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Abstract 

 

 
This thesis focuses on renewable energy systems for electricity generation and water 

production on the Greek island Ano Koufonisi. Initially there is conducted a literature 

review on the energy situation in Greece and the development of renewables. Then, the 

study is narrowed to the energy situation on Greek islands, focusing in the area of 

Aegean Sea. There is included a description of connected and non-connected islands 

electrical power systems and are recorded the most significant problems of these 

configurations. The study proceeds to the identification of the most commonly used 

renewable energy resources on the area and are presented some already commissioned 

successful projects. 

Moreover, there follows a description of the water problem in the islands of the area 

and are presented the most popular technologies used for desalination, including the 

Reverse-Osmosis that is being currently used in Ano Koufonisi. 

Using the findings of the literature review and data available either by statistics or 

similar studies, there are constructed the electrical load and the desalination unit energy 

demand profiles for the island. These profiles are used as inputs in Homer Pro software, 

that is used for the simulations on this dissertation. There are examined four possible 

renewable adoption rates: 25, 50, 75 and 100%. The different combinations that are 

feasible for each rate, are compared to define which one presents the lowest net present 

cost, the lowest levelized cost of electricity, the lowest water cost, the highest grid sales, 

the lowest grid imports, the lowest excess electricity and finally the lowest capital cost. 

Lastly, there is conducted a sensitivity analysis for an eventual increase in load demand 

on island, using the three Independent Power Transmission Operator of Greece 

scenarios for 2027, for the chosen 100% adoption rate combination. There are examined 

the alternatives of battery sales to grid being allowed or not and the options of 

increasing the export capacity or not. The aim of this analysis, is to give results for the 

proposed system, regarding an eventual future question after the island connection to 

the mainland and on a possible change of the electricity and water consumption 

behaviour, which is: “Is still the covering of local demand the top priority or is it the 

profit?”. 
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km - kilometres 
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kV - kilovolts 

kW - kilowatt 

kWh - kilowatt-hour 

MW - Megawatt 

MWe - Megawatt of electricity 

MWh - Megawatt hour 

NCI - Non-Connected Islands 

NPC - Net Present Cost 

NREL - National Renewable Energy Laboratory 

OM - Operation and Maintenance 

PPC - Public Power Corporation 

PV - Photovoltaics 

R - Annuity factor 

RAE - Regulatory Authority of Energy 

ReF - Renewable Fraction 

RES - Renewable Energy Systems 

RO - Reverse-Osmosis 

STC - Standard Testing Conditions 

TEE - Technical Chamber of Greece 

VRB - Vanadium Redox Battery 

WC - Water Cost 
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WWF - World Wildlife Fund 
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1. Introduction 

1.1. Problem Definition 

Greece is a Mediterranean country located in south-eastern Europe with a population 

of 10.7 million approximately. Renewables have started being adopted in the country 

over the last 20 years (AP, 2017), as there has been an effort to harmonise with the 

European instructions for the goals of 2020 and 2030 (CNN Greece, 2018).  

One of the unique characteristics of the country is its large number of islands. Out of 

the 6000 islands of the country only 227 are inhibited (Kaldellis, et al., 2012). Most of 

the islands are not connected to the grid of the mainland and have their own power 

systems that are powered by autonomous petrol stations (APS). The operation of these 

stations comes with large amounts of emissions and expenses for the consumers, that 

pay almost double than these of the mainland (CRES, 2014). 

Another significant problem on Greek islands is water. Water for many years has been 

transported from mainland using tankers. Rainwater is also collected from roofs, when 

the rare rainfalls occur (Alexakis, 2003). On both cases, water is of low quality and not 

suitable for drinking. This leads to bottled water overconsumption, which often creates 

plastic bottle waste issues. 

Over the last few years and given the fact that mainland’s connection with the islands 

is under gradual construction (Liaggou, 2018), many studies have been conducted 

regarding the adoption or renewable energy systems (RES) on islands (Iliopoulou, et 

al., 2018). Studies also include systems that provide water using desalination 

technologies, such as the Reverse Osmosis technique (Kartalidis, et al., 2011). 

On this thesis, there are investigated RES implications that address to electricity and 

water issues on small islands, using as case study the island of Ano Koufonisi. Ano 



 

17 

Koufonisi (or simply referred as Koufonisi) is a small island of 412 residents, located 

on central Aegean Sea. Koufonisi is connected with the larger nearby island of Naxos 

with a subsea cable, which provides power to the island. On island there is installed 

also, an operational RO desalination unit of 600 m3/day capacity, which will be 

expanded by the end of 2018 to reach 700 m3/day (Southern Aegean Municipality 

Administration, 2014). 

