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Activities since 2004Activities since 2004
CommercialCommercial

Fuel cell education toolsFuel cell education tools
Fuel cells test equipmentFuel cells test equipment

Laboratory hardwareLaboratory hardware

ResearchResearch
Innovative fuel cell designsInnovative fuel cell designs

New conductive materials for New conductive materials for 
fuel cellsfuel cells
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Hydrogen to store energyHydrogen to store energy
Which solutions to store massive amount of energy?Which solutions to store massive amount of energy?

Hydrogen : 120MJ/kgHydrogen : 120MJ/kg

Electrolyser Fuel CellFuel Cell

Gridrenewables

H2 storage

Power for: 
- Mobility
- Stationary
- Network
- UPS
…



«« PurePure »» HH22 storagestorage

Liquid form (LHLiquid form (LH22 ))
High storage density : 15%High storage density : 15%
High volumetric density : 0,23 High volumetric density : 0,23 
kWh/LkWh/L

Storage temperature : 22KStorage temperature : 22K
Vaporization issueVaporization issue

Material issuesMaterial issues
Highly  isolating materialHighly  isolating material
Material able to withstand very Material able to withstand very 
low temperaturelow temperature

Gaseous formGaseous form
Low/average storage density : up to Low/average storage density : up to 
5%5%
Low volumetric density : 0,016 Low volumetric density : 0,016 
kWh/LkWh/L
Easy to deliver (pipeline)Easy to deliver (pipeline)

Hydrogen build upHydrogen build up

Material issuesMaterial issues
Hydrogen build up and Hydrogen build up and 
consequences (cracking and consequences (cracking and 
fissure)fissure)
Material able to bear high pressureMaterial able to bear high pressure
Weight issue to increase storage Weight issue to increase storage 
densitydensity

Moderador�
Notas de la presentación�
LH2 : 

Stocké sous forme liquide c’est le moyen de stockage où l’hydrogène a la plus grande densité. 

C’est ainsi que l’on peut atteindre des densité de stockage de l’ordre de 15%.

Cependant, l’hydrogène est l’élément le plus compliqué a liquéfié à cause d’une température d’ébullition de 22K. 



Besoin de matériau très isolant, résistant a des températures proches du 0 absolu



Cout de stockage assez élevé



Forme gazeuse:

Densité de stockage moyenne dépendant des materiaux des réservoirs et de la pression interne.

350Bars en standard aujourd’hui jusqu’à 700 bars.



Besoin de materiaux légérs et resistant aux contraintes mécaniques => composites



Cout de stockage faible�



Chemical storageChemical storage 
Reversible metal hydridesReversible metal hydrides

Properties of some material to adsorb and release hydrogen Properties of some material to adsorb and release hydrogen 
according to the pressure and temperature conditionsaccording to the pressure and temperature conditions
e.g. Fee.g. Fe--Ti alloy, Mg, LaNiTi alloy, Mg, LaNi55

Low/average storage density : up to 5%Low/average storage density : up to 5%
Various temperatures for refuelling/discharging processVarious temperatures for refuelling/discharging process
Long term stabilityLong term stability
High safetyHigh safety
Low storage costLow storage cost

Average to high purchase costAverage to high purchase cost

Material issuesMaterial issues
Powder dimension as important element Powder dimension as important element 
Suitable for mobile applications as well as stationary.Suitable for mobile applications as well as stationary.
Alloy/mixture componentsAlloy/mixture components

Moderador�
Notas de la presentación�
Stockage chimique:

Densité de stockage faible à moyenne dépendant des matériaux utilisé et du reservoir.

Température d’utilisation très variable de 40°C (LaNi5) à plus de 350°C (Mg) => stabilité à long terme



Haute sécurité de par la nature des réaction chimique (endothermique pour le relachement d el’hgydrogène)



Cout de stockage faible

�



Carbon nanotubeCarbon nanotube
Hybrid way to store gaseous hydrogen into powder.Hybrid way to store gaseous hydrogen into powder.

High storage density expected (10 to 50% depending High storage density expected (10 to 50% depending 
on sources)on sources)
Low weightLow weight

ToxicityToxicity
Still under developpementStill under developpement

Material issuesMaterial issues
Production process needs to be scaled up to industrial Production process needs to be scaled up to industrial 
levellevel



ConclusionsConclusions
HH22 is complementary to renewable energiesis complementary to renewable energies
It is a great solution for storing large amount of It is a great solution for storing large amount of 
energy and converting it into electicity as energy and converting it into electicity as 
needed, leading to:needed, leading to:

optimized business modelsoptimized business models
optimized power distribution networksoptimized power distribution networks

Powders and nanotechnologies are a key Powders and nanotechnologies are a key 
sciences for delivering versatile and effective Hsciences for delivering versatile and effective H22 
storage techniques in the near future.storage techniques in the near future.
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