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1. INTRODUCTION 

All facets of human existence, especially in Indonesia, have a substantial demand for electrical 

energy due to the ongoing development of industry and technology [1][2]. Mercu Buana University 
has carried out several experiments on alternative energy, including rotor dynamics, four-stroke 

gasoline engines, and energy harvesting from vibrations applied to milling machines. There have also 

been concepts for turbines positioned inside pipe flows. However, because Indonesia is an archipelago 
with seas covering the majority of its land, the ocean has a lot of potential to be used as a source of 

new renewable energy that is both environmentally and economically beneficial, particularly when it 

comes to using ocean waves [3]. 
Wave Energy Converters (WECs) are machines that use a generator to spin while a chain on a 

pontoon moves up and down to produce electrical energy [4][5]. The foundation of WEC's operation is 

the employment of an apparatus that can detect wave motions and transform them into electrical 

energy with a variety of uses [6]. The impact of pontoon mass on the converter device's performance is 

an important factor to take into account, particularly in areas with variable sea conditions [7]. Heaving 

and other variations in the sea state can have an impact on the converter device's functionality [8]. 
Consequently, knowing the proper pontoon mass to use in wave energy conversion systems is crucial 

[9]. This study investigates the potential effects of a 120 kg pontoon mass on the heave motion 

response and power output. This study uses both planetary and non-planetary systems to examine how 
a 120 kg pontoon mass affects the wave energy converter as a result of heaving action. The ability of 

the wave energy converter equipment to convert wave energy into electrical energy as effectively as 

feasible is referred to as its efficiency [10]. 
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Abstract: The environment is negatively impacted by the use of fossil fuels as a source of electricity. Using 

sustainable ocean wave energy is one way to replace fossil fuels and maximize the usage of natural energy. 

Electrical energy is produced from mechanical energy by ocean waves. An apparatus for converting wave energy 

from the ocean is needed to absorb it. The wave energy converter uses the up-and-down action of a chain on a 

pontoon to rotate a generator, producing electrical energy. The mass of the pontoon and the force of the ocean 

waves that excite it both have an impact on its vertical movement. Thus, the impact of pontoon mass on the wave 

energy converter is examined in this research. Both a planetary gear system and one without were used in the 

investigation. The voltage and current obtained at a wave height of 35 cm were 2.28 Volts and 0.160 A, 

respectively, without the planetary gear and 160.41 Volts and 13.95 A, with the planetary gear. Furthermore, an 

evaluation of the wave energy converter machine's performance was carried out. Using a planetary gear and a 

wave height of 13 cm, the second experiment's minimum power production was 212.63 Watts, while the sixth 

experiment's maximum power output was 2237.72 Watts with a wave height of 35 cm. In the second experiment, 

the generator without a planetary gear produced 0.0327 watts of power with the same wave height, and in the 

sixth trial, the generator produced a maximum of 0.3648 watts with a 35 cm wave height. As a result, utilizing a 

generator with a planetary gear is preferable to using one without one. 
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To effectively convert the mechanical energy from the waves into electrical energy, components 

influencing the efficiency of wave energy converter devices must be responsive to wave movements 

[11]. A floating structure, including ships, that is in heaving motion is moving linearly (up and down) 

along the vertical Z-axis above the wavy water surface [12]. 

2. METHOD 

This study started with a review of the literature, field testing the wave energy converter device, 

gathering and analyzing data, and presenting the findings and recommendations from the testing. 

Figure 1 depicts the research procedure. 
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Figure 1. Flow diagram. 

This study employed the experimental method, which entails putting the wave energy converter 

gadget through actual field testing. This study looks at how the tools, materials, time, and place were 

employed to efficiently gather data on the wave energy's conversion to electrical energy throughout 

the sea's heaving process. After gathering all the necessary data and deeming it sufficient, Microsoft 
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Excel was used for data processing to extract the wave energy converter device's output (WEC). The 

Wave Energy Converter (WEC) apparatus is seen in  Figure 2. 

