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Abstract: The growing global demand for electricity, coupled with the depletion of fossil fuel reserves and increasing
environmental concerns, has accelerated the development of sustainable and low-carbon energy sources. Among the
available renewable energy resources, ocean wave energy represents a promising alternative due to its abundant availability
and substantial energy potential, particularly in coastal and island regions. This study examines the potential of ocean wave
energy as a renewable source of electricity and reviews the technologies employed for its conversion. Through Wave Energy
Converter (WEC) systems, the kinetic and potential energy contained in ocean waves can be captured and converted into
mechanical energy, which is subsequently transformed into electrical power. The utilization of ocean wave energy offers
several potential benefits, including reduced greenhouse gas emissions, decreased dependence on fossil fuels, and increased
energy diversification. Nevertheless, its large-scale implementation remains constrained by high capital and maintenance
costs, variability in wave conditions, technological limitations, and the corrosive effects of marine environments. Continued
technological innovation and further research are therefore essential to enhance conversion efficiency, system reliability,
durability, and economic feasibility. The development of effective wave energy technologies could contribute significantly
to a more resilient, sustainable, and environmentally responsible future energy system.
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1. Introduction

The continuous growth in electricity demand has intensified the need for energy systems that are not only
reliable but also environmentally sustainable. Electricity is fundamental to economic activity, industrial
development, transportation, household consumption, and public services. However, the persistence of fossil-
fuel-based electricity generation presents two major challenges: the finite nature of fossil resources and the
environmental consequences associated with their use. In particular, the combustion of fossil fuels contributes
substantially to greenhouse gas emissions and environmental degradation. Consequently, the transition toward
renewable energy has become an increasingly important strategy for improving the sustainability and long-term
resilience of modern energy systems [1].

Marine renewable energy is a promising but underutilized resource. As an archipelagic country with
extensive marine areas, Indonesia has favorable conditions for developing ocean-based energy technologies.
Among these resources, ocean wave energy is particularly promising because wave motion contains kinetic and
potential energy that can be converted into electricity. This resource can support energy diversification and
reduce dependence on fossil fuels, especially in coastal and island regions where conventional electricity
infrastructure may be limited or costly to expand. Wave energy can be converted into electricity using Wave
Energy Converter (WEC) technologies, including oscillating water column, point absorber, and overtopping
systems. However, their performance depends on site-specific factors such as wave height, wave period, water
depth, and environmental conditions. Wave energy development also faces challenges related to variable
electricity generation, corrosion, extreme wave conditions, installation complexity, and high investment and
maintenance costs. Therefore, evaluating wave energy requires consideration of both resource availability and
technological and economic feasibility. Accordingly, this study analyzes the utilization of ocean wave energy for
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renewable electricity generation by examining its energy potential, conversion technologies, technical
challenges, and prospects for supporting a more diversified and sustainable energy system [2].

2. Materials and Methods

This study employed a qualitative literature review method to examine the utilization of ocean wave energy
for renewable electricity generation, focusing on wave energy potential, conversion technologies, and the
technical, environmental, and economic factors affecting their implementation. Secondary data were obtained
from relevant scientific publications, including peer-reviewed journal articles, conference papers, academic
books, technical reports, and publications from recognized energy and marine research institutions, using
keywords such as ocean wave energy, wave energy conversion, Wave Energy Converter, renewable electricity
generation, wave energy potential, and marine renewable energy [3].

The literature was selected based on its relevance, scientific credibility, and contribution to understanding
ocean wave energy, while studies unrelated to wave energy or its application to electricity generation were
excluded. The selected literature was analyzed using thematic and comparative approaches by examining
wave characteristics and energy potential, comparing WEC technologies based on their operating principles,
conversion mechanisms, technological characteristics, and site suitability, and assessing factors affecting
system performance, including wave variability, conversion efficiency, structural durability, corrosion,
maintenance requirements, and installation conditions. Finally, the findings were synthesized to evaluate the
feasibility of ocean wave energy based on resource potential, technological suitability, system reliability, and
economic feasibility, providing a basis for identifying its opportunities and limitations, particularly in coastal
and island regions [4].

