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ABSTRACT 

 

 

Communication signal (Data and Sound) at UMS Peak and surrounding area including Kolej A 
and Kolej B was found very weak to no signal because of the location that located behind the 
hill. Therefore, communication repeater is suggested to be installed at this location. Since the 
UMS Peak is located at remote area at UMS location with no access to electricity thus, selected 
renewable energy resource specifically solar and wind renewable energy is choosed to be 
studied since the resource is exists perpetually at targeted site for communication repeater 
off-grid electrification. After comprehensive study is done, off-grid solar wind renewable 
energy will be install using proposed single line diagram at UMS peak strategic location to 
power up communication repeater. The generated energy and telecommunication signal 
strength will be analyse and study. 
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ABSTRAK 

KAJIAN KEBOLEHLAKSANAAN SUMBER TENAGA HIBRID SOLAR-ANGIN LUAR-

GRID UNTUK MEMBEKALKAN KUASA ELEKTRIK KEPADA ALAT PENGULANG 

TALIAN KOMUNIKASI PUNCAK UMS 

Kekuatan isyarat telekomunikasi di lokasi UMS Peak didapati lemah dan tidak stabil. Oleh itu, 

“Communication Repeater” dicadangkan untuk dipasang di lokasi ini. Lokasi Puncak UMS 

terletak di kawasan terpencil tanpa akses kepada elektrik, jadi sumber tenaga yang boleh 

diperbaharui dipilih untuk dikaji dan dituai untuk menghasilkan elektrik bagi menghidupkan 

alat “Communication Repeater”. Memandangkan lokasi tapak berada berdekatan dengan 

garisan khatulistiwa maka, tenaga solar yang menukar sinar matahari kepada elektrik dengan 

menggunakan alat elektronik kuasa didapati sesuai dengan projek ini untuk dikaji. Satu lagi 

pilihan tenaga yang boleh diperbaharui adalah angin yang menukar tenaga kinetik angin ke 

elektrik menggunakan turbin. Walaupun tenaga angin tidak banyak di kawasan ini, kajian 

penyelidikan persamaan Weibull untuk meramalkan tenaga angin dan pengalaman teknikal 

yang diperolehi akan menjadi berharga kerana terdapat lokasi tertentu di Sabah yang 

mempunyai potensi tenaga angin yang hebat. Untuk membolehkan kedua-dua jenis tenaga 

dikaji dalam satu sistem, generasi “Off-grid” hybrid tenaga suria dan angin dicadangkan 

menjadi sumber penjanaan tenaga elektrik di UMS Peak. 



vii 

 

TABLE OF CONTENTS 

 PAGE 

TITLE i 

DECLARATION ii 

CERTIFICATION iii 

ACKNOWLEDGEMENT iv 

ABSTRACT v 

ABSTRAK vi 

TABLE OF CONTENTS vii-ix 

LIST OF TABLE x 

LIST OF GRAPH xii 

LIST OF FIGURES xiii 

LIST OF EQUATION xvi 

LIST OF SYMBOL AND ABBREVIATIONS xix 

LIST OF APPENDICES 

 

xx 

CHAPTER 1 INTRODUCTION  

1.1 Research Background 1 

1.2 Problem Statement 1 

1.3 Project Objectives 1 

1.4 Project Scope of Work 1 

1.5 Project Report Organization 2 

 

CHAPTER 2 LITERATURE REVIEW  

2.1 Introduction  3 

2.2 Solar Energy 5 

2.2.1 Solar panel 7 

2.2.2 Thin Film solar panel 8 

2.2.3 Mono-crystalline solar panel 9 

2.2.4 Poly-crystalline solar panel 9 

2.2.5 Earth Geography 10 

2.2.6 Solstices and Equinoxes 11 

2.2.7 Declination angle 13 

2.2.8 Basic Solar Component 15 



viii 

 

2.2.9 Equation Of Time 15 

2.2.10 Method of solar irradiance modeling. 16 

2.2.11 Installation of solar panel 24 

2.3 Wind Energy 26 

2.3.1 Wind speed analysis 28 

2.3.2 Wind power density 32 

2.3.3 Wind Turbine Extracted Power Analysis 33 

2.3.4 Paper 1: Windspeed and power density analysis based on Weibull and 

Rayleigh distributions (a case study: firouzkooh country of iran) 

