NWV-6th National Hydrogen Congress
Hydrogen storage: Challenges and status

Pierre SERRE-COMBE
Chief of the Hydrogen technologies Programme
French Atomic Energy Commission

DRT/DPSE 6th DNHC Hydrogen storage: challenges and status 11 Dec. 2008


mailto:pierre.serre-combe@cea.fr

CONTENT

« SOME WORDS ON CEA

« BOTTLENECKS

« CHALLENGES vs APLLICATION

« WAYS FOR SUCCESS

* PROGRESS INFRANCE
— COMPRESSED GAS TECHNOLOGY
— SOLID STORAGE TECHNOLOGY

« PERSPECTIVES

DRT/DPSE - 6th National Hydrogen Congress, Arnhem 11 Dec. 2008



CEA Organisation

@ 9research centres

@ 15 300 people

@ Annual budget: 3.3
billion €

@ 2200 active patents

Nuclear
Energy

Basic
research

Defence

Program « New
Technologies for
Energy »
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« New Technologies for Energy » program

1999: Creation of « NTE » program

! 'lf!llll‘lwl i

Objectives of « Hydrogen and Fuel Cells »

Improve performances, robustness and lifetime
Decrease component and system costs

Develop high performance hydrogen storage
Manage hydrogen transportation

Demonstrate safety

Deal with codes, standards and public acceptance

e e B e T

Biomass

In 2008
+« People: 180
« Annual budget: 28.6 M€
» External funding: 13.5 M€

Nanomaterials for Energy
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BOTTLENECKS (1/4)

» Specific behaviours:
cen) — Compressibility : this gaz is not perfect
— Hydrogen - Material Interaction
e Concerns:
— Transportation
— Distribution
— Storage
e Impacts:
— Technology
— Cost
— Safety
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BOTTLENECKS (2/4)

Comparaison avec I'Encyclopédie des Gaz
(avec facteur correctif)

e=9 Compressibility

The most energetic element
«1kgH2 # 2.75kg gasoline

But it’'s agaz
*INm3 H2 # 0.34 L gasoline

Facteur de Compressibilité Z

And it’s not perfect

PV =ZnRT

*Pressure x2 =>70% d’'H2
more

Pression (MPa)
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BOTTLENECKS (3/4)

* Interaction Hydrogen-Materials: Embrittlement of
metallic pipe for H2 Transportation
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BOTTLENECKS - (4/4)

 Interaction Hydrogen-Materials : Permeation of
polymeric liner and tube for H2 Distribtion and Storage
vessel

. Hydrogen permeability of metals et composite materials Permeability
Log Permeability (mol/s/m/Pa*?)
(mol/s/m/Pal/2)
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CHALLENGES vs APLLICATION

Main Target for automobile
application :

Compact
Light
Safe
Cheap

Quick filling

Durability

2015 target

2010 target

Chemical
Hydrides

Complex Metal

Hy drides
* Prejection

Liquid H2

10000 psi
gas

5000 psi gas

8 witiy
1.0
1.4
06"
0.8
1.2
1.7
0.3
1.6
o W kWhiL
1.9 m kWhikg

0 1 2 3 4
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¢S

CHALLENGES vs APLLICATION

Main Target for Stationary & niche market
application : High Specific Value

— Compact (ex submarine)
light
— Safe

— Durability
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WAYS FOR SUCCESS (1/3)

s Compressed Gaz Technology s

Type IV
(plastic lingr)

&0 T
{ahuminkum liner)

Type T facier)

*Type |. Made of metal. These are currently the most

spread and cheapest high pressure vessels. They are

widely used in industry to store hydrogen as an

industrial gas from 150 to 300 bar;

*Type Il: Made of a thick metallic liner hoop wrapped .

with a fiber-resin composite, used for stationary Type 1 . Type 2
application when higher pressures are required; all metal :::;l‘:;:rmj
*Type Ill: Made of a metallic liner fully-wrapped with a

fiber-resin composite and is intended for portable

applications; T Thn
*Type IV: Made of polymeric liner fully-wrapped with a / D g
fiber_—resfin composite a_md 5 int_ended .for portablc_a Type 3 | Type 4
applications. The port is metallic and integrated in the ;

Fully wrapped Fully wrapped

structure (Ca”ed bOSS)-[l] metallic liner non-load carrying
(plastic) liner
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WAYS FOR SUCCESS (2/3)

« Solid Storage technology

¢S

— PhysicalHydrid -> no way for automobile

— Chemical Hydrid -> recycling problem-> NaBH4

stopped by DOE

— Adsorption, MOF, nanotube, ..., ->breakthrough

2015 System Target

2010 System Target
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= IODK, 1.5Jﬁn: B NaAlH, A
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S 204 20000 Cre.l o A
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_,-"'* "~ (Composit materia)
o 200 7> ar
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WAYS FOR SUCCESS (3/3)

e LIQUID STORAGE : more compact but

— Boll-off
&0
S — Cost
— Energy to liquify
LH2 - Tank System —
ot -Irbislatiod : _ i eised
Iyl proslse W,
fillirg Hie - SUEpENEkn

Gas exlraction
licgialed Extrahn

Nkl Hrychiger
(253 Ch

fidlely wibpe

Gaceraiis Hydrogen
' Lr0RC up b +B0PC)

electiical heater -
Iewersing vatoe
(iparsesoniies / liquid)

DRT/DPSE - 6th National Hydrogen Congress, Arnhem 11 Dec. 2008 13



PROGRESS IN FRANCE

Embase métallique

« Compressed Gaz Technology: \J.
ol

— 10 years permanent improvment
o — 8 patents, 1 licensing, TUV Certified

:
-
e
3
Polymere —»

