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Indonesia has a population nearing 300 million and an electricity consumption of 1,285 kWh per
capita. However, Mentawai Waters which is surrounded by wave energy potential, still has 23 out
of 43 villages off-grid. This study examines energy extraction in Mentawai Waters using a Wave
Energy Converter (WEC) with a heaving device mechanism. It focuses on measuring heaving motion,
and excitation force, and calculating power and energy production. The heaving WEC device type is
selected for its suitability with the local environmental characteristics. The most important of which
are wave heights reaching 2.3 m and periods reaching 8.3 s. A combination of experimental testing
using the Towing Tank Laboratory and numerical methods with the Boundary Element Method
(BEM) is used to optimize the results. The tests focus on six variations of floater diameters ranging
from 23 to 33 cm, under wave heights of 0.04 to 0.08 m, with wave periods ranging from 0.6 s to 2.6
s. Both methods indicate that the 29 cm diameter (Floater Type 2) is the most optimal variation, with
an average mechanical power output of 446 watts, which is 26.17% higher than Floater Type 1. At a
1:1 scale, an array of 10 Floater Type 2 WECs, with a maximum annual energy output of 35,226 kWh,
confirms the point absorber as a suitable WEC type for Mentawai Waters, capable of illuminating key
areas, including public facilities.

1 Introduction

amounted to 543 million tons of CO,. The largest contri-
bution to the disposal of carbon gas emissions is 51%

Indonesia’s population experiences growth every  from power plants, 24% from motor vehicles, 19% from

year. As evidenced by projected data from the Central Bu-
reau of Statistics in 2030 Indonesia’s population will
amount to 296 million people [1]. As the population in-
creases, there will be an increase in national electricity
demand. In 2023, the national electricity demand is 1,285
kWh/capita [2]. Meanwhile, after projections, electricity
demand in 2030 is predicted to increase to 1,440 kWh/
capita. In addition, exhaust gas emissions are also a prob-
lem because in 2020 carbon gas emissions in Indonesia

industry, and the rest from other sectors [3].

The potential of renewable energy sources needs to
be effectively harnessed to meet national electricity de-
mands and reduce carbon emissions from conventional
power plants. One of the most significant renewable en-
ergy sources in Indonesia is ocean energy. In West Su-
matra, there is substantial potential in the wave energy
sector, with significant wave heights predominantly
ranging from 1.4 to 2.3 meters and wave periods rang-
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ing between 7.8 and 8.3 seconds representing 35% of
the total annual wave events. These data were based on
secondary data of annual significant wave events and
the outcomes of wave distribution modeling in Menta-
wai Waters [3]. The Mentawai Waters contain a poten-
tial of 171.6 kW and the Bengkulu Waters contain a
potential of 101.26 KW. This shows that Indonesia has a
large wave energy potential [5].

Unfortunately, wave power generation has not been
developed as much as ocean current power generation
[6], [7], [8]- When implemented at sea, research on ma-
terial type selection [9], [10], [11] is no less important
than research on performance. The technology Readi-
ness Level (TRL) of wave power generation is still rela-
tively low when compared to ocean current extraction
technology, namely between 6 and 7 [12], [13], [14]. Nu-
merous studies have been conducted to improve the
TRL, including prior research using experimental meth-
ods that focused on floater heights in WEC technology
with a heaving device [15]. The best scenario from the
study, which achieved a performance increase of up to
1.1%, was further explored in this research as a contin-
uation of the previous experiment.

Hydrodynamic coefficients of the WEC heaving de-
vice type can be calculated using BEM to obtain several
coefficients such as excitation force magnitude and me-
chanical power. This method was utilized in previous
research to investigate two Point Absorber designs us-
ing WaveAnalysisMIT (WAMIT) software combined
with experimental methods. The 1:25 scale model was
referenced by Powerbuoy and Wavebob [16]. A Point
Absorber with a large heave plate or a heavier plate
produces a lower natural frequency, allowing for better
power generation in small periods [17]. In continuing
the investigation of the effect of viscosity using the BEM,
the Finite Volume Method (FVM) has been employed to
determine the damping coefficient, which is not ob-
tained from the BEM approach [18]. Additionally, exper-
imental methods were employed to complement this

study, using models based on established references
[16]. Findings indicate that point absorbers can extract
up to 27% of the total available power.

