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Abstract 

The world’s continuously increasing energy consumption, which causes a huge amount of 
pollution, has led researchers to search for more sustainable technologies. In this way, some 
renewable energy-based systems such as solar and wind systems are now commercialized. 
Among all renewables, wave energy has the highest potential in terms of energy production 
which makes it more interesting to study,  

Renewable energy is energy that is collected from renewable resources, which are naturally 
replenished on a human timescale, such as sunlight, wind, rain, tides, waves, and geothermal 
heat. Renewable energy often provides energy in four important areas: electricity generation, 
air and water heating/cooling, transportation, and rural (off-grid) energy services. In specific 
the energy we are trying to extract will be through the wave system “power energy” and the 
Wave power, also called ocean wave energy, electrical energy generated by harnessing the 
up-and-down motion of ocean waves. Wave power is typically produced by floating 
platforms or buoys that rise and fall with the swells. However, wave power can be generated 
by exploiting the changes in air pressure occurring in wave capture chambers that face the sea 
or changes in wave pressure on the ocean floor 

  

 

 

 

 

 

 

  



 

3 

 

Table of Contents 

Abstract .............................................................................................................. Error! Bookmark not defined. 

1. Introduction ................................................................................................... Error! Bookmark not defined. 

1.1 Project Definition ................................................................................. Error! Bookmark not defined. 

1.2 Project Objectives ................................................................................ Error! Bookmark not defined. 

1.3 Project Specifications and Design Constraints (ABET Outcome: 2a) . Error! Bookmark not defined. 

1.3.1 Project Specifications ...................................................................... Error! Bookmark not defined. 

1.3.2 Design Constraints ........................................................................... Error! Bookmark not defined. 

1.4 Product Architecture and Components................................................. Error! Bookmark not defined. 

1.5 Applications ......................................................................................... Error! Bookmark not defined. 

2. Literature Review .......................................................................................... Error! Bookmark not defined. 

2.1 Project background............................................................................... Error! Bookmark not defined. 

2.2 Previous Work ...................................................................................... Error! Bookmark not defined. 

2.3 Comparative Study ................................................................................................................................ 7 

3. System Design ................................................................................................................................................ 8 

3.1        Design Methodology (ABET Outcome: 2b) .......................................................................................... 9 

3.2 Product Subsystems and Components ................................................................................................... 9 

3.3 Implementation (ABET Outcome: 2c) ................................................................................................ 10 

4.    System Testing and Analysis (ABET Outcome: 2d) ..................................................................................... 11 

4.1 Subsystem 1 ........................................................................................................................................ 11 

4.2 Subsystem 2 ........................................................................................................................................ 12 

4.3 Subsystem 3 ........................................................................................................................................ 13 

4.4 Overall Results, Analysis and Discussion ........................................................................................... 14 

5. Project Management ..................................................................................................................................... 15 

5.1 Project Plan (ABET Outcome: 5a) ...................................................................................................... 15 

5.2 Contribution of Team Members (ABET Outcome: 5b) ...................................................................... 15 

5.3 Project Execution Monitoring ............................................................................................................. 15 

5.4 Challenges and Decision Making  (ABET Outcome: 4b) ................................................................... 16 

5.5 Project Bill of Materials and Budget ................................................................................................... 16 

6. Project Analysis ............................................................................................................................................ 17 

6.1     Life-long Learning (ABET Outcome: 7) ................................................................................................ 17 

6.2      Impact of Engineering Solutions (ABET Outcome: 4b) ........................................................................ 17 

6.3      Contemporary Issues Addressed (ABET Outcome: 4b) ........................................................................ 17 

7. Conclusions and Future Recommendations .................................................................................................. 18 

7.1 Conclusions ....................................................................................................................................... 188 

7.2 Future Recommendations .................................................................................................................. 188 

8. References ................................................................................................... Error! Bookmark not defined.9 

Appendix B: Datasheets ....................................................................................................................................... 19 

Appendix C: Program Codes ................................................................................................................................ 20 

          



 

4 

 

 

1. Introduction 

 1.1 Project Definition 

The design will be generating electricity through an environmentally friendly way which is 

the wave power method and it does not  require an external power to work it uses natural 

sources of  power and produces electricity through turning the movement of the wave to 

power through the mechanical system within the project. 

