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1. Introduction 

1.1. The importance of RES and wind energy 

The global energy landscape is undergoing a fundamental shift as societies strive to 

reduce their reliance on traditional fossil fuel-based energy systems and embrace more 

sustainable alternatives. This transition has become imperative in the face of mounting 

concerns over climate change, energy security, and the depletion of finite resources. 

Renewable energy sources (RES) have emerged as a critical component of this shift, 

and among them, wind energy stands out as a promising solution. 

1.1.1. The Global Energy Challenge 

The global energy challenge of our time encompasses a complex interplay of 

environmental, economic, and social factors. The dominant reliance on fossil fuel-

based energy systems has led to a range of pressing issues that require both urgent 

attention and action1. 

One of the primary concerns is the significant contribution of fossil fuels to climate 

change. The burning of coal, oil, and natural gas releases vast amounts of carbon 

dioxide (CO2) and other greenhouse gases into the atmosphere. These emissions trap 

heat, leading to a rise in global temperatures and consequential impacts, such as more 

frequent and intense extreme weather events, sea-level rise, and disruptions to 

ecosystems. The urgency to curb greenhouse gas emissions and limit global warming 

to well below 2 degrees Celsius above pre-industrial levels, as outlined in the Paris 

Agreement, underscores the need for a profound shift in our energy systems2.  

In addition to climate change, the use of fossil fuels poses considerable environmental 

challenges. Extraction and transportation activities associated with fossil fuels can 

result in environmental degradation, habitat destruction, water pollution, and the release 

of harmful pollutants into the air, such as sulfur dioxide, nitrogen oxides, and particulate 

matter. These pollutants contribute to air pollution, compromising human health and 

 
1 Jarlsby, E. (2015). The global energy challenge: still fuel for progress?. International Journal of Energy 
Production and Management, 1(1), 33-49. 
2 Sovacool, B. K. (2013). Energy and ethics: Justice and the global energy challenge. Springer. 
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leading to respiratory problems, cardiovascular diseases, and other ailments. Moreover, 

fossil fuel extraction often involves disruptive practices, such as mountaintop removal 

mining and hydraulic fracturing, which can have detrimental effects on local 

communities and ecosystems. 

The economic implications of fossil fuel dependence are also significant. Fossil fuel 

markets are prone to price volatility, geopolitical tensions, and resource depletion 

concerns. As the demand for energy continues to grow, competition for limited fossil 

fuel resources intensifies, leading to economic instability and potential conflicts. 

Moreover, the costs associated with mitigating the environmental and health impacts of 

fossil fuel use, such as carbon capture and storage technologies and healthcare 

expenses, place a heavy burden on economies and public budgets3.  

Socioeconomic dimensions further compound the global energy challenge. Energy 

access and affordability remain critical issues in many parts of the world, particularly 

in developing countries. Lack of access to reliable and affordable energy services 

hampers economic development, limits educational opportunities, and restricts access 

to healthcare and clean water. Furthermore, energy poverty exacerbates social 

inequalities and perpetuates a cycle of poverty, hindering progress and social well-

being. 

Addressing the global energy challenge requires a holistic and multifaceted approach. 

A crucial aspect of this approach lies in the widespread adoption of renewable energy 

sources (RES) to replace fossil fuels. RES offer a clean, sustainable, and abundant 

alternative to traditional energy sources. By harnessing the power of natural processes, 

such as sunlight, wind, water, and geothermal heat, RES offer the potential to meet our 

energy needs while minimizing environmental impacts and promoting long-term 

sustainability4. 

Among the various forms of RES, wind energy has emerged as a prominent solution. 

Wind power presents a compelling case for its abundance, scalability, environmental 

benefits, and technological advancements. By capitalizing on these advantages and 

 
3 Kuzemko, C., Goldthau, A., & Keating, M. (2017). The global energy challenge: Environment, 
development and security. Bloomsbury Publishing. 
4 Jarlsby, E. (2015). The global energy challenge: still fuel for progress?. International Journal of Energy 
Production and Management, 1(1), 33-49. 
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expanding the deployment of wind energy, societies can make significant strides in 

reducing greenhouse gas emissions, improving air quality, enhancing energy security, 

fostering economic growth, and advancing the global transition to a sustainable energy 

future5.  

In light of these pressing challenges and the opportunities presented by wind energy, it 

becomes imperative to explore the legal frameworks, investment strategies, and 

implementation processes that can facilitate the integration of wind power into national 

energy systems. The subsequent sections of this paper will delve into the international 

and national legal frameworks, with a specific focus on the legal framework in Greece, 

followed by an examination of the implementation of offshore wind energy projects 

and the investments made by companies in Greece. 

1.1.2. The Role of Renewable Energy Sources 

Renewable energy sources (RES) play a pivotal role in addressing the global energy 

challenge and transforming the energy landscape towards a sustainable future. By 

harnessing natural processes that are continually replenished, RES offer a viable and 

environmentally friendly alternative to conventional fossil fuel-based energy 

generation. 

One of the primary advantages of RES is their potential to significantly reduce 

greenhouse gas emissions and combat climate change. Unlike fossil fuels, which release 

vast amounts of carbon dioxide (CO2) and other greenhouse gases when burned, 

renewable energy technologies produce little to no emissions during operation. This 

clean and low-carbon characteristic makes RES an integral part of efforts to mitigate 

climate change and limit global warming6. 

Another crucial aspect of RES is their inherent sustainability. Renewable energy 

sources, such as wind, solar, hydroelectric, and geothermal power, rely on naturally 

occurring phenomena that replenish themselves over time. For instance, solar power 

harnesses the energy from sunlight, wind power utilizes the kinetic energy of the wind, 

hydroelectric power derives energy from moving water, and geothermal power taps into 

 
5 Lesage, D., & Van de Graaf, T. (2016). Global energy governance in a multipolar world. Routledge. 
6 Panwar, N. L., Kaushik, S. C., & Kothari, S. (2011). Role of renewable energy sources in environmental 
protection: A review. Renewable and sustainable energy reviews, 15(3), 1513-1524. 
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the Earth's internal heat. These resources are virtually limitless, ensuring a long-term 

and sustainable energy supply7.  

In addition to their environmental benefits, RES offer a range of socio-economic 

advantages. First and foremost, the widespread adoption of renewable energy 

technologies can contribute to energy diversification and enhance energy security. By 

reducing dependence on finite fossil fuel resources, countries can mitigate risks 

associated with resource scarcity, price volatility, and geopolitical tensions. This 

increased energy security fosters stability, resilience, and independence in the face of 

global energy challenges. 

Renewable energy also presents opportunities for local economic development and job 

creation. The installation, operation, and maintenance of renewable energy 

infrastructure require skilled labor and create employment opportunities in various 

sectors. Moreover, the renewable energy sector stimulates innovation, research, and 

development, driving technological advancements and supporting a clean and 

sustainable economy. 

RES have a decentralized nature that allows for distributed energy generation. This 

aspect empowers communities and individuals to become active participants in the 

energy transition. Localized renewable energy systems, such as rooftop solar panels or 

small-scale wind turbines, enable households, businesses, and communities to produce 

their own energy, reduce reliance on the grid, and potentially generate income by selling 

excess electricity back to the grid8. 

Furthermore, RES offer the potential for energy access and affordability, particularly 

in remote or underserved regions. Off-grid renewable energy systems, such as solar 

home systems or mini-grids, provide clean and reliable electricity to communities that 

are not connected to centralized power grids. This promotes social equity, improves 

 
7 Angelis-Dimakis, A., Biberacher, M., Dominguez, J., Fiorese, G., Gadocha, S., Gnansounou, E., ... & 
Robba, M. (2011). Methods and tools to evaluate the availability of renewable energy 
sources. Renewable and sustainable energy reviews, 15(2), 1182-1200.  
8 Qazi, A., Hussain, F., Rahim, N. A., Hardaker, G., Alghazzawi, D., Shaban, K., & Haruna, K. (2019). 
Towards sustainable energy: a systematic review of renewable energy sources, technologies, and public 
opinions. IEEE access, 7, 63837-63851. 
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living standards, and enhances opportunities for education, healthcare, and economic 

activities in these areas. 

The role of RES extends beyond electricity generation. Renewable energy technologies 

can also be integrated into various sectors, such as transportation, heating, and cooling. 

The electrification of transportation through renewable energy sources, such as electric 

vehicles powered by clean electricity, can significantly reduce greenhouse gas 

emissions and air pollution associated with conventional fossil fuel vehicles. Similarly, 

renewable-based heating and cooling systems, such as solar thermal or geothermal heat 

pumps, offer efficient and sustainable alternatives to traditional fossil fuel-powered 

heating and cooling methods9.  

In conclusion, renewable energy sources have a critical role to play in addressing the 

global energy challenge. Their ability to mitigate greenhouse gas emissions, ensure a 

sustainable and diverse energy supply, foster economic growth, enhance energy 

security, and promote social equity positions RES as a vital pillar of the transition to a 

sustainable energy future. Embracing renewable energy technologies, including wind 

energy, will pave the way towards a more resilient, low-carbon, and inclusive energy 

system that benefits both present and future generations. 

1.1.3. The Advantages of Wind Energy 

Wind energy has gained significant attention and prominence as a key player in the 

transition to renewable energy sources. Harnessing the power of the wind offers several 

distinct advantages that make wind energy an attractive and sustainable solution. 

• Abundance and Scalability: One of the primary advantages of wind energy is 

the abundant resource it taps into. Wind is a widely available and renewable 

resource, found in various geographical locations across the globe. Unlike finite 

fossil fuel reserves, the wind resource is virtually limitless and continually 

replenished. This abundance allows for the scalability of wind energy systems, 

ranging from small-scale applications to large utility-scale wind farms. The 

scalability of wind energy facilitates its integration into energy systems of 

 
9 Tiwari, G. N., & Mishra, R. K. (2012). Advanced renewable energy sources. Royal Society of 
Chemistry. 
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different sizes and capacities, offering flexibility and adaptability to meet 

diverse energy demands. 

• Environmental Benefits: Wind energy is a clean and sustainable source of 

power generation. Wind turbines convert the kinetic energy of the wind into 

electricity without burning fossil fuels or releasing greenhouse gas emissions. 

By harnessing wind power, significant reductions in carbon dioxide and other 

harmful pollutants can be achieved, contributing to improved air quality and 

mitigating climate change. Compared to conventional fossil fuel-based power 

generation, wind energy significantly reduces emissions of pollutants such as 

sulfur dioxide, nitrogen oxides, and particulate matter, which have detrimental 

effects on human health and the environment10. 

• Energy Security and Independence: Wind energy plays a crucial role in 

enhancing energy security and reducing dependence on imported fossil fuels. 

By utilizing a domestic and indigenous resource, countries can reduce 

vulnerability to geopolitical tensions, price fluctuations, and supply disruptions 

associated with fossil fuel imports. Wind energy systems, whether onshore or 

offshore, provide a local and reliable source of electricity, promoting energy 

independence and resilience in the face of global energy challenges. 

• Economic Opportunities and Job Creation: The wind energy sector offers 

substantial economic opportunities and job creation potential. Investments in 

wind farms drive economic growth, stimulate local industries, and create jobs 

throughout the entire value chain. The construction, operation, and maintenance 

of wind energy infrastructure require a skilled workforce, providing 

employment opportunities in areas such as engineering, manufacturing, 

installation, and ongoing maintenance. Moreover, wind energy projects can 

revitalize rural communities, bringing economic development and income 

diversification to regions hosting wind farms11.  

