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 To optimise the electrical performance of proton exchange membrane (PEM) 

fuel cells, a number of factors have to be precisely monitored and controlled. 

Water content is one of those factors that has great impact on reliability, 

durability and performance of PEM fuel cells. The difficulty in controlling 

water content lies in the inability to determine correct level of water 

accumulated inside the fuel cell. In this paper, a model-based technique, 

implemented in COMSOL, is presented for monitoring water content in PEM 

fuel cells. The model predicts, in real time, water content taking account of 

other processes occurring in gas channels, across gas diffusion layers (GDL), 

electrodes, and catalyst layer (CL) and within the membrane to minimize 

voltage losses and performance degradation. The level of water generated is 

calculated as function of cell’s voltage and current. Model’s performance and 

accuracy are verified using a transparent 500 mW PEM fuel cell. Results 

show model predicted current and voltage curves are in good agreement with 

the experimental measurements. The unique feature of this model is that, no 

special requirements are needed as only current, and voltage of the PEM fuel 

cell were measured thus, is expected to pave the path for developing non-

intrusive control and monitoring systems for fuel cells. 
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1. INTRODUCTION  

Proton exchange membrane (PEM) fuel cells have strong potentials as they offer clean, noise free 

and relatively inexpensive sources of clear electrical energy. Unfortunately, they suffer some drawbacks 

including low reliability due to a number of common failure modes such as degradation, poisoning, hydration 

and dehydration. Hence, optimisation of water content is critical for smooth operation of PEM fuel cells and 

subject of on-going research works. To minimize voltage losses and enhance performance of PEM fuel cells, 

water inside them has to be properly managed in line with processes occurring in gas channels, across the 

GDL (gas diffusion layers), electrolyte, catalyst and membrane. Additionally, membrane needs to be 

hydrated well in order to enhance its conductivity and to ensure good performance while gas channel and 

GDL need to be protected from flooding.  

In addition to water level in membrane and GDL, relative humidity (RH) and the formation of water 

droplets in the gas channels are identified as key parameters need to be managed [1]. Water is produced 

through the electrochemical reaction (see Figure 1 and Equations (1)), with the reactant gas needing to be 

humidified to assist in membrane humidification in order to enhance ionic conductivity. In-membrane water 

transport leads to back-diffusion and electro-osmotic drag [2]. Accordingly, the ideal water level is not easy 