34 

2.3.5 Paper 2: The wind energy potential of Malaysia. 37 

2.4 Off-grid 47 

2.5 Conclusion 53 

 

CHAPTER 3 METHODOLOGY  

3.1 Introduction 54 

3.2 Research Procedures 54 

3.3 Flow Chart 55 

3.4 Planning 59 

3.4.1 Site Survey 59 

3.4.2 Signal Phone Strength 59 

3.4.3 Site Orientation and Soil Condition 62 

3.4.4 Lightning Strike Hazard 63 

3.4.5 Solar 64 

3.4.5.1 Irradiation Meter 64 

3.4.5.2 Shading Analysis 65 

3.4.5.3 Solar irradiation data from Meteorology Sabah Department (Airport 

station) year 2016 

67 

3.4.6 Wind 69 

3.4.7 Design Calculation 70 

3.4.7.1 Solar Design Calculation 70 

3.4.7.2 Sizing PV 71 

3.4.7.3 Wind Design Calculation Wind Data from Meteorology Sabah 

Department (Airport station) in 2016 

74 

3.4.7.4 Wind Prediction Using statistical Weibull 80 

3.4.7.5 Determination Value of C and K using Energy Pattern Method 80 



ix 

 

3.4.7.6 METHOD 86 

3.4.7.7 Wind Turbine Sizing 88 

3.4.7.8 Battery Sizing 90 

3.4.7.9 Charge Controller 93 

3.4.8 Systems Component Equipment 95 

3.4.8.1 PV Photovoltaic Modules 95 

3.4.8.2 Balance of System (BOS) 97 

3.4.8.3 Batteries 98 

3.4.8.4 Maximum Power Point Tracking MPPT Charge Controller 100 

3.4.8.5 Inverter 100 

3.4.8.6 Cables and Accessories 102 

3.4.8.7 Conduit and Trunk 102 

3.4.8.8 Protection 102 

3.4.8.9 Surge Protection Device (SPD) 104 

3.4.8.10 Lightning Arrestor 105 

3.4.8.11 Mounting Structure 106 

3.4.8.12 Communication Repeater 106 

CHAPTER 4 RESULT AND DISCUSSION  

4.1 Wind Solar Hybrid 17 Month Generation Data Result 107 

4.2 Signal Quality Improvement 110 

4.3 Discussion 113 

4.3.1 Comparison Solar Generation Monthly To Forecasting Model 113 

4.3.2 Statistical Analyse 113 

4.3.3 The efficiency of Solar Generation 116 

4.3.4 Comparison between Theoretical and on-site Yield Energy. 116 

4.3.5 Smaller generation of solar energy 118 

4.3.6 Smaller Wind Turbine radius install at site. 119 

CHAPTER 5 CONCLUSION  

5.1 CONCLUSION 122 

5.2 FUTURE RECOMMENDATION  123 

REFERENCES 124 

 

APPENDICES 130 



x 

 

LIST OF TABLES PAGE 

Table 2.1: The Approximate range of Albedo of natural surface. 23 

Table 2.2: Friction coefficient 29 

Table 2.3: Friction Coefficient 30 

Table 2.4: classification of wind energy resource. 33 

Table 2.5: Yearly mean wind speed and standard deviation in 

Firouzkooh iran. 

35 

Table 2.6: Weibull and Rayleigh parameter and characteristic speed in 

Firouzkooh. 

36 

Table 2.7: Wind power density and energy of Firouzkooh (2001–2010). 37 

Table 2.8: Classes of wind power density at 10m and 50m. 38 

Table 2.9: Location and elevation of the station 40 

Table 2.10: The mean daily, monthly and annual wind speed (m/s) for 

January till April 

43 

Table 2.11: The mean daily, monthly and annual wind speed (m/s) 

May till August 

44 

Table 2.12: The mean daily, monthly and annual wind speed (m/s) 

