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ABSTRACT: This study explores the potential of tidal energy as a renewable source,
detailing the development and future prospects of tidal turbine technology. Beginning with
historical concepts from ancient civilizations and the establishment of the Rance Tidal Power
Station in 1966, the chapter highlights pivotal advancements in tidal energy systems. It
outlines various turbine designs, such as tidal barrage and tidal stream technologies,
emphasizing the importance of efficiency and environmental impact assessments. Modern
research focuses on minimizing ecological disruption while enhancing turbine performance
through innovative materials and monitoring techniques. This study also discusses the role of
government policies and collaboration among stakeholders in fostering tidal energy
deployment. Despite existing challenges, the future of tidal energy appears promising, with
continuous research and innovation poised to unlock its full potential as a sustainable energy
solution, contributing significantly to climate change mitigation and energy security.

KEYWORDS: Tidal Energy; Renewable Energy Technology; Tidal Turbines;
Environmental Impact Assessment.

1. INTRODUCTION

Ocean energy, with a particular focus on tidal energy, represents a promising renewable
energy source that harnesses the kinetic and potential energy of seawater. Driven by
gravitational interactions among the Earth, Moon, and Sun, tidal energy holds significant
potential for electricity generation. As concerns over climate change and the quest for
sustainable energy sources intensify, research and development in ocean energy technology are
gaining momentum. This chapter explores the history, early developments, modern research,
and future potential of tidal turbine technology, supported by reliable references from scholarly
journals.

2. INITIAL CONCEPTS

The concept of harnessing energy from tides has a long history, with many ancient
civilizations acknowledging the potential of tidal forces. While early historical writings hint at
these concepts, significant experimentation in tidal energy began in the 20th century. The
energy crises that followed World War I prompted industrialized nations to explore alternative
electricity sources. Initial theoretical studies by pioneers such as Lord Kelvin in the late 19th
century laid the groundwork for understanding tidal forces and their energy generation potential
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[1]. However, it was not until the 1960s that serious efforts led to practical tidal power plant
development, resulting in several prototype projects.

3. FIRST TIDAL POWER PLANTS

The Rance Tidal Power Station, which commenced operations in France in 1966, marks
the first commercial tidal power plant. Located at the estuary of the Rance River in Brittany,
the plant boasts a capacity of 240 megawatts (MW) and utilizes a barrage system to harness
tidal energy [2]. By trapping water during high tide and releasing it through turbines during
low tide, the Rance plant generates electricity efficiently.

This pioneering project significantly influenced the global tidal energy landscape by
demonstrating the viability of tidal energy as a reliable and low-carbon power source. The
Rance project led to further installations in countries such as Canada, South Korea, and the
United Kingdom, showcasing a growing interest in tidal energy [3], [4].

4. MODERN RESEARCH
4.1. Tidal Turbine Designs

Contemporary research in tidal turbine technology focuses on enhancing efficiency,
durability, and minimizing environmental impact through various systems:

1. Tidal Barrage: Barrage systems utilize dams to capture potential energy from tidal
changes. Although they can produce significant energy, they often pose ecological
challenges, such as disrupting sediment transport, fish migration patterns, and local
ecosystems [5][2].

2. Tidal Stream Turbines: Tidal stream systems harness the kinetic energy of flowing
water using underwater turbines, similar to wind turbines in design but optimized for
underwater currents. This technology has gained traction due to its comparatively lower
environmental impact and ease of installation [6], [7].

Among tidal turbine designs, horizontal-axis tidal turbines are the most researched,
aligning with water currents for efficient energy extraction. Recent projects, such as the
MeyGen Project in Scotland, stand out as some of the largest tidal energy initiatives globally
[8]. Researchers are also exploring vertical-axis turbine configurations to enhance energy
capture across diverse marine environments [9].

Advancements in materials science are contributing to the development of turbine blades
capable of withstanding harsh underwater conditions, enhancing the reliability and lifespan of
tidal turbines [10].

4.2. Environmental Impact Assessment

Research in tidal energy technology now encompasses extensive environmental impact
assessments. While tidal energy is recognized as a clean power source, its potential effects on
local ecosystems warrant careful consideration. Key environmental aspects include:
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1.

Impact on Marine Life: Tidal turbines can pose risks to marine species, particularly
fish and marine mammals. Ongoing studies assess potential collision risks, habitat
disruption, and changes to local biodiversity [11], [12].

Sediment Transport: The installation of tidal turbines may alter sediment flow
patterns, affecting coastal areas and marine habitats. Research efforts are focused on
understanding and mitigating these impacts [13].

Monitoring Technologies: Advanced monitoring systems, including underwater
drones and acoustic sensors, are essential for studying marine environments pre- and
post-turbine installation. These technologies help facilitate adaptive management of
tidal resources and enhance understanding of tidal energy's ecological impacts [14].

Underwater Drones: Equipped with cameras and sensors, underwater drones (or
remotely operated vehicles, ROVs) can capture high-resolution images and data of
marine ecosystems. These drones enable live surveillance of marine habitats, providing
insights into the presence and behavior of marine life near turbines [15], [16]. The
ability to map seafloors and assess the structural integrity of installations contributes
valuable baseline data for decision-makers [17].

