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Abstract: Recently, most countries suffering from global warming due to the waste gases coming out of the 

combustion engines used to generate electric power by traditional methods. Therefore, many countries are 

currently trying to find alternative solutions to this problem by using renewable energies such as solar energy, 

wind energy, and energy generated from the waves of the ocean and sea to overcome pollution problems. The 

waves of the seas and oceans have enormous and largely untapped energy, so this work presents an efficient way 

to use the energy of sea waves to generate electricity. And also, trying to be a way to produce electricity from 

wave energy in the future. The best suitable places along the shores of Jizan city were inspected to install the 

buoy system to revenue advantage of the wave supreme height to achieve the height amount of electrical energy. 

A mathematical model was made to analyze the wave energy and convert it into energy extracted by mechanical 

force. The mathematical analyzes used the data collected from satellite maps of the numerous severe waves in the 

Red sea of the Jazan area, and the data published in previous research along that area. It was found that the 

beach of the Al Shuqaiq area is the greatest for installing the buoy and obtaining the highest electrical energy 

due to the presence of the highest wave intensity, followed by the beach of the Baysh and Al Morgan area.  

Also, one of the objectives of this research is to study the design of a device powered by a buoy to use the 

waves of the Red Sea to generate electric power. The influence of the buoy system design parameters such as the 

buoy diameter, length of the cylinder, and the length of the connecting rod on the electrical energy generation 

from wave energy was investigated. The current device is designed with a gearbox to produce continuous power 

with a single electric generator. A floating mooring device uses the rise and fall of bulges to convert sea wave 

energy into electrical energy. The device consists of a float, arm, two wheels of different diameters, a gear set, 

and an electric generator. The effect of the design of several factors on the performance of the device for 

converting the sea waves energy into electrical energy, including the length of the buoy arm, the wave height by 

changing the cam diameter, and the conversion ratios between the gear set, to optimize the output power of the 

wave energy. 
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Nomenclature: 

A          Area, m2 

a  Amplitude of the wave 

c           Phase speed, (=gT/2), m/s 

d            Sea water depth, m          

E          Wave energy spectrum density, W/Hz  

f           Wave frequency, Hz  

g          Acceleration of gravity, m/s2 

H         Wave height, m 

h          Wave depth, m 

J           Energy flux, W/m 

k           Wave number, (2 λ), 1/m  

m         Mass, kg  

M         Spectral moment, Nm 

N         Wave action density spectrum, m2/Hz 

P            Wave energy power or flux, kW/m  

S             Spectral density function, m2/Hz 

S             Net input energy, kW  

T             Wave period, s 

z             Displacement of buoys motion, m  

σ             Relative frequency, Hz 

             Wave direction 

φ              Latitude, degrees  

φ             Velocity potential, m2 /s 

ρ               Density of sea water, kg/m3 
λ               Wave length, m 

ω              Angular frequency, rad/s  
ζ               Vertical surface displacement, m 
τ               Momentum of flux, J/(m2s) 

ω              Angular frequency rad/s 
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1. Introduction and literature review 
Ocean and sea waves carry very large amounts of energy that can be used to generate electricity, which 

contributes to reducing global warming rates and reducing the demand for electricity produced from oil [1]. 

Globally, the resource's estimated wave power is more than 2 terabytes [2]. Abidur et al. [3] mentioned that 

nowadays, the use of sea and ocean waves to generate electric power is very common and futuristic. Omar et al. 

