
directly into DC electrical energy [10]. The fuel cell 

consists of two porous electrodes (anode and cathode) 

and an electrolyte layer in the middle. Figure (2) 

illustrate Fuel cell (PEMFC) [11].  

The chemical energy of a fuel is converted, the fuel 

H2 is supplied under certain pressure. The hydrogen 

concentration should be determined in the mixture. 

The fuel spreads through the electrode until it reaches 

the catalytic layer of the anode where it reacts to form 

protons and electrons, as given in the following 

reaction:  

H2+1/2O2 →H2O+heat+electrical energy   

(1) 

Hydrogen oxidation and oxygen reduction are 

separated by a membrane, which is conducting 

protons from the anode to the cathode side [10].  

 H2 → 2 H+ + 2 e-     anode      

(2) 

O2 + 4 e- → 2 O-2    cathode  

(3) 

The protons are diffused through the membrane, 

and the electrons are carried across an electric circuit, 

the electrical energy is produced. The cell voltage was 

defined as:       

concohmactnernstFC VVVEV −−−=       (4) 

Enernst is the thermodynamic potential of the cell 

and its represents reversible voltage; 

 Vact is the voltage drop due to the activation of 

the anode and of the cathode.  

Vohm is the ohmic voltage drop, a measure of the 

ohmic voltage drop associated with the conduction 

of the protons through the solid electrolyte and 

electrons through the internal electronic 

resistances.  

Vconc represents the voltage drop resulting from 

the concentration or mass transportation of the 

reacting gases .  

VFC represents the open circuit voltage. 

 Each term in (4) can be calculated by the 

following equations [4]. 
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PH2 and PO2 are the partial pressures of hydrogen 

and oxygen (atm) respectively, T the cell operation 

temperature (K).    
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Where Istack  is the cell operating current (A), and 

the ξi ’s represent parametric coefficients for each cell 

model, whose values are defined based on theoretical 

equations with kinetic, thermodynamic, and 

electrochemical foundations [11]. Co2 is the 

concentration of oxygen in the catalytic interface of 

the cathode mol/cm, determined by: 
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Where Rc represents the resistance to the transfer 

of protons through the membrane, usually considered 

constant and: 
A

l
Rm

.
= with:  

  : is the specific resistivity of the membrane for 

the electron flow (cm), A is the cell active area (cm) 

and l is the thickness of the membrane (cm), which 

serves as the electrolytic of the cell.  
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Where B (V) is a parametric coefficient, which 

depends on the cell and its operation state, and   Jn 

represents the actual current density of the cell 

(A/cm). 

Due to very limited conversion efficiency, it is 

necessary to optimize all the conversion chain and 

specifically DC-DC converters [12].There are many 

types of DC/DC converters. In this paper, only typical 

boost converter is discussed. Figure (3) shows the 

circuit diagram of a boost DC/DC converter (inside 

the rectangle). The output voltage regulation feedback 

is also given in the figure (4).  

The average value of the output voltage is given as: 
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Where d is the duty ratio of the switching pulse. 

Since 10 d , the output voltage is always higher 

than the input voltage. That is why the circuit (in 

Figure (3)  is called a boost DC/DC converter. PWM 

used to generate a pulse with the right duty ratio so 

that the output voltage follows the reference value. 

Our PEMFC generators consist of two modules 

interconnected in parallel for a given operating 

voltage an output power.  

The VSI is controlled in such a way that it can 

be used to inject sinusoidal current into the grid for 

energy extraction from the PEMFC cells during linear 

or non-linear load conditions. During non-linear load 

conditions, VSI can be used also as PAPF for 
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