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Abstract. It is apparent nowadays that, to meet the goal of climate neutrality and 

to increase the share of renewable energy in the global energy mix, an overall 

energy transition should be initiated and steered. The major challenge is not just 

to focus on the further development of the various renewables in isolation, but 

also to consider the potential of the efficient utilization of the synergies among 

them. In that context, the Energy Island model as a novel techno-scientific system 

that refers to, incorporates and considers the concept of a purpose-specific 

human-made artificial island suitable for the production, storage and distribution 

of the energy generated from various renewables that are installed on the island, 

can be seen to be of considerable importance. In this paper, a Multi-Criteria 

Decision Analysis (MCDA) framework is developed and applied for the selection of 

the most preferable Energy Island scenario in Greece. The proposed approach 

utilizes the well-known PROMETHEE-II MCDA method and relies on the 

consideration of a number of theoretical Energy Island scenarios applicable to 

marine areas in Greece that are identified as suitable for the development of 

offshore wind farms. Subsequently a number of environmental and technical 

criteria are established and used to comparatively evaluate four (4) alternative 

energy island scenarios in the Aegean Sea. The paper concludes that the 

noteworthy perspective of the various applications of the Energy Island model 

concept can contribute to the more efficient use of Greece's significant available 

renewable energy potential. 

1. Introduction  

As global energy transition becomes more complex and demanding, commitment and 

coordinated efforts are required for the development of new Renewable Energy Sources (RES) 

technologies, models and systems. The major challenge is not just to focus on the further 
development of the various renewables in isolation, but also to consider the potential of the 

efficient and effective utilization of the synergies of the available RES. 

In this context, the Energy Island model emerges, which is a novel techno-scientific system 

that refers to and considers the innovative concept of a purpose-specific human-made artificial 

island that is appropriate and convenient for the production, storage, and distribution of the 

energy generated from the various RES that are installed on the island [1]. In this framework, the 

ambition of the European Commission (EC) to boost the share of RES in global energy production 
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resulted in several purpose-specific actions and projects related to the concept of the Energy 

Island model. 

The aim of this paper is to evaluate the performance of an Energy Island model in Greece. To 

do so, the potential of the available offshore RES potential of the Greek Seas is examined and 

evaluated. The intention is to choose an appropriate and sensible Energy Island scenario feasible 

and operative for the marine environment and the energy conditions and status of Greece and to 

apply a decision analysis method based on a multi-criteria approach, suitable for the evaluation 

of the model. 

2. Methodology and Data  

To address and analyse the research statement of the paper, a theoretical and conceptual 

methodological framework, as schematically described in Figure 1, is proposed and considered 

for the procedural organization of the study. 

 

 
 
Figure 1. Methodological Framework. 

The methodology consists of two steps; in the first step, data is collected via literature for the 

available RES potential in Greece in order to select a feasible and suitable Energy Island scenario 

while in the second step, a Multi-Criteria Decision Approach is developed to assist the selection 

process for the optimum Energy Island model. 

The well-known PROMETHEE II MCDA outranking technique is selected according to the 

proposed integrated methodological framework developed by [2] and applied by [3] and [4]. The 

method has the advantage of integrating preference modeling in a very simple way since it is well 

adapted to systems where a finite number of alternative actions are to be ranked considering 

several criteria, combining ease of use and decreased complexity with all the advantages of the 

outranking techniques. 

3. Application of the Methodology and Results 

3.1 Optimum RES synergy scheme 
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The consideration of the offshore RES suitable for an Energy Island model in Greece requires the 

determination of the optimum RES synergy as a function of a) the available energy sources and 

relevant exploitation technologies and b) the diversity of the available regions that present 

significant possibilities for the successful implementation, exploitation, and utilization of the 

available technologies. In this framework, based on the conceptual scheme proposed by the 

MODENERLANDS Action [1], the diverse RES considered for the theoretical application of the 

Energy Island model are wind, solar, wave, and sea current energy technologies. 

Based on the literature evaluation of the available offshore RES in Greece, it is apparent that 

wind and solar PV technologies present high and considerable exploitable potential (Table 1).  

 

In this regard, the hybrid utilization of solar PV and wind energy emerges as the most 

promising RES synergy, and the most appropriate and suitable multigenerating option for the 

development of the Energy Island model in Greece, offering several advantages over a single RES 

system. 