September till December  

45 

Table 2.13: Mean power density 46 

Table 2.14: Mean power density 47 

Table 2.15: Mean power density 48 

Table 3.1: Unshaded Region Percentage at UMS Peak. 67 

Table 3.2: Station Metorologi Kota Kinabalu (AirPort) year 2016 68 

Table 3.3: Conversion monthly data from Kwh/m2 to MJ/m 69 

Table 3.4: 18.1 hr connected load consumption 72 

Table 3.5: 5.9 hr connected load consumption 72 

Table 3.6: Station Meteorologi Kota Kinabalu (AirPort) year 2016. 75 

Table 3.7: Friction coefficient of various terrains 76 

Table 3.8: Conversion wind speed from data at 10m to 190m 77 

Table 3.9: Classification of wind energy resource according to wind 

power density (W/msq). 

84 

Table 3.10: January to April 2017 Wind data 85 

Table 3.11: May to August wind data 86 

Table 3.12: September and December 2017 Wind Data 87 

Table 3.13: 24 hr connected load consumption 89 



xi 

 

Table 3.14: Power generated daily and radius of wind blade for 

Northeast and Southwest monsoon wind. 

92 

Table 3.15: Oliter battery data sheet 1 94 

Table 3.16: Oliter battery data sheet 2 94 

Table 3.17: Hefei hybrid Solar and Wind charge controller 96 

Table 3.18: Inverter properties 103 

Table 4.1: Telecommunication signal strength 113 

Table 4.2: Telecommunication repeater signal strength before 

communication repeater was installed 

114 

Table 4.3: Telecommunication repeater signal strength after 

communication repeater was installed 

114 

Table 4.4: Daily power generated at the site. 122 

 



xii 

 

LIST OF GRAPH PAGE 

Graph 2.1: Graph plotted above show the angle of Sun from the centre 

equator line with a date 

15 

Graph 2.2: Monthly mean wind speed in Firouzkooh (2001-2010) 36 

Graph 2.3: Comparison between observed and predicted wind speed 

frequency in Firouzkooh. 

37 

Graph 2.4: Annual frequency distribution of wind speed for Melaka, 

Cameron Highland, Petaling Jaya, Alor Setar. 

40 

Graph 2.5: Annual frequency distribution of wind speed for Mersing, 

Kuala Terengganu, Kuching, Tawau, Kota Kinabalu, and 

Labuan. 

41 

Graph 2.6: Specific Wind velocity for Kota Kinabalu. 41 

Graph 3.1: Peak Sun Hour at Kota Kinabalu Area 70 

Graph 3.2: Differences between Wind Speed at 10M and 190M from 

sea level. 

77 

Graph 3.3: Example Weibull distribution for various values of k. 80 

Graph 3.4: Example Weibull distribution for various values of c (from 

8mph – 16mph) and k=2 

81 

Graph 3.5: Theoretical I-V and P-V Curves 97 

Graph 4.1: Solar wind generation data are taken from 5 August 2017 

to 5 December 2018 

109 

Graph 4.2: Solar generation taken from August 2017 to Dec 2018 111 

Graph 4.3: Wind generation data from August 2017 till December 2018 112 

Graph 4.4: Solar Generation Comparison to Forecasting Model Monthly 115 

Graph 4.5: Correlation Coefficient R Comparison to Site Data 116 

Graph 4.6: NRMSE Comparison To Site Data 117 

Graph 4.7: MPE Comparison To The Site Data 117 

Graph 4.8: Solar Energy Theory and Site 119 

Graph 4.9: Solar energy yield comparison with theory and site data 121 

Graph 4.10: Daily Wind generation comparison 122 

 



xiii 

 

LIST OF FIGURES PAGE 

Figure 2.1: Principle of Photovoltaic energy conversion in an n-p doped 

semiconductor. 

7 

Figure 2.2: Yellow color elements in the periodic table indicate the 

usual doping element for silicon. 

7 

Figure 2.3: Thin flim cross section 9 

Figure 2.4: Earth declination angle causes certain places to have four 

seasons. 

11 

Figure 2.5: Location of the Earth and its effect to the seasonal 

weather. 

12 

Figure 2.6: Summer in the south of the equator and winter at the 

North of the equator 

12 

Figure 2.7: Fall at south of the equator and spring at north of the 

equator 

13 

Figure 2.8: Summer at south of the equator and winter at north of the 

equator. 

