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________________________________________________________________________________________________________ 

 

Abstract :  A mathematical model of a Photovoltaic (PV) cell used MATLAB-SIMULINK environment, is developed and 

presented. Modeling and simulation are done for Monocrystalline panel and Polycrystalline panel of 280 Watt. For both types of 

panels electrical characteristics are plotted and effect of irradiance is analyzed. During modeling and simulation the PV cell 

temperature is maintained constant at 25˚ C and the irradiance is varied. Further MATLAB/simulink is done to analyze effect of 

variations in irradiance. Power is observed at different levels of the irradiance using MATLAB/simulink. In this paper, both the 

panels are compared on the basis of the different levels of the irradiance at constant 25˚ C temperature. 
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________________________________________________________________________________________________________  

I. INTRODUCTION 

Conventional energy sources are unable to meet the increasing demand for energy worldwide. So, alternative energy sources 

like sunlight, wind and biomass come into picture. In that context, photovoltaic energy is a source of interesting energy; it is 

renewable, inexhaustible and non-polluting, and it is used as energy sources in various applications. In this paper, modelling of 

photovoltaic cells (60 Cells Mono Somera and Eldora Ultima Silver 1500 V Series by Vikram Solar) of 280 watts by 

matlab/simulink is done. The output quantities (Voltage, current and power) vary as a function of irradiation, temperature and 

load current. The effects of these three variations are considered in the modeling. The analysis of photovoltaic model proposed in 

this paper is circuitry based model to be used with simulink. Here module is modelled and P-V & I-V characteristics are plotted 

for different irradiations (1000W/𝑚2, 900 W/𝑚2, 700 W/𝑚2 and 500 W/𝑚2) at constant temperature 25°C for Monocrystalline 

and Polycrystalline panels. This study also compares simulation results with the datasheets of 60 Cells Mono Somera and Eldora 

Ultima Silver 1500 V Series by Vikram Solar panels. The results show model’s accuracy. The objective of this paper is to develop 

well clear and understandable MATLAB-Simulation PV model in which the irradiance levels and constant temperature form key 

factors. 

II. A PHOTOVOLTAIC MODULE AND ITS GOVERNING EQUATIONS 

Solar Module consists of solar cell. Solar cell is basically a p-n junction fabricated in a thin wafer or layer of semiconductor. 

The photovoltaic modules are made up of silicon cells. The silicon solar cells give output voltage of around 0.7V under open 

circuit condition. When large many such cells are connected in series we get a solar PV module. The current ratings of the 

modules depend on the area of the individual cells. Higher the cell area, higher is the current output of the cell, to obtain higher 

power output; the solar PV modules are connected in series and parallel combinations forming solar PV arrays. When the PV 

Cells are exposed to the sunlight, photons with energy higher than the band-gap energy of the semiconductor are absorbed and 

create some electron-hole pairs proportional to the incident irradiation. With the influence of the internal electric fields of the p-n 

junction, these carriers are pulled apart and create a photo-current which is proportional to solar isolation. PV system naturally 

exhibits a nonlinear V-I and P-V characteristics which vary with the irradiance (insolation) at standard test conditions (STC). The 

governing equations for Monocrystalline and Polycrystalline panels (60 Cells Mono Somera and Eldora Ultima Silver 1500 V 

Series by Vikram Solar) of 280 Watt given below: 

 
 

     Fig.1: Equivalent circuit of PV cell. 
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𝐼𝑟𝑠 = 𝐼𝑆𝐶/[exp  
𝑞𝑉𝑜𝑐

𝑁𝑆𝑘𝐴𝑇𝑐
 − 1]

𝐼𝑆 = 𝐼𝑟𝑠 [ 
𝑇𝑐

𝑇𝑟
 ]3 exp 

𝑞𝐸𝑔
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1

𝑇𝑟
−

1

𝑇𝑐
)
 

𝐼𝑝𝑣 = 𝑁𝑃 ∗ 𝐼𝑃ℎ −  𝑁𝑃 ∗ 𝐼𝑆 [ exp  
𝑞𝑉𝑃𝑣+𝐼𝑃𝑣  𝑅𝑆

𝑁𝑆𝑘𝐴𝑇𝑐
 −  1 ]

Where, Iph = G = photo  current, Irs = reverse saturation current, IS = ID = Saturation current, Ipv = output current , 

NP  =  No. of parallel branches of the cells, A = Diode Ideality Factor, k = Boltzmann’s Constant = 1.3805 ×

10−23  
J

K  ,Ki =  Short Circuit Temperature Coefficient in mA/ºC, NS  =  Number of Cells Connected in series,  

q =  Magnitude of Charge on the Electron =  1.6 × 10−19 C ,RS = Series Resistance (Ω),RSh = Shunt Resistance (Ω) , 

 S = Solar irradiation Intensity  W/𝑚2 , Tc  =  Working Cell Temperature  K , Tr = Reference Temperature = 298 K 

and  Voc  =  Open Circuit Voltage  V . 