The performance of floaters in generating mechani-
cal power can be evaluated through experimental meth-
ods [16][19]. To compare and validate the results, this
study employed both experimental and numerical anal-
ysis using BEM. The testing model dimensions were fol-
low those used in earlier studies to further explore the
readiness of the technology [15]. The selected floater
height was 8 cm, as it demonstrated the best perform-
ance in previous tests. The complexity of this testing is
essential to produce valid results, thereby contributing
to the enhancement of the TRL of the relevant technolo-

gy.

2 Material and Methods
2.1 Technology Assessment

2.1.1 Resource Assessment

A study in 2017 identified several potential locations
for harnessing wave energy across Indonesia, as shown
in Figure 1 [20]. Among the nine identified sites, the
Mentawai Waters stands out as one of the key areas,
marked with the letter “D”. The Mentawai Islands, locat-
ed off the western coast of Sumatra and facing the Indi-
an Ocean, offer a highly favorable environment for WEC.

Two primary wave characteristics in this region sup-
port its energy potential, regular wave clumps with a
consistent height of 1-2 meters throughout the year, and
larger swell waves with wavelengths up to 100 meters
and periods ranging from 0.9 to 15 seconds [21]. These
natural conditions make the Mentawai Waters an ideal
location for exploring wave energy generation. The
wave characteristics in the Mentawai region present an
untapped opportunity to address local energy shortag-
es, which are further detailed in Table 1.

Figure 1 The location of wave energy potential in Indonesia seas: Mentawai Waters [20]



128

Table 1 Mentawai Waters characteristics [4], [15], [22].
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Symbol Parameters Description

d Depth 30-200m

- Coordinates 98°35’ - 100°32’ E and 0°55’ - 3°21’S

- Region Offshore
Hs Wave height 0.5-2.3m

T Wave period 7.8-83s

p Power The average annual wave power is about 8 - 16 kW/m

with a maximum power of 16 - 20 kW/m
f Frequency of occurrence 35% total frequency of annual wave events

2.1.2 Wave Energy Converter Assessment

This research focuses on WEC that utilize heaving de-
vices using the Point Absorber Power Take-Off (PTO)
mechanism, a common type within the Oscillating Body
System (OBS) classification. Heaving device point absorb-
ers harness the vertical motion caused by ocean waves to
drive a PTO system, converting wave energy into electri-
cal power [23]. As outlined by [23] and [24] point ab-
sorbers are highly effective, particularly due to their
simplicity and capacity to function in various sea states.

Factors such as wave height (Hs), period (T) and
depth must be carefully considered when designing these

Table 2 Various types of heaving device WECs.

devices to ensure optimal energy capture [17]. The
adaptability of point absorbers to local environmental
conditions is critical to maximize energy output. Point
Absorbers that exhibit this heaving mechanism, are often
chosen for their straightforward design and potential for
high efficiency in various geographical locations [23],
[25], [26]. Table 2 provides an overview of various WECs
utilizing point absorber mechanisms for PTO, highlight-
ing potential options for efficient wave energy extraction.

The Seabased S2.7 wave energy converter is a float-
ing device designed to harness energy from wave height
ranging between 2 to 7 meters, with wave periods from
10.5 to 11 seconds. It operates in water depths exceed-

References

Type

TRL

d (m): Hs (m): T (s): P Produced (kW)

WEC Devices

-

Seabased S2.7 wave
energy converter
[27], [28], [29], [30]

Floating

>50 10.5-11 10-30

WEC C4 by
CorPower
[31], [32]

Floating

> 40 0.25-8 | 4.16-24.16 300

WaveNET SQUID,
Albatern Wave
Energy Ltd
[28], [33], [34]

Floating

20-150 0.3-6 9.5-10.5 75

P =

i

OPT PowerBuoy®

[25], [35], [36] Floating

30-3,000 7.6 -22.3 40 -500
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ing 50 meters and produces between 10 to 30 kW of
power per unit. This technology is well-suited for array
deployment, allowing for scalability to meet larger en-
ergy demands.

The WEC C4 by CorPower is another advanced float-
ing point absorber device, with a high TRL of 9, indicat-
ing its near-commercial development status. This WEC
operates in depths of over 40 meters and captures wave
energy from height ranging between 0.25 and 8 meters.
It operates efficiently in wave periods ranging from 4.16
to 24.16 seconds, producing up to 300 kW of power per
unit. CorPower’s technology focuses on maximizing en-
ergy extraction through advanced control systems, and
it is well-suited for regions with diverse sea states, mak-
ing it adaptable to various marine conditions.