13 

Figure 2.9: Spring in the south of the equator and Fall at North of the 

equator 

13 

Figure 2.10: Sun position is taken at the same time through the year 14 

Figure 2.11: Effect on the Earth declination to the season 15 

Figure 2.12 Motion of Earth Around The Sun 18 

Figure 2.13: Solar panel tested range tilt angle 22 

Figure 2.14: Simulated hourly solar radiation components (clear, 

cloudless day). (1) - Direct normal; (2, 3 and 4) - beam, 

global and diffuse on a horizontal surface. 

24 

Figure 2.15: Magnetic and true North diverted angle 25 

Figure 2.16: Solar Path finder instrument 26 

Figure 2.17: Darrieus Wind turbine (wikipedia, 2016a) 28 

Figure 2.18: Sovonius Wind Turbine (wikipedia, 2016c) 28 

Figure 2.19: Horizontal Axis wind turbine 28 

Figure 2.20: East Malaysia 39 

Figure 2.21: West Malaysia 39 

Figure 2.22: Off-grid Solar diesel Genset hybrid installation for Klinik 

Kesihatan Lingkabau. 

49 



xiv 

 

Figure 2.23: RM170 million government-funded Sugut Solar  Station, 

which is expected to power 2500 houses in the area 

(Rahman, 2019). 

50 

Figure 2.24: Off-grid solar installation near the peak of Mount Kinabalu 

by Easy Solar for a meteorology station (Solar, 

2018).Figure 2.25. Small off-grid for solar water pump at 

Felda Sahabat. 

50 

Figure 2.25: Small off-grid for solar water pump at Felda Sahabat. 51 

Figure 2.26: Off-grid Solar for UMS Bus Stop Lighting. 53 

Figure 3.1: Flowchart of the study 57 

Figure 3.2: Solar Resource Investigation Flowchart 58 

Figure 3.3: UMS Peak Site visit 19 January 2019 60 

Figure 3.4: UMS Peak Signal Strength before Installation of 

Communication Repeater 

61 

Figure 3.5: Kolej Kediaman AB Signal Strength before Installation of 

Communication Repeater 

62 

Figure 3.6: UMS Peak Site Visit on 19 January 2016 63 

Figure 3.7: Google Earth Route Analysis 63 

Figure 3.8: UMS Peak Signboard Iron Structure 64 

Figure 3.9: Seaward solar irradiation meter 65 

Figure 3.10: Solar pathfinder 65 

Figure 3.11: Shading Analysis Using Pathfinder. 66 

Figure 3.12: Sketches Shading at UMS Peak using Solar Pathfinder 

tools. 

66 

Figure 3.13: Northeast and Southeast Monsoon Winds 70 

Figure 3.14: 48Vdc solar system circuit. 74 

Figure 3.15: 12Vdc Wind Turbine System Circuit 88 

Figure 3.16: Hareon solar panel 330 W 99 

Figure 3.17: Oliter Rechargeable Battery 12V 200Ah Gel VRLA 101 

Figure 3.18: Hefei Intelligent MPPT Charge Controller 102 

Figure 3.19: Scientech 1000W Inverter 103 

Figure 3.20: DC Fuse 105 

Figure 3.21: Fuse Holders 105 

Figure 3.22: DC MCB 63A, 500V 105 

Figure 3.23: AC MCB 40A 2P 106 



xv 

 

Figure 3.24: AC SPD 106 

Figure 3.25: DC SPD 40kA 3P 800V 107 

Figure 3.26: Surge Protection Devices 107 

Figure 3.27: Free-Standing Installation 108 

Figure 3.28: Communication Repeater 108 

 



xvi 

 

LIST OF EQUATIONS PAGE 

( 2.1) The Earth Declination Angle 14 

( 2.2) Local Solar Time 16 

( 2.3) Time Correction 16 

( 2.4) Local Standard Time Meridian 16 

( 2.5) Equation of Time 16 

( 2.6) Value of � in Equation 2.11 17 

( 2.7) Ashrae clear sky model Solar irradiance falling on the horizontal 

surface is (DHI) 

