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Abstract :  The study of photovoltaic systems in an efficient manner requires a precise knowledge of the (I-V) and (P-V) 

characteristic curves of photovoltaic modules. The output characteristics of PV cell depend on the irradiance and the temperature 

values of the site where the panel is placed. This paper focuses on a MATLAB/SIMULINK model of a photovoltaic cell. This 

model is based on mathematical equations and is described through an equivalent circuit including a photocurrent source, a diode, 

a series resistor and a shunt resistor. The developed model allows the prediction of PV cell behaviour under different physical and 

environmental parameters. 
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I.INTRODUCTION: 

The solar radiation is one of the most promising renewable energy sources and can be directly converted into electricity using the 

photovoltaic (PV) devices, solar cells. 

Typically, a PV cell generates a voltage around 0.5 to 0.8 volts depending on the semiconductor and the built-up technology. This 

voltage is low enough as it cannot be of use. Therefore, to get benefit from this technology, tens of PV cells (involving 36 to 72 

cells) are connected in series to form a PV module.         

These modules can be interconnected in series and/or parallel to form a PV panel. In case these modules are connected in series, 

their voltages are added with the same current. Nevertheless, when they are connected in parallel, their currents are added while 

the voltage is the same.   

 

                                                                       Fig1: Photovoltaic cell, module, panel and array 

Three major families of PV cells are monocrystalline technology, polycrystalline technology and thin film technologies. The 

monocrystalline and polycrystalline technologies are based on microelectronic manufacturing technology and their efficiency is in 

general between 10% and 15% for monocrystalline and between 9% and 12% for polycrystalline. For thin film cells, the 

efficiency is 10% for Silicon, 12% for CuInSe and 9% for CdTe. 

A PV module consists of number of solar cells connected in series and parallel as per the requirement. When solar light falls on 

PV cell, light energy is converted to electrical energy without any moving parts. The transmitted light is absorbed within the 

semiconductor, by using this light energy to excite the free electrons from the low energy status to an unoccupied higher energy 

level. These excess electron hole pairs contribute to the flow of current.  

When the light falls on n type material, the electrons start to flow through n type region, negative junction, positive junction and 

then to ‘p’ type material. 
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                                                                          Fig 2: Solar Radiation to electrical energy 

          II.PROPOSED TOPOLOGY 

This paper focuses on a MATLAB/SIMULINK model of a photovoltaic cell. This model is based on mathematical equations and 

is described through an equivalent circuit including a photocurrent source, a diode, a series resistor and a shunt resistor. Also 

various operating points of PV cell were discussed. 

When Vak and Iak are positive , power flow into diode ie) diode sinks and not generates power. So to generate the power current 

direction should be reversed by introducing a current source. This current source is photon current and it is depends on solar 

radiation intensity. Ip is proportional to solar intensity. 

When Ip =0, the characteristics is as shown in fig. 

 

                                                                                Fig3: PV junction characteristics  

As Ip increases the characteristics comes down.ie) more incident power shifts characteristics to IV quadrant. 

 

                                                                                   Fig4:.IV quadrant operation 

Therefore PV cell is operating in generation mode. 
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                                                                             Fig5: Generating mode operation 

The ‘I-V’ characteristics flipped as shown in Fig5. The slope of constant current line gives the existence of Rsh. The slope of 

constant voltage line gives the existence of Rse. 

A. MODEL OF PV CELL 

A general mathematical description of I-V output characteristics for a PV cell has been researched and analysed for the past four 

decades. Such an equivalent based circuit model is mainly used for the Maximum power point tracking techniques (MPPT).  The 

equivalent circuit of the general model which consists of a photon current, a diode, a parallel resistor expressing a leakage current, 

and a series resistor describing an internal resistance to the flow of current is shown in Fig6.  

 

                                                                                               Fig6: Model of PV cell 

𝐼𝑝𝑣 = 𝐼𝑑 + 𝐼𝑅sh + 𝐼                                                                                                                                                     (1) 

I=Ipv-Id-IRsh                                                                                                                                                                     (2) 

I= Ipv-Id-(V+IRs/Rsh)                                                                                                                                                        (3) 

The diode current from pn junction theory is given by 

Id=Io(eV+IRs/nVT – 1)                                                                                                                                                         (4) 