The WaveNET SQUID, developed by Albatern Wave
Energy Ltd, is a floating WEC that functions in water
depths ranging from 20 to 150 meters. It captures ener-
gy from waves with height between 0.3 and 6 meters,
with wave periods from 9.5 to 10.5 seconds, producing
75 kW of power. This system is also designed for array
configuration, improving its overall energy production
capacity when deployed in larger setups.

The OPT PowerBuoy designed for operation across a
wide range of water depths, from 30 to 3,000 meters, is
the most versatile among these devices. It captures ener-
gy from waves with height of 1 to 5 meters and wave peri-
ods between 7.6 to 23.3 seconds. With a power
production range of 40 to 500 kW per unit, this device
demonstrates significant flexibility and scalability for var-
ying marine environments. Its ability to perform in deep

waters makes it a particularly viable solution for regions
like the Mentawai Islands, which face deep-water chal-
lenges yet hold vast potential for wave energy extraction.

Based on the analysis, the OPT PowerBuoy was se-
lected as the most suitable WEC for deployment in the
Mentawai Islands. This choice was made due to several
factors aligning with the region’s deep-water character-
istics. The floating design of the OPT PowerBuoy allows
it to operate efficiently across depths ranging from 30 to
3,000 meters, ensuring flexibility in diverse marine con-
ditions [26], [35]

Additionally, it offers a robust power output ranging
from 40 to 500 kW, making it capable of capturing sig-
nificant wave energy in the open ocean [25]. This high
output, combined with its proven ability to perform un-
der varying wave heights and periods, solidifies its se-
lection as the most optimal solution for wave energy
extraction in this study [23], [24].

2.2 Experimental Method

2.2.1 Physical Model Geometry

The geometry data for the Point Absorber used in
this study, both in experimental and numerical testing,
was sourced from prior research. An earlier study noted
that the geometry was scaled down using a 1:10 ratio of
the PowerBuoy developed by Ocean Power Technolo-
gies [15], [16]. The illustration of the model to be used
in the experimental testing is shown in Figure 2, and
each parameter is further explained in Table 3.

Ball
—> Motion
. Tracker
Reaction w Floater
Body A—ﬁ
4 Load Cell
Mooring 4—_—'/ Yy
System N
Figure 2 The design model of heaving device WEC [15].
Table 3 Detail specifications of the physical model.
Component Symbol Value
Floater height 8 cm

Floater diameter

Floater Type 1 (27 cm)
Floater Type 2 (29 cm)

Floater displacement

491 Kg

Floater material

Ethylene-vinyl acetate foam (EVA foam)
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As explained in Table 3, one of the variations in this
study is the floater diameter. The floater with a diame-
ter of 27 cm was referred to as Floater Type 1, while the
floater with a diameter of 29 cm was referred to as
Floater Type 2.

2.2.2 Experimental Setup

The test was carried out at Institut Teknologi Sepuluh
Nopember (ITS), by using the ITS Hydrodynamics labora-
tory. The setup of the Towing Tank in this laboratory is
depicted in Figure 3 and Figure 4. This laboratory has di-
mensions of 50 meters in length, 3 meters in width, and 2
meters in height, with a water depth of 1.95 meters. The
wave generator utilized a plunger system capable of pro-
ducing both regular and irregular waves. The maximum
wave heights that can be generated are 0.3 meters for
regular waves and 0.7 meters for irregular waves, with a
wave period range of 0.5 to 3.0 seconds [8].

In this study, wave heights of 0.02 m, 0.03 m, and
0.04 m were utilized, along with wave periods of 0.6 s,
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Wave Maker

Model Point
Absorber

Figure 3 Towing Tank facilities with WEC physical model and
instrumentations.

1s,1.45s,1.8s,2.2s,and 2.6 s, using regular waves. The
model was positioned 15 meters from the wave genera-
tor to ensure that the waves would reach the test object
quickly. The illustration of this placement can be seen in
Figure 4 (a) and (b) [15]. This study focused on varia-
tions in floater diameter (Df), which are referred to as
Floater Type 1 and Type 2, as shown in Table 3.

