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1 	 Introduction
Polymer Electrolyte Membrane fuel cell (PEMFC) models are typically constructed from three 
separate modules; electrochemical module, energy balance and mass balance. The electro-
chemical behaviour (current-voltage characteristics) of polymer electrolyte fuel cell can be 
simulated with simple empirical or semi-empirical equations. However, the electrochemical be-
haviour is case-specific, so the parameters of the model need to be identified. In this work, two 
models modified from [1] and [2] are fitted for data of four different fuel cell stacks taken from 
literature. Model 1 consists of Nernst equation for the cell internal potential and three overvolt-
age loss terms including seven tuneable model parameters. Model 2 is considerably simpler, 
since it has only three tuneable parameters, one weighting factor for each loss term.

Genetic Algorithms have successful applications in parameter estimation and optimization in 
different areas e.g. biotechnical processes [3], catalytic cracking [4] and PID controller de-
sign [5]. Reference [6] reports on the use of real-coded genetic algorithms in the parameter 
identification of the wastewater treatment process modelled as Chemostat. This paper uses 
the similar algorithm. The objective function for the optimization is the squared sum of the 
error (SSE) between the simulated values and measured values.

2 	 Objectives of the research
The objective of the research is to optimize the parameters of the electrochemical model in 
order to produce as reliable simulation results as possible. In addition, the performance and 
flexibility of both models would be tested. Since genetic algorithms are a stochastic optimiza-
tion method, it is necessary to examine the variation of the optimal solution when repeating 
the optimization. Results from this could be verified with a sensitivity analysis made for the 
electrochemical model.

3 	 Results
The search space used for Model 1 is based on values used in similar models in literature [1, 
2, 7–10]. For Model 2, the range of weighting factors was from 0 to 3. Preset parameters 
for genetic algorithm are presented in reference [11] as well as the properties and operation 
conditions of the four fuel cells. For the three fuel cell stacks, there were only one dataset 
(i.e. polarization curve) available [8]. For the fourth fuel cell stack, four polarization curves in 
different operation conditions were available [9].

3.1 	The effect of the number of datasets used in optimization
The parameter identification algorithm finds parameters, which produce tolerable results in 
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each case. According to Fig 1 and Table 1, Model 1 shows better performance. From Fig 2 it 
is evident, that optimization with only one dataset does not give any generalizable results (Case 
1). If two datasets are used in optimization, the model predicts the fuel cell electrochemical 
behaviour much better (Case 2 in Fig 2). The results are more visible when observing the SSE 
values in Table 1. The gained SSE value for 250W fuel cell is better than in a similar work in [9].

Figure 1 Simulated polarization curves for different fuel cells with both models.

Table 1 SSE values for different fuel cells with both models when using one dataset and SSE values for 250W fuel 
cell with Model 1 when utilizing four datasets.

Ballard BCS SR-12 250W

Model 1 0,0918 0,1040 0,4475 0,1679

Model 2 2,4432 2,6729 3,0958 0,2931

Case 1 16,3265

Case 2 8,4854
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Figure 2 Simulated polarization curves for 250W fuel cell with Model 1. In Case 1, one dataset is used for optimization 
and three datasets for validation. In Case 2, two datasets are used for optimization and two datasets for validation.

3.2 	Statistical validity of the optimization 
Optimization was repeated 500 times and histograms of optimal parameters in each case were 
drawn. The distributions for Model 2 are almost normal and concentrated around the optimal 
value (Fig 3). This describes more or less a better confidence on the parameter values com-
pared with Model 1, which produces quite uniform distribution for several parameters. Using 
more than one dataset for optimization of Model 1 does not improve the situation. In general, it 
seems that the parameter ξ1 is dominating the optimization and the behaviour of the Model 1.

Figure 3 Parameter histograms for 250W fuel cell for both models. The optimal value for each parameter is 
shown as vertical line.

