13.05.2011 | 13
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I LE PLAN DE DEPLOIEMENT EN EUROPE

S 2014 2020

« Un programme ambitieux de
plus de 17 milliards €
— Volonté de déploiement 2014-
2020 pour les industriels de
I’automobile, de
I’infrastructure et la
production H2

e Pour la recherche:

— 3,3 milliards d’€ de besoins
industriels

— Priorite de ’effort de R&D :
segments stationnaire et
marcheés précoces

34



CeﬂJn programme aligné sur le formalisme Set-
i Plan

PUBLIC SUPPORT

| KEY TECHNOLOGY KEY MARKET &
INDICATORS PERFORMANCE

MAIP INDICATORS
TECHNOLOGY

ROADMAP




FCH technology innovation cycle: 80% of effort ahead

R&D
and Demo

First-of-a-kind
commercial
demonstrations”

Sales

v

Commercial/

Cash flow

Valley of death

L J

Ells/JTI

Additional and special financing
mechanisms & regulatory support

Demand side
Incentives

—_——_——,— e e e —
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Industry needs 2014-2020

A near 18 B € programme

— JT1 2.0 part of the programme
— Including a 3 B€ applied R&D part

Sector Financial Effort
Market
R&L

Yamornstratinon
LaoneET0 Total

froduction
Support

ransport & Refueling 500 217 9429 12100
Production 432 384 1 806
ar | 465 35 2 259

409 1417

' 300

17 882




e Approbation de la roadmap a 2020

Les objectifs confirmes et

lnteg rés dans le Set-Plan : 1 2010-2020 European Road Map : market at sight ! _
Un delOlement de 500 000 VthCUles 2o N 22§ 2z | 2o |
electriques piles a combustible en Europe et B T T e s T MRS
environ 1 000 stations service hydrogene pour & B > > e
la transition du secteur des transports vers les B spmeres ... S > LI | seeess
véhicules électriques | S , R S
« 50000 logements utilisant des systémes de piles e [ B ]
a combustible stationnaires , e s e + +
- 7 - s - = gsg?&s‘]smnon —eey 10 city wido floct doploymont E
«  Une intégration des énergies renouvelables 2 N
intermittentes (eolien, solaire) par des systemes W ... B S
de stockage d’hydrogene allant jusqu’a 500
MW Y TRl R R, B
. . , . = . > SEERRETL. grro=NRER SRS
«  Une introduction sur le marche des premieres g =
applications : systemes de back-up, applications [l ...
portables... SE o " B

HarmonisatiorGol codes
H

* 50 % de I’hydrogéne utilis€ pour ces
applications produite a partir de sources
renouvelables ou sources zéro-emission de

C02 Pour atteindre ces objectifs donnés par le secteur industriel, des objectifs
technologiques sont définis par domaines d’application (production & stockage,
applications transport, applications stationnaires, marchés précoces,
réglementation/normes/ codes/acceptabilité sociale).

o

[+

o=
[



= 3 phases de travail 2014-2020

JT12.0: Ambition 2020... Building commitments

o U n e p h ase R e C h e rC h e y — Industry commitment Member States commitment
« Une phase démonstration ke

introduction
« Une phase Introduction sur le | "
marché =

Depending on
the innovation-

Demonstration stzgeﬂdsif}::m

I(Jégg{abmnres ratios should be

L . applied, leading to an

B \ 5% . i increasing share

p) : R&D 1 N FCH JU EC w o/ for the private sector,

¢ Le S typ CS d Olltll S d e (€3.3bn) ' " oL W the closer the application

- -, R YN S EC commitment sl gets to the market.
financement associés sont en S

cours de discussion




o be fillad

Total Cost of Owvwrsasrship (TCO

EARLY MARKETS AND STATIONARY : REIMBURSABLE GRANTS ?

Reimbursable grants; a new financial instrument to suppor! EU polilical ambétion

Benchmark technologies used for the estimation of market infroduction costs

Fusel Cell Hydrogen Technology ‘Benchmark' Technology

FCV : THE CONSORTIUM APPROACH 7

Infrastructure Investment Vehicle (Scope: Infrastructure 7)
Industrial Pariners to contribute in Equity (10-20% 7?)
Financial Institutions to conftribute Senior Debt (70-80%)

Public Institutions to provide Insurance packages for part
of Loans against Market Failure (30-50% of Total
Debt 7)

Member States to support Infrastructure Consortium:
Direct Subsidies in Consortium (10-20%)
CO2 credits / stations 7

Auctionning principles for Station space allocation with
reverse values at start ?

Dedicated OEM « TCO Gap » costs support :
Tax credits
CO2 Allowances
Direct subsidies. ..
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30
25
20
15
10

LA FRANCE: BAD NEWS...

