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ABSTRACT:- In this paper we present a mathematical 
modeling  of photovoltaic module and by using them on 
MATLAB we obtain  V-I and P-V characteristics of PV 
module. The V-I and P-V characteristics are obtained for 
constant temperature at various solar irradiations. In this 
paper we also present a concept of Perturb and Observe 
algorithm which is a Maximum Power Point Tracking 
Algorithm used for operating a PV module at maximum 
power point. 
 
INTRODUCTION  

As we know that a non-renewable 
resource (also known as a finite resource) is a 
resource that does not renew itself at a sufficient rate. 
The energy which is taken from these resources are 
available on the earth in limited quantity and will 
vanish fifty-sixty years from now. Non-renewable 
resources are not environmental friendly and can 
have serious affect on our health. Non-renewable 
sources exist in the form of fossil fuels (natural gas, 
oil and coal). Fossil fuels are continually produced by 
the decay of plant and animal matter, but the rate of 
their production is extremely slow, very much slower 
than the rate at which we use them. Any non-
renewable energy resources that we use are not 
replaced in a reasonable amount of time and are thus 
considered "used up", not available to us again. 

The problems that are occurring due to the 
use of non-renewable sources of energy can be 
overcome by using renewable sources of energy. 
A renewable resource is a natural resource (sun, 
wind, rain, tides) which can be replenish with the 
passage of time. They are available in plenty and by 
far most the cleanest sources of energy available on 
this planet. Renewable sources have low carbon 
emissions, therefore they are considered as green and 
environment friendly. 

Nowadays, the most widely used renewable 
form of energy is solar energy. Solar Energy is the 
energy received from the sun. For many decades 
solar energy has been considered as a huge source of 
energy and also an economical source of energy 
because it is freely available and be used for heating, 
lighting and cooling homes and other buildings, 
generating electricity, water heating, and a variety of 
industrial processes. Most forms of renewable energy 

come either directly or indirectly from the sun. For 
example, heat from the sun causes the wind to blow, 
contributes to the growth of trees and other plants 
that are used for biomass energy, and plays an 
essential role in the cycle of evaporation and 
precipitation that makes hydropower possible. 
However, it is only now after years of research that 
technology has made it possible to harness solar 
energy. 

Sunlight can be converted directly into 
electricity using photo-voltaic (PV), or indirectly 
with concentrated solar power (CSP), which normally 
focuses the sun's energy to boil water which is then 
used to provide power. 

Photovoltaic module, also known as solar 
module works on the principle of photovoltaic effect. 
The output of PV module depends on some factors 
such as cell temperature and solar irradiation. Thus 
for maximum power output solar tracking PV module 
is used, which operates the solar module near the 
point of maximum power. Various maximum power 
point tracking algorithm has been introduced for 
operating the PV module near the point of maximum 
power. 

 
HISTORY 

The term "photovoltaic" comes from the 
Greek word “phos” meaning "light", and from 
"Volt", the unit of electro-motive force, the volt, 
which in turn comes from the last name of the Italian 
physicist Alessandro Volta, inventor of the battery 
(electrochemical cell). The photovoltaic effect was 
first experimentally demonstrated by French physicist 
A. E. Becquerel. In 1839, at age 19, experimenting in 
his father's laboratory, he built the world's first 
photovoltaic cell. 

A photovoltaic cell (also called a solar cell) 
is an electrical device that converts the energy of 
light directly into electricity by the photovoltaic 
effect. It is a form of photoelectric cell (in that its 
electrical characteristics—e.g. current, voltage, or 
resistance—vary when light is incident upon it) 
which, when exposed to light, can generate and 
support an electric current without being attached to 
any external voltage source. 
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Materials presently used for photovoltaic or 
solar cells include mono-crystalline silicon, 
polycrystalline silicon, amorphous silicon, cadmium 
telluride, and copper indium selenide/sulfide. 

The basic building block of solar electric 
systems is the solar cell. Solar cells typically generate 
somewhere between 0.4 and 0.7 volts when 
illuminated. A solar cell can be cut or sized to fit into 
something as small as a watch face. The individual 
solar cells are ganged into a solar module or solar 
panel to produce a desired voltage and current. Most 
solar cells today are wired in such a way as to charge 
12 Volt, or 24 Volt batteries, however they can be 
configured at other voltages. The modules/panels can 
again be interconnected to create an even larger 
“array” of solar panels. There really is no limit to the 
size of a solar electric system.  

In order to get useful power out of a solar 
cell you must attach wires to it. Furthermore, the 
wires must be attached in such a way that they don’t 
shadow a large portion of the solar cell. Once a solar 
cell is wired, it usually gets wired to other solar cells 
in the appropriate series/parallel combination to get 
the desired voltage and current. Once the solar cells 
are wired, they are usually put into some protective 
package to create a solar module/panel. 

