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Abstract – The aim of this paper is to simulate the behavior of a partially shaded PV module 

based on the model of Bishop that we implemented in Matlab / Simulink. We have treated the case 

of a monocrystalline silicon PV module to study the effect of shading rate and the number of 

shaded cells when the bypass diodes are connected or disconnected. 
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1. INTRODUCTION 

During the installation of photovoltaic system, it happens that the modules location 

is imposed by the environment. This is very common in the building integrated 

photovoltaic, „BIPV‟ [1]. In these conditions, a certain number of PV modules could be 

partially or totally shaded. In this case, the shaded cells are reverse biased and operate 

as load rather than a generator. This leads to „Hot spot‟ and can destroy these cells and 

therefore the module if it has no protection. In case that this module is connected in 

series with other modules in a PV branch of a PV array, an open circuit due to the hot 

spot will provoke a disconnection somewhere in the PV field. In order to avoid this 

situation, most of PV modules sold are equipped with bypass diodes to reduce the risk 

of destruction in case of shade. In this article we present a program implemented on 

Matlab/Simulink which allows us to evaluate the effect of a partial shade of PV module 

on its performance, VI  and VP  characteristics for several cases where the module 

is equipped or not with by-pass diodes. 

2. METHOD OF SIMULATION OF 

BEHAVIOR OF PARTIALLY SHADED PV MODULE 

The equivalent circuit of PV module including some shaded cells is shown in figure 

1. The illuminated and the shaded cells (current generators blackened on the schematic) 

are connected in series [2]. 

For a PV module composed with 1N  cells normally illuminated and 2N  shaded 

cells connected in series, we get: 

21 III                 (1) 

21 VVV                 (2) 

Using the Bishop‟s model, the circuit of the figure 1 is described by the following 

equations [3], [4]: 
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Fig. 1: Equivalent circuit of PV module including shaded cells 
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where, 1phI  is the photo generated current of the cells normally illuminated which is 

dependent of the illumination and the temperature. 2phI  is the photocurrent of the 

shaded cells. For a cell situated in the shaded  part of the module, 2phI  as a function of 

1phI  and the „shade transmittance‟ sF  is given by the following expression:  

1F0:withIFI s1phs2ph              (5) 

0Fs   if the cell is completely shaded, 1Fs   if the cell is completely 

illuminated and 5.0Fs   means that the half of the cell is shaded (transmittance 50%). 

sr  and shr  the series resistance and the shunt resistance, 0I  the saturation current, 

m  the ideality factor, K  Boltzmann constant, cT  the absolute temperature of the cells, 

q  the elementary charge, brV  the junction breakdown voltage, a  and n  are the 

adjustments parameters with sh
, r/aa  . 

The equations (3) and (4) have been solved by using Newton-Raphson to in order to 

obtain the VI  characteristic of a module.  We then implemented them in a simulation 

program under Matlab/Simulink environment as shown on the figure .2. 

 
Fig. 2: Block diagram of simulation of 

VI  characteristic of PV module with shaded cells 
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3. SIMULATION CASE STUDY 

In order to study the effect of the presence of shaded cells on the module 

performances, we treated the case of a module with 36 cells connected in series whose 

parameters at standard tests conditions (STC) are: 

1phI  = 3.2 A, 0I  = 3.86×10
-5

 A, sr  = 0.008 Ω, shr  = 15.29 Ω,  

,a  = 2.10
-3

 Ω
-1

, m = 1.96, brV  = - 21.29 V, n  = 3. 

We present in the following the simulated results obtained for the effect of the shade 

on the VI  and VP  module characteristics depending on the shade transmittance for 

the case of one cell shaded. We then, for a given shade transmittance, study the effect of 

a number of cells shaded on the module characteristics. The two alternatives were 

considered with or without bypass diodes in the module. 

