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ABSTRACT

Renewable energy, such as wind and photovoltaic arrays, has become the core energy
in micro-grids which used for supplying remote areas and areas which suffering from
electricity outages. Many limitations, such as weather fluctuations and low efficiency,
leads to the design and develop a hybrid energy system. The integration of photovoltaic
arrays and diesel gensets has become one of the most common approaches to generating
electricity for remote communities. Although the integration of photovoltaic arrays and
diesel gensets has the potential to reduce the cost of electricity production by harnessing
free energy from the sun to reduce the power generated by diesel engines, it tends to
complicate the control of the entire system due to the intermittent nature of the
renewable energy sources and changing load demand. This research propose a fuzzy
logic controller of PV-Diesel hybrid energy system, which used as an effective tool in
facilitating optimum power-sharing between the PV power source, charging and
discharging batteries and diesel generator as a backup based on the dynamics of the
available PV energy at any time. Optimizing power control in the PV-Diesel hybrid
energy system is key to minimizing the cost of power generation and maximizing the
overall efficiency of the PV-Diesel hybrid energy system. the MATLAB-Simulink is
used to design the fuzzy logic controller of PV-Diesel hybrid energy system and to
validate its performance. Five scenarios during the day have tested to show the
performance of the fuzzy logic controller. The results showed the accurate controlling
of the power flow in the PV-Diesel hybrid system and the power saved about 2%.



Guand .\Z\.‘aﬂi

8 _yhal) ISl 8 Al A8l ¢ A pall & 515 Ll S ¢ Baraial) B Canpial
¢ 3 gadll O el el oSl g Uadil (e (et Al (alaliall g 40Ul glaliall a9 38 aaddns )
g C._.u.a\ Anagl) A8 ?U"‘-" _)..3#‘5?:\“3‘;;\ A8 ¢ 3o lakl) aladn) g ualal) chlules Jia
e Al Cladinall ol o<l ad il & o 3kl ST aal J pall <l sa s 4 guzal) 7 1Y)
A LY ol oS 4GS (min e 5 a8l Loal ¢ (HES) ) 48l dadasl of (e a2l
ALl jalias g e 0S1s ¢ Ol IS jae a5 3a) gall AU iy gaid dyilaall 8L
A laial) Aagalall Cupess aleShy allailly oSl e 5 4 gmaa M) daay Jopal) S pma g 323kl
OsSall dagl) dalhall aail e (3laie aSaisas g Gl 138 i Baaaial) A8l jaliadl
(il A8 jLiall dagusi & Allad 314K padied il 5 ¢ Ol & g g dpadd) A8 01 g
A€ J pall ol g Jrali 5 g i g by o) (a5 ¢ A0 g 5 S A8l jaian (p 48U
A8l 8 ASail) Cpan ey iy (5] 8 Aalial) A g g S ABULY) DpeS ) aii Akl ia)
AAlS5 ) ~Ltall g 3l & jae s Al A8 & 1T e Sl gl 28U QUi &
& yae s Apsadll ALY & 5l (e ) sSall gl A8 Sl Allan Y 5o LS 3aly ) 5 48Ul 0 53
4 gam 5 5eS) aagd) A8 Al g da jiall dagaall dglaiall aSadll Bas g apanald a3l
Ghidl aSad 3as y Allad daua (o @) aw MATLB-Simulink gty slasiul
ded @yial 38l MATLAB-SIimulink alaainly slSlaall J3A (e da el lusll
Gl aSatl) i) ¢ yelal | (aalad) shiall aSad 3o 5 elol HlehaY A sl JMA Gl gl
o 8 5a 48l J pall & a5 dpnadl) A8l & 1 e ) sSall Cmgl) AUl 8 A8l (385

%2



APPROVAL PAGE

| certify that | have supervised and read this study and that in my opinion, it conforms
to acceptable standards of scholarly presentation and is fully adequate, in scope and
quality, as a dissertation for the degree of Master of science (Mechatronics Engineering)

Muhammad Mahbubur Rashid
Supervisor

Azhar Bin Mohd Ibrahim
Co-Supervisor

| certify that | have read this study and that in my opinion it conforms to acceptable
standards of scholarly presentation and is fully adequate, in scope and quality, as a
dissertation for the degree of Master of science (Mechatronics Engineering)

