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Abstract

The growing demand for electricity and the environmental impact of fossil fuel use have
increased interest in renewable energy sources, including ocean wave energy. As a country with
vast marine resources, Indonesia has significant potential to harness ocean waves as a clean and
sustainable energy solution. This review explores various Wave Energy Converter technologies
with a primary focus on the Oscillating Water Column system. The analysis covers ten recent
studies that examine energy conversion efficiency, hydrodynamic performance, and field
implementation. The findings indicate that the Oscillating Water Column system generally offers
higher efficiency and greater operational stability than overtopping devices. Key factors
influencing performance include wave height, wave period, chamber geometry, and turbine
configuration. Case studies such as LIMPET in Scotland and OBREC in Italy provide evidence
of real-world viability. Despite these advantages, challenges remain in terms of high construction
costs, material durability in marine environments, and infrastructure limitations in coastal regions.
This review highlights the importance of continued innovation, local adaptation, and policy
support to enable the broader adoption of ocean wave energy, especially in island nations seeking
to enhance energy resilience and reduce carbon emissions.

Keywords: energy conversion, ocean wave, Oscillating Water Column, renewable energy, wave energy
converter

Introduction

Energy is an important aspect that supports the creation of a good quality of life, because
almost all human activities and mobility every day are very dependent on the availability of
sufficient and sustainable energy [1]. Energy is the capacity or ability to do an effort or cause a
change [2]. In general, energy can be grouped into two types, namely based on its availability and
based on its origin. When viewed from its origin, energy sources are divided into two, namely
primary energy and secondary energy [3]. Primary energy can be further utilized by being
processed into secondary energy, an example of which is electrical energy produced from biofuels
[4]. Primary energy can be further utilized by being processed into secondary energy, an example
of which is electrical energy produced from biofuels [5]. Secondary energy is a conversion of
primary natural resources [6]. On the other hand, when viewed in terms of availability, energy is
divided into two types, namely non-renewable energy and renewable energy, both of which are
included in the primary energy category based on their origin, because they can be utilized directly
according to their potential [3]. Non-renewable energy is energy from limited sources that cannot
be renewed and have a negative impact on the environment, while renewable energy comes from
natural sources that can be produced continuously and are environmentally friendly [7]. One
example of a non-renewable energy source is fossil fuel [8] .
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Energy needs in Indonesia are increasing along with economic growth, population, and
national industry [9]. Fulfillment of current energy needs is a crucial aspect in efforts to realize
national resilience, disruptions in energy supply can have a direct impact on the rate of economic
growth and the development process of a country [10]. Based on data from the National Energy
General Plan (RUEN), the per capita electricity demand in Indonesia in 2025 is estimated to reach
2,030 kWh (BaU), 1,892 kWh (PB), and 1,834 kWh (RK). While in 2050, the per capita electricity
demand is projected to be 6,723 kWh (Bal), 5,824 kWh (PB), and 4,935 kWh (RK) [11]. With
the projection of strong Indonesian economic growth in 2050, the need for electricity is expected
to increase rapidly to reach 6% per year, to meet these needs, it is necessary to switch energy
sources by adopting renewable energy technology, in the National Energy General Plan, the target
for renewable energy utilization is set at 23% in 2025 and increasing to 31% in 2031 [12].

The increase in electricity demand has encouraged the government to seek and develop
alternative energy sources, one of which is through the use of New and Renewable Energy (EBT)
to ensure the availability of electrical energy [13]. One type of renewable energy currently being
developed is marine energy, which in a number of countries has been used as an alternative energy
source to reduce the impact of climate change due to human activities and support energy security
in the future [14]. As an archipelagic country with around 17,508 islands with a coastline of +
81,290 km, Indonesia has great potential to utilize the sea as a new and renewable energy source
that is efficient and environmentally friendly, one of which is through the use of ocean wave
energy that can convert mechanical energy into electrical energy [15]. Ocean waves are one of
the renewable energy sources that are free of carbon emissions, so they can be used as an
alternative to replace non-renewable energy, the use of this alternative energy also supports the
achievement of sustainable development goals by providing clean and renewable energy [16].