III. REFERENCE  MODEL  FOR  PHOTOVOLTAIC MODULE  

 

60 Cells Mono Somera and Eldora Ultima Silver 1500 V Series by Vikram Solar panels of 280 watts are taken as the reference 

models for the comparative study of simulation results using above equations [(1) to (4)]. The datasheets of both the PV panels are 

given below: 

 

 

Table 1: Datasheet at STC: 1000 W/𝑚2 irradiance, 

25°C cell temperature for Mono-Crystalline PV Cell 

 

Parameters Values 

Peak Power 280 W 

Open Circuit Voltage 39.5 V 

Short Circuit Current 9.24 A 

Temp. Coeff. for Short 

Circuit Current 
0.00053 

NOCT 45°C ± 2°C 

 

 

 

Table 2: Datasheet at STC: 1000 W/𝑚2 irradiance, 

25°C cell temperature for Poly-Crystalline PV Cell 

 

Parameters Values 

Peak Power 280 W 

Open Circuit Voltage 38.7 V 

Short Circuit Current 9.32 A 

Temp. Coeff. for Short 

Circuit Current 
0.00058 

NOCT 45°C ± 2°C 

 

 

 

 

IV. A SIMULATED MODEL OF PHOTOVOLTAIC MODULE  

A generalized PV model is built using Matlab/Simulink according to Equations (1) to (4). Solar module [60 Cells Mono 

Somera and Eldora Ultima Silver 1500 V Series by Vikram Solar panels of 280 watts] are taken as a reference model for 

simulation results. The proposed model is also implemented using Matlab/Simulink along with P-V & I-V characteristics.
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Fig.2: Simulink Model of PV cell. 

V.  SIMULATION RESULTS   

    There are simulation results of 60 Cells Mono Somera and Eldora Ultima Silver 1500 V Series by Vikram Solar panels of 

280 watts on the basis of comparison as shown in figures below. Both the P-V and I-V characteristics of 60 Cells Mono Somera 

and Eldora Ultima Silver 1500 V Series by Vikram Solar panels of 280 watts are compared. A comparison table has also been 

given after the simulation results. 

 

 

 

 

 
 

               Fig.3: PV Graph for Irradiance at G=1000 𝑊 𝑚2  

for Mono Crystalline PV Cell 

 

 

 

 

 

 
 

Fig.4: PV Graph for Irradiance at G=1000 𝑊 𝑚2  

for Poly Crystalline PV Cell 
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                Fig.5: I-V Graph for Irradiance at G=1000 𝑊 𝑚2  

for Mono Crystalline PV Cell 
 

 
 

               Fig.7: PV Graph for Irradiance at G=500 𝑊 𝑚2  
for Mono Crystalline PV Cell 

 

 
 

Fig.9: I-V Graph for Irradiance at G=500 𝑊 𝑚2  

for Mono Crystalline PV Cell 

 
 

          Fig.6: I-V Graph for Irradiance at G=1000 𝑊 𝑚2  
for Poly Crystalline PV Cell 

 

 
 

               Fig.8: PV Graph for Irradiance at G=500 𝑊 𝑚2  

for Poly Crystalline PV Cell 

 

 
             

 Fig.10: I-V Graph for Irradiance at G=500 𝑊 𝑚2  

for Poly Crystalline PV Cell 
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Table 3: Values of Max. Power and Current at Different                

Levels of Irradiance at 25°C for 60 Cells Mono Somera 

Ultima Silver 1500 V Series by Vikram Solar panels 

 
 

Irradiance(𝐖 𝐦𝟐 ) 
Max. Power 

(Watts) 

Max. Current 

(Ampere) 

1000 250.01 W 9.24 A 

900 225.60 W 8.37 A 

700 175.90 W 6.48 A 

500 125.23 W 4.63 A 

Table 4: Values of Max. Power and Current at Different                

Levels of Irradiance at 25°C for 60 Cells Eldora Ultima 

Silver 1500 V Series by Vikram Solar panels 

 

 

Irradiance(𝐖 𝐦𝟐 ) 
Max. Power 

(Watts) 

Max. Current 

(Ampere) 

1000 240.35 W 9.32 A 

900 216.76 W 8.40 A 

700 168.78 W 6.53 A 

500 119.91 W 4.67 A 

 
 

 

Table 5: Comparative Values of Max. Power and Current at Different Levels of Irradiance at T= 25°C for Mono and Poly 

Crystalline Cells 

 

Irradiance(𝐖 𝐦𝟐 ) Max. Power (Watts) Max. Current (Ampere) 

G  Mono Crystalline Poly Crystalline Mono Crystalline Poly Crystalline 

1000 250.01 W 240.35 W 9.24 A 9.32 A 

900 225.60 W 216.76 W 8.37 A 8.40 A 

700 175.90 W 168.78 W 6.48 A 6.53 A 

500 125.23 W 119.91 W      4.63 A 4.67  

 

 

The table 5 shows the comparative study of mono and poly crystalline PV Cells. It shows the maximum power and current at 

the different levels of irradiance at 25°C temperature. As it can be seen that the power and current decrease along with decreasing 

values of irradiance. 

VI. CONCLUSION 

  Figures and tables show the simulation results of P-V & I-V characteristics for the variations in solar irradiance. Irradiance 

variations range starts from 1000W m2 , 900 W m2 , 700W m2 , 500W m2 . The variations of irradiance are investigated with 

constant module temperature 25𝑂C.  This analysis and study are performed for 60 Cells Mono Somera and Eldora Ultima Silver 

1500 V Series by Vikram Solar panels of 280 watts. The P-V and I-V curves of the Monocrystalline and polycrystalline solar 

panels are highly dependent on the solar irradiation values. It is very clear that current generated and maximum output power 

decrease with decreasing solar irradiance values. The accurateness of the simulation results is verified with manufacturer results 

P-V and I-V characteristics of Mono and Poly Crystalline PV Cells. In this paper, the Mono-Crystalline PV Cell is better than the 

Poly-Crystalline PV Cell on the basis of comparison. The comparison of Mono Somera and Eldora Ultima Silver 1500 V Series 

solar panels is done with respect to the power and current respectively.  
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