Tanjung Pasir Beach in Tangerang was the site of the Wave Energy Converter machine trials, 
where a 120 KG variation in pontoon mass was used. As seen in Figure 2, this apparatus is made up of 

several parts that are fixed on the mechanical framework. Among them are springs, which are utilized 

to lessen the pontoon's impact and shock from the waves of the ocean. Moreover, these springs aid in 
keeping the pontoon stable on the water. Three springs were employed in this experiment, which 

involved a 120 KG change in pontoon mass. The gearbox, an essential part of the wave energy 

converter device, is the following component. The pontoon's back and forth, up and down action 

drives the gearbox, and this motion is transferred to the gearbox via a mechanical mechanism like 

gears [13]. The gearbox uses a set of gears with varying sizes to transform reciprocating motion into 

rotational motion. Smaller gears revolve more quickly than larger gears. There's also the generator 

part, which is attached to the gearbox shaft. Electrical energy is produced by the generator from 

mechanical wave energy [14][15]. Two generators—one with a planetary system and the other 

without—were employed in this study. This was carried out to compare how effectively they could 

produce electricity. Moreover, the gearbox is mostly driven by the pontoon component due to the up-
and-down movement of the chain that connects the two. 

Six one-hour experiments were conducted during the heaving process to test the wave energy 

converter apparatus. Processing of the voltage, current strength, and RPM measurements taken during 

these trials produced the power numbers. 

 
Figure 2. Wave Energy Converter Machine (WEC). 

3. RESULTS AND DISCUSSION 

After that, the acquired data were processed by Microsoft Excel computations, which showed a 

comparison of the data outcomes for generators with and without a planetary system, as seen in Figure 

3, and Figure 4. 

Analysis of sea experiment data using planetary 

Following data processing and analysis with Microsoft Excel, it was possible to observe that the 

acquired values of voltage, current, and power are highly influenced by the wave height's magnitude. 

larger wave heights result in larger voltage, current, and power values, as seen in Figure 3, Figure 4 
and Figure 5. 
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Figure 3. Voltage graph (volt) using planetary. 

The voltage data processing graph for the generator employing a planetary system is shown in 
Figure 3. It demonstrates how the WEC machine's output rises in tandem with the height of the sea 
waves. An 18-cm wave height results in 87.09 volts of voltage being produced. 49.68 volts are 
generated at a wave height of 13 cm. The voltage output is 81.45 volts at a wave height of 15 
centimeters. A wave height of 27 cm results in an output voltage of 148.29 volts. The voltage output is 
143.58 volts at a wave height of 25 centimeters. In the meantime, the voltage output is 160.41 volts at 
a wave height of 35 cm. 

 
Figure 4. Current graph (ampere) using planetary. 

Using a planetary system, Figure 4 shows the current data processing graph for the WEC device 
generator. It demonstrates that the output generated by the WEC device increases in tandem with the 
height of the sea waves. The current measured at an 18-cm wave height is 7.99 Amperes. The current 
measured at a wave height of 13 cm is 4.28 Amperes. The current measured at a wave height of 15 cm 
is 7.55 Amperes. 13.44 amps is the obtained current at a wave height of 27 centimeters. The current 
measured at a wave height of 25 cm is 12.08 amps. Meanwhile, the WEC device obtained 13.95 
Amperes of current at a wave height of 35 cm. 

 
Figure 5. Power graph (watt) using planetary. 
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The power data processing graph for the WEC device generator employing a planetary system is 

shown in Figure 5. The WEC device's output power grows in tandem with the height of the sea waves. 

The power measured at an 18-cm wave height is 695.84 watts. The power measured at a wave height 
of 13 cm is 212.63 Watts. The power measured at a wave height of 15 cm is 614.94 Watts. The power 

measured at a wave height of 27 cm is 1993.02 Watts. The power measured at a wave height of 25 cm 

is 1734.45 Watts. Meanwhile, the WEC device achieves 2237.72 Watts of power at a wave height of 

35 cm. 

Analysis of sea experiment data without planetary 

Following data collection, Microsoft Excel was used for analysis and processing to show how 
wave height magnitude greatly influences the voltage, current, and power values that are produced. 

Higher wave heights result in higher voltage, current, and power values, as Figure 5, Figure 6, and 

Figure 7. 

 

Figure 6. Voltage graph (volt) non-planetary. 

The voltage data processing graph for the non-planetary system is depicted in Figure 6, which 

demonstrates that the output generated by the WEC machine increases in tandem with the height of the 

sea waves. The voltage generated is 1.13 volts at a wave height of 18 centimeters. There is a 0.84-volt 

voltage created at a wave height of 13 cm. 1.02 volts is the voltage output at a wave height of 15 cm. 

