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The Research and development
on Hydrogen Energy in France

Jean-Marc Olive
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Industry of Hydrogen : activity and R&D
» French Research Networks and Program:
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H2E : A French project
starting 2008 for 7 years

* H2E: Horizon Hydrogéne Energie
+ Leader: Air Liquide p*" uauwe]

* 15 partners

+ 77 M€ from the french state

* Objective: develop hydrogen-fuel cell
industrial applications through high value-
added products (long term transport
market)

HDROGENLE

French nuclear industry

AREVA

the world leader in
nuclear power

HELION, pant of AREVA, Is specialised In the design, development and
manufacturo of PEM (Proton Exchange Membrane| type fuel coll systems

and zatcey . .
On the tasis of its shared R&D pian and s road map for sccess 1o HELION-Fuel Cell maker
Procursony markots, HELION |s ciaiming # key position @ & suppiier of
ready to go solutions addressing high value markets such as
decentralised stationary energy, the naval industry and urban transpon.
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French automotive industry.
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Fuel Cell Concept car 207 P!

Fuel cell 20 kW + Lithium-ion battery
5 HP tanks (15 1) 700 bars

Driving range: 350 km

Speed max: 130 km'h

In 1860, Enenne Lenoir of France invented the 1-
cylinder, 2-szoke Hippomobile.

The Lenoir Hippomobile was so named because it
received its fuel by electrolyzing water and running the
hydrogen through the small horizontal engine.

Around 350 of the Lenoir gas motors were built and sold.

Mass production !

*QUARK

=PAC 1,5kW + batterie i
~Bouteille H, 700 bars She

5 < s 2 Demonstration of buses fuelled
French natural gaz industry WK Rl s i N diged

GDF-SUEZ in Dunkirk and Toulouse

A first step towards the hydrogen economy
/ > Coordinator :

& Gaz de France, R&D

ytude

The project 4lthyfude aims to test the operation of
buses fuelled with a blend of natural gas and hydrogen
in the cities of Dunkirk and Toulouse. It is a question of
testing on real site this new clean fuel and of evaluating
the technical and economic interest of it.

Hythane® : mixture of natural gaz and
hydrogen - 80% NG +20% H2.
Réservoirs composite-aluminium Dynetek
* 8 réservoirs de 155 litres

¢ Autonomie de 300-400 ki

http://www.althvtude.info/docs.htm

ANR (French Research Agency)
A funding agency for research projects
Budget in 2007: 825 M Euros (for 3 or 4 years projects)

Department of Sustainable Energy and Environment
National Action Plan on Hydrogen and Fuel Cells (PAN-H) 22% : CEA and ANR

rww-anr-panh.cea.fr/

Call for proposal

‘ I Funding by ANR
e . Mumber of projects Number of funding (M Euros)
Ediion A%° | 2005 2006 2007 2008| 2005 2006 2007 2008 2005 2006 2007  2008|
Production > 5 4 - 31 74
|| Transport 75 ol | 63 3s
| Fuel cell 15 11 8 - 188 171
|Am-nas tranverses 1 1 1 D4 1
75 72 32 58| 35 23 42 - | 29 89
| Total| 35 59 - @
[Mombra o B SN TaYEnNe © 5} |
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PROD-HYGE Project :

Validation of an innovative architecture for high temperature
or hydrogen production

Objective

electrolyser

leadership : CEA - french atomic energy commission
Partners : CEA,AREVA, Arcelor-Mital, SPCTS, LMP
3 years long, started in september 2007

New coaxial architectre |

Budget :4,IM€ Patenes EN,04/52495 & EN. 04152496

* For Stationary application + Reversed SOFC
local & mass preduction of H2
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PRODHYGE ANR

ombre de noeuds: 16991

LMP’s Tasks:

t5883

Gonerainte (Mpa}

High Temperature creep tast with
emaronnemantal effect

= Up w0 900'C.

* pure H2. pure Moisture, inert gz, mixture

Deformation (%)

Bending relaxation fixture in TGA
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The Group of Research "Biological and Bi icking Ways of Sy is and
Use of Hydrogen" was created in 2006 with the objective of promoting hydrogen
of biological origin as a source of energy.

44 Groups from 22 Laboratories
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= CNRS. CEA, INRA. IRD, INRIA,
INSA, INPT, BRGM
%s BIOPILE @ Universities: Murseile,
v «
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Fermentation

Substrats P

hitp://www.bioh2.cnrs-mrs.fr/gb index.php
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Groupements de Recherches du CNRS
"Piles A Combustible Tout Electrolyte"

PACTE
Fuel Cell French Research Network of CNRS

Contact: grenier@icmeb-bordeaux cnors fr

CENTRE NATIONAL
DE LA RECHERCHE
SCIENTIFIOUE

Main research fields :

48 Academic research teams

* PEMFC : Proton Exchange Membrane Fuel
Cells

* DMFC, Direct Methanol Fuel Cells

* ITSOFC, Intermediate Temperature Solid
Oxide

Fuel Cells,
* PCFC, Proton Ceramic Fuel Cells

C.E.A., ADEME
10 Industrial partners
Web site:

http://www.gdr-pacte.cnrs.fr

® HTE. High Temperature Electrolysers

* Systems and medelling

Q20 Saclay Hydrogen
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Main current research programs

o H-plasticity
related with stress

in fcc ials (Ni base alloys, stainless steels)

Mechanisne of intergranlar SCC of Ni base alloys in Pressuriped Watsr Reaciors

Mechanisns of SCC of Fe-Mn for stesls
Bobe of H i the mechanism of Irvadiathon sssisted SCC

v Interactions H-microstructure-deformation in ferritic steels

Robe of H in the SCC of ferritic steels for lang term starage of nuclear waste
Improvement of the HE resistance of new Ferritic steel for H transport

¥ Interactions ‘H/Hcfirradiation induced defects in W for ITER divertor
2

Mamagement of trifisted waste
Divelapment of technigues for the isotopie tracing of H

ucture in Fe and Ni base alloys

deuter

+ Role of H in the oxydation mechanisms of Zr alloys
aeques CHENE
CNREACEA, UMR 8587, Laboratoire d'Ensde de la Corresion Agueuse,
CEA Saclay, F1191 Gif sur Yvette, France i
jarques chena@.cea fr
HIDROGENILS
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Laboratoire de Mecanique Physique
http:/www.lmp.u-bordeaux].fr
Hydrogen plasticity interactions
on stainless steels and nickel.
Coupling experiment-numerical
simulation
Jean-Marc Olive,
Isabelle Aubert, Nicolas Saintier
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D. Tanguy, N. Pauze, D. Delajosse
UMR CNRS 5146, LPECM
Eccle des Mines de Saint-Etienne
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http://www.emse.friindex.php
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Pr. Xavier FEAUGAS

xavier.feaugas@univ-Ir.fr

Monocrystalline pure nickel
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AIR LIQUIDE
Hydrogen tanks 700 bars '

Research program: 2008-2011

Liner/composite adhesion ageing

Pr. Martin Shanahan
m.shanahan@Imp u-bordeauxi fr

HIDRCGENLUS

NDE of hydrogen tanks Pr. Bernard HOSTEN

b.hosten@Imp. u-bordeaux1.ir
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