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ABSTRACT 

The sizing algorithm for AC Coupled Hybrid PV-Diesel power system based on 
Malaysia climate is presented. The proposed algorithm is able to size the main 
components in the PV hybrid system to meet with the set target of energy contribution 
ratio. The rated powers of the components to be defined are PV array, grid-tie 
inverter, bi-directional inverter, battery storage and genset. This study recommends 
some modification to the current design practice. This algorithm provides guideline 
for PV system integrator to design effectively the size of components and system 
configuration to match the system and load requirement with geographical condition. 
The concept of the proposed algorithm is balancing the annual average renewable 
energy generation and demand. In this study, the photovoltaic (PV) to genset ratio is 
introduced by considering the hybrid system energy contribution: 70% from PV and 
30% from genset. The system economic aspect is not considered in this study. The 
result of the proposed algorithm is compared and validates with the system data from 
actual installed PV hybrid system in Sabah based on performance indices specified in 
Malaysian Standard MS IEC 61724: 2010. The performance indices are used part of 
the proposed algorithm as a predictive analytical tool for algorithm development. 
Based on the case study, the proposed method shows good results. 

IV 



TABLE OF CONTENTS 

Page 

CONFIRMATION BY PANEL OF EXAMINERS ii 

AUTHOR'S DECLARATION iii 

ABSTRACT iv 

ACKNOWLEDGEMENT v 

TABLE OF CONTENTS vi 

LIST OF TABLES x 

LIST OF FIGURES xii 

LIST OF ABBREVIATIONS xvi 

LIST OF NOMENCLATURES xviii 

LIST OF SYMBOLS xviii 

CHAPTER ONE: INTRODUCTION 1 

1.1 Research Background 1 

1.2 Problem Statement 3 

1.3 Objective 4 

1.4 Scope of Research 4 

1.5 Thesis Outline 5 

CHAPTER TWO : LITERATURE REVIEW 6 

2.1 Introduction 6 

2.2 Malaysia Climate 6 

2.3 Electricity for Rural Area in Malaysia 7 

2.3.1 PV Hybrid System for Rural Schools in Sabah 9 

2.4 PV Standard and Requirement 11 

2.5 Stand-Alone Photovoltaic Systems 12 

2.5.1 Direct-Coupled PV System 13 

2.5.2 PV With Battery System. 13 

2.5.3 PV Hybrid System 14 

vi 


	ABSTRACT
	TABLE OF CONTENTS
	CHAPTER ONE: INTRODUCTION
	1.1 RESEARCH BACKGROUND
	1.2 PROBLEM STATEMENT
	1.3 OBJECTIVE
	1.4 SCOPE OF RESEARCH
	1.5 THESIS OUTLINE

	CHAPTER TWO: LITERATURE REVIEW
	2.1 INTRODUCTION
	2.2 MALAYSIA CLIMATE
	2.3 ELECTRICITY FOR RURAL AREA IN MALAYSIA
	2.3.1 PV Hybrid System for Rural Schools in Sabah

	2.4 PV STANDARD AND REQUIREMENT
	2.5 STAND-ALONE PHOTOVOLTAIC SYSTEMS
	2,5.1 Direct-Coupled PV System
	2.5.2 PV with Battery System
	2.5.3 PV Hybrid System

	2.6 PV-DIESEL HYBRID TOPOLOGIES
	2.6.1 DC Coupled System
	2.6.2 AC Coupled system

	2.7 BASIC COMPONENTS OF PV-DIESEL HYBRID SYSTEM
	2.7.1 Review of Photovoltaic Module
	2.7.2 Review of Grid-Tie Inverter
	2.7.3 Review of Bi-Directional Inverter
	2.7.4 Review of Battery Storage
	2.7.5 Review of Genset

	2.8 SYSTEM SIZING
	2.8.1 Load Profile
	2.8.2 Solar Resource Characteristics

	2.9 PERFORMANCE EVALUATION AND ASSESSMENTS OF PV HYBRID SYSTEM

	CHAPTER THREE: RESEARCH METHODOLOGY
	3.1 INTRODUCTION
	3.2 RESEARCH FRAME
	3.3 ACTUAL AC COUPLED HYBRID SYSTEM IN MA
	3.3.1 PV Hybrid System Location