Ocean current energy is one of the energy resources that has great potential and is important
in the development of renewable energy, this energy comes from the kinetic energy of ocean
water flow, especially from stable ocean currents in straits or waterways, as well as from tidal
currents that occur regularly, the utilization of ocean current energy can be done with principles
that are theoretically similar to wind power plant technology[17]. This energy comes from the
movement of the sea surface due to wind, and has the advantages of continuity and higher
predictability compared to solar or wind energy [18]. According to data from the International
Renewable Energy Agency (IRENA), the global ocean wave energy potential is estimated at more
than 29,500 TWh per year, but its contribution to total energy generation is still very small due to
challenges in terms of conversion efficiency, high initial investment costs, and the need for
technology that is resistant to extreme sea conditions [19].

To convert wave energy into electricity, a device known as a Wave Energy Converter (WEC)
is used. Wave Energy Converter (WEC) is a device used to utilize ocean wave energy to produce
electric current. This tool is designed with the typeheaving devicewhich works based on the
principle of vertical oscillation (up and down) of ocean waves to convert kinetic energy into
electrical energy[20]. WEC technology itself is used to capture and convert ocean wave energy
into electricity and WEC is also designed to utilize the kinetic and potential energy of waves to
convert it into electrical energy through various mechanisms such as vertical movement, water
pressure, or differences in water levels [21]. The main types of WEC include point absorbers,
oscillating water columns (OWCs), and overtopping devices, each of which has different
efficiencies and optimal operating conditions [19]. OWCs have a relatively simple working
mechanism with minimal moving components, all of which are located above the water surface,
this allows them to experience lighter mechanical loads and are able to absorb excess wave energy
more efficiently than other types of WECs [22]. Therefore, this article aims to provide a
comprehensive review of Wave Energy Converter (WEC) technologies, with a specific focus on
the Oscillating Water Column (OWC) system, through an examination of recent literature that
analyzes its efficiency, working principles, and implementation challenges within the context of
Indonesian waters.
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Materials and methods

The research design employed in this study is the literature review method. A literature

review is a type of research conducted by collecting a number of articles or journals related to the
research problem and objectives. This technique is used to identify and present various theories
relevant to the issue being addressed, serving as a reference for the discussion and interpretation
of the research findings [23].

Table 1. Literature Study Analysis

No.

Source

Research design

Research results

1

[24]

The results of the study show
that oscillating body systems have
the highest hydrodynamic efficiency
compared to other types of WECs,
especially when their characteristic
width is small. In contrast,
overtopping devices demonstrate the
lowest efficiency. Additionally, the
efficiency of the devices tends to
increase as the wave energy
potential at the location becomes
higher. The article also concludes
that improving efficiency at the
initial stage, particularly
hydrodynamic  performance, is
crucial for the  commercial
development of WEC technology.

The results of the study show
that oscillating body systems have the
highest hydrodynamic efficiency
compared to other types of WECs,
especially when their characteristic
width is small. In contrast,
overtopping devices demonstrate the
lowest efficiency. Additionally, the
efficiency of the devices tends to
increase as the wave energy potential
at the location becomes higher. The
article also concludes that improving
efficiency at the initial stage,
particularly hydrodynamic
performance, is crucial for the
commercial development of WEC
technology.

2

[25]

This study is a literature review
that discusses the characterization of
ocean wave energy resources,
spectral numerical models such as
SWAN, WW3, and WAM, wave
energy conversion technologies,
power take-off mechanisms, and
economic assessment based on
levelized cost of energy (LCOE).

The review findings show that
the region between 40° and 60°
latitude has the highest wave energy
potential. Numerical models can
provide accurate estimates when
calibrated with satellite or buoy data.
Wave energy converters are classified
into three main types, namely
oscillating water columns,
overtopping devices, and oscillating
bodies. The efficiency of PTOs varies
widely. The success of a project is
greatly influenced by the stability of
ocean energy and economic factors
such as capacity factors and levelized
energy costs.

3

[26]

This literature review discusses
the theoretical concepts, power
harvesting technologies, types of
wave energy converters, wave
energy  potential, installation
challenges, and future prospects of

This study shows that wave
energy converters have high potential
but are still limited by technological,
economic and policy barriers. Types
of WECs such as Pelamis, Oyster and
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using WECs in power generation
systems.

Point Absorber show efficiency levels
ranging from 25% to 90%.