1.2 Project Objectives 

1. Produce electricity from the sea waves. 

2. Increase the public awareness about the other types of renewable energy. 

3. Encourage the use of more efficient systems to save energy. 

4. reduce the pollution resources  

1.3 Project Specifications 

 

a. Operates in all shorelines 

b. Produce environmentally friendly energy 

c. Portable system where can be used in coastline 

d. The system will still be fully functional even in weak waves because of transformer  

 

 

1.4 Product Architecture and Components 

⮚ Draw functional diagram; identify subsystems 

 

 
Figure 1. Project architecture 
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⮚ Photo of real system 

 
Figure 2. Real photo of the project 

 

 

⮚ Brief description 

 

extracting the energy from the waves by moving the part on the sea surface “the floater” then 

the mechanical part will start to move the hydraulic motor which will start the generator and 

then we will have the electricity. 
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1.5 Applications 

 

For example this project will be able to function anywhere there is a wave whether in 

ocean or in a lake , and once the system is fixed any facility around it can rely on the 

output of the system , mainly the beach facilities so it could be direct usage instead of 

store then use. 

2. Literature Review 

2.1 Project background 

 

⮚ the issue of providing energy to different areas such as a RIG in the offshore side or 

houses near the shoreline  

⮚ an idea has been suggested which is direct use the energy that comes from the waves 

into close devices   

⮚ For the project that we will do we thought of storing the energy in a battery by using 

an AC to DC converter. 

⮚ in addition we can add sensor that detect the motion of the floater and contact the 

microcontroller  
 

2.2 Previous Work 

 

1-.First results from wave tank testing of different control strategies for a point absorber wave 

energy converter, Fraunhofer Institute for Wind Energy and Energy System Technology 

Kassel, Germany, 2014 

 

 
Figure 3. Previous work 1 
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2-Analysis of Power Generation for Direct Wave 

Energy Converter, Korea Electronics Technology Institute (KETI), 2017 

 

 
Figure 4. Previous work 2 

3-Contribution to Clean Energy Production using a Novel Wave Energy Converter, Notre 

Dame University–Louaize (NDU), 2014 

 

 
Figure 5. Previous work 3 

2.3 Comparative Study 

Table 1 
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3. System Design 

3.1 Design Constraints 

3.1.1 Design Constraints: Environmental  

The system we designed is environmentally friendly and it will help the environment since it 

is producing electricity from the motion of waves of water. Thus, introducing a new field 

where we can produce electricity, so that we reduce producing electricity from other fields 

that are not environmentally friendly. 
 

3.1.2 Design Constraints: Economic  

 The system is also economically friendly. comparing it with other systems that produce 

electricity, it is cheaper. 
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3.2 Design Methodology 

 

 

The wave hits the floater which makes it go up and down depending one the wave movement 

which will make the piston compress the liquid within the piston the liquid will move through 

the water pipe to the hydraulic motor which will turn the generator and the generator will 

make AC power.  

 

for next semester we will add transformer and microcontroller which will step up the the 

incoming power in case of small waves, in addition we will have AC to DC convertor to be 

able to store the energy  

 

3.3 Product Subsystems and Components 

 
Figure 6. Project architecture 

 

3.3.1 Product Subsystem1: Mechanical System 

This system consist of a floater and generator. This system is designed to produce electricity 

from the waves of the water. After the waves hit the floater, it will move the gear rack 

vertically. The gear rack will rotate the gear box, thus, increasing the number of rotation of 

the generator to produce more electricity. 

3.3.2 Product Subsystem2: Microcontroller System 

This system consist of Arduino and two sensorsm one is voltage and the other is current. The 

sensors will be measuring the voltage and the current that are coming from the generator 

which is DC. Then we will give us the power output.  

