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Abstract: Solar Photovoltaic (SPV) systems are widely used as 

alternative energy source for the generation of electricity, because 

of their advantages over other energy sources. The performance 

analysis of PV modules is depends upon various parameters and 

shading is one of them. Shading of modules drastically affects the 

performance of the PV modules. This paper focuses on the study 

of effect of bypass diode during the partial shading of solar 

modules and also the effect of shading on the output of SPV 

module. This study is done by using bypass diode models 

developed and the simulation is done by using 

Simscape/MATLAB software. The performance of SPV system 

can be improved by reducing the shading effect. 

 

Index Terms: Solar Photovoltaic, MATLAB/Simulink, Solar 

Irradiance, Shading. 

I. INTRODUCTION 

The conventional energy sources are almost about to deplete 

over time and that is leading to think about other alternatives 

of energy sources. With the grown population the demand of 

energy is increasing as well. This increased demand leads to 

the idea about using the solar energy as an alternative source. 

There are many other resources but the solar power is the 

widely used because it has so many fascinating 

characteristics. Solar energy is inexhaustible, renewable, 

cost-effective and environment-friendly form of energy and it 

will support to the reduction of CO2 emissions. The sun 

produces huge amount of sunlight daily and that is enough to 

fulfill the energy needs of the world. This sunlight can be 

used directly or indirectly depending upon the application. 

The most usable form of energy is electricity on which our 

daily life is dependent. This need of electricity can be 

fulfilled by the solar power. Solar energy is converted into 

DC power by solar modules [1]. Solar modules are basically 

photovoltaic cells that are connected in series or parallel 

depending on need. These silicon made cells use 

semiconductor technology to convert the sunrays into the 

form of electricity. This energy conversion is done by using 

photovoltaic effect. The open circuit voltage produced by a 

single solar cell is very small i.e. 0.5 to 0.6 V [2]. This small 
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voltage can be made high by connecting the cells in series. 

These PV cells can also be connected in parallel or 

sometimes in the combination of series-parallel. The higher 

will be the voltage if these solar cells are connected in series. 

The parallel connection of these modules results in higher 

output current. The long life span about 20 to 25 years makes 

the solar modules more reliable. Maintenance of modules is 

quite easy because they do not require any special care [3]. 

PV modules are used for the maximum utilization of solar 

energy during the day time because during day time the 

sunlight is proper if the weather is clear. Although, solar 

modules gives so many benefits to the human life but they 

also have some demerits like shading. Shading of modules 

takes place due to various issues like shadow of trees, 

mountains, hills, weather change, bird’s feces etc. [4]. The 

overall performance of solar photovoltaic modules is affected 

by shading of modules. Shading results in the heating of solar 

modules. The improper illumination of light causes the 

shading. Shading cannot be removed completely but it can be 

reduced to an extent so that the power of the solar modules 

will not be affected more by it. Bypass diodes can be used to 

reduce the effect of shading on SPV modules. By increasing 

number of bypass diodes the shading can be reduced and the 

improved power can be achieved through solar modules.  The 

purpose of this paper is to analyze the effect of shading on PV 

modules and to overcome the degradation of power.  

II. BASIC PV CELL MODEL 

 

PV cell uses photovoltaic effect to convert the sunlight into 

electricity. When the light is exposed to the semiconductor 

materials, some of light of photons are absorbed by the 

semiconductor material and generate voltage across the cells. 

Silicon is widely used as semiconducting material. Two types 

of silicon materials can be used i.e. Mono crystalline silicon 

and the Polycrystalline silicon for making these solar 

modules [5]. There are four valence electrons in Silicon and 

all of four shares a bond with another atom of silicon and 

hence make covalent bonds. When light fall on the 

semiconducting material some amount of light is reflected, 

some is transmitted through the material and left is absorbed 

by the material. 

When the sunlight is present in proper amount and the 

intensity of light is high enough then the large amount of 

photons are absorbed and these absorbed photons then excite 

the electrons. These excited electrons gain high energy to 

migrate from valance band to conduction band. This 

movement of electrons from valance to covalent bond leaves 

the hole there. These free electrons and holes play a vital role 

in producing electricity and called as light 

generated electrons and holes 

respectively. 
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The basic PV cell model is shown in Figure1. The model 

includes a current source, diode, shunt resistance, and series 

resistance. 

 

        Figure 1 Basic Circuit Diagram of a PV cell 

I-V characteristics of a PV Cell  

The current-voltage (I-V) characteristics of solar modules are 

shown in figure.2. Fig. 2(a) represents the I-V curve in ideal 

case and when there is no shade. Fig. 2(b) shows the I-V 

characteristics when the Modules are partially shaded. It is 

clearly visible by fig. 2(b) that shading damages the cell and 

affects the overall output. 

