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Abstract —The Physical modeling is very little productive so the analysis is done through a mathematical modeling. In 

this paper numerical model of PV module is done through a single diode PV model. A 36 W PV module planned through 

MATLAB/Simulink environment. Additionally, composed the SR-12 module PEMFC with 500 W rated power. Diverse 

attributes of these modules were inspected under various conditions. The principle motivation behind this paper is to 

utilize this power ower generation sources for further analysis of hybrid generation system with renewable energy 

sources. 
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I. INTRODUCTION 

 

Traditional energy sources are not taking care of the energy demand of the world. As the constrained measure of this 

ordinary sources and compounding worldwide environment world specialist now move towards the renewable energy 

sources.  

Photovoltaic energy is the a standout amongst the most widely recognized energy source among all renewable energy 

sources. It is all over. It is effectively convert the solar energy in electrical energy with solar cell. It is work on the 

principal of photovoltaic impact. The yield of PV module relies on upon the solar irradiation and operating 
temperature.Fuel cell is an electrochemical device that converts the electrical energy directly into electrical energy. It is a 

fantastic efficient power energy source. It is use as voltage source in grid connected as well as standalone power system. 

mong all other types of fuel cell PEMFC gives advantages such as low temperature, high power density, fast response 

and zero emission if it is run through pure hydrogen.  

In this paper gives the mathematical modeling of 36 W PV module and PEMFC SR-12 module with rated power 500W. 

The use of these simple models provides sufficient accuracy to analyze the behavior of Photovoltaic and PEMFC module 

and have proven to be effective in most cases. 

 

1.1. Solar Cell 

 

In PV panel solar cell is the basic part which is made from silicon. Generally a solar cell is a PN junction diode. Made up 

from two different layers, small amount of impurities added in it. A PV system converts the sunlight into electricity. 
Number of PV cell is combined to form a PVarray. The arrays are group of cells connected in parallel or in series. In 

fig.1 show the structure of PV cell. 

 
Figure1.Structure of PV Cell [13] 

 

1.1.1 Working of PV Cell 

 

The photocell is work on the principal of photoelectric effect. According to which, when energy of sunbeam is receiving 

by photon particle it hits PV cell. The electrons of the semiconductor get excited and gone to the conductionband from 
the valence band and become a free to move. Due to the moment of electrons positive and negative terminals are create 
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and also potential difference create across the two terminals. When external circuit connects between these two terminals, 

current is flowing through it.In fig.2 show the working of PV cell. 

 
Figure2. Working of PV cell [13] 

 

1.2 Fuel Cell 

 

A fuel cell generates the electricity by chemical reaction. Generally, every fuel cell has two electrodes namely anode and 

cathode. Every reaction takes place at the electrode for producing energy. Every fuel cell has electrolyte which carries the 

charged particles from one electrode to other. Also there are catalysts, which speed the reaction process. Among all other 

types of fuel cell PEMFC gives advantages such as low temperature, high power density, fast response and zero emission 

if it is run through pure hydrogen.  

 

1.2.1 Working of Fuel Cell 

 
Figure3.  Basic working of fuel cell [14] 

 

In fig.3 show the basic working of PV cell. By breaking the hydrogen molecules, electrons and positive charge protons 

are getting free to move. The protons move from the cathode through membrane (electrolyte). The electrons are passing 

through external circuit to recombine with protons of hydrogen and oxygen molecules to produce water. The actual 

reaction is done through two half reaction, Oxidation half reaction and reduction half reaction. 

 

2H2 → 4H+ + 4e− (Oxidation reaction) 
 

O2 + 4H+ + 4e− (Reduction reaction) 

 

1.2.2 PEMFC (Polymer Electrolyte Membrane Fuel Cell) 

 

It is also called as proton exchange membrane fuel cell (PEMFC). It is deliver the high power density. It has low weight 

and volume compared with other fuel cells. In PEMFC, solid polymer as electrolyte porous carbon electrodes containing 

a platinum or platinum alloy is used as a catalyst. Its operating temperature is very low around 80°c. Due to the less 

temperature start quickly and less wear on system components. 

 

Cathode reaction       
1

2
O2 + 2H+ + 2e → H2 

Anode reaction          H2 → 2H+ + 2e 

Overall reaction         H2 +
1

2
O2 → H2O 
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 Figure 4.  PEM fuel cell [14] 

 

II. MATHEMATICAL MODELING 

 

2.1 Modeling of Solar Cell 

 

General single diode model connected with current source is shown in fig.5. 

 
Figure5. Circuit of single PV cell [6] 

 

Applying Kirchhoff’s law, [6] 

Iph = Id + IRp + I 
Where, 

  Id =
Iph

 exp  
qVoc

Ns AkT
 − 1 

 

Photon current, 

Iph =  Iscref + ki Tk − Tref   ∗
λ

100
 

Modules reverse saturation current, 

Irs =
Isc

 exp  
qV oc

Ns kAT
 − 1 

 

Module saturation current  

Irs =  
T

Tr

 
3

exp  
qEg

Ak
 

1

Tr

−
1

T
   

Parameter specification: 

Iph=light generated current at nominal condition 

Ki =Temperature coefficient  

Tk&Tref =actual temperature & reference temperature respectively 

q =electron charge (1.6*10-19C) 
Voc =solar module open circuit voltage 

Ns = number of cells connected in series 

K = the Boltzmann constant 

A =diode ideality factor 

Eg=the band gap energy of semiconductor 

2.2 Modeling of PEMFC 
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Figure6. Electrical equivalent circuit of PEMFC [7] 

