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Abstract - Energy harvesting has been under great attention over the last decades. For reducing power requirement of small 

electronic devices, many researches have been done in this field. This is the process of capturing and accumulating energy as  
a form of energy that we would be able to store for a period of time and conditioning it into a form that can be used later 
such as operating a microprocessor. Energy harvested is usable for both low-voltage and low-power applications in a wide 
range of portable or mobile markets such as medical and also using for back up batteries. We also know this process as 
energy scavenging. Capturing residual energy like a natural environmental phenomenon or industrial process and is therefore 
considered "free energy." More often than not, this residual energy is released into the environment as waste. The project 
that is the main subject of this paper can be taken as an example of the wasted energy in the nature that would be good 
source for energy harvesting. This paper is going to focus on the mechanical energy provided by sea waves and then 

transforms by piezoelectric material to electrical voltage and finally stored. There are different sources we would be able t o 
use but most of them provide energy in very small packets that have been previously difficult if not nearly impossible to 
capture for use. Nowadays Energy-harvesting opportunities are being enabled by new circuits that can capture and store 
these small energy packets and convert them into useful output [1].  
 

 

I. INTRODUCTION  

 

In recent decade due to lack of source of energy and 

helping the green environment many harvesting 

subjects are being researched and some other are still 

running, replacing green source of energy with 

current fuel energies is extremely paves a way to 

have a better surrounding for next generations.  

There are several natural source of renewable 
energies such as wind, sun, Biomass, Hydropower 

and most significantly wave, among these renewable 

energies a great deal interest has gone to the wave 

energy due to the fact that it is much cheaper and 

more available and amazingly enough researchers 

across the world have invented lots of efficient 

mechanical structures to harvest the wave energy to 

electrical form Pelamis Wave Energy Converter [2] 

by the company named „Ocean Power Delivery' in 

Edinburgh and U.K or Rance Tidal Power Station [3] 

is a tidal power station located on the estuary the 

Rance River in Brittany, France Opened in 1966 as 
the world's first tidal power station, it is currently 

operated by Électricité de France and was for 45 

years the largest tidal power station in the world these 

two energy harvester stations can be taken as 

examples of this issue.  

Having considered this matter from different aspects 

it came to this idea to harvest and convert the wave 

energy into the electricity using piezoelectric 

transducer, piezoelectric transduction has received the 

greatest attention especially in the last few years. 

Piezoelectricity is a form of coupling between the 
mechanical and electrical behaviors of certain 

materials exhibiting the piezoelectric effect are called 

the piezoelectric materials. The piezoelectric effect is 

usually divided into two types as the direct and the 

converse of piezoelectric effects. In the simplest 

terms, when a piezoelectric materials is squeezed 

(mechanically strained) electric charges collects at the 

electrodes located on its surface.  

This called the direct piezoelectric effect and it was 

first demonstrated by the Currie brothers in 1880 [4]. 

If the same material is subjected to a voltage drop 

(i.e. an electrical potential difference applied across 

its electrodes), it deforms mechanically. This is called 
the converse piezoelectric effect and it was deduced 

mathematically (after the discovery of the direct 

piezoelectric effect) from the fundamental principles 

of thermodynamics by Gabriel Lippmann in 1881 and 

then confirmed experimentally by the Curie brothers. 

Piezoelectric sensors are used in a variety of 

applications to convert mechanical energy to 

electrical energy such as: Automotive for instance Air 

bag sensor, air flow sensor, audible alarms, fuel 

atomiser, keyless door entry, seat belt buzzers, knock 

sensors and most importantly in medical applications 

like disposable patient monitors, foetal heart 
monitors, ultrasonic imaging.  

In this paper we are discussing about the solution that 

we can harvest the wave energy using the 

piezoelectric transducer. Mechanically we have 

designed an actuator in which its base is isolated and 

fixed in the beach and it is connected to the palate by 

a joint in which the piezoelectric transducer has been 

set on it, and its moving part is inside the ocean and 

dealing with the waves and it easily can move 

forward and backward by the waves, following that 

every time that a wave hits the moving part the 
energy is transferred to the fixed part and 

piezoelectric transducer and subsequently the 

electricity energy will be provided and we will be 

able to store it .  
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Fig.1. Showing the backward movement 

 

 
Fig.2. Showing the forward movement 

 

Considering the fact, the energy we harvest is directly 

dependant to the wave power thus we first derive the 

wave equations and evaluate the electricity harvested.  

