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ABSTRACT

A photovoltaic (PV) generator is a nonlinear devawing insolation-dependent
volt-ampere characteristics. Since the maximum-popent varies with solar
insolation, it is difficult to achieve an optimumatching that is valid for all

insolation levels. Thus, Maximum power point tracki (MPPT) plays an

important roles in photovoltaic (PV) power systebmscause it maximize the
power output from a PV system for a given set ofditoon, and therefore
maximize their array efficiency. This project pnetseea maximum power point
tracker (MPPT) using Fuzzy Logic theory for a P\steyn. The work is focused
on a comparative study between most conventionaraker namely Perturb and
Observe (P&O) algorithm and is compared to a desigrzy logic controller

(FLC). The introduction of fuzzy controller has givvery good performance on

whatever the parametric variation of the system.
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ABSTRAK

Penjana photovoltaic (PV) adalah sejenis peramtakti lelurus yang mempunyai
spesifikasi volt-ampere yang bergantung kepadankedtan sinaran matahari. Oleh
kerana titik maksimum kuasa berubah-ubah mengi&oétahan sinaran matahari, maka
ia adalah sukar untuk mencapai nilai padanan maksingang sah untuk setiap
peringkat kecerahan. Oleh itu, pengesanan titiks&kuaaksimum (MPPT) memainkan
peranan penting dalam system kuasa photovoltaic ) (Rérana ia dapat
memaksimumkan kuasa keluaran dari sistem PV uratikset keadaan dan seterusnya
memaksimunkan kecekapan tatasusunan PV tersebjgk Bt mempersembahkan satu
pengesan titik kuasa maksimum (MPPT) yang meng@ama&ori fuzzy logic untuk
sistem PV. Kerja-kerja ini memfokuskan kepada sdjian perbandingan antara
pegawal paling konnventional iaitu P&O algoritma ndalibandingkan dengan
rekabentuk pengawal fuzzy logic (FLC). Pengenakmakla pengawal fuzzy logic telah
memberikan prestasi yang sangat baik dalam apgaspbeubahan parameter system

tersebut.
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CHAPTER 1

INTRODUCTION

1.1 M otivation

In the last years global warming and energy pdidiave become a hot topic on the
international agenda. Developed countries are drym reduce their greenhouse gas
emissions. Renewable energy sources are consideyea technological option for

generating clean energy. Among them, photovoltB¥)(system has received a great
attention as it appears to be one of the most @iomirenewable energy sources.
Photovoltaic power generation has an important tolplay due to the fact that it is a
green source. The only emissions associated wittp®Mer generation are those from

the production of its components.

However, the development for improving the efficdgrof the PV system is still
a challenging field of research. MPPT algorithme aecessary in PV applications
because the MPP of a solar module varies with rilagliation and temperature, so the
use ofMPPT algorithms is required in order to abthie maximum output power from a

solar array.



Therefore, the motivation of this thesis is to abtdne maximum power point
(MPP) of photovoltaic (PV) system by using FuzzygiocoController (FLC). Hence, this
thesis focused on the well-known Perturb and Oles@P&O) algorithm and compared
to a design fuzzy logic controller (FLC). A simudat work dealing with MPPT
controller, a DC/DC Boost converter feeding a l@dchieved. The result will show the

validity of the proposed Fuzzy Logic MPPT in the Bystem.

1.2 Project Background

A photovoltaic system for isolated grid-connecteglecations as shown in Fig. 1.0 is a

typically composed of these main components:

i. PV module that converts solar energy to electriwgro
ii. DC-DC converter that converts produced DC voltagéhle PV module to
a load voltage demand.
iii.  Digital controller that drives the converter oparatwith MPPT capability.

T

DC - DC Boost
Converter

\_IH

S

lpv

MPPT
Vpvl Control

Fig. 1.0. Typical diagram of MPPT in a PV System



1.2.1 PV Equivalent Circuit

The model of solar cell can be categorized as gamenductor junction; when exposed
to light, the DC current is generated. As knownrbgny researchers, the generated
current depends on solar irradiance, temperatung, laad current. The typical

equivalent circuit of PV cell is shown in Fig. 2.0.
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Fig. 1.1 Typical circuit of PV solar cell

The basic equations describing the |-V characierdtthe PV model are given in the

following equations: [11]

VD
0=Ig-Ip-—2 Ty oo, (1.0)
RP
I, = D(eVo”’r 1) e (1.1)



Where:
Ipy is the cell current (A).
Iscis the light generated current (A).
Ipis the diode saturation current (A).
Rsis the cell series resistance (ohms).
Rpis the cell shunt resistance (ohms).
Vpis the diode voltage (V).
Vris the temperature voltage (V).

Vpyis the cell voltage (V).

1.2.2 PV Module Characteristic

The photovoltaic modules are made up of silicofrsc&he silicon solar cells which give
output voltage of around 0.7V under open circuhditon. When many such cells are
connected in series we get a solar PV module. Nlgriimaa module there are 36 cells
which amount for a open circuit voltage of abouV2Uhe current rating of the modules
depends on the area of the individual cells. Highercell area high is the current output
of the cell. For obtaining higher power output 8war PV modules are connected in
series and parallel combinations forming solar PNys. A typical characteristic curve
of the called current (I) and voltage (V) curve gaver (W) and voltage (V) curve of

the module is shown is shown in Fig.1.2
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Fig.1.2 Characteristics of a typical solar PV medul

1.2.3 Need for Maximum Power Tracking

Power output of a Solar PV module changes with gban direction of sun, changes in

solar insolation level and with varying temperataseshown in the Fig. 1.3&1.4.