 

The electrical equivalent circuit of the PEM fuel cellis represented in Fig.6. For a single cell the output voltage can be 

defined by, [7] 

VFc = Enernst − Vact − Vohmic − Vcon  
 
For a stack with n cells connected in series the voltage Vs can be calculated by: 

Vs = n ∗ VFc  
Where,Cell reversible voltage: 

Enernst = 1.229 −  0.85 ∗ 10−3 ∗  T − 298.15 +  4.31 ∗ 10−5 ∗ T ∗ [ln PH2 + ln PO2  

 

Activation voltage drop: 

Vact = −[ξ
1

+ ξ
2
∗ T + ξ

3
∗ T ∗ ln Co2 + ξ

4
∗ T ∗ ln ifc ] 

 

CO2 =
PO2

 5.08 ∗ 106 ∗ e
 −

498

T
 
 

 
Ohmic Voltage drop: 

Vohmic = ifc (RM + RC) 

 

𝜌𝑀 =
181.6(1 + 0.03 ∗  

𝐼𝑓𝑐

𝐴
 + 0.062 ∗  

𝑇

303
 

2

∗  
𝑖𝐹𝑐

𝐴
 

2.5

)

 𝜓 − 0.634 − 3 ∗
𝑖𝐹𝑐

𝐴
 ∗ exp⁡[4.18 ∗  𝑇 −

303

𝑇
 ]

 

 

RM =
ρ

M
∗ l

A
 

 

Concentration or Mass transport voltage drop: 

𝑉𝑐𝑜𝑛 = −𝐵 ∗ ln⁡(1 −
𝐽

𝐽𝑚𝑎𝑥

) 

 

Parameter specification: 
PH2 & PO2 = partial pressures of hydrogen and oxygen (atm), respectively; 

T = operating temperature; 

Tref = reference temperature; 

Ifc= cell operating current (A); 

𝜉𝑠 = parametric coefficients for each cell model; 

CO2 = concentration of oxygen in the catalytic interface of the cathode (mol/cm3); 

𝜌𝑀 = specific resistivity of the membrane for the electron flow (Ω − 𝑐𝑚); 

A = Active area (cm2); 

l = thickness of the membrane (cm); 

RC = resistance to the transfer of protons through the membrane; 
B (V) = Parametric coefficient, which depends upon cell and operation state; 

J = actual current density of the cell (A/cm2); 

Jmax = maximum current density in the range of 500-1500 (mA/cm2). 
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III. SIMULATION RESULTS 

 

3.1 Simulation Result of PV Module 

 

Table 1 show the data for 36 W PV module, which is taken as reference in this paper. 

 

Table1. Data for 36W solar PV module [6] 

 

Rated power 37.08W 

Voltage at maximum power(Vmp) 16.56V 

Current at Maximum power ( Imp) 2.25 A 

Open circuit voltage ( Voc) 21.24 V 

Short circuit current ( Iscr) 2.55 A 

Total number of cells in series (Ns) 36 

Total number of cells in parallel (Np) 1 

 

3.1.1 I-V and P-V characteristic of PV module 

 

 
Figure 7.  I-V characteristic - varying irradiation- Constant temperature 25°C 

 

 
Figure 8.  P-V characteristic - varying irradiation- Constant temperature 25oC 

 

 
Figure 9.  I-V characteristic Varying Temperature- Constant irradiation 1000 w/sq.m 
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Figure 10.  P-V characteristic Varying Temperature- Constant irradiation 1000 w/sq.m 

 

In fig. 7 & 8 shows the V-I and P-V characteristics of the PV module with varying irradiation level (1000, 600, 200 

w/sq.m) and constant temperature 25°C. Also, in fig. 9 &10 shows the characteristics with varying temperature (25, 50, 

70°C) and constant irradiation level 1000 w/sq.m. 
 

3.2 Simulation result of PEMFC module 

 

Table 2 shows the data for SR-12 modular PEM generator which is used in this paper for designing purpose. 

 

 

Table-2: Parameters of the SR-12 Modular PEM Generator [7] 

 

N 48 𝜉1 -0.948 

T 323 K 𝜉 0.00286+0.0002lnA+(4.3 ∗
10−5)ln CH2 

A 62.5 cm2 𝜉3 7.22 ∗ 10−5 

L 25 𝜇𝑚 𝜉4 −1.0615 ∗ 10−4 

PH2 1.47628 atm 𝜓 23 

Po2 0.2095 atm Jmax 672 mA/cm2 

B 0.15 V Jn 22 mA/cm2 

RC 0.0003 Ω Imax 42 A 

 

 

 

 
Figure 11.  I-V: characteristic of SR-12 PEM polarization curve 
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Figure 12.  P-I characteristic of SR-12 module 

 

In fig. 11 & 12 shows the I-V and P-I characteristics of SR-12 PEMFC module. All results are taken through 

MATLAB/Simulink. 

 

IV. CONCLUSIONS AND FUTURE WORK 

 

As today increasing the power demand of the world, exhaustible nature of fossil fuels and worsening global environment 

have created interest in green renewable energy sources.We analyzed here the different characteristics of photovoltaic 

module with different conditions. Also, examine the different characteristics of fuel cell. 

 

In future we will go towards the design of hybrid system connected to grid as well as standalone system. And we will 

contribute our work for power management of grid connected renewable hybrid system. 
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