To estimate the electricity demand profile of the island, there are used data from islands 

with the same characteristics of the same area, with the same climate, same building 

characteristics and similar professional occupation of their residents. This is being done 

to ensure that electricity consumers have the same behaviour and that load follows the 

same pattern on daily, monthly and seasonal basis (NEMA, 2014). 

The estimation of water consumption and consequently the energy required for the RO 

desalination unit, is being done through the processing of statistics regarding human 

population and its seasonal fluctuation due to tourism, animal population and crops 

cultivated on the island. The study also takes into account the increment of water 

consumption of the summer period and an additional safety factor that allows to safely 

estimate consumption, avoiding possible underestimations. 

After the definition of electric loads, there are studied combinations that include 

photovoltaics (PV), wind turbines and batteries in order to achieve 25, 50, 75 and 100% 

renewables adoption. The tool used for this purpose is Homer Pro. Results are examined 

according to specific indexes and the main criterion is to achieve better performance 

than the initial system. Then, all these combinations that achieve such performance for 

each adoption rate are compared to define which performs the best. Batteries are used 

to achieve greater on-site energy use. On the initial scenarios energy sales from battery 

to the grid are prohibited because priority is the local use of generated energy. 
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On all occasions, there is taken into account, the confinement of energy export that 

applies to renewable generation plants in Greece. This confinement dictates that from 

a renewable energy generation plant that is privately owned and meant to serve loads 

locally, only 20% of the rated installed capacity can be exported to the grid (Hellenic 

Government Gazette, 2010). 

Finally, a sensitivity analysis is being conducted. This analysis examines the alterations 

of the indexes for the best 100% combination, assuming that the island will be 

connected to the mainland grid and the water consumption will increase after 10 years. 

Due to lack of data, there are examined the events of either maintaining the same export 

confinement, despite the increase in connection capacity, or doubling it assuming that 

now the confinement is applied per connection and not in total on the plant. On this 

case there are investigated also the events of prohibiting and allowing grid sales from 

batteries.  

1.2. Aim and Objectives 

1.2.1. Aim 

To investigate renewable implications for electricity generation and water production 

on a small island located in the Aegean Sea in Greece, for different adoption rates.  

 

1.2.2. Objectives 

1. To estimate the electric load profile of the islands based on data from recent 

studies. 

2. To estimate the water consumption and the energy required for the operation of 

the RO desalination unit.  
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3. To identify renewable energy sources available on the island and choose the 

most efficient ones to study further. 

4. Based on the calculated electricity demand profiles and the investigation on 

renewables, to investigate the installation of renewable energy systems and storage 

systems in order to minimise the power drawn from grid for 25, 50, 75 and 100% 

adoption rates. Systems will be examined according to defined indexes. 

5. To conduct a Sensitivity Analysis to examine system performance on eventual 

changes in the future, based on educated estimations from available bibliography. 

1.3. Methodology-Structure 

The methodology followed was organised to follow the chapter numbering. Thus, all 

the chapter were organised accordingly in order to follow the investigation process. 

In Chapter 2, it is initially presented the current situation regarding the energy mix used 

in Greece and some basic features regarding incentives related to renewables and the 

implications over the last few years. Then, the description focuses on the Greek islands 

and the energy situation on them. Emphasis is given on the electric power system 

description and especially their problems, as well as to successful renewables projects 

that are already operating on some islands. 

In Chapter 3, there are presented the possible energy resources that could or are being 

used on Greek islands for renewable energy generation. In the end of this chapter there 

is a comparison of different storage systems and there is defined which would better fit 

on an island. 

In Chapter 4, is analysed the water problem on Greek islands and are presented the most 

popular desalination methods. On the final section of this chapter is analysed the 

reverse-osmosis process, its fundamental principles of operation and the main 

components of such a unit. 
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In Chapter 5, is presented the case study used. Specifically, it is described the process 

followed to define load and water consumption. Then, are displayed the calculations 

used for energy demand of the RO unit and for the cost of water, as derived from the 

relative bibliography. Finally, there are recorded the key model characteristics and 

parameters as well as the different scenarios that are examined. 

In Chapter 6, are presented the results from simulations and they are being discussed. 

The same chapter also includes a sensitivity analysis for the combination of 100% 

adoption rate scenario. 

In Chapter 7 there are included the final conclusions along with key project limitations 

and some proposals for future work based on this dissertation. 