4 [27] This literature review study Research shows that wave
provides a comprehensive overview energy conversion technology has
of ocean wave energy utilization advanced significantly in terms of
since the 1970s, covering wave design variations and technical
resource characterization, approaches. Several prototypes have
hydrodynamic theory, classification been successfully tested at sea and
and development of various types of have shown strong  potential.
conversion devices, and evaluation However, major challenges remain
of power take-off technologies and related to conversion efficiency,
mooring systems. device durability in extreme sea

conditions, and high construction
costs, highlighting the need for
continued support through research,
policy, and advanced technology
development.

5 [28] This comprehensive literature This study found that the
review maps out the direction of combination of biology-inspired
optimization research in wave algorithms and local search yielded
energy converters, covering layout the best results in layout optimization.
configurations, geometric The configuration of PTO parameters
parameters, power  harvesting and geometric design significantly
systems, and the application of affect the absorbed power
metaheuristic, biologically inspired, performance. Optimizing the
and local search algorithms to interaction between WECs,
improve efficiency and reduce costs. improving efficiency at a specific

frequency, and selecting the right
algorithm play a major role in
increasing the power output and
reducing the levelized energy cost for
large-scale

6 [29] This in-depth literature review Research  shows that the
examines theoretical, numerical, and interaction between WECs in an array
experimental  studies on the significantly affects the power
hydrodynamic behavior of wave absorption efficiency and should be
energy converter arrays, focusing on carefully considered in the design
device interactions, numerical process. Various approaches such as
modeling approaches, and key linear wave theory, numerical models
design challenges. based on BEM and FEM, and

laboratory-scale experiments have
been applied. No single method is
ideal for all scenarios, so
complementary  approaches  that
combine theoretical, numerical, and
physical  models are  highly
recommended.

7 [30] Numerical simulation studies Simulations show that

based on CFD using the Brinkman
penalty method were conducted on a

proportional control of the PTO
torque is required to maintain
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1:20 scale model to analyze the
performance and dynamics of the
ISWEC, including the PTO system,
geometry, and hull behavior under
regular and  irregular  wave
conditions.

gyroscopic precession and enable
power generation. The 2D model
proved to be quite accurate compared
to the 3D model. High efficiency was
achieved when the hull length ranged
from one third to one half of the
wavelength. The energy transfer from
the waves to the PTO was validated
both analytically and numerically.
The protection strategy of the device
under extreme weather conditions was
also successfully simulated.

8

[31]

This study uses a numerical
model based on linear potential
theory in MATLAB to simulate the
performance of various layouts and
spacing configurations of fully
submerged buoy-type wave energy
converters (WECs), arranged in
formations of two to five units with
varying orientations and spacings.
The simulations are based on real
wave data from four coastal
locations in Australia, aiming to
optimize the total annual power
output and energy efficiency within
realistic sea area constraints.

The results show that increasing
the number of buoys and the spacing
between WECs to the optimum point
results in higher power output and
annual energy output (AEO). The best
performance was achieved by the 5-
buoy configuration in Tasmania,
which achieved an AEO of 2.98
MWh. In addition, a q-factor greater
than 1 indicates constructive
interaction in the optimal layout,
which takes into account the angle
relative to the wave direction.

9

[32]

This study is designed to
develop and analyze the
performance of a hexagonal wave
energy converter with varying loads
(empty, 10 kg, 20 kg, and 30 kg) as
an alternative source of electricity
generation in the Java Sea waters.
The analysis was carried out using
numerical modeling through
software such as FreeCAD,
Rhinoceros, Maxsurf, and Ansys
Aqwa, focusing on the lift motion,
frequency, amplitude, and wave
spectrum based on the ITTC
approach.

The results showed that the
hexagonal converter with a load of 30
kg showed the best lifting motion
performance, achieving the highest
amplitude of 0.215818 meters at a
wave height of 0.8 meters and a period
of 1.675 seconds. This converter also
produced a maximum excitation force
of 908.5134 N, making it the optimal
configuration among the tested load
variations.
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10

[33]

This study uses the hindcasting
method based on wind speed and
fetch length data to determine wave
height, and calculates wave energy
using a mechanical energy approach
based on wave amplitude and
seawater density.

The results of the study show
that waves coming from the southeast,
south, and southwest have the
potential to generate electrical energy,
with the highest potential from the
southwest reaching 28,676.62
Joules/m?, followed by the south

reaching 8,042.63 Joules per square
meter, and the southeast reaching
2,432.23 Joules/m?2.