3.1 PV module without by-pass diodes, one shaded cell, variable transmittance 

The fig. 3 and 4 show, respectively, the variation of the VI  and VP  

characteristics for different values of the shade transmittance ( sF =1, sF =0.7, sF =0.5, 

sF =0.35 and sF =0.25) 

 

Fig. 3: Simulated VI  curves for a module with one shaded 

cell for different values of the shade transmittance 

 
Fig. 4: Simulated VP  curve for a module with one shaded 

cell for different values of shade transmittance 

On the figure 3, we notice that a partially shaded cell induces a deformation of the 

shape of the VI  module characteristic. This is due to the decrease of the current 

produced by the module which is provoked by the load behavior of the shaded cell. As 

the shade transmittance F  diminishes the current follows. While the current I I and the 

power P  (Fig. 3, 4) decreases when F  goes down, the open circuit voltage is not 

affected at all. 
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Table 1 shows the maximum rate power obtained for each value of shade 

transmittance considered compared to the case where there is no shade on the module. 

Table 1: Maximum power rate got from the PV module 

with one shaded cell for different value of the shade transmittance 

sF  Maximum power rate 

1 100 % 

0.7 87.23 % 

0.5 66.02 % 

0.35 47.67 % 

0.25 36.28 % 

3.2 PV module without by-pass diodes, transmittance fixed, number of shaded cells 

variable 

On the figure 5 and 6 are presented the results obtained for the same module as used 

before but for a fixed shaded transmittance of 50 % and a number of shaded cells in the 

module varying between 0 and 3. 

 
Fig. 5: VI  simulated curve for a PV module when F  = 50% 

and a number of shaded cells varying 0 to 3 

 
Fig. 6: VP  simulated curve for a PV module when F  = 50 % 

and a number of shaded cells varying 0 to 3 

Compared to the results obtained in the previous case (Fig. 3 and 4), we notice that 

for the same transmittance F , the increase in the number of shaded cells accentuates the 

decrease of the short circuit current (Fig. 5). 

More than 2 shaded cells have a weak effect on the VI  curve and even on the 

VP  curve. As shown in Table 2, for a given shade transmittance of 50 %, the 
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significant loss in power for the PV module, about 34 %, is due to the first shaded cell. 

Additional shaded cells alter only slightly the power of the module. 

Table 2: Maximum power rate got from the PV module 

related to the number of the shaded cells ( sF  = 50 %) 

Number of shaded cells Maximum power rate 

0 100 % 

1 66.02 % 

2 64.96 % 

3 64.03 % 

 
Fig. 7: VI  curve for the shaded cell (1), VI  curve for the 35 

illuminated cells (2) and VI  curve for the partially shaded module (1)+(2) 

In order to analyse the behavior of different parts of the PV module without by-pass 

diodes and appreciate the impact of the shade on the module PV performance, we have 

represented on the figure 7 the case of a module which has only one shaded cell with 

F = 50 %. 

The curves 1 and 2 are respectivelly the VI  curve for the shaded cell and the 35 

illuminated cells. The curve (1)+(2) is the VI  curve of the module partially shaded. 

The shape of the VI  curve for the shaded cell (curve 1) is explained by the fact 

that this cell is in reverse bias mode for the low loads. 

3.3 Modelization of a PV module with by-pass diodes 

The by-pass diodes are used in order to protect the cells from the high negative 

voltage. In the module sold there is commonly two by-pass diodes. Each of them is 

connected in parallel to a string of 18 cells as shown on the figure 8. 

 
Fig. 8: Schematic of a PV module with by-pass diodes 
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Fig. 9: Block diagram of the simulation program of the VI  characteristic 

of PV module with shaded cells and two bypass diodes 

As shown on the block diagram of the figure 9, the module is divided in two strings 

of 18 cells. Two bypass diodes are used for one module. Each of the diodes is devoted 

for one string. They are represented on the diagram by two switches. Knowing that 1V , 

2V  and V  are respectively the voltages of the first string, second string and the total 

voltage of the module, the two switches function according to the following conditions: 

1212 VV,otherwise,VVV,then0VIf   

3.4 PV module with by-pas diodes, one shaded cell, variable transmittance 

On the figure10 and 11 is presented the effect of the variation of the shade 

transmittance on the VI  and VP  characteristics of a module which has one shaded 

cell and two by-pass diodes. 