3.2 Suitable Areas for the Energy Island model in Greece 

Several legislative efforts to boost RES development have been carried out in Greece, resulting in 

the introduction of a regulatory framework for the development of Offshore Wind Farms (OWFs) 

in the Greek Seas. Within this framework, a Preliminary Strategic Study was conducted in 2015 

for the Identification of Expanded Polygons for the Development of OWFs [10]. The Study carried 

out by ENVECO SMPE on behalf of the Center for Renewable Energy Sources (CRES), constitutes 
the essential frame for the detection of potentially suitable marine areas for the development of 

the Energy Island model in Greece. 

To identify the most opportune marine areas for the development of an Energy Island model 

in Greece, a preliminary and straightforward evaluation is conducted based on the following 

criteria, as these derive from the Preliminary Strategic Study (12 potential sites have been initially 

proposed as in Figure 2) and are summarized in Table 2: 

I. the typical and the maximum number of the WTGs and the power capacity of the considered 

OWFs, assuming the use of 7 MW WTGs, 

II. constraints in parameters of special importance and priority: Historical and Cultural 

Environment; Air Navigation; National Defence, and 

Table 1. Evaluation of RES Technologies in Greece ([5], [6], [7], [8], [9]). 

Offshore Technology Theoretical Potential Technology Readiness, 
and Maturity 

Wind Energy From 85 up to 840 TWh/year High 

Solar PV From 1.5 to 1.9 MWh/m2 High 

Wave Energy From 5 to 9 TWh/year Low 

Tidal Energy Very Low hydrokinetic potential Low 
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III. the overall evaluation and ranking of the impacts of the considered OWFs with respect to 

Climate Change; Natural and Acoustic Environment; Landscape; Infrastructures; Productive 

Activities; Direct Financial Benefits; Implementation Phase. 

After excluding the marine areas where the development of the OWFs presents serious (A) 

and very likely (B) issues when considering the Parameters of Special Importance and Priority, 

five (5) OWFs remain: OWF 2, OWF 4, OWF 7, OWF 9, and OWF 10. Considering the parameter of 

the OWFs’ Overall Evaluation of the Impacts, it is very likely that from the five (5) remaining OWFs, 

the four (4) with the highest ranking have been placed in marine areas appropriate and conducive 

for the development of the Energy Island model in Greece. Consequently, the marine areas where 

OWF 2, OWF 7, OWF 4, and OWF 10 have been placed will be further investigated and evaluated 

with the proposed MCDA process. 

 

 

Figure 2. OWFs’ Study Area. Source: [10]. 
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3.3 Application of the MCDA process 

Following the layout of the integrated methodological framework presented at Figure1, the MCDA 

case study involves the following distinctive phases: Stakeholders’ identification; Creation of 

variant scenarios; Establishment of criteria; Impact Matrix and Preference Elicitation; and MCDA 

model Application.  

Identification of the Stakeholders: From the large number of stakeholders involved in the 

decision-making process of RES projects in Greece, as stated in the relevant literature [3], [4], [11], 

[12], [13], the DMs indicatively selected, and considered for the present MCDA case study are: the 

Project Developer & Investor; the Network Operator; the Authorities (local and/or regional); and 

environmentalist NGOs (regional and/or national NGOs). 

Creation of variant Scenarios, the Proposed Greek Energy Island: The creation of the Proposed 

Greek Energy Island (PGEI) scenario applicable in the selected four (4) marine areas of the Aegean 

Sea is based on the conclusions of the literature evaluation of the available offshore RES potential 

in Greece for the identification of the optimum hybrid RES scheme, as summarized in Table 1, and 

the assumptions of the Preliminary Strategic Study. 

 

Table 2. Summary of the Preliminary Strategic Study [10]. 

OWF 
Sitting area 

(km2) 
No of WTGs 
Typical/Max 

Power (MW) 
Typical/Max 

II III 

1 ALEXANDROUPOLI 116.00 78/136 546/952 D B A +1.0 

2 SAMOTHRΑΚI 48.60 31/55 217/385 C D D +4.5 

3 FANARI 90.00 59/111 413/770 C D B +2.5 

4 THASOS 56.00 38/66 266/462 D D D +3.5 

5 N. LIMNOS 45.65 32/58 224/406 D C B +4.0 

6 S. LIMNOS 14.40 10/18 70/126 D D B +2.0 

7 AI STRATIS 8.70 8/11 56/77 D D D +4.0 

8 KYMI 18.90 14/23 98/161 C D B +2.0 

9 PETALIOI 0.65 2/2 14/14 C D D -3.0 

10 KARPATHOS 4.24 5/7 35/49 C D D -0.5 

11 LEYKADA 11.00 9/13 63/91 B A D -3.5 

12 OTHONOI 24.20 20/27 140/189 D D B -0.5 

II - Parameters of Special Importance and Priority, as stated in [10]. 
Historical and Cultural Environment - Air Navigation - National Defence, 
A: Serious issue; B: Very likely issue; C: Possible issue; D: In principle no issue. 