[4] conclude that the energy of the sea and ocean waves is one of the most reliable, powerful, and attractive 

renewable energy sources, it is equivalent to (2-3 kWh/m²), wind energy (0.4 - 0.6 kW/m²), and solar energy (0.1-

0.2 kWh/m²). Farrok et al. [5] state that wave energy has the most important renewable energy sources with many 

advantages compared to other types of renewable energies. In the northeastern region of Bari Island, the wave 

energy is 550 J/m2 [6]. However, the use of these energies requires long beaches, and this is what characterizes 

the Kingdom of Saudi Arabia, where wave energy is obtained from converting the periodic movement of waves 

up and down from placing equipment on the surface of the water, then these mechanical energies are captured and 

converted into electrical energy. The Kingdom of Saudi Arabia [5,6] is aware of the importance of renewable 

energy such as solar energy, wind energy, and sea wave energy, and has huge oil resources. It is very interesting 

in taking an active role in developing new technologies to exploit and benefit from all kinds of renewable 

energies. Ralston et al. [7] concluded that waves are always high in most parts of the Red Sea and that the height 

of a large wave in its deep water ranges between 2.0 and 4.5 meters.  

European countries have been at the forefront of ocean energy production [8], and in 2014, Bellamis 

produced around 250 MWh of electricity for the UK grid [9]. Ocean Energy Technologies [10] built a raft that 

converts wave energy into electricity at a rate of 1 kilowatt using an electric buoy and a piston that rises and falls 

with the movement of the waves and is connected to an electric generator. The average wave power along the 

Indian coast is about 5-10 kW/m and can produce 3750-7500 MW when only 10% of its energy is used [11]. The 

total available wave power globally [12] has been estimated at 2.7–70 TW, and in the Red Sea region, it is 5–10 

kW/m. Despite all of the above, the performance of many wave energy companies was weak due to their inability 

to generate electricity from these high-energy waves due to the dependence of the devices that were used on the 

wave dynamics [13-17]. But currently, there are many different types of ocean wave energy converters (WECs) 

that have been successfully tested [18-20] to convert wave energy into electrical energy.  

On the other hand, the wave conversion energy devices can be either rotational or transitional, and each 

type has different characteristics [21-23]. The first type is linear generators (LGs), which convert wave energy 

directly without intermediate devices [24-26]. The second type is a transducer with thin floats, damping plate, and 

tensioned line system (which can provide good stability for better operating conditions) [27]. These devices are 

usually on or near beaches and produce power from 500 kW to 2 MW depending on the size of the systems. The 

third type [28] is to use the forces of reciprocating waves to transform the energy of the waves into a rotating 

movement in the floating vertical columns through rotating gears directly with the electric generators. The fourth 

type [29] is based on transforming the energy of reciprocating waves into pistons and air pressure in the tubes into 

wind turbines into electric generators. OPT has developed a system of easy-to-install wave buoys to produce 

10,100 megawatts of electricity from the shores of Australia at a cost of about 3-7 cents/kWh. Wave energy 

works about 90% of the time while solar or wind generators only work 20-30% of the time and this makes the 

economic yield of wave energy suitable for wide power generation. A system of buoys with wave energy 

transducer (WEC) was installed with measurements taken for 12 months [30], and the results showed that the 

energy produced did not vary with wave climate.  

Despite the presence of the four previously listed, there is no data to compare between these types in terms 

of the best efficiency or the easiest to apply and the most capable of generating a greater amount of electrical 

energy, and therefore the work required in these topics is very large when applied with the highest efficiency 

systems. One of the objectives of this work is to determine the best location for the wave transducer on the shores 

of the Jazan region in the Red Sea. And deducing the most appropriate system for generating wave energy based 

on the information collected from satellite images and research published on this topic. Also, the effects of the 

wave depth, amplitude, length, and frequency are investigated. These parameters were evaluated along with 

environmental factors for sustainability development, site constraints, technical, and social impacts. 
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2. Wave energy resource assessment for the Red Sea 
From the interesting properties of the seawater is the wave speed is proportional to its length (C=gT/2p). 