• Technological Advancements: Over the years, significant technological 

advancements have been made in wind energy, enhancing its efficiency and 

cost-effectiveness. Modern wind turbines are designed to capture more wind 

energy, even at lower wind speeds, resulting in higher energy output and 

 
10 Li, J., Wang, G., Li, Z., Yang, S., Chong, W. T., & Xiang, X. (2020). A review on development of 
offshore wind energy conversion system. International Journal of Energy Research, 44(12), 9283-9297. 
11 Nelson, V., & Starcher, K. (2018). Wind energy: renewable energy and the environment. CRC press. 
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improved performance. Ongoing research and development continue to drive 

innovation in wind turbine design, materials, and manufacturing processes, 

making wind energy an increasingly viable and competitive option for power 

generation. Technological advancements have also led to reduced costs 

associated with wind energy, making it more economically feasible and 

commercially attractive. 

• Land Use Efficiency: Wind energy systems have a relatively small land 

footprint compared to conventional power plants. Wind turbines can be installed 

on existing agricultural land, thereby allowing landowners to continue using 

their land for farming or other purposes. This land-sharing approach offers a 

unique opportunity to combine wind energy production with existing land uses, 

minimizing land-use conflicts and preserving valuable agricultural or natural 

areas12. 

In conclusion, wind energy offers a multitude of advantages that position it as a key 

component of the global transition to renewable energy. Its abundance, scalability, 

environmental benefits, energy security, economic opportunities, technological 

advancements, and land-use efficiency make wind energy a compelling and sustainable 

option for power generation. By capitalizing on these advantages and expanding the 

deployment of wind energy, societies can reduce greenhouse gas emissions, enhance 

energy security, drive economic growth, and foster a more sustainable and resilient 

energy future. 

1.2. Comparing offshore and onshore wind energy 

The utilization of wind energy for power generation has expanded significantly in 

recent years, with both onshore and offshore wind farms playing a crucial role in the 

transition to renewable energy sources. While onshore wind farms have been a more 

traditional and prevalent form of wind energy development, offshore wind farms offer 

distinct advantages that make them an increasingly attractive option for sustainable 

 
12 Bashir, A., & Khan, S. (2021, June). Renewable energy sources: A study focused on wind energy. 
In Turbulence & Energy Laboratory Annual Conference (pp. 99-118). Cham: Springer International 
Publishing. 
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power generation. This section explores the advantages of both offshore and onshore 

wind energy, shedding light on the unique features and benefits associated with each. 

1.2.1. Onshore Wind Energy Advantages 

One of the key advantages of onshore wind energy is its cost effectiveness and 

accessibility, which have contributed to its widespread deployment and success in the 

renewable energy sector. Several factors contribute to the cost advantages and 

accessibility of onshore wind farms: 

• Lower Upfront Capital Costs: Onshore wind farms generally have lower 

upfront capital costs compared to their offshore counterparts. The installation 

and construction of onshore wind turbines do not require the same level of 

complexity and engineering considerations as offshore wind farms. Onshore 

wind turbines can be constructed on relatively simple foundations, such as 

concrete pads or steel monopiles, which are less expensive and easier to install 

compared to the complex and costly foundations required for offshore wind 

turbines. The simplified installation process of onshore wind farms translates 

into cost savings during project development, making them financially 

attractive and economically viable13. 

• Proximity to Transmission Infrastructure: Another advantage of onshore 

wind energy is its proximity to existing transmission infrastructure. Many 

onshore wind farms are strategically located in areas close to electrical 

substations and power grids, minimizing the need for extensive and costly 

transmission infrastructure upgrades. The proximity to transmission 

infrastructure streamlines the connection process, reducing costs and time 

associated with grid integration. This accessibility to the grid allows for a more 

efficient and straightforward transmission of electricity generated by onshore 

wind farms, maximizing the economic viability of these projects. 

• Established Supply Chain and Skilled Workforce: The onshore wind energy 

sector benefits from an established supply chain and a skilled workforce. As 

onshore wind farms have been deployed for many years, a robust and mature 

 
13 Haces-Fernandez, F., Cruz-Mendoza, M., & Li, H. (2022). Onshore wind farm development: 
Technologies and layouts. Energies, 15(7), 2381. 
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supply chain has developed, supplying wind turbine components, equipment, 

and services. This established supply chain enhances the availability of cost-

effective wind energy technologies and solutions, further contributing to the 

cost effectiveness of onshore wind projects. Additionally, the longevity of the 

onshore wind industry has cultivated a skilled workforce with experience in 

wind turbine installation, operation, and maintenance. This skilled labor pool 

ensures efficient project execution and reduces labor costs associated with 

onshore wind farm development. The availability of experienced professionals 

also facilitates ongoing maintenance and repair activities, maximizing the 

operational efficiency and reliability of onshore wind turbines14. 

• Economies of Scale and Learning Curve Effects: The large-scale deployment 

of onshore wind farms has led to economies of scale and learning curve effects, 

further enhancing their cost effectiveness. The mass production of wind 

turbines, components, and equipment for onshore installations has driven down 

manufacturing costs through economies of scale. The increasing deployment of 

onshore wind farms has also enabled technological advancements and process 

optimization, resulting in improved efficiency and reduced costs across the 

entire value chain. Furthermore, the learning curve effect, gained through 

experience in the design, construction, and operation of onshore wind projects, 

has led to continuous improvements in project management practices, 

operational efficiency, and cost reduction15. 

In conclusion, onshore wind energy offers cost effectiveness and accessibility, making 

it a highly favorable option for renewable power generation. The lower upfront capital 

costs, proximity to transmission infrastructure, established supply chain, and skilled 

workforce contribute to the cost advantages of onshore wind farms. These factors, 

coupled with economies of scale and learning curve effects, ensure that onshore wind 

energy remains a financially attractive and economically viable solution for meeting 

renewable energy targets and transitioning towards a sustainable energy future. 

 
14 le Maitre, J., Ryan, G., Power, B., & O'Connor, E. (2023). Empowering onshore wind energy: A 
national choice experiment on financial benefits and citizen participation. Energy Policy, 173, 113362. 
15 Haces-Fernandez, F., Cruz-Mendoza, M., & Li, H. (2022). Onshore wind farm development: 
Technologies and layouts. Energies, 15(7), 2381. 
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1.2.2. Offshore Wind Energy Advantages 

Offshore wind energy has emerged as a promising frontier in the renewable energy 

sector, offering unique advantages that make it an increasingly attractive option for 

sustainable power generation. The following factors contribute to the growing 

popularity and potential for large-scale deployment of offshore wind farms: 

• Vast Renewable Energy Potential: One of the primary advantages of offshore 

wind energy lies in its vast renewable energy potential. Offshore wind farms 

have access to unobstructed wind flow over the open sea, which often results in 

higher wind speeds and more consistent wind patterns compared to onshore 

locations. The increased wind resource available at sea translates into larger 

electricity generation potential for offshore wind farms. These projects can 

harness the power of strong and consistent winds, enabling them to produce 

significantly higher amounts of energy compared to onshore wind farms. The 

vast renewable energy potential of offshore wind energy makes it a compelling 

option for meeting growing electricity demands and achieving renewable 

energy targets16. 

• Reduced Visual and Noise Impacts: Offshore wind farms have the advantage 

of being located at sea, away from densely populated areas. This positioning 

helps minimize visual impacts on land and reduces potential conflicts with local 

communities. Unlike onshore wind farms, which can be visible from residential 

areas and natural landscapes, offshore wind turbines are typically located far 

offshore and are less visible from shorelines. This preservation of visual 

aesthetics enhances public acceptance and mitigates potential objections to 

wind energy projects. Furthermore, offshore wind turbines tend to generate less 

noise compared to their onshore counterparts, reducing potential noise pollution 

concerns for nearby residents17. 

• Potential for Larger Turbines and Technological Advancements: Offshore 

wind farms benefit from the potential for larger wind turbines compared to 

onshore installations. The vast expanse of the sea allows for the deployment of 

 
16 Esteban, M. D., Diez, J. J., López, J. S., & Negro, V. (2011). Why offshore wind energy?. Renewable 
energy, 36(2), 444-450. 
17 Bilgili, M., Yasar, A., & Simsek, E. (2011). Offshore wind power development in Europe and its 
comparison with onshore counterpart. Renewable and Sustainable Energy Reviews, 15(2), 905-915. 
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larger turbines with increased rotor diameters and taller towers. These larger 

turbines can capture more wind energy and generate higher electricity output, 

making offshore wind farms more efficient and productive. Moreover, the 

expansive offshore environment offers the opportunity for continued 

technological advancements in offshore wind energy. Ongoing research and 

development efforts are focused on improving turbine design, materials, and 

manufacturing processes, with the goal of further enhancing the efficiency, 

reliability, and cost-effectiveness of offshore wind power generation18. 

• Grid Integration and System Flexibility: Offshore wind farms can be 

strategically located in close proximity to populated areas and existing grid 

infrastructure. This advantageous positioning facilitates efficient grid 

integration and minimizes transmission losses. The shorter distance between 

offshore wind farms and population centers reduces the need for extensive and 

costly transmission infrastructure upgrades. The efficient grid integration of 

offshore wind energy minimizes energy losses during transmission and 

maximizes the economic viability of offshore wind projects. Additionally, 

offshore wind energy offers system flexibility, as the variability of offshore 

winds can be complemented by other renewable energy sources or energy 

storage technologies. This ensures a more reliable and stable electricity supply, 

enhancing the overall efficiency and resilience of the power system19. 

• Environmental Benefits: Offshore wind energy provides notable 

environmental benefits. By generating electricity from a clean and renewable 

resource, offshore wind farms contribute to the reduction of greenhouse gas 

emissions and mitigate the impacts of climate change. The avoidance of fossil 

fuel combustion and the associated emissions of carbon dioxide and other 

pollutants improve air quality, leading to positive impacts on human health and 

ecosystem well-being. Furthermore, offshore wind farms have the potential to 

minimize the negative effects on terrestrial ecosystems compared to onshore 

wind farms. By being located at sea, offshore wind installations mitigate the 

 
18 Esteban, M. D., Diez, J. J., López, J. S., & Negro, V. (2011). Why offshore wind energy?. Renewable 
energy, 36(2), 444-450. 
19 Bilgili, M., Yasar, A., & Simsek, E. (2011). Offshore wind power development in Europe and its 
comparison with onshore counterpart. Renewable and Sustainable Energy Reviews, 15(2), 905-915. 



15 
 

risks of bird and bat collisions and minimize disturbance to land-based habitats 

and wildlife20. 

In conclusion, offshore wind energy offers distinct advantages that contribute to its 

increasing prominence in the renewable energy sector. The vast renewable energy 

potential, reduced visual and noise impacts, potential for larger turbines, technological 

advancements, grid integration advantages, and environmental benefits make offshore 

wind farms an attractive option for sustainable power generation. As technology 

continues to evolve and costs decrease, offshore wind energy holds tremendous promise 

for meeting growing energy demands while minimizing environmental impacts and 

advancing the transition towards a more sustainable energy future. 