2. The Energy Situation in Greece and Greek Islands 

2.1. The Energy Situation in Greece 

2.1.1. Conventional Energy Sources in Greece and the Development of 

Renewable Energy Systems 

Since the early 70’s the primary source of electricity for Greece was coal and 

specifically lignite that is in abundancy in some specific areas of the North 

(Energiewende Team, 2016). As a secondary source, there were and still are used large 

hydroelectric power plants that incorporate large dams with artificial lakes that provide 

flood control and adequacy of water for some specific areas of the country.  All these 

power plants and the power transmission and distribution network are owned by the 

Public Power Company of Greece S.A. (PPC), that suppliers around 56% of the 

electricity customers nationwide. The rest of the customers are supplied by private 

companies that run their own power plants (mainly fuelled by gas). These companies 

use the transmission and distribution networks, owned by the statutory company PPC 

(Hellenic Scientific Wind Energy Association, 2017). Currently, PPC is on 

privatisation phase, as the power plants it owns along with the networks are to be sold 



 

21 

to private companies on bidding contests, with the state retaining a regulatory role.  

(CNN Greece, 2018) 

  The massive adoption of renewables begun in the country at 2006, with the installation 

of PV either in form of solar farms or in form of domestic roof installations or in rural 

area applications. This rapid adoption was continued up until 2012, when the 

Independent Power Transmission Operator (IPTO) introduced taxes to halt the rapid 

growth, due to inadequacy of capital to pay the high feed in tariffs. According to 

statistical data from EurObserv’ER, in 2006 the total installed PV capacity in Greece 

was 7MWpeak (EurObserv'ER, 2007) and at 2012 it had reached 1543MWpeak 

(EurObserv'ER, Photovoltaic Energy Barometer 2010-2018, 2018). Despite the deep 

recession that the country has entered since 2008 and the decrease of up to 30% of the 

sellback price, the increase kept its upward trend with significantly smaller ratio though, 

reaching the 2623 ΜWpeak at 2017 (HELAPCO, 2017) as seen at Figure 1. 

 

Figure 1: Photovoltaics share in Greek Energy Market 2007-2017 (HELAPCO, 2017). 

Another relatively new, but widely popular energy resource in Greece is wind. The first 

wind turbines were installed in the country in 1998, with an accumulative rated capacity 

of 39MW (EWEA Staff, 2010). At the end of 2017, according to the European Wind 
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Energy Association data, this capacity reached 2651 MW (EWEA Staff, 2017), 

recording an increase of capacity that is around 69 times hhigher than the one installed 

originally, 20 years before. Moreover, the Ministry of Energy and Climate Change, 

aims to foster even more the adoption of renewable energy and especially wind, through 

the introduction of the feed-in-premium scheme. The feed-in-premium scheme, 

basically gives automatically the license to privately-owned companies to freely built 

wind farms up to 6 MW and other renewable energy installations under 1 MW (PV 

excluded) without going for a public bidding contest among companies, as happened 

the years before  (Hellenic Constitution, 2016). As mentioned before, the PV are 

excluded from this support mechanism due to an effort to stop their growth, due to 

overcapacity, by making them economically non-viable for future investors. 

This widespread development, supported by incentives of the State, is justified by the 

commitments of the country to the European Union’s 20-20-20 targets. For Greece, this 

target, in terms of generation from renewable energy was readjusted to 18%. Still, 

according to Eurostat’s survey findings, in 2016 the renewable energy fraction of the 

total amount of energy produced, reached 14.1%. The most ambitious predictions for 

2017-2018 projection, do not exceed 15.2% (Energypress Team, 2018). Many analysts 

believe that the 18% goal till 2020 is totally unachievable, due to the austerity that the 

country is succumbed to and the limited money flow from possible investors 

(Christodoulakis, N., 2017). It is also noted that major legal reformations that are still 

pending might be responsible for this delay (Hellenic Wind Energy Scientific 

Association, 2018). 
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2.1.2. An Aspect of Energy Consumption in Greece over the years-Lignite 

Decommissioning Delay 

As mentioned in the previous section, Greece underwent a transition to renewables that 

begun nearly 10 years ago and is still progress. According to the findings of the latest 

International Energy Agency for Greece, which can be seen in Figure 2, coal (lignite) 

is responsible for the 32% of the electricity produced annually, followed by 28% of gas 

and 10% of oil generation. 