That is, longer waves will travel at higher speeds while the opposite is true for shorter waves. Wave energy is an 

intermittent energy source and Aboobacker et al. [31] concluded that the wave strength was calculated using the 

stopped wave parameters over 32 years, and the monthly, seasonal and annual wave strengths were estimated in 

the Red Sea. The results concluded that deep water gives the highest average wave power of 4.5 kWh/m² in the 

fall. In winter, the power of wave energy is given up to 6.5 kWh/m², in spring up to 5.0 kWh/m², and in summer 

up to 4.5 kWh/m². The highest mean wave energy is between seasons of Dec. to Mar, which is up to 6.5 kWh/m², 

the lowest during Jul-Aug (up to 4.0 kWh/m²). The bottom of the Red Sea is characterized by the power of waves 

laden with energy. The highest long-range average wave energy located along the central coast of Saudi Arabia is 

estimated at 1.6 kWh/m². Summer has the highest average wave power along the coast of Saudi Arabia with wave 

energy of 1.7 kWh/m² in the central region. In all seasons, the southern part of the coast of Saudi Arabia responds 

with low average wave energy (up to 0.41 kWh/m²). In the monthly rating, the average wave strength is higher 

along the western coast of Saudi Arabia approximately and constant during the period from January to September. 

And weaker during the period from October to November. And they estimated that the trends are positive across 

all sites with an average increase in mean wave strength of 20%, and under neutral conditions, the mean annual 

wave energy pattern is similar across all sites in the Red Sea, and this helps wave power converter (WEC) 

developers and operators in their decision.  

It is not possible to predict the strength of waves and the time of their occurrence at a particular time, and 

this is the case for most renewable energy sources such as wind, waves, and the sun. Wind power is less 

intermittent than solar energy, and wind power at sea is less intermittent than wind power on land [32-34]. Wave 

energy is compared to wind energy, both because the two energy sources have a lot in common physically. The 

sea surface is lying on 𝑥𝑦 plane, where 𝑦 component concerning zero as the wave propagates in 𝑥-direction, 𝑑𝑊 

is the water depth of the sea concerning 𝑥𝑦 plane or water surface, the seabed is at 𝑧=−𝑑𝑊, and the sea surface 

coincides with 𝑧=0. Then the general description of sea wave is depending on the interpretation of =Acos(kx-

t), where is the frequency, [=gktanh(kdw)]0.5, that asserts the physics and describes consideration of a water 

wave relating frequency, 𝑘 is the number of waves (𝑘=2𝜋/𝜆𝜔),  is the phase speed or sea wave velocity. Figure 

1 shows the waveform and amplitude of the free seawater wave. Hence, the perpendicular distance between the 

wave crest and trough is 𝐻 which is twice the amplitude 𝐴.  

Considering the phase speed which is a single basic wave that moves along the 𝑥-direction can be 

expressed is: 

= [(gh/2)tanh(2dw/)]0.5                 (1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1: Waveform and amplitude of free seawater wave 
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If the kinetic energy per unit length in x- direction is Ek, then the particle kinetic energy of width dx is: 

dEkdx = 0.5dxdyρ(r)2 = 0.5ρω2a2e2ydy = ρω2a2/4k              (2) 

The total energy of the wave is: 

dEk = 0.5ρa2g = ρa2gλ/4 = ρa2T2/4         

The power associated with the wave per unit width, (P/h=W/m) is: 

P/h=(1/8π) ρa2g2T                  (4) 

Based on the conservation of energy, since the source is the wave energy stream, the rate of change of the wave 

energy spectrum E(k) can be expressed [35] as:       

dE k /𝑑𝑡 = −[2k 𝐸 k /(𝑔𝑠𝑖𝑛ℎ2k𝑑)]  k 𝑠𝑖𝑛
0

−𝑑

ℎ(2k𝑧 + 2k𝑑2𝑑𝑧) 
                               (5) 

And in case of deep-water waves, Equ.5 becomes: 

dE(k)/dt = −4k 𝐸 k /𝑔  k 𝑒2k𝑧
0

−𝑑

𝑑𝑧 
                                         (6)  

