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ABSTRACT 

Renewable energy comes from natural sources such as wind, rain, sunlight and the sea. Wave 

energy is an abundant and reliable source of energy. The ocean, which covers more than 

70% of the earth's surface, has long been recognized as an important source of renewable 

energy. It is a growing industry with the ability to meet global energy demands. Wave power 

is the way of the future for electricity generation. Wave energy conversion techniques are 

one of the many methods of obtaining energy from the sea that is now available. This study 

was conducted to generate electricity by using the concept of wave energy. The scope of this 

project is to use a solenoid as a medium to generate electric flux. The changes that took place 

in this project tried to change the concept of the wave energy from using turbines as an 

electricity generation mechanism to permanent magnets with solenoids as an electricity 

generation mechanism. One of the objectives is to build a circuit capable of increasing the 

signal of electric current. In general, this project uses the concept of renewable energy 

applied in inland areas close to the coast. Overall, this wave energy project can demonstrate 

electricity generation without the presence of grid transmission. This can create innovation 

in the scope of renewable energy sources as this project can generate electricity from water 

waves. The output of this system is focused on lights adjacent to the beach. It helps these 

lights to turn on, thus making it easier for residents for example it seems that distance should 

be taken when close to the beach so that undesirable things happen and warnings will sound 

when the water level rises above the normal level. 
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ABSTRAK 

Tenaga boleh diperbaharui datang daripada sumber semula jadi seperti angin, hujan, cahaya 

matahari dan laut. Tenaga gelombang adalah sumber tenaga yang banyak dan boleh 

dipercayai. Lautan, yang meliputi lebih daripada 70% permukaan bumi, telah lama diiktiraf 

sebagai sumber penting tenaga boleh diperbaharui. Ia adalah industri yang semakin 

berkembang dengan keupayaan untuk memenuhi permintaan tenaga global. Kuasa 

gelombang adalah cara masa depan untuk penjanaan elektrik. Teknik penukaran tenaga 

gelombang adalah salah satu daripada banyak kaedah untuk mendapatkan tenaga dari laut 

yang kini tersedia. Kajian ini dijalankan untuk menjana tenaga elektrik dengan 

menggunakan konsep tenaga gelombang. Skop projek ini adalah menggunakan solenoid 

sebagai medium untuk menjana fluks elektrik. Perubahan yang berlaku dalam projek ini cuba 

mengubah konsep tenaga gelombang daripada menggunakan turbin sebagai mekanisme 

penjanaan elektrik kepada magnet kekal dengan solenoid sebagai mekanisme penjanaan 

elektrik. Salah satu objektifnya adalah untuk membina litar yang mampu meningkatkan 

isyarat arus elektrik. Secara umumnya, projek ini menggunakan konsep tenaga boleh 

diperbaharui yang diaplikasikan di kawasan pedalaman yang berhampiran dengan pantai. 

Secara keseluruhannya, projek tenaga gelombang ini boleh menunjukkan penjanaan elektrik 

tanpa kehadiran penghantaran grid. Ini boleh mencipta inovasi dalam skop sumber tenaga 

boleh diperbaharui kerana projek ini boleh menjana tenaga elektrik daripada gelombang air. 

Output sistem ini tertumpu pada lampu bersebelahan dengan pantai. Ia membantu lampu ini 

menyala, sekali gus memudahkan penduduk contohnya nampaknya jarak harus diambil 

apabila dekat dengan pantai supaya perkara tidak diingini berlaku dan amaran akan berbunyi 

apabila paras air naik melebihi paras biasa. 



iii 

ACKNOWLEDGEMENTS 

First of all, I would like to express my deepest appreciation and gratitude to the lecturers 

who have helped me to succeed in the 2nd Bachelor's Degree Project. I greatly appreciate all 

the sacrifices and knowledge that have been given to my mentors. I would also like to thank 

you for giving me the opportunity to be a mentee under Puan Rohaina Binti Jaafar for her 

encouragement, knowledgeable ideas and opinions, consideration of time, enthusiasm and 

guidance throughout the completion of the Bachelor's Degree Project (BDP). My thanks and 

appreciation are also addressed to my two panels, Ts Mazree Bin Ibrahim as Panel 1 and Dr 

Mohd Badril Bin Nor Shah as panel 2 who are willing to observe my BDP, give positive 

comments that help me gain knowledge and improve the project in this time period. I am 

also indebted to Universiti Teknikal Malaysia Melaka (UTeM) for the financial support of 

rm200 which enabled me to complete the project. Not forgetting my colleagues who are 

willing to share their views and ideas about the project. Finally, I would like to thank all my 

colleagues and classmates, members of the Faculty, as well as other individuals not listed 

here for their cooperation and help. 

