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ABSTRACT

Integration of photovoltaic thermal technology in the household water heating system
explore the possibility of lowering energy consumption for the domestic market. However.
its lower thermal efficiency characteristics compared with conventional solar thermal
collector remains the barrier in practical application. The purpose of this study is to
investigate the feasibility of photovoltaic thermal collector for domestic water heating
application in Malaysia. A theoretical F-chart method adopted in evaluating the performance
of the photovoltaic-thermal water heating system for a typical family house with four
occupants. Preliminary analysis conducted in Ayer Keroh, Malacca shows the optimal tilt
angle of location obtained at 30 degrees with the average solar radiation of 18.35 MI/m* per
month. Based on feasibility analysis, the proposed photovoltaic thermal system capable
meeting 85% of annual water heating load demand under the surface area of 5.66 m?. The
total heating energy generated by the photovoltaic thermal system ranges between 2.284 to
2.376 kWh per year. In summary. the integration of photovoltaic thermal collector is suitable
for meeting domestic water heating demand in Malaysia.
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ABSTRAK

Integrasi teknologi  fotovoltan-terma dalam sistem pemanas air rumah meneroka
kemungkinan menurunkan penggunaan tenaga untuk pasaran domestik.  Walau
bagaimanapun, kecekapan haba yang rendah berbanding dengan pengumpul haba
konvensional kekal sebagai penghalang dalam aplikasi praktikal. Tujuan kajian ini
dijalankan adalah untuk mengkaji kesesuaian pengumpul suria fotovoltan-terma bagi
aplikasi pemanasan air domestik di Malaysia. Kaedah F-chart digunakan untuk menilai
prestasi sistem pemanas air fotovoltan-terma bagi sebuah rumah dengan empat penghuni.
Analisis awal yang dijalankan di Ayer Keroh, Melaka menunjukkan sudut kecondongan
optimum bagi lokasi adalah 30 darjah dengan purata radiasi solar sekitar 18.35 MJ / m”
sebulan. Berdasarkan analisis yang telah dijalankan, sistem fotovoltan-terma vang
dicadangkan mampu memenuhi 85% permintaan tenaga pemanas air setahun dengan
keluasan permukaan 5.66 m?. Jumlah tenaga pemanasan yang dihasilkan oleh sistem
fotovoltan-terma antara 2,284 hingga 2,376 kWj setahun. Ringkasnya, pengintegrasian
pengumpul suria fotovoltan-terma sesuai digunakan untuk memenuhi keperluan pemanasan
air domestik di Malaysia.

i




ACKNOWLEDGEMENT

First and foremost, I would like to take this opportunity to express my sincere
acknowledgement to my supervisor Dr Mohd Afzanizam Bin Mohd Rosli from the Faculty
of Mechanical Engineering, Universiti Teknikal Malaysia Melaka (UTeM) for his essential
supervision, support and encouragement towards the completion of this thesis. I would also
like to express my gratitude to Mr Kyairul Azmi Bin Baharin, from Faculty of Electrical
Engineering, Universiti Teknikal Malaysia Melaka (UTeM) for sharing weather data of Ayer
Keroh taken in 2016. Special thanks to all my peers and family for their moral support in
completing this degree. Lastly, thank you to everyone who had been to the crucial parts of
realisation of this project. Not forgetting, my humble apology as it is beyond my reach

personally to mention who are involved directly or indirectly one to one.

iii

Teknikal Malaysia Melaka




TABLE OF CONTENTS

DECLARATION
DEDICATION
ABSTRACT

ABSTRAK
ACKNOWLEDGEMENTS
TABLE OF CONTENTS
LIST OF TABLES

LIST OF FIGURES

CHAPTER
1 INTRODUCTION
11 Background
1.2 Problem Statement
1.3 Objectives
1.4  Scope of Study
1.5 Thesis Outline

