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Abstract: Renewable energy generation has experienced consistent growth in
the last two decades, motivated by the concerns of climate change and high oil
prices, and supported by renewable energy legislation and incentives, with a
close to $150 billion investment in 2007[1].Photovoltaic (PV) offers an
environment friendly source of electricity of which fuel is sunshine. The
maximum power point tracking (MPPT) algorithm is very commonly used
because of its fast dynamic response and well regulated PV output voltage
under widely varying atmospheric conditions.

PV array has non-linear I-V characteristic and output power depends on
environmental conditions such as solar irradiation and temperature. There is a
point on I-V, P-V characteristic curve of PV array called as Maximum Power
Point (MPP), where the PV system produces its maximum output power. Location
of MPP changes with change in environmental condition. The purpose of
MPPT is to adjust the solar operating voltage close to MPP under changing
environmental conditions. In order to continuously gather the maximum power
from the PV array, they should operate at their MPPT despite of the
inhomogeneous change in environmental conditions. The two most commonly
algorithms for PV applications as they are easy to implement are Perturb and
Observe (P & O) Incremental Conductance (Inc. Con.).
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I. INTRODUCTION

According to large use of the fossil fuel, the

reserve of petroleum substantially and rapidly reduced

and it will be depleted in a few decades. The extracting

of solar energy using PV modules comes with its own

problems, arise from the efficiency and output power

of the PV modules. A great deal of research has been

accomplished to improve the efficiency of the

photovoltaic system. Solar power has two largest

advantages over fossil fuels which have been used. The

first is the fact that it is renewable and it is never going

to run out. The second main advantage is its effect on

the environment. Solar energy is completely non

polluting.

A. Current status of photovoltaic technology

Photovoltaic solar electricity, together with solar

thermal, has the highest potential of all the renewable

energies, since solar energy is a practically unlimited

resource, available everywhere [2]. Humanity have

recognised the power in the sun’s rays as early as the

3rd century B.C., when magnifying glasses were used

to light torches [3]. The photovoltaic eûect was

discovered by the French scientist Edmond Becquerel

in 1839, but it was only explained in 1905 by a

publication of Albert Einstein for which he won his

Nobel-prize in 1921 [3]. The modern era of photovoltaics

can be dated from 1954, when scientists at Bell Labs

developed the ûrst silicone PV cell [4,3]. From the end

of the 1950s, solar cells for space applications have

been produced. Terrestrial applications of photovoltaics

started to spread at the beginning of the 1970s.

Today a large variety of photovoltaic generators

from mW- range for scientiûc calculators, through

several kW residential applications, to tens of MW- scale

photovoltaic power plants, are in operation all over the

world. The vast majority, close to 90%, of photovoltaic

modules are currently produced using waferbased

crystalline silicone [4,5], but there are other emerging

technologies which are gaining importance in the PV

market. In recent years thin-ûlm modules have earned

share in the PV market, taking advantage of the

photovoltaic-grade silicone shortage and consequently
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the higher prices in the PV market [6]. Concentrator

PV technology tries to decrease the amount of

semiconductor necessary, by using small-area high-

eûciency cells and inexpensive polymer lenses to focus

the light on the cell. This technology generally needs a

sun-tracking system [6] and it is more suitable for

medium to large PV systems [7] in areas with a high

percentage of direct radiation [8]. Photovoltaic energy

has the potential to play an important role in the transition

towards a sustainable energy supply system in the 21st

century, to cover a signiûcant share of the electricity

needs of Europe [4], and is expected to be one of the

key energy technologies of this century [2].

B. Mathematical Equations

It is not merely the size of the PV array but also

its pattern (i.e., the number of modules in series and

parallel) that considerably affect its power output and

the performance of the system. Therefore, a maximum

power point tracking (MPPT) control to take out

maximum power from the PV arrays at actual time

becomes essential in PV generation system. In recent

years, a large number of techniques have been proposed

for tracking the maximum power point (MPP).

Perturbation and observation (P&O) and hill climbing,

incremental conductance, ripple correlation, etc.

methods are extensively applied in the MPPT controllers

due to their simplicity and easy implementation.

Numerous MPPT algorithms have been projected from

time-to-time. MPPT of a photovoltaic array is usually a

necessary part of a PV system. The method vary in

complexity, sensors required, convergence speed, cost,

range of effectiveness, implementation hardware,

popularity, and in other respects. It is also a clean source

of energy.

MPPT system is a power conversion system with

a suitable control algorithm that allows extracting the

maximum power from a PV panel independently of the

operating conditions (temperature, solar irradiation and

shading). The maximization of the delivered power can

be achieved by regulating the current drawn from the

panels or the voltage across it to yield operation at or

close to the Maximum Power Point(MPP).

A maximum power point tracker is used for

obtaining the maximum power from the solar PV module

and conversion to the load. A non isolated DC-DC

converter offers the purpose of conversion maximum

power to the load. A DC-DC converter acts as an

interface of load as it appear by the source is varied and

matched at the peak power point with the source so as

to conversion the maximum power[8-9].

