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Shore Protection Using Special Perforated Breakwater with Generat-
ing Renewable Energy
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Abstract
This paper presents an innovative vertical perforated breakwater for protecting the shoreline from sea water 
wave energy and converting the transmitted water wave energy to renewable energy through vents inside the 
body. This structure is composed of a vertically faced rectangular shape with a number of vents that differ from 
some ratios of porosities tested first as a wave energy dissipater by warning the wave height sensors before 
and after the seawall and analyzing the total energy transmitted to push it to an innovative system producing 
renewable electric energy by adapting the location of these vents and changing the dimensions of these holes in 
three models with dimensions (8 × 4, 4 × 4, and 7 × 6, respectively, dimensions in cms). By choosing five heights 
of water depths (15, 19, 23, 27 and 31 cms) and four eccentricities of the wave maker, we also recorded the volt 
and ampere and finally the total percentage of wave energy that could be converted. These experiments were 
carried out in a recirculating open channel flume located at the Hydraulics Engineering Laboratory at the Higher 
Institute of Engineering in El Shorouk City.
Key Words: Special perforated breakwater; Transmitted water wave energy; Shore protection; Water wave ener-
gy converter and renewable energy

INTRODUCTION
Important ports with many economic activities are located 
along the sea coasts; therefore, breakwaters are usually built 
to protect the beaches against waves and floods, especially if 
these coastal areas have a high population density. In this pa-
per, three models of coastal structures will be tested. A new 
concept for wave dissipation and conversion energy is exam-
ined to prove the concept for generating electricity using three 
different physical models. Vertical Seawall with different poros-
ities to analyze the preliminary efficiency of these devices.

Economic expansion continuously requires additional con-
struction Seawalls to protect the shoreline, and it could be 
possible to include some changes inside the body of the wall 
to generate energy. Concrete blocks are usually used in break-
waters, which are placed in front of the vertical breakwater and 
dissipate part of the energy of the incoming wave. The energy 
dissipation efficiency of the perforated structure can be direct-

ly evaluated by reflecting and absorbing the wave from the 
breakwater. Due to the complex properties that depend on the 
interaction between the waves and the porous medium of the 
breakwater body, three laboratory models were used to verify 
the reflection, absorption and crash of the wave on the tested 
breakwater body. To explore the characteristics of wave inter-
actions with porous structures, many numerical models based 
on the Navier-Stokes equations were presented by using nu-
merical techniques, such as Dalrymple et al.(1991) [1]. For the 
interaction between the permeable structure and water waves, 
which is able to consider wave breaking in a three dimension-
al wave field, [2]? The field of flow caused by the movement 
of the waves and the movement of water molecules in and 
around the vertical permeable structure, which is affected by 
the interaction between the waves and the porous medium of 
the barrier body, was investigated. Therefore, a fully nonlin-
ear three dimensional numerical model has been developed 
to study these interactions between waves and wave barriers 
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that have a percentage of permeability [3]. Describing how to 
apply a numerical model to a partially perforated vertical wall 
caisson and irregular waves. By testing the performance of this 
model, existing experimental data are used for regular waves, 
while a laboratory experiment is conducted in this study for ir-
regular waves [4]. The numerical results are validated with the 
experimental data of surface elevations and wave pressures 
acting on the caisson breakwater [5]. Proposes a new concept 
for a system of wave energy conversion. The objective of this 
research was to create and test a new system for wave energy 
converters that can be integrated within a breakwater. In this 
new concept, the primary function of this device will remain 
the protection of the harbor [6]. The hydrodynamic efficiency 
of the seawall is presented as a function of the wave run up, 
reflection, and energy dissipation coefficients. Different wave 
and structural parameters affecting the seawall efficiency are 
investigated by El-Sadek M. Heikal, et al. (2012) [7].