2 LITERATURE REVIEW

2.1 Solar Energy Status
2.1.1 Global Statistic
2.1.2  Status in Malaysia
2.1.3 Potential in Malaysia

2.2 Solar Radiation Measurement
2.2.1 Global Estimation
2.2.2 Measurement in Malaysia
2.2.3 Numerical Model of Malaysia
2.2.4 Optimal Tilt Angle
2.2.5 Surface Albedo

23 Clearness Index and Daytime
2.3.1 Statistical Evaluation
2.3.2 Location Daylength

2.4 Solar Technology
2.4.1 Photovoltaic and Solar Thermal
2.4.2 Solar Water Heater
2.4.3 Hot Water Temperature
2.4.4 System Optimisation

2.5  Development of Photovoltaic Thermal Collector
2.5.1 Type of Absorber
2.5.2 Design Characteristic
2.5.3 Selection of Material
2.5.4 Type of Solar Cell

2.6 Evaluation Method
2.6.1 F-Chart
2.6.2 Computer Simulation
2.6.3 Experiment
2.6.4 Mathematical Modelling

v

PAGE

ii
iii
iv
vii
ix

LI S S S R )

=

6

oo

10
11
12
13
14
16
17
17
17
18
18
19

20
21
22
22
23
24
24
25
25
26
27

27



27 Research Status in Malaysia 28

METHODOLOGY 30
3.1 Project Flow Chart 30
3.2 Selected Location 31
33 Design and Evaluation Method 34
3.4  Evaluation Approach 37
3.4.1 Analysis of Weather Data 38
3.4.2 Location Clearness Index 40
3.4.3 Tilt Angle Radiation 41
344 F-Chart Method 42
3.4.5 Domestic Heating Load 47
3.4.6 Collector Test Data Correction 47
3.4.7 Collector-Heat Exchanger Correction Factor 50
3.4.8 Transmittance-Absorptance of Collector 50
3.49 Thermal Efficiency of Hybrid Collector 54
3.4.10 Corrected Absorbed Radiation-Heating Ratio 55
3.4.11 Annual Solar Fraction 56
3.5 Selected Collector 56
RESULT AND DISCUSSION 58
4.1 Evaluation Summary 58
42 Location Clearness Index 58
4.2.1 Weather Data 58
4.2.2 Daytime 59
4.2.3 Sunrise and Sunset Time 62
4.2.4 Sunrise and Sunset Irradiation 63
4.2.5 Daily Global Irradiation and Radiation 65
4.2.6 Extra-terrestrial Radiation 68
4.2.7 Daily Clearness Index 69
4.2.8 Highest and Lowest Clearness Index 71
4.2.9 Weather Satellite Validation 73
4.2.10 Monthly Average Clearness Index 87
4.2.11 Comparison of Monthly Index 88
4.3  Tilt Radiation and Optimal Angle 89
4.3.1 Global Radiation Components 920
4.3.2 Radiation Components Correlation 92
4.3.3 Monthly Average Radiation 93
4.3.4 Comparison of Monthly Average Radiation 95
4.3.5 Tilt Angle Radiation of Location 98
4.3.6 Optimal Tilt Angle 100
4.3.7 Optimal Tilt Angle Comparison 102
4.4 Evaluation of Photovoltaic Thermal System 103
4.4.1 Standard Water Heating System Layout 104
4.4.2 Tilt Angle Radiation 104
4.4.3 Water Heating Load 106
4.44 Heat Exchanger 110
4.4.5 Photovoltaic Thermal Collector 111
4.4.6 Proposed Configuration of F-Chart Method 113

v



4.5 Evaluation of Photovoltaic Thermal System
4.5.1 Corrected Storage Capacity Coefficient
4.5.2 Corrected Collector Parameters
4.5.3 Corrected Collector-Heat Exchanger Factor
4.5.4 Transmittance-absorbent Ratio
4.5.5 Monthly Solar Fraction
4.5.6 Annual Solar Fraction

4.6  Comparison with Solar Thermal System
4.6.1 Thermal Collector and Proposed Configuration
4.6.2 Corrected Parameters of Thermal System
4.6.3 Comparison of Annual Solar Fraction
4.6.4 Optimal Configuration of System
4.6.5 Optimal Performance of System
4.6.6 Significant of Findings
4.6.7 Energy Saving of System