  

 
20 Esteban, M. D., Diez, J. J., López, J. S., & Negro, V. (2011). Why offshore wind energy?. Renewable 
energy, 36(2), 444-450. 
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2. Legal Framework 

2.1. International Legal Framework 

The development and deployment of renewable energy sources, including wind energy, 

are governed by a complex interplay of international legal frameworks. These 

frameworks provide guidance, principles, and standards that facilitate the adoption of 

renewable energy technologies, harmonize practices, and promote international 

cooperation in the pursuit of sustainable energy systems. Understanding the 

international legal landscape is essential for countries seeking to establish effective 

policies, regulations, and incentives to support the growth of wind energy at the global 

level. 

2.1.1. United Nations Framework Convention on Climate Change (UNFCCC) 

The United Nations Framework Convention on Climate Change (UNFCCC) stands as 

a cornerstone in the international response to climate change. Adopted in 1992, the 

UNFCCC aims to stabilize greenhouse gas concentrations in the atmosphere and 

prevent dangerous anthropogenic interference with the climate system. The convention 

establishes a framework for international cooperation, knowledge sharing, and capacity 

building in the field of climate change mitigation and adaptation. 

Under the UNFCCC, countries come together annually during the Conference of the 

Parties (COP) to assess progress, negotiate commitments, and develop strategies to 

combat climate change. The Paris Agreement, adopted under the UNFCCC in 2015, 

represents a significant milestone in global climate governance. The agreement aims to 

limit global warming to well below 2 degrees Celsius above pre-industrial levels and 

pursue efforts to limit the temperature increase to 1.5 degrees Celsius. Nationally 

Determined Contributions (NDCs) submitted by countries outline their individual 

efforts to reduce greenhouse gas emissions and transition to low-carbon economies21. 

The UNFCCC and the Paris Agreement provide a foundation for countries to promote 

renewable energy deployment, including wind energy. The agreements emphasize the 

 
21 Hickmann, T., Widerberg, O., Lederer, M., & Pattberg, P. (2021). The United Nations Framework 
Convention on Climate Change Secretariat as an orchestrator in global climate 
policymaking. International Review of Administrative Sciences, 87(1), 21-38. 



17 
 

need to transition away from fossil fuel-based energy systems and promote the 

development of renewable energy sources as a key component of climate change 

mitigation strategies. They also encourage international cooperation, technology 

transfer, and financial support to facilitate the deployment of renewable energy 

technologies in developing countries22. 

2.1.2. International Renewable Energy Agency (IRENA) 

The International Renewable Energy Agency (IRENA) plays a vital role in advancing 

the global renewable energy agenda. Established in 2009, IRENA serves as an 

intergovernmental organization dedicated to promoting the widespread adoption and 

sustainable use of renewable energy worldwide. IRENA facilitates knowledge sharing, 

provides policy advice, conducts research, and supports capacity building to accelerate 

the deployment of renewable energy technologies. 

IRENA works closely with member countries to identify best practices, develop 

renewable energy policies and regulations, and foster international collaboration. The 

agency promotes cooperation and coordination among countries, industry stakeholders, 

and international organizations to address common challenges and seize opportunities 

in the renewable energy sector. IRENA's activities include the development of resource 

assessments, technology roadmaps, and policy guidelines to support the integration of 

renewable energy sources, including wind energy, into national energy systems23. 

2.1.3. International Energy Agency (IEA) 

The International Energy Agency (IEA), established in 1974, operates as an 

autonomous agency under the framework of the Organisation for Economic Co-

operation and Development (OECD). The IEA serves as a global energy policy advisor, 

providing analysis, research, and recommendations to support the transition to a 

sustainable energy future. 

 
22 Warren, R., Price, J., VanDerWal, J., Cornelius, S., & Sohl, H. (2018). The implications of the United 
Nations Paris Agreement on climate change for globally significant biodiversity areas. Climatic 
change, 147, 395-409. 
23 Urpelainen, J., & Van de Graaf, T. (2015). The International Renewable Energy Agency: a success 
story in institutional innovation?. International Environmental Agreements: Politics, Law and 
Economics, 15, 159-177. 
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The IEA's activities encompass various aspects of energy, including renewable energy 

sources and climate change mitigation. The agency conducts in-depth assessments of 

renewable energy technologies and their potential contribution to the global energy 

mix. It provides policy guidance, promotes best practices, and supports member 

countries in developing effective renewable energy policies and regulations. The IEA 

also facilitates international collaboration and knowledge sharing among its member 

countries, contributing to the advancement of wind energy deployment worldwide24. 

2.1.4. International Trade and Investment Agreements 

International trade and investment agreements play a significant role in shaping the 

legal landscape for renewable energy development, including wind energy. Agreements 

such as the World Trade Organization (WTO) agreements, bilateral investment treaties 

(BITs), and regional trade agreements influence the regulatory environment, market 

access, and investment conditions for renewable energy projects. 

These agreements aim to promote free trade, protect foreign investments, and ensure a 

level playing field for economic activities. They can have both positive and negative 

implications for the wind energy sector. On the one hand, trade agreements can 

facilitate the exchange of renewable energy technologies, promote investment flows, 

and encourage market competition, fostering the growth of wind energy. On the other 

hand, certain provisions, such as intellectual property rights protection or dispute 

settlement mechanisms, can impact access to renewable energy technologies or result 

in legal disputes that affect the wind energy sector. 

Countries must navigate these international trade and investment agreements while 

crafting their domestic policies and regulations to ensure a conducive environment for 

wind energy development. Balancing the need for promoting renewable energy with 

international trade obligations and investment protection is essential to create a 

supportive legal framework for the growth of wind energy at the global level25. 

 
24 Van de Graaf, T. (2014). International energy agency. In Handbook of governance and security (pp. 
489-503). Edward Elgar Publishing. 
25 Monti, A. (2022). International trade disputes on renewable energy. In Handbook on Trade Policy and 
Climate Change (pp. 220-237). Edward Elgar Publishing. 
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In conclusion, the international legal framework for wind energy encompasses various 

agreements and organizations that shape the development, deployment, and integration 

of renewable energy sources. The UNFCCC and the Paris Agreement establish global 

commitments to address climate change and promote renewable energy as a key 

mitigation strategy. International organizations such as IRENA and the IEA provide 

valuable guidance, knowledge, and cooperation platforms to support the growth of 

wind energy. Additionally, international trade and investment agreements influence 

market conditions and investment flows in the wind energy sector. A comprehensive 

understanding of the international legal framework is essential for countries to navigate 

and align their policies, regulations, and investment strategies to foster the sustainable 

growth of wind energy and accelerate the transition to a low-carbon energy future. 

2.1.5. United Nations Convention on the Law of the Sea (UNCLOS) 

The United Nations Convention on the Law of the Sea (UNCLOS) is a seminal piece 

of international legislation that governs various aspects of maritime affairs, including 

the rights and responsibilities of nations in their use of the world's oceans. 

Encompassing a wide range of subjects, it has significant relevance for the exploitation 

of offshore wind energy, particularly in terms of delineating national jurisdiction over 

maritime zones. 

Under the provisions of UNCLOS, coastal nations are entitled to an Exclusive 

Economic Zone (EEZ) that extends 200 nautical miles from their baseline, or out to a 

maritime boundary with another coastal state. Within this zone, the coastal state has 

sovereign rights for the purpose of exploring, exploiting, conserving, and managing the 

natural resources, whether they be living or non-living, of the seabed and subsoil, as 

well as the adjacent waters. This presents an invaluable opportunity for countries to 

harness offshore wind energy within their EEZs, but it also poses certain legal 

challenges and responsibilities. 

As part of the environmental safeguards, UNCLOS stipulates that states have a duty to 

protect and preserve the marine environment. This duty includes an obligation to take 

necessary measures to prevent, reduce, and control pollution of the marine environment 

from any source, including through the use of technologies and installations such as 

offshore wind farms. Thus, while UNCLOS does grant states the freedom to explore 
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and exploit their maritime resources, it also necessitates that they do so in a manner that 

is mindful of the marine environment and of potential transboundary impacts. 

In addition, the use of artificial islands, installations, and structures for the production 

of wind energy in the EEZ is also subject to certain conditions set out in UNCLOS. The 

construction, operation, and use of such structures must be conducted with due regard 

to the rights and duties of other states and in accordance with international standards 

and recommended practices and procedures. Furthermore, states are required to 

establish safety zones around such installations and ensure that they do not interfere 

with established shipping routes. 

In the context of Greece, the implementation of UNCLOS presents a unique scenario 

due to the country's extensive coastline and numerous islands, which could potentially 

offer a wealth of opportunities for the installation of offshore wind farms. It also 

underscores the importance of carefully navigating the regulatory complexities posed 

by UNCLOS in the pursuit of renewable energy solutions. 

In conclusion, the UNCLOS framework plays a pivotal role in governing the potential 

exploitation of offshore wind energy. As a mechanism that balances resource 

exploitation rights with environmental preservation and international cooperation, it is 

crucial for any coastal state aiming to harness offshore wind energy to fully understand 

and adhere to its provisions. The legal intricacies of UNCLOS, as they apply to offshore 

wind energy projects, remain an evolving field of study and will continue to shape the 

international legal landscape in this regard. 

 

2.2. Legal Framework in Greece 

Greece has made significant strides in promoting renewable energy sources, including 

wind energy, through the establishment of a comprehensive legal framework that 

supports their development, integration, and growth. The legal framework in Greece 

provides a clear regulatory framework, incentives, and mechanisms to encourage 

investment in the wind energy sector, facilitate project development, and ensure the 

efficient operation of wind farms. 
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2.2.1. National Legislative Framework 

The national legislative framework in Greece encompasses laws, regulations, and 

administrative procedures that govern the development, operation, and management of 

wind energy projects. Key elements of the legal framework in Greece include: 

• Electricity Market Liberalization: The liberalization of the electricity market 

in Greece has created opportunities for the development of renewable energy 

projects, including wind energy. Legislative measures, such as Law 4001/2011, 

introduced a competitive market framework, allowing renewable energy 

producers to participate in the market and sell their electricity directly to 

consumers or through power purchase agreements (PPAs). This liberalized 

market structure fosters competition, promotes efficiency, and encourages the 

growth of wind energy investments26. 

• Feed-in Tariffs and Support Schemes: Greece has implemented feed-in tariff 

(FiT) and support schemes to incentivize the development of renewable energy 

projects, including wind energy. The FiT scheme guarantees a fixed, long-term 

price for electricity generated from renewable sources, providing certainty and 

stability for investors. The Greek Regulatory Authority for Energy (RAE) sets 

the FiT rates, which vary depending on the type and size of the renewable 

energy project. In addition to FiTs, Greece has also introduced support schemes, 

such as the competitive auction scheme, to promote renewable energy 

development and ensure cost-effectiveness. 

• Licensing and Permitting Procedures: The legal framework in Greece 

establishes licensing and permitting procedures to regulate the development and 

operation of wind energy projects. The competent authority responsible for 

issuing licenses and permits is the Ministry of Environment and Energy. 

Developers must obtain a license for the installation and operation of wind 

farms, which involves an evaluation of environmental impacts, technical 

feasibility, and compliance with regulatory requirements. The permitting 

process also includes securing land use permits and addressing environmental 

 
26 Danias, N., Swales, J. K., & McGregor, P. (2013). The Greek electricity market reforms: Political and 
regulatory considerations. Energy policy, 62, 1040-1047. 
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considerations, such as nature conservation and protection of cultural heritage 

sites27. 