Qualitative progress is introduced with three dimensional 
models, which are not so limited because they reproduce full 
3D wave transformation processes, such as diffraction, which 
typically occur on breakwater heads [8]. Four different simple, 
single porous vertical blocks were tested using regular waves. 
These additional tests represent slightly more complex config-
urations, including double blocks, reflective boundaries, irreg-
ular waves and sloping structures [9]. The interaction between 
the wave and the partial perforated caisson in a 2D numerical 
wave flume is investigated by means of the renewed SPH al-
gorithm, and the mathematical equations areform of SPH nu-
merical approximation based on Navier-Stokes equations [10]. 
A review and validation of control strategies for massive wave 
energy conversion systems, briefly outlines the characteristics 
of ocean wave energy, and summarizes the principles of ocean 
and sea energy aggregation by studying the specific wave en-
ergy transformers and commercial devices deployed in the real 
sea between 2005 and 2016, Liguo et al. (2017) [11]. Wave en-
ergy enhancement for nearshore electricity generation [12]. 
For examiner of the process of advanced ocean environment 
replication starting from the sea and ending to the tank, and 
rather than an exhaustive overview of all approaches, it fol-
lows the rationale behind projects led [13]. The generation of 
renewable energy in transition is energy and economic cost. 
Southeast Asia therefore has several enormous potentials for 
its sustainable energy sources. However, to date, they have not 
yet performed globally ahead in renewable energy deployment 
due to various challenges [14]. An innovative vertical break-
water cross-section integrating an overtopping wave energy 
converter, named OBREC-V, and the analysis of its hydraulic 
performance and stability response to hydraulic loading. The 
structure consists ofa vertically faced caisson with a sloping 
ramp on the top, a reservoir and a set-back crown-wall, Enrico 
Di Lauro, et al. (2020) [15].

MATERIALS AND METHODS
Experimental Wave Flume
Experiments were performed in a steel and glass wave flume 
12.0 m long, 50 cm wide and 60 cm deep. The sidewalls are 
12.00 glass panels, each of which is one meter in a Skelton steel 
frame, with a wave maker used is fly wheel type connected by 

steel rod to paddle located at the beginning of the flume to 
generate waves with variable heights and lengths as shown in 
Figure 1. The wave period, length and height are measured by 
a Sonic Wave Sensor XB. When mounting the Sonic Wave Sen-
sor XB, a level should be used to assure that it is vertical. The 
basic operating principle is to measure the ultra sound travel 
time. The result is then scaled with a Micro Processer in the 
unit, and then it is transmitted over the Xbee wireless network 
to an Xbee USB adapter. A Windows USB to Serial Converter 
connects the USB Adapter port to the User Interface Software 
(GUI).

Figure 1: Shape of the experimental wave flume

The wave staff XB was installed in three positions to indicate 
incident, reflection, and transmission wave heights. The instru-
ment was mounted on a small steel frame moves on the sides 
of the flume. The spacing between wave gauges applied was 
based on Mansard and Funke (1980) [16]. suggestions to cal-
culate the relative distances between wave gauges. X12=L/10, 
L/6 ≤ X13 ≤ L/3, Where L is the wavelength, X12 is the distance 
between the first two gauges positions and X13 is the distance 
between the first and third wave gauges in the line of wave 
propagation as shown in Figures 2 and 3.

Figure 2: Elevation and plan of the experimental wave flume

Figure 3: Shape of sonic wave sensor XB

Design of the Three Special Physical Breakwa-
ter Models
The physical models consist of three models of a constant 
height 50 cm, constant depth 20 cm and 49 cm width. The first 
model has five vents each (8.0 × 4.0 cms), the second model 
has five vents each (4.0 × 4.0 cms) and the third model has four 
vents each (7.0 × 6.0 cms). All of these vents have spacing 5.0 
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cm from each other and start 15 cm from bed level, as shown 
in the upstream sides of the three models (Figures 4-6). These 
vents take an inclined shape in the body of the models such as 
sloped tunnels (36º with horizontal) downwards to reduce the 
transmitted energy downstream of these models, as shown in 
Figures 7-9.

Figure 4: Model 1

Figure 5: Model 2

Figure 6: Model 3

Figure 7: Model (1) with five tunnels and impact pressure distribution

Figure 8: Model (2) with five tunnels and impact pressure distribution

Figure 9: Model (3) with five tunnels and impact pressure distribution

Measuring and Calculating Data
The measurements were tabulated. The incident and reflected 
waves were calculated from the Sonic Wave Sensor XB for the 
three tested models as follows:

Hi=(Hmax+Hmin)/2				    (1)

Hr=(Hmax-Hmin)/2				    (2)

Where:

Hi: Incident wave height.