5 CONCLUSION AND RECOMMENDATIONS

REFERENCES
APPENDICES

Vi

114
115
116
118
121
124
130
131
132
133
137
139
144
146
148

150

152
173



TABLE

2.1

2.2

2.3

2.4

25

2.6

3:1

3.2

33

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

LIST OF TABLES

TITLE
List of Artificial Neural Network Models
Classification of Empirical Radiation Models

Optimal Tilt Angle of Five Cities Located in Peninsular
Malaysia

Recommended Albedo According to Type of Ground Surface
Area

List of Optimisation for Solar Water Heater
Evaluation of Solar Water Heating System in Malaysia
Case Studies Summarised According to Evaluation Method

Outcome of Comparative Studies According to Evaluation
Method

Development of Photovoltaic Thermal Collector

Sky Category According to Clearness Index

Evaluated Average Monthly Clearness Index of Ayer Keroh
Population Statistic of Malacca for Year 2014 to 2016
Experimental Parameter of Heat Exchanger

Theoretical Parameters of Serpentine Type Collector

Proposed Configuration for Photovoltaic Thermal Water
Heating System Modelled from Previous Study

Recommended Design Parameters for Solar Water Heating
System in Malaysia

Proposed Parameters for The Solar Water Heating System Using
Photovoltaic Thermal Collector

Parameter of Selected Thermal Collector

Proposed Configuration for Conventional Solar Thermal Water
Heating System Modelled from Previous Study

vil

15

16

21

70

87

108

111

114

115



4.11

4.12

4.13

Proposed Parameters for The Solar Water Heating System Using
Solar Thermal Collector

Total Surface Area and Number of Modules of System

Energy Saving of Water Heating System

viil

137

144

148



FIGURE
2.1
22
2.3
24
2.5
2.6
2.7
3l
3.2
33

34

2.5

3.6

3

3.8

3.9

4.1

42

43

LIST OF FIGURES

TITLE
Global Solar Energy Potential Map
Global Solar Economic Potential Map
Renewable Energy Development Status in Malaysia
Solar Energy Feed-in-Tariff (FIT) Status in Malaysia
Average Annual Solar Radiation of Malaysia
Long Term Clear-Sky Index Database
Illustration of Anisotropic and Isotropic Models
Project Flow Chart
Location of Ayer Keroh, Malacca
Location of Weather Station at UTeM

Approach Evaluating Tilted Radiation Using Global Radiation
Data of Location

Flow Chart Summarised Process Evaluating Tilted Radiation of
Ayer Keroh Using Global Irradiance Data Taken In 2016

Flow Chart Evaluating the Energy Output of System Using F-
Chart Method

Standard Layout and Design Limitation of F-Chart Method
F-Chart Diagram for Liquid System

[llustration of Photovoltaic Thermal Collector Under Series
Arrangement

Recorded Global Horizontal Irradiation Measurement of Ayer
Keroh in 2016

Evaluated Daily Global Horizontal Irradiation Profile of Ayer
Keroh, Malacca

Simulation Sunrise, Sunset and Daytime Duration of Ayer
Keroh, Malacca

PAGE

59

60

61



4.4
4.5

4.6

4.7

4.8

4.9

4.10

4.11

4.12

4.13

4.14

4.15

4.16

4.17

4.18

4.19

Simulated Daytime Duration of Ayer Keroh, Malacca
Simulated Sunrise Time of Ayer Keroh, Malacca
Simulated Sunset Time of Ayer Keroh, Malacca

Estimated Irradiation at Sunrise Time Based on Simulated
Daytime Model and Hourly Global Irradiance Measurement of
Location

Estimated Irradiation at Sunset Time Based on Simulated
Daytime Model and Hourly Global Irradiance Measurement of
Location

