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Existing Hydrogen infrastructure

¢ Pipelines (~2000 km)
aSpecifications : Chemical Industry

¢ Large Plants (NG based SMR)
aSpecifications : Refineries

¢ LH2
aSpecifications : >99.9999%

¢ Cylinders
aVarious grade: Case-by-case basis
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Future European Hydrogen Infrastructure 

¢ Large H2 production plants (20 to >100,000 m3/h) able to 
produce H2 at low cost with CO2 mitigation, distributed by
aPipeline network
aCylinders
aLiquid H2

¢ Small delocalized production units

èDriven by largest & most demanding consumer
Transport & PEM Fuel Cell

HYPOGEN
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Hydrogen Fuel Quality Specification
(ISO TC197 WG12 – nov9, 2006, HNEI, Honolulu)

¢ The fuel specification must
aBe compatible with automotive FC system performance & 

total life cycle costs
aBe developed via a consensus process using input from key 

stakeholders
aBe practical, sustainable & cost effective to implement & 

operate at H2 stations
aBe feasible for H2 production & purification
aUse applicable standardized methods for measurement & 

monitoring
aBe based on experimental data, analysis & verification
aBe compatible with durability & performance requirement of 

the FC
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Actors ….

¢ ISO specifications issued (ISO TS14687-2)

¢ SAE :   harmonized with ISO’s

¢ ASTM

¢ Dynamis
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ISO main specifications
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Issues

¢ A moving target
aFC requirements are changing with the development of new 

materials (lower precious metal loading)

¢ Lack of experimental data
aEffect of various impurities
aLong term effect
aNumerous configurations

è Non mature technology
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Publications of test work at various labs for a decade

¢ Public & private Labs
aJARI
aLos Alamos NL
aNERL
aGTI
aTechnical University of Denmark
a….

aOMG dmc2
aAir Liquide & Axane
a…
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JARI Source
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JARI Source
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H2 Impurities                    (from Air Liquide’s Labs)

¢ Carbon Monoxide (CO)
a Mechanism – Adsorption of CO onto Pt sites, oxidation of CO to 

CO2, desorption of CO2
• Equilibrium is established
• Fully recoverable

a Results
• 0.5 ppm – Small observable loss beginning at 70 hours
• 1.0 ppm –Time to reach equilibrium 32 hours, 20 % voltage loss
• 4.5 ppm – Time to reach equilibrium 10.7 hours, 42 % voltage loss
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H2 Impurities             (from Air Liquide’s Labs)

¢ Hydrogen sulfide (H2S)
aMechanism – Adsorption of H2S onto Pt sites followed by 

oxidation to sulfur
• Cumulative in nature
• Not easily recoverable

aConcentrations tested à 0.25, 0.5, 1.0, 2.0

¢ Results
a 0.25 ppm H2S – No observable voltage loss (for 100 hours)
a Higher concentrations – “Linear” voltage drop over time
a Recoverability – Limited recoverability after impurity removal
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H2 Impurities                  (from Air Liquide’s Labs)

¢ Ammonia (NH3)
a Mechanism – Long term exposure results in loss of proton 

conductivity 

a Concentrations tested à 0, 0.5, 1.0, 9.0, 44 ppm NH3

• Results
• 13 % drop of 44 ppm

• Recovery
• 93 % recovery after 20 

hours for 44 ppm

Impurity shut off
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Key Impurities

¢ CO
¢ S compounds
¢ NH3

¢ Inerts (N2, Ar, He)
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H2 Purification

¢ NG SMR
¢ NG ATR/O2 or Air
¢ Coal Gasification
¢ Lignite Gasification

è Pressure Swing Adsorption (PSA)
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Example:  4 adsorbent layers
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Gas / adsorbents affinity (2)

CHOICE OF ADSORBENTSCHOICE OF ADSORBENTS

MolecularMolecular
SieveSieve

ActivatedActivated
CarbonCarbon
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* benzen, toluen, xylen
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Gas / adsorbents affinity (1)

Relative strength of adsorption
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The relative strength depends on the affinity between the  
adsorbent and the molecule you want to trap.
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H2-PSA – a large range of plants

Holland,
13 000 Nm3/h

Spain,
49 000 Nm3/h

Belgium,
100 000 Nm3/h
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PSA Efficiency
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Effect of impurities on H2 Storage & Distribution

¢ Pipelines

¢ Cylinders  Metal to Polymers (Type IV)

¢ Cryogenic Tank   
LH2   20°K    <99.9999% (TSA Purification)
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Conclusions

¢ Needs

aFor additional research work on influence of impurities 
(including inerts), with more materials & longer test periods

aTo better share information of consequences of unrealistic 
specifications (ex: 4 vpm S-compounds) on H2 production 
costs

aFor stronger involvement of European actors into 
international organizations (ISO)