3. Results

The analysis of the selected literature shows that ocean wave energy has considerable potential as a
renewable source of electricity, particularly in coastal and island regions. The amount of energy that can be
generated depends mainly on wave height, wave period, wave direction, and the consistency of wave conditions.
Several Wave Energy Converter (WEC) technologies, including point absorber, oscillating water column, and
overtopping systems, can be used to convert wave energy into electricity. Each technology has a different
operating principle and requires specific site conditions; therefore, its suitability is strongly influenced by local
wave characteristics, water depth, and environmental conditions. The results also indicate that variations in
wave conditions can cause fluctuations in electricity output, while exposure to seawater, corrosion, and extreme
wave conditions may affect equipment performance, durability, and system reliability [5].

In addition to technical factors, economic considerations play an important role in the development of wave
energy systems. High investment, installation, operation, and maintenance costs remain challenges for large-
scale implementation. However, improvements in WEC design, energy conversion efficiency, material durability,
and system control have the potential to enhance system performance and economic feasibility. Overall, the
findings indicate that ocean wave energy has promising potential for renewable electricity generation, but its
successful implementation depends on the availability of suitable wave resources, appropriate WEC technology,
reliable system performance, and economic feasibility. Thus, wave energy can contribute to renewable energy
diversification, particularly in coastal and island regions with favorable wave conditions [6].

4. Discussion

The findings indicate that ocean wave energy has meaningful potential as a renewable electricity source,
particularly in coastal and island regions, although its performance depends strongly on local wave
characteristics such as wave height, wave period, and seasonal variability. In Indonesia, wave conditions are
influenced by the monsoon system, resulting in significant spatial and seasonal differences in wave-energy
potential. Therefore, long-term resource assessment is essential for identifying suitable locations and selecting
appropriate Wave Energy Converter (WEC) technologies. Different WEC configurations respond differently to
wave conditions, making site-specific design more appropriate than the use of a single standardized technology.
Optimization of device geometry, power take-off (PTO) systems, and control strategies can further improve
energy capture and operational stability. However, variations in wave conditions can still cause fluctuations in
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electricity output, highlighting the importance of advanced control systems, wave prediction, and appropriate
energy management when integrating wave power into electrical grids [7].

The reliability of WEC systems is also affected by harsh marine conditions, including seawater exposure,
corrosion, extreme waves, and repeated mechanical loading, which may increase maintenance requirements
and reduce equipment lifetime. At the same time, improving structural survivability may involve a trade-off with
energy capture under normal operating conditions. In Indonesia, these challenges are particularly relevant
because, despite extensive marine resources and several regions with promising wave-energy potential, large-
scale commercial deployment remains limited. In addition, high capital, installation, and maintenance costs
continue to affect the economic feasibility of wave energy. Therefore, future development should integrate
long-term resource mapping, site-specific technology selection, WEC and PTO optimization, durable materials,
and techno-economic assessment. Such an integrated approach can improve system reliability and feasibility
while supporting the diversification of Indonesia’s renewable electricity supply [8].

5. Conclusion

This study concludes that ocean wave energy has significant potential as a renewable source of electricity,
particularly in coastal and island regions with favorable wave conditions. Its effectiveness depends on the
characteristics of the available wave resource and the suitability of the selected Wave Energy Converter (WEC)
technology. Since different WEC configurations have different operating characteristics, advantages, and
limitations, site-specific technology selection is essential to achieve effective energy conversion. However, the
development of wave energy remains challenged by variable wave conditions, harsh marine environments,
equipment durability, and relatively high investment and maintenance costs, which can affect energy output,
system reliability, and economic feasibility [9].

Overall, ocean wave energy can contribute to renewable energy diversification and reduce dependence on
fossil-fuel-based electricity generation. In Indonesia, further development should focus on detailed site
assessment, long-term wave-resource evaluation, technology optimization, and pilot-scale implementation.
Improvements in WEC design, conversion efficiency, control systems, and material durability are also necessary
to enhance system reliability and economic feasibility. These efforts can support the development of wave
energy as a more sustainable and reliable component of Indonesia’s future renewable electricity system [10].
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