Evaluated Total Daily Global Irradiation of Ayer Keroh,
Malacca in 2016

Radiation Components and Measuring Instruments

Process Estimating Hourly Radiation Based on Daily Irradiance
Measurement Using Data from Appendix B to D

Process Estimating Daily Radiation Based on Daily Irradiance
Measurement Using Data from Appendix B to D

Evaluated Daily Global Solar Radiation of Ayer Keroh, Malacca
in 2016

Simulated Daily Extra-Terrestrial Radiation of Ayer Keroh
Based on Latitude Coordinate of Weather Station

Comparison Between Extra-terrestrial with Global Solar
Radiation of Ayer Keroh, Malacca

Evaluated Daily Clearness Index of Ayer Keroh, Malacca

Evaluated Monthly Highest and Lowest Clearness Index with
Hourly Maximum Irradiation Measurement

Interpretations of Satellite Imagery Taken Above Peninsular
Malaysia from Himawari-8 weather Satellite Online Database

Sky Condition in January and February According to Evaluated
Maximum Daily Clearness Index of Ayer Keroh, Malacca with
Image Validation from Himawari-8 Weather Satellite Online
Database

6l

62

64

64

66

67

67

68

69

70

71

72

f ]



4.20

4.21

4.22

4.23

4.24

4.25

4.26

4.27

4.28

4.29

Sky Condition in March and April According to Evaluated
Maximum Daily Clearness Index of Ayer Keroh, Malacca with
Image Validation from Himawari-8 Weather Satellite Online
Database

Sky Condition in May and June According to Evaluated
Maximum Daily Clearness Index of Ayer Keroh, Malacca with
Image Validation from Himawari-8 Weather Satellite Online
Database

Sky Condition in July and August According to Evaluated
Maximum Daily Clearness Index of Ayer Keroh, Malacca with
Image Validation from Himawari-8 Weather Satellite Online
Database

Sky Condition in September and October According to
Evaluated Maximum Daily Clearness Index of Ayer Keroh,
Malacca with Image Validation from Himawari-8 Weather
Satellite Online Database

Sky Condition in November and December According to
Evaluated Maximum Daily Clearness Index of Ayer Keroh,
Malacca with Image Validation from Himawari-8 Weather
Satellite Online Database

Sky Condition in January and February According to Evaluated
Minimum Daily Clearness Index of Ayer Keroh, Malacca with
Image Validation from Himawari-8 Weather Satellite Online
Database

Sky Condition in March and April According to Evaluated
Minimum Daily Clearness Index of Ayer Keroh, Malacca with
Image Validation from Himawari-8 Weather Satellite Online
Database

Sky Condition in May and June According to Evaluated
Minimum Daily Clearness Index of Ayer Keroh, Malacca with
Image Validation from Himawari-8 Weather Satellite Online
Database

Sky Condition in July and August According to Evaluated
Minimum Daily Clearness Index of Ayer Keroh, Malacca with
Image Validation from Himawari-8 Weather Satellite Online
Database

Sky Condition in September and October According to
Evaluated Minimum Daily Clearness Index of Ayer Keroh,
Malacca with Image Validation from Himawari-8 Weather
Satellite Online Database

X1

76

77

78

79

80

81

82

83

84

85



4.30

431

4.32

4.33

4.34

4.35

4.36

4.37

4.38

4.39

4.40

4.41

4.42

4.43

4.44

4.45

Sky Condition in November and December According to
Evaluated Minimum Daily Clearness Index of Ayer Keroh,
Malacca with Image Validation from Himawari-8 Weather
Satellite Online Database

Comparison of Evaluated Monthly Average Clearness Index
with Simulated Data of Ayer Keroh

Comparison of Evaluated Monthly Average Clearness Index
with Recent Studies Conducted in Malaysia

Sky Condition and Measuring Instrument

Daily Diffuse Radiation of Ayer Keroh Estimated Using
Artificial Neural Network Model

Evaluated Daily Beam Radiation Components of Ayer Keroh,
Malacca in 2016

Comparison Between Evaluated Radiation Components of Ayer
Keroh with Previous Radiation Models

