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"I want to drive to my local petrol station and fill up 

with 50 Litres of wind...“ 

Peter Hoffmann 
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Customers buy products which are 

complete systems 

• Power system 

• Water system 

• Gas system 

• Control and communications system 

• At the heart of each system is a stack 

HYDROGEN ENERGY SYSTEMS 

TECHNOLOGY 

HYDROGEN ENERGY SYSTEMS 



An electrolyser stack is at the heart 

of every hydrogen energy system 

• Efficiency 

• Response time 

• Scale 

• Pressure 

• Cost 

CORE TECHNOLOGY 

TECHNOLOGY 

HYDROGEN ENERGY SYSTEMS 



STACK SCALE UP 
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STACK SCALE UP 

The stack is key to reliable scale up 

• 2009: HCore; 0.4kg/day 

• 2010: LAM1;  1.3kg/day 

• 2011: LAM2;  5.0kg/day 

• 2012: HGas;  25kg/day 



CE MARKED 

PRODUCTS 

HBOX SOLAR 

HPAC 10 

HPAC 40 

HFUEL 



Product compliance is now an area of 

considerable expertise 

COMPLIANCE 

PRODUCTS 

FROM TECHNOLOGY TO PRODUCTS 

ISO 

• ISO 9001 

• ISO 14001 

• ISO 18001 

CE Marking 

• PED 

• LVD 

• MD 

• EMC 

Compliance 

• HAZOPS 

• HSE 

• Fire Service 

• Planning 

Product Standards 

• BSI PVE 3/8 

• ISO/TC 197 

• BSI GEL 105 

• ISO/TC 105 



Packaging and cost reduction 

SMALL PRODUCT RANGE 

CE MARKED PRODUCTS 

FROM TECHNOLOGY TO PRODUCTS 



HFUEL PLATFORM 

ON SITE HYDROGEN GENERATION 

HFUEL PLATFORM 

A fully compliant hydrogen refuelling system for small fleets 

• From 5kg/day to 400kg/day 

• CE compliance achieved for integrated system 

• Modular at both stack and container levels 



MEASURING 

DEGRADATION 

STACKS 

SYSTEMS 

TESTING 



MEA TESTING 
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DEGRADATION OF MEMBRANES, 

CATALYSTS AND MEA’S 

• Performed in small scale single cell tests. 

• Multiple tests performed on each 

variation. 

• Measured as standard:  

• Voltage rise 

• Electrochemical Impedance 

Spectroscopy (and other 

electrochemical techniques) 

• Water analysis (ICP-MS, TOC, 

Conductivity, pH)   

•  Allows fundamental development studies 
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EX-SITU TESTING 

ACCELERATED DURABILITY TESTING 

Lifetime tests are not feasible for the 

evaluation of new electrolyser materials  

• Membrane chemical degradation (Fenton’s 

reagents) 

• Three electrode CV cycling (catalyst) 

• High current densities 

• High temperatures 

• Monitoring membrane degradation chemically 

• Chemical degradation additives 

• Electrochemical corrosion testing  



STACK TESTING 

ENERGY STORAGE | CLEAN FUEL 

STACK TESTING 

• Intermittent operation 

• Tests performed at pressure 

• Materials of construction tested 

• Voltage rise, crossover monitored continuously, water analysis, EIS 

• Post mortem analysis   
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PRODUCT REFERENCE PLANT: HFUEL 

PRODUCT REFERENCE PLANT 

HFuel and the HOST Trials 

• 3 hydrogen vehicles 

• 21 commercial partners 

• Trials throughout the UK & Germany 

• Balanced across 7 industrial sectors 



DEGRADATION 

MECHANISMS 

TESTING AND 

PREVENTION 
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DEGRADATION STUDIES 

POSSIBLE DEGRADATION MECHANISMS 

• Catalyst agglomeration 

• Membrane (chemical) scission  

• Membrane puncture 

• Manufacture 

• Hotspots 

• Mechanical degradation 

• Corrosion  

• Membrane poisoning 

(crosslinking by metal ions) 

• Catalyst poisoning 

• Balance of plant failure 
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PRODUCT REFERENCE PLANT: UON 

CORROSION OF M.O.C. 

 

     

 

 
Cell 7 

 
Cell 9 

 
Cell 10 

 
Cell 11 

 
Cell 12 

Cell 8 

• Unexpected result (EIS) measured 

at end of life 

• High frequency time constant was 

current dependent implying failure 

mode was electrochemical  

• Actually due to corrosion of stack 

components (tunnelling was cause 

of current dependence) 

• Corrosion caused by membrane 

degradation products 

• Solution now implemented on all 

stacks 
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ACCELERATING DEGRADATION 

 

     

 

Factors that increase degradation:  

• Current Density 

• Temperature 

• Pressure 

 Lower current density  

Higher current density 

DEGRADATION STUDIES 



Summary 

• Degradation accelerated by temperature, current 

density, and pressure 

• Most degradation is preventable (but solutions may be 

expensive) 

• Degradation testing is long and expensive 

 

 

 

 

 

 

ITM POWER DESIGNS 

AND MANUFACTURES 

HYDROGEN ENERGY SYSTEMS 

FOR ENERGY STORAGE AND 

CLEAN FUEL PRODUCTION 

PEM ELECTROLYSER DEGRADATION 

MECHANISMS AND PRACTICAL SOLUTIONS 
MARCH 2013 



CORPORATE 

AN END TO OUR RELIANCE ON FOSSIL FUELS 

THANK YOU  

YouTube | Face Book | Twitter  

 

• 4 Language Websites 

• YouTube: 732, 440 views 

• Face Book: 154 Friends 

• Twitter: 877 Followers 