 

 

 

 

 

 

 



i 

TABLE OF CONTENTS 

PAGE 

DECLARATION 

APPROVAL 

DEDICATIONS 

ABSTRACT i 

ABSTRAK ii 

ACKNOWLEDGEMENTS iii 

TABLE OF CONTENTS i 

LIST OF TABLES iv 

LIST OF FIGURES v 

LIST OF SYMBOLS  vii 

LIST OF ABBREVIATIONS  viii 

LIST OF APPENDICES ix 

 INTRODUCTION 10 
1.1 Background 10 

1.2 Problem Statement 12 
1.3 Project Objective 12 

1.4 Scope of Project 13 

 LITERATURE REVIEW 14 
2.1 Introduction 14 

2.2 Research, Ideology and Concept Previous Project 14 
2.2.1 Generation of Electricity Using Point Absorber Wave Energy 

Converter and its Prospect in Bangladesh 14 
2.2.2 Concept Design of a Small Heaving Oscillating Water Column Wave 

Energy Converter 16 
2.2.3 Wave Energy Converters: Barriers and Drivers 18 

2.2.4 Sea Wave Energy. A Review of the Current Technologies and 

Perspectives 20 

2.2.5 A concept design of a small ocean vehicle with flap-foils to harvest 

wave energy 22 

2.3 Summary 24 

 METHODOLOGY 29 
3.1 Introduction 29 

3.2 Project Design 29 



ii 

3.3 Project Architecture 30 
3.4 Hardware Requirement 32 

3.4.1 Solenoid Coil 32 
3.4.2 Permanent Magnet 33 

3.4.3 Diode Bridge Rectifier (Ac to Dc) 34 
3.4.4 Capacitor 34 

3.4.5 INA219 Current Sensor 35 
3.4.6 Dc to Dc Step Up Power Boost 36 

3.4.7 Water Level Sensor 36 
3.4.8 Buzzer 37 
3.4.9 Rechargeable Battery 38 

3.4.10 Relay 38 
3.4.11 Arduino Uno 39 

3.4.12 Liquid Crystal Display (LCD) 40 
3.4.13 Motion Sensor 40 

3.4.14 5W LED Light Bulb USB 41 
3.5 Software Requirement 41 

3.5.1 Arduino IDE 41 
3.5.2 Proteus Simulation Software 42 

3.6 Product Design 43 
3.7 Project Costing 46 

3.8 Gantt Chart 46 

 RESULTS AND DISCUSSIONS 49 
4.1 Introduction 49 
4.2 Hardware Setup 49 

4.2.1 Solenoid and Permanent Magnet 49 
4.2.2 Water Level Sensor 51 

4.2.3 LCD Display Value Voltage and Current 51 
4.2.4 LED and Motion Sensor 52 

4.3 Hardware Design 53 
4.4 Circuit Diagram 54 

4.4.1 Arduino Setup 54 
4.4.2 Voltage and Current Sensor Circuit 55 

4.4.3 Motion Sensor Circuit 57 
4.4.4 Water Level Sensor Circuit 58 

4.5 Testing and Analysis Method 60 
4.5.1 Measure The Output Voltage of The Solenoid 60 

4.5.1.1  Output Voltage and Output Current Produced by The Solenoid According to 

Number of Magnet Vs Wave Motion (Slow) 60 

4.5.1.2  Output Voltage and Output Current Produced by The Solenoid According to 

Number of Magnet Vs Wave Motion (Medium) 61 

4.5.1.3  Output Voltage and Output Current Produced by The Solenoid According to 

Number of Magnet Vs Wave Motion (Fast) 63 
 63 

 CONCLUSION AND RECOMMENDATIONS 64 
5.1 Conclusion 64 

5.2 Achievement 65 



iii 

5.3 Final Product 65 
5.4 Problem Encountered and The Limitation of Project 66 

5.5 Recommendation for Future Project 66 

REFERENCES 68 

APPENDICES 69 

 



iv 

LIST OF TABLES 

TABLE                                                   TITLE                                                          PAGE 