Nadzril Sulaiman

Internal Examiner

Ahmad Jazlan

External Examiner

This dissertation was submitted to the Department of Mechatronics Engineering and is
accepted as a fulfilment of the requirement for the degree of Master of science
(Mechatronics Engineering)

Syamsul Bahrin Abdul Hamid
Head, Department of
Mechatronics Engineering

This dissertation was submitted to the Kulliyyah of Engineering and is accepted as a
fulfilment of the requirement for the degree of Master of science (Mechatronics
Engineering)

Ahmad Faris bin Ismail Dean,
Kulliyyah of Engineering



DECLARATION

| hereby declare that this dissertation is the result of my own investigations, except
where otherwise stated. | also declare that it has not been previously or concurrently
submitted as a whole for any other degrees at IIUM or other institutions.

Masood AL Najjar

SIGNALUIE ..o Date ..o



INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA

DECLARATION OF COPYRIGHT AND AFFIRMATION OF
FAIR USE OF UNPUBLISHED RESEARCH

DESIGN OF AFUZZY LOGIC CONTROLLER FOR PV-
DIESEL HYBRID ENERGY SYSTEM

| declare that the copyright holders of this dissertation are jointly owned by the
student and [HUM.

Copyright © 2020 Masood AL Najjar and International Islamic University Malaysia. All rights
reserved.

No part of this unpublished research may be reproduced, stored in a retrieval system,
or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording or otherwise without prior written permission of the copyright holder
except as provided below

1. Any material contained in or derived from this unpublished research
may be used by others in their writing with due acknowledgement.

2. 1IUM or its library will have the right to make and transmit copies (print
or electronic) for institutional and academic purposes.

3. The IHUM library will have the right to make, store in a retrieved system
and supply copies of this unpublished research if requested by other
universities and research libraries.

By signing this form, I acknowledged that | have read and understand the UM
Intellectual Property Right and Commercialization policy.

Affirmed by Masood AL Najjar

Signature Date

Vi




ACKNOWLEGEMENTS

Firstly, In the name of Allah the most gracious and most merciful, all praise is due to
Allah (S.W.T) where without whose help, this thesis would not have reached this
stage. it is my utmost pleasure to dedicate this work to my dear parents and my family,
who granted me the gift of their unwavering belief in my ability to accomplish this
goal: thank you for your support and patience.

| wish to express my appreciation and thanks to those who provided their time,
effort and support for this project. To the members of my dissertation committee, thank
you for sticking with me.

Finally, a special thanks to Associate Professor Dr. Mahbubur Rashid and

Associate Professor Dr. Azhar Bin Mohd Ibrahim for their continuous support,
encouragement and leadership, and for that, | will be forever grateful.

