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ABSTRACT

The demand for energy is increasing, while the need to address the impacts of climate change poses
challenges for island states like Sri Lanka, located in the Indian Ocean. This research examines the
potential of renewable energy sources in Sri Lanka's maritime domain, assessing the associated
challenges and opportunities. Employing a mixed-methods approach, both qualitative and quantitative
data are utilized. A comprehensive literature review on maritime renewable energy sources and an
analysis of Sri Lanka's energy consumption patterns serves as the basis of this study. Furthermore,
expert interviews with professionals from relevant fields are conducted to gain an in-depth
understanding of the feasibility and potential of various renewable energy sources, including wind,
solar, tidal, and wave power. The findings indicate significant potential for renewable energy in Sri
Lanka's maritime domain. The country's extensive coastline and strong winds offer favorable
conditions for wind power generation while coastal areas receive abundant solar radiation,
highlighting the potential for solar energy production. However, several challenges need to be
addressed to fully exploit this potential, including high upfront costs, intermittency of certain
renewable energy sources, and the requirement for new infrastructure to support renewable energy
production and distribution. This research also identifies several opportunities associated with
renewable energy sources in the maritime domain, such as enhancing the resilience of Sri Lanka's
maritime infrastructure against extreme weather events like cyclones and storms, and generating new
employment opportunities. In conclusion, this study emphasizes the importance of exploring the
potential for renewable energy sources in Sri Lanka's maritime domain as a crucial step towards
developing sustainable and resilient energy systems. The findings provide insights into the challenges
and opportunities related to renewable energy sources in the maritime domain and offer strategies to
overcome these challenges. The research outcomes can serve as a valuable starting point for future
research and policy development towards sustainable and resilient energy systems, particularly in
island states like Sri Lanka.
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INTRODUCTION

Sri Lanka, as a small island nation encompassed by the Indian Ocean, faces the dual challenge of
meeting its escalating energy demands while also mitigating the adverse effects of climate change on
its maritime domain (Dharmaratne et al., 2021; IUCN, 2020). Climate change, a global phenomenon,
has resulted in sea level rises, extreme weather events, and altered marine ecosystems, all of which
pose significant threats to Sri Lanka's maritime infrastructure and security (Dharmaratne et al., 2021;
World Bank, 2021, IUCN, 2020). As sea levels rise, coastal areas become increasingly susceptible to
flooding and erosion, compromising critical ports, habours, naval bases, and private and public
infrastructures (World Bank, 2021). This vulnerability hampers the nation's ability to safeguard its
maritime domain and respond to security challenges effectively (Dharmaratne et al., 2021).

In addition to sea level rises, the intensification of cyclones and storms due to climate change hinder
sea line communications, and the operations of ports and habours, and disturbs maritime trade (World
Bank, 2021). Furthermore, these climate-related events lead to the displacement of coastal
communities, escalating the risk of illicit activities and other maritime crimes (IUCN, 2020).
Moreover, the impact of climate change on marine biodiversity, including the warming of oceans and
changes in ocean chemistry, poses significant challenges for fishing communities and may result in
social unrest (World Bank, 2021).

To address these multifaceted challenges, Sri Lanka must adopt measures to counter the impacts of
climate change and reduce greenhouse gas emissions (Dharmaratne et al., 2021). Implementing
sustainable practices and transitioning to renewable energy sources in the maritime domain holds
promise for addressing both energy demands and climate change mitigation (IUCN, 2020). However,
this transition necessitates a comprehensive understanding of the challenges and opportunities
associated with renewable energy sources in Sri Lanka's maritime domain (Dharmaratne et al., 2021).

This research aims to explore the potential for renewable energy sources in Sri Lanka's maritime
domain, and evaluate the challenges and opportunities linked to their implementation. By examining
the latest scientific literature, conducting expert interviews, and analyzing the country's energy needs
and consumption patterns, this study seeks to provide insights and recommendations for the
sustainable development of Sri Lanka's maritime energy sector.

METHODOLOGY

This study utilizes a mixed-methods approach, combining quantitative and qualitative data, to explore
the potential for renewable energy sources in Sri Lanka's maritime domain. The research methodology
involves several key steps, including a thorough review of existing literature and an examination of
Sri Lanka's energy consumption trends. The literature review encompasses scholarly articles, research
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papers, reports, and relevant publications from reputable sources. The aim was to gather information
on the latest advancements, technological developments, and best practices related to renewable
energy sources in the maritime context. The findings from the literature review serve as a foundation
for understanding the opportunities and challenges associated with renewable energy in Sri Lanka's
maritime domain. This analysis involved examining available data, such as energy consumption
patterns, sources of energy, and trends over time.