III - Overall Evaluation of the Impacts of the OWFs’ proposed sitting areas, as stated in [10]. 
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Based on the above-stated assumptions the considered PGEI model consists of five (5) WTGs 

(WTG 1 to 5) with rated power 3MW and a rotor diameter D = 101 m, arranged in a single row 

with a spacing of 8D, (rounded to 1 km), complemented by four (4) FPV arrays (FPV 1 to 4) placed 

between the five (5) WTGs. 

The boundaries of each PV array are set in terms of the WTGs’ rotor diameter D and the 

spacing limit of 8D, formulating arrays with dimensions approximately 2D x 8D rounded for 

design symmetry and ease of calculations to 200 m x 1,000 m. The area of each FPV array is twenty 

(20) Hectares, formulating a 5 WTGs + 4 PV arrays PGEI model, as schematically depicted in 

Figure 3, with a total area of eighty (80) Hectares (200 m x 4,000 m). 

The PGEI model consists of a) five (5) WTGs type ENERCON - 101, with a rated power 

capacity of 3.05 MW, a rotor diameter of 101 m, and a hub height of 135.0 m, developed by 

ENERCON GmbH, and b) four (4) FPV arrays with a total of 400,000 monocrystalline solar panels 

type SunPower® X-Series | X21-345-COM, with a nominal power of 345 W at an area of 

approximately 1.6 m2, developed by SUNPOWER®, formulating an Energy Island model with a 

total cumulative wind + solar PV capacity of 153.0 MW (wind 15.0 MW + solar 138.0 MW). 

Establishment of the Criteria: The four (4) evaluation criteria indicatively selected, and considered 
for the present MCDA case study are: 

1. Energy (resource-based) criterion: Annual Energy Production (AEP) of the PGEI (Table 3). 

Quantitative criterion (GWh / year) to maximize; estimated values of AEP have been assessed 

with the use of the RETScreen Expert - Clean Energy Management Software - Viewer mode - 

8.1.2.0, developed by the Ministry of Natural Resources Canada.  

2. Technological criterion: Marine Environment. Qualitative criterion (scale from -3 to 0) to 

maximize; data derived from the Preliminary Strategic Study. The criterion of the Marine 

Environment pertains to the intensity and the strength of the sea currents in the areas of interest 

 

Figure 3. Proposed Greek Energy Island Scenario – model. 
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and is a factor that affects technical aspects and features for the study and the development of the 

PGEI in the sense of ease of construction and operation. The presence of considerable, for the 

Greek data, sea currents is observed in the area of application of the OWFs under study and the 

Study’s evaluation of the “Relative Intensity of Sea Currents” is utilized to form a straightforward 

and practical qualitative scale suitable for the MCDA process, where each “Sea Current Category” 

is simplistically modelled to correspond in analogy to an integer on a scale from “-3” for a severe 

impact to “0” for no impact. 

 

3. Environment criterion: Impacts on the Avifauna. Qualitative criterion (scale from -3 to 0) 

to maximize; data derived from the Preliminary Strategic Study. The impacts of the PGEI scenarios 

on birds relate to the existence and the presence of WTGs and in this regard, the qualitative 

criterion of the Impacts on the Avifauna coincides with and is directly extracted from the related 

evaluation of the Study. The largest number of important vulnerable species is observed in the 

immediate marine areas of OWFs 2 and 4 and consequently, the more severe impact on the 

avifauna is estimated in these two marine areas, ranked with a “-2” on a scale from “-3 to 0”. 

4. Technological criterion: Distance of the PGEI to the Connection Point/Substation. 

Quantitative criterion (km) to minimize; Map-based estimated distances for PGEIs’ electrical 

interconnections. The criterion Distance to the Connection Point refers to the infrastructures re-

quired for the electrical interconnection of the PGEI with the power network/grid. To 

approximate the length of the interconnection network required, data and maps from the Hellenic 

Electricity Distribution Network Operator (HEDNO) “Power absorption capabilities of RES power 

units by geographical area in the Interconnected Network” and Google Maps Web Mapping 

platform, were used. 