Vil



TABLE OF CONTENTS

N o111 = To! SRRSO PR I
ADSTFACT IN ATADIC ... i
APPIOVAI PAGE ...ttt 1\
DECIATALION ...ttt %
COPYIIGNT e Vi
ACKNOWIBGEMENTS ......eiiiiiiecie et re et sre e enes vii
LI L0 (o) O] 41 =] S PPPR viii
LISt OF TADIES ... bbb X
LISE OF FIGUIES ...ttt ettt sttt sneenne e Xi
List Of ADDIEVIALIONS ......ccviiiieiiie e Xiv
LiSt OF SYMDOIS ..o XV
CHAPTER ONE: INTRODUCTION .....cccoiiiiiiceseeeee e 1
1.0 OVEIVIEBW....eiiiiiieiieieie ettt bbbttt bbb 1
1.2 Statement of the Problem...........cccoviriieii e 4
1.3 ReSEArCh ODJECHIVES.......ecivieiecieecie et 5
1.4 Research MethodolOogy .........cccoveieierieniiesiee e 5
1.5 RESEAICN SCOPE....ccvieiiiiieitieie ettt be e enees 7
1.6 Dissertation Organization ............cccceverererenesienieeneese s 7
CHAPTER TWO: LITERATURE REVIEW........ccoooiiieece e 8
N S To] F- g = T 0 YOS 8
2.1.1 BACKGIOUNG .......oiviiiiiiiiiieieie et 8
2.1.2 Working Principle of PV Cell..........ccoooiiiiieieee e, 9
2.1.3 Parameters of Solar Cell ...........ccooovevveiiiieie e 10
2.1.4 Characteristic of The Solar Panel...........cccocoveveiiiiiiiiiieeen, 11
2.1.5 Effect of Irradiance and Temperature on The Module
CharaCteriStiCS .....ocvviieieieieie e 12
2.1.6 Partial Shading ........cccoviiieiiieee e 13
2.2 Maximum Power Point Tracking ..........ccccoceveveiievicic e 14
2.3 DIESEI GENEIALON ......eeveeiveeieeie ettt sre e enes 16
2.3.1 Diesel Generator Operating Characteristics............cccccovveviiiennen, 16
2.3.2 Diesel Fuel Consumption Model ..., 18
2.3.3 Life Cycle of Diesel and Regular Maintenance Requirements.....19
2.3.4 PollUtant EMISSIONS.......ccueiierieeieiiesie e seese e ee e e 21
2.4 BAIBIY...eeie et 21
2.4.1 BAtEry TYPES ...veieiiiieitie ettt 22
2.4.2 Lead-Acid Battery Function and Structure ..............ccceevvevveennnne, 22
2.4.3 Lead-Acid Battery CharacteristiCS.........ccoovverereneneniiieeieen, 23
2.4.4 Storage Capacity and Efficiency........cccccveveiiiiiiciccecce e, 24
2.4.5 Battery Life Cycle TIME ....cccooeiiiiiieeeee e 25
2.4.6 Operation Conditions of Battery in Hybrid System..................... 26
2.4.7 Battery MOl ......cccooiiiiiiiee e 26
2.5 PV-Diesel Hybrid Energy System.......ccccovieiiieiie i 27
2.5.1 Configuration of PV-Diesel Hybrid System. ........cc.ccoovoviiinnennen. 28

viii



2.5.2 Design of PV-Diesel Hybrid Energy System...........c.cccocevininnnns 30

2.5.3 Intelligent Control Techniques of PV-Diesel Hybrid System ...... 33
2.5.3.1 Genetic AIgOrithm ... 34
2.5.3.2 Fuzzy Logic Controller.........ccccceeiieieieieeie e 35
2.6 DC-DC CONVEITEN ...ttt 42
2.7 DC/DC Bi-Directional Buck-Boost CONVEIer...........cocevirvnenisennnenns 43
2.8 Chapter SAMMANY .......cccviiiiiieeiee e 43
CHAPTER THREE: SYSTEM ANALYSIS AND DESIGN........cccccovvvieiennn, 44
S L INTrOAUCTION. ... 44
3.2 The Peop0Sed SYSTEIM .....ccuiiiiiiiieieiesiere e 44
3.2.1 PhotovoltaiC Panel..........ccocueiiieniiiiie e 45
3.2.1.1 Modelling and Design of a Photovoltaic System ............. 45
3.2.1.2 Implementation of the PV Model in Simulink ................. 48
3.2.2 DC-DC CONVEITET ....eeiiiiieiieeiie ettt 52
3.2.3 Maximum Power Point Tracking Controller (IC)...........ccccoveune.ne. 53
3.2.3.1 PV System with DC-DC Boost Converter and MPPT (IC)
...................................................................................................... 57
3.2.4 DC-DC Bidirectional Buck-Boost Converter ..........c.ccccoevvenenne. 58
3.2.5 Battery Subsystem Model ............ccoevveiiiiieiicicceseee e 59
3.2.6 Diesel Generator MOdel ..........ccooviieiiiieiie e 61
3.2.7 Fuzzy Logic Controller Model..........cccccoevvveiiveiiiiiieece e 62
3.2.7.1 Design of Proposed Fuzzy Logic Controller.................... 63
3.2.7.2 Fuzzy logic System DeSign .......cccccevveveiiieiieieee e, 65
CHAPTER FOUR: SIMULATION RESULT AND DISCUSSION................ 73
I L1 oo [ od o] PSSR 73
4.2 Simulation ReSUItS DISCUSSION .......ccvevviriiiieniiniiiieiee e 73
4.2.1 Simulation Results of MPPT Controller (IC) ........ccocvvviiiiiiennn, 73
4.2.2 Simulation Results of Fuzzy Logic Controller ...........c...ccccvenee. 78
CHAPTER FIVE: CONCLUSION AND RECOMMENDATION................. 88
REFERENGCES. ... ..ottt 89
APPENDIX : THE CODE........cot ittt 93