This quantitative analysis provides insights into the current energy landscape in Sri Lanka and helps
identify the potential areas where renewable energy sources can be integrated. Furthermore, expert
interviews were conducted with professionals who possess expertise in the fields of engineering,
economics, environmental science, and policy analysis. These interviews are designed to gather
valuable insights into the viability and potential of various renewable energy sources, including wind,
solar, tidal, and wave power. The interviews provide a platform for experts to share their knowledge,
experiences, and opinions on the technical, economic, and policy aspects of renewable energy
integration in Sri Lanka's maritime domain.

RESULTS AND DISCUSSION

The results of the study reveal that Sri Lanka's maritime domain possesses enormous potential for the
utilization of renewable energy sources. The country's extensive coastline, powerful winds, and
coastal shallow water patches receive a widespread amount of sunlight, making it a prime location for
the production of wind and solar energy (Fernando et al., 2022; Perera et al., 2021). For instance,
statistical analysis shows that the average wind speeds in the coastal regions of Sri Lanka range from
4.5 to 7.5 meters per second, indicating favourable conditions for wind energy generation (Fernando
et al., 2022). These wind speeds are considered to be ideal for the installation of wind turbines to
generate electricity. Furthermore, the coastal areas of Sri Lanka receive an average of 5 to 6 kWh/m2
of solar radiation per day, highlighting the significant potential for solar energy (Perera et al., 2021).
These statistical findings demonstrate the abundant renewable energy resources available in Sri
Lanka's maritime domain.

Wind energy is one of the most promising renewable energy sources in Sri Lanka's maritime domain.
The study findings indicate that the coastal regions of Sri Lanka have high wind speeds, especially in
the northern and eastern parts of the country (Fernando et al., 2022). These areas present favourable
conditions for the installation of wind turbines to generate electricity. In fact, statistical analysis
reveals that the northern region experiences average wind speeds of 6.5 to 7.5 meters per second,
while the eastern region experiences average wind speeds of 5.5 to 6.5 meters per second (Fernando et
al., 2022). These wind speeds are considered to be optimal for wind energy production. Offshore wind
farms have the potential to harness the strong coastal winds and contribute significantly to the
country's renewable energy production. However, it is important to conduct further assessments to
determine the optimal locations for offshore wind farms and to address any potential environmental
and socio-economic impacts associated with their implementation.

Solar energy is another renewable energy source with great potential in Sri Lanka's maritime domain.
The coastal regions of the country receive abundant sunlight throughout the year, making solar energy
an attractive option for power generation (Perera et al., 2021). Statistical analysis of solar radiation
data reveals that the southern region of Sri Lanka receives the highest solar radiation levels, with an
average of 5.5 to 6 kWh/m2 per day, followed by the western and eastern regions with average levels
of 5 to 5.5 kWh/m2 per day (Perera et al., 2021). These statistics highlight the significant solar energy
potential in these regions. Solar photovoltaic (PV) systems can be installed on rooftops, open spaces,
and even on floating platforms in the sea. The use of floating solar PV systems can leverage the
available water bodies, such as reservoirs and lagoons, to generate clean electricity. However, the
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intermittent nature of solar energy and the need for efficient energy storage systems pose challenges
that need to be addressed to ensure a reliable and stable power supply.

In addition to wind and solar energy, other renewable energy sources such as tidal and wave power
show promising potential in Sri Lanka's maritime domain. Tidal energy, derived from the natural rise
and fall of tides, can be harnessed using tidal turbines or tidal barrages (Fernando et al., 2022). Sri
Lanka's coastal areas experience significant tidal movements, particularly in the northern and eastern
regions. Statistical analysis reveals that the northern region experiences tidal ranges of 1.5 to 2 meters,
while the eastern region experiences tidal ranges of 1 to 1.5 meters (Fernando et al., 2022). These
statistics indicate favourable conditions for tidal energy generation. Similarly, wave power, which
utilizes the energy from ocean waves, holds potential in Sri Lanka's maritime domain. The country's
coastal regions experience substantial wave energy, particularly along the southern and eastern
coastlines (Fernando et al., 2022). Further research and technological advancements are needed to
fully exploit the tidal and wave energy potential in the country, and to overcome the technical and
economic challenges associated with these sources.

To fully exploit the potential of renewable energy sources in Sri Lanka's maritime domain, several
challenges must be addressed. One significant challenge is the high upfront costs of installation and
maintenance of renewable energy infrastructure. The initial investment required for the establishment
of wind farms, solar PV systems, tidal turbines, and wave energy converters can be substantial.
Financial mechanisms such as feed-in tariffs, tax incentives, and public-private partnerships can play
a crucial role in attracting investment and reducing the financial burden on energy consumers.