20 

( 2.8) Ashrae clear sky model Direct solar irradiance normal incident 

(DNI) 

20 

( 2.9) Pressure at the location concerned to the standard atmosphere 20 

( 2.10) Ashrae Coefficient A 20 

( 2.11) Ashrae Coefficient B 20 

( 2.12) Ashrae Coefficient C 20 

( 2.13) Correlation coefficient (R) 21 

( 2.14) Normalized root means square error (NRMSE) 21 

( 2.15) Mean percentage error (MPE) 21 

( 2.16) Global solar radiation 22 

( 2.17) �� is direct radiation on the plane 22 

( 2.18) �� is diffuse radiation 22 

( 2.19) Direct normal solar radiation 24 

( 2.20) Wind Profile Power Law Relationship at Different Height 29 

( 2.21) Weibull Distribution Function PDF 30 

( 2.22) Cumulative Distribution Function CDF 30 

( 2.23) Mean Wind Speed 30 

( 2.24) Root Mean Cube of Wind Speed 31 

( 2.25) Variance of Wind Speed 31 

( 2.26) C Parameter 31 

( 2.27) K Parameter 31 

( 2.28) Energy Pattern Factor 32 

( 2.29) K Parameter using Equation ( 2.28) 32 

( 2.30) Gamma Function of (x) 32 

( 2.31) Power of the Wind 33 

( 2.32) Weibull Probability Density 33 



xvii 

 

( 2.33) Air Density 34 

( 2.34) Kinetic Power in the Wind 34 

( 2.35) Pressure Variation 34 

( 2.36) Temperature Variation 35 

( 3.1) Peak Sun Hour 69 

( 3.2) 18.1hr Consumption for Connected Load 71 

( 3.3) Maximum Demand 71 

( 3.4) Replenish the Total Usage ����� 72 

( 3.5) PV Panel Power Sized 72 

( 3.6) No of PV Panel 73 

( 3.7) charging Recovery Time 73 

( 3.8) Generated Energy 73 

( 3.9) Extra Generated Energy 73 

( 3.10) Wind speed measured at the reference height h2 76 

( 3.11) Specific Wind Power 78 

( 3.12) Air density 78 

( 3.13) Pressure Variation 78 

( 3.14) Wind Power Density 79 

( 3.15) Maximum Wind Power for 3 Blade Wind Turbine 79 

( 3.16) Wind Daily Generated Power 79 

( 3.17) Wind Monthly Generated Power 79 

( 3.18) Wind Annual Generated Power 80 

( 3.19) Wind flow with specific wind speed 80 

( 3.20) Wind speed is equal or lower than the speed 	 80 

( 3.21) Energy power factor 82 

( 3.22) K factor 82 

( 3.23) C factor 82 

( 3.24) Wind power density 82 

( 3.25) Wind Monthly Generated Power using Wpd 83 

( 3.26) Wind Annual Generated Power using Wpd 83 

( 3.27) Average for Wpd November till March 90 

( 3.28) Size of Rotor Diameter for Wind Turbine 90 

( 3.29) Area of Wind Turbine Rotor 91 

( 3.30) Battery Sizing 92 



xviii 

 

( 3.31) Battery Capacity Requirement 92 

( 3.32) Number of Battery in Series 93 

( 3.33) Maximum Charging Current for Battery 93 

( 3.34) Fill Factor 98 

( 3.35) Cell Temperature Correction 98 

( 3.36) Temperature Correction 98 

( 3.37) Irradiance Correction 98 

( 3.38) Manufactures Tolerance 98 

( 3.39) Corrected Maximum PV Generation  98 

( 3.40) Corrected V open Circuit 98 

( 3.41) Corrected I Short Circuit 99 

( 4.1) Coefficient of correlation ( R) 116 

( 4.2) Normalized root mean square error (NRMSE) 116 

( 4.3) Mean percentage error (MPE) 116 

( 4.4) PV Performance Ratio 118 

( 4.5) Theoretical Yield Energy of the Solar Generation 118 

( 4.6) 17 Months (515 days) Energy Yield 119 

( 4.7) Total Generation after System Modification 120 

( 4.8) Average Generation for 182 Days 120 

( 4.9) Total Generation after System Modification 120 

( 4.10) Average Generation for 329 Days 121 



xix 

 