Evaluated Monthly Average Radiation of Ayer Keroh Malacca
in 2016

Evaluated Monthly Average Beam and Diffuse Radiation of
Ayer Keroh, Malacca

Comparison Between Evaluated Monthly Average Radiation
with Simulated Database of Ayer Keroh, Malacca

Comparison Between Evaluated Monthly Average Radiation of
Ayer Keroh, Malacca with Previous Studies Conducted in
Malaysia

Comparison Between Estimated Annual Average Radiation of
Ayer Keroh with Previous Studies Conducted in Malaysia

Evaluated Monthly Average Radiation of Ayer Keroh at Given
Tilt Angle

Evaluated Monthly Average Radiation Trend of Ayer Keroh at
Given Tilt Angle

Evaluated Highest Monthly Average Radiation with Optimal
Tilt Angle of Ayer Keroh, Malacca

Comparison Between Monthly Optimal Tilt Angle of Ayer
Keroh and Bangi

Xii

86

88

89

90

91

93

94

94

96

97

98

99

100

101

102



4.46

4.47

4.48

4.49

4.50

451

4.52

4.53

4.54

4.55

4.56

4.57

4.58

4.59

4.60

4.61

4.62

4.63

4.64

Comparison Between Monthly Optimal Tilt Angle of Ayer
Keroh with Four Different Location in Malaysia

Evaluated Total Radiation of Ayer Keroh at Given Tilt Angle

Evaluated Monthly Average Radiation of Ayer Keroh at 30-
degree Tilt Angle

Total Daily and Domestic Water Consumption of Malaysia

Daily Water Consumption Per Capita Trend in Malaysia For
Year 2015 and 2016

Evaluated Monthly Water Consumption for Shower Activity
Based on Daily Water Consumption Per Capita of Malacca in
2016

Evaluated Monthly Energy Required by The Solar Water
Heating System for A Single House with Four Occupants in
Ayer Keroh

Design of Serpentine Type Photovoltaic Thermal Collector
Cross Section View of Photovoltaic Thermal Collector
Evaluated Total Surface Area Based on Number of Collector

Corrected FrU; Based on Number of Modules Under Various
Flow Rate

Corrected Fg(ta)py Based on Number of Modules Under
Various Flow Rate

Corrected Theoretical Collector-Micro Fins Heat Exchanger
Factor Under Different Flow Rate

Corrected Theoretical Collector-8 Pass Without Fin Heat
Exchanger Factor Under Different Flow Rate

Comparison Result of Corrected Theoretical Collector-Micro
Fins Heat Exchanger Factor Under Different Flow Rate

Comparison Result of Corrected Theoretical Collector-8 Pass
Without Fin Heat Exchanger Factor Under Different Flow Rate

Estimated Glass Extinction Coefficient of Collector

Evaluated Monthly Average Transmittance-Absorbent Ratio of
System for 30 Degree Tilt Angle

Estimated Theoretical Transmittance-absorbent Ratio

Xiil

103

105

106

107

109

117

118



4.65

4.66

4.67

4.68

4.69

4.70

4.71

4.72

4.73

4.74

4.75

4.76

4.77

4.78

4.79

4.80

4.81

4.82

Monthly Solar Fraction of System Under Proposed
Configuration A

Monthly Solar Fraction of System Under Proposed
Configuration B

Monthly Solar Fraction of System Under Proposed
Configuration C

Monthly Solar Fraction of System Under Proposed
Configuration D

Plotted Result of Monthly Solar Fraction Under Configuration A
Plotted Result of Monthly Solar Fraction Under Configuration B
Plotted Result of Monthly Solar Fraction Under Configuration C
Plotted Result of Monthly Solar Fraction Under Configuration D

Evaluated Annual Solar Fraction Using Photovoltaic Thermal
Collector Under Four Different Configurations

Corrected FrU, Based on Number of Modules Under Various
Flow Rate

Corrected Fr(ta),, Based on Number of Modules Under Various
Flow Rate

Corrected Thermal Collector-Micro Fins Heat Exchanger Factor
Under Different Flow Rate