Side View

/ Heave Camera

Wave Maker Paddle ; Train Model Design
Wave Grid ) Model Design / Camera
/ . Ll
7 ’’ Wave Absorber,
10m
15m

Mooring Rope\

/ Anchor

50 m

(@)

Top View

Wave Grid

\

Pedal Wave Maker

<— Anchor

Wave Camera
<— Anchor

Prototype
e Camera /

+«— Train

/ Anchor

Long View Camera

&

(b)

Figure 4 Schematic diagrams with (a) side view and (b) top view [15].
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Figure 5 Heave motion instrument calibration.
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Figure 6 Load cell calibration in (a) Y+ axis and (b) Y- axis measurement.

2.2.3 Instruments Calibration

Instruments are crucial to measure mechanical pow-
er, excitation force, and heave motion in WEC. The first
instrument calculated heave force through the integra-
tion of a camera and image tracking software. The cam-
era detected the motion of a ball, as shown in Figure 2,
and the software calculated its displacement to measure
heave accurately.

The calibration process involved suspending an ob-
ject that could be easily captured by the camera, with its
position varying from 0 to 60 cm in 10 cm increments.
Each movement was recorded by the camera and soft-
ware, and the resulting data were compared to the in-
tervals marked on the measuring tape. As shown in
Figure 5, a correlation of 0.999 was achieved, indicating
minimal error in the instrument.

The second instrument and calibration were con-
ducted for the load cell sensor using weights ranging
from 100 to 1000 grams in 100-gram increments. The
weights were measured with a balance scale and then
re-measured with the load cell. The calibration results,
shown in Figure 6 (a) and (b), indicated strong correla-
tions, with coefficients of 0.9999 for the Y+ direction
and 0.9997 for the Y- direction, confirming the accuracy
of the load cell sensor.

2.3 Numerical Method

2.3.1 Numerical Model Geometry

Numerical simulations were conducted using the
BEM method with Ansys software and the Ansys Aqwa
solver, based on model specifications matching the ex-
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Mesh Sizing
0.007 m

Figure 7 Numerical model geometry and meshing.

perimental setup. Additional variations in diameter,
specifically 23 cm, 25 c¢cm, 31 cm, and 33 cm, were in-
cluded to perform an initial analysis of diameters clos-
est to those used in the experiments, providing a basis
for comparison and further evaluation.

To optimize the meshing process, some non-essential
components like brackets, holders, and smaller parts of
the spar were omitted. This adjustment aimed to improve
simulation accuracy and efficiency. In the numerical
model, only the submerged sections were included, as
the hydrodynamic analysis in Ansys Aqwa focused solely
on water-immersed components. The model used in this
numerical simulation is shown in Figure 7.

2.3.2 Grid Independence Study

The meshing process significantly affected the accu-
racy of the simulation, as smaller mesh sizes and a high-
er number of meshes resulted in more accurate
outcomes. In BEM simulation, a finer mesh also enabled
the simulation to cover a wider range of wave frequen-

13
E 1.0 f
B —
o
§ 08
05 - -
17,500 20,000 22,500 25,000

Mesh number

Figure 8 The grid independence study.

cies. A Mesh independence study was conducted by se-
lecting a single Response Amplitude Operator (RAO)
value and varying the mesh size through several grid ex-
periments until the RAO value stabilized [19].

Testing began with a mesh count of 18,500, which
was then gradually increased. When the mesh count
reached approximately 23,500, a stable graph was
achieved, as shown in Figure 8. This indicated that fur-
ther increases in the number of meshes would not pro-
duce significant effects, while a higher mesh count
would extend the simulation time. Therefore, a mesh
count of 23,460 was chosen as a compromise between
accuracy and computational efficiency.

2.4 Performance Parameters

2.4.1 Heaving Performance

Heaving performance can also be referred to as the
floater’s reaction RAO, and it is observed from the float-
er reaction above the wave-affected water surface. To
obtain a value for one point on the RAO or performance
heaving graph, an average must be taken for each wave
period of the conversion process of experimental data
into time series. The value of the wave’s height will be
divided by the average value of each wave period to
generate a non-dimensional parameter value.

RAO (w) = (%) (1)

RAO (w) is the Response Amplitude Operator, which
represents the ratio of the amplitude of motion of a
structure to the amplitude of the incident wave at a giv-
en frequency (w). In this formula, { denotes the ampli-
tude of motion of the structure, while ¢, refers to the
amplitude of the incident wave. This relationship helps
quantify the structure’s response to wave forces, pro-
viding insight into how the system will react under dif-
ferent wave conditions.