Hr: Reflected wave height.

The dissipated wave energy was calculated for every tested 
case based on the following relation:

Ei=Er+Et+Ed=(1/8 × ρ × g × H2)		  (3)

Where
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Ei=Incident energy

Er=Reflected energy

Et=Transmitted energy

Ed=Dissipated energy

Additionally, the coefficients of transmission, reflected and dis-
sipation were calculated (Ct, Cr and Cd), wave length and the 
percentage of energy transmitted, as shown for model one, as 
an example in Table 1.

Ecc. of Water 
depth Hins. Htrans. Href.

L (cm) Ct Cr Cd
% Energy

Wave 
maker (cm) (cm) (cm) (cm) transmitted

Case1

31 8.54 1.77 0.93 156.341 0.207 0.109 0.972 4.296
27 6.785 1.52 0.599 146.452 0.224 0.088 0.971 5.018
23 6.195 1.43 0.511 141.365 0.231 0.083 0.969 5.328
19 5.11 1.31 0.43 128.365 0.256 0.084 0.963 6.572
15 2.455 0.38 0.275 118.254 0.155 0.112 0.982 2.396

Case2

31 8.155 1.32 0.425 141.258 0.162 0.067 0.985 2.62
27 6.575 1.19 0.425 130.584 0.181 0.065 0.983 3.276
23 5.888 1.03 0.313 128.369 0.175 0.053 0.978 3.061
19 4.705 0.95 0.465 110.258 0.202 0.099 0.974 4.077
15 3.86 0.23 0.18 98.254 0.072 0.047 0.997 0.355

Case3

31 7.745 1.02 0.375 127.325 0.098 0.048 0.993 2.335
27 7.133 0.86 0.325 117.256 0.093 0.325 0.993 1.66
23 5.485 0.71 0.435 102.145 0.087 0.435 0.992 1.676
19 4.43 0.63 0.23 90.247 0.087 0.23 0.995 2.022
15 3.35 0.19 0.15 78.569 0.043 0.15 0.998 0.322

Case4

31 5.19 0.51 0.5 115.365 0.098 0.096 0.993 0.966
27 4.51 0.42 0.33 103.147 0.093 0.073 0.993 0.867
23 3.565 0.31 0.325 88.781 0.087 0.091 0.992 0.756
19 2.975 0.26 0.125 79.256 0.087 0.042 0.995 0.764

2.55 0.11 0.1 76.254 0.043 0.039 0.998 0.186

Table 1: Measuring and calculating terms & % of energy transmitted

Additionally, the total impact force exerted in the vertical 
breakwater and its location from the bed level of the experi-
mental flume is determined from the Sainflou method as fol-
lows (Figure 10):

Figure 10: Pressure distribution acting on the special vertical seawall 
(Sainflou)
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Where

ho=Height of average wave period over mean water level (cm).

H=Incident wave height (cm).

L=Wave length (cm).

d=Water depth (cm).

P1=Pressure of the impact wave at the mean water level (gm/
cm2).

P2=Pressure of the impact wave at the bed flume level (gm/
cm2).

γsw=Specific weight of salt water (gm/cm3).

P3=Pressure of the impact wave at the lower end of the vent 
(gm/cm2).

P4=Pressure of the impact wave at the higher end of the vent 
(gm/cm2).

Ftotal=The resultant force/m acting on the vertical breakwater 
(gm).

Fvent=The resultant force acting on one vent in the vertical 
breakwater (gm).

So, for example model one we can calculate the total force that 
was acting on the breakwater and the location from the bed 
level, also the force acting on one vent and the percentage of 
force acting for one vent to the total force acting on the verti-
cal breakwater as shown in Tables 2 and 3 for model one with 
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different eccentricities of the wave maker (4 cases) and we can 
neglect the records at depth 15.00 cm because these records 
seems negligible compared with the others, as the water level 
be the same level of the lower end of the vent.