 
Fig. 10: Effect of the variation of the shade transmittance on the VI  

simulated curve for a PV module which has one shaded cell and two by-pass diodes 

The effect of by-pass diode results in the disconnection of any part that contains the 

shaded cell as it is reverse biased. We notice on figure 10 that the value of the current 

from which the „shaded part‟ of the VI  curve re-connects to the part of the curve 

representing the illuminated region of the module decreases as the shade transmittance 

decreases.  

On the fig.11, the by-pass diodes bring up two points of maximum power on the 

VP  characteristic. 
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Fig. 11: Effect of the variation of the shade transmittance on the VP  

simulated curve for a PV module which has one shaded cell and two by-pass diodes 

3.5 PV module with by-pas diodes, transmittance fixed, number of shaded cells 

variable 

The figures 12 and 13 present the effect of the variation of the number of the shaded 

cells (from 0 to 3) for a fixed shade transmittance of 50 % on the VI  and VP  

characteristics of a module which has two by-pass diodes.  

We notice that when the number of the shaded cells increases, the value of the 

current from which the reconnection takes place decreases. From a certain number of a 

shaded cells (three for our case), the string where these cells are located remains all the 

time disconnected whatever the load and this thanks to a protecting by-pass diode. In 

this situation only a half of the module is working and we got just half of the power it 

should produce. 

 
Fig. 12: VI  simulated curve for a PV module with two bypass diodes 

when F = 50 % and a number of shaded cells varying from 1 to 3 

 
Fig. 13: VP  simulated curve for a PV module with two bypass diodes 

when F = 50 %  and a number of shaded cells varying from 0 to 3 
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The figure 14 shows the contribution of each part of the module with by-pass 

diodes, the shaded cell, the string containing the shaded cell and the string which is free 

of shaded cell.  

In the example treated the module has only one shaded cell and the shade 

transmittance is fixed to 35 %. 

It is clear from the figure 14 that when the portion of the module containing the 

shaded cell becomes forward biased, thereby blocking the bypass diode, the shaded cell 

is always reverse biased but subject to negative voltages less important. This reduces the 

risk of destruction. 

 
Fig. 14: VI  curve for different parts of a PV module with one shaded cell. 

sF = 50 %, VI  curve for: the shaded cell (1), the string of 18 cells including the 

shaded cell (2), the string of 18 cells which is completely illuminated (3) 

the module equipped with its by-pass diodes (4) 

4. CONCLUSION 

We have presented in this article a method for simulating the electrical behavior of 

PV module partially shaded. We have shown the effect of the variation of the shade 

transmittance and the number of the shaded cells on the I-V and P-V characteristics to 

both cases: with or without by-pass diodes. This method is applicable to any PV module 

with a known simulation parameters. As a perspective for this work, we project to 

install a reverse bias characterization bench to extract the parameters of Bishop for each 

type of PV module. 
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NOMENCLATURE 

a , 
,a , n : Fitting parameters K : Boltzmann constant, 1.381×10-23 J/K 

sF : Shade transmittance m : Ideality factor 

1I : Current in cells normally illuminated, A 

cT : Cell temperature, K 

2I : Current in the part of module containing 

shaded cells, A 

1phI : Photocurrent of normally illuminated 

cells, A 

2phI : Photocurrent of partially shaded cells, 

A 

1N : Number of cells normally illuminated 2N : Number of shaded cells 

1V : Voltage of the part of PV module 2V : Voltage of the part of PV module 
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normally illuminated (V) containing shaded cells (V) 

sr : Series resistance of PV cell, Ω shr : Shunt resistance of PV cell, Ω 

q : Elementary charge (1.602×10-19 C) pvV : Module voltage, V 
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