Equation-6 shows the appropriate description of the waveform change based on the appropriate description of the 

turbulence changes on the wavelength scale, including the short-wave fraction modulation of the long-wave. The 

deep sea water dispersion relation can also be used to find a relationship between the wave length and the period 

of a wave. The phase speed which moves along the 𝑥-direction can be expressed as:  

cp =[(λg/2)tanh(2dW/λ))]0.5                (7) 

According to Faraday’s law, the induced voltage of the wave is:  

𝐸𝑖(𝑡) = −𝑁𝑑Φ/𝑑𝑡                  (8) 

According to marine scientists, it is considered a linear wave, where the sea surface is lying on 𝑥𝑦 plane, 𝑦 

components are considered zero as the wave propagates in 𝑥-direction, 𝑑𝑊 is the water depth of the ocean 

concerning water surface (𝑥𝑦 plane), the seabed is at 𝑧 = −𝑑𝑊, and the ocean surface coincides with 𝑧=0. If the 

velocity potential is defined as, = (gh/2)ekzsin(kx-t), The flux variation concerning time can be expressed as: 

 Φ(𝑡) = 2𝜋Φ𝑑tr(𝑡)/𝜆                  (9) 

The wave energy flux over the depth is described by pressure times velocity which can be written as integrate will 

give an expression for the flux per meter of wave crest: 

𝐽 = − 𝑝𝑣𝑥

0

−

𝑑𝑧 
                      (10) 

Combining Equs. (3-8 and 10), the average generated wave energy flux becomes: 

 J𝑚 = 4𝜋2𝐴𝑤 k𝑁Φ/𝜆𝑇 = ρg2H2T/(32π)                             (11) 

Where p is the pressure, and if, the constant ρg2/(32π) is denoted  in Equ. (11), using Equ. (7), the average 

generated wave energy flux can be written as: 

 J𝑚 = kEcp = ρg2𝑁Φ/ (16 λ) [(λg/2) tan(h)(2dW/λ)]0.5(𝑡)           (12) 
However, the wave period (T) can be generated by using, T=3.55h0.5 (s), and the wave length  λ  

can be generated by using λ =5.12T2  m , which equals 64.5248h  m . Figure 2 shows the effect of the sea 
waves period and height on the energy flux and production. It is noted from the figure that the energy 
produced by the waves increases with the increase in the height of the waves and decreases with the 
increase of the wave period. It should be mentioned here that the wave energy was calculated using the 
wave data and the number of occurrences of each wave condition according to the laboratory results of 
Rafael et al. [35]. The sea wave energy and power respectively can be written as the following: 

Ew= 32.3whga2, Ewd = 0.5ga2               (13) 

And, 

 Pw = 0.28h2Ew , Pwd = h2Ewd               (14) 
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Fig. 2: Effect of sea wave period and height on the energy flux or production 
 

Where Ew is the wave energy, w is the wave reflector length, Ewd is the wave energy density that can be harvested 

per area of the wave, Pw is the power that can be produced by sea waves, and Pwd is the power density that can be 

harvested per area of the wave. In the conditions of the deep water with assuming, k=ω2/g,  cg=g/2ω, T=2π/ω, the 

total sea wave power P, using Equ.14 is: 

P =g2H2T/(64)  0.55 H2T                   (15) 
The power concerning the height and period of the wave as well as the specific power of the wave per width can 

be calculated according to the standards of the transient water in watts per meter as follows: 

         
𝑃𝑤 = (ρgH2/32) 1 + tanh k𝑑  [ 

𝑔

𝑘
tanh 𝑘𝑑 ][1 + 2kd/sinh⁡(2𝑘𝑑)] 

       (16) 