VT=Equivalent voltage of temperature = KT/q =T/11600 

V+IRs = Drop across diode 

n = Ideality factor =2 for silicon cell 

Io = Reverse saturation current, depends on material and temperature  

T= Cell temperature in Celsius  
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K= Boltzmann’s constant, 1.38 * 10-19 J/K  

q = Charge of electron, 1.6 * 10-23 C  

Io =KTme-V
GO

/nV
T                                                                                                                                                               (5) 

V
GO = Equivalent band gap energy in electron –holes in ev,1.6 – 1.21 ev for silicon 

m = 1.5 for silicon  

 

PV model equation is given by, 

Ip = Iph – Is [e {q * (V+I*Rs) / (A*K*T)} – 1] - (V+I*Rs)/Rsh                                                                                       (6) 

            

  B.SIGNIFICANT POINTS OF PV CELL 

There are three significant points in i-v characteristics of PV cell. 

i) Short circuit point 

ii) Open circuit point 

iii) Peak power operating point 

 

1. Short circuit point:  

When output terminal is short circuited ,this condition can be obtained. 

When VT= 0 → I = Isc 

 

                                                                                    Fig7: I-V characteristics of PV cell 

Substituting in equation 

 Ipv = Iph – Is [e {q * (V+I*Rs) / (A*K*T)} – 1] - (V+I*Rs)/Rsh ;  Rs<< Rsh                                                                 (7) 

=Isc = Ipv ∞ solar power (insolation); 

2. Open circuit point: 

When I  = 0→V = Voc 

Substituting in equation 

0 =Ip-Io*(eVoc+0.Rs/nVT – 1)-0; Rs<<Rsh 
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Ip= Io*(eVoc /nVT – 1) 

= Io*eVoc /nVT – Io 

Taking logarithm, 

ln Ip = Io*Voc /nVT
 – lnIo 

ln(Ip+ Io)/ Io = Voc /nVT 

Voc = n VT* ln(Ip+ Io)/ Io                                                                                                                                                      (8) 

From this equation, the Ip changes linearly whereas the Voc changes logarithmically 

 

                                                                                    Fig8: Change in Voc and Isc curve 

3. Peak power operating point: 

 

                                                                                     Fig9: P-V characteristics curve 

When Isc =0→Voc =0→P=0 

When Isc =0→V =Voc→P=0 

Therefore to get some power, current and voltage should have some values. This is given by  

p-v curve ,p=vi 

The peak point is Pmax and corresponding I =Imp ;V=Vmp. Therefore Imp and Vmp meeting point in I-V curve is peak power 

operating point. PV  cell should behave in this manner ,so that it operates in this point. 

The light generated current depends both on irradiance and temperature. It is measured at some reference conditions. Thus,   

Iph = {Isc + Ki * (T-25)} * λ                                                                                                                                         (9)   

Where Iph  is a light generated photon current,   
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Is  is a cell saturation of dark current,  

Ki Short circuit current temperature coefficient at Isc  

λ Solar irradiation in Watts/m2 

 Isc Short circuit current at 25º C 

Tnom Reference temperature in Celsius  

Is Cell saturation current at Tnom  

Rsh Shunt resistance in Ω  

Rs Series resistance in Ω  

The diode current or saturation current varies with the cell temperature which is given by 

Is  = Irs * (T/Tr)3 * [ e  { VGo * (T – Tr) / ( A * Vt * Tr) } ]                                                                           (10) 

Where Irs=Reverse saturation current at reference temperature 

C.I-V equation of PV module: 

Since a PV cell produces very low power, the cells should be arranged in series-parallel configuration on a module to produce 

enough power. As mentioned earlier, PV array is a group of PV modules which are connected in series and parallel circuit 

configurations to generate the required current and voltage. 

                In general for a PV cell Ns=Np=1. For a PV module Np=1,Ns=no.of series connected cells. For a PV array 

Np=Ns=no.of series and parallel connected cells. 

Ipv = Np*Iph – Np*Is [e{ q* (V/Ns + I*Rs/Np)} / A* K*T – 1] – (V*Np/Ns +  I*Rs) /Rsh                         (11)                           

 Where  

 Np=  number of parallel cells  

Ns= number of series cells   

The reference values are taken from the PV module manufacturers datasheet for specified operating condition such as 

STC(standard test conditions) for which the irradiance is 1000W/m2. The reverse saturation current(Irs) is given by,   

Irs = Iscr/ [e(q*Voc/Ns*K*A*T)-1]                                                                                                                  (12)                        

Where  Iscr =   short circuit current   

                                                                                 Table1: Parameters of PV Module 

Specifications  Values 

Typical peak power (Pp)  