LIST OF TABLES

Table3.1 The Parameter of Lid-Acid Battery

Table 3.2 Rules Table of Battery Charge “BC” Outputs Signal
Table3.3 Rules Table of Battery Discharge “BD” Outputs Signal
Table3.4 Rules Table of Diesel Generator “DG” Outputs Signal

Table4.1 Parameters of Used Solar Panel in MPPT

61
69
69
68

76



LIST OF FIGURES

Figurel.1 Flowchart of Research Methodology 6

Figure2.1 Equivalent Circuit of Solar Array 8

Figure2.2 How the Current is Formed in P-N Junction 10
Figure2.3 I-V Curve for a Solar Cell for Different Load 12
Figure2.4 Partial Shading 13
Figure 2.5 Effects of Partial Shading on PV Panel 14
Figure 2.6 Diesel Generator Overall Efficiency vs. Rated Load 18
Figure 2.7 Linear Diesel Fuel Consumption per Hour 19
Figure 2.8 Charge and Discharge of the Lead-Acid Cell 23
Figure 2.9 Battery Cell VVoltage in Function of Cell Temperature 24

Figure 2.10 The Ampere-Hour Capacity of a Lead-Acid Battery in Function of
The Discharge Current 25

Figure 2.11 Lead-Acid Battery Lifetime in Cycles vs Depth of Discharge Per Cycle 26

Figure 2.12 Series Hybrid Energy System 28
Figure 2.13 Switched Hybrid Energy System 29
Figure 2.14 Parallel Hybrid Energy System 30
Figure 2.15 Block Diagram of the Hybrid System 31
Figure 2.16 Main Diagram of PV-Diesel Hybrid Energy System 32
Figure 2.17 Simulated System Using HOGA 33
Figure 2.18 PV-Diesel Hybrid Power System 36
Figure 2.19 Flow Chart for Fuzzy Logic Algorithm 38
Figure 2.20 Flow Chart for Power Flow Management 40
Figure 2.21 General Structure of the Proposed System 41

Figure 2.22 Responses of the Load Power Using the FLC and the P1 Controller 42

Xi



Figure 3.1 The Proposed System

Figure 3.2 PV Cell Circuit

Figure 3.3 The Generalized PV Model

Figure 3.4 Subsystem Implementation of Generalized PV Model
Figure 3.5 Subsystem implementation of I,

Figure 3.6 Subsystem implementation of I

Figure 3.7 Subsystem implementation of I,

Figure 3.8 Subsystem implementation of I

Figure 3.9 Subsystem implementation of Iy,

Figure 3.10 Power vs. Voltage for IC Algorithm

Figure 3.11 Incremental Conductance Algorithm

Figure 3.12 The Subsystem of IC Controller

Figure 3.13 Model of PV System with MPPT

Figure 3.14 Simulink Representation of Bidirectional Buck-boost Converter
Figure 3.15 Battery Connected with PV Panel using Bidirectional Converter
Figure 3.16 The Subsystem of Diesel Generator

Figure 3.17 The Proposed Fuzzy Logic Controller Components
Figure 3.18 Fuzzy Logic Controller Diagram

Figure 3.19 The Membership Function of the “e” Variable
Figure 3.20 The Membership Function of the “SOC” Variable
Figure 3.21 The Membership Function of the “BC” Variable
Figure 3.22 The Membership Function of the “BD” Variable
Figure 3.23 The Membership Function of the “DG” Variable

Figure 3.24 The Way Rules are Generated in FLC (1)

Xii

46

47

49

50

51

51

52

52

53

55

S7

58

59

60

61

63

65

66

67

67

67

68

68

71



Figure 3.25 The Way Rules are Generated in FLC (2)

