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ABSTRACT 

In this paper a step by step procedure for modeling and simulation for active solar technique i.e. PV module 

using given data sheet by manufacturer for particular wattage. The one diode equivalent circuit of PV module is 

employed to investigate the P-V and I-V characteristics of the panel. By the model, it is allowed to estimate 

behaviour of PV module with respect changes on irradiance intensity, ambient temperature and the other design 

parameters of the PV module. This model is also used to investigate the effect of load mismatching on the 

efficiency of solar cell. The proposed model can be very useful for Engineers who require simple and accurate 

model for designing their PV module based system. 
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I. INTRODUCTION 

It's certainly clear that fossil fuels are mangling the climate and that the status quo is unsustainable. There is 

now a broad scientific consensus that the world needs to reduce greenhouse gas emissions more than 25 percent 

by 2020 -- and more than 80 percent by 2050. The idea of harnessing the sun’s power has been around for ages. 

The basic process is simple. Solar collectors concentrate the sunlight that falls on them and convert it to 

energy. Solar power is a feasible way to supplement power in cities. In rural areas, where the cost of running 

power lines increases. 

Solar power, a clean renewable resource with zero emission, has got tremendous potential of energy which can 

be harnessed using a variety of devices. With recent developments, solar energy systems are easily available for 

industrial and domestic use with the added advantage of minimum maintenance. Solar energy could be made 

financially viable with government tax incentives and rebates. An exclusive solar generation system of capacity 

250KWh per month would cost around Rs. 20 lakhs, with present pricing and taxes (2013). Most of the 

developed countries are switching over to solar energy as one of the prime renewable energy source. 

As the Photovoltaic module exhibits non-linear V-I Characteristics, which are dependent on solar Insolation and 

environment factors, the development of an accurate power electronic circuit oriented model is essential to 

simulate and design the photovoltaic integrated system. In this paper, the design of PV system using simple 
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circuit model with detailed circuit modeling of PV module using MATLAB/Simulink and the physical equations 

governing the PV module is presented. 

 

II.PHOTOVOLTAIC EFFECT 
 

When irradiance hits the surface of solar PV cell, an electrical field is generated inside the cell. As seen in Fig.1 

this process separates positive and negative charge carriers in an absorbing material (joining p-type and n-type). 

In the presence of an electric field, these charges can produce a current that can be used in an external circuit. 

This generated current depends on the intensity of the incident radiation. The higher the level of light intensity, 

the more electrons can be unleashed from the surface, the more current is generated. 

+ 

 

Fig.1 Schematic cross-section of a typical solar cell 

 

III. MODELING OF PHOTO VOLTAIC MODULE 

 

The most important component that affects the accuracy of the simulation is the PV cell model. Modeling of PV 

cell involves the estimation of the I-V and P-V characteristics curves to emulate the real cell under various 

environmental conditions. 

An ideal solar cell is modelled by a current source in parallel with a diode. However no solar cell is ideal and 

thereby shunt and series resistances are added to the model as shown in the Fig.2 

 

Fig.2 Equivalent circuit of pv cell 

The current source Ipv represents the cell photo current, Rsh and Rs are used to represent the intrinsic series and 

shunt resistance of the cell respectively. Usually the value of Rsh is very large and that of Rs is very small, hence 

they may be neglected to simplify the analysis. 

The PV mathematical model used to simplify our PV array is represented by the equations (1)-(4) 

Module Photo Current 
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Module Reverse Saturation Current 

  

 

Module Saturation Current 

 

The Current Output of PV module is  

 

Where 

Vpv is output voltage of a PV module (V) 

Ipv is output current of a PV module (A) 

Tr is the reference temperature = 298 K 

T is the module operating temperature in Kelvin 

Iph is the light generated current in a PV module (A) 

Io is the PV module saturation current (A) 

A = B is an ideality factor = 1.6 

k is Boltzmann constant = 1.3805 × 10-23 J/K 

q is Electron charge = 1.6 × 10-19 C 

Rs is the series resistance of a PV module 

ISCr is the PV module short-circuit current at 25 
o
C and 

1000W/m2 = 2.55A 

Ki is the short-circuit current temperature co-efficient at 

ISCr = 0.0017A / 
o
C 

λ is the PV module illumination (W/m
2
) = 1000W/m

2
 

Ego is the band gap for silicon = 1.1 eV 

Ns is the number of cells connected in series 

Np is the number of cells connected in parallel 

 