The Fig. 1 show the equivalent circuit of solar

cell and I-V characteristics of the solar cell circuit can

be set by the following equations. The current through

diode is given by:

V+I.Rs)
Id = Io [exp (q ( ___________ )) __ 1] ..(1)

KT

While the solar cell output current:

I = Il __ Id __ Ish ..(2)

V + I. Rs V+ I. Rs
I = Il - Io [ exp

(_________)
- 1] [_________] ..(3)

KT Rsh

where,

I : Solar cell current (A)

Il : Light generated current (A)

Io : Diode saturation current (A)

q : Electron charge (1.6×10-19 C)

K : Boltzman constant (1.38×10-23 J/K)

T : Cell temperature in Kelvin (K)

V : solar cell output voltage (V)

Rs : Solar cell series resistance (Ù)

Rsh : Solar cell shunt resistance (Ù)

Fig. 1. The equivalent circuit of solar cell

II. DESCRIPTION OF MPPT ALGORITHMS

The MPPT method consider is to automatically

find the current IMPP or voltage VMPP at which a PV

array should work to extract the maximum output power

PMPP under a given temperature and irradiance. Most

of MPPT methods respond to variations in both

irradiance and temperature, but some are precisely more

useful if temperature is approximately constant. Most

MPPT methods would automatically respond to various
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in the array due to aging, though some are open-loop

and would require periodic fine tuning. Module will

typically be connected to a power converter that can

vary the current coming from the PV array to the load

[10,11].

A. MPPT Control Algorithm

The weather and load changes cause the operation

of a PV system to vary almost all the times. A dynamic

tracking technique is important to ensure maximum

power is obtained from the photovoltaic arrays. The

following algorithms are the most fundamental MPPT

algorithms, and they can be developed using micro

controllers.

The MPPT algorithm operates based on the truth

that the derivative of the output power (P) with respect

to the panel voltage (V) is equal to zero at the maximum

power point. In the literature, various MPP algorithms

are available in order to improve the performance of

photovoltaic system by effectively tracking the MPP.

B. Perturb And Observe Algorithm

A frequently used class of MPPT algorithms

operate by continuously changing the operating point

of the PV panels and detecting corresponding variation

in the output power in order to determine the next

variation that leads to the MPP; therefore they are

known as ‘Perturbation and Observation’ algorithms.

P&O is the simplest method. In this algorithm only

one sensor used, to sense either the PV array voltage or

current. In P&O algorithm, the perturbation variable

can be the references values for the PV panel terminal

voltage, PV panel output current, or the duty cycle of

the MPPT converter. If the output voltage of the PV

panels is perturbed and dp/dv>0, it is known that the

operating point is left side of the MPP. The P&O

algorithms would then increase the PV panel references

voltage to move the operating point towards MPP. If

dp/dv<0 , then it is known that the operating point is on

the right side of the MPP. The P&O algorithm would

then decreases the PV panel references voltage. If the

perturbation variable is current, then the perturbation in

the PV output power is accomplished by periodically

changing (either increasing or decreasing) the references

current by a small value.

Fig 2.2 illustrates the flow chart for implementing

P&O MPPT algorithm. Here the PV output current is

used as a control variable. First of all, the terminal

Fig. 2. Flow chart of perturb and observe
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voltage, Vpv and current Ipv of panels are sensed. The

output power of PV panels, Ppv can be obtained from

the product of Vpv and Ipv.

C. Incremental Conductance

It has been shown above that P&O MPPT

algorithm have some drawbacks. These would in

principle be overcome by the Incremental Conductance

with the instantaneous static conductance.

The basic idea of the Inc Cond algorithms [12] is

that, at the MPP, the derivative of the power with respect

to the voltage or current becomes zero because the MPP

is the maximum point of the power curve. The output

characteristics of p*v are analyzed. In the left side of

the MPP the power increases with the voltage, i.e. dp /

dv > and it decreases with voltage in the right side of

the MPP, i.e. dp / dv < 0.

dp / dv = 0 At the MPP ... (4)

dp / dv > 0 To the left of the MPP ... (5)

dp / dv < 0 To the right of the MPP ... (6)

These relations can be written in terms of the

panel’s current and voltage

Using

dp/dv = d (iv)/dv = I + V di/dv ... (7)

1 1
___ dp/dv = ___ + di/dv ... (8)
V V

Hence, the PV panel terminal voltage can be

adjusted relative to the MPP voltage by measuring the

incremental and instantaneous panel’s conductance and

making use of above equation.

III. CONCLUSION

In this paper a theoretical analysis allowing the

optimal choice of the two main parameters

characterizing the P&O algorithm has been carried out.

The idea underlying the proposed optimization approach

lies in the customization of the P&O MPPT parameters

to the dynamic behavior of the whole system composed

by the speciûc converter and PV array adopted.The PV

Array mathematically modelled and the programmes

implemented in the MPPT for PV application using P&O

technique achieve the maximum power point. It has been

shown that for the particular irradiance levels and for

variation in the temperature, the maximum power is

achieved. This technique is a simple and setup results

in a highly efficient system. Incremental conductance

performed as well as P&O, but in general its higher

implementation cost would not be justified by any

improvement in performance.
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