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Abstract. We study a solution for photovoltaic plants located in an isolated site in the aim to 
minimize losses in PV panels due to the effect of temperature changes and intensity irradiation 
variations. The influence of the temperature of the solar cells is an important focus in research. We 
can say that the temperature has a detrimental effect on the characteristics of the solar cell. When 
photons of low energy are lost, there will be a loss of light output.  Pmax is proportional to intensity 
irradiation. The series resistances reduce the efficiency of the solar cell which is not preferable. The 
parallel resistors increase the efficiency of the solar cell which is preferable. 

Introduction 
The photovoltaic energy is one of the fundamental renewable energy due its easy availability [1]. The 
solar cell is the electrical generator for an installation PV standalone and the connected in the 
network [2].  

The solar cells are generally associated in series and in parallel and then encapsulated to obtain a 
photovoltaic module [3]. A PV array consists of modules interconnected to unit producing high 
continuous power compatible with the usual electrical equipment. Photovoltaic modules are usually 
connected in series-parallel to increase the voltage and current at the output of the generator. 

The I-V characteristic of the GPV depends on the level of illumination and the cell temperature 
and of the aging of the assembly [2]. In addition, its operating point of the GPV directly depends on 
the load it supplies. To extract every moment the maximum power available across the GPV.  

Modeling of solar panel  
The characteristic I-V of a photovoltaic generator is based on the same principle of a solar cell that 
was modeled by the equivalent circuit in Figure 1 [4, 5]. This circuit introduces a current source [6], 
a diode in parallel and series resistances Rs, parallel (shunt) Rsh to account for dissipative 
phenomena at the cellular level.  

 
Fig. 1: Circuit equivalent of a photovoltaic cell. 

 



Dielectric Materials and Applications: ISyDMA’2016  Materials Research Forum LLC 
Materials Research Proceedings 1 (2016) 154-158  doi: http://dx.doi.org/10.21741/9781945291197-39 

 

 
 155 

The series resistance is due to the contribution of the base resistances and the front of the junction 
and contacts the front and rear. Parallel resistance realizes effects such as the current losses through 
the edges of the cell, it is reduced by the penetration of metal impurities in the junction (especially if 
this penetration is deep) [7]. This circuit can be used both for a unit cell), for a module or a panel 
made up of several modules. 
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Where: Iph, I0 respectively the photo- current, the reverse saturation current of the diode and thermal 
stress with: n the ideality factor of the diode , q the electron charge , k is Boltzmann’s constant, T the 
temperature of the cell which varies in function of the illumination and the ambient temperature. 
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𝐼 = 𝐼𝑝ℎ − 𝐼𝑑 − 𝐼𝑅𝑅 (5) 

Results of the simulation and validation of the model  
1. Effects of irradiation in the characteristic IV 

 
First, we will present the results of the simulation of a solar panel with the following values of 
resistances series and parallelRs = 0.01Ω and Rp = 1000 Ω. 

When the illumination increases, the intensity of the photovoltaic current rises, the I-V curves 
shift to increasing values for the module to produce a larger electrical power. The current-voltage 
characteristic of the module shows a maximum power point voltage which is between 0.6 and 1.2 
Volts at 25 ° C.  
 

 
Fig2: IV characteristic of a different irradiation a Module PV. 

 
When the radiation level is high generation of electron hole pairs will be important to increase the 
intensity of the current produced by the panel that is clear in the figure 2. 
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For each curve, the value of I is constant at the beginning in more or less different intervals’, 
however, it will decrease in order to achieve the value of the VCO.  

The current (I) is inversely proportional to voltage V.  
With the increase in the value irradiation, the coordinates (Im, Vm) of the workings of the points 

shift to higher values, the same for Pmax (maximum power).  

2. Characterization I-V for Different Temperatures  
The temperature of the junction is proportional to the surface temperature of the solar cells.  

The influence of temperature on the characteristic I = f (V) (Fig. 3) is low when the junction is a 
same as ambient temperature. The variation becomes significant if the temperature of the junction 
increases.  

The influence of temperature on the characteristic quantities of the cell becomes significant when 
the temperature of the junction different of the ambient temperature [3].  

The solar flux and encapsulation of cells causes an increase in the temperature of the junction. 
When cells operate at high junction temperatures, they lose their characteristics and aging rapidly.  

 

 
Fig 3: IV characteristics for different temperatures 

 
It is clear that when changing the temperature varied from the junction to higher values, there will be 
a slight increase in short circuit current. The curves intersect with an insignificant decrease in the 
values of the VCO.  

For each curve, the value of I is constant at the beginning, however, it will decrease in order to 
achieve the value of the VCO.  

3. Characteristic IV for Different Resistances Series  
Resistance series characterise the losses by Joule effect of the resistance of the semiconductor and 
losses through the collection grids and bad Ohmic contacts of the cell. The influence of Rs on the 
characteristics of a cell is very important to the high polarization levels (near Vco) (Fig. 4).  

Current technology tries to minimize the RS value by control of the illuminated region, the 
geometry of the cell and the concentration of impurities. The cells currently marketed Si generally 
have series resistances:Rs = 0.01Ω–0.2Ω.  

To: VCO = 1.75v And ICC = 0.15A. 
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Fig 4: Characteristic IV for different resistances in series. 

 
It is clear that when changing the resistance Rs to higher values, the short-circuit current and open 

circuit voltage remain constant, there will be a slight operating point decrease (reduction in 
maximum power)  

The current I is inversely proportional to V(Fig. 4).  

4. Characteristic I-V for Different Resistances Shunt 
The parallel resistance (or shunt) characterised recombination losses due to the thicknesses of the 
regions P and N and the load area and space.  

Rp is linked directly to the manufacturing process, the existence of defect structures and surface 
states. Rp also affects the characteristic I = F (v) its influence is very important for low bias levels 
(near Icc). The cells currently marketed If generally have a parallel resistance Rp = 102Ω - 104Ω. 

 

 
Fig 5: I-V Characteristics of a module for variation Rp. 

With the increase of Rp value the coordinates of the Maximum power point shift to higher values, 
the same for Pmax.  

It is clear that when changing the resistance Rp to higher values, the short -circuit current and 
open circuit voltage remain constant, it will increase MPP (increase in maximum power). 

The current I is inversely proportional to V (figure 5). 

Conclusion 
In this paper, the impact of temperature, irradiation and resistance series-parallel on the performance 
of a PV generator were studied. 

The maximum power of a solar panel is related to the amount of light it receives; that is to say, the 
number of photons that can set an excitation to form electron hole pairs. When photons of low energy 
are lost, there will be a loss of light output. Pmax is proportional to intensity irradiation.  

The influence of the temperature of the solar cells is one of the important researches. Increasing 
the temperature of the junction is due to exposure of the latter to the sun which affects performance. 
We can say that the temperature has an adverse effect on the characteristics of the solar cell. The 
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series resistances reduce the power of the solar cell which is not preferable. The parallel resistances 
increase the efficiency of the solar cell which is preferable.  
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