 

 
Fig.1 Solar array from solar cells 

 

 
WORKING OF SOLAR CELL  

In a typical photovoltaic cell, two layers of 
doped silicon semiconductor are tightly bonded 
together (illustrated in Figure 2). One layer is 
modified to have excess free electrons (termed an n-
layer), while the other layer is treated to have an 
excess of electron holes or vacancies (a p-layer). 
When the two dissimilar semiconductor layers are 
joined at a common boundary, the free electrons in 
the n-layer cross into the p-layer in an attempt to fill 
the electron holes. The combining of electrons and 
holes at the p-n junction creates a barrier that makes 
it increasingly difficult for additional electrons to 
cross.  
 

 
Fig. 2 Generation of electric current using PV cell 

 
When a photon of light is absorbed by one of these 
atoms in the N-Type silicon it will dislodge an 
electron, creating a free electron and a hole. The free 
electron and hole has sufficient energy to jump out of 
the depletion zone. If a wire is connected from the 
cathode (N-type silicon) to the anode (P-type silicon) 
electrons will flow through the wire. The electron is 
attracted to the positive charge of the P-type material 
and travels through the external load (meter) creating 
a flow of electric current. The hole created by the 
dislodged electron is attracted to the negative charge 
of N-type material and migrates to the back electrical 
contact. As the electron enters the P-type silicon from 
the back electrical contact it combines with the hole 
restoring the electrical neutrality. 

 
 

PHOTOVOLTAIC SYSTEM:- 
The major components of photovoltaic 

system are PV panels that are mounted on the roof of 
a building and these are the principle building block 
of a photovoltaic system, Batteries to store DC 
energy generated by the solar panels, Charge 
controller to prevent overcharging the battery, 
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Inverter to convert electricity produced by the system 
from DC to AC power. 

Firstly, the sun shines on the PV panels to 
produce electrical power. That power is routed 
through a charge controller to the batteries. The 
charge controller regulates the charging of the 
batteries because the voltage on the batteries needs to 
be increased slowly and also charging them too fast 
or routinely overcharging the batteries quickly 
degrades them. Next, the inverter converts the dc 
(direct current) electrical power from the batteries 
into ac (alternating current) electrical power or it can 
be used directly without converting into ac. This can 
then be fed to household appliances via a wall socket. 
 

 

Fig.3 Power generation using PV system 

PV system are of three types: 

1. STAND-ALONE PV SYSTEM (OFF-GRID 
SYSTEM): Stand-alone systems are not 
connected with utility power lines and these are 
self sufficient systems. These systems could 
either be used to charge the batteries that serve as 
an energy storage device or could work directly 
using the solar energy available in the daytimes.   

2. GRID CONNECTED PV SYSTEMS(ON-GRID 
SYSTEM): A grid connected photovoltaic 
system will be interacted with utility grid. The 
main advantage of this system is that power can 
be drawn from the utility grid and when power is 
not available from grid, PV system can 
supplement that power. These grid connected 
systems are designed with battery or without 
battery storage. 

3. HYBRID SYSTEMS: System with more than 
one source of power is called Hybrid system. It 
is often desirable to design a system with 
additional source of power. The most common 

type of hybrid system contains a gas or diesel 
powered engine generator. 

 

MODELLING OF PV MODULE: 

The equation for an ideal photovoltaic cell (as shown 
in fig 4) in which a single diode is connected in 
parallel with a light generated current source (Ipv) is 
given by 

I = Ipv – Id 

(1) 

 

Fig.4 An ideal PV cell 

Where Id by shockley equation is given by 

 

 

    (2) 

Where Is is the diode saturation current 

But in practical, the equivalent circuit of solar cell 
comprises of a current source connected in anti-
parallel with the diode, series resistance of the cell Rs 
and the shunt resistance of the cell Rsh as shown in 
figure 5. Based on figure 5, the output current of the 
solar cell can be calculated as 
 

I = Ipv – Id    I Rsh 
     (3) 
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Fig.5 Equivalent circuit of a PV cell 

 

 

          (4) 

The light generated current or photocurrent of the 
solar cell is mainly depends on the solar irradiation 
level and its working temperature, which is expressed 
as 

 
     (5) 

Where, Isc is the reference short-circuit current of 
cell at 25°C and 1000 W/m2, Ki is the short-circuit 
current temperature co- efficient of cell, Tc and Tr 
are the working temperature of cell and reference 
temperature respectively in Kelvin. 
The diode saturation current of the cell varies with 
the cell temperature, which is expressed in eq. 6 as, 
 

        
    (6)  
         
Where, Irs is the reverse saturation current of a cell at 
a reference temperature and a solar irradiation, Eg is 
the band gap energy of the semiconductor used in the 
cell (Eg ≈1.12 eV for the polycrystalline Si) at 25 oC. 
The reverse saturation current of a cell Irs is  
 

 
    (7) 

A PV array is a group of several PV modules which 
are electrically connected in series and parallel 

circuits to generate the required current and voltage 
as shown in figure 6. 