3.4 Impact Matrix  

The Impact Matrix, after the evaluation of the criteria following the considerations and data 

described above and the weights presumed and considered for all four (4) stakeholders – DMs 

involved in the MCDA process, is presented in Figure 4. The DMs are a non-homogeneous body, 

and the weights supposed and assumed for each stakeholder derive from their individual 

interests, emphasizing and representing their respective and discrete role. In this framework, the 

Table 3. Annual Energy Production (AEP) estimations. 

AEP Scenario 1 Scenario 2 Scenario 3 Scenario 4 

(GWh/year) PGEI 2 PGEI 4 PGEI 7 PGEI 10 

TOTAL 270.33 258.75 272.08 301.66 

Wind 40.64 16.98 54.48 59.89 

Solar PV 229.69 241.77 217.60 241.77 

Wind and solar data from the IRENA Global Atlas for Renewable Energy online platform are 
obtained for each PGEI location, to be used as input in RETScreen Energy Models Wind – Level 2 
and Photovoltaic - Level 1, to estimate the AEP for each individual RES technology per PGEI case 
and cumulative per PGEI 
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assumptions and the considerations for the quantification of the selected weights of the criteria 

and the PROMETHEE threshold values are based on the reference literature ([2], [3], [13]). 

3.5 Model Application and Results 

The multi-criteria outranking method PROMETHEE II is employed to determine the DMs’ ranking 

of the alternatives, as presented in the PROMETHEE II Excel Model screenshot of Figure 4. The 

net flow calculated with the model for each PGEI scenario is plotted, and the graphs for the four 

(4) stakeholders DM I, II, III, and IV, are presented in Figure 5. 

 

Figure 5. Ranking of the variant PGEI Scenarios according to Stakeholders – DMs. 

 

Figure 4. PROMETHEE II Excel Model screenshot: Impact Matrix. 



MODENERLANDS’25
IOP Conf. Series: Earth and Environmental Science 1552 (2025) 012001

IOP Publishing
doi:10.1088/1755-1315/1552/1/012001

9

4 Conclusions 

To attempt an appraisal of the potential application of the Energy Island model in Greece, a MCDA 

approach is developed. The MCDA approach relies on the consideration of a theoretical Energy 

Island scenario applicable to marine areas that are identified as suitable for the development of 

OWFs in Greece. The proposed framework establishes mainly technical and environmental 

constraints and indirectly relates them with economic criteria to identify the most suitable sea 

area that is considered optimum for the development of the Energy Island model. Since the 

framework of the case study is limited to the technical and environmental aspects of the 

application of the Energy Island concept, further research is required for the consideration and 

appraisal of the financial and societal issues of the topic, which constitute major parameters for 

the development of RES systems and technologies. 

The developed MCDA model assisted in investigating, evaluating, and selecting the most 

preferable and optimum scenario from four (4) alternatives, considering the interests of four (4) 

hypothetical but pertinent stakeholders and their preferences on four (4) evaluation criteria. The 

most preferable alternative is Scenario 4, designated as ‘PGEI 10 KARPATHOS’, located offshore of 

the island of Karpathos in the Southeastern Aegean Sea. The Energy Island occupies a marine area 

of 80 Hectares and consists of five (5) WTGs and four (4) FPV arrays with a total cumulative 

nominal capacity of 153 MW. The estimated AEP of the hybrid wind-solar RES model is in the 

order of 300 GWh/year, with a share of 20% from wind energy and 80% from solar energy. The 

estimated AEP of the evaluated Energy Island is five (5) times higher compared to the reference 
OWF considered for the same marine area, projecting the advantage of the model over a single 

RES system. 

The outcome of the MCDA model depends exclusively on a) the specific preferences of the 

assumed stakeholders and selection of the criteria, b) the relevant evaluations of CRES’s 

Preliminary Strategic Study, and c) the estimations of the energy production of the evaluated 

scenarios. Considering that the methodological framework utilizes a straightforward and 

simplified approach to the Energy Island concept, it is important to note that the applied MCDA 

process is a decision-making aid for a theoretical case study. The developed methodology and 

MCDA model demonstrate a suitable method applicable for the multi-criteria evaluation of Energy 

Island scenarios and the prioritization of the considered alternatives. The indicative selection of 

the criteria and stakeholders and the sensitivity of the criteria's weighting establish the need for 

thoughtful and thorough development of the MCDA procedure for an integrated approach to the 

model. In this regard, the results should not be taken for granted since they are structured 

suggestions to assist in the decision-making process but can still provide valuable decision aid 

towards a better-informed decision. 
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