3.3.3 Product Subsystem3: Electrical System 

In this system there will be an inverter that will convert the voltage that comes for the 

generator, which is DC voltage, to AC voltage where we can then store it in batteries for later 

uses. It will also have a direct usage where it can provide electricity.  
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3.4 Implementation 

Mechanical system, for the wave power it has to work through mechanical system because 

we will turn the motion into electricity , and there was 3 different system but all of them will 

be more costly higher and needs to go into deep water but the system we picked is easier to 

maintain and work on, we have replaced some of the parts because it was less helpful for our 

situation which is the generator it needs more rotations so we choose the air turbine generator 

which produce more in less rotations.  

 

For the electrical system, we designed an inverter circuit that convert 12 V DC to 220 AC and 

a batteries for storage. The inverter circuit could work up to 5 Amp. We implanted it in the 

university lab and we tested it also there. We used a bulb to test if the circuit will light it up or 

not and it did. In addition, we used the circuit to charge a phone. 
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4. System Testing and Analysis 

4.1 Subsystem 1: Mechanical system 

Mechanical system was tested in the shop we built our system at, but we notice the 

movement was not enough to turn the generator then we relocate the generator in higher 

position so the movement become more than the old location after that we took it to the lab in 

the university to test it with the electrical system but we faced issue in the generator itself it is 

for the heavy duty so the option was to replace it with the turbine generator. We noticed that 

the metal is heavy for weak waves, so we added a spring to make it easy for the gear rack to 

moves up and down with the motion of the waves. 

 

 
Figure 7. Mechanical system and the tank 
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4.2 Subsystem 2: Electrical system 

We tested the electrical system in the university lab. We used dc power supply with 12 V and 

1 Amp to convert to 220 V and light a bulb. The inverter worked fine and it could convert 12 

V and 5 Amp to 220 V. Thus the circuit we used suit our project. 

 

 
Figure 8. Electrical system and the dircet usage 
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4.3 Subsystem 2: Microcontroller system 

We used voltage sensor and current sensor with arduino in this to measure the current and 

voltage that are coming out of the generator. Then, we calculated the power by programing it 

equation in arduino. 

 

 
Figure 9. Microcontroller system 
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4.3 Overall Results, Analysis and Discussion 

The electrical and the microcontroller systems works very well. The inverter convert 12 v dc 

to 220 v ac and the sensors measure the voltage and current with ±0.01 error for the voltage 

sensor and ±0.15 error for the current sensor.  

 

 
Figure 10. Voltage and current measurement 

 
Figure 11. Inverter 
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5. Project Management 

5.1 Project Plan 

 
Figure 12. Project plan 

5.2 Contribution of Team Members 

Table 2 

Task Hassan Abdullah Abdullaziz Task Total 

Search & 

acquire 

components 

30% 35% 35% 100% 

Design 

Subsystems 
30% 30% 40% 100% 

Test 

Subsystems 
35% 35% 30% 100% 

Simulations 40% 30% 30% 100% 

Write 

Reports & 

Presentations 

40% 30% 30% 100% 

5.3 Project Execution Monitoring 

 Meetings with our advisor Dr. Jawad about our progress. 

 Meetings with Dr. Sadiq about our progress report. 

 Meeting to test the mechanical system in the workshop. 

 Meeting to test the electrical system in the university lab. 
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5.4 Challenges and Decision Making 

The difficult challenge we faced was changing the mechanical design. We tried working in a 

design for the first 5 weeks. Then we found out that for the design to be working we needed a 

very strong waves which we do not have here in Saudi Arabia, so we met with Dr. Jawad and 

then we changed it to be suitable to what we have. The second challenged we faced was with 

ordering components. We ordered some components from the online markets, but it took 

longer than usual because of the covid-19. The generator we used was not producing 

electricity as we want, so we had to order a new one, but after ordering it, the web site is 

canceling our order. 

 

5.5 Project Bill of Materials and Budget 

Item Quantity Unit Cost (SR) Subtotal 

Project body 1 1500 1500 

Generator 1 490 490 

Controller 1 200 200 

Invertor 1 200 200 

Microcontroller 1 150 150 

Tank 1 110 110 

Battery 1 60 60 

Total 2710 
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6. Project Analysis 

6.1 Life-long Learning 

While working on our project we learned about project management and how to distribute tasks 

between each other. In addition, we learned about time management by assigning one of the 

members to be responsible for the deadlines of assignment. We also learned about new software 

which called System Advisor Model (SAM). It a simulation software of renewable energy, our 

advisor told us about it and we got it from Google. We learned some of the mechanical concepts 

while designing the mechanical part. 