• Grid Connection and Offtake Agreements: The legal framework in Greece 

outlines the procedures and requirements for grid connection of wind energy 

projects. Grid operators, such as the Independent Power Transmission Operator 

(IPTO), oversee the connection process and ensure the integration of wind farms 

into the electricity grid. Developers must comply with technical specifications, 

grid code requirements, and safety standards to secure grid connection. Offtake 

agreements, such as power purchase agreements (PPAs) or agreements under 

the FiT scheme, regulate the sale of electricity generated by wind farms to 

distribution system operators or end consumers. 

• Environmental and Social Considerations: Environmental and social 

considerations are an integral part of the legal framework in Greece for wind 

energy projects. Environmental impact assessments (EIAs) are required for the 

development of wind farms, assessing potential environmental effects and 

proposing mitigation measures. These assessments ensure that wind energy 

projects comply with environmental regulations, protect biodiversity, and 

minimize negative impacts on ecosystems and local communities. The legal 

framework also encourages public participation and consultation during the 

permitting process, allowing stakeholders to provide input, express concerns, 

and contribute to decision-making processes28. 

2.2.2. Incentives and Support Mechanisms 

In addition to the legislative framework, Greece has implemented various incentives 

and support mechanisms to foster wind energy development and attract investment. 

These mechanisms include: 

• Investment Incentives: Greece offers investment incentives, such as tax 

exemptions, grants, and subsidies, to promote renewable energy projects, 

including wind energy. The Investment Incentives Law (4399/2016) provides 

 
27 Metaxas, A., & Tsinisizelis, M. (2013). The development of renewable energy governance in Greece. 
Examples of a failed (?) policy. Renewable Energy Governance: Complexities and Challenges, 155-168. 
28 Danias, N., Swales, J. K., & McGregor, P. (2013). The Greek electricity market reforms: Political and 
regulatory considerations. Energy policy, 62, 1040-1047. 
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financial incentives for projects that contribute to sustainable development, 

energy efficiency, and the utilization of renewable energy sources. These 

incentives aim to attract both domestic and foreign investment in the wind 

energy sector and support the growth of the renewable energy industry in 

Greece. 

• EU Funds and Programs: Greece has access to European Union (EU) funds 

and programs that support renewable energy projects, including wind energy. 

EU funds, such as the European Regional Development Fund (ERDF) and the 

Cohesion Fund, provide financial assistance for infrastructure development, 

research and innovation, and the transition to a low-carbon economy. Greece 

can leverage these funds to support wind energy investments, improve grid 

infrastructure, and enhance the integration of renewable energy sources into the 

national energy system29. 

• Energy Efficiency and Climate Action Programs: The legal framework in 

Greece promotes energy efficiency and climate action through dedicated 

programs and initiatives. These programs aim to improve energy efficiency, 

reduce greenhouse gas emissions, and increase the share of renewable energy 

in the energy mix. For example, the National Energy Efficiency Action Plan 

sets targets and measures to enhance energy efficiency across various sectors, 

including buildings, industry, and transport. The implementation of energy 

efficiency measures supports the integration of wind energy by reducing overall 

energy demand and increasing the share of renewable energy sources in the 

energy system30. 

In conclusion, Greece has established a robust legal framework to support the 

development and growth of wind energy projects. The national legislative framework 

provides a clear regulatory framework, incentives, and mechanisms to facilitate project 

development, ensure efficient operation, and attract investment in the wind energy 

sector. Feed-in tariffs, support schemes, licensing procedures, grid connection 

 
29 Manolopoulos, D., Kitsopoulos, K., Kaldellis, J. K., & Bitzenis, A. (2016). The evolution of renewable 
energy sources in the electricity sector of Greece. International Journal of Hydrogen Energy, 41(29), 
12659-12671. 
30 Deniozos, N., Vlados, C., Chatzinikolaou, D., & Falaras, A. (2018). Energy Security in Balkans and 
the Energy Economy of Greece. In Proceedings of the 2nd International Conference in Contemporary 
Social Sciences:" Public Policy at the Crossroads: Social Sciences Leading the Way. 



24 
 

requirements, and environmental considerations are key elements of the legal 

framework in Greece. Incentives, such as investment incentives, EU funds, and energy 

efficiency programs, further contribute to the favorable environment for wind energy 

development. The comprehensive legal framework in Greece demonstrates the 

country's commitment to renewable energy deployment and its transition towards a 

sustainable and low-carbon energy future. 

2.3. Legal Regime of the Exclusive Economic Zone (EEZ) in Greece 

The concept of the Exclusive Economic Zone (EEZ) has become a pivotal aspect in the 

international maritime law, particularly for nations like Greece with extensive 

coastlines and significant maritime interests. The EEZ, extending up to 200 nautical 

miles from the coast, is where a state has special rights regarding the exploration and 

use of marine resources31. This section delves into the legal regime of Greece's EEZ, 

emphasizing its implications for offshore wind energy, maritime boundaries, and 

international relations, particularly in the context of the Eastern Mediterranean. 

2.3.1. Greece's EEZ and International Law 

Greece, with its extensive archipelago in the Aegean and Ionian Seas, has a substantial 

stake in its EEZ. The United Nations Convention on the Law of the Sea (UNCLOS), 

which Greece has ratified, provides the legal framework for EEZs. UNCLOS allows 

coastal states to exercise sovereign rights for exploring, exploiting, conserving, and 

managing natural resources in their EEZ. However, the delimitation of EEZs can be 

contentious, especially in semi-enclosed seas like the Eastern Mediterranean, where the 

maritime areas of different states may overlap32. 

The Eastern Mediterranean is a complex geopolitical arena, where the delimitation of 

maritime boundaries is influenced by historical, political, and strategic factors. Greece's 

EEZ overlaps with those of neighboring countries, leading to disputes and the need for 

bilateral agreements. The recent Greece-Egypt EEZ delimitation agreement 

 
31 Ioannou Naoum, C. (2023). Greek-Turkish Ideational Antagonism and Exclusive Economic Zones: A 
Discourse Analysis of the EU Response to the Erdogan Regime Challenging UNCLOS in the Eastern 
Mediterranean. 
32 Tsakonas, P., & Armakolas, I. (2023). Greece Countering Regional Instability and a Hostile Neighbor: 
A Perspective from Athens. In Geopolitical Turmoil in the Balkans and Eastern Mediterranean (pp. 205-
228). Cham: Springer International Publishing. 
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exemplifies this, wherein both nations have sought to assert their rights while respecting 

international law. This agreement is crucial for Greece, as it confirms its sovereignty 

rights and aids in countering other regional claims, particularly those from Turkey33. 

2.3.2. Challenges and Opportunities for Greece's EEZ  

The legal regime of the EEZ is not only vital for traditional resources like oil and gas 

but also for renewable energy sources, particularly offshore wind energy. Greece's EEZ 

offers significant potential for offshore wind farms, given the high wind speeds in the 

Aegean and Ionian Seas. The legal framework governing the EEZ ensures Greece's 

right to harness these resources. However, the development of such projects must 

consider international laws, environmental protections, and the rights of other states, 

particularly in shared or disputed maritime areas34. 

Greece faces challenges in navigating the complex legal and geopolitical landscape of 

its EEZ. Disputes with neighboring countries, particularly Turkey, over maritime 

boundaries and resource rights, pose significant hurdles. However, these challenges 

also present opportunities for diplomatic engagements and forging international 

partnerships. The EEZ agreements, like those with Egypt and Italy, demonstrate 

Greece's commitment to resolving disputes through international law and diplomacy35. 

Looking forward, Greece's EEZ holds immense potential for economic growth and 

energy security, especially in the context of renewable energy sources like wind. The 

legal regime of the EEZ will continue to play a critical role in shaping Greece's energy 

strategies and its geopolitical positioning in the Eastern Mediterranean. The need for 

sustainable and peaceful utilization of marine resources underscores the importance of 

adhering to international law and pursuing cooperative regional relationships36. 

The legal regime of the EEZ in Greece is a fundamental aspect of its national interest, 

especially in the realm of offshore wind energy. By navigating the complex interplay 

 
33 Mazis, I. T., Sgouros, A. P. D. G. A., & Troulis, M. I. (2022). The chronicle of a pre-announced greek–
turkish dialogue. 
34 Tziarras, Z. (2023). Drivers of crisis in the Greek-Turkish protracted conflict: a Neoclassical Realist 
reading. Southeast European and Black Sea Studies, 1-21. 
35 Tsakonas, P., & Armakolas, I. (2023). Greece Countering Regional Instability and a Hostile Neighbor: 
A Perspective from Athens. In Geopolitical Turmoil in the Balkans and Eastern Mediterranean (pp. 205-
228). Cham: Springer International Publishing. 
36 Grigoriadis, I. N. (2023). Greek-Turkish Relations since 2019. Between Turbulence and 
Détente. Südosteuropa Mitteilungen, 63(3-4), 43-52. 
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of international law, regional geopolitics, and environmental considerations, Greece 

can effectively utilize its EEZ for sustainable development and energy security. The 

EEZ not only represents a zone of economic opportunity but also a domain where 

international law and cooperation can pave the way for peaceful and productive use of 

maritime resources. 

2.4. Assessing the Adequacy of Greece's Legal Framework for Offshore Wind 

Energy Development 

In the pursuit of renewable energy solutions, particularly offshore wind energy, the 

adequacy of a country's legal framework is paramount. Greece, with its strategic 

location and significant maritime interests, has made notable progress in developing a 

comprehensive legal framework to support the growth of wind energy. This essay 

critically examines the extent to which the existing legal framework in Greece covers 

the diverse aspects required for the successful implementation and development of 

offshore wind energy projects. 

Greece's legal framework for wind energy is firmly rooted in international legal 

standards and agreements. The adoption of frameworks like the United Nations 

Framework Convention on Climate Change (UNFCCC), the International Renewable 

Energy Agency (IRENA), the International Energy Agency (IEA), and various 

international trade and investment agreements provide a robust global context within 

which Greece operates. These agreements, particularly the UNFCCC and the Paris 

Agreement, have been instrumental in shaping Greece’s commitment to renewable 

energy and setting a platform for international cooperation and technology transfer. 

However, while these international commitments provide a broad framework, the 

specific challenges of offshore wind energy require more detailed national strategies 

and regulations. 

Greece's approach to electricity market liberalization and the introduction of Feed-in 

Tariffs (FiT) and support schemes have been significant steps towards incentivizing 

renewable energy investments. However, in the context of offshore wind energy, these 

mechanisms need to be tailored to address the specific requirements of offshore 

infrastructure, which is typically more capital-intensive and complex than onshore 

projects. The licensing and permitting procedures, while comprehensive, can be time-
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consuming and may require streamlining to expedite the deployment of offshore wind 

projects. Furthermore, the framework for grid connection and offtake agreements must 

be sufficiently flexible to accommodate the variable nature of wind energy. 

The emphasis on environmental and social considerations in the national framework is 

commendable. The requirement for Environmental Impact Assessments (EIAs) ensures 

that offshore wind projects are developed responsibly, considering ecological and 

community impacts. However, balancing environmental protections with the need for 

rapid deployment of renewable energy sources is a continuous challenge. 

The legal regime governing Greece’s EEZ is critical in the context of offshore wind 

energy. While UNCLOS provides Greece with the right to harness wind resources 

within its EEZ, the challenge lies in the delimitation of maritime boundaries, especially 

in a geopolitically complex region like the Eastern Mediterranean. The agreements with 

Egypt and Italy showcase Greece’s efforts in asserting its rights while adhering to 

international law. These agreements are steps in the right direction but navigating the 

overlapping claims, especially with Turkey, remains a significant challenge. 