 

240W 

Voltage at peak power (Vmp)  30.18 V  

 

Current at peak power (Imp)  

 

7.96 

Short-circuit current (ISC)  8.99A 

Open-circuit voltage (Voc)  

 

36.72V 

Cell efficiency 16.50% 
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Module efficiency 14.66% 

 Temperature coefficient of 

open-circuit voltage  

73 mV/ºC 

Temperature coefficient of 

short-circuit current (ki)  

3 mA/ºC 

Approximate effect of 

temperature on power  

 

0.38 W/ºC 

Number of series cells in the 

array  

 

6X10 

Polycrystalline 

cells 

                                                                          

  All these data are under the condition of incident solar power 1KW/m2    at 25°C 

 

 
                                                                                  Fig10: Simulink model of PV module 

 
Fig12: PV characteristics 

 

 

 
                                                                                             Fig12: VI characteristics  

 

III. CONCLUSION   

                  A mathematical model can be built using MATLAB/Simulink for PV array using appropriate equations. We can 

conclude that the proposed model can predict the behaviour of any solar PV cell, module and array under climate and physical 

parameters changes. It is very difficult to change the parameters of the given module in the case of physical modeling. But by 

analysing the circuit with the help of mathematical model it is very convenient to verify required parameters just by changing 

values.  Similarly the I_V and P-V characteristics are observed for different irradiations and different temperatures.  

 

 

http://www.jetir.org/


© 2018 JETIR June 2018, Volume 5, Issue 6                                          www.jetir.org  (ISSN-2349-5162)  

JETIR1806119 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 816 

 

IV.REFERENCES   

[1]       Ramos Hernanz,JA, Campayo Martin,JJ. Zamora  Belver,I., Larranga Lesaka,J. , Zulueta Guerrero,E. p “Modelling of 

Photovoltaic Module”, International Conference on Renewable Energies and Power Quality”, (ICREPQ’10) Granada (Spain), 

23th to 25th March,    2010.  

[2]      Francisco M. González-Longatt, “Model of  Photovoltaic   Module in Matlab™”, (II CIBELEC 2005) .  

[3]    Huan-Liang Tsai, Ci-Siang Tu, and Yi-Jie Su, Member,IAENG, “Development of GeneralizedPhotovoltaicModel Using 

MATLAB/SIMULINK”, Proceedings of  the World Congress on Engineering and Computer Science 2008,WCECS 2008, 

October 22 - 24, 2008, San Francisco, USA .  

[4]       M.G. Villalva, J.R. Gazoli  E.R. Filho,  “Comprehensive Approach to  Modeling and Simulation of Photovoltaic Array”, 

IEEE Trans on Power Electronics, Vol. 24, n°5, pp. 1198-1208May 2009 .  

[5]      Savita Nema, R.K.Nema, Gayatri Agnihotri , “Matlab / simulink based study of photovoltaic cells / modules / array and 

their experimental verification”, INTERNATIONAL JOURNAL OF ENERGY AND ENVIRONMENT, Volume 1, Issue 3, 2010 

pp.487-500.   

[6]     S. Rustemli, F. Dincer , “Modeling of Photovoltaic Panel and              Examining Effects of Temperature in 

Matlab/Simulink”  ELECTRONICS AND ELECTRICAL ENGINEERING,   ISSN 1392  – 1215, 2011. No. 3(109). 

[7]      Sera, Dezso, Teodorescu, Remus and Rodriguez,      Pedro, “PV panel model based on datasheet values,” International 

Symposium on Industrial Electronics, 2007. ISIE 2007. IEEE, November 2007, pp. 2393 - 2396.   

 [8]      Syafrudin Masri, Pui-Weng Chan, “Development of a             Microcontroller-Based Boost Converter for Photovoltaic 

System”,              European Journal of Scientific Research ISSN 1450-216X Vol.41             No.1 (2010), pp.38-47 ©.  

 [9]    Kashif  Ishaque, Zainal Salman and Hamed  Taheri“Accurate Matlab Simulink PV System Simulator Based   on a Two-

Diode Model “, JPE ,2011. 

 [10]   G.H.Yordanov, O.M. Midtgard and T. O.    Saetre “Two-Diode Model Revisited: Parameters Extraction from Semi-Log 

Plots of I-V Data” 5th Conference on Photovoltaic Energy Conversion,6-10 sep. 2010. 

 

 

 

http://www.jetir.org/