2.4.2 Excitation Force and Relative Velocity

The translational equation follows Newton’s second
law and is written as:

m-a=F (2)

Equation (2) shows that F represents the total force
acting on the body, where m is the mass, and a is the
translational acceleration. In this study, the Floating
Point Absorber device consisted of two main parts: a
floater and a reaction body, connected via a linear mass-
spring-damper system to simulate the PTO mechanism.
The primary focus was on heaving motion, meaning the
system operated with one degree of freedom. The equa-
tions of motion for each part of the system were re-
duced to the equation below:
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Floater:m,-a,= (F),+F,, (3)

(4)

The subscripts F and R refer to the floater and reac-
tion body respectively. The vertical force component, Fz,
represents the heave force. The PTO force is modeled as
a spring-damper system and is expressed as:

Reacting Body : m, - a,=(F),-F,,

F

prO =

Coro " (Up=Up) = (5)

Where K, represents spring stiffness and C,,, re-
fers to the damping coefficient that governs power ab-
sorption. In contrast to conventional setups, our system
replaced the PTO with a load cell to measure excitation
forces. The primary objective here was to assess the dy-
namic behavior of the system, rather than focusing on
energy extraction. The energy capture process, instead,
was estimated through mathematical methods, with the
average power output being derived by multiplying the
PTO force by the instantaneous relative velocity, as
demonstrated in equation (6) in the next section.

(ZF - ZR)

PTO

2.4.3 Mechanical Power and Energy

This study did not examine the generation of electri-
cal energy in depth. But after finding the force of the
floater and its displacement speed, it can be calculated
the power generated through the following equation [4]:
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P=P()=F,,(6) U, (0 (6)

Where is the mechanical power (watts), is the P(t)
excitation force of the floater (Newtons), and is the rela-
tive speed of the floater (Fpm(t) U (t) M/s). To produce a
non-dimensional value, it will be divided by the ampli-
tude of the squared wave.

AEP=8760-A -P_  (kWh) (7)

AEP represents the total energy output of a device
over a full year. The figure of 8,760 hours corresponds
to the total operational time in a year, based on continu-
ous 24-hour daily operation. An availability factor (Av)
of 90% was applied, accounting for the proportion of
time the device is expected to remain operational func-
tional [37], [38]. In this approach, the average power
was substituted with the average mechanical power
output to provide a more precise calculation of annual
energy production.

3 Results and Discussion

3.1 Experimental Method Results

Data retrieval was conducted by recording the mod-
el’s movement, followed by importing the video into an
image processing application. The movement data, cap-
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Figure 9 The experimental raw data from variation Floater (a) Type 1 and (b) Type 2.
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Figure 11 The velocity performance of Floater (a) Type 1 and (b) Type 2.

tured as time series, corresponded to the Point Absorb-
er’s motion. To ensure accurate data processing, the raw
data was trimmed to focus on the stable segment, and
the results of the data are presented in Figure 10. This
enabled the generation of a heave performance graph
(RAO) using Equation 1. All graphs in Figure 9 below re-
flect identical wave conditions, with a wave height of 6
cm and a period of 1.4 seconds.

As seen in Figure 10, Floater Type 2 demonstrates a
5% increase in heave performance compared to Floater
Type 1. This indicated that a larger floater diameter re-
sults in improved heave performance. This aligned with
prior study findings [17], which suggested that larger
floaters exhibit better performance due to their im-
proved dynamic responses associated with greater di-
ameters. The increased surface area enhanced
interaction with wave energy, facilitating greater energy
capture and more stable oscillations. These dynamic ad-
vantages enabled a more efficient transfer of wave en-
ergy to mechanical motion, which was vital to optimize
the overall performance of WEC.

However, several factors influenced these results, in-
cluding floater weight and various dimensional param-
eters. Prior studies have highlighted that both the
weight and the diameter-to-wavelength ratio of the
floater significantly affect its response sensitivity, un-
derscoring the need for further research to validate
these findings [17]. Notably, despite variations in RAO,
both Floater Types exhibited nearly identical average
fluctuation velocities, as illustrated in Figure 11. This
suggests that while the design dimensions play a crucial
role in performance, other parameters must also be
considered to fully understand their impact on the sys-
tem’s dynamics.