 

II. MATHEMATICAL AND SIMULATION  

 

Moving body in an oscillatory flow, in fact this is the 

force we obtain from sea waves:  

𝐹(𝑡)=𝜌𝑉�̇�+𝜌𝐶𝑚𝑉(�̇�−𝑣)̇ (1)  
Where:  

•  𝐹(𝑡) is the total force on the object and applied to 

the moving part  

•  𝑢 ̇=𝑑𝑢𝑑𝑡 is the flow acceleration, the time 

derivative of the flow velocity  

•  𝑉 is the volume of the body  

•  𝐶𝑚 is the inertia coefficient  

•  𝜌 is the density of water  
 

Where the total force contributions are: Froude–

Krylov force, and hydrodynamic mass force [5]. The 

piezoelectric effect can be described using the 

coupled equations [6]  

𝑆=𝑠𝐸.𝑇+𝑑𝑡.𝐸 (2)  

𝐷=𝑑.𝑇+𝜀𝑇.𝐸 (3)  

Where:  

•  S is the mechanical strain,  
•  T is the mechanical stress  

•  D is the electrical displacement (charge density),  

•  E is the electric field,  

•  𝑠𝐸is the compliance under a zero or constant 

electrical field (indicated by the superscript E)  

•  𝜀𝑇 is the dielectric permittivity under a zero or 

constant stress (indicated by the superscript T).  

•  𝑑 and 𝑑𝑇are the matrices for the direct and the 

reverse piezoelectric effect, where the superscript 

t means the transposed matrix.  

 

These equations describe the reverse and the direct 

piezoelectric effect. Without the coupling term 𝐝𝐓·E, 

is simply Hooke‟s law relating strain and stress. 
Likewise, is simply the dielectric equation when the 

coupling term d ·T is neglected. In this project we use 

PVDF (Poly-Vinylidene Fluoride) film to harvest the 

electricity and charge (Q).  

 

Now we derive the piezoelectric relationship with 

force:  

 

 
Fig.3. Mechanical and Electrical axis in PVDF film [7] [8]. 

 

 
Where:  

• 𝑄= is the output charge  

• 𝐴1=is the electrode area of the PVDF film  

• 𝐴2=is the cross-section of the area  

• 𝑑31 =is the piezoelectric strain in the drawn 
direction  

• 𝑑32= is the piezoelectric strain in the transverse 

direction  

• 𝐹 = is the applied force  

The F in [7] is the force that we computed in [1] and 

the total charge can be calculated using the [8].  

𝑄=𝑑33.( 𝜌𝑉�̇�+𝜌𝐶𝑚𝑉(�̇�−𝑣))̇ (8)  

 

III. EXPERIMENTAL RESULTS  

 

In this section we used the Matlab to simulate the 

project but we applied the ideal force which is 

sinusoidal as an input wave force and we applied it to 

the piezo stack with the area of 100 𝑐𝑚2 and length 

of 100 𝑐𝑚 and capacitance of 13μ𝐹, basically we 
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have two outputs, one with a rectifier and the other without.  

Fig.4. Voltage Simulation Circuit 

 

The Fig .5. Shows the output voltage is AC and kind 

of similar to the input sinusoidal force which we 
applied but as it can clearly be seen the output voltage 

does not drop lees than -0.5 and it is due to the 

capacitance which act like a filter and in Fig.4. We 

have a rectified output voltage which gradually goes 

up and reached almost 3.8 DC Volt and it will stay 

stable, finally we will be able to store it using high-

value capacitors to transfer it to the grid.  

 

 
Fig.5. Rectified output 

 

 
Fig.6. Rectified output Voltage 

 

 

IV. CONCLUSION  
 
This paper gives an explanation that how we can 

harvest energy from sea waves using piezoelectric 

transducer however the output voltage is not 

remarkable, but to resolve this matter we can apply 

more mechanical sets to achieve more energy and on 

the other hand we can use this this energy for small 

scale usage, for instance we can provide some 

stations near the beach for people to charge their 

devices such as cellphones and laptops and encourage 

them use this form of energy in order to have a better 

and healthy environment.  
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