 

 
Fig. 6 Equivalent circuit of PV array 

 
The terminal equation for the current and voltage of 
the array becomes as follows 

 
                   

 
      
                       (8) 
The photocurrent mainly depends on the solar 
insolation and cell’s working temperature, Tc 
Since, normally IPH >> IS and ignoring the small 
diode and ground leakage currents under zero short-
circuit current ISC is approximately equal to the Ipv 

Ipv = Isc             
          (9)                                      

On the other hand, the VOC parameter is obtained by 
assuming the output current is zero. Given the PV 
open voltage VOC at reference temperature and 
ignoring the shunt leakage current, the reverse 
saturation current at reference temperature can be 
approximately obtained as 
 

  
          (10)  

 
In addition, the maximum power can be expressed as  

 

 
        (11)  
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Where, Vmax and Imax are terminal voltage and output 
current of PV module at maximum power point 
(MPP), and γ is the cell fill factor which is a measure 
of cell quality. 
 
PV MODULE CHARACTERSTICS:- 

PV system naturally exhibits a nonlinear V-I 
and P-V characteristics which vary with the solar 
irradiation and cell temperature. In this paper MXS 
60 PV Module is taken as the reference module and 
its data sheet details are given in Table-1 
                      

 
TABLE 1 Parameter specification of MXS 60 PV Module 

 
 
The V-I characterstic of a solar cell for different solar 
insolation at temperature 301K and 329 K is shown 
in figure 9 and 10. 
 

 
Fig.7 V-I characterstic at temperature 301 kelvin 

 
Fig.8 V-I characterstic at temperature 329 kelvin 

 
The PV characteristics of the PV module for a 
particular operating condition is as shown in figure 
11 and 12. 
 

 
Fig.9 P-V characterstic at 301 kelvin temperature 

 
 

 
Fig.10 P-V characterstic at 329 kelvin temperature 
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MPPT ALGORITHM:-  

Maximum power point tracking (MPPT) is a 
technique that grid-tie inverters, solar battery 
chargers and similar devices use to get the maximum 
possible power from one or more photovoltaic 
devices. The output power of a PV system can be 
maximized by continuously tracking the maximum 
power point of a system and the maximum power 
point is dependent on the solar temperature, solar 
irradiation and on the load connected. Thus 
maximum power point can be tracked continuously 
by using a theoretical means known as the algorithm. 
Several MPPT algorithm has been developed and in 
this paper we present a Perturb and Observe 
algorithm. 

 

Fig.13 P&O algorithm 
 
The working of P&O algorithm is as shown 

in figure 13. Firstly the current and voltage of PV 
array are sensed at a point and then power is 
calculated corresponding to that point. If the power is 
greater than its previous value then the power is 
increasing in that direction and operating point is 
moving toward its maximum power point and the 
voltage is perturbed in that direction. But if the power 
drawn from the PV array decreases then the operating 
point is moving away from maximum power point 
and the voltage is then perturbed in reverse direction.                                                                                              
 
RESULT AND DISCUSSION:- 

The output power of the solar PV module 
vary according to the variation in the direction of the 
sun, variation in solar insolation level and variation in 
temperature. Also there is a single maximum power 
point in the PV characteristics of the PV module for a 

particular operating condition as shown in fig. 11 and 
12 marked by red dot. It is desired that the PV 
module operates close to this maximum power point. 
The process of operating PV module at MPP is called 
as maximum power point tracking (MPPT). 
Maximization of PV power improves the utilization 
of the solar PV module and offers the main advantage 
of providing high efficiency under rapidly changing 
atmospheric conditions. 

The MPPT algorithm are included in 
Optimal DC to DC converters which use switching 
techniques to move charge or current in such a way 
that creates a larger or smaller voltage or current on 
the output. The equation that describes the 
relationship between the input and output voltages, 
switching time, and duty cycle is given below 

 

 .  
From above equation duty cycle for various 

input voltages can be obtained and by varying the 
duty cycle of a converter output voltage at which 
maximum power occur is obtained and the solar 
tracking solar module works at maximum power 
point in P-V characterstic (as shown in fig. 10 and 
11). 
 
CONCLUSION:- 

The P-V and I-V curves are obtained on 
MATLAB by using the mathematical modelling of 
the PV array and these curves better explain in detail 
the  dependence of the output power of a PV array on 
the solar irradiation levels and  its temperatures. The 
array will operate near to its maximum power point 
by using MPPT algorithm that are used to track 
continuously the maximum power point. Thus in this 
way the efficiency of PV array is increased. 
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