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« New Technologies for Energy » program

1999: Creation of « NTE » program

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

Solar energy (INES)

Biomass

Hydrogen

Nanomaterials for Energy

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
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BOTTLENECKS (1/4)

• Specific behaviours:
– Compressibility : this gaz is not perfect
– Hydrogen - Material Interaction

• Concerns:
– Transportation
– Distribution
– Storage

• Impacts:
– Technology
– Cost
– Safety
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The most energetic element
•1kgH2 # 2.75kg gasoline

But it’s a gaz
•1Nm3 H2 # 0.34 L gasoline

And it’s not perfect
•PV =ZnRT
•Pressure x2 =>70% d’H2 
more

Compressibility
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BOTTLENECKS (3/4)

• Interaction Hydrogen-Materials: Embrittlement of 
metallic pipe for H2 Transportation

Time

Load

Delayed failure

Crack effect

I=PHe /PH2 <2
(16 observed !)
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Hydrogen permeability of metals et composite materials
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BOTTLENECKS - (4/4)

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

Liner polymer CEA
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CHALLENGES vs APLLICATION

Main Target for automobile 
application : 

– Compact
– Light
– Safe
– Cheap
– Quick filling
– Durability
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CHALLENGES vs APLLICATION

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

– Compact vs light (ex submarine)
– Compact vs light
– Safe
– Cheap
– Quick filling
– Durability
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WAYS FOR SUCCESS (1/3)

• Compressed Gaz Technology

•Type I: 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 II: Made of a thick metallic liner hoop wrapped 
with a fiber-resin composite, used for stationary 
application when higher pressures are required;
•Type III: Made of a metallic liner fully-wrapped with a 
fiber-resin composite and is intended for portable 
applications;
•Type IV: Made of polymeric liner fully-wrapped with a 
fiber-resin composite and is intended for portable 
applications. The port is metallic and integrated in the 
structure (called boss).[1]
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WAYS FOR SUCCESS (2/3)
• Solid Storage technology

– PhysicalHydrid -> no way for automobile
– Chemical Hydrid -> recycling problem-> NaBH4 

stopped by DOE
– Adsorption, MOF, nanotube, …, ->breakthrough

2010 System Target

2015 System Target
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WAYS FOR SUCCESS (3/3)

• LIQUID STORAGE : more compact but
– Boil-off
– Cost
– Energy to liquify
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PROGRESS IN FRANCE

• Compressed Gaz Technology:
– 10 years permanent improvment
– 8 patents, 1 licensing, TÜV Certified Liner Polymère

Embase métallique

CompositeComposite
Fibre carbone + résineFibre carbone + résine

Dôme polymère
de protection

Liner Polymère

Embase métallique

CompositeComposite
Fibre carbone + résineFibre carbone + résine

Dôme polymère
de protection
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PROGRESS IN FRANCE

• Solid Storage Technology:
– Fit metallic alloys with works specification at system level
– 10 kg LaNi5 /100g H2
– 15h load at 3.5 bar/9h discharge at 1.5 bar
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PERSPECTIVES
• Carbon Fiber represents 80% of the total cost
• Low mass production impact

– Use glass fiber ?
– Reduce safety factor : Pburst /Puse

Safety Factor

PburstPuse

S
Improve 
filling station Improve coiling 

process

Reduced
Safety factor
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PERSPECTIVES

• SHORT TERM  APPLICATION : Chemical Hydride for loading Cell Phone

Eau + Catalyst NaBH4
+

Catalyst
2 H2 O + NaBH4 

4 H2 + NaBO2
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Is Is therethere innovativeinnovative wayway to to investigateinvestigate??

3M3M : : MicroBallMicroBall of glassof glass

CharacteristicCharacteristic
∅∅moyenmoyen = 30 = 30 µµm m 
20 g H20 g H22 / litre of / litre of 
microballmicroball
55 g H55 g H22 / kg of / kg of 
microballmicroball

LoadLoad conditionsconditions
10001000--1500 bar1500 bar
300300--400 400 °°CC
11--2 h2 h

500 µm500 µm

CEACEA : : MicroBallMicroBall of glassof glass

CharasteristicCharasteristic
∅∅averageaverage = 500 = 500 µµm m 
2 g H2 g H22 / litre of / litre of microballmicroball
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THANK YOU FOR YOUR ATTENTION AND SEE YOU IN…
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