Likewise, for model two five vents each (4.0 × 4.0) cms with 
spacing 5.0 cm and model three four vents each (7.0 × 6.0) cms 
with spacing 5.0 cm the same tables done in the lab.

Table 2: For model (1) case (1 and 2)

Item Case (1) Wave maker ecc. 1 Case (2) Wave maker ecc. 2
d (cm) 31 27 23 19 31 27 23 19
ho (cm) 1.73 1.2 1.11 0.87 1.68 1.21 1.05 0.79

Hins (cm) 8.54 6.79 6.2 5.11 8.16 6.58 5.89 4.71
d (cm) 31 27 23 19 31 27 23 19

P1 (gm/cm2) 8.84 7.05 6.49 5.39 8.4 6.79 6.13 4.91
P2 (gm/cm2) 4.54 3.88 3.95 3.49 3.87 3.34 3.46 2.86
P3 (gm/cm2) 6.62 5.41 5.59 4.98 6.53 5.25 5.19 4.22
P4 (gm/cm2) 7.73 6.3 6.21 5.31 7.96 6.37 6.13 5.07
Fvent (gm) 57.4 49.65 47.2 41.16 57.96 46.48 45.28 37.16

Ftotal on wall 
(gm) 252.87 175.74 143.78 100.46 231.34 163.15 131.51 87.28

Position from 
bed (cm) 20.26 17.19 14.58 11.91 20.42 17.39 14.63 11.96

% Fv/Ft 22.7 28.25 32.83 40.97 25.05 28.49 34.43 42.58

Table 3: For model (1) case (3 and 4)

Item Case (3) Wave maker ecc. 3 Case (4) Wave maker ecc. 4
d (cm) 31 27 23 19 31 27 23 19
ho (cm) 1.63 1.33 1.04 0.79 0.79 0.67 0.47 0.4

Hins (cm) 7.75 6.68 5.49 4.43 5.19 4.51 3.57 2.98
d (cm) 31 27 23 19 31 27 23 19

P1 (gm/cm2) 7.94 6.86 5.64 4.57 5.31 4.61 3.59 3.1
P2 (gm/cm2) 3.21 2.98 2.52 2.21 1.86 1.68 1.33 1.28
P3 (gm/cm2) 5.48 5.14 4.55 4.06 3.53 3.36 2.81 1.43
P4 (gm/cm2) 6.71 6.29 5.64 4.56 4.41 4.08 3.59 2.34
Fvent (gm) 48.76 45.72 40.76 34.48 31.76 29.76 25.6 20.57

Ftotal on wall 
(gm) 209.97 160.25 112.23 76.26 126.94 96.92 63.8 46.89

Position from 
bed (cm) 20.6 17.74 14.97 12.19 19.86 17.22 14.51 11.87

% Fv/Ft 23.22 28.53 36.32 45.21 25.02 30.7 40.12 43.87

RESULTS AND DISCUSSION
After studying the results of the experiments for the different 
three models, we can analyze these results in some curves and 
column charts as follows beginning with model one:

Figures 11 and 12 show that the wave steepness (Hi/L) is in-
versely proportional to Ct for different eccentricities and differ-
ent depths of water and show why we can neglect records for a 
depth of 15.00 cm because the transmitted energy is very low 
for different Hi/L values compared to the other depths.

Figure 11: Relationship between Ct & Hi/L

 

Figure 12: Relationship between Ct & Hi/L

Figure 13 shows the direct proportion between Hi/L and Cd for 
different depths, and Figure 14 shows the inverse proportion 
between Hi/L and % of energy transmitted.
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Figure 13: Relationship between Cd and Hi/L

Figure 14: Relationship between % Ener. Trans. & Hi/L

For Figure 15, the relation between Hi/L and the percentage of 
force on the vent to the total force on the breakwater (Fv/Ft) 
is inversely proportional for different depths and eccentricities.

Figure 15: Relation between % of Fv/Ft & Hi/L

Additionally, for model two, the curves and column charts can 
be shown as follows:

For Figure 16, the relation between Hi/L and Ct is inversely 

proportion, but in Figure 17 the relation is directly proportion 
between Hi/L and Cd.