Corrected Thermal Collector-8 Pass Without Fin Heat
Exchanger Factor Under Different Flow Rate

Comparison Result of Corrected Thermal Collector-Micro Fins
Heat Exchanger Factor Under Different Flow Rate

Comparison Result of Corrected Thermal Collector-8 Pass
Without Fin Heat Exchanger Factor Under Different Flow Rate

Comparison of Annual Solar Fraction Between Solar Thermal
and Photovoltaic Thermal Collector Under Micro Fins Heat
Exchanger

Comparison of Annual Solar Fraction Between Solar Thermal
and Photovoltaic Thermal Collector Under 8 Pass Without Fin
Heat Exchanger

Break-Even and Limitation Line Defined in the F-Chart Diagram

X1V

126

126

126

127

128

128

129

129

131

134

135

135

136

136

138

139

140



4.83

4.84

4.85

4.86

4.87

4.88

4.89

4.90

491

4.92

4.93

4.94

Monthly Solar Fraction of Configuration A
Monthly Solar Fraction of Configuration B
Monthly Solar Fraction of Configuration C
Monthly Solar Fraction of Configuration D
Monthly Solar Fraction of Configuration E
Monthly Solar Fraction of Configuration F
Monthly Solar Fraction of Configuration G
Monthly Solar Fraction of Configuration H

Optimal Configuration of Photovoltaic Thermal with Solar
Thermal Collector

Comparison Between Solar Thermal and Photovoltaic Thermal
Monthly Solar Fraction Based on Eight Different Configurations

Comparison Between Evaluated Solar Fraction Using Micro
Fins Heat Exchanger with Simulated Study

Comparison Between Evaluated Solar Fraction Using 8 Pass
Without Fin Heat Exchanger with Simulated Study

Xv

141
141

141

145

146

147



CHAPTER 1

INTRODUCTION

1.1 Background

Solar energy is part of nature sustainable energy sources besides wind, ocean wave.
hydro and geothermal. The technology converts incoming solar radiation of the sun into
useful electric and thermal energy. The solar collector is the main equipment used in
harvesting the incoming radiation received by the earth. It is available in thermal.
photovoltaic and photovoltaic-thermal form factor. In general, the thermal collector
transforms solar radiation into useful heat while photovoltaic panel converts it into electric
energy. Introduction of photovoltaic thermal collector combined both solar thermal and
photovoltaic panel design. Two in one design helps the photovoltaic thermal collector
produce electricity and thermal energy simultaneously. This innovative design is seen as a
viable option to fulfil the domestic and industrial energy demand, especially for water
heating application.

Latest review on photovoltaic thermal technology by Brahim and Jemni (2017) found
more than half of solar energy harvested by collector transformed into heat while less than
20% converted into electricity. High heat generated from solar radiation is useful for water.
space and industrial heating application. Detail comparison of various photovoltaic thermal
collector concludes the typical thermal efficiency range between 40% to 80% depending on
the design and heat transfer medium (Joshi and Dhoble, 2018). The flat plate collector is one
of most commercialised design used in domestic application due to its lower payback period

than evacuated tubes (Loginov et al., 2015; Asyar, 2017). Reviews past four decades found
1
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the location solar insolation and ambient temperature remain as two main factors influencing
the performance of the photovoltaic thermal system (Das, Kalita and Roy. 2018).

