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Abstract)

Indonesia is the largest archipelago country in the world with the second longest
coastline in the world. Along the coast it has the potential for wave energy to be
developed into renewable energy. Therefore, it is necessary to have studies on
parameters which have an influence on the potential density and the potential
technology of energy absorption from ocean waves. Parameters of buoy diameter and sea
wave height are considered to provide a significant effect on energy absorption and many
researchers have examined this. However, no research has been found that examines the
relationship of wave height, shape and diameter of buoy diameter to wave energy
absorption based on ocean characteristics in the Indonesian Archipelago. Therefore
researchers interested in researching about the case. The assumption in this research is
that variations in wave height based on Indonesian sea characteristics can provide basic
information in designing a Floating Wave Energy Converter (WEC) appropriately. The
theoretical approach used is the Strip Theory Method. The results of this study are that
wave height does not have a significant effect on the absorption efficiency of buoys, but
it does have a significant effect on the amount of energy absorbed from the potential
wave energy available and the suitability of diameter size with wave height will provide
optimal energy absorption efficiency.

Keywords: Wave Height, buoys, Strip Theory Method.

1. Introduction

Indonesia is f3 largest archipelago in the world with a total number of islands
estimated at 18,108. Indonesia is located between the Pacific and Indian Ocean, and
connects two continents, Asia and Australia. Located between the longitude of 94°45 E
and 141°05 and between latitudes 6°08 N and 11°15’, the total area of Indonesia is
approximately 2.8 million square kilometers with a coastline length of 54,716 km. If
Indonesia's exclusive economic zone (EEZ), which stretches beyond the archipelago, is
included in the Indonesian sea area, the total area of Indonesia reaches 7.9 million
square kilometers [1,2,3]. Based on these goegraphic conditions, Indonesia has
considerable potential to utilize sea energy, especially from wave energy, currents, tides
and thermal seas. Ocean waves are a source of ocean energy which hasffhe highest
energy density among ocean energy potentials. Masuda can be considered the father of
modern wave energy technology [4]. In general, sea wave energy absorbers are cdfilled
out using insulated absorbent buoys. Insulated absorbent buoys are divided into three

[16]
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main methods for absorbing energy from waves. The first type uses a linear generator
directly which usually induces high power at low speeds compared to conventional
generator speeds. The second type uses a hydraulic device, this equipment uses a float-
insulated float motion to move the hydraulic actuator and then rotates the hydraulic
motor. Hydraulic motors are used as a driving source for electric generators. The third
type uses a mechanical system, this system has been patented since 1929. This type
remains a concern of researchers until now because they have some advantages
compared to other types. The advantage of this type is that its size can be reduced and
can be used in locations near the coast so that it can reduce construction, maintenance
and operational costs. [5] . Many researchers have done research on the wave energy
absorption of insulated buoy systems, but similar studies based on the characteristics of
Indonesian ocean waves are lacking. Therefore this research was conducted with the aim
to examine the suitahility of the parameters of the buoy bullet shape and wave heights
in the Indonesian sea areas.

2. Methodology
2.1. Floating buoy response

Sea waves are random and irregular movements of sea level rise and fall
(irregular waves). To simplify problem solving in reseaffh the ocean waves are assumed
to be regular waves with simple harmonic motion. Simple harmonic motion is the
alternating motion of objects through a certain equilibrium point with the number of
vibrations of the object in every second always constant. Floating objects on the surface
of the water will respond to the harmonic motion of the incoming wave both in the form
of motion or in the form of a force like the Fig.1 The basic equilibrium buoy force
equilibrium experienced by the buoy can be modeled as the following mathematical
equation [9]:

AF 4 DZ + CZ = FCOS(WE)  eerenreereeeeeeeeeeseessereesnsansssssssssesssssssssssessee sevessnnsmnsenneasb )

Harmonic motion response from a buoy can be calculated with a mathematical approach,
both the distance of motion, velocity and acceleration with the basic equation of motion

Ze=Zxsin(@t+&) ] creiieiiiiiiiiiie e e e e e (2)

Input Wave |- Output Mt:.afiqn
Floating “_y_"' ) k Wave

Fig.1 Schematic Floating Absorption

2.2. Respon Amplitude Operator (RAO)
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Amplitude Operator Response (RAQ) Spectra method i#la way to find out a
structural response due to regular wave loads in each frequency. RAO or often referred
to as the Transfer Function is a response function that occurs due to waves in the
frequency range thatfEMects the offshore structure. RAO can also be defined as the
relationship between the amplitude of the response to the amplitude of the wave. Can
be stated with a mathematical form that is ({ re§Jonse /  wave). The amplitude of the
response can be movement, voltage, or vibration. RAQ is also referred to as the Transfer
Function because RAO is a bl for transferring external loads (waves) in the form of
responses to a structure. The general form of the RAO equation in the frequency function
is as follows [9):

