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Abstract One of the technological devices that can be used to generate electricity from ocean waves
is the Oscillating Water Column (OWC) system. This system utilizes the rising and falling motion of
the water in the air column to turn turbines and generate electricity. The purpose of this research is
to find out the amount of electrical power generated by the prototype with a width of 0.5 m at 4
variations of the back wall slope and 3 variations of the wave height and 4 variations of the wave
period. The test results on the towing tank showed that the best period is 2 4 seconds and the optimal
back wall slope is 15°, where the wave height of 0.066 meters, 0.1 meters, and 0.133 meters is
capable of producing electrical power of 025 Watt, 0.68 Watt, and 126 Watt respectively. This
study also obtained that the greatest efficiency in the water column was 1.30% and the total
efficiency of the SWPP-OWC prototype was 0.56%.

1. Introduction

Electricity needs fulfillment by relying on fossil energy as an energy source for
electricity generation can resulting in environmental pollution. Environmental
pollution has become a separate problem which is increasingly shown by the depletion
of the ozone layer in the atmosphere. Therefore, it is necessary to do an innovation
discovering equipfnt that is easy to operate and environmentally friendly. One of the
natural resources that can be used as an alternative source of renewable energy to
generate electricity is ocean waves [1].
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Figure 1 Schematic of OWC - Side View [2]
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Of the several types g wave energy converters (WEC) the Oscillating Water
Column is the most popular type of WEC [3]. This system generates electricity from
rising and falling seawater due to sea waves entering a hollow oscillationffolumn [2]
(see Fig. 1). The rise and fall of seawater will result in the entry and exit of air in the
top of the column and the pressure resulting from the rise and fall of seawater in the
column will turn the turbine [4].
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Khoirul [5] in his research has made a prototype of a floating OWC system with
less than optimal electrical power efficiency (around 0.2%). Furthermore, according
to Dudhdaunkar [6], the fixed OWC column has a 10% higher efficiency when
compared to the floating OWC column.

The two results of these studies indicate that the efficiency of the Oscillating Water
Column (OWC) system is still considered small, so it is necessary to make
modifications to the existing OWC system. The modification made is to change the
slope of the back wall of the OWC syflm in several variations to obtain the optimal
slope tested with several variations of the wave height H and the wave period T.

According to Yizhar [7]. the wave height generated in the laboratory can be
determined using the following equation:

Hl — Hmax+Hmin (l)
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And the potential energy value of each wavelength is obtained by the equation [8]:
_1 2
Ep = pwgA®A 2)

The potential energy of a wave that is more than one wave period has the same value
as its kinetic energy. So that the wave kinetic energy [8] is:

E = ipwgﬁzl 3)
(6]

Wave energy is the mechanical energy of the wave which is the total of the potential

energy of the wave and the kinetic energy of the wave, so that:
1

Ey = Epngz)L @
Then the Power will be obtained using the equation:
-1 22
Py, =1 pwg"h’T (5)
It is assumed that the wave width = chamber area at OWC.
To find out the value of wind energy conversion, it can be seen by calculating the

amount of power generated by isolated wind energy [3], and the power from the wind can
be seen from the following equation:

P, = %p. A V3 6)
So that electrical power [9] can be determined by the equation:

Piiserie = V.1 (N

And the efficiency of the OWC prototype that has been made is obtained by
comparing the wind power to the wave power generated in the oscillator, using the equation

[3]
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2. Materials and Methods

The OCW system prototype testing was carried out at the Hydrodynamic Laboratory
of the Department of Marine Engineering, Faculty of Engineering, Universitas Hasanuddin.
The tested OWC system scheme is shown in Figure 2 below:
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Figure 2 Variable Measurement of testing experiment

The facilities used for wave testing in the Hydrodynamics Laboratory are: 1) Wave
observation pool tank, 2) Glass observer, to observe wave characteristics, 3) Wave
absorbers and 4) Wave Gauges

3. Results and Discussions

In this study, there are several variations used, namely variations in wave height (H), a
variation [ period (T), and variations in the slope of the back wall of the OWC prototype
model as can be seen in table 1.




