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Abstract— With ever increasing use of renewable energy the 

photovoltaics are getting popular by leaps and bounds. But 

the unpredictable and fluctuating nature of photovoltaic 

power requires a careful design and analysis. A five 

parameter single diode model of PV modules has been 

implemented using Matlab script as well as Simulink As the 

parameters of module vary with different operating 

conditions, their effect on maximum power point is 

considered separately. 
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I. INTRODUCTION 

Emissions of CO2 and other greenhouse gasses are leading 

to climate change. The greenhouse effect of CO2 is well 

understood and it is clear that the emissions must be reduced 

to avoid undesirable scenarios. To reverse the trend, there is 

a great need for accelerating the development and 

implementation of renewable energy technologies and 

photovoltaics is one of the most important steps in that 

direction. Worldwide growth of photovoltaics has been 

fitting an exponential curve for more than two decades. 

During this period of time, photovoltaics (PV), also known 

as solar PV, has evolved from a pure niche market of small 

scale applications towards becoming a mainstream 

electricity source. Predictions by IEA state that this trend 

will continue and that photovoltaics will provide 11% of the 

global electricity demand by 2050India is planning to add 

100 GW of photovoltaic power by 2022.But there are 

various issues with photovoltaics that are to be considered 

while modeling as various parameters such as irradiance, 

temperature and other inherent parameters associated with 

modules change over the period of time rapidly. So we need 

to design as general model of PV module as possible so that 

it can be used as a tool. 

The main aim of this paper is to design a general 

model of photovoltaic array using MATLAB script as well 

as SIMULINK by taking into account almost all the 

variations. A large portion of the work effort has been 

applied to make the models general 

II. PV ARRAY MODELING 

Ideal PV cell-The simplest model to represent a PV module 

is the ideal diode model with the equivalent circuit model 

shown in figure 2.1. This model consists of only a current 

source and a diode in parallel and it describes the behavior 

of an ideal PV module. 

 
Fig. 1: Ideal diode model 

Ipv = Iph -I0[exp (Vpv/aNcVth) – 1]……………..(1) 

Rs Model- It is shown in figure 2 below 

 
Fig. 2: Rs Model 

It has four unknown parameters and is known as 

the Single diode four-parameter model. Similar to the ideal 

diode model, this model is very simple and requires minimal 

computation power. The accuracy is better than the ideal 

diode model, but it still exhibits some serious deficiencies, 

particularly with temperature variations. This model is by 

far the most widely used in PV system simulation. 

Rp Model 

 
Fig. 3: Five parameter Rp Model 

The Rp-model, or single diode five parameter 

model, adds a shunt resistance (Rp) to the four parameter 

model and therefore considers the leakage current to the 

ground. Figure 3 shows the equivalent circuit and equation 2 

shows the current-voltage (I-V) characteristics. This model 

is used for implementation in Simulink/MATLAB in this 

paper. 

Ipv = Iph - I0[exp (Vpv + IpvRs)/(aNcVth) - 1] –(Vpv + 

IpvRs)/Rp……………………(2) 

Here Ipv is the output photovoltaic current, Vpv is 

the output photovoltaic voltage, Rs is series resistance, Rp is 

parallel ground leakage resistance, I0 is reverse saturation 

current, Nc represents number of cells in series, Vth 

represents thermal voltage and these parameters are used for 

modeling purposes. All these parameters will be modeled in 

simulink and using script as well and the next section is 

devoted to Simulink modeling of PV Module. 

The Rp-model is insufficiently accurate when 

dealing with low irradiation levels. This model is based on 

the assumption that the recombination loss in the depletion 

region is absent. In a real solar cell this loss is significant 

and the single diode model cannot be used to accurately 

model this effect. 

III. EQUATIONS AND CORRESPONDING SIMULINK MODELS 

Firstly the general PV Module Simulink model has been 

shown in figure 4 and there are various subsystems 

embedded into it. Then each and every system is explained 

with its corresponding Simulink model. Finally the script is 
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written and the effect of parameters has been shown on I-V, 

P-V curves. 

 
Fig. 4: PV Module Simulink Model 

This is the system named "PVModulestring" from 

figure 4. The model is here divided into a temperature 

dependent part in subsystem "Temperaturedepedence", and 

a part that has no temperature dependence in subsystem 

"SingleDiodeModelEquation". The parameter 

"NumModules" is used to set the voltage at the value that 

each module in a string will have. 