Using Equ. 16, for a given wave period and height, the wave power per meter can be evaluated of the crest of that 

wave as shown in figure 3. It is clear from the results that the power produced from sea waves is not constant, but 

it has maximum values of about 1.5 kW/m and minimum values close to zero, and the estimated average power of 

about 0.43 kW/m. This fluctuation in the wave power is due to the intensity of wind speed. In general, the power 

generated is greater than that of more powerful waves, which is determined by knowing the length and velocity of 

the wave and from the density of the water. Mathematically, wave power is determined by wave power equations 

whose factors are wave energy or wave energy flow and wave energy transfer rate. In general, in deep water, the 

two scientists consider the depth of water to be greater than half the wavelength. Robertson et al., [37] have been 

estimated the global wave energy of 2.11 ± 0.05TW. Figure 3 shows the power generated by the waves result of 

the current model and measurements of Rafael [35], with an acceptable agreement. The average power of the sea 

waves is about 24% of the first load configurations of the buoy. 

 

3. Numerical wave modeling 
At present, numerical models are one of the most powerful tools for studying seawater waves and dams 

and predicting their energy. Also, they have proven to be an essential tool for the design and protection of coastal 

structures and as a life-saving tool during hurricanes and storms [38]. On the other hand, due to the irregular 

behavior of the sea waves, which have varying intensities, the intensity of the contrast E(f) can be written instead 

of Equs.8 and 10 as E(f)=0.5a(f)2f. And the energy of the omnidirectional wave (J) that can be transferred as the 

energy passes through a cylinder of a hypothetical unit diameter can be written as: 

𝐽 = 𝜌𝑔 𝑐𝑔,𝑖
𝑖

𝐸𝑖𝑓𝑖  
               (17) 
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Fig. 3:  Extracted wave power per unit area from the present work and Exp. [35] 

 

Where, cgi is the wave group velocity, (cgi=(fi/ki)[1+2kih/(sinh(2kih)]), fi represents the ith wave frequency in the 

spectrum, Δ fi is the frequency bandwidth, ki is the wave number (2π/L) and h is the water depth. Most of the 

factors that are used to describe the spectra of waves depend on the spectral moment (Mn), which be written as: 

𝑀𝑛 =  𝑓𝑖
𝑛𝐸𝑖𝑓

𝑖
 

              (18) 

And if the height of the zero-momentum wave (Hmo=4Mn), is considered, the total energy of sea waves from all 

directions at the same time (directed wave energy, Jθ) is: 

𝐽 = 𝜌𝑔 𝑐𝑔,𝑖
𝑖,𝑗

𝑠𝑖,𝑗𝑓𝑖𝑗 (− 𝑗 )  
 = 1, 𝑐𝑜𝑠  − 𝑗   0

 = 0, 𝑐𝑜𝑠  − 𝑗   0
 

                          (19) 

Equation 19 indicated that the weighting of the cosine function and Jθ take priority for wave systems whose 

directions have the height energy transfer and minimize the effect of low wave energy flow from transverse 

directions. Provide the coefficient d (=JqJmax/J) the directional of spreading wave in the directional of the space, 

and ϵ0 the measure of the spreading wave across the frequency space. Langodan et al. [39] mentioned that all 

large mathematical models underestimate the energy produced from sea and ocean waves, which led to a lack of 

great interest to produce electricity from them, and this is what laboratory experiments have proven the opposite. 

When the wave conditions are known within 20 minutes, the wave power can be evaluated using Equ.15, and 

substitute, P = 0.55H2sTz, kW/m, the average height of the wave Hm, and the height of the big wave Hs (average 

top 33% of waves). Figure 4 introduces a comparison between the results of the current model and practical 

measured by NDBC buoys of [29], and what they stated is confirmed in this figure. It is noted in this figure that 

the spectra of high-frequency energy waves are few, despite the high value of energy production from these 

waves, which proved that the cost of kilowatt-hours is lower than that of wind, solar, and hydraulic energies as 

mentioned in the reports of researchers in this field [4, 5, 11, 12].   
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Fig. 4: Comparison between results of the present model and measured [39] 

 

 

4. Estimation of Power Associated with Waves 

The intensity of the Doppler spectrum can be written based on the spectral theory of Doppler in the case 

of wave height within the cross-section as follows: 