As seen in the PV (power vs. voltage) curve of medule there is a single
maximum of power. That is, there exists a peak povegresponding to a particular
voltage and current. We know that the efficiencytha# solar PV module is low about
13%. Since the module efficiency is low it is dable to operate the module at the peak
power point so that the maximum power can be dedivéo the load under varying
temperature and insolation conditions. Hence masdtion of power improves the
utilization of the solar PV module. A maximum povpaint tracker (MPPT) is used for

extracting the maximum power from the solar PV mledund transferring that power to
the load.
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Fig.1.3 Changes in the characteristics of the $®lamodule due to change in insolation

level.

A dc/dc converter (step up/step down) serves thepgse of transferring
maximum power from the solar PV module to the loaddc/dc converter acts as an
interface between theload and the module fig.1ybclBanging the duty cycle the load
impedance as seen by the source is varied and edaththe point of the peak power

with the source so as to transfer the maximum power



I-V and PV plots for varying ambient temperature
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Fig.1.4 Change in the module characteristics dubda@hange in temperature
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Fig.1.5 Block diagram of a typical MPPT system




1.24 How Maximum Power Point (MPP) is obtained.

The maximum power point is obtained by introducandc/dc converter in between the
load and the solar PV module. The duty cycle ofdbmeverter is changed till the peak

power point is obtained.

Considering a step up converter is used
Vo= (1/(1-D))*Vi...... (1.3)

(Vo is output voltage and Vi is input voltage)

solving for the Impedance transfer ratio
Ro = (1/(1-D)}*Ri....(1.4)

(Ro is output impedance and Ri is input impedarsceean by the source.)
Ri = (1-D¥*Ro....... (1.5)

Thus output resistance Ro remains constant anchéyging the duty cycle the
input resistance Ri seen by the source changetheéSmesistance corresponding to the

peak power point is obtained by changing the dytyec As shown in the fig.1.6.
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Fig.1.6 DC/DC converter helps in tracking the ppater point

1.2.5 Methodsof Peak Power Tracking.

The peak power is reached with the help of a detuhwerter by adjusting its duty cycle
such that the resistance corresponding to the pealer is obtained. Now question
arises how to vary the duty cycle and in which ctim so that peak power is reached.
Whether manual tracking or automatic tracking? Méruacking is not possible so
automatic tracking is preferred to manual trackidgn automatic tracking can be

performed by utilizing various algorithms.

i.  Perturb and observe [3],[4],[7].
ii.  Incremental Conductance [5],[9].
iii.  Parasitic Capacitance [9].

iv. Voltage Based Peak Power Tracking [9].
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v. Current Based peak power Tracking [9].
vi.  Computational Intelligent (e.g. fuzzy logic, neunatwork) [1],[2]

The algorithms are implemented in a microcontraiea personal computer to
implement maximum power tracking. The algorithmrades the duty cycle of the dc/dc
converter to maximize the power output of the medahd make it operate at the peak
power point of the module. P&O and fuzzy logic altfon are explained in detailed in

the chapter 3.

1.3 Problem Statement

When a PV moduleis directly coupled to a load,RMemodule’s operating pointwill be
at the intersection of its I-V curve and the loaéwhich is the 1-V relationship of load.

PV R

| ~
N

Fig. 1.7 PV module is directly connected to a (able) resistive

load.

In Fig. 1.7, a resistive load has a straight ln#h a slope of 1/Bag as shown in
Fig. 1.8. In other words, the impedance of loadatles the operating condition of the
PV module. In general, this operating point is sgldat the PV module’s MPP, thus it is

not producing the maximum power.
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Fig. 1.8 I-V curve of PV module and various resistioads

To mitigate this problem, a maximum power poiatker(MPPT) can be used to
maintain the PV module’s operatingpoint at the MREPPTs can extract more than

97% of thePV power when properly optimized [51].

1.4  Project Objectives

The objectives of this project are:-

i.  To track the maximum power point (MPP) of PV modoyeusing Fuzzy Logic
MPPT controller.
ii.  To simulate and analyses the performance of FurgycLMPPT controller with

other conventional controller.
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1.5  Project Scopes

The scopes of this project are:-

i. To develop a SIMULINK model of PV module that cortgesolar energy to
electric one.
ii. To develop a SIMULINK model of DC-DC boost convertieat converts
produced DC voltage by the PV module to a loadagatdemand.
iii.  To develop a SIMULINK model of Fuzzy Logic Contrll(FLC) that drives the
converter operation with MPPT capability.



CHAPTER 2

LITERATURE REVIEW

The following literature survey for the current oep consists of various papers

publishedin the IEEE conferences and the journals.

[1]. Control of DC/DC Converters for Solar Energy System with Maximum
Power Tracking. [4].

ChihchiangHua and ChihmingShen.

The object of this paper is to analyze and desi@QiCIT converters of different types in
asolar energy system to investigate the performasfcéhe converters. A simple
methodwhich combines a discrete time control ari’l @ompensator is used to track
theMaximum power points (MPP's) of the solar arfélye system is kept to operate
close tothe MPPT's, thus the maximum possible pdwaasfer from the solar array is
achieved.The implementation of the proposed coaveystem was based on a digital
signalprocessor (DSP). Experimental tests werdechout for buck, boost and buck-
boostconverters using a simple maximum power ptetking (MPPT) algorithm.
Theefficiencies for the system with different cortees are compared. The paper is use

full in evaluating the response of step up, stewrdoonverter for the MPPT system.
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