Figure 3.26 The FLC Model Control Surface with “e”, “SOC” and “BC”
Figure 3.27 The FLC Model Control Surface with “¢”, “SOC” and “BD”
Figure 3.28 The FLC Model Control Surface with “¢”, “SOC” and “DG”
Figure 4.1 PV-IC MPPT Simulink Diagram

Figure 4.2 VV-P Curves

Figure 4.3 Output Power from Boost Converter when Irradiance 1000 W/m”2
Figure 4.4 Output Power from Boost Converter when Irradiance 500 W/m”2
Figure 4.5 Output Power from Boost Converter when Irradiance 100 W/m”2
Figure 4.6 Fuzzy Logic Controller of PV-Diesel Hybrid System

Figure 4.7 Result of Rules for Case 1

Figure 4.8 Results of the Implementation of Case 1

Figure 4.9 Result of Rules for Case 2

Figure 4.10 Results of the Implementation of Case 2

Figure 4.11 Result of Rules for Case 3

Figure 4.12 Results of the Implementation of Case 3

Figure 4.13 Result of Rules for Case 4

Figure 4.14 Results of the Implementation of Case 4

Figure 4.14 Result of Rules for Case 5

Figure 4.15 Results of the Implementation of Case 5

Xiii

71

72

72

73

75

77

78

78

79

80

81

81

82

83

84

84

85

86

87

87



MPPT

MPP

Vbatt

Ibatt

P&O
PF
FLC

COG

LIST OF ABBREVIATIONS

Photovoltaic Array

Hybrid Power System
Maximum Power Point Voltage
Maximum Power Point Current
Maximum Power Point Power

Photovoltaic Array Short Circuit Current
Photovoltaic Open Circuit VVoltage
Maximum Power Point Tracker
Maximum Power Point

Battery Voltage

Battery Current

Incremental Conductance

Perturb and Observe

Power Factor

Fuzzy Logic Controller

Center of Gravity

Xiv



Q

LIST OF SYMBOLS

Membership Function
Set of Fuzzy Variables
Ampere

Volte

Power

Solar Irradiance

Temperature

XV



CHAPTER ONE

INTRODUCTION

1.1 OVERVIEW

Energy is very important to improve the quality of economic and social life (GARCIA,
2017). Thus, securing stable energy source in remote areas (off-grid) and areas that
suffering from large energy shortages due to wars and poverty is an essential issue.
These areas usually rely on a diesel generator to overcome energy problems, but the
continued rise in petrol prices and its delivery to these areas is difficult and expensive
as well, led them to use other energy sources like renewable energy sources. In recent
years, these areas have begun to depend on renewable energy especially solar energy,
due to the low cost of photovoltaic panels (PV) and improve their efficiency (Vani,
2016). They have designed and constructed many stand-alone PV systems with batteries
to meet the electricity demand of their communities. Solar energy is preferred to
compare than other energy sources, due to solar energy is free, abundant and clean
energy compared with other energies like (diesel, coal, oil, Etc.) which cause pollution
effect on the environment and peoples and cause global warming and solar energy
require a very little maintenance, as it has no moving parts and continue for a long time
without problems or breakdowns, sometimes 30 years or more, without routine
maintenance like other energy sources, ex. diesel generators need a daily check-up and
routine maintenance. In addition to these areas have a high solar radiations rate, since
the daily average of solar radiation levels in the range of 3-6 kWh/m2 (Shahid,2008).
But solar energy still insufficient because the weather is volatile, as the sun rays in rainy

and cloudy days are very weak, thus reducing the efficiency of the PV solar system and