<< —a Composite
Fibre carbone + résine

ofeo. 201
Vi Iy Ml H2E 7

.
Réservoirs type IV @ 700 bar 4 liners rotomoulés »)
Bouteille intelligente avec F.O. intégrées (diagnostics in situ, contrble 2011 ‘Y
thermique, autonomie, possibilité réépreuve non destructive...) +* )
i L\ HYPE R

m m ,k‘ Réservoir MONOPOLYMERE @ 700 bar
. . Paroi unique assurant étanchéité + structuration
1 3:_ _ R HYBOUNIEr*

Nouvelle génération matériaux pour Liner STORHY A

Réservoirs type IV @ 700 bar & liner thermodurs

+*

/yj 2005 Réservoirs type IV @ 700 bar ﬁ
o , I PO LYSTOCK Liner PAG obtenus par rotomoulage réactif

Réservoirs type IV @ 350 bar
Matériaux & procédés innovants 2002

ﬁ 2000 PHYSE Exploration concepts matériaux barriére H2 a
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PROGRESS IN FRANCE

« Solid Storage Technology:
— Fit metallic alloys with works specification at system level
o — 10 kg LaNi/100g H2
- — 15h load at 3.5 bar/9h discharge at 1.5 bar

détendeur

H
—_— P
Reformeur = . S P PAC

énergie

H, H,

Réservoir
tampon

Utilisateur
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¢S

PERSPECTIVES

» Carbon Fiber represents 80% of the total cost
* Low mass production impact

— Use glass fiber ?

— Reduce safety factor : P, ../P

burst’' use

Safety Factor
Reduced

v

d
<

Safety factor

use

)

e

I:)bu rst
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PERSPECTIVES

« SHORT TERM APPLICATION : Chemical Hydride for loading Cell Phone

4.;!‘1_-:_-' = T
r;’;t_u'!""ﬂ." o

N ¥ iy
7 - ok L

.:ﬁha L g f-ﬂ"-"‘ 3

. ..'.:1.'\ '.1 _‘_,.'* Rt ”-.'. s
‘Eau + Catalyst

4 H2 + NaBO2
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Is there innovative way to investigate?

@ Characteristic
* gmoyen =30 um
» 20 g H,/ litre of
microball
» 55 g H,/ kg of
microball

@ Load conditions
+ 1000-1500 bar
« 300-400 °C
«1-2h

=5

3M : MicroBall of glass

CEA : MicroBall of glass

@ Charasteristic
- gaverage : 500 um
2 g H,/ litre of microball
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THANK YOU FOR YOUR ATTENTION AND SEE YOU IN...

.In Assél-ciatil:m with: . . COMFEREMCE - SCOPE

@ The Fd [nternational Conference on Hydrogen Safety (ICHS) will be
(Trys) /i conductsd o behsif oF the Eupopesn  Commsion aod B
i Pt At Frtl Intermational Parnership for the Mydragen Economy (TPHE) by

' HySafe (Safety of Hydrogen es an Energy Carrier), B Metwork af

— Excellance (NoE) of the VI Eurapean FWP (UE cordract SESE-CT-

EU NoE H\FSHfE “f ]* 1 004-502630). The conference wil be heid in Ajsccia, Carsica an

Saptember 15-18, 2009, and & being organized in calaborstion with

. the prircipal EU and intermetional projects an o salety. The

" Safety of Hydrogen as an Energy Carmier™ R HPNIOgOn SRR TR BCHES wil fucun an the iprovement, 'I\m'\'lu:iq:.dmfmhxrdmu

. of hyd 84 to fostsr removal of safety-relatsd barmiers o

with the endorsement of: f o o e e

= - improve public awsrensss snd trust n bpdrogen technologies by

ca e RN N NN LAY communicating & better understanding of both the Heks sssociated

: Task 19 - Hydrogen Safety with tydrogen and their management. Since the ICHS will foous an

W5 DEPARTHENT OF H safety isies and measures b encourBpE more aEctensive use of
ENERGY ﬁ. hrpdrogen-besed technologees, it contents will be different from ckher
3 e L hpdragan conferences, All coninbubions o be included in the ICHS

s ey FyLLEr will be evaliated sedusively in the light of their scentific content and

ot Pt Hychmpin benavy relevances to hydrogen safety. Papers Lthat do not focus on safety

imsies will not be accepbed.
invites to the:

7 ICHS

ICHS CONFERENCE — STRUCTURE

The 3 ICHS will include iwited plenary seesions, - lopical ectures,
and parallel and poster s266lons of coranibuted papers.

International Conference Qe cf the main objectives of the Carfersnce s to provide & pesform
for the presentaticn of the final results of projecs.

] Esch day, the Corferencs will start with & plenary session on themes

Gﬂ Hydfﬂgﬂf’ ."_;ﬂfEfy thet are particilardy relevant for cafe snd ﬂiduptr';d hydrogen uee in

contemparary society, such st technologies, infrastructune and public

SE'I.DFEIHE?EF 15 - 1’3’ 2(){}9 safety, retsarch & development, risk managemant and insurance.

The plenary thematical session will be followed by parallel sestions
faaturing invited tapical presentations and mnirbuted papers,

Ajaccio — CORSICA, FRANCE

7 X ICHS 3 THEMES AND TOPICS

2™ Call for Paper il
Thems 1t Bailding Public A of Hydrogen Safety
Local Organizations: o Hydrogen as en Energy Carrisr; Past, Present and Future
o Progress in Cloging Knowledge Gapa

H’iLL"f“ri o Current Applcations; Partable, Mobile snd Stationary

: :'_ - o Safety Traning Techniques and Programs
Ce:] o o Methods for Adhieving Public Awareness

F'F':::IMI' AL LHY o Technical Propress and Knowledge Bulding in Codes and

— : Senpdards
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