IV.MATLAB SIMULINK MODEL 

4.1 Temperature Conversion (°C to °F) 

 

 

                    

Fig.3 Block For Temperature Conversion 

Table1. Electrical Characteristics of BP 

Solar Panel 80Watt 12Volt 

(Polycrystalline) 

Electrical Characteristics 

Maximum power - Pmax 80 W 

Voltage at Pmax - Vmp 17.6 V 

Current at Pmax - Imp 4.55 A 

Warranted minimum Pmax 76 W 

Short-circuit current - Isc 4.8 A 

Open-circuit voltage - Voc 22.1 V 

Total number of cells in series (Ns)  36 

Total number of cells in parallel (Np)  1 
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4.2 Module Photo Current 

 

 

Fig.4 Block for Module Photo Current 

4.3 Module Reverse Saturation Current 

 

 

 

 

Fig.5 Block for Reverse Saturation Current 

 

 

  4.4 Module Saturation Current 

 

 

 

Fig.6 Block for Saturation Current 

4.5 The Output Current of PV Module 

 

 

 

 



International Journal Of Advance Research In Science And Engineering            http://www.ijarse.com  

IJARSE, Vol. No.2, Issue No.9, September 2013                                                 ISSN-2319-8354(E)  

 

124 | P a g e  
www.ijarse.com 

 

 

Fig.7 Block for Output Current 

4.6 The NsAkT will be prepared as show below 

 

 

Fig 8.Block for NsAkT 

 

Fig.9 Interconnection of All Blocks   Fig.10 Complete Block of PV Module 

Now we have to add a current controlled source which is connected with Ipv of panel. The series and parallel 

resistances are also connected to make this model practicle.Fig.11 show the complete model. 
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Fig.11 Detailed Circuit Model of PV Module. 

V. EFFECT OF LOAD MISMATCHING 

The output power of PV panel is greatly depended upon the load at output side. The delivered power cannot be 

maximum if there is load mismatching. Load mismatching is a difference between the internal resistance of 

source and load at output side. According to maximum power transfer theorem, when the equivalent resistance 

for source is equal to the load resistance. The equivalent resistance is called characteristics impedance which can 

be easily find out from the data sheet given by manufacturer. If load is equal to this characteristic impedance, 

then we will not get maximum power from the solar panel. We can calculate characteristic impedance from 

Vmpp and Imp values given in data sheet. For present case Rch is 3.87Ω. Here we take three conditions. 

 

Case (1): When Load resistance is more than charectistic impedance in fig 12.(a). The output power is 77.66 

Watt which is less than its rated maximum power 80 Watt (at 1000W/m
2
). 

Case (2): When Load resistance is less than characteristic impedance in fig 12.(b). The output power is 66.36 

Watt which is less than its rated maximum power 80 Watt ( at 1000W/m
2
). 

        

Fig.12(A) Rload > Rch and (B) Rload < Rch, Output Power Is Less Than Maximum Power 
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Case (3): When Load resistance is equal to characteristics impedance in fig 12.(c). The output power is about 80 

Watt which is maximum at 1000 W/m
2
. 

 

Fig.12(C) Rload = Rch, Output Power Is Maximum About 80 W 

VI. SIMULATION RESULTS 

                                                                                                                

Fig. 13 (A) I-V Characteristics                                                Fig. 13(B)   P-V Characteristics   
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Fig. 14 P-V Characteristics at Different Irradiance 
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Fig. 15 I-V Characteristics at Different Irradiance 

VII. CONCLUSION 

In this paper the step by step procedure of Matlab/Simulink model of PV module is presented. Modeling is done 

by solving basic mathematical equations of PV cell. The I-V and P-V characteristics of PV module are 

investigated as under varying parameters (irradiation & temperature).The effect on efficiency of PV module due 

to different load applied by user is also investigated, that PV module power reduces if the load is not properly 

match with the characteristics resistance of the PV module. This problem can be solved by applying DC-DC 

converter in between PV module & Load. 
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