The potential of Greece's EEZ for offshore wind energy is substantial, given the high 

wind speeds in the Aegean and Ionian Seas. Yet, the development of these resources 

must be balanced with environmental considerations and the rights of other states. The 

existing legal framework provides a foundation for this, but continuous adaptations and 

diplomatic engagements are required to address the evolving landscape of international 

maritime law and regional geopolitics. 

As Greece continues to develop its offshore wind energy potential, a few key areas 

require attention. First, there is a need for more specialized policies and regulations 

tailored specifically to offshore wind energy, which address the unique challenges of 

maritime infrastructure development. Secondly, streamlining licensing and permitting 

procedures to facilitate quicker project deployment will be crucial in realizing Greece’s 

renewable energy goals. Lastly, ongoing diplomatic efforts to resolve EEZ disputes and 

establish clear maritime boundaries are vital for the secure and sustainable development 

of offshore wind resources. 
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Greece's legal framework for renewable energy, particularly offshore wind energy, is 

comprehensive and aligned with international standards. However, the specific 

challenges of offshore wind energy development necessitate further refinement of 

national laws and regulations, streamlined administrative processes, and continued 

diplomatic efforts to resolve EEZ disputes. By addressing these areas, Greece can 

effectively harness its offshore wind potential, contributing to its energy security and 

sustainability goals while upholding its commitments under international law. 
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3. Implementation of Offshore Wind Energy 

3.1. Technological Considerations 

Technology forms the backbone of offshore wind energy implementation, with 

continual advancements playing a critical role in improving the efficiency, capacity, 

and sustainability of offshore wind farms. This section delves into the key technological 

aspects of offshore wind energy, including wind turbines, anchoring systems, 

transmission technology, and advancements in the field. 

3.1.1. Wind Turbine Technology 

Wind turbines are the primary component of offshore wind farms, and their technology 

has evolved significantly over the years. Early offshore wind turbines often mirrored 

their onshore counterparts in design and capacity. However, the unique environmental 

conditions of the offshore setting – higher and more consistent wind speeds, corrosive 

sea air, and the logistical challenges of offshore operations – necessitated the 

development of specialized turbine technology. 

Today, offshore wind turbines are larger, more efficient, and more durable than their 

onshore counterparts. Ranging from 6 to 12 MW capacity per unit, these turbines are 

designed to maximize energy capture from wind while withstanding harsh offshore 

conditions37. 

3.1.2. Anchoring Systems 

The anchoring system of an offshore wind turbine is fundamental to its stability and 

durability. Monopile foundations, consisting of a single large-diameter steel tube driven 

into the seabed, are the most commonly used foundation type for water depths up to 30 

meters. However, as offshore wind farms venture into deeper waters, alternative 

anchoring systems such as jacket foundations, gravity-based structures, and floating 

platforms are gaining traction38. 

3.1.3. Transmission Technology 

 
37 Hemami, A. (2012). Wind turbine technology. Cengage Learning. 
38 Bošnjaković, M., Katinić, M., Santa, R., & Marić, D. (2022). Wind turbine technology trends. Applied 
Sciences, 12(17), 8653. 
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Transmission technology is another crucial aspect of offshore wind energy 

implementation. The generated electricity needs to be transmitted to the shore and 

integrated into the power grid. Subsea power cables, often a combination of alternating 

current (AC) and direct current (DC) systems, are employed for this purpose. The 

choice between AC and DC depends on factors such as the distance to shore, power 

capacity, and cost considerations39. 

3.1.4. Advancements in Technology 

The field of offshore wind energy is characterized by rapid technological 

advancements. Increased turbine capacity, improved materials, innovative foundation 

designs, and enhanced transmission technology all contribute to reducing costs and 

improving the efficiency and viability of offshore wind projects. Notably, the 

development of floating wind turbines has opened up the possibility of harnessing wind 

energy in deep-water locations, which was previously unfeasible. 

The constant evolution of technology in the offshore wind sector underscores its 

dynamic nature and the industry's commitment to addressing the world's increasing 

demand for sustainable and reliable energy sources. This innovation, driven by 

extensive research and development efforts, continues to shape the landscape of 

offshore wind energy implementation40. 

3.2. Site Selection Process 

The process of selecting a suitable site for the implementation of an offshore wind 

energy project is a complex and multifaceted one, requiring careful consideration of a 

range of environmental, technical, and socio-economic factors. This section will delve 

into the critical aspects of the site selection process for offshore wind energy projects. 

3.2.1. Wind Resource Assessment 

The most fundamental factor in the site selection process is the availability of wind 

resource. Detailed wind assessments, usually involving computer simulations and 

historical meteorological data, are conducted to ascertain the mean wind speed, 

 
39 Hu, W. (Ed.). (2018). Advanced wind turbine technology. Springer. 
40 Hemami, A. (2012). Wind turbine technology. Cengage Learning. 
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variability, and prevailing wind direction at a potential site. This assessment is critical 

to evaluate the potential energy yield of the project and inform the decision-making 

process41. 

 

3.2.2. Bathymetric and Geotechnical Surveys 

Given the marine setting of offshore wind farms, an understanding of the sea depth 

(bathymetry) and seabed conditions is crucial. Geotechnical surveys provide data on 

the seabed's physical properties, informing the design and selection of appropriate 

turbine foundation and anchoring systems. For instance, a rocky or uneven seabed 

might necessitate the use of specific foundation types, while sites with soft sediments 

might impose limitations on the maximum load-bearing capacity42. 

3.2.3. Proximity to Shore and Grid Infrastructure 

The distance of the site from the shore and the existing power grid infrastructure 

significantly impacts the project's feasibility and cost. Close proximity to shore can 

simplify construction, maintenance, and grid connection, reducing overall project costs. 

However, projects close to the shore can also face increased environmental and 

aesthetic concerns from local communities, requiring a delicate balance43. 

3.2.4. Environmental and Socio-Economic Considerations 

A thorough environmental impact assessment (EIA) forms a crucial part of the site 

selection process. The EIA takes into account potential impacts on marine ecosystems, 

including effects on bird migration patterns, marine mammals, fish populations, and 

benthic communities. Socio-economic considerations, such as effects on local fisheries, 

 
41 DeCastro, M., Salvador, S., Gómez-Gesteira, M., Costoya, X., Carvalho, D., Sanz-Larruga, F. J., & 
Gimeno, L. (2019). Europe, China and the United States: Three different approaches to the development 
of offshore wind energy. Renewable and Sustainable Energy Reviews, 109, 55-70. 
42 Sun, X., Huang, D., & Wu, G. (2012). The current state of offshore wind energy technology 
development. Energy, 41(1), 298-312. 
43 Atcheson, M., Garrad, A., Cradden, L., Henderson, A., Matha, D., Nichols, J., ... & Sandberg, J. (2016). 
Floating offshore wind energy. by Joao Cruz and Mairead Atcheson. Springer International Publishing. 
Chap. Looking back. doi, 10(1007), 978-3. 
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shipping lanes, cultural heritage sites, and visual impacts, also play a key role in site 

selection44. 

3.2.5. Legal and Regulatory Compliance 

Finally, site selection must adhere to the local, national, and international legal and 

regulatory frameworks governing offshore wind development. This includes adhering 

to the maritime boundaries as per UNCLOS, compliance with national environmental 

regulations, and meeting any regional or local zoning requirements. 

The site selection process for offshore wind energy projects thus represents a careful 

integration of technical feasibility, environmental stewardship, socio-economic 

considerations, and regulatory compliance. A well-chosen site not only ensures the 

project's economic viability but also helps in securing stakeholder acceptance and 

achieving broader sustainability goals45. 

3.3. Planning and Design 

The planning and design phase is a critical juncture in the implementation of offshore 

wind energy projects, setting the stage for how well the project aligns with its financial, 

technical, and environmental objectives. This stage involves a series of intricate and 

interrelated decisions, taking into account multiple factors to create an effective and 

efficient design. 

Initial planning starts with an evaluation of the selected site's characteristics, 

encompassing factors determined in the site selection process such as wind resource 

assessment, bathymetric and geotechnical analysis, and environmental considerations. 

The available wind resource, for example, informs the positioning and orientation of 

wind turbines to maximize energy yield. Similarly, seabed conditions play a significant 

role in deciding the type and design of turbine foundations, considering both the load-

bearing capacity and the technical feasibility of installation. 

 
44 DeCastro, M., Salvador, S., Gómez-Gesteira, M., Costoya, X., Carvalho, D., Sanz-Larruga, F. J., & 
Gimeno, L. (2019). Europe, China and the United States: Three different approaches to the development 
of offshore wind energy. Renewable and Sustainable Energy Reviews, 109, 55-70. 
45 Sun, X., Huang, D., & Wu, G. (2012). The current state of offshore wind energy technology 
development. Energy, 41(1), 298-312. 
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Parallelly, the design phase must also cater to the challenges and requirements of the 

offshore environment. Turbines, support structures, and other infrastructural elements 

must be resilient against marine conditions, including high wind speeds, corrosive 

saltwater, and wave impacts. Besides, the accessibility for maintenance and the 

durability of the components are other factors that necessitate careful consideration in 

the design phase46. 

The layout of the wind farm forms another crucial aspect of planning and design. 

Turbine spacing is a critical consideration, primarily dictated by the need to minimize 

the 'wake effect' where one turbine reduces the wind speed for those located 

downstream, thereby reducing their energy output. The optimal layout will, therefore, 

strive to balance energy production with the number of turbines and the space available. 

Further, the design process must also focus on grid connection planning. The 

transmission system design needs to consider the distance to the shore, the capacity of 

the offshore and onshore grid, and the potential for grid congestion. Depending on the 

distance and capacity, developers need to choose between AC or DC systems for power 

transmission, with the design also factoring in the potential future expansion of the wind 

farm or the grid infrastructure47. 

Lastly, the planning and design phase must include transport and installation logistics. 

Given the size and weight of modern wind turbines and their components, it is crucial 

to plan for suitable vessels and equipment capable of safely transporting and installing 

these structures offshore. Furthermore, the design must account for maintenance 

requirements, ensuring that turbine components can be easily accessed, replaced, or 

repaired as needed. 

In essence, the planning and design phase of offshore wind energy implementation is a 

multidimensional process. It requires a systematic integration of site characteristics, 

technical requirements, environmental considerations, and logistic challenges to ensure 

 
46 Dinh, V. N., & McKeogh, E. (2019). Offshore wind energy: technology opportunities and challenges. 
In Proceedings of the 1st Vietnam Symposium on Advances in Offshore Engineering: Energy and 
Geotechnics (pp. 3-22). Springer Singapore. 
47 Jay, S. (2010). Planners to the rescue: Spatial planning facilitating the development of offshore wind 
energy. Marine pollution bulletin, 60(4), 493-499. 
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that the resulting wind farm can operate efficiently, sustainably, and economically over 

its lifetime48. 

3.4. Environmental Impact Assessment 

The implementation of offshore wind energy projects necessitates the careful 

consideration of potential environmental impacts, emphasizing the vital role of 

Environmental Impact Assessment (EIA) in this process. EIA is an integral tool for 

identifying, predicting, and assessing the potential environmental effects associated 

with a proposed development, such as an offshore wind farm. 

EIA for offshore wind energy projects is a comprehensive process, beginning with an 

initial screening to determine whether the project is likely to have significant 

environmental impacts. If deemed necessary, the process continues to a scoping stage, 

defining the key environmental issues to be addressed and establishing the framework 

and methodology for the assessment49. 