 

Table 2.1 Summarize the concept from the previous project 24 

Table 3.1 Features of Arduino ATmega 328P 39 

Table 3.2 Shows the project costing 46 

Table 3.3 Gantt Chart Progress Bachelor’s Degree Project 1 47 

Table 3.4 Gantt Chart Progress Bachelor’s Degree Project 2 48 

Table 4.1 Table of Output Voltage and Output Current Produced by The Solenoid 

According to Number of Magnet Vs Wave Motion (Slow) 60 

Table 4.2 Table of Output Voltage and Output Current Produced by The Solenoid 

According to Number of Magnet Vs Wave Motion (Medium) 61 

Table 4.3 Table of Output Voltage and Output Current Produced by The Solenoid 

According to Number of Magnet Vs Wave Motion (Fast) 63 

 



v 

LIST OF FIGURES 

FIGURE                                                   TITLE                                                        PAGE 

 

Figure 1.1 Wave Energy Diagram 11 

Figure 2.1 A Floating Buoy Point Absorber physical properties 16 

Figure 2.2 Simulink Diagram of the wave energy converter 16 

Figure 2.3 Heaving OWC WEC concept 18 

Figure 2.4 CAD model of complete WEC design 18 

Figure 2.5 ARRECIFE Energy Systems 20 

Figure 2.6 Wave Swell 21 

Figure 2.7 External view of Wavebob 22 

Figure 2.8 Small ocean vehicles, a) Bluefin AUV, b) Underwater glider, c) Wave 

glider 24 

Figure 3.1 Flow chart of the project 30 

Figure 3.2 Block Diagram of the project 31 

Figure 3.3 Solenoid Coil 32 

Figure 3.4 Permanent Magnet 33 

Figure 3.5 Diode Bridge Rectifier (Ac to Dc) 34 

Figure 3.6 Capacitor 35 

Figure 3.7 INA219 Current Sensor 35 

Figure 3.8 Dc to Dc Step Up Power Boost 36 

Figure 3.9 Water Level Sensor 37 

Figure 3.10 Buzzer 37 

Figure 3.11 Rechargeable Battery 38 

Figure 3.12 Relay 38 

Figure 3.13 Arduino Uno 39 



vi 

Figure 3.14 Liquid Crystal Display (LCD) 40 

Figure 3.15 Motion Sensor 40 

Figure 3.16 5W LED Light Bulb USB 41 

Figure 3.17 Arduino IDE 42 

Figure 3.18 Proteus Simulation Software 43 

Figure 3.19 Full System Design 45 

Figure 4.1 Solenoid and magnet are placed 50 

Figure 4.2 Create waves manually 50 

Figure 4.3 Water level sensor 51 

Figure 4.4 Display Current and Voltage value 52 

Figure 4.5 LED and Motion Sensor 52 

Figure 4.6 Hardware Project 54 

Figure 4.7 Arduino Circuit 55 

Figure 4.8 Shows a voltage value of 5V and a current value of 22.7mV 56 

Figure 4.9 Shows a voltage value of 5V and a current value of 6.30mV 56 

Figure 4.10 LED light does not light up 57 

Figure 4.11 The LED light is on 58 

Figure 4.12 Water level sensor detects 50% below the buzzer will not sound 59 

Figure 4.13 Water level sensor detects 50% above the buzzer will sound 59 

Figure 4.14 Number of Magnet Vs Wave Motion (Slow) 61 

Figure 4.15 Number of Magnet Vs Wave Motion (Medium) 62 

Figure 4.16 Number of Magnet Vs Wave Motion (Fast) 63 

 

 



vii 

LIST OF SYMBOLS  

𝛀 - Voltage angle 

µ - Micro 

% - Percentage 

°𝑐 - Degree Celcius 

 

 



viii 

LIST OF ABBREVIATIONS  

𝑉 - Voltage  

𝐼𝐶 - Integrated circuit 

𝐻𝑧 - Hertz 

𝑚𝐴 - Miliampere 

𝐿𝐶𝐷 - Liquid-crystal display 

𝑚𝑉 - Milivolts 

𝑐𝑚 - Centimeter 

 

 



ix 

LIST OF APPENDICES 

APPENDIX                                          TITLE                                                            PAGE 

 

 

Appendix A : Arduino Uno Data Sheet 69 

Appendix B : Relay Data Sheet 70 

Appendix C : Coding 71 

 