Results and Discussion

Based on the analysis of the literature review of 10 journal articles that meet the criteria for
ocean waves, the research article has the main topic of renewable energy. The results of the study
of the research article are presented in the following explanation:

1. Effectiveness of Electrical Energy Production from Ocean Waves Using the Oscillating
Water Columb (OWC) System

One method to utilize energy from ocean waves is through Wave Energy Converter (WEC)
or ocean wave energy conversion tool, one type that is widely studied is Oscillating Water
Column (OWC), the OWC system consists of four main components, namely chamber, air
turbine, generator, and pontoon, the chamber functions as a space where oscillations occur
between water and air, the air turbine captures energy from the air flow due to the oscillation,
which is then used to rotate the generator so that it can generate electricity [34]. The efficiency of
electricity production occurs when the up and down movement of the water column due to ocean
waves causes changes in air pressure in the space, the trapped air will flow out through the turbine,
rotate the turbine, and then produce electrical energy optimally [35].

The height of the sea waves has a major influence on the efficiency of electricity generation,
the higher the waves, the greater the electrical energy produced, where during one year at Location
A, the observed wave height and period showed that the greatest energy was produced when the
significant wave height was in the range of 1-2 meters with a period of 15-16 seconds, which was
10,809 kWh/m. Overall, the total electrical energy that can be produced from all waves during
one year reaches 45,969 kWh/m, while at Location B, during a period of one year, the greatest
energy was produced when the significant wave height was in the range of 1-2 meters with a
period of 15-16 seconds, which was 9,428 kWh/m. The total electrical energy that can be
generated from all waves during one year reaches 45,042 kWh/m [36]. In determining the amount
of total electrical energy produced, not only the height and period of the incoming waves, but also
the width of the chamber have a significant contribution in determining the amount of electrical
energy produced [37].

Overall, the Oscillating Water Column (OWC) System has proven to be one of the effective
wave energy conversion technologies in generating electricity. The efficiency of this system is
greatly influenced by the interaction between the movement of ocean waves, air pressure in the
chamber, and system design, especially in components such as generators and turbines. Turbines
used in OWC systems must have the ability to operate bi-directionally. Wells turbines show good
efficiency at low speeds but tend to stall. Meanwhile, Impulse Turbines offer higher stability as
well as better starting torque. In addition, other types of turbines such as radial turbines and special
turbines are also applied to optimize performance according to system characteristics and needs.
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2. Comparison of WEC Types between OWC and Overtopping Devices
2.1  Oscillating Water Column (OWC)
2.1.1  Working Principle

The oscillating water column (OWC) system consists of a concrete or steel structure that is
partially submerged and open at the bottom, allowing air to be enclosed above the free surface of
the water within it (Figure 1). The oscillating motion of the internal free surface produced by the
incident waves makes the air to flow through a turbine that drives an electrical generator [27].

RELIEF VALVE
1

<D| AIRTURBINE

Figure 1. Cross-sectional view of a bottom-standing OWC (Pico plant) [28].

The OWC system harnesses wave energy to generate electricity. Incoming waves cause the
water surface inside the column to rise and fall (oscillate), which compresses and decompresses
the air in the enclosed chamber above. This bidirectional airflow passes through an air turbine
connected to a generator, producing electricity. A relief valve is used to regulate the air pressure,
ensuring the system operates safely and efficiently.

2.1.2  Hydrodynamic Efficiency
Tabel 2. Efficiencies of Selected OWCs based on Simulation and Numerical Analysis Results

ID Scale of Wave Data Efficiency Comments
1 Laboratory [38 — 40] Information not Simulation and numerical
available analysis done to verify lab
tests
2 36 sea states at the Canadian 11.6% Annual, pre-design analysis
Pacific site including pneumatic,
mechanical, and electrical
efficiency
3 Real sea state at Monte Rectangular cross-section
Redondo in Chile (a) 40.87% (6.0 m by 12 m)
(b) 24.42% (radius = 7.6 m)

(©) 17.91% (radius = 6.77 m)
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14 sea states on the western 2%
coast of Portugal [41]

Pico Wave site (2)10%
(b) 31%

Laboratory [42] N/A

Laboratory [43] 45%

Laboratory [44] 71%

(a) Sea states (@ western coast N/A

of Portugal [45]

(b) Sea states @ western coast

of Portugal [46]