Now the subsystem Temperature dependence is 

taken first and its simulink model is as shown below 

Fig. 5: Temperature dependence subsystem 

Firstly photocurrent calculation subsystem is 

considered and corresponding equation and model are as 

follows and here G represents the incident irradiation & 

Gref the reference incident radiation taken to be 1000W/m2 

Iph =(Iph;ref + Kt(T - Tref))G/Gref   (3) 

 
Fig. 6: Photocurrent calculation simulink model 

Then comes cell temperature approximation whose 

equation and model are as follows 

Tcell = Tambient + KtG    (4) 

 
Fig. 7: Cell Temperature Approximation 

Next comes Thermal voltage whose equation & 

model are given below 

Vth;module =kT/q     (5) 

 
Fig. 8: Thermal Voltage Model 

Finally in temperature dependence subsystem 

comes the reverse saturation current block.  
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I0(T) =(Isc + Ki(T - Tref ))/exp(Voc+Kv(T-Tref /)aNcVth)- 

1 (6) 

Fig. 9: Reverse saturation current 

Then comes single diode equation & corresponding model 

Ipv = Iph - I0[exp (Vpv + IpvRs)/(aNcVth) - 1] –(Vpv + 

IpvRs)/Rp……………………(7) 

 
Fig. 10: Single Diode Model Equation 

Finally the model that is used for all the results is 

combined with Matlab script and the corresponding results 

and discussions are in next section. 

IV. RESULTS & DISCUSSIONS 

A. IdealityFactor(a) 

 
Fig 11: Effect of ideality factor of diode on characteristics 

Figure demonstrates the effect the ideality factor 

has on the output. A higher factor leads to a lower maximum 

power point. 

B. Rs effect ie Series Resistance effect 

It has been shown in fig 12 that as Rs increases. Higher 

resistances reduce the maximum power and the fill factor. 

As a simplification, it can be said that the series resistance 

affects the I-V curve in the area where the current is no 

longer approximately constant. A higher resistance leads to 

lower voltage at the same current in this area of the graphs. 

The voltage at which the current starts to drop is lower at 

higher resistances, resulting in a lower current at maximum 

power point 

 
Fig. 12: Series resistance effect 

C. Rp Effect 

Figure 13 demonstrates the effect that different parallel 

resistances have on the model output. The effect is simply to 

lower the current Ipv with lower resistance values. This 

lowers the power at maximum power point and Rp should 

ideally be infinite (open circuit). 

 
Fig. 13: Ground leakage resistance effect 

D. Ambient Temperature Effect 

Figure 14 and 15 demonstrates the effect the ambient 

temperature has on the I-V and P-V curves. There are two 

effects that is clearly shown in figure 5.5. First, the open 

circuit voltage is higher with lower temperature. This is 

given as an open circuit voltage coeffcient (Kv). The other 

effect is the slight reduction of the short circuit current with 

lower temperature that is determined by the short circuit 

current coeffcient (Ki). The most important effect of the 

ambient temperature is that the power output is affected 

greatly. Power output decreases with increasing temperature 

and it does so to a significant degree. As can be seen in 
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figure 14, the power is reduced by approximately 5 Watts by 

a 10 _C temperature increase. That is a quite large reduction 

in power output for a module rated at 85 Watts at STC. 

 
Fig. 14: Ambient temperature effect on PV Curve 

Fig. 15: Ambient Temperature effect on I-V curves 

E. Solar Irradiance Effect 

Figure 16 and 17 shows the effects of different levels of 

solar irradiance have on the I-V and P-V curves. The main 

effect at work here is the reduction of photo current (Iph). 

The photo current varies linearly with irradiance level. This 

can be easily seen in figure 17 There are also two more 

subtle effects at play here. One of them is the slight rise in 

the short circuit current in comparison to what is expected if 

the cell temperature is independent of irradiance The other 

subtle effect is the reduction of open circuit voltage due to 

the higher cell temperature that higher irradiance leads to. It 

can be seen in figure 16 that the open circuit voltages of the 

curves with lower irradiance are higher than the voltages for 

the curves with higher irradiance.  

 
Fig. 16: Effect of solar irradiance on P-V curve 

 
Fig. 17: Effect of solar irradiance on I-V curve 

V. CONCLUSION 

A general model of a PV module is developed and the effect 

of various nonlinearities has been considered in Matlab 

enviroment. 
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