 



10 

  

 

 

INTRODUCTION 

1.1 Background 

Renewable energy is the best option because it has the least amount of 

environmental impact. By 2030, there will likely be disruptions and problems in the global 

energy supply and demand for each type of fuel, according to the International Energy 

Agency's (IEA-OES2005) estimate[1]. Global carbon dioxide emissions will increase by 

1.6% year from 2003 through 2030. Half of all carbon emissions worldwide will be caused 

by the production of electricity. These statistics show that the world's dependency on fossil 

fuels, as well as the issues of pollution and global warming, would deteriorate if global 

energy consumption practices remained the same. It is not assured that such energy sources 

will be used indefinitely. 

The use of renewable energy technology is growing in popularity as a means of 

combating climate change today. Given that they are both locally available and non-

polluting, renewable energy sources can address both supply security and environmental 

problems. Many renewable energy sources, including the wind, sun, waves, and tidal, have 

variable outputs, which means that the output is reliant on uncontrollable weather conditions. 

A plentiful and dependable source of energy is wave energy. Over 70% of the earth's surface 

is covered by oceans, which have long been acknowledged as important sources of 

renewable energy[2]. It's a sector that's expanding and capable of supplying the world's 

energy needs. Wave power is the way of the future for electricity generation. Wave energy 
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conversion techniques are one of the various methods for obtaining energy from the sea that 

is now available.  

There are many different technologies used for wave energy. Among them are 

Absorbers extracting energy from the ups and downs of waves with buoys as shown in Figure 

1.1. Once the energy is extracted it is then converted into electrical energy with a linear or 

rotary generator. Wave generators gather kinetic energy resulting from ocean dynamics. The 

earliest recorded patent to harness the power of ocean waves was submitted in 1799 in Paris 

by Girard and his son. An early example of wave power utilization was a device built by 

Bochaux-Praceique in the year 1910 to light and power his home in Royan, France, close to 

Bordeaux[3]. Coastal, near-shore, and offshore devices are widely used to categorize wave 

energy systems. Depending on the water depth and distance from the coast, several physical 

conditions such as water depth, power level, directionality, and hydrodynamics are crucial 

for converting wave energy. In conclusion, wave energy should be applied gradually in order 

to increase our nation's output and help it catch up to other nations. 

 

Figure 1.1 Wave Energy Diagram 
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1.2 Problem Statement 

According to the observations that have been studied, this wave energy has not yet 

been practiced 100 percent in Malaysia. It is because Malaysia does not have technology 

comparable to foreign countries such as technology in China, Japan, and Denmark that are 

capable of generating high-value electricity. In addition, the problem of rising coal prices in 

Indonesia and Austria caused Malaysia to bear high costs for electricity generation[4]. Next, 

the level of air pollution becomes the cause of fuel burning which is increasingly critical for 

electricity generation. Now, what is worrying is the electricity problem experienced 

especially in rural areas near the coast that do not have a Grid connection. The lack of 

electricity supply is the main obstacle for the people in this area to live their daily lives. 

Therefore, wave energy was developed as a prototype to solve the above problems such as 

reducing coal consumption, reducing air pollution, and solving electricity problems in inland 

areas close to the coast. Malaysia can take the potential to generate tidal power as a 

challenge. 

1.3 Project Objective 

The study was conducted to generate electricity by using the concept of tidal wave 

energy. To meet the objectives of this study, the following objectives have been made: 

 To generate electricity using wave energy as a prime mover. 

 To construct a circuit that can increase the voltage value. 

 To analyze the wave energy performance in generating electricity. 
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1.4 Scope of Project 

The scope of this project are as follows: 

 Using a permanent magnet with copper wire as an electric flux generation 

medium. 

 This project uses wave energy theory that can be implemented on the coast of 

Malaysia. 

 This project uses a DC-to-DC boost converter circuit, which can convert a DC 

voltage to a larger DC voltage. It was able to convert a 0.1mV DC voltage into 

5V. 
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LITERATURE REVIEW 

2.1 Introduction 

A literature review provides a summary of previous discussions, journal articles, 

and research papers on Wave energy sources with Arduino Uno. Wave energy is the energy 

created by waves moving through seawater and converting it into other forms of energy, 

mainly electricity. Since waves are essentially always moving and never interrupted, they 

are a reliable source compared to others. Among the current technologies for energy 

production from renewable sources, ocean wave energy and tidal power can make a 

significant contribution to the creation of a more sustainable energy system[5]. This chapter 

will be utilized as a reference in the future to aid with the experience of difficulties during 

project execution in order to guarantee that this project is successful.  