Sea states from Italian coast 15%

Simulation + geometric
optimization of OWC

Increase in efficiency by
using control valves
Average annual output vs.
rated power of air turbine

Geometry optimization.
Maximum efficiency occurs
when the ratio of the cross-
sectional areas of the orifice
and the air chamber = 0.66
(pneumatic efficiency)

Pneumatic efficiency

Geometry optimization:
Bottom profile
Instantaneous peak value at
resonance for a circular
bottom profile

(a) Shape optimization.
Almost sixfold increase in
pneumatic efficiency
claimed

(b) Geometry optimization
of device and turbine
optimization

50% increase in electrical
energy

Turbine optimization
Increase in electrical
efficiency

Table 3. Efficiencies of Wave Tanks and Sea Trials Performed on Selected OWCs.

ID Type Scale Efficiency Comments
11 Spar Buoy 1:7 (Wave Tank) N/A Aimed to use control
strategy to increase
turbine efficiency
12 Generic 1:50 (Wave tank) ~30% From pneumatic to
OowC mechanical stage
13 Generic 1:50 (Wave tank) ~30% Mechanical
OWC [47] efficiency

~7.5% Electrical efficiency
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14 Mighty 1:1 Sea trials ~5% Mechanical
Whale efficiency
~15% Electrical efficiency

15 Swank DK3 N/A 20% Pneumatic efficiency

2.1.3  Power Capacity
Table 4. Several major OWC devices and their power capacities [23].
Name/Location Capacity Comments
KVAENER/Norway 500 kW (Operation) N/A
Japan 60 kW Prototype
LIMPET/Scotland 75 kW prototype, * 500 kW  * Downgraded to 250 kW
operated later

India 150 kW N/A
Pico/Portugal [48] 400 kW N/A
Australia 450 kW N/A
Mutriku Spain 296 kW 16 units with 18.5 kW each
Mighty Whale 110 kW N/A
KRISO/South Korea 500 kW N/A
2.1.4  Prototype Example

]

1. Inlet Duct 7. Encoder
2. Butterfly Valve 8. Turbine Runner
3. Intermediate Duct Section 9. Parking Brake

4. Valve Mounting Flange
5.Radial Vane Valve
6.0uter Ducting

10. Electromagnetic Brake
I1. Settling Chamber
12. Flywheel

13. Generator

14. Turbine

15. Inner Ducting

16. Frame

17. Collector

18. Elliptical Nose Cone

Figure 2. LIMPET Instrumentation Coverage [49]
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Figure 3. Concept of Oscillating Water Column [50]

ok -

Figure 4. Prototype of LIMPET Constructed In 2000 on the West Coast Of The Scottish Island
Of Islay [51]

LIMPET serves as a full-scale prototype to demonstrate that OWC technology can operate
effectively, safely, and efficiently in real-world conditions, while also providing a platform for
research, optimization, and technology validation prior to further commercial deployment [52].

2.2 Overtopping Devices
2.2.1  Working Principle

Overtopping Devices work by utilizing the overflow of sea wave water into a reservoir or
reservoir 2 at a higher level than sea level and driving a water pump to generate electricity [53].
The Overtopping system consists of a ramp, reservoir, and turbine to convert ocean wave energy
into electrical energy, the waves propagate, rise to the ramp, and fill the reservoir thus creating a
high water column; this water is directed to the turbine which produces electricity [54]. Figure 4
illustrates the operating principle of this device.

Reservoir

gt \‘/\ Overtopping
) (%

Turbine Output

Figure 4. Operating principle of the Overtopping device [39]
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2.2.2  Hydrodynamic Efficiency
Table 5. Hydrodynamic Efficiency of Overtopping Devices based on Simulation and Numerical
Analysis

ID Scale of Wave Data Efficiency Comments

1 Full-scale simulation (Brazil), = 100% (Hs/Ls =0.33)  Best case with trapezoidal
Regular wave, H=1m, T = obstacle (Li/L. = 0.67),
7.5s improved 30% over

baseline.

2 Full-scale simulation (Brazil), 90% (Hs/Ls = 0.34) Still high performance.
Same wave config

3 Full-scale simulation (Brazil), 25% (Hs/Ls =0.37) Worst geometry.

Same wave config

4 Laboratory-scale (Brazil, 90% Good  agreement; error
validated) ~1.8% vs numerical.

5 Gulf of Naples, Italy 65-90% OBREC tested with
(OBREC), Real sea, wave + trapezoidal design,
wind improved energy + coastal

defense.