Table 1 Data Variation

Back Wall Wave Height H (m) Wave Period (T) s
Slope Field Lab Scale
o 1 0066 16
150 15 0.1 L8
300 2 0.133 2
450 22
24
Air Velocity

The rising and falling movement of water in the oscillating column causes a
velocity pressure difference of air that comes out of the turbine line (orifice).
Measurement of air velocity using an anemometer which is placed in the orifice
channel when the turbine is not installed, this is done so that the reading of the
measuring instrument is more optimal because there is no obstacle experienced by the
air coming out of the orifice channel.

The data from the average air velocity measurement generated by the OWC
prototype can be seen in Figure 3 below,
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Figure 3 Air Velocity vs Wave Height Variation

Figure 3 shows the amount of air velocity against variations in wave height and
rear wall slope. The highest air velocity value is obtained at the variation of the back
wall slope of 15 ° wave height 0.133 with a value of 6.51 m/s and the lowest air
velocity occurs at a wave height 0.066 with a value of 4.76 m/s. The changes in air
velocity that occur at each variation in wave height are affected by the rising and
falling motion of the water in the oscillation column.

Turbine Rotation

The air turbine used is the Wells turbine since it can rotate in one direction even
though the air is working in the opposite direction, with a diameter of 12 cm and the
number of turbine blades is 8 [4]. To measure the turbine rotation, a tachometer gauge
is used.

Data from the average measurement of turbine rotation speed can be seen in Figure
4 below




——0
—— 15"
—a— 30

x  45°

Turbine Rotation (RPM)

0.066 0.1 0.134
Wave Height, H (m)
Figure 4 Turbine Rotation vs Wave Height

Figure 4 above shows the magnitude of the turbine rotation speed with respect to
variations in wave height and back wall slope. The largest turbine rotation speed value
is obtained at a wave height of 0.133, back wall slope of 15° with a value of 3850.08
rpm and the smallest rotation speed occurs at a wave height of 0.066, the slope of 30°
with a value of 1525.32 rpm. From the graph, it can be seen that the greater the wave
height, the faster the turbine rotation is produced. However, the slope of the back wall
also affects the turbine rotation where at a slope of 15° the turbine rotation is greater
than the other rear wall slopes, this is due to the air velocity on this slope is greater
than others so that a greater rotation is obtained.

Electric Voltage

The turbine rotation which is connected to a 12 V DC motor produces an electric
voltage. To measure the electric voltage generated by a DC motor, a multimeter is
used by attaching positive and negative cables to the DC motor terminals.
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Figure 5 Electric Voltage vs Wave Height

Figure 5 shows the value of the electric voltage to variations in wave height and
rear wall slope. The largest voltage value is obtained at a wave height of 0.133, the
slope of the back wall is 15° with a value of 8.95 volts and the smallest voltage occurs
at a wave height of 0.066, the slope of the rear wall is 30° with a value of 3.66 volts.
The change in the electric voltage generated at each of these variations in wave height
is affected by the rotation of the turbine, where if the rotation is greater, the greater
voltage is generated, and vice versa if the turbine rotation is low, the resulting voltage
is low.
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Figure 6 Electric Power vs Wave Height

Figure 6 shows the amount of electric power to the variation in wave height and
the rear wall slope of the prototype, which can be seen from the overall variation of
the back wall, the most optimal slope of 15° produces electrical power at each wave
height. A wave height of 0.066 can produce electric power of 0.25 Watt, a wave height
of 0.1, the electric power generated is 0.68 Watt, and at a wave height of 0.133, the
electric power generated is 1.26 Watt. From the graplffibove it can be concluded that
the greater the wave height, the greater the electrical power that can be generated by
the Sea Wave Power Plant OWC System (SWPP-OWC).