The EIA subsequently assesses a range of environmental aspects. One central area of 

investigation is the potential impact on avian species, as offshore wind farms can 

interfere with bird migratory routes and local bird populations. Detailed ornithological 

studies are thus conducted to assess risks such as collision or displacement. 

Marine life, including mammals, fish, and benthic communities, is another crucial 

consideration. The construction and operation of wind farms can generate underwater 

noise, introduce artificial hard substrates into soft sediment ecosystems, and alter local 

hydrodynamics. Hence, robust marine biological assessments form a key component of 

the EIA process. 

Additionally, EIA looks at the possible effects of offshore wind farms on the physical 

environment. This includes assessing changes to water and sediment dynamics, and the 

 
48 Dinh, V. N., & McKeogh, E. (2019). Offshore wind energy: technology opportunities and challenges. 
In Proceedings of the 1st Vietnam Symposium on Advances in Offshore Engineering: Energy and 
Geotechnics (pp. 3-22). Springer Singapore. 
49 Leung, D. Y., & Yang, Y. (2012). Wind energy development and its environmental impact: A review. 
Renewable and sustainable energy reviews, 16(1), 1031-1039. 
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potential for scouring around turbine foundations. If not properly managed, these 

impacts could lead to detrimental effects on coastal processes and habitats50. 

Mitigation measures are a critical output of the EIA process. Based on the predicted 

impacts, appropriate measures are proposed to avoid, reduce, or offset the anticipated 

environmental effects. These could range from adjusting the location or layout of 

turbines to minimize impacts on sensitive species, implementing noise mitigation 

techniques during construction, to designing appropriate scour protection measures for 

turbine foundations. 

Finally, EIAs also include post-installation monitoring programs to validate the 

predictions made during the assessment and to track the effectiveness of mitigation 

measures. This feedback mechanism helps to improve the accuracy and effectiveness 

of future EIAs51. 

In summary, the EIA plays a fundamental role in the responsible development of 

offshore wind energy. By systematically assessing and addressing potential 

environmental impacts, it ensures that the pursuit of renewable energy does not come 

at the expense of the very environment it aims to protect. 

3.5. Stakeholder Engagement 

The implementation of offshore wind energy projects is a complex undertaking that 

involves a variety of stakeholders, making effective stakeholder engagement a key 

factor in project success. Stakeholder engagement encompasses the processes of 

identifying, communicating with, and involving individuals, groups, or organizations 

that may be affected by, have an interest in, or possess the ability to influence the 

outcome of the project. 

Engagement with stakeholders should commence at the earliest stages of the project, 

fostering open dialogue, and collaborative relationships. This early engagement enables 

the identification of potential issues, concerns, or opportunities that may arise during 

 
50 Saidur, R., Rahim, N. A., Islam, M. R., & Solangi, K. H. (2011). Environmental impact of wind energy. 
Renewable and sustainable energy reviews, 15(5), 2423-2430. 
51 Leung, D. Y., & Yang, Y. (2012). Wind energy development and its environmental impact: A review. 
Renewable and sustainable energy reviews, 16(1), 1031-1039. 
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the project lifecycle, allowing for proactive problem solving and enhanced project 

design. 

Key stakeholders in offshore wind energy projects typically include local communities, 

government entities, environmental groups, the fishing industry, shipping companies, 

and other users of the sea space. Each stakeholder group has its own interests, concerns, 

and potential impacts related to the project, necessitating a nuanced and responsive 

approach to engagement52. 

Local communities, for example, may have concerns about visual impacts, noise, or 

potential disruption to local amenities and services. Direct engagement through public 

consultations, community meetings, and open dialogue can help address these concerns 

and incorporate community feedback into project planning and design. 

Government entities, on the other hand, have a vested interest in the regulatory 

compliance of the project, its alignment with national or regional energy strategies, and 

its contribution to local economic development. Engaging with these stakeholders 

requires a clear understanding of regulatory frameworks, policy contexts, and strategic 

objectives. 

Other maritime users, such as the fishing industry and shipping companies, may have 

concerns about the potential disruption to their operations. Engagement with these 

stakeholders may involve negotiation to minimize conflicts, ensure safe navigation, and 

potentially offer compensation where necessary53. 

In summary, stakeholder engagement in offshore wind energy projects is a dynamic 

and ongoing process that significantly contributes to the project's social acceptance, 

regulatory compliance, and overall success. By promoting transparency, fostering 

collaboration, and addressing stakeholder concerns proactively, projects can enhance 

their social license to operate and build enduring relationships with their stakeholder 

community. 

 
52 Brunbauer, M., McClellan Press, K., Williams, K. A., Dresser, B. K., Gulka, J., & Lampman, G. (2023). 
Effective Stakeholder Engagement for Offshore Wind Energy Development: The State of New York's 
Fisheries and Environmental Technical Working Groups. Marine and Coastal Fisheries, 15(2), e10236. 
53 Dwyer, J., & Bidwell, D. (2019). Chains of trust: Energy justice, public engagement, and the first 
offshore wind farm in the United States. Energy Research & Social Science, 47, 166-176. 
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3.6. Project Financing 

Project financing represents a pivotal aspect of offshore wind energy implementation, 

demanding careful planning, prudent risk management, and the establishment of secure 

and diverse funding streams. Offshore wind projects, given their high upfront capital 

costs, extended construction periods, and operation in a challenging marine 

environment, require robust financial strategies. 

Financing an offshore wind project typically involves a mix of equity and debt. Equity, 

usually provided by project sponsors or investors, constitutes ownership in the project 

and absorbs the highest risks, while debt, in the form of loans, bonds, or other credit 

facilities, is usually provided by financial institutions and has to be repaid over time 

with interest. 

Project sponsors and investors look at the expected rate of return, taking into account 

factors such as the anticipated revenue from the sale of electricity, the lifespan of the 

wind farm, operational costs, and associated risks. Revenue streams are highly 

dependent on the regulatory framework, which may include mechanisms such as feed-

in tariffs, power purchase agreements, or green certificates, providing long-term price 

certainty and incentivizing investment54. 

The project's capital costs, covering expenditures on turbines, foundations, grid 

connection, and installation, form a substantial part of the financial model. These costs 

have been trending downwards due to technological advancements, economies of scale, 

and increased competition, making offshore wind projects increasingly financially 

viable. 

Operational costs, including maintenance, repairs, and potential decommissioning, are 

another significant factor in the financial model. While offshore wind farms generally 

have higher maintenance costs compared to their onshore counterparts due to the harsh 

marine environment and accessibility challenges, technological improvements and 

efficient maintenance strategies are helping to mitigate these costs. 

 
54 Agrawal, A. (2012). Risk mitigation strategies for renewable energy project financing. Strategic 
planning for energy and the environment, 32(2), 9-20. 
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Securing debt financing for offshore wind projects often involves demonstrating to 

lenders that the project is technically feasible, environmentally compliant, and 

economically viable. Detailed project documentation, including EIAs, technical 

feasibility studies, and financial models, is thus vital in obtaining financing55. 

In conclusion, project financing is a complex but critical element in the successful 

implementation of offshore wind energy projects. It requires a clear understanding of 

the financial landscape, careful planning, and the ability to negotiate and manage 

financial risks effectively. While the financial challenges are considerable, the 

increasing economic competitiveness of offshore wind energy, coupled with its 

significant potential for contributing to sustainable energy goals, continues to attract 

robust investment. 

3.7. Challenges and Solutions 

Despite the significant potential of offshore wind energy, its implementation is not 

without challenges. These encompass technical, environmental, social, and financial 

dimensions, each requiring innovative solutions to ensure the successful realization of 

offshore wind projects. 

Technical challenges are primarily related to the harsh marine environment in which 

offshore wind farms operate. High wind speeds, corrosive saltwater, wave impacts, and 

the logistical difficulties of offshore operations can complicate construction, 

maintenance, and grid connection efforts. In response, the industry is continually 

innovating, developing larger and more robust turbines, pioneering new foundation 

designs, and enhancing transmission technologies. Technological advancements such 

as floating wind turbines also promise to extend offshore wind energy to deep-water 

locations, which were previously inaccessible56. 

Environmental challenges primarily arise from the potential impacts of offshore wind 

farms on marine and avian life. Wind farms can disrupt bird migration patterns, produce 

 
55 Lam, P. T., & Law, A. O. (2018). Financing for renewable energy projects: A decision guide by 
developmental stages with case studies. Renewable and Sustainable Energy Reviews, 90, 937-944. 
56 Salvador, S., Gimeno, L., & Larruga, F. J. S. (2018). The influence of regulatory framework on 
environmental impact assessment in the development of offshore wind farms in Spain: Issues, challenges 
and solutions. Ocean & Coastal Management, 161, 165-176. 
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underwater noise that affects marine mammals, and alter local ecosystems. Thorough 

Environmental Impact Assessments, combined with careful site selection and design, 

can help mitigate these impacts. Moreover, continued research and monitoring 

contribute to a better understanding of these impacts and the development of more 

effective mitigation strategies. 

Social challenges include public opposition related to visual impact, noise, or perceived 

negative effects on local amenities or services. These challenges can be addressed 

through early and ongoing stakeholder engagement, fostering dialogue and 

collaboration with local communities, and incorporating their feedback into project 

planning and design57. 

Financial challenges stem from the high upfront capital costs of offshore wind projects 

and the need for secure and stable revenue streams. The trend of decreasing costs due 

to technological advancements and economies of scale, coupled with supportive 

regulatory frameworks that provide long-term price certainty, are making offshore wind 

projects increasingly financially viable58. 

In conclusion, while the path to offshore wind energy implementation is paved with 

challenges, each presents an opportunity for innovation and progress. By leveraging 

technological advancements, fostering environmental stewardship, promoting 

stakeholder collaboration, and harnessing financial innovation, the offshore wind 

energy sector can continue to grow and contribute significantly to our sustainable 

energy future. 

3.8. Case Studies - Expanded Analysis 

3.8.1. Hornsea One, United Kingdom 

The Hornsea One offshore wind farm, with its 1.2 GW capacity, represents a milestone 

in the scale of offshore wind energy projects. Located 120 km off the Yorkshire coast, 

it consists of 174 Siemens Gamesa turbines, each with a capacity of 7 MW. Completed 

 
57 McKenna, R., vd Leye, P. O., & Fichtner, W. (2016). Key challenges and prospects for large wind 
turbines. Renewable and Sustainable Energy Reviews, 53, 1212-1221. 
58 Salvador, S., Gimeno, L., & Larruga, F. J. S. (2018). The influence of regulatory framework on 
environmental impact assessment in the development of offshore wind farms in Spain: Issues, challenges 
and solutions. Ocean & Coastal Management, 161, 165-176. 
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in 2020, the project is a testament to the rapid advancements in offshore wind 

technology and the benefits of economies of scale. 

However, such a large-scale project also presents unique challenges. The offshore 

location required the development of a sophisticated electrical infrastructure to transmit 

power back to shore. The solution involved the installation of three offshore substations 

and an offshore reactive compensation station, a first in the industry, to ensure efficient 

power transmission over the long distance. The project also required a new onshore 

substation, and significant upgrades to the existing grid infrastructure to handle the 

increased capacity59. 

The remote location also necessitates an innovative approach to operations and 

maintenance. Ørsted established the world's largest offshore wind operations and 

maintenance hub in Grimsby, including a comprehensive marine coordination center to 

manage vessel movements. 

The project's implementation also carefully considered environmental impacts. 