Another challenge is the intermittent nature of some renewable energy sources, such as wind and solar
energy. Wind speeds and solar radiation levels vary throughout the day and seasonally, leading to
fluctuations in power generation. To address this challenge, energy storage systems, such as batteries
and pumped hydro storage, can be integrated into the renewable energy infrastructure to store excess
energy during peak production and deliver it during periods of low generation (Gamage et al., 2021).
These storage systems help stabilize the grid, and ensure a consistent and reliable power supply.

Furthermore, the integration of renewable energy sources requires the development of new
infrastructure, including transmission lines, substations, and interconnections (Herath et al., 2019).
The expansion and modernization of the existing grid infrastructure are crucial to enable the efficient
transmission and distribution of renewable energy. Strategic planning and coordination among
stakeholders, including government agencies, utility companies, and private sector entities, are
necessary to ensure the timely and cost-effective deployment of renewable energy infrastructure.

In addition to addressing challenges, this study also highlights several opportunities associated with
the utilization of renewable energy in Sri Lanka's maritime sector. Enhancing the resilience of Sri
Lanka's maritime infrastructure to severe weather events, such as cyclones and storms, is one such
opportunity. By incorporating renewable energy sources into critical infrastructure, such as ports and
naval bases, the country can reduce its vulnerability to climate change impacts and enhance its
maritime security.

The development of renewable energy projects in the maritime domain also offers the potential for
creating new job opportunities and driving economic growth (Herath et al., 2019). The installation,
operation, and maintenance of renewable energy infrastructure require skilled labor, fostering
employment opportunities in the green energy sector. Moreover, the localization of renewable energy
supply chains can contribute to local economic development by creating value-added industries and
promoting technology transfer.
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Finally, the results of this comprehensive study demonstrate the vast potential of renewable energy
sources in Sri Lanka's maritime domain. Wind, solar, tidal, and wave power present viable options for
sustainable energy generation. However, the high upfront costs, intermittent nature of some renewable
energy sources, and the need for new infrastructure remain challenges that need to be overcome.
Addressing these challenges and capitalizing on the opportunities offered by renewable energy can
contribute to the country's energy transition, reduce greenhouse gas emissions, enhance energy
security, and promote sustainable development in Sri Lanka's maritime sector.

CONCLUSION AND RECOMMENDATIONS

In conclusion, this study highlights the importance of exploring the potential for renewable energy
sources in Sri Lanka's maritime domain as a vital step towards developing sustainable and resilient
energy systems. This study provides insights into the challenges and opportunities associated with
renewable energy integration in the maritime sector and proposes recommendations to overcome
these challenges.

The findings suggest that Sri Lanka's maritime region has significant potential for renewable energy
sources, including wind, solar, tidal, and wave power. However, the high upfront costs, intermittency
of some renewable sources, and need for new infrastructure pose challenges to their widespread
adoption.

By addressing these challenges and capitalizing on the opportunities presented by renewable energy,
Sri Lanka can reduce its dependence on fossil fuels, mitigate climate change impacts, enhance energy
security, and promote sustainable development in the maritime sector. The recommendations put forth
in this study provide a roadmap for policymakers, researchers, and industry stakeholders to navigate
the path towards a greener and more sustainable energy future in Sri Lanka's maritime domain.

The research findings contribute to the existing body of knowledge, and serve as a starting point for
further research and policy development. Continued efforts in exploring and harnessing the potential
of renewable energy sources will be crucial for achieving the long-term sustainability goals of Sri
Lanka and other small island nations facing similar challenges.

Based on the findings of this study, the following recommendations can be made to further explore
and harness the potential of renewable energy sources in Sri Lanka's maritime domain:

Foster Research and Development: Encourage further research and development activities focused
on renewable energy technologies suitable for the maritime environment. This includes advancements
in offshore wind, solar, tidal, and wave power technologies tailored to the specific conditions of Sri
Lanka's coastal areas.

Establish Policy Frameworks: Develop comprehensive policy frameworks that incentivize the
deployment of renewable energy in the maritime sector. This can include feed-in tariffs, tax
incentives, and regulatory frameworks that support the integration of renewable energy sources into
the existing energy infrastructure.

Strengthen Collaboration and Partnerships: Foster collaboration between government agencies,
research institutions, industry stakeholders, and international organizations to share knowledge,
experiences, and best practices in renewable energy deployment. Collaborative partnerships can
facilitate technology transfer, capacity building, and financial support for renewable energy projects
in the maritime domain.
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Enhance Grid Infrastructure: Upgrade and expand the existing grid infrastructure to accommodate
the integration of renewable energy sources. This includes investments in transmission lines,
substations, and interconnections that can enable efficient and reliable power transmission from
offshore renewable energy installations to the mainland.

Promote Public Awareness and Education: Raise public awareness about the benefits of renewable
energy, and promote education and training programs to develop a skilled workforce in the renewable
energy sector. Encouraging public support and understanding will be crucial in overcoming social and
cultural barriers to renewable energy adoption.
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