Efficiency

The results of the analysis of the calculation of wave power, air power and electric
power can be used to calculate the efficiency of the OWC prototype using equations 8
and 9.

' - X
o
0.8 \. *
—a— 15"

—a—30°

0.2 x 45

Water Column Efficiency (%)

0.066 0.1 0.134
Wave Height (m)

Figure 7 Water Column Efficiency vs Wave Height

Figure 7 shows the value of the water column efficiency against the variation in wave
height and back wall slope of the prototype. where the largest water column efficiency
is obtained at 0.1 wave height variation, 0° slope with a value of 1.30%.
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Figure 8 Total Efficiency vs Wave Height
Figure 8 shows the total efficiency value for the variation in wave height and the

back wall slope of the prototype, where the largest total efficiency is obtained at 0.133
wave height variation, a slope of 0° with a value of 0.56%.

onclusions

From the results of calculations and analysis, it can be concluded that: the greater the

wave height, the greater the air velocity produced by the OWC prototype, and lead to the
greater the electric power generated. For 4 variations of the back wall slope, the optimal
value in this study is 15 °, and at a wave height of 0.133, the electric power generated is
1.26 Watt. The greatest efficiency for the water column is 1.30% and the total efficiency
of the SWPP-OWC prototype is 0.56 %.

References

[1].

2].

[3].

[4].

Collins, Josua. 2017. “Developing Ocean Wave Power Plant using Oscillating Water
Coloum (OWC) as a Solution for Energy Needs in North Sulawesi”. In Bahasa
Indonesia, “Pengembangan Pembangkit Listrik Tenaga (PLT) Gelombang Laut
Dengan Sistem Oscillating Water Coloum (OWC) Sebagai Solusi Pemenuhan
Kebutuhan Energi Di Sulawesi Utara”. Universitas Indonesia. Depok.

Prasetio, Bagus. Deddy Chrismianto & Muhammad Igbal. 2015. *“Analysis of the
Effect of Geometry and Number of Blades on the Performance of Wells Turbine™. In
Bahasa Indonesia, “Analisa Pengaruh Geometri Dan Jumlah Sudu Terhadap Performa
Wells Turbine”. Jurnal Teknik Perkapalan (3)4: 371-382.

Valens Tae, et al. 2015, “Planning of Turbine Wells Water Column Oscillation System
at Ocean Wave Power Plant with a capacity of 10 kW”. In Bahasa Indonesia,
“Perencanaan Turbin Wells Sistem Osilasi Kolom Air pada Pembangkit Listrik
Tenaga Gelombang Laut dengan Kapasitas 10 kW”. UNDANA Mechanical
Engineering Journal (2) 2: 74-80.

Priliawan., Rudy Armax. 2017. “The Effect of the Number of Turbine Wells and the
Variation of Ocean Waves on the Prototype Performance of the Ocean Wave Power
Plant Oscillating Water Column (OWC) System™. In Bahasa Indoinesia “Pengaruh
Jumlah Sudu Turbin Wells Dan Variasi Gelombang Laut Terhadap Performa
Prototype Pembangkit Listrik Tenaga Gelombang Laut Sistem Oscillating Water
Column (OWC)”. Jurusan Teknik Elekto Fakultas Teknik. Universitas Jamber.




[5].

[6].

[71.

[8].

[9].

Mochamad Khoirul Rizal Febri Karim, Sardono Sarwito dan Indra Ranu Kusuma,.
2014. “prototype design of ocean wave power plant type oscilating water column at
bandealit beach, jember”. In Bahasa Indonesia, “Perancangan Prototype Pembangkit
Listrik Tenaga Gelombang Laut Tipe Oscilating Water Column di Pantai Bandealit
Jember”. JURNAL TEKNIK POMITS Vol. 3, No. 1, (2014) ISSN: 2337-3539. P.
2301-9271

Dudhgaonkar.Prasad, S. Kedarnath, Pattanaik, Biren.2011 “Performance analysis of a
floating power plant with a unidirectional turbine based power module™.: Linkoping:
Sweden. 2230-2237

Tandi, Yizhar Aldy. 2019. “Study of the Utilization of Ocean Wave Energy as an
Energy Source Using the Oscillating Water Column Method in a Chamber Type Coast
Guard Building”. In Bahasa Indonesia, “Studi Pemanfaatan Energi Gelombang Laut
Sebagai Sumber Energi Dengan Metode Oscillating Water Column Pada Bangunan
Pelindung Pantai Tipe Chamber”. Fakultas Teknik Universitas Hasanuddin.
Makassar.