could not meet the power demand. So, the using Hybrid Power Systems (HPS) which
combine two or more different types of renewable and low carbon generators (e.g.,
photovoltaic, microturbines, diesel generators, wind turbines, fuel cells, etc.) are the
most efficient for these areas. The main objective of combining a diesel generator with
any of these renewable sources is to ensure meet power demands without interruption,
minimize diesel fuel consumption and pollution emissions, thus reducing the costs of
saving energy and preserving the environment. The Hybrid Power systems (HPS)
usually consist of a hybrid PV-Diesel power generator. Diesel gensets combine a diesel
engine with an alternator to produce electricity. Solar PV power generation is the most
commonly used renewable energy source in the Hybrid Power System (HPS). PV power
stations consist of an array of photovoltaic modules that directly convert light into
electricity, which is then supplied as merchant power (Merchant power plants are a form
of non-utility or independent power generation designed for competitive wholesale
power marketplaces.) into an electrical grid. Most of the PV power plants are developed
with minimum power production scale PF of 1 MWP (megawatt-peak), i.e., the DC
power output of the solar array. Diesel gensets are integrated with PV power plants to
guarantee a continuous supply of power when solar energy is unavailable. The
combination between PV solar system and Diesel generator as a backup is a new
approach which the energy engineers have designed and developed to overcome the
diesel generator problems and PV solar system problems and to ensure power providing
without an outage. PV-Diesel hybrid systems are the best optimal solution for these
areas where these systems are reliable and cost-effective and can achieve lifetime a fuel-
saving. The energy generated by the PV panels has priority to supply the load. When
the PV power is low or unavailable, the diesel generator as a backup source is switched

on. A decision to operate the diesel generator is taken when there is not enough



generated energy by PV system to supply the load. In certain cases where the generated
energy exceeds the load requirement, this excess energy is using to charge batteries.
Many types of controllers have used to manage the energy in the hybrid energy system.
the fuzzy logic controller is a new approach has used to control the power flow in a
hybrid energy system. This research will design and develop a PV-Diesel Hybrid
system, in addition, to design a fuzzy logic controller which use to control between PV
solar system and Diesel generator to ensure when the power from PV solar system
(include batteries) will be not enough to provide the load demand, the diesel generator
will cover the power lack, that ensures stable power source without interruption, reduce

the fuel consumption and pollution emissions as well .



1.2 STATEMENT OF THE PROBLEM

Remote areas which are far from the grid usually depend on diesel generators
or photovoltaic arrays to provide electricity, because of the continue rising of
fuel cost of the diesel generators and their cost of routine maintenance and even
a depending on PV solar system alone is not enough, due to the weather
variation, since in cloudy days and rainy days the sun rays are little, so the PV
solar system efficiency is very low, and the output power could not meet the
load demand. So, the PV-Diesel hybrid energy system will be designed and
developed to secure stable energy source without outages and reduce the fuel
cost for the diesel generators.

Many PV-Diesel hybrid energy systems were designed and developed, but still,
have a lack of their connections and control power drive between PV Solar
system and diesel generator. In this research a fuzzy logic controller will be
designed for the PV-Diesel hybrid energy system, the controller will control the
power flow between three sources (PV Array, Charging/Discharging Battery,
ON/OFF Diesel generator as backup) and ensure that the PV-Diesel hybrid
system is working reliably by giving the right reference power measures over

the whole network, to improve its efficiency and meet the power demand.



1.3 RESEARCH OBJECTIVES

The study aimed to achieve the following objectives:

1-

To design hybrid energy source system, combine between PV solar system
with generator.

To design a fuzzy logic controller which control the power supply sharing
between the PV and the diesel generator.

To validate effectiveness of the designed controller in different operation

phase with photovoltaic and diesel generators in a hybrid system.

1.4 RESEARCH METHODOLOGY

The research will follow this methodology to achieve the objectives of this project:

1.

Extreme literature review on PV-Diesel hybrid energy system and fuzzy
logic controller. The research will be done by collecting information from
various sources such as books, online journals and conference papers.
Specific study for elements, like (photovoltaic panel, diesel generator, fuzzy
logic, DC-DC converters and charger controller).

Modelling the PV-Diesel hybrid energy system (PV solar panel, MPPT
controller with a DC-DC boost converter, Diesel generator with on/off
controller and battery system with bidirectional charger) using MATLAB-
SIMULINK

Design the fuzzy logic controller of the PV-Diesel hybrid energy system
using Fuzzy Logic Toolbox in MATLAB SIMULINK

Simulate the fuzzy logic controller of PV-Diesel hybrid energy system in

MATLAB-SIMULINK.



6. Validate the fuzzy logic controller accuracy to control the power flow in PV-

Diesel energy system.

