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Abstract

The pursuit of renewable energy sources has led to significant advancements in ocean power,
particularly in wave, tidal, and ocean thermal energy. However, despite its potential to mitigate
climate change, ocean power development must address environmental impacts such as habitat
disruption, marine species interference, and alteration of natural ocean currents. This article
explores eco-friendly innovations in marine energy technologies, reviewing literature on
strategies to minimize ecological impacts while optimizing efficiency. The paper presents
solutions such as improved site selection, noise mitigation technologies, and environmentally
sensitive design approaches that ensure a sustainable balance between energy needs and marine
conservation.

Keywords: Ocean Power, Marine energy technology, Renewable energy sources, Sustainability
1. Introduction

Ocean power is emerging as a crucial component of the global renewable energy portfolio,
particularly for coastal nations. Technologies that harness ocean power—wave, tidal, and ocean
thermal energy conversion (OTEC)—offer vast potential to generate clean energy. However, the
environmental impacts of these technologies have raised concerns. While these technologies are
inherently low-carbon, they can cause habitat disruption, affect marine biodiversity, and interfere
with coastal processes.

The aim of this paper is to explore the environmental challenges associated with marine energy
technologies and examine sustainable, eco-friendly approaches to mitigate these effects. By
focusing on cutting-edge innovations, we aim to offer insights into how ocean power can evolve
without compromising marine ecosystems.

2. Marine Energy Technologies Overview
Marine energy technologies are categorized into three primary forms:
e Wave Energy: Captures energy from the surface movement of waves.
e Tidal Energy: Utilizes the movement of water caused by the gravitational pull of the
moon and sun.

e Ocean Thermal Energy Conversion (OTEC): Generates power by exploiting
temperature differences between warmer surface waters and colder deep ocean waters.
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Each of these technologies presents unique environmental challenges, which need to be carefully
considered in sustainable energy development. Fig. 1 represents the diagram of the major types
of Marine Renewable Energy (MRE) technologies; i.e., ocean thermal energy conversion plants
(thermal energy), offshore fixed-foundation and floating wind turbines (wind energy), tidal
turbines (tidal energy) and wave energy converters (wave energy).
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Fig. 1 Different types of Marine energy (Taormina, 2019)

3. Environmental Impacts of Marine Energy Technologies
3.1 Habitat Disruption

The installation of marine energy devices, such as tidal turbines and wave energy converters
(WEC:s), can disrupt habitats, particularly in coastal areas. Seafloor habitats, including coral reefs
and seagrass beds, are often disturbed during the construction of underwater infrastructure,
which can cause long-term ecological damage. According to Wilson et al. (2010), disturbance of
the benthic environment is one of the primary concerns when deploying large-scale ocean energy
farms.

3.2 Impact on Marine Species

Marine species, particularly those sensitive to underwater noise, may be affected by the
operation of energy devices. Turbine noise, for example, can interfere with the navigation,
communication, and foraging behaviors of marine mammals such as dolphins and whales
(Thomsen et al., 2006). Collision risks with tidal turbines also present a potential danger to
marine animals such as fish and seals.

3.3 Alteration of Natural Ocean Currents
Tidal energy systems, especially large-scale ones, have the potential to alter natural ocean
currents. These changes can affect sediment transport, nutrient distribution, and the movement of

marine life. Research by Neill et al. (2009) highlights the potential for long-term ecological shifts
in regions where tidal energy farms alter the flow dynamics of ocean currents.

Fig. 2 illustrates the interactions between stressors and receptors associated with marine
renewable energy devices. From the top left to bottom right, the highlighted objects show
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changes in oceanographic processes, underwater noise, electromagnetic fields, mooring
entanglement, collision risk, and changes in habitats.

Fig. 2 Interactions between stressors and receptors associated with marine renewable energy
(Copping et al., 2020).

4. Eco-friendly Innovations in Marine Energy Technologies
4.1 Improved Site Selection

A key strategy to minimize environmental impacts is careful site selection. Areas with low
biodiversity or fewer sensitive species can be prioritized to reduce habitat disruption. Spatial
planning and marine conservation mapping have become essential tools in identifying optimal
sites that balance energy production with ecological preservation (Inger et al., 2009).

4.2 Noise Mitigation Technologies

To address the impact of underwater noise, researchers have developed noise reduction
techniques. Acoustic barriers and quieter turbine designs are being explored to reduce sound
emissions from tidal and wave energy devices. Verfuss et al. (2016) suggest that reducing
operational noise can significantly lower the risks to marine mammals and other acoustically
sensitive species.

4.3 Bio-friendly Turbine Design
Advancements in turbine design aim to reduce the risks posed to marine animals. For example,

turbines with slower rotational speeds and flexible blades are being developed to minimize the
likelihood of collisions with fish and marine mammals. Schmitt and Haynes (2011) have shown
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that bio-friendly turbines, which mimic natural marine processes, can provide a safer
environment for marine life while still maintaining high energy efficiency.

4.4 Marine Growth and Corrosion Control

Marine energy infrastructure is susceptible to biofouling, the growth of organisms on submerged
surfaces, which can reduce efficiency and increase maintenance costs. However, the use of eco-
friendly anti-fouling coatings and materials that are less harmful to marine species is a promising
area of research. Advanced materials, such as copper-based and silicon-based coatings, have
been found to prevent excessive marine growth while minimizing toxic effects on marine
organisms (Fitridge et al., 2012).

5. Policy and Regulation for Sustainable Marine Energy Development

Government policies and international regulations play a crucial role in ensuring the eco-
friendliness of ocean power technologies. Environmental impact assessments (EIAs) are now
mandatory for large-scale marine energy projects in many countries, ensuring that potential
environmental risks are identified and mitigated. Collaborative efforts between energy
developers, conservation organizations, and policymakers are essential to promoting best
practices and ensuring long-term sustainability.

6. Conclusion

While marine energy technologies hold great promise for reducing reliance on fossil fuels, their
environmental impacts cannot be overlooked. By adopting eco-friendly design innovations,
minimizing noise, optimizing site selection, and adhering to strict environmental policies, the
development of ocean power can achieve a more sustainable and harmonious relationship with
marine ecosystems. Future research should continue to focus on improving technologies and
monitoring the long-term ecological impacts of marine energy installations.
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