1.86 volts is the voltage output at a wave height of 27 cm. 1.28 volts is the voltage output at a wave 

height of 25 cm. In the meantime, the voltage output is 2.28 volts at a wave height of 35 cm. 

 
Figure 7. Current graph (ampere) non-planetary. 

The current data processing graph for the WEC device's non-planetary generator is shown in 

Figure 7, which shows that the output generated by the device increases in tandem with the height of 

the sea waves. The current measured at an 18-cm wave height is 0.058 amps. The current measured at 

a wave height of 13 cm is 0.039 Amperes. The current measured at a wave height of 15 cm is 0.048 

amps. The current measured at a wave height of 27 cm is 0.124 Amperes. The current measured at a 
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wave height of 25 cm is 0.094 amps. Meanwhile, the WEC device obtained 0.160 Amperes of current 

at a wave height of 35 cm. 

 

Figure 8. Power graph (watt) non-planetary. 

The power data processing graph for the WEC device's non-planetary generator is shown in Figure 

8 which indicates that the output power generated by the device increases in tandem with the height of 

the sea waves. 
The power measured at an 18-cm wave height is 0.0655 Watts. The power measured at a wave 

height of 13 cm is 0.0327 Watts. The power measured at a wave height of 15 cm is 0.0489 Watts. The 

power measured at a wave height of 27 cm is 0.2306 Watts. The power measured at a wave height of 
25 cm is 0.1203 Watts. In the meantime, the WEC device's power output at a wave height of 35 cm is 

0.3648 Watts. 

Microsoft Excel processing of the sea experiment data analysis produced power output findings for 

the WEC device. In the tests, the planetary system-equipped WEC device produced a minimum power 

of 212.63 Watts at a wave height of 13 cm and a maximum power of 2237.72 Watts at a wave height 

of 35 cm. At the same wave height, the power achieved for the WEC device without a planetary 

system was 0.3648 Watts and 0.03276 Watts. This indicates that, in comparison to experimental 

results obtained without a planetary system, the WEC device employing a planetary system exhibits 

more optimal and promising results. Another important component of this WEC device experiment is 

the installation of a 120 KG mass. The results of the studies demonstrate that the WEC device can 
produce the best possible power output for illumination while withstanding a 120 KG mass load. 

4. CONCLUSION 

The following findings can be made from the Wave Energy Converter (WEC) machine's heaving 

motion performance trials employing an H-Beam pontoon type and a 120 KG pontoon mass: In the 

wave energy conversion experiments, power, voltage, and current are generated in proportion to the 

height of the waves. The minimal voltage, current, and power for experiments without a planetary 

system are 0.84 volts, 0.039 amperes, and 0.0327 watts at a wave height of 13 cm. The voltage is 

49.68 volts, the current is 4.28 amperes, and the power is 212.63 watts at the same wave height as a 

planetary system. 70.32 rpm is the shaft gear rotation speed. In the meantime, 2.28 volts, 0.160 

amperes of current, and 0.3648 watts of power are obtained without the use of a planetary system at 

the highest wave height of 35 cm. The voltage, current, and power achieved with a planetary system 

operating at the same wave height are 160.41 volts, 13.95 amperes, and 2237.72 watts, respectively. 

83.43 rpm is the gearbox's rotational speed. Consequently, the WEC device may react to wave energy 

quite optimally by adding a 120 KG pontoon mass. The results of the experiments also suggest that 

utilizing a planetary system is preferable to not using one. 

REFERENCE 

[1] M. Maulidia, P. Dargusch, P. Ashworth, and F. Ardiansyah, “Rethinking renewable energy 
targets and electricity sector reform in Indonesia: A private sector perspective,” Renew. 

Sustain. Energy Rev., vol. 101, no. October 2018, pp. 231–247, 2019, doi: 

10.1016/j.rser.2018.11.005. 

