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Abstract. In this paper, both a theoretical and an 
experimental study of the dynamic performance of a 
commercial fuel cell are described. The analysis has been 
focused in the start up and shutdown processes because they 
allow analysing the influence of different parameters. In this 
sense, the evolution of the stack and the environment 
temperatures can be observed, which allows measuring the heat 
released by the fuel cell.. Finally, the graphics associated with 
the variation of the stack voltage and current, make possible to 
obtain the characteristic equations of these fuel cell systems, in 
order to provide power for auxiliary devices when the battery is 
not operating. 
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1. Introduction 
 
Electric market liberalization and environmental 
conditions configure a future guided to energy 
diversification. In this scenario, fuel cells are devices 
where chemical reaction energy becomes in electricity 
without combustion. Their high efficiency, silent 
character, low emission of pollutants and flexibility with 
the use of fuels can be highlighted. They use hydrogen as 
fuel, being transformed directly into electrical energy in a 
similar process as in conventional batteries. Hydrogen is 
not in free form in nature, but appears being part of other 
fuels like natural gas, methane, propane, ethanol, etc., 
from where it can be extracted to be used in the fuel cell. 
Additionally, hydrogen production with renewable 
sources and its later use in fuel cells facilitates a clean 
energy source to which a brilliant future is foreseen. 
 
Moreover, because of the complexity of the processes 
and the high number of devices in fuel cells, the time 
constant is in the range of several seconds and not in the 
range of micro or milliseconds. Additionally, the nominal 
power of fuel cells is from some W up to several MW, 
for portable and stationary units [1]. Also, they can work 
at different pressures and temperatures, which vary from 
the atmospheric pressure up to 100 times its value and 
from 20 up to 1000ºC, respectively [2]. In this context, 
fuel cells present numerous characteristics that grant 
them a promising future. Thus, their characteristics 

favour their integration into Distributed Generation 
systems, Trigeneration and Hybrid Technologies [4-5], as 
well as in the design of isolated or interconnected 
Electric Microgrids [3]-[6]. 
 
This paper presents the experimental results obtained 
during the start up and shutdown of the commercial fuel 
cell Nexa Power Module (Ballard Power Systems, Inc.). 
 
2. PEMFC – Proton Exchange Membrane 

Fuel Cell 
 
A PEM fuel cell is composed of an active layer, a 
diffuser layer and the terminals of the anode, the cathode 
and the membrane [7]. The overall process that takes 
place is represented by (1). 
 

2 2 22H  + O  2H O + heat + electrical energy→  (1) 
 
The exit voltage of a simple cell can be represented as 
expressed in (2) [8]: 

FC NERNST act ohmic conv E v v v= − − −  (2) 

where, ENERNST is the thermodynamic potential, and vact, 
vohmic and vcon are the activation, ohmic and concentration 
overpotential, respectively. 
 
In relation to the reversible voltage of the cell, the value 
of ENERNST [9] is given by (3): 
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where ΔG is the change in Gibbs free energy (J/mol); F 
the Faraday constant; ΔS the change in entropy (J/mol); R 
the universal gas constant; and PH2 and PO2 the partial 
pressures of hydrogen and oxygen (atm), respectively. T 
is the fuel cell operating temperature (K), and Tref the 
reference temperature. Equation (3) can be simplified by 
using standard values for ΔG, ΔS and Tref [10]. 
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3. Experimental results 
 
In this section, the experimental results, obtained in 
laboratory tests of an electrical micro-grid fed with a fuel 
cell, are presented. The experimental micro-grid is 
installed in a laboratory of the Department of Electrical 
Engineering of the University of the Basque Country. 
The test bench has been configured to analyse the 
behaviour of fuel cells in the start up and shutdown 
processes. Following, a set of graphics are presented, 
which allow checking the values of the most significant 
parameters during this start up process of the fuel cell 
system, such as: stack temperature, ambient temperature, 
battery voltage, fan and compressor working cycles, 
hydrogen and air flow, fuel cell stack voltage, current and 
power, and cell voltage cheker. 
 

 
Fig.1. Flow rate of hydrogen consumed 

 

 
Fig.2. Fuel cell stack voltage 

 

 
Fig. 3. Fuel cell stack current 

4. Conclusions 
 
This paper has presented the main characteristics of the 
start up and shutdown processes of a commercial fuel 
cell. In this sense, different tests have been developed in 
an electrical micro-grid fed with the fuel cell, where 
measurements of different parameters have been taken. 
 
Thus, the evolution of the fuel cell stack and ambient 
temperatures has been presented. Regarding the 
measurements of the oxygen concentration, these values 
allow knowing the amount of oxygen that is needed to 
maintain the electrochemical reaction in the cathode of 
the fuel cell. Considering this aspect, graphics that allow 
analysing the behaviour of the air compressor are 
included. Besides, this fuel cell system has a battery that 
provides power for auxiliary during the start up. In this 
sense, data are provided to detect the transition between 
different states of operation of the battery. 
 
Finally, data concerning consumed hydrogen and various 
electrical signals from the cell stack and purge sensor are 
included. 
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