 

                                         (a) 

 

                                         (b) 

Figure 2 I-V Characteristics curve of solar modules  

     (a) Ideal Case 

     (b) Under partial shading [6]  

III. EFFECT OF SHADING 

Shading is the very important issue of concern while 

analyzing the power at the load. Shading of panels is 

unwanted but it will occur somehow including the 

atmospheric reasons such as bad weather, dirt-patches, 

shadow by tree leaves, etc. and have an adverse effect on the 

output of modules. Shading of modules can be compared 

with the clog in a pipe of water. As the flow of water in pipe is 

restricted by the clog similarly, the shading blocks the flow of 

current through the shaded module. The current of entire 

string is decreased even if the small section of module is 

shaded because all cells are connected in series and next cell 

is operated by the output voltage of the previous cell hence 

total power generated at each cell is the sum of all [6]. If a 

single cell or a string of cell is shaded it behaves as a reverse 

bias, the circuit get disconnected and act as open circuit. So, 

even the small amount of shading can substantially affects the 

maximum output power. Shading can also cause overheating 

of module which leads the making of hotspot on the module 

surface. Shaded panels produce less energy as compared to 

the un-shaded panels. A Partially shaded module is shown in 

figure 3. The various causes of shading of modules are shown 

by the figure 4, 5 and figure 6. 

 
Figure 3 Shading of Panel in Partially Shaded Roof 

 
Figure 4 Birds sitting on the surface of solar module 

 

Figure 5 Shading due to Dirt-patches 
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Figure 6 Shading due to Bird-Excrements 

IV. EFFECT OF BYPASS DIODE ON PARTIAL 

SHADING 

Bypass diodes as the name implies it bypasses the current 

through it. Bypass diodes is connected in parallel with the 

solar modules. The increased number of bypass diodes can 

also results in improved output power. When the solar 

modules are un-shaded, i.e. when modules receive uniform 

irradiance, the bypass diode becomes passive or considered 

as the reverse biased and the current flows through the 

modules itself. In case of shading occurs in the modules, the 

current will not pass through the solar cells in the modules as 

these solar cells are now in reverse bias condition and this 

will results in power loss due to voltage drop. In this case, 

bypass diodes plays an important role in the smooth flow of 

current thus generating voltage. Hence power is increased at 

the output [8]. 

In this paper, analysis on partial shading is done by one diode 

model using MATLAB Simulink software.  

PV model using Bypass Diode 

The model shown in figure 7 is developed using 

Matlab/Simscape tool. In this model, only one bypass diode 

is used to prevent the cells from shading. The different blocks 

are used to complete the model and to meet the requirements. 

The controlled current block is used to measure the output 

current and voltage sensor block is used to measure the 

output voltage. The product block multiplies the voltage and 

current of the photovoltaic module. The output power and 

output voltage of solar module is sent to the Workspace block 

for plotting the P-V curve. 

 

Figure 7 PV model by using single bypass diode 

V. RESULTS AND DISCUSSION 

The shading analysis is done for the solar module consists of 

60 cells and the results are shown by the various curves 

(voltage, current and power). Shading affects the power and 

hence the overall output of module. The reduction of power 

level can be improved by using the bypass diode. 

 

Voltage Curve: Voltage curve shown in the figure 8 

represents the output voltage with and without bypass diodes. 

The yellow line in the curve represents the output voltage in 

normal irradiance without bypass diode and the blue curve 

shows the voltage under partial shading with bypass diode. 

 

            Voltage in Normal Irradiance (without bypass 

diode) 
 

                Voltage under partial shading (with bypass diode) 

 

Figure 8 Voltage Curve 

 

Current Curve: The current curve shown in figure 9 

represents the current by solar modules with or without 

bypass diodes. The yellow curve shows the current in normal 

irradiance without using bypass diode 

and the blue curve represents the 
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current drawn under partial shading when bypass diode is 

used. 

 

 
 

         Current in normal irradiance (without bypass diode)  

 

        Current under partial shading (with bypass diode) 

 

Figure 9 Current Curve 

Power Curve: The power curve is shown in figure 10 

represents the power generated by the solar modules with and 

without bypass diodes. The yellow curve shows the power 

when the irradiance is normal. The blue curve shows the 

power under the partial shading with using bypass diode.  

 

 
 

                Power under partial shading (without bypass 

diode) 

                Power under partial shading (with bypass diode) 

Figure 10 Power Curve 

VI. CONCLUSION 

This paper comprises the analysis of partial shading and the 

effect of bypass diode on the shading of SPV modules. This 

analysis is done by developing a PV model with the help of 

MATLAB/Simscape. The effect of partial shading on the 

output of the solar modules is reduced by using the bypass 

diodes. The graphs clearly represent the improvement in the 

power when the bypass diode is used. The power is increased 

with the use of bypass diode because this diode provides a 

path to current flow so that the current will not get blocked 

and modules can easily generate power. This power can be 

further enhanced by increasing the number of bypass diodes.  
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