 I() = (2VSTS/h2)exp[-(2/bt)22]×exp[-(2/bt)2(d2]           (20) 

And the generated voltage can be written as: 
Vg (𝑡) = 𝑉𝑚 cos (2𝜋t/𝑇) cos{(2𝜋𝐴𝑤/𝜆)sin (2𝜋t/𝑇)}            (21) 

Using Equs. (20, 21) the sea wave generated power as a function of time and period can be evaluated. Figure 5 

shows the effect of wave period on the wave energy absorption efficiency of buoys system at buoy boom length 

of 8.0 m, a radius of 1.0 m, and damping coefficient of hydraulic system 5.0 × 104 N/sec/m. It is clear from the 

figure that the absorption power of the device and the power of the incoming wave are varying with the period of 

the wave, and that the power of the incoming wave increases with the increase of the period of the wave. The 

absorbing capacity of the wave energy from buoys and the hydraulic system is maximum when the wave period is 

3.7 seconds and 3.2 seconds respectively and then starts to decline. Figure 5 shows the Red Sea mean wave 

period through a year from the results of the present model, measured and theoretical of Aboobacker et al. [31]. 

The figure shows the different values of the wave period during the various months due to the changes in the 

speeds and strengths of sea waves resulting from the variations in the wind speed that is completely associated 

with it. The figure shows that the average in some months differs from other months, i.e., the wave period January 

is weak, but in July it is strong. Every month, a change in the wave force is observed from one day to another day, 

and the results of the current theoretical model and laboratory results of Aboobacker et al. [31] are in agreement 

despite some minor differences in the severity of the mortality for some days. The average mean wave period in 

the present model is at about 4.3s while the experimental at 4.6s. The maximum values of the mean wave period 

are about 8s and the minimum is about 2 in the experimental and model.  

Figure 6 shows the effect of wave height on the power generated from the sea wave of the present model 

and experimental data of Rafael [35]. The figure show increases in wave-generated power period energy 

produced by waves at different heights of these waves. The figure shows when the waves height increase, the 

resulting power increases steadily. The laboratory results of Rafael [35] and the current theoretical model give an 

approximation to the results. Rafael et al. [41] found that the average power flux is about 5.2 kW/m at offshore 

Skagerrak of Sweden, 2.8 kW/m near Skagerrak beach, and 2.4 kW/m at Kattegat. 
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Fig. 5. Comparison between the results of the present model and measurements of Aboobacker et al. [31]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6: Effect of wave height on the sea wave power from the present model and Exp. [35] 

 

While the average power flux above 55 kW/m (ten times the general average) only during 7 days of the 8 years 

studied and exceeds 100-250 kW/m only during half an hour (the highest 45 times the overall average). But the 

power flow reaches above 13.5 kW/m only 10% of the time. Almost 50% of the total energy is found in offshore 

nations with a large wave height between 1 and 3 meters and a power period between 4 and 7 seconds. Figure 7 

shows [33] the geographical study area: 32 e44 E; 12 AH 30 from the Red Sea and has an area of about 38000 

square kilometers, with a length of about 2,300 km and a width of 360 km in the widest part. The average depth is 

about 490 m, the maximum depth is 2920 m, and the average wind speed is 10-15 m/s. The figure shows coastal 

locations on the Red Sea where the average wave power is calculated from typical wave scales. This region was 

divided into several locations along the Red Sea, west of Saudi Arabia and Yemen, and the east coast of Egypt, 

Sudan, and Eritrea. From the collected data of satellite images, the values are shown in the maps published in 

Fig.7, that published by the researcher Aboobacker et al. [23], and using the above-mentioned equations in the 

current work, the sea wave produced energies in the Jazan area in the period from 2012 to 2021 is assessed, and 

represented in the figures 8 and 9. 
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Fig. 7: Spatial distribution of mean wave power (kW/m) and standard deviation at different locations [33] 

 

    

   

   

