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General activities 

• Modeling 
– Ranging from micro scale to macro scale 

• From detailed component design to model based 
control 

• Experimental characterization 
– Component behavior vs. operating conditions 

• Temperature, pressure, load characteristics 

• System design, control and testing 
– Micro CHP, Backup power, range extension 
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Grid balancing 



Reformed methanol for HTPEM 

• Methanol would be the perfect fuel and improve system efficiency 
compared to hydrogen if: 
– We could steam reform it at 160C and S:C=1.0 with no CO formation 

and no methanol slip! 

• These challenges are key to many of our research activities 
• NB: Methanol is available today, it can be produced entirely from 

renewables and is not constrained by available biomass resources. 
 



Experimental setup 

Reformer reactor 

Water and methanol dosing pumps 

• Gases analyzed for: 
–  H2, CO, CO2 and CH3OH 

 



Reformer model outline 

• ANSYS FLUENT v13 

– 3-dimensional flow, heat and mass transfer 

– Catalyst bed modeled as porous media 

• Bed and gas in thermal equilibrium 

– Reaction scheme and rates adapted from Purnama et al. 2004, Applied Catalysis A 

– Tube walls modeled as 1-D conducting elements 

– S:C 1,5 and inlet temperature 200°C 

– Reactions: 

Catalyst containing tube 

External heating 



Measured and predicted slip 



Measured and predicted CO 



External heating 

Axial conversion profiles 

Profiles 



Influence from S:C ratio 



Test facilities 



EIS based analysis of HTPEMFC 

 



EIS based analyses of HTPEMFC 



Reformed methanol fuelled HTPEM 



Advanced impedance simulations 

 



Changes in MEA components 



• Methanol is a promising fuel for HTPEM fuel cell system 
– Excellent system efficiency 
– Support 100% renewable energy production 
– Electricity grid balancing potential  

• An optimization potential still exists for methanol reformers to reduce CO 
production and methanol slip 

• More work is needed to understand and reduce the influence from CO and 
methanol on HTPEM-FC performance and durability 
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