	3.4 PROPOSED DESIGN ALGORITHM
	3.4.1 Input for Proposed Algorithm
	3.4.2 Photovoltaic Array to Grid Inverter Sizing
	3.4.2.1 PV Array Power
	3.4.2.2 Total number ofPVmodule required
	3.4.2.3 Optimum range size of grid inverter
	3.4.2.4 Sizing ofPVArray to Grid-Inverter selected.
	3.4.2.5 Extreme limits voltage
	3.4.2.6 Number of Modules in series
	3.3.2.7 Number of String in Parallel
	3.3.2.8 Array Configuration
	3.3.2.9 Number of Grid-Tie Inverter

	3.4.3 Bi-directional Inverter Sizing
	3.4.4 Battery Sizing
	3.4.4.1 Total Capacity Required Daily
	3.4.4.2 Battery Bank Capacity Required
	3.4.4.3 Total Bank Discharge Current
	3.4.4.4 Battery Bank Discharge Rate
	3.4.4.5 Number of Batteries in Series String
	3.4.4.6 Number of Batteries String in Parallel
	3.4.4.7 Total battery bank Capacity
	3.4.4.8 Daily Depth Discharge

	3.4.5 Genset Sizing
	3.4.5.1 Genset Run Time


	3.5 SYSTEM PERFORMANCE
	3.5.1 Electrical Energy Quantities
	3.5.1.1 Net Energy Delivered to the Storage Device
	3.5.1.2 Net Energy Delivered from the Storage Device
	3.5.1.3 The Total System Input Energy
	3.5.1.4 The Total System Output Energy
	3.5.1.5 Fraction of Total System Input Energy by PV Array
	3.5.1.6 Load Efficiency

	3.5.2 Balance of System (BOS) Components Performance
	3.5.2.1 BOS Efficiency

	3.5.3 Systems Performance Indices
	3.5.3.1 A rray Yields
	3.5.3.2 Reference Yields
	3.5.3.3 Final Yield

	3.5.4 Normalized Losses
	3.5.4.1 Array Capture Losses
	3.5.4.2 BOS Losses

	3.5.5 Performance Ratio
	3.5.6 System Efficiencies
	3.5.6.1 Mean Array Efficiencies
	3.5.6.2 Overall PV Plant Efficiency



	CHAPTER FOUR: PERFORMANCE ANALYSIS OF ACTUAL AC COUPLING HYBRID SYSTEM IN MALAYSIA
	4.1 INTRODUCTION
	4.2 PERFORMANCE OF ACTUAL AC COUPLING HYBRID SYSTEM IN MALAYSIA
	4.2.1 Meteorological Data
	4.2.2 System Operation and Power Generated by PV Array, Battery and Genset

	4.3 PERFORMANCE ANALYSIS OF AC COUPLED PV HYBRID SYSTEM
	4.3.1 PV Array Performance
	4.3.2 Grid Inverter Performance
	4.3.3 Bi-directional Inverter Performance
	4.3.4 Battery Storage Performance
	4.3.5 Genset Performance

	4.4 TECHNICAL PERFORMANCE ANALYSIS
	4.4.1 System Energy Balance
	4.4.2 System Performance Indices
	4.4.2.1 Daily Mean Yields
	4.4.2.2 Normalized Losses
	4.4.2.3 System Efficiencies

	4.4.3 Summary of Average Performance for Entire Period


	CHAPTER FIVE: RESULTS AND DISCUSSION
	5.1 INTRODUCTION
	5.2 PV ARRAY
	5.3 GRID-INVERTER
	5.4 BI-DIRECTIONAL INVERTER
	5.5 BATTERY
	5.6 GENSET
	5.7 CASE STUDY
	5.8 EVALUATION OF SYSTEM PERFORMANCE USING PROPOSED ALGORITHM
	5.9 COMPARATIVE STUDY

	CHAPTER SIX: CONCLUSIONS AND FUTURE WORKS
	6.1 CONCLUSIONS
	6.2 SIGNIFICANCE OF STUDY
	6.3 RECOMMENDATIONS FOR FUTURE WORK

	REFERENCES
	APPENDICES
	AUTHOR'S PROFILE