Extensive surveys were conducted pre-construction to assess potential impacts on 

marine and bird life, and a Marine Mammal Observer was on-site during construction 

to ensure minimal disturbance to local wildlife60. 

3.8.2. Gemini Offshore Wind Park, Netherlands 

Located 85 km off the Dutch coast, the Gemini Offshore Wind Park consists of 150 

Siemens wind turbines, each with a capacity of 4 MW. The project showcases 

successful international collaboration, with stakeholders from Canada, Germany, and 

the Netherlands, and demonstrates how partnership can leverage diverse expertise for 

project success. 

The offshore location, one of the farthest from land globally for a wind farm, presented 

significant implementation challenges. One of the primary concerns was transmitting 

the electricity generated back to the Dutch mainland. The solution involved an 

 
59 Junqueira, H., Robaina, M., Garrido, S., Godina, R., & Matias, J. C. (2020). Viability of creating an 
offshore wind energy cluster: A case study. Applied Sciences, 11(1), 308. 
60 Glasson, J., Durning, B., Welch, K., & Olorundami, T. (2022). The local socio-economic impacts of 
offshore wind farms. Environmental Impact Assessment Review, 95, 106783. 
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innovative design and layout of the export cables and the use of an offshore high voltage 

substation. 

Maintaining the wind turbines in such a remote location is also a significant challenge. 

The project partners addressed this by contracting a dedicated Service Operations 

Vessel (SOV), equipped with a motion-compensated gangway to allow safe access to 

the turbines in varying sea conditions, enabling efficient maintenance operations61. 

The project also prioritized minimizing environmental impact. The location was 

selected in part because of its low bird density, and comprehensive Environmental 

Impact Assessments were carried out. During construction, measures were taken to 

minimize underwater noise to protect marine life, and extensive monitoring programs 

were put in place to assess the project's environmental impact62. 

In conclusion, both Hornsea One and Gemini Offshore Wind Park highlight the 

complexities and innovative problem-solving associated with implementing large-scale 

offshore wind projects. These case studies provide valuable insights into the practical 

realities of offshore wind energy, demonstrating the industry's capability to overcome 

challenges and deliver successful projects. 

  

 
61 Claessens, C. (2016). Episodic density-induced current velocities at the Gemini offshore wind park. 
62 Jong, C. A. F., Lam, F. P. A., von Benda-Beckmann, A. M., Oud, T. S., Geelhoed, S. C. V., Vallina, T. 
C., ... & Snoek, R. C. (2022). Analysis of the effects on harbour porpoises from the underwater sound 
during the construction of the Borssele and Gemini offshore wind farms (No. TNO 2022 R12205). TNO. 
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4. Investments of companies in Greece 

4.1. An Analysis of Potential Offshore Wind Energy Investments in Greece 

The importance of investing in renewable energy, specifically offshore wind energy, is 

paramount for Greece to meet its 2050 target of net zero carbon emissions. In line with 

this, ELIAMEP's 2021 study provides crucial insights into the socio-economic impact 

of such investments, offering a comprehensive analysis of potential benefits, costs, and 

stakeholder compensation mechanisms63. 

As the study underlines, the forthcoming legislative framework in Greece is expected 

to promote investment in offshore wind energy. With the country's deep seas making it 

an ideal candidate for floating offshore wind technology, there is a clear economic and 

environmental case for investment. The study uses a hypothetical 495MW floating 

offshore wind farm to highlight potential outcomes, indicating that such an investment 

could cover around 4% of Greece's annual energy demand and reduce CO2 emissions 

by 1.5 million tones. 

The financial implications of such a project are significant. The study estimates an 

investment requirement of almost €1 billion over the project's lifetime, which includes 

construction, operation, maintenance, and decommissioning costs. However, it also 

highlights the considerable global gains from reduced CO2 emissions, underscoring the 

environmental profitability of such an investment. 

The study further indicates that local communities, often hesitant due to potential visual 

disamenity and environmental impact, can also benefit, given suitable compensation 

mechanisms are implemented. This compensation could be either private, such as 

offering energy at lower prices, or public, such as providing local public goods like 

infrastructure development or maintenance of cultural heritage. 

Turning to the specific context of Greece, the study references previous work by 

Zountouridou et al.64 exploring the feasibility of offshore wind farms in the deep waters 

 
63 ELIAMEP (2021). Offshore wind energy in Greece: Estimating the socio-economic impact. 
HELLENIC FOUNDATION FOR EUROPEAN & FOREIGN POLICY (ELIAMEP) 
64 Zountouridou, E. I., Kiokes, G. C., Chakalis, S., Georgilakis, P. S., & Hatziargyriou, N. D. (2015). 
Offshore floating wind parks in the deep waters of Mediterranean Sea. Renewable and Sustainable 
Energy Reviews, 51, 433-448. 
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of the Mediterranean Sea. It focuses on a potential 12MW floating offshore wind farm 

near Santorini, replacing energy produced by oil-based plants, leading to significant 

environmental and welfare gains. 

Moreover, the study discusses Spyridonidou et al.65 identifying potential locations for 

offshore wind farms in Greece and estimating the respective investment costs. The 

authors identify 16 possible offshore wind projects, with the implementation of 12 of 

these expected to generate socio-economic benefits using only 60% of the total 

investment capital. The site selection for these projects would hinge on a variety of 

factors including legislation around National Territorial Waters, wind velocity, water 

depth, and distance from ports and the high voltage electricity grid, among others. 

In conclusion, ELIAMEP's study presents a strong case for the investment in offshore 

wind energy in Greece, outlining substantial benefits at both the international and 

national level. The careful consideration of location, energy capacity, and the energy 

source that wind power will replace can yield significant socio-economic benefits, 

further bolstered by suitable compensation mechanisms for local communities. The 

findings of the study provide a strong foundation for future investments in offshore 

wind energy projects in Greece66. 

4.2. Integrating Offshore Wind Farm Planning in Greece 

The paper by Spyridonidou & Vagiona67 explores a detailed approach to the 

development of offshore wind farms in Greece, focusing on shallow waters. The 

authors propose an integrated spatial energy planning methodology that provides 

comprehensive guidance for the site selection, technical specifications, and 

prioritization of potential offshore wind farm projects. 

Spyridonidou & Vagiona apply a hybrid multi-criteria decision-making (MCDM) 

method and Geographic Information System (GIS) software, creating a marine site 

 
65 Spyridonidou, S., & Vagiona, D. G. (2020). Spatial energy planning of offshore wind farms in Greece 
using GIS and a hybrid MCDM methodological approach. Euro-Mediterranean Journal for 
Environmental Integration, 5, 1-13. 
66 ELIAMEP (2021). Offshore wind energy in Greece: Estimating the socio-economic impact. 
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67 Spyridonidou, S., & Vagiona, D. G. (2021). A comparative analysis of decision-making methods on 
site suitability for on-and offshore wind farms: The case of regional unit of Euboea, Greece. Circular 
Economy and Sustainability, 1-14. 
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suitability index that can evaluate different policy orientations for offshore wind farm 

siting. Their methodology consists of four stages: identifying appropriate areas for 

offshore wind farms (macro-siting), determining the main technical specifications of 

the offshore wind turbines and the configurations of offshore wind projects (micro-

siting), estimating the total investment cost of each potential project, and prioritizing 

the most suitable potential sites for offshore wind farms based on specific assessment 

criteria. 

In their conclusions, the authors emphasize that their methodological approach yields 

economically viable solutions for all relevant aspects of offshore wind farm 

installations, including macro- and micro-siting, technical, economic, decision-making, 

and potential policy orientations applied during the planning process. The total 

investment cost, covering the capital expenditure (CAPEX), operational expenditure 

(OPEX), and decommissioning expenditure (DECEX) of each project, is identified as 

a significant criterion for ranking the suitability of offshore wind farm sites. 

The application of their proposed method in Greece resulted in the identification of 

several potential offshore wind projects, with the total estimated production capacity of 

all proposed projects reaching 1,185 MW. This figure represents approximately 15% 

of the total amount of electrical energy required in Greece, according to 2017 statistics. 

The authors also recommend the further inclusion of stakeholders, experts, and the 

public in the site suitability analysis process. This participatory planning would enhance 

the spatial energy planning approach by incorporating diverse perspectives and 

priorities, leading to improved social acceptance and environmental sustainability of 

proposed offshore wind farms. 

In conclusion, the study by Spyridonidou & Vagiona contributes significantly to the 

discourse on investments in offshore wind energy in Greece. It provides a robust and 

replicable methodology that facilitates informed decision-making, offering substantial 

insights for potential investors and policy makers in the sector. 

4.3. Site Selection for Onshore and Offshore Wind Farms: A Case Study from 

Euboea, Greece 
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The research conducted by Spyridonidou & Vagiona68  provides a methodological 

framework for determining the siting potential of onshore and offshore wind farms in a 

given area. They demonstrate their approach using a case study of Euboea, Greece, 

highlighting the potential for wind energy production in the region. 

The authors emphasize wind energy's vital role in meeting energy and low-carbon 

policy targets in Greece due to its cost-effectiveness. Nevertheless, they note that 

inappropriate siting can lead to economically unviable projects. To address this 

challenge, they propose a two-phase site selection framework: 

• Identifying suitable areas for onshore and offshore wind farm siting using 

geographic information systems (GIS). This phase involves the creation of 

linear geoprocessing models considering numerous exclusion criteria like wind 

power density. 

• Prioritizing suitable land and marine areas based on specific assessment criteria, 

for instance, distance from protected areas. This phase employs three different 

multi-criteria decision-making schemes, namely the Analytic Hierarchy Process 

(AHP), Entropy and VIKOR (VIseKriterijumsko KOmpromisno Rangiranje). 

The application of this methodology in Euboea led to the creation of six different land 

and marine site suitability indexes. These provide valuable data that can support local 

policymakers and contribute to regional energy interdependence. 

Spyridonidou & Vagiona highlight the effectiveness of their proposed site selection 

methodology in investigating wind farm siting potential, underlining VIKOR as an apt 

method for prioritizing potential wind farm sites. They also endorse the use of the 

Entropy weight method, particularly when decision-makers may be unwilling or unable 

to provide judgments on assessment criteria weights. 

The study found that Euboea has significant potential for the deployment of new 

onshore and offshore wind energy projects. However, the suitable surface area for sites 

on land is less than that in the sea, given the higher number of restrictions and 

 
68 Spyridonidou, S., & Vagiona, D. G. (2021). A comparative analysis of decision-making methods on 
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limitations on land. Their analysis identifies South-West of Euboea and the center of 

Megalonisos as the most suitable sites for onshore wind farm siting in all three multi-

criteria decision-making schemes. 

In conclusion, the study by Spyridonidou & Vagiona presents an innovative 

methodological approach for wind farm site selection and offers substantial insights for 

potential investors in the region. Their research contributes to the broader discussion of 

wind energy investments in Greece, emphasizing the need for effective site selection 

methods to ensure the economic viability of these investments. 

4.4. The Feasibility of Floating Wind Parks in the Mediterranean: A Case Study 

from Santorini, Greece 

The study conducted by Zountouridou et al.69 investigates the potential and feasibility 

of offshore floating wind parks in the deep waters of the Mediterranean Sea, particularly 

in Greece. The researchers argue for the use of offshore wind technologies as a solution 

to meet Greece's renewable energy targets and reduce its carbon footprint. 