 
Figure 16: Relationship between Ct & Hi/L

 

Figure 17: Relationship between Cd &Hi/L

For Figure 18, the relation between Hi/L and % of energy trans-
mitted is inversely proportional, and Figure 19 shows that the 
percentage of force on the vent to the total force on the verti-
cal wall (Fv/Ft) is inversely proportional to the wave steepness 
(Hi/L) for different depths and eccentricities.

Figure 18: Relation between % Ener. Trans. & Hi/L

Finally, for the third model, the curves and charts are shown 
as follows:
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Figure 19: Relation between % Fv/Ft & Hi/L

For Figure 20, the relation between Hi/L and Ct is inversely 
proportion, but in Figure 21 the relation is directly proportion 
between Hi/L and Cd.

Figure 20: Relationship between Ct & Hi/L

 

Figure 21: Relationship between Cd &Hi/L

For Figure 22, the relation between Hi/L and % of energy trans-
mitted is inversely proportional, and Figure 23 shows that the 
percentage of force on the vent to the total force on the verti-
cal wall (Fv/Ft) is inversely proportional to the wave steepness 
(Hi/L) for different depths and eccentricities.

Figure 22: Relation between % Ener. Trans. & Hi/L

Figure 23: Relation between %Fv/Ft & Hi/L

Using the Three Models as an Electrical Energy 
Generator
To benefit from the percentage of energy transmitted down-
stream in the models, we put a small generator at the lower 
end of the vent to produce renewable electric energy from this 
transmitted water wave energy and connect these generators 
by an avometer to measure the voltage and the ampere that 
can be produced from the transmitted wave energy.

Figures 24 show the generators at the end of the tunnel in the 
body of the models by measuring either of the transmitted 
wave downstream models after generating electricity, the total 
power in every case is calculated and compared with the real 
power, as shown in Table 4, as shown below.

  

Figure 24: Generators

For models one and two, the flow of water is parallel to the 
fan in the small generator, but in model three, the flow of the 
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water is perpendicular to the fan in the generator to compare 
any of them are more effective in generating renewable elec-
trical power.

Therefore, these column charts can easily discuss the compar-

ison between the three models in generating electrical power, 
as shown in Figures 25-27.

Hi/L d (cm) Htrans 
(cm)

Volt 
*10^-3

*10^-6 Power 
*10^-9 
Watt

No. of 
vents

Total volt 
*10^-3

Total 
Ampere 
*10^-6

Generat-
ed Power 

*10^-6 
Watt

Real 
Generated 

Power 
Watt

0.055

31

0.68 150 3.5 525

5

750 17.5 13.125 5.127

0.058 0.53 101 2.35 237 505 11.75 5.934 2.318

0.061 0.41 78 1.62 126 390 8.1 3.159 1.234

0.072 0.33 65 1.28 83 325 6.4 2.08 0.813

0.048

27

0.57 210 4.2 882 1050 21 22.05 8.613

0.053 0.5 138 2.87 396 690 14.35 9.902 3.868

0.058 0.35 115 2.15 247 575 10.75 6.181 2.415

0.06 0.21 98 1.51 148 490 7.55 3.7 1.445

0.044

23

0.47 314 4.8 1507 1570 24 37.68 14.719

0.048 0.39 298 3.14 936 1490 15.7 23.393 9.138

0.052 0.31 179 2.68 480 895 13.4 11.993 4.685

0.057 0.15 121 1.89 229 605 9.45 5.717 2.233

0.04

19

0.41 418 5.23 2186 2090 26.15 54.654 21.349

0.043 0.36 312 3.97 1239 1560 19.85 30.966 12.096

0.048 0.27 236 3.14 741 1180 15.7 18.526 7.237

0.055 0.09 189 2.25 425 945 11.25 10.631 4.153

Figure 25: Relation between generating power & Hi/L in model one

Figure 26: Relation between generating power & Hi/L in model two

Figure 27: Relation between generating power & Hi/L in model three

From Figures 25-27, the relation between Hi/L and the per-
centage of the generated power is inversely proportional, and 
the maximum generated power is located in model one, where 
the flow is parallel to the van that is located inside the gen-
erator, and the minimum generated electric power when the 
flow of water is perpendicular to the van inside the generator. 
Additionally, the area of the vent is directly proportional to the 
electrical power generated through all three models.