6 Western Portugal (OBREC), 70-95% Field-tested  overtopping

14 real sea states [55]

device performance under
site-specific sea states.

Table 6. Efficiencies of Wave Tanks and Sea Trials Performed on Overtopping Devices.

ID Type Scale Efficiency Comments
7 Single-level Model Scale ~4-5% Lower
Overtopping (Wave Tank) hydrodynamic
Device efficiency; consists
of only one reservoir
level, resulting in
more wave energy
loss.
8 Multi-level Model Scale ~6—-10% About 6%
Overtopping (Wave Tank) improvement
Device compared to single-

level; more effective

at capturing
overtopped water
with two-level

reservoirs.
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Based on East China

9 Multi-level Full Scale ~6% S diti (H
Overtopping (Simulated) (extrapolated) ca conditions S
. 1-1.5 m, T 4-7 s);
Device [56]
used as reference for
real-sea scenarios in
simulation setup.
2.2.3  Power Capacity
Table 7. Several major Overtopping Devices and their power capacities [57].
Name/Location Capacity Comments

OBREC (Naples, Italy)

~2.5 kW (pilot)

Full-scale prototype at San
Vincenzo breakwater; tested
in real sea.

SSG (Norway, WaveEnergy

Multi-reservoir system; high

AS) Up to 320 kW/module potential but complex and
costly structure.

Pico Plant (Azores, Portugal) ~40 kW average Uses Oscillating  Water
Column, but relevant as a
hybrid overtopping/OWC.

Mutriku OWC (Spain) ~296 kW total Not a pure overtopping device
but referenced in
overtopping-WEC contexts.

Proposed OBREC (San ~1.62 kW/m — ~2.5 Potential from 500 m

Antonio, Chile) GWh/year (est.) breakwater integration, not
yet realized.

2.2.4  Prototype Example

OVERTOPPING TANK
88 ,
an 40— %25 CONCRETE
450" | e |/ ] - CROWNWALL
Sea side : : g /
135 3 170 | NGl 290 UTER R
0.00 MSL 0.0 E: "I
122 057 4 \ TOUT—-VENANT S SN\ 2
il g&% o.':.! 0-1000 kg (15 % fine) 5 'o?:;r’ s, &
GEOTEXTILE SANDY BOTTOM
WAVE GAUGES FOR 3 105 m_
ACTIVE WAVE ABSORPTION
WAVE PADOLE | ¥ 32 m . ARRAY 1 FORESHORE ARRAY 2 STRUCTURE
N\ T e
I T 1/10 — =X
/ PRESSURE SEUSOR
30 m

Figure 5. Upper panel: Design cross-section of the west breakwater at the overtopping

wave tank [58]
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Figure 6. Conceptual design of the Overtopping Breakwater for Energy Conversion
(OBREC) [44]

Overtopping Breakwater for Energy Conversion (OBREC) can capture part of the energy
from incident waves that overtop the frontal ramp, the potential energy of the water stored in
the reservoir is then converted into kinetic energy, flowing through low-head turbines located
in a machine room behind the reservoir, the energy is thus converted into electrical energy by
means generators coupled to the turbines [59].

Conclusions

Ocean wave energy has great potential as a renewable energy source, especially in
archipelagic countries such as Indonesia. This review shows that Wave Energy Converter (WEC)
technology, particularly the Oscillating Water Column (OWC) system, offers high energy
conversion efficiency, good operational stability, and adaptability to various sea conditions. OWC
performance is influenced by chamber geometry, turbine configuration, and local wave
characteristics. The application of this technology can support energy security, reduce carbon
emissions, and strengthen coastal infrastructure. Case studies such as LIMPET and OBREC prove
that this technology can be commercially developed with the right design and policy support.
However, challenges such as high initial costs, material corrosion, and infrastructure limitations
remain key barriers. Successful implementation also depends on local institutional support and
community acceptance. Public education and community engagement are essential to build
understanding, increase social acceptance, and maintain project sustainability. With an integrated
approach that includes technological innovation, adaptive policies and community empowerment,
OWC systems have the potential to be an important part of the clean energy transition and
sustainable coastal development. Further research is needed to evaluate the economic,
environmental, institutional aspects, and integration with other renewable energy sources.
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