LIST OF SYMBOLS AND ABBREVIATIONS 

 

AC  Alternating Current 

AGM  Absorbed Glass Mate 

BTS  Base Transceiver Station 

CDMA  Code Division Multiple Access 

DC  Direct Current 

DOD  Deep-of-Discharge 

IEA  International Energy Agency 

INC  Incremental Conductance 

LCD  Liquid Crystal Display 

MCB  Miniature Circuit Breaker 

MPP  Maximum Power Point 

MPPT  Maximum Power Point Tracking 

OCVC  Open Circuit Voltage Control 

P&O  Perturbation and Observation 

PV  Photovoltaic System 

PWM  Pulse Width Modulation 

SCCC  Short Circuit Current Control 

SPD  Surge Protection Device 

STC  Standard Temperature Conditions 

UMS  Universiti Malaysia Sabah 

UMTS  Universal Mobile Telecommunication System 

UN  United Nation 

VRLA  Valve Regulated Lead Acid 

WCDMA Wideband Code Division Multiple Access 

 



xx 

 

LIST OF APPENDICES Page 

APPENDIX A (Engineering Drawing) 130 

APPENDIX B (Bill of Quantity) 141 

APPENDIX C (Work Program) 144 

APPENDIX D (Equipment Catalogue) 149 

APPENDIX E (Testing and Commissioning) 339 

APPENDIX F (Project Picture) 341 

APPENDIX G (Solar Panel Tilt Angle Calculation) 345 

APPENDIX H (Lightning Risk Assesment) 368 

  

  

  

 

 

 



 

CHAPTER 1  

 

 

INTRODUCTION 

 

 

1.1 Research Background 

1.2 Problem Statement 

Communication signal (Data and Sound) at UMS Peak and surrounding areas, including Kolej 

A and Kolej B, was found very weak to no signal because of the location that was located 

behind the hilly area. Therefore, Telecommunication Repeaterswere proposed to be installed 

to strengthen the communication signal in the surrounding area, and site location was chosen 

at UMS peak due to its high location, and the installed communication repeater will have 

broader coverage. However, at this location, there was no electric supply to power the 

communication repeater. Hence Off-grid system renewable energy solar and wind specifically 

were proposed to be studied and installed at the site. 

 

1.3 Project Objectives 

The study was conducted to fulfill the following objectives: 

1. To investigate the suitable renewable energy and strategic location. 

2. To do equipment installation for harvesting solar and wind renewable energy at UMS 

peak. 

3. To do data analysis and energy study on installed solar and wind renewable energy. 

4. To analyze communication signal improvement electrified by solar and wind renewable 

energy. 

 

1.4 Project Scope of Work 

The scope of work for this project shall include the following matters: 

1. Study on multiple renewable energy and suitable locations to harvest solar and wind 

renewable energy. 
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2. Proposed a single line diagram and install a proper solar and wind harvesting equipment 

at UMS peak, including the safety feature. 

3. Recording and analyzing data captured at UMS peak for the duration of 1-year study. 

4. Solar and renewable wind energy can sustain Communication repeaters. Communication 

signal improvement will be analyzed using cell info software. 

 

1.5 Project Report Organization  

This report is divided into five main parts. Chapter 1 is the introduction, which discusses the 

background of the project, problem statement, objectives, scope of work, and the project 

report organization briefly. Chapter 2 is about the literature review being summarized or 

gathered related to renewable energy, off-grid power system design, challenges of such 

systems. The literature reviews also provided some insight into the method of doing the 

renewable energy profile assessment as well as in understanding how hybrid power systems 

work and the critical parts in the system that could affect the reliability of the overall system.  

Chapter 3 is about the methodology of doing the project. This chapter contained the 

project structure, project flowchart, systems hardware datasheet, method of analyzing the 

data collected. In Chapter 4, all the collected data from the solar PV and wind turbine would 

be presented in several forms for more straightforward observation on the data collected. In 

the last chapter, the overall project was wrapped-up based on the founding during the process 

of completing the project. 

 

 

 