CONCLUSIONS AND RECOMMENDA-
TIONS
Part 1
To evaluate the performance of using this Vertical Perforated 
breakwater for Protecting Shoreline for the three tested mod-
els, the conclusions of these experiments are as follows:

1)	 For the three models, the relation between wave 
steepness (Hi/L) and coefficient of transmission (Ct) are in-
versely proportional for different depths and eccentricities, so 
the ratios are as follows:

For model one, Hi/L ranged between 0.04 and 0.078, the corre-
sponding Ct ranged between 0.24 and 0.09; for model two, Hi/L 
ranged between 0.04 and 0.06, the corresponding Ct ranged 
between 0.19 and 0.06; and for model three, Hi/L ranged be-
tween 0.04 and 0.063, the corresponding Ct ranged between 
0.3 and 0.15.

2)	 For the three models, the relation between wave 
steepness (Hi/L) and the coefficient of dispersion (Cd) are di-
rectly proportional for different depths and eccentricities, so 
the ratios are as follows:

Table 4: Measured and calculated terms for generating electrical power in model one
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For model one, Hi/L ranged between 0.04 and 0.078, the cor-
responding Cd ranged between 0.96 and 0.994; for model 
two, Hi/L ranged between 0.04 and 0.06, the corresponding 
Cd ranged between 0.97 and 0.995; and for model three, Hi/L 
ranged between 0.04 and 0.063, the corresponding Cd ranged 
between 0.963 and 0.987.

3)	 For the three models, the relation between wave 
steepness (Hi/L) and % of energy transmitted are inversely pro-
portional for different depths and eccentricities, so the ratios 
are as follows:

For model one, Hi/L ranged between 0.04 and 0.078, the cor-
responding % of energy transmitted ranged between 1.0 and 
7.0%; for model two, Hi/L ranged between 0.04 and 0.06, the 
corresponding % of energy transmitted ranged between 0.5 
and 3.5%; and for model three, Hi/L ranged between 0.04 and 
0.063, the corresponding % of energy transmitted ranged be-
tween 2.5 and 9.0%.

4)	 For the three models, the relation between wave 
steepness (Hi/L) and the ratio force on the vent to the total 
force on the vertical wall (Fv/Ft) are inversely proportional for 
different depths and eccentricities, so the ratios are as follows:

For model (1), Hi/L ranged between 0.04 and 0.078, the corre-
sponding (Fv/Ft) % ranged between 22.0 and 45.0%; for mod-
el two, Hi/L ranged between 0.04 and 0.06, the correspond-
ing (Fv/Ft) % ranged between 10.0 and 26.0%; and for model 
three, Hi/L ranged between 0.04 and 0.063, the corresponding 
(Fv/Ft) % ranged between 19.0 and 43.0%.

Therefore, model (2) has the minimum energy transmitted, 
which means that the area of the vent is directly proportional 
to the % of energy transmitted, and model two has the maxi-
mum energy transmitted.

Part 2
Generating renewable electric power through vents from the 
transmitted water wave energy:

1)	 Model (1) can produce maximum electric power from 
one equal vent (2090 × 10-9 watts) at minimum wave steep-
ness (Hi/L)=0.055; model (2) can produce maximum electric 
power from one vent (585 × 10-9 watts) at minimum wave 
steepness (Hi/L)=0.053; and model (3) can produce maximum 
electric power from one vent (259 × 10-9 watts) at minimum 
wave steepness (Hi/L)=0.053.

This means that the maximum area of the vent leads to maxi-
mum generated electric energy and is located nearly when the 
mean water level is at the center of the vent. Therefore, the 
direction of the flow parallel to the generating vane is more 
effective than that located perpendicular to the direction of the 
flow.

For further recommendations studying the change of the slope 
inside the tunnel in the vertical wall to be horizontal at the fin-
ishing trials, change the cross section of the vent to be circular 
section and finally increase the rows of vents above mean wa-
ter level for more generating electric power.
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