The performance of the solar water heating system varies depending on the climate
and ambient temperature of the location. A feasibility study measures the effectiveness of
the domestic water heating system under local ambient temperature and solar insolation. In
the conventional water heating system, analysis under temperate climate shows the system
capable meeting 64% to 78% of annual water heating load demand (Serban et al.. 2016).
Another study by Vieira et al. (2017) shows the maximum solar fraction of subtropical
climate improved significantly up to 98%. A similar pattern also observed for the
photovoltaic thermal collector although it has lower thermal efficiency than the conventional
solar thermal collector. A study conducted by Herrando and Markides (2016) found the
photovoltaic thermal system covers 36% of the annual water heating load under temperate
climate. Analysis conducted in Tengchong, China shows the annual solar fraction increased
up to 86% under the subtropical climate (Ouyang et al., 2017). The tropical zone located
close to earth equator where the location received 12 hours sunlight throughout the year.
Malaysia is one of the countries under the tropical climate which obtained average solar
radiation of 4 to 5 kWh/m? per day (Belhamadia et al., 2013; Aziz et al., 2016). Parametric
studies conducted by Daghigh et al. (2015) analysed the solar fraction of active water heating
system using two types of the photovoltaic-thermal collector. The simulated result indicates
the photovoltaic thermal system fulfil 63.0% to 65.2% of the annual solar fraction for
unglazed design and 95.4% to 96.4% under the glazed collector (Daghigh et al., 2015).
Reviews conclude the photovoltaic thermal system in theory capable of accommodating the
location water heating load thus reduce energy demand for the domestic sector.

Although low in thermal efficiency compared with the conventional collector. the

long-term review indicates the water-based photovoltaic thermal system is more promising

2




for future investment (Rosli et al., 2014). The combined electric and thermal energy
produced by the photovoltaic thermal collector is higher than the conventional solar thermal
water heating system. A study under low ambient temperature and solar radiation showed
the photovoltaic-thermal system capable covering 51% of annual household electricity
demand in London (Herrando and Markides, 2016). Another study examined the system
effectiveness under various heating mode found the overall result of photovoltaic thermal
still considerable than the conventional solar thermal system (Zhang et al., 2017). In

summary, optimising the configuration of the photovoltaic thermal system helps improve

the amount of energy generated thus explore its adaptability in future.

1.2 Problem Statement

In Malaysia, the evaluation of solar water heater leans towards the domestic
application. The F-Chart, simulation, mathematical modelling and experiment are four main
approaches frequently used in evaluating the effectiveness of solar water heating system.
Review of studies found most information available for the conventional solar thermal
system which employs evacuated tube and flat plate collector (Naghavi et al., 2014:
Sulaiman and Fauzi, 2014; Sabiha et al., 2015; Rahman et al., 2018; Din and Azlan. 2018:
Kumar et al., 2018; Fayaz et al., 2018). However, limited reference is available for the
photovoltaic thermal collector. In the photovoltaic thermal evaluation, most of the studies
utilised simulation and experiment method (Daghigh et al., 2015; Al-Waeli etal., 2017). The
mathematical modelling and F-Chart are two types of evaluation method categorised in the
numerical approach which remains unexplored in Malaysia. Both methods utilise the
mathematical formula in evaluating the performance of the solar water heating system. The
mathematical modelling generates detail result with higher accuracy. However, the analysis

process is much complex than the F-Chart method. Detail study shows the F-Chart method



is easy to use with its simplified equations. Hence, the F-chart method suggested as the
project approach in assessing the feasibility of the solar water heating system using the

photovoltaic thermal collector in Malaysia.

1.3 Objectives
The general aim of the project is to determine the feasibility of the domestic water
heating system using the photovoltaic thermal collector in Malaysia by employing the F-
Chart method. The city of Ayer Keroh, Malacca selected as the location for conducting the
case study analysis. Preliminary analysis of location solar radiation is necessary since
insufficient data available for references. The main objectives of the project summarised as
follows.
1. To analyse the tilt angle radiation of Ayer Keroh, Malacca using isotropic model.
ii.  To evaluate the solar fraction of the photovoltaic-thermal water heating system using
the F-Chart method.
iii.  To compare the solar fraction and surface area of photovoltaic thermal with the
conventional solar thermal collector.
iv.  To recommend the optimal surface area for the photovoltaic-thermal collector under

the specified configuration.

1.4  Scope of Study
The scopes of study consist of several assumption and limitation for the domestic

solar water heating system utilising photovoltaic thermal collector summarised as follows.