In their study, they explain the limitations of fixed-bottom offshore wind turbines, 

which are economically viable only in water depths of up to 50 meters. However, the 

Mediterranean basin, including the Aegean Sea around Greece, often features larger 

water depths even at short distances from the shore. This makes the construction of 

fixed-bottom wind turbines costly and ineffective. Hence, the authors propose the use 

of floating wind turbines, which can be installed in water depths ranging from 100 to 

900 meters, thus enabling installations at larger distances from the shore. 

Zountouridou et al. focus on the technical and economic feasibility of a 12 MW floating 

offshore wind park located 15 kilometers from the shore in the deep waters near the 

island of Santorini. They outline a set of scenarios based on varying investment costs 

and state subsidy levels. The researchers argue that for the offshore wind park to be 

feasible, it would require state subsidies or a smaller amount of bank loans. Without 

 
69 Zountouridou, E. I., Kiokes, G. C., Chakalis, S., Georgilakis, P. S., & Hatziargyriou, N. D. (2015). 
Offshore floating wind parks in the deep waters of Mediterranean Sea. Renewable and Sustainable 
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state subsidies, only a low-investment-cost scenario would be feasible, although they 

expect cost reductions of floating structures in the future. 

They also address the societal benefits that such a wind energy project would bring 

about. These include reducing energy imports, increasing energy supply security, 

reducing CO2 emissions, and creating new jobs and activities in the areas where the 

wind parks are installed. Furthermore, they state that the social gains arising from state 

support of wind energy projects can indicate a project's profitability from a social 

perspective. 

In conclusion, Zountouridou et al. argue that while the use of floating wind parks in the 

Mediterranean presents a promising opportunity for Greece to further its renewable 

energy production, it would require significant state subsidies and further reduction in 

investment costs to make such projects economically viable. Their study contributes 

valuable insights into the economic considerations and potential societal benefits of 

such renewable energy investments in Greece. 

4.5. Evaluating Investment Security and Guarantees in Offshore Wind Energy in 

Greece 

In the realm of renewable energy, particularly offshore wind energy, investment 

security and the guarantees associated with these investments are crucial. This essay 

critically assesses whether Greece provides a secure and attractive environment for such 

investments, given the current legal and economic landscape. 

Greece's commitment to renewable energy, underscored by various studies and 

legislative frameworks, shows a clear trajectory towards embracing offshore wind 

energy. The analysis by ELIAMEP (2021) highlights the socio-economic benefits of 

offshore wind energy investments, projecting significant contributions to Greece’s 

energy demands and a substantial reduction in CO2 emissions. Furthermore, the 

potential for local community benefits through private and public compensation 

mechanisms suggests a holistic approach to these investments. The emphasis on 

Greece’s deep seas as ideal for floating offshore wind technology paints a promising 

picture for investors. The feasibility studies, such as those by Spyridonidou & Vagiona, 

underscore the technical and economic viability of offshore wind farms in Greek 
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waters. These studies detail the strategic planning and prioritization required for 

successful project implementation, providing a robust framework for potential 

investors. 

Despite these positive indicators, several challenges persist. The complexity of the 

licensing and permitting process, and the need for comprehensive environmental 

impact assessments, though necessary for sustainable development, may pose hurdles 

in terms of time and resource investment. Additionally, the geopolitical intricacies 

involving maritime boundaries, particularly in the Eastern Mediterranean, add a layer 

of complexity and potential risk for investors. 

However, these challenges are not insurmountable. The evolving legislative framework 

in Greece indicates a willingness to streamline processes and support renewable energy 

initiatives. The potential for state subsidies, as discussed in the Santorini case study, 

suggests a level of governmental backing that could reassure investors. 

The key question revolves around whether Greece offers sufficient security and 

guarantees to attract and retain offshore wind energy investments. The existing and 

forthcoming legislative frameworks show a commitment to renewable energy. The 

financial analysis, considering construction, operation, maintenance, and 

decommissioning costs, alongside environmental profitability, presents an appealing 

case for long-term investment. However, the necessity for state subsidies, and the 

reliance on future reductions in investment costs, indicate areas where financial risk 

remains a consideration. 

The socio-economic benefits, particularly in terms of job creation, energy security, and 

environmental impacts, add to the attractiveness of these investments. The involvement 

of local communities and stakeholders in the planning process also suggests a move 

towards more inclusive and sustainable project development, which can be a key factor 

in mitigating social and environmental risks. 

To enhance investment security in Greece’s offshore wind energy sector, several steps 

can be taken. Streamlining the regulatory and permitting process, ensuring clear and 

consistent application of policies, and maintaining transparency in dealings with 

investors will be critical. Additionally, fostering a stable economic environment and 
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offering financial incentives or guarantees can further boost investor confidence. 

Efforts to resolve geopolitical tensions and clarify maritime boundaries will also play a 

significant role in securing investments. Ensuring that the investment environment 

remains adaptive to technological advancements and global economic shifts will be 

crucial for sustaining investor interest in the long term. 

Greece presents a largely favorable environment for offshore wind energy investments, 

bolstered by its commitment to renewable energy, strategic geographic location, and 

evolving legal framework. While challenges exist in terms of regulatory complexities 

and geopolitical uncertainties, the potential benefits in terms of economic returns, 

environmental impact, and social development are significant. For Greece to be a 

preferred destination for offshore wind energy investments, a continued focus on 

enhancing the security and reliability of the investment climate is imperative. This 

includes not only refining the legal and regulatory frameworks but also actively 

engaging with investors to understand and address their concerns, thereby solidifying 

Greece's position as a leader in renewable energy within the Mediterranean region. 
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5. Conclusions 

The exploration of offshore wind energy and its implementation in Greece presents an 

exciting and promising opportunity for the nation to contribute significantly towards 

global efforts of achieving a more sustainable and low-carbon future. This paper has 

examined the various aspects related to the implementation of offshore wind energy, 

from technological considerations and site selection to environmental impacts and 

stakeholder engagement. The comprehensive evaluation underlines the multifaceted 

nature of such large-scale renewable energy projects and emphasizes the need for an 

integrated approach. 

Emerging offshore wind technologies, particularly floating wind turbines, present a 

viable solution to the challenges posed by Greece's geographical conditions. Given the 

country's location in the Mediterranean, where sea depths increase rapidly even at short 

distances from the shore, floating wind turbines are an innovative alternative to fixed-

bottom wind turbines. They could allow Greece to harness its abundant wind resources, 

especially in regions like the Aegean Sea. 

The process of site selection, planning, and design of offshore wind projects is indeed 

complex, calling for a strategic combination of wind resource assessment, geospatial 

analysis, technological considerations, and regulatory constraints. Balancing these 

factors is crucial to optimize energy production and ensure the economic viability of 

the projects. 

Environmental Impact Assessments (EIAs) play a critical role in mitigating potential 

negative impacts on marine ecosystems and coastal communities. It's essential that 

these assessments are comprehensive, rigorous, and transparent to ensure the projects 

meet environmental standards and achieve social acceptance. 

Stakeholder engagement emerges as another pivotal element in implementing offshore 

wind projects. Ensuring local communities and other stakeholders are actively involved 

in the planning process is key to fostering social acceptance, addressing concerns, and 

ultimately, contributing to the project's success. 
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Project financing is indeed a significant hurdle, especially given the high upfront costs 

of offshore wind projects. However, strategic investments, as highlighted in the case 

studies, can lead to substantial socio-economic benefits, making them a sound long-

term investment. 

Finally, an evaluation of case studies, such as the London Array and the Hornsea 

Project, demonstrates the real-world potential of offshore wind energy. Importantly, 

these cases provide valuable insights that can guide Greece in implementing its own 

offshore wind projects. In light of the above, implementing offshore wind energy in 

Greece is not just a prospect, but an imperative in the face of global climate change 

challenges. Through appropriate policy mechanisms, innovative technological 

solutions, meaningful stakeholder engagement, and strategic investments, Greece can 

indeed unlock the vast potential of offshore wind energy, paving the way towards a 

sustainable, low-carbon future. 

In addressing the complexities surrounding the installation of wind turbines in Greece, 

it becomes clear that several key issues intertwine to form a multifaceted challenge. 

This critique and observation, summing up the previous analyses, aims to distill the 

core problems facing companies looking to invest in Greek offshore wind energy 

projects. 

The geographical landscape of Greece, marked by its extensive coastline and the unique 

features of the Aegean and Ionian Seas, presents both opportunities and challenges for 

offshore wind energy. While the high wind speeds and deep seas offer ideal conditions 

for floating wind turbines, the variable sea depths and proximity to other nations' 

maritime zones complicate matters. These geographical factors necessitate 

sophisticated technology and careful planning for successful implementation. 

The issue of Greece’s Exclusive Economic Zone (EEZ) adds a layer of complexity, 

particularly given the geopolitical tensions in the Eastern Mediterranean. The disputes 

over maritime boundaries, especially with neighboring countries like Turkey, create an 

environment of uncertainty. This uncertainty can deter investment, as companies seek 

stability and clear legal frameworks within which to operate. Resolving these EEZ 

disputes is crucial for providing the certainty needed for large-scale investments in 

offshore wind projects. 
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While Greece has made significant strides in developing a comprehensive legal 

framework for renewable energy, certain aspects remain underdeveloped, particularly 

concerning offshore wind energy. The existing legal structures, primarily tailored for 

onshore wind energy, do not fully address the unique challenges posed by offshore 

projects. This includes the nuances of maritime infrastructure development, the 

intricacies of deep-sea installations, and the specific environmental impact 

considerations unique to offshore settings. 

The permitting and licensing procedures, though comprehensive, can be cumbersome 

and time-consuming. Streamlining these processes while ensuring environmental and 

social safeguards are maintained is essential for encouraging investment. Additionally, 

the need for more specialized policies, particularly those addressing the technological 

and economic peculiarities of offshore wind energy, is evident. 

Investment security is a pivotal concern for companies venturing into offshore wind 

energy in Greece. While the socio-economic benefits and the potential for 

environmental impact are clear, financial risks remain a significant consideration. The 

reliance on state subsidies and the uncertainty surrounding future investment costs 

contribute to a perception of financial insecurity. For offshore wind energy projects to 

be attractive to investors, there needs to be a balance between financial incentives, risk 

mitigation, and long-term profitability. 

The analysis of potential offshore wind energy investments in Greece indicates 

considerable gains from environmental and social perspectives. However, the economic 

feasibility of these projects, particularly in the context of the current financial 

mechanisms and market conditions, remains a concern. 

The installation of wind turbines in Greece faces a triad of challenges: geographical and 

EEZ-related complexities, an incomplete legal framework, and concerns regarding 

investment security.  

Addressing these issues requires a multifaceted approach: 
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• Diplomatic Resolution of EEZ Disputes: Engaging in diplomatic efforts to 

resolve maritime boundary disputes will provide the legal clarity and stability 

necessary for offshore wind energy investments. 

• Tailored Legal and Regulatory Frameworks: Developing specific 

regulations and policies that cater to the unique requirements of offshore wind 

energy, along with streamlining administrative processes, will create a more 

conducive environment for these projects. 

• Enhancing Investment Security: Providing clearer financial incentives, risk 

mitigation strategies, and a stable economic environment will be key to 

attracting and retaining investors in the offshore wind sector. 

In sum, while Greece presents a promising landscape for offshore wind energy 

development, realizing this potential hinge on addressing these intertwined challenges 

effectively. By doing so, Greece can position itself as a leader in renewable energy 

within the Mediterranean region and contribute significantly to the global shift towards 

sustainable energy solutions. 
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