2.3. Energy and Wave Power

Total wave energy is the sum of potential energy and kinetic energy. Potential
energy is formed due to the displacemeffibf water surface by the influence of waves.
Kinetic energy is the energy that arises due to the speed of water particles caused by
wave motion. The total energy of the wave energy can be calculated based on the
following equation [5,7]:

E =22 P2 [[/M02] ottt e e @

L

The shape of ocean waves in nature is generally very complex and random and
difficult to describe mathematically because of its non-linearity [10]. So to calculate the
power of a long unity wave, the speed of the wave group must be determined first. Wave
velocity can be calculated based on category of grouping, deep sea, transition sea or
shallow sea. The area of research undertaken is limited to the transitional sea so that
the equation can be written [11]

Individual Wave Speed :

€= o L = T = e (5)
T k @
Wave velocity Group
Cg = €Tl ot et e e e e e (6

n values that can be calculated using the formula:

n:§(1+L) .............................................................................................. @)

cos h(2kh)
The power obtained from the total energy of ocean waves is multiplied by the speed of a
large group of waves whose value can be calculated by the following equation [11]

Py = ErgrXCh [W/MN] oo s s s e (8)

2.4. Power Absorption and Efficiency

The magnitude of the potential power that can be absorbed by the floating buoy
depends on the length of the floating object segment through the wave, so that it can be
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formulated mathematically like the equation [5]:
P = Puxd [KW] oo (9)

Actually the power that can be absorbed by the buoy is the same as the
excitation power. Froude-Krvlov diffraction is an excitation force, the magnitude of which
can be calculated using equation [5]:

fa= pEghet™ — o7k [X] (10)

m

Where b is the width of the segment of the buoy (m) through which the waves travel.
The amount of excitation force experienced by a floating buoy depends on the
distance of the vertical motion (heave) of the buoy as in the equation below [5]:

Fy= f3. 28008 4+ @) [N] wrreeieerieeiiieeeiirinrinresiesreseesseseessnssssssssess s ssrsesens (1v

The absorption of a floating buoy is a representation of the absorption of the
excitation force and the speed of the heave, it can be written as [5]:

P, = %xIFellz'I.cosr,o ............................................................................. (12)

The efficiency of absorption of power by a buoy can be calculated comparing the
large potential power that can be absorbed with the force that is actually absorbed such
as:

Mg = "2 X100% —ooeeoee oo ee e (13)

3. Results and Discussion

Computational results of the potential power that can be absorbed by the buoy
in Fig. 2 (a), (b), (¢) dan (d) show that at the same encounter frequency and wave height
it turns out that the change in diameter size from 2.0 - 3.0 meters ha§Bsignificant effect
on the ability of the absorption potential by float. The same is seen in Fig. 3 (a), (b), (c)
and (d) regarding the actual absorption of the buoy. In Fig. 2 and Fig. 3 the difference in
the encounter frequency shifts that provide maximum absorption is the ability of the
potential absorption (P) to give maximum results around the 1.5 rad/sec encounter
frequency while the actual absorption (Pa) gives the maximum results around the
encounter frequency 3.0 rad / sec.
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Fig. 3 Graph of the actual power absorbed by the buoy

The absorption efficiency of the buoy in Fig.4 shows that for a wave height
variation of 0.5 -2.0 meters (H0.5 - H2.0) it turns out that a diameter of 2.5 meters (D2.5)
provides the greatest absorption efficiency compared to other diameters. The efficiency
value of the results that shows the difference in the three diameters observed, this is not
only a problem due to friction, but also due to the effect of the buoy weights so that it
affects the dynamics of heaven speed. Efficiency shows the results obtained are quite
large, but not yet an optimal value. Factors causing changes in the dynamics of heave
behavior are not entirely taken into account in this model.
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Fig. 4 Graph of buoyancy absorption efficiency
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buoys

Fig. 5 (a), (b) and (c) show that the change in the diameter of the buoy shape
gives a linear effect on energy absorption. Appropriate buoy diameter with

operating wave height must be optimized to increase buoy absorption efficiency.
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Fig. 5. Graph of the relationship between the dieter and the actual power

absorbed by the buoy

4, Conclusion

by the
In this

Conclusion has to be placed showing the achievement and information obtained
submitted work.

study, research was conducted on Indonesia's wave energy potential. Based on

the study found, Indonesia has the potential of wave energy that can be extracted with
wave energy converter technology in accordance with its characteristics. Some
conclusions can be drawn from this study:

Buoy wave diameter and height. By rotating the buoy diameter and wave height,
the pull of power also rises (as shown in Fig. 2 and Fig.3).

The efficiency of the buoy image on the wave height variation condition from 0.5
-2.0 meters, the float diameter of 2.5 meters provides the greatest saving
efficiency in the other diameters.

Changes in buoy diameter give a linear effect on changes in energy absorption
ability. The diameter adjusted to the operating wave height must be optimized to
increase buoy efficiency
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