3.3 	Sensitivity analysis for Model 1
Normalized sensitivity analysis was used since it gives values, which are comparable between 
different cases. The results verified that ξ1 is an important parameter, although ξ2 had a lit-
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tle bit higher sensitivity. Also, ξ4 showed quite high sensitivity when comparing to the other 
remaining parameters. The results are in good conformance with [10].

4 	 Relevance of the research
The results show that Genetic Algorithms are an efficient way to identify electrochemical parame-
ters of the fuel cell model when simulating different fuel cells. Optimization should contain several 
datasets in order to simulate different operation conditions. Statistical information and sensitivity 
analysis indicate that the model is mostly affected by the parameter ξ1. Identified parameters for 
the electrochemical model give a more reliable starting point for the whole fuel cell stack model.

References
[1] 	Khan M and Iqbal M (2005) Modelling and Analysis of Electrochemical, Thermal,  
	 and Reactant Flow Dynamics for a PEM Fuel Cell System. Fuel Cells 5(4):463–475. 
[2] Wang C, Nehir M H and Shaw S R (2005) Dynamic models and model validation for PEM  
	 fuel cells using electrical circuits. IEEE Transactions on Energy Conversion 20(2):442–451. 
[3] Ranganath M, Renganathan S and Gokulnath C (1992) Identification of bioprocesses  
	 using Genetic Algorithm. Bioprocess Engineering 21(2):123–127. 
[4] Tao J and Wang N (2007) DNA computing based RNA genetic algorithm with  
	 applications in parameter estimation of chemical engineering processes.  
	 Computers and Chemical Engineering 31(12):1602–1618. 
[5] Chang W-D (2007) Nonlinear system identification and control using a real-coded genetic 	
	 algorithm. Applied Mathematical Modelling 31(3):541–550. 
[6] Sorsa A and Leiviskä K (2008) Real-coded genetic algorithms and nonlinear parameter ..  
	 identification. IS 2008 – IEEE International Conference on Intelligent Systems,  
	 September 6-8, 2008, Varna, Bulgaria. 
[7] Candusso A, Harel F, De Bernardinis A, François X, Péra M C, Hissel D, Schott P,  
	 Coquery G and Kauffmann J-M (2006) Characterisation and modelling of a 5 kW PEMFC 
	 for transportation applications. International Journal of Hydrogen Energy 31(8):1019–1030.
[8] Xue X D, Cheng K W E & Sutanto D (2006) Unified mathematical modelling of  
	 steady-state and dynamic voltage–current characteristics for PEM fuel cells.  
	 Electrochimica Acta 52(3):1135–1144. 
[9] Mo Z-J, Zhu X-J, Wei L-Y and Cao G-Y (2006) Parameter optimization for a PEMFC model 
	 with a hybrid genetic algorithm. Int. J. Energy Res. 30(8):585–597. 
[10] Corrêa J M, Farret F A, Popov V A and Simões M G (2005) Sensitivity Analysis of the 
	 Modeling Parameters Used in Simulation of Proton Exchange Membrane Fuel Cells.  
	 IEEE Transactions on Energy Conversion 20(1):211–218. 
[11] Ohenoja M and Leiviskä K (2009) Identification of Electrochemical Model Parameters 
	 in PEM Fuel Cells. Powereng 2009 – 2nd International Conference on Power  
	 Engineering, Energy and Electrical Drives, March 18-20, 2009, Lisbon, Portugal. 



Reference to this article: 

Ohenoja, M. and Leiviskä, K. (2009) Parametric Study of the Hydrogen 
Fuel Cell Electrochemical Model. In: Paukkeri, A.; Ylä-Mella, J. and 
Pongrácz, E. (eds.) Energy research at the University of Oulu. 
Proceedings of the EnePro conference, June 3rd, 2009, University of 
Oulu, Finland. Kalevaprint, Oulu, ISBN 978-951-42-9154-8. pp. 28-31. 

 

 

 

EnePro conference: http://nortech.oulu.fi/eng/eneproconf.html  

Proceedings: http://nortech.oulu.fi/eneproproc.html  