To calculate the excitation force magnitude, an ana-
lytical approach is applied by dividing the force ob-
tained from the experimental method by the wave
height, resulting in the graph shown in Figure 12. The
graph indicates a 3% increase in excitation force with
variations in floater diameter at a wave period of 1.4
seconds. It can be concluded that the excitation force in-
creased as the floater diameter changed. In Figure 12,
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Figure 13 The mechanical power of Floater (a) Type 1 and (b) Type 2.

Norm Excitation Force represents the normalized exci-
tation force, which is obtained by normalizing the exci-
tation force with respect to the corresponding wave
height. Through the excitation force data, we obtained
the mechanical power graph, as shown in Figure 13.

To calculate mechanical power, analytical calcula-
tions based on Equation 6 were crucial. Mechanical
power is derived from the excitation force and velocity
speed, as shown in Figure 11 and Figure 12 respectively,
which presents the results for each variation in floater
diameter in Figure 13 (a) and (b). The average mechani-
cal power generated by the two floaters differed by
26.17%, with Floater Type 2 achieving an average of
447 watts, while Floater Type 1 averaged only 330
watts. The highest performance is observed with Float-
er Type 2 at Hs 0.02 m, reaching 1227 watts. This dem-
onstrated that the floater diameter played a significant
role in enhancing performance.

3.2 Numerical Validation

Numerical validation demonstrated good results, as
shown in Figure 14, where graphs (a) to (f) illustrate

the performance of RAO, excitation force, and mechani-
cal power. These results highlighted a general consist-
ency in trend lines between the BEM and experimental
data. Although BEM tended to overestimate certain val-
ues due to viscosity effects, this behavior was common-
ly observed. Nevertheless, the overall patterns aligned
well with experimental observations, indicating reliable
and robust numerical performance.

3.3 Numerical Method Results

The numerical simulation results in Figure 15
showed that floater diameter significantly impacted
RAO performance. The 31 cm diameter floater achieved
the highest peak RAO of approximately 1.9 m/m at 5
rad/s, outperforming the 29 cm floater by about 26.7%.
In contrast, the 23 cm floater had the lowest peak RAO
of around 1.1 m/m, indicating limited energy absorp-
tion. Larger diameters like 33 cm show diminishing re-
turns, with performance slightly declining beyond 5
rad/s. These results emphasized the importance of opti-
mizing floater size to balance energy conversion effi-
ciency and stability.
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Figure 14 Numerical validation of Floater (a) Type 1 and (b) Type 2.

Based on the heave performance results shown in Fig-
ure 15, there was an improvement in performance from a
floater diameter of 23 cm to 31 cm. However, the varia-
tion with a floater diameter of 33 cm experienced a de-
crease of 4% at its peak position when compared with

the floater diameter of 31 cm. This suggested that the im-
provement in floater diameter performance had a limit at
a certain value, consistent with prior studies indicated
that the optimal floater diameter is typically half the
wavelength or an odd multiple of the wavelength [37].
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Figure 15 The heave performance results from numerical methods.

Figure 16 The motion contours of floater and spar at full wave.

Figure 16 observed that the maximum displacement
of the floater structure occured at the wave crest and
trough. In contrast, the spar structure exhibited mini-
mal movement at these points, and an oscillation phe-
nomenon was detected between the two structures.
During the movement from the wave crest to the trough,
the spar structure experienced upward motion, a be-
havior mirrored in the movement from the wave trough
back to the crest. These dynamics highlighted the differ-
ent response patterns of the floater and spar structures
in wave conditions.

The excitation force magnitude with varying floater
diameters (Df) is shown in Figure 17. The variation
from 23 cm to 31 cm resulted in a 12% increase in exci-
tation force magnitude. However, the 33 cm diameter
showed a decrease, The trend was still the same as
shown in Figure 15. The 31 cm floater diameter pro-
duced the highest excitation force, but its narrow graph
area indicated less ideal performance for wave periods
other than the peak.

When comparing the mechanical power shown in
Figure 18 representing numerical testing and Figure 13
representing experimental testing, both results con-
verged on the conclusion that the 29 cm diameter
(Floater Type 2) performed well. Although the floater
with a 31 cm diameter demonstrated an 11.54% supe-
rior performance, the 33 cm diameter floater notably
exhibited a decline, suggesting that further increasing
the diameter might not necessarily enhance perform-
ance.

