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Fuel cell basics:
A fuel cell is a device that creates electrical power from a 
chemical reaction between hydrogen and oxygen. The only 
by-products are water and heat.
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How does it 
work?The electro-chemical reaction splits hydrogen into a proton

and an electron. The proton passes through a membrane 
and the electron travels through a conductive electrode 
generating electricity.

Fuel cell charge transport
Schematic. (Lin, B., 1999.) 

Allowing this to 
occur
is the polymer 
electrolyte
membrane. This     is 
where
these fuel cells    
get their
names.

Why do we need them?
Greenhouse gas emissions from fossil fuel vehicles are 
damaging the environment. Fuel cells do not emit any 
GHG.

What is the aim of the project?
This project aims to determine if fuel cells are
viable as future motorcycle powertrain alternatives.

How will this be achieved?

Using traditional methods, in-cell parameters will
be determined. This data will be used to develop a
mathematical model that can then be used to scale 
this model to power a mid-sized, zero-emission
motorcycle.

What needs to be calculated?
When fuel cells operate there are certain 
losses encountered. These detract from the theoretical 
max output of 1.23V The reason for these losses and 
their magnitude must be found. 

Fuel cell polarization curve (Fuel cell store. 2017)

How do we calculate this?
Through thermodynamic principles and 
derivations of empirical formulae, losses 
can be found, these losses are:
• Ohmic (Ohms Law)
• Activation (Butler-Volmer)
• Concentration (Derived from mass flow)
These losses can result in a low cell output
and must be minimised to ensure adequate
power characteristics of the cell.

What do we do with the data?
When the results are found, a model 
can be created in MatLab to allow 
scaling to desired power output in a 
fuel cell stack.

180 cell, fuel cell stack power curve and integrated motor stack design

Total CO2 emissions globally 2017 (Gosh 2019)

Total power output of 24kW @ 260A in parallel Total mass 42Kg

What was discovered?
• PEM fuel cells operate most efficiently 
at approx. 80°C and at pressure above 
ambient when high current is being drawn.
• Adequate supply of reactants is required
at high current demand due to concentration
losses.
• Gas diffusion layer design to remove product 
water has a large influence on cell output.
• PEMFC’s could be implemented on motor-
Cycles but cost is still highly prohibitive.

Mock cell stack fitted in cradle type frame to illustrate dimensions

Serpentine type hydrogen flow channel on bi-polar plate
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