2.2 Research, Ideology and Concept Previous Project 

2.2.1 Generation of Electricity Using Point Absorber Wave Energy Converter and 

its Prospect in Bangladesh 

Based on the journal by Md. Sazzad Hossain, Mostafa Kamal, Jannatul Adan, Arjan 

Chakrabartty, Sheikh ShataddruTahsin, Yeasir Arafat and Ehsanur Rahman on 2019. The 

main objective of this research was to find promising, sustainable, and still ecologically 

friendly energy sources in a world where the need for electric power generation is always 

rising. Pay more attention to utilising ocean wave energy's enormous potential. Numerous 

studies conducted to date have demonstrated that the effectiveness of wave energy extraction 

is significantly influenced by the device's shape, design, and interaction with the energy 


	ABSTRACT
	ABSTRAK
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF SYMBOLS
	LIST OF ABBREVIATIONS
	LIST OF APPENDICES
	CHAPTER 1    INTRODUCTION
	1.1 Background
	1.2 Problem Statement
	1.3 Project Objective
	1.4 Scope of Project

	CHAPTER 2    LITERATURE REVIEW
	2.1 Introduction
	2.2 Research, Ideology and Concept Previous Project
	2.2.1 Generation of Electricity Using Point Absorber Wave Energy Converter and its Prospect in Bangladesh
	2.2.2 Concept Design of a Small Heaving Oscillating Water Column Wave Energy Converter
	2.2.3 Wave Energy Converters: Barriers and Drivers
	2.2.4 Sea Wave Energy. A Review of the Current Technologies and Perspectives
	2.2.5 A concept design of a small ocean vehicle with flap-foils to harvest wave energy

	2.3 Summary

	CHAPTER 3    METHODOLOGY
	3.1 Introduction
	3.2 Project Design
	3.3 Project Architecture
	3.4 Hardware Requirement
	3.4.1 Solenoid Coil
	3.4.2 Permanent Magnet
	3.4.3 Diode Bridge Rectifier (Ac to Dc)
	3.4.4 Capacitor
	3.4.5 INA219 Current Sensor
	3.4.6 Dc to Dc Step Up Power Boost
	3.4.7 Water Level Sensor
	3.4.8 Buzzer
	3.4.9 Rechargeable Battery
	3.4.10 Relay
	3.4.11 Arduino Uno
	3.4.12 Liquid Crystal Display (LCD)
	3.4.13 Motion Sensor
	3.4.14 5W LED Light Bulb USB

	3.5 Software Requirement
	3.5.1 Arduino IDE
	3.5.2 Proteus Simulation Software

	3.6 Product Design
	3.7 Project Costing
	3.8 Gantt Chart

	CHAPTER 4    RESULTS AND DISCUSSIONS
	4.1 Introduction
	4.2 Hardware Setup
	4.2.1 Solenoid and Permanent Magnet
	4.2.2 Water Level Sensor
	4.2.3 LCD Display Value Voltage and Current
	4.2.4 LED and Motion Sensor

	4.3 Hardware Design
	4.4 Circuit Diagram
	4.4.1 Arduino Setup
	4.4.2 Voltage and Current Sensor Circuit
	4.4.3 Motion Sensor Circuit
	4.4.4 Water Level Sensor Circuit

	4.5 Testing and Analysis Method
	4.5.1 Measure The Output Voltage of The Solenoid

	4.5.1.1  Output Voltage and Output Current Produced by The Solenoid According to Number of Magnet Vs Wave Motion (Slow)
	4.5.1.2  Output Voltage and Output Current Produced by The Solenoid According to Number of Magnet Vs Wave Motion (Medium)
	4.5.1.3  Output Voltage and Output Current Produced by The Solenoid According to Number of Magnet Vs Wave Motion (Fast)

	CHAPTER 5    CONCLUSION AND RECOMMENDATIONS
	5.1 Conclusion
	5.2 Achievement
	5.3 Final Product
	5.4 Problem Encountered and The Limitation of Project
	5.5 Recommendation for Future Project

	REFERENCES
	APPENDICES