3.4 Annual Energy Production

Figure 19 shows that Floater Type 2 with a 29 cm di-
ameter was selected for further Annual Energy Produc-
tion (AEP) calculations using Equation 7, as it
demonstrated good performance in both methods. To
ensure accurate results, the reference was based on ex-
perimental testing rather than numerical simulations,
which tended to overestimate performance, as shown in
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Figure 18 The mechanical power from numerical methods.

Figure 13. The floater’s highest output was achieved at a
wave height of 0.02 m, producing 497.6 watts, followed
by 0.03 m (428.6 watts) and 0.04 m (414.2 watts), with
further details provided in Figure 20. These results
were then scaled to predict real-world outcomes. As
outlined in section 2.2, the WEC model was scaled down
by a factor of 1:10 for experimentation. To reflect real-
world conditions, the results must be scaled back up ac-
cordingly. The laboratory model, derived from the
full-scale OPT PowerBuoy, maintains key performance
characteristics while ensuring feasibility for testing.

While this study provides valuable insights into the
feasibility of WECs technology in Mentawai Waters, cer-
tain limitations should be acknowledged. The scaling ap-
proach used to estimate full-scale energy production
introduces inherent uncertainties, as real-world condi-

tions may involve additional hydrodynamic complexities
not fully captured in the experiments or simulations.
However, these estimations remain essential as an initial
benchmark for assessing the potential energy output and
guiding future implementations. Furthermore, while this
study primarily focuses on floater diameter variations,
other design parameters such as mooring configurations
and structural optimizations can be explored in subse-
quent research to enhance overall performance. The de-
vice, designed to operate in an array configuration,
achieved an average mechanical power of 446.8 watts.
When scaled to full size, this yielded a power output of
approximately 35,226 watts, as shown in Figure 20.

The application of this WEC technology can signifi-
cantly benefit local communities, particularly by provid-
ing much-needed lighting in areas without electricity.
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One potential use is the installation of streetlights to im-
prove mobility and safety for residents in remote villag-
es. With each village requiring 20 streetlights, each
consuming 200 watts and operating for 10 hours daily
(from sunset to dawn), an array of 10 WEC devices us-
ing Floater Type 1 can power over 483 streetlights. This
can effectively provide lighting for all 23 villages, greatly
enhancing local infrastructure and quality of life.

In a previous study focusing on floater height [15], the
results were inconsistent, with Floater Type 1 achieving
the highest peak performance, while Floater Type 2 had
the highest average performance. This suggested that
floater height had a limited impact on overall perform-
ance. In contrast, the experimental results in this study
show that increasing the floater diameter improved per-
formance by 26.17%, indicating that floater diameter
played a more crucial role than height variations.

4 Conclusions

This follow-up study evaluates the suitability of WEC
technology focusing on the performance of a heaving

device using point absorber mechanisms for Mentawai
Waters. The model used adopts the OPT PowerBuoy
WEC, selected for its alignment with the region’s deep-
water and other characteristics. Experimental tests
were conducted in the Towing Tank Laboratory at Insti-
tut Teknologi Sepuluh Nopember, Surabaya, with two
floater configurations Floater Type 1 (27 cm) and Float-
er Type 2 (29 cm). The experiments were carried out
under various wave conditions (Hs: 0.04 m, 0.06 m, 0.08
m; T: 0.6 s to 2.6 s). Additionally, numerical simulations
using the BEM method were performed, incorporating
additional floater diameter variations (23 cm, 25 cm, 31
cm, and 33 cm) for comparison with the experimental
setup. Both the experimental and numerical results con-
sistently showed that Floater Type 2, with a diameter of
29 cm, outperformed the other configurations, provid-
ing the best heave performance, excitation force, and
mechanical power output. This was demonstrated by
the average mechanical power generated by Floater
Type 2, which was 447 watts, while Floater Type 1 only
averaged 330 watts, a 26.17% difference. The full-scale
AEP prediction for the WEC system in Mentawai Waters
reached a maximum of 35,226 kWh. This scaling ap-
proach has inherent uncertainties due to unmodeled re-
al-world hydrodynamic complexities but remains a
useful reference for initial assessment. Based on these
findings, an array of 10 WEC units is recommended, ca-
pable of illuminating 23 villages, each with 20 street-
lights rated at 200 watts, with Floater Type 2 as the
most suitable configuration for maximizing energy out-
put.
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