The next flowchart illustrates the research methodology:

e

!

Literature Review

!

Design A PV-Diesel Hybrid Energy
system using
MATLAB-SIMIULINK

!

Design A Fuzzy Logic Controller of
the PV-Diesel Hybrid System using
Fuzzy logic Toolbox in MATLAB-
SIMULINE
x
Simulate the system and validate

the fuzzy logic contreller in
Simulation

does the fuzzy
logic contraller
successfully
controls?

End

Figure 1.1: Flowchart of Research Methodology



1.5 RESEARCH SCOPE

The scope of this project encompasses both software design and implementation. the
project focus to model PV-Diesel hybrid energy system and design a fuzzy logic
controller between PV source and diesel generator source using MATLAB SIMULINK
to get the highest efficiency, lowest life cycle cost and meet the power demand. As for
designing and modelling PV array, Batteries and Diesel generator and design a fuzzy
logic controller. The designing fuzzy controller should provide the optimal combination

method between PV solar system and diesel generator to improve efficiency.

1.6 DISSERTATION ORGANIZATION

This study proposes a fuzzy logic controller for controlling the power flow of PV-Diesel
hybrid power system with the following outlines:

Chapter 2 represents the literature review of PV-Diesel hybrid system including PV
panel background, PV panel characteristics, DC-DC conversion, maximum power point
tracking, DC charging controller, inverter and Diesel generator.

Chapter 3 focuses on design and model PV array, DC-DC boost converter with MPPT,
DC Battery charger, Invertor, Diesel generator and Fuzzy logic controller.

Chapter 4 gives a detailed analysis and discussion of simulation results.

Chapter 5 concludes of this project by highlighting the outcome of this research. This
chapter also discusses the limitation of this work by giving recommendation for future

work.



CHAPTER TWO

LITERATURE REVIEW

2.1 SOLAR ENERGY
2.1.1 Background

Renewable energy resources will be the most important part of energy generation in the
next years. In addition to helping to reduce greenhouse gas emissions, they add the
necessary flexibility to the combination of energy resources by decreasing dependence
on fossil fuels. The energy reaching the earth's surface is about 3.2 EJ. If we are able to
collect even a small part of the energy available on the earth's surface, we could solve
our energy problems. A photovoltaic (PV) system directly converts sunlight into
electricity. The basic device of a photovoltaic system is the photovoltaic cell. Cells can
be grouped together to form panels or arrays. The figure below shows the equivalent

circuit of solar array which consist of several photovoltaic cells.
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Figure 2.1: Equivalent Circuit of Solar Array (Nguyen, 2015)




The power produced by a single module is rarely enough for commercial use so, the
modules are connected to form the array to supply the load. The connection of the
modules in the array is the same as that of the cells in a module. The modules can also
be connected in series to achieve a voltage increase or in parallel to achieve a current
increase. The voltage and current available at the terminals of a photovoltaic device can
directly feed small loads, such as lighting systems and DC motors. The most
sophisticated applications require electronic converters to process the electricity of the
photovoltaic device. These converters can be used to regulate the voltage and current in

the load, to control the flow of energy in the grids connected to the system.

2.1.2 Working Principle of PV Cell

Solar cells are the basic components of photovoltaic panels. Most solar cells are
manufactured using silicon also other materials are employed. Solar cells have property
of photoelectric effect where some semiconductors have capability of changing
electromagnetic radiation precisely to electrical current. The charged particles produced
using incident radiation is distinguished smoothly to develop an electrical current by
using suitable layout of the solar cell. A solar cell is essentially a P-N junction formed
using two distinct layers of silicon are doped using small amount of impurity atoms. So,
when the two layers are combines, close to the junction, the free electrons of the N-
layer are dispersed in the P-layer, leaving behind an area positively charged created by
the donors. Likewise, the free holes in the P-layer are dispersed in the N-layer, leaving
behind a region negatively charged created by the acceptors. This generates an electric
field between the two layers, it’s called potential barrier used to act as barrier to permit
or prevent the current flow to go through it. When the electrons and holes cannot

overcome the potential barrier the equilibrium in the junction is reached and



