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Abstract

The conventional electrical network grids are considered very
complicated networks therefore many measurement instatement are used to
measure the parameters of these grid to solve the problem that accrued to
maintain the stability of the network grid. Therefore the modeling and
simulating of grid-connected photovoltaic (PV) using MATLAB SIMULINK
to simulate the PV generator integrated to the grid. The simulation includes
the study on response of PV generator when solar irradiance changes for
studying the |-V and P-V characteristics of a PV array, and possibility of

connecting to the utility grid.



11

il Badxie (b 3 )¢l (Ao Adiad g sataall LS e Al oSl A gl CISLAL jiiad
Aeally Toks 38l JSlial) dallae 1 o e Sy duldl) cdlaladll JS (il e
o Aliaiall dpsadl) LA 3lSlae g dadai yiad agle 4y glhaall 5 ) ually W ) il oy i de il
5oull s il Aelall AWl a5 o Apadll LAY Jaa s & Cua daladl 35040
A 3 BSLaall (panai s OBLall ey alatinly lSlaall Ciai g Alia sall JlaaY) dydaal 26
Al 5 Apsadll LIAN (e sl agalls Ll ailiad A jal ) gled¥) &l
Age sl A ae Lelua



TABLE OF CONTENT

Title Page
No
FRPRERY |
DEDICATION li
ACKNOWLEDGES lii
ABSTRACT Iv
ualiivg \Y/
TABLE OF CONTENT Vi
LIST OF FIGURES IX
LIST OF TABLES Xi
LIST OF ABBEREVIATIONS Xii
LIST OF SYMBOLS Xiii
CHAPTER ONE
INTRODUCTION
1.1 Overview 1
1.2 Project Problem 1
1.3 Project Objective 2
1.4 Project Methodology 2
1.5 Project Lay-out 2
CHAPTER TWO
ELECTRICAL SMART GRID
2.1 Introduction 3
2.2 Electrical Power System Grid 4
2.2.1 | Power Plant 5
2.2.2 | Transformers 5
2.2.3 | Transmission and distribution 5
2.3 | Smart Grid Implementation 6
2.3.1 | Ageing assets and lack of circuit capacity 6
2.3.2 | Thermal constraints 7
2.3.3 | Operational constraints 7
2.3.4 | National initiatives 8
2.4 Smart Grid Characteristic 9

vi




2.5 | The Technology Required 10
2.5.1 | Wide-area monitoring and control 10
2.5.2 | Information and communication technology 10

integration
2.5.3 | Renewable and distributed generation integration | 10
2.5.4 | Transmission enhancement application 11
2.5.5 | Distribution grid management 11
2.5.6 | Customer-side systems 12
2.6 Smart Metering 14
2.7 | Smart Appliances 15
CHAPTER THREE
PHOTOVOLTAIC SYSTEM

3.1 Introduction 16

3.2 | Solar Energy 16

3.3 | Advantages of Solar Energy 18

3.4 | Photovoltaic 18
3.4.1 | Photovoltaic effect 19
3.4.2 | Photovoltaic cell 19

3.5 | Photovoltaic System 21

3.6 | Photovoltaic System Components 22
3.6.1 | Photovoltaic modules 22
3.6.2 | Batteries 25
3.6.3 | Inverters 26
3.6.4 | Charge controller 28

3.7 | Grid-Connected Solar PV System 30

CHAPTER FOUR

MODELING AND SIMULATION OF GRID CONNECTED

PHOTOVOLTAIC ARRAYS

4.1 Introduction 31
4.2 | System Main Block Diagram 33
4.2.1 | Photovoltaic arrays 34

vii




4.2.2 | Inverter 38
4.2.3 | Smart meter 41
4.3 Simulink Code 42
4.4 | Result 43
CHAPTER FIVE
CONCLUSIONAND RECOMMENDATIONS
51 Conclusion | 45
5.2 Recommendations | 46

References | 47

viii




List of Figures

Figure Figure Title Pag

No e
No

2.1 Electrical power system 4
2.2 Evolution of meters 14
3.1 Sunlight spectrum 18
3.2 Solar cell 20
3.3 Silicon P-N junction 21
3.4 PV module 22
3.5 PV (cell — module — array) 23
3.6 Mono-crystalline PV cell 24
3.7 Polycrystalline PV cell 24
3.8 Amorphous silicon (thin film) PV cell 25
3.9 Mono-like multi-crystalline PV cell 25
3.10 | Three phase inverter circuit 27
3.11 Series charge controller 28
3.12 | Shunt charge controller 29
3.13 | Diagram of grid-connected Photovoltaic 30

system.

4.1 Smart grid system 32
4.2 Overall PV grid connected system 33
4.3 grid connected solar-PV generator 34
4.4 Single diode PV cell equivalent circuit 35
4.5 IV curve at different irradiation 36
4.6 PV curve at different irradiation 37




4.7 Inverter on matlabsimulink 38
4.8 Inverter's' controller (PWM) 39
4.9 Producing PWM output voltage 40
4.10 LC filter in matlabsimulink 40
411 | Smart meter on matlabsimulink 41
4.12 | power-time curve 43




List of Abbreviations

Abbreviation

Meaning

PV Photovoltaic
ICT Information and communication technology
WASA Wide area situational awareness
WAMS Wide area monitoring system
WAAPCA Wide area adaptive protection control and
automation
FACTS Flexible alternative current transmission system
HVDC High voltage direct current
DLR Dynamic line rating
HTS High temperature superconductive
HAN Home area network
MDM Meter data management system
TOU Time of use metering
CIS Copper indium dieseline
CDTE Cadmium telluride
LVD Low voltage disconnect
PCU Power conditioning unit
PWM Pulse width modulation

Xi




List of Symbols

Symbols Meaning
Ipv Photovoltaic current
Igc Light generated current
lo Dark saturation current
e Electric charge
K Boltzmann's constant
F The cell idealizing factor
Tc The cell's absolute temperature
Vd Diode voltage
Rp Parallel resistance
TR Temperature coefficient of the cell's short circuit
current
Tr The cell's reference temperature
Isc The cell's short circuit current
G Solar irradiation
Rs Series resistance
D Diode
ID Current flowing in diode
Ioa The cell's reverse saturation current at solar radiation
and reference temperature
Vg Band-gap energy of semiconductor
Voc The cell's open circuit voltage
Ns Number of series cells

Np

Number of parallel cells

Xii