0,0655 0,0327 0,0489

0,2306

0,1203

0,3648

0

0,2

0,4

0,18 0,13 0,15 0,27 0,25 0,35

P
o
w

er
 (

W
at

t)

Wave Height (HS)

Power Graph Non-Planetary



p ISSN 2721-5377 | e ISSN 2721-7825 

DOI 10.37373/jttm.v5i2.1105 
219 

 

 

[2] D. Mulyani and D. Hartono, “Pengaruh Efisiensi Energi Listrik pada Sektor Industri dan 

Komersial terhadap Permintaan Listrik di Indonesia,” J. Ekon. Kuantitatif Terap., p. 1, 2018, 

doi: 10.24843/jekt.2018.v11.i01.p01. 
[3] I. M. A. Nugraha, “Penggunaan Pembangkit Listrik Tenaga Surya Sebagai Sumber Energi 

Pada Kapal Nelayan: Suatu Kajian Literatur,” J. Sumberd. Akuatik Indopasifik, vol. 4, no. 2, p. 

101, 2020, doi: 10.46252/jsai-fpik-unipa.2020.vol.4.no.2.76. 
[4] K. A. Prasad, A. A. Chand, N. M. Kumar, S. Narayan, and K. A. Mamun, “A Critical Review 

of Power Take‐Off Wave Energy Technology Leading to the Conceptual Design of a Novel 

Wave‐Plus‐Photon Energy Harvester for Island/Coastal Communities’ Energy Needs,” 

Sustain., vol. 14, no. 4, 2022, doi: 10.3390/su14042354. 

[5] , R. and J. Arifin, “Prototip Oscillating Water Columb (Owc),” Al Jazari  J. Ilm. Tek. Mesin, 

vol. 5, no. 1, pp. 14–17, 2020, doi: 10.31602/al-jazari.v5i1.3042. 

[6] O. Farrok, K. Ahmed, A. D. Tahlil, M. M. Farah, M. R. Kiran, and M. R. Islam, “Electrical 

power generation from the oceanic wave for sustainable advancement in renewable energy 

technologies,” Sustain., vol. 12, no. 6, 2020, doi: 10.3390/su12062178. 

[7] S. Bozzi, G. Besio, and G. Passoni, “Wave power technologies for the Mediterranean offshore: 
Scaling and performance analysis,” Coast. Eng., vol. 136, pp. 130–146, 2018, doi: 

10.1016/j.coastaleng.2018.03.001. 

[8] T. Aderinto and H. Li, “Review on power performance and efficiency of wave energy 
converters,” Energies, vol. 12, no. 22, pp. 1–24, 2019, doi: 10.3390/en12224329. 

[9] I. S. Arief et al., “Response to Pontoon and Pendulum Motion at Wave Energy Converter 

Based on Pendulum System,” E3S Web Conf., vol. 43, pp. 1–11, 2018, doi: 

10.1051/e3sconf/20184301022. 

[10] A. F. d. O. Falcão, “Wave energy utilization: A review of the technologies,” Renew. Sustain. 

Energy Rev., vol. 14, no. 3, pp. 899–918, 2010, doi: 10.1016/j.rser.2009.11.003. 
[11] A. Maria-Arenas, A. J. Garrido, E. Rusu, and I. Garrido, “Control strategies applied to wave 

energy converters: State of the art,” Energies, vol. 12, no. 16, 2019, doi: 10.3390/en12163115. 

[12] X. Xiang, T. Viuff, B. Leira, and O. Øiseth, “Impact of hydrodynamic interaction between 
pontoons on global responses of a long floating bridge under wind waves,” Proc. Int. Conf. 

Offshore Mech. Arct. Eng. - OMAE, vol. 7A, pp. 1–10, 2018, doi: 10.1115/OMAE201878625. 

[13] H. Matsuki, K. Nagano, and Y. Fujimoto, “Bilateral Drive Gear - A Highly Backdrivable 
Reduction Gearbox for Robotic Actuators,” IEEE/ASME Trans. Mechatronics, vol. 24, no. 6, 

pp. 2661–2673, 2019, doi: 10.1109/TMECH.2019.2946403. 

[14] S. Chandrasekaran and Harender, “Power Generation Using Mechanical Wave Energy 

Converter,” Int. J. Ocean Clim. Syst., vol. 3, no. 1, pp. 57–70, 2012, doi: 10.1260/1759-

3131.3.1.57. 

[15] H. S. Hilman, “A Elemen Transmisi Lampu Belajar Tenaga Gravitasi Untuk Siswa di Daerah 

Tertinggal,” TEKNOSAINS  J. Sains, Teknol. dan Inform., vol. 7, no. 1, pp. 29–35, 2020, doi: 

10.37373/tekno.v7i1.5. 

 