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Sea wave energy in sea wave energy at a different location 
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5. Estimation of the Red sea wave energy in the Jizan region 
Data were collected from satellite images and previously published research [12, 33, 35, 39 - 41] on the 

power of the Red Sea waves. Some locations of those are selected at Jizan city from the north to south of the red 

sea as the following: Al Shuqaiq beach B1, Bayesh beach B2, Al Tarfa beach B3, Al Hizam beach B4, Al Murjan 

Beach B5, Al Madaya beach B6, Al Mawasem beach Y7, Farasan Island beach B8, Muharraq beach B9, Janaba 

beach B10, Al Khattab beach B 11, Saber beach B12. The data of sea wave energy in the specified places from 

B1 to 12 for the beaches of Jizan city for the different seasons were represented in Figure 8, which shows that the 

intensity of wave energy on Al Shuqaiq beach L2 is the highest for the study areas followed by Al Murjan Beach 

B5, then Al Madaya 6. Figure 8 shows the highest wave energy at the location Al Shuqaiq beach B1. It is clear 

from Fig.9 that the highest sea wave energy is in January and December and decreases during the summer season. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9: Wave energy through a year for different four locations 

 

6. Variation of wave energy absorption efficiency with the radius of the buoy  
   Since the sea wave energy depends entirely on wind energy, which is very large in the Kingdom of 

Saudi Arabia, so many researchers confirmed that wave energy is promising economically in this country [42-

44)]. The effect of the diameter and tensioned conduction line of the buoy which is used to generate electricity 

from sea waves on its performance was studied [45-49]. And because the speed of a wave is proportional to its 

length so the longer waves will travel at higher speeds and vice versa for shorter waves. Wang et al. [51] reported 

that the buoy has an efficiency of 98% of wave energy when it has a radius of 1.8 m and produces slight harmonic 

vibrations affected by forces in the vertical direction. To study the power output from a floating transformer 

system consisting of a cylindrical transformer and a hydraulic transformer partially immersed in seawater. The 

force can be written according to Newton’s second law respectively as [52]: 

 (m+mw)ÿ = FC+ FS+ FV                                                                                                                (22) 

Where m is the mass of the buoy, mw is the mass added of the buoy (mw=R2/2), FC is the equivalent damping 

force{FC=[(-8CR2/L2)(1-r)ỷ]}, FS is the hydrostatic restoring force (FS=gYAWP), FV is the wave force 

(FV=F0cost), F0 is the amplitude of wave force that can be solved by the methods of theoretical analysis or, ω is 

wave circular frequency, ÿ is the heaving motion accelerated speed, AWP is the buoy wetted surface 

(AWP=2L(2dR-d2)0.5), d is the buoys immersed depth, L, R, are the buoy cylinder length and radius respectively, C 

is the damping coefficient, (C=vc/f), f is the hydraulic damping force, vc is the speed of hydraulic cylinder piston, 

r is introduced as the proportionality coefficient of speed (r= ýo/ ý), y is the displacement of buoys heaving 

motion, and ý the speed. Using the above definition of the different forces with Equ.22, the equations of motion 

of buoys can be written as: 
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 F0cost = (m+mw)ÿ + (-8C R2/L2)(1-r)ỷ + rgZAWP          (23) 

 , the buoy wave energy absorption power, Pc can be written as: 

𝑃𝐶 = (𝐶/𝑇)
𝐶

𝑇
 [2 1 − 𝑟 𝑅𝑦 )/𝐿]2

𝑇

0

𝑑𝑦 
                      (24) 

and the wave energy absorption power of buoys is: 

𝑃𝐹 =
1

𝑇
 𝐹𝑉

𝑇

0

𝑦 𝑑𝑡 
                (25) 