6.2 Impact of Engineering Solutions 

As part of the 2030 vision of Saudi Arabia to invest and build renewable energy station to help 

the economy and to have more than one source of income other than the oil industry, we hope 

by finishing our project is to introduce a third source of renewable energy other than the solar 

and wind energy which is the wave energy. It will also help the environment since it is a 

renewable.   

6.3 Contemporary Issues Addressed 

One of the issues of our project that with week waves it would not produce high energy, 

which might affect Saudi Arabia. Another issue would be the maintenance, since the project 

will function better in the deep sea away from the cost, so it would be difficult to do 

maintenance there.  
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7. Conclusions and Future Recommendations 

7.1 Conclusions 

In the conclude of this project we would say it was not easy as fresh student to accomplish 

full project without an expert among the team we divided the work based on each student 

capability and we looked into the local and online market to check on our material even with 

the consultation we still have been in position where we could not solve the problem which 

led us to redesign most of the project and after that we finished the project a little bit late but 

as expected. 
 

7.2 Future Recommendations 

 

 Better cables management because the system will be in contact with water  

 More consultation with experts, instructors, and engineers for more advanced 

solutions  

 Gearbox will make a huge difference in case of availability 
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Appendix C: Program Codes 

#include <Wire.h>  

#include <LiquidCrystal_I2C.h> 

 

// Set the LCD address to 0x27 for a 16 chars and 2 line display 

LiquidCrystal_I2C lcd(0x27, 16, 4); 

 

 

const int voltageSensorPin = A0;          // sensor pin 

float vIn;                                // measured voltage (3.3V = max. 16.5V, 5V = max 25V) 

float vOut; 

float voltageSensorVal;                   // value on pin A3 (0 - 1023) 

const float factor = 5.00;               // reduction factor of the Voltage Sensor shield 

const float vCC = 5.00;                   // Arduino input voltage (measurable by voltmeter) 

 

const int analogchannel = A1; //Connect current sensor with A0 of Arduino 

int sensitivity = 66; // use 100 for 20A Module and 66 for 30A Module 

int adcvalue= 0; 

int offsetvoltage = 2500;  

double Voltage = 0; //voltage measuring 

double Current = 0;// Current measuring 

double Power = 0; 

  

void setup() { 

  // put your setup code here, to run once: 

  lcd.init(); 

  Serial.begin(9600); 

} 

 

void loop() { 

  // put your main code here, to run repeatedly: 

  voltageSensorVal = analogRead(voltageSensorPin);    // read the current sensor value (0 - 

1023)  

  vOut = (voltageSensorVal / 1024) * vCC;             // convert the value to the real voltage on 

the analog pin 

  vIn =  vOut * factor;                               // convert the voltage on the source by multiplying 

with the factor 

  adcvalue = analogRead(analogchannel);//reading the value from the analog pin 

 Voltage = (adcvalue / 1024.0) * 5000; // Gets you mV 

 Current = ((Voltage - offsetvoltage) / sensitivity); 

  

  

  Serial.print("Voltage = ");              

  Serial.print(vIn); 

  Serial.println("V"); 

  lcd.setCursor(0,0); 

  lcd.backlight(); 
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  lcd.print("Voltage = "); 

  lcd.print(vIn); 

  lcd.print(" V"); 

   delay(500); 

   

  Serial.print("Current = "); // shows the voltage measured  

  Serial.print(Current,3);// the '3' after voltage allows you to display 3 digits after decimal 

point 

  Serial.println("A"); 

  delay(1000); 

 

  lcd.setCursor(0,1); 

  lcd.backlight(); 

  lcd.print("Current = "); 

  lcd.print(Current,3); 

  lcd.print(" A");   

 

Power = vIn * Current; 

   

  lcd.setCursor(0,2); 

  lcd.backlight(); 

  lcd.print("Power = "); 

  lcd.print(Power,3); 

  lcd.print(" W"); 

} 
 

 

 
 

 

 