AGEMCE MATIONALE DE LA RECHERCHE

H

2005

2006

2007

2008

73 projects out of 235 proposals were funded following
Calls in 2005, 2006, 2007 and 2008.
50 are still running. 61 Patents have been obtained.
84 M€ sur 4 ans

2009-2011 moins de 5 M€ par an
Thématique non reconnue a I’échelle du programme Energie
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Good news: H2E: Horizon Hydrogen Energy

An ambitious deployment program of 200 M€ coordinated by Air Liquide
A Public-Private-Partnership federating national competencies

AIR LIQUIDE — —

| PDraich /— = EI:;.IG ENLPI; 2 RAI

EADS ., _ AIR LIQUIDE ’

INERIS

o

ArcelorMittal

19 partners, 150 FTE
7 years, 2009 - 2016
Funding: Private - 123 M€ & Public via Oseo Innovation- 67 M€

TheH2E program aims at markets with wireless energy needs not met by any current solutions.
For example, captive vehicle fleets, portable generators or the supply of backup energy




% Good news: Feullle de route ADEME

¢
o

Objectifs de la France

i
Mieg y cuﬂ’“"

Pilier 5: mesures transversales
l W

d’accompagnement de la filiere
\\\ i

Pilier 3 : piles et hydrogéne au
service de la ville durable

« piles et hydrogéne au coeur des éco-
quartiers et des réseaux énergétiques
intelligents »
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o Good news: 3 AMI Ademe 2011 et 2012

2012: AMI dédié aux vehicules routiers a hydrogene a pour objectif de soutenir des projets de
recherche industrielle, des démonstrateurs de recherche ou des expérimentations préindustrielles
ayant pour but : d’augmenter significativement les performances technologiques (optimisation des
données de densités, du rendement, du systéeme de stockage) et économiques (codt total du systeme,
durée de vie, fiabilité) des vehicules routiers actuels grace a I’utilisation du vecteur hydrogene

« de valider les performances obtenues sur véhicule en conditions réelles de fonctionnement

(intégration véhicule, définition de cycles de roulage, mesures de performances, analyse de
résultats)

» de traiter ’aspect sécurité et sliret¢ de fonctionnement des solutions proposées (sécurité active et
passive, vieillissement)

« 2011: AMI « Hydrogeéne et piles a combustible » dont I’axe thématique n°2 concerne
I’expérimentations de flottes captives utilisant I’hydrogéne comme source énergétique

e 2011: AMI « Chaine de traction électrique » dont I’axe thématique n°1 concerne 1’utilisation de
piles a combustible comme prolongateur d’autonomie.

« Plus hydrogene et piles présents dans AMI
—  Bateau du futur
—  Batiments intelligents
—  biocarburants

45



Good news: création d’ Afhypac

?‘P‘NQMSE PGU};

Les missions de I'association

X Fournir de I'électricité
hors reseau electrique

Promouvoir les usages des [ Valoriser Iélectricité ENR

énergie et des piles a combustible...

..En animant des initiatives
communes auXx acteurs de la filiere

Francaise _
P
réglementations
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Coopérer pour accélérer I'adoption
des technologies et des produits

e o
fLgy A :1:1“"1:‘

H A q New Energy World
UROPEAN HYDROGEMNASSOCIATION JU

fuel cells & hydrogen for sustainability

Fuel Cell &
Hydrogen Energy
Association

<

Grandes
Entreprises

Plateforme collaborative

Individuels

ADEME

Collectivités AFHYPAC
Locales

Agence de 'Ervirannament
wt da la Malerise de I'Enargle

Poles de Compétitivité




Mettons nos moyens en commun

e Rassembler et diffuser les informations clés

e Usages § II
| imvafolre il

e Technologies et Fiches techniques @

e Projets

e Sources et infrastructure ?

¢ Adapter le cadre réeglementaire francais

¢ |nitiative H2 Mobilite France




Contacts

www.afhypac.org

Bureau
Présidente Marianne Julien — Air Liquide
Vices Présidents Claude Derive
Paul Lucchese — CEA
Pascal Mauberger — McPHY
Secrétaire Héléne Pierre — GDFSUEZ
Trésorier Pierre Derozier

Membres du conseil d’administration

Jéréme Gosset — Helion Benno Weinberger - Ineris
Michel Gugenheim — CETH2 Bruno Mansuy — ERH2-Bretagne
Patrick Bouchard — Cap Energies Didier Grouset - EMAC

Michel Junker — Alphéa Antoine Feral - Michelin

Claude Lamy — CNRS Pierre Picard — WH2
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MERCI POUR VOTRE
ATTENTION



mailto:Paul.lucchese@cea.fr