Acoustic Sensors: Acoustic monitoring technologies are crucial for assessing the
impacts of noise generated by tidal turbines on marine life. This noise can affect fish
behavior and communication [18]. Acoustic sensors can assess sound levels and track
marine species distribution in relation to tidal energy installations, thereby informing
protective measures and promoting biodiversity conservation [19].

Integration with Environmental Management Systems: Data collected from these
monitoring technologies can be integrated into Ge Systems (GIS), facilitating
comprehensive spatial analysis and environmental management strategies. These GIS
platforms allow researchers and policymakers to visualize the data collected, helping
to identify areas of concern and develop evidence-based strategies for mitigating
adverse impacts on marine ecosystems [20]. Integrating these monitoring technologies
within an adaptive management framework ensures real-time responses to changing
environmental conditions and unexpected ecological impacts, aligning with best
practices for environmental stewardship.

5. POLICIES AND REGULATORY FRAMEWORKS

The growth of tidal energy technologies is influenced by a complex framework of policies
and regulations at both national and international levels. Collaboration among governments,
industry stakeholders, and local communities is vital for the successful deployment of tidal
energy projects.

1.

Government Incentives and Support: Public policies, financial incentives, and
subsidies play a crucial role in the development of tidal energy. Many countries
establish renewable energy targets and incentives to stimulate investment in tidal
power. Given the substantial capital required for project development, government
backing is essential for attracting private investments and ensuring project viability.
Countries like the United Kingdom, Canada, and South Korea have implemented
supportive policies. For instance, the UK government introduced Contracts for
Difference (CfD), which guarantee fixed prices for electricity generated from
renewable sources, providing price stability for developers [21].
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2. Environmental Legislation: Tidal energy projects must comply with environmental
regulations and conduct comprehensive Environmental Impact Assessments (EIAS) to
minimize ecological disruption. These assessments evaluate potential consequences on
marine environments and local ecosystems, often involving extensive stakeholder
engagement with local communities and environmental organizations. This
collaborative approach enhances public acceptance of tidal energy initiatives and helps
identify local concerns [22].

6. FUTURE DIRECTIONS AND CHALLENGES

1. Technical Innovations: The future of tidal energy technology is contingent on ongoing
advancements in turbine design, monitoring techniques, and environmental mitigation
strategies. Innovations that improve efficiency and resilience while withstanding harsh
marine environments are essential [14]. Research focusing on materials, turbine
configurations, and energy storage solutions will continue to shape future tidal energy
systems.

2. Collaborative Research Efforts: Global collaboration among research institutions,
universities, and industry stakeholders is vital for fostering innovation in tidal energy
technology. International partnerships can facilitate knowledge exchange and promote
joint research projects aimed at improving efficiency and reducing costs. Collaborative
initiatives, such as those from the Offshore Renewable Energy Catapult, are paving the
way for further research in this field [11], [12].

3. Addressing Social Impacts: Recognizing and addressing the potential social impacts
of tidal energy development is crucial. Local communities may have concerns
regarding changes to marine ecosystems and fishing grounds. Engaging with
stakeholders and formulating comprehensive management plans will be essential for
addressing these concerns and fostering community benefits from tidal energy projects
[13].

7. SUMMARY

Tidal energy offers considerable potential for renewable energy generation by harnessing
the predictable and abundant forces produced by ocean tides. As technology evolves, tidal
turbine systems are becoming increasingly efficient and environmentally sustainable, with
modern research focused on enhancing turbine design, monitoring techniques, and
understanding environmental impacts.

The interest in tidal energy technology reflects a global effort to leverage ocean power to
bolster energy security and combat climate change. This chapter explores various dimensions
of tidal energy, from its historical context to contemporary advancements and future
challenges. The development of underwater drones and acoustic monitoring technologies
illustrates the necessity of assessing the ecological impacts of tidal turbines on marine
ecosystems.

As the sector advances, fostering partnerships among governments, research institutions,
and industry stakeholders will be crucial for overcoming challenges and maximizing the
potential of tidal energy.

128


https://doi.org/10.51630/ijes.v4i1.xx

4 Indonesian Journal of Engineering and Science, Vol. 5, No. 3, 2024 Adanta et al.
" https://doi.org/10.51630/ijes.v5i3.158

In summary, tidal energy represents a valuable opportunity for sustainable energy
generation. Current research emphasizes improving turbine designs, implementing advanced
monitoring techniques, and deepening our understanding of environmental impacts associated
with tidal installations. The evolution of tidal energy technology, from its historical roots to
modern innovations, signifies a growing worldwide interest in utilizing ocean power to enhance
energy security and address climate change.

Moving forward, it will be essential to build strong partnerships among stakeholders to
address challenges and unlock the full potential of tidal energy. Through continued innovation
and collaboration, tidal energy can become a critical component of the renewable energy
portfolio, significantly contributing to a sustainable energy future.
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