Safitria, Lelly Erlita. Muh Ishak Jumaranga dan Apriansyah. 2016. “Study of the
Potential of Oceanic Waves Power on the Oscillating Water Column System (OWC)
in the Coastal Waters of West Kalimantan™. In Bahasa Indonesia, “Studi Potensi
Energi Listrik Tenaga Gelombang Laut Sistem Oscillating Water Column (OWC) di
Perairan Pesisir Kalimantan Barat™. Jurnal POSITRON (VI)1:8-16. Universitas
Tanjungpura.

Mangu, Amoldus Dwi SK. 2016. “Performance of Two-Angle Horizontal Shaft
Windmill Composite Material Diameter 1m Maximum Width 13cm with a distance
of 12.5cm from the center of the shaft”. In Bahasa Indonesia, “Unjuk Kerja Kincir
Angin Poros Horisontal Dua Sudu Bahan Komposit Diameter 1m Lebar Maksimum
13cm Dengan Jarak 12.5cm Dari Pusat Poros”. Teknik Mesin Fakultas Sains Dan
Teknologi. Universitas Sanata Dharma.Yogyakarta.




Wave_Power_Plant_Oscillating_Water_Column_System__SWPP-
OWC.docx

ORIGINALITY REPORT

oF

2% 4y, Ou

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

WWW.coursehero.com

Internet Source

T

F Rosa, R P Prayitnoadi. "Stress analysis of a
rack gear on sea wave power plant design in
Bangka Island", IOP Conference Series: Earth
and Environmental Science, 2020

Publication

(K

Susastro Susastro, Ardi Noerpamoengkas,
Miftahul Ulum, Gatot Setyono. "Performance
Analysis of Wind Power Generation Models
Using Oscillating Water Column®”, JRST (Jurnal
Riset Sains dan Teknologi), 2020

Publication

T

repository.usd.ac.id

Internet Source

A Vidura, | W Nurjaya, M Igbal, I Jaya. "Ocean
wave measurement and wave energy
calculation using overtopping power plant
scheme", IOP Conference Series: Earth and
Environmental Science, 2020



Publication

H Bijun Wu, Tianxiang Chen, Jiagiang Jiang, Gang <1 y
Li, Yungiu Zhang, Yin Ye. "Economic ’
assessment of wave power boat based on the
performance of “Mighty Whale” and BBDB",

Renewable and Sustainable Energy Reviews,
2018

Publication

Marco Torresi, Michele Stefanizzi, Francesco

7 _ , <l%
Fornarelli, Luana Gurnari et al. "Performance
characterization of a wells turbine under
unsteady flow conditions", AIP Publishing,

2019
Publication
digilib.uinsby.ac.id
B Integrnet Source y <1 %
n A. Indriani, S. Dimas, Hendra. "Effect of <1 o
Dimension and Shape of Magnet on the ’
Performance AC Generator with Translation
Motion", IOP Conference Series: Materials
Science and Engineering, 2018
Publication
Naoyuki Niwa, Yutaka Nagakubo, Toru <1 o

Takahashi, Takayasu Fujino, Motoo Ishikawa.
"Numerical Analysis of Generator
Performance of Experimental DCW-MHD
Generators with Circular and Square Cross-



Section", 42nd AIAA Plasmadynamics and
Lasers Conference, 2011

Publication

Exclude quotes On Exclude matches <5 words

Exclude bibliography On



