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A numerical and experimental investigation of a Proton 

Exchange Membrane (PEM) electrolyser has been carried out 

in order to study the effect of flow fields and membrane 

electrode assembly (MEA) characteristics on the overall 

performance. These components account for about half of the 

cost of a PEM electrolyser and a quarter of the cost of a 

complete hydrogen production system by electrolysis. In this 

context, an optimization by mathematical modelling followed 

by an experimental demonstration has been carried out.  

Bipolar plates represent key components in a PEM 

electrolyser (Fig. 1)  because it must ensure the even 

distribution of fluids (water, hydrogen and oxygen) to the 

reaction areas. An uneven distribution of fluids may 

negatively influence the heat transfer in the cell and 

implicitly, its performance. 

The performance of the PEM electrolysis cell depends on the 

reaction kinetics that occurs inside the catalyst layer. It is 

necessary to analyze the three-phase interaction (membrane-

catalyst-water) and the species transport (water, hydrogen 

and oxygen) to and from the catalyst layer to the adjacent 

layers (membrane and gas diffusion layer). Different 

properties of MEAs are numerically simulated in order to 

understand their influence on the performance.  

 

 

 

 

 

 

 

 

 

 

Figure 1. PEM electrolyser (up), fluid flow channels (bottom, 

left) and bipolar plate (bottom, right). 

 

ANSYS Multiphysics 17.0 with the Fuel Cell and 

Electrolysis Model has been used to solve the conservation of 

mass, momentum, species, energy and charge equations. The 

3D CFD model analyzed the influence of design (bipolar 

plate configuration, membrane thickness) and operating 

parameters (voltage, pressure, temperature) on the PEM 

electrolyser performance. The simulations were carried out 

using specific boundary conditions (mass flow rates, species 

mass fractions) and properties (porosity, permeability). 

Different properties of MEAs and bipolar plates have been 

taken into account in order to understand their influence over 

the electrochemical process and performance. The 

simulations carried out revealed that (i) the pin dimensions 

from the bipolar plate do not have a big influence on 

electrolyser performance, (ii) a higher active area of the 

catalyst can lead to an increase of the performance, (iii) an 

optimum membrane thickness (50 microns) was obtained. 

The aim of PEM electrolyser optimisation is to maximize the 

hydrogen production. Fig. 2 presents the hydrogen mass 

fraction in the catalyst layer for various membrane 

thicknesses. It can be noticed that starting from the inlet, 

where there is no hydrogen (only water is supplied), the 

generation starts to takes place as the reaction proceed 

therefore, the mass fraction of hydrogen increases. A 

maximum hydrogen mass fraction of 0.165 was obtained for 

the 50 microns thickness as compared to only 0.111 for 75 

microns and 0.056 for the 160 microns. In terms of mass flow 

rate, we obtained a hydrogen generation rate at the outlet of 

the PEM electrolyser of 0.06 mg/s for the 50 microns 

membrane, 0.049 mg/s for 75 microns and 0.032 mg/s for 50 

microns at 2V cell potential difference. 

 

 

 

 

 

 

(a)                  (b)                          (c) 

Figure 2. Hydrogen mass fraction in catalyst layer for various 

membrane thicknesses at 2V: (a) 50, (b)75, (c)160 microns. 

 

Our analysis was intended to give an insight into physical 

mechanisms that can influence a PEM electrolyser and to 

optimize some parameters in order to maximize the hydrogen 

production. The CFD modelling is the easiest way to evaluate 

the dynamic behaviour of the processes and to establish the 

effect of different changes in materials, configurations and 

operating conditions for any electrochemical device or 

system. 
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