It is possible to estimate the variation in the absorption power and the incoming wave power with the wave period 

with the buoy and hydraulic systems using Equs. 22-23. The results of the present solution at the condition of 

buoy length of 8.0m, the radius is 1.0m, and the damping coefficient of the hydraulic system is 5.0×104 N·s/m at 

different wave periods are shown in figure 10. The effects of the wave period on the wave incoming power, 

buoys, and hydraulic system are shown in the figure. The figure shows that the wave energy absorption power of 

the floats is maximum when the wave period is 3.6 seconds and 3.2 seconds respectively and then starts to 

decline. Therefore, the power of the incoming wave is a secondary factor that affects the dynamic responses of 

wave-capturing floats at a fixed wave height. Figure 11 shows the effect of buoys length on the average generated 

output powers according to the model. So we can get the conclusion that the model that we established in this 

paper is effective and available. The figure shows the buoys and the hydraulic system energy absorption power of 

the wave reaches its maximum at a submerged depth of about 1.5 m begins to drop sharply and reaches less than 

10% at a submerged depth exceeding 1.8 m. It can explain that because the growth rate of the wave force exceeds 

the growth rate of the mass inertia in the initial stages, the area of the immersed float decreases rapidly that 

leading to a decrease in the wave force. It means the efficiency drops more quickly due to the combined action of 

lower wave power and greater mass inertia. The power output from the wave increases with the increase of the 

wave height and buoy length as well as radius. The sea wave energy conversion efficiency can be expressed as 

the wave energy absorption efficiency similar to Ruellan et al. [53] and using Equs. 22 - 25 as: 

  f = PF/PSea, andc = PC/PSea               (26) 

Where, F and C are the wave energy absorption efficiency of buoys and hydraulic system respectively, PF, and 

PC are the average wave energy absorption power of buoys and hydraulic system, PSea is the input power of the 

wave, (PSea = g2BTH2/32) [54], B is the immersed width of buoys. Figure 12 shows the effect of buoy radius on 

the efficiency of the wave energy absorption efficiency. It is in the figure that both wave energy absorption 

efficiency of buoys and hydraulic systems attain their maximum when its radius is about 1.8 m. The maximum 

efficiency of the wave energy absorption of the buoys and hydraulic systems is 98% and 80% respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.10: Variation of absorbing power of device and incoming wave power with wave period 
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Fig.11: Effect of buoy length and wave height on wave average generation output power  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12: Effect of buoy radius on the wave energy absorption efficiency  

 

Conclusions 

This research studies the use of the waves energy of the Red Sea shores of Jazan city to generate electric 

power using the system of buoys. The buoy motion was derivative according to the wave parameters factors of 

Newton's second law and on the linear wave theory. The weather assessment of the wave off the western coast of 

Jizan, Saudi Arabia was assessed based on the compilation of data from satellite imagery and published research 

for 10 years for 12 sites. Several twelve places along the coasts of Jizan city using satellite images and published 

research was surveyed to find the most suitable places for the highest wave energy. Effect of buoy system design 
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parameters that effects the efficiency of absorbing wave energy were discussed. It was found that the buoy design 

factors such as the length, radius of the buoy, and the submerged depth of the buoy are of great importance for the 

absorption of the wave energy.  

It was found that the beach of Al Shuqaiq area is the best place from the beaches of Jizan city to install 

the buoy and obtain the highest electric energy due to the presence of the highest wave intensity, followed by the 

beach of the Baysh and Al Marjan area. The highest marine energy endurance case with an average power flux of 

1.0 kW/m was found at Al Shuqaiq Beach. Wave heights are annually found in the interval 1-3 m and energy 

intervals in the period of 4-7 s. The wave energy absorption power of the floats is maximum when the wave 

period is 3.6 seconds and 3.2 seconds. The results showed that the main factor affecting the dynamic responses of 

wave-capture buoys is the proximity of the natural frequency of buoys to the wave period. The length and radius 

of the buoy are the most important factors influencing the design of the buoys to increase the energy of the waves, 

along with the submerged depth of the buoy. The present theoretical results were compared with the laboratory 

results of the published research and showed agreement to an acceptable degree. 
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