 

 

 

Figure 2: Electricity Generation by source and Energy Consumption by sector 

(International Energy Association, 2017) 

Despite the governmental efforts to harmonise with the EU directive, decommission of 

lignite follows a slow pace. According to financial and political analysts (Artelaris, 

2017) three are the primary causes behind this procrastination. The first one is the 

agendas within the public PPC that are being served by some local politicians and 

labour unions that do not want at any case to lose their power along with other privileges 

that their current position provides. Being in charge of the units that are responsible for 

serving of the base load has put some individuals to a special state in terms of rights, 

increased income, improved insurance and influence over politics through strikes both 

in coal mines and generation units. The fear of strikes resulting to blackouts has 

prevented many politicians to openly oppose to these unions and consequently try to 

decommission lignite. The problem was worsened even, because all this happens with 
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the open support of a large part of the local societies, where these power plants are the 

main employer (Teloglou, 2016). 

The second and probably the most important reason, is the financial crisis that the 

country is undergoing since 2008. This crisis has put the country in a huge recession 

that escalated to the point that at 2010 the Greek Government asked for support from 

the International Monetary Fund (IMF), the European Commission (EC) and the 

European Central Bank (ECB) often referred as “Troika”. According to IEA 

(International Energy Association, 2017), this factor widely influenced the energy 

consumption, as seen on Figure 3, as well as the entire electricity market limiting not 

only to Greece but on a worldwide scale. 

 

Figure 3: Evolution of Energy Demand in Greece 2000-2016 (EuroStat, 2016) 

From 2000 to 2008 there was a steadily increasing rate in energy demand at a 22% rate 

approximately, recording the historical peak of 370,257 TWh. After 2008, this rate 

started having a reduction that was paused at 2015, when demand numbers reached 

these of 2005. After this point, there was a slightly increasing course that by many is 

related to the seemingly recovering course that the country’s economy started to appear 

(Andriosopoulos, et al., 2017).  

The third reason is in close relation to the second one and it is the lack of money from 

investors that would contribute to the increase of the renewable palnts capacity and the 

simultaneously gradient decommissioning of coal (Dagoumas & Kitsios, 2014). The 

lack of investments private or statutory was also a product of the inability of the State 

that owned the energy monopoly, to provide attractive feed-in-tariffs that would also 
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attract capitals from abroad. Although, on this area there has been some progress with 

incentives like the aforementioned feed-in-premium, or the fast-tracking of some major 

projects that eliminated bureaucracy and financial barges. The lack of stability in the 

energy policy of the country was also an issue that prevented many from proceeding to 

large investments, according to (Kalaitzoglou, 2016). 

2.2. The Energy Situation in Greek Islands 

2.2.1. Description of the Electrical Power Systems of Greek Islands 

Greece is the country with the most extensive coastline in the Mediterranean, with a 

coastline that reaches almost 15,000 km of coastline. Its coastline is distributed to both 

its mainland and its islands that reach 6000 in number, as seen in Figure 4. These islands 

are either secluded or form island complexes and are located in the Ionian and the 

Aegean Sea, with the vast majority being located in the latest. Out of 6000, only 227 of 

these islands are inhibited with 78 of them having population greater than 100 

inhabitants. The climate of the wider area in Greece, is characterised by two distinct 

periods of summer and winter with autumn and spring lasting not many time and being 

substantially transition periods (Kaldellis, et al., 2012). The main activities of Greek 

islanders include fishing, livestock farming, agriculture and tourism. On some of the 

bigger islands, operate few small industries that mainly are olive mills and are used 

seasonally to produce olive oil. 
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Figure 4: Map of Greece showing the mainland municipalities and major island 

complexes. 

In terms of their connections to the grid of mainland, Greek islands are divided in two 

categories, the Connected (CI) and the Non-Connected Islands (NCI). Islands of the 

Ionian Sea are connected to the mainland-grid due to their close distance from mainland 

and in-between them. For the islands of the Aegean Sea the situation is different. 

According to the Greek Regulatory Authority of Energy (Greek Regulatory Energy 

Authority, 2018), there are 32 autonomous electrical power systems on Non-Connected 

islands. These break down to: 

• 2 “large” autonomous systems with peak demand exceeding 100 MW that 

belong to Crete and Rhodes. 

• 11 “medium” sized autonomous systems with peak demands ranging from 

10MW to 100MW. 
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• 19 “small” autonomous systems with peak demands up to 10MW. 

2.2.2. Energy Problems in Greek Islands 

The primary source of problems in the Greek islands was the initial planning and 

development of the transmission network of the country, when it was first developed. 

At this time, subsea cable technology was in an early stage and economically 

impossible to apply at such large number of cases. Thus, the islands were supplied with 

generators either heavy petrol or diesel fired. Large island systems have their own 

generators, which are organised in Autonomous Power Stations (APS) to serve their 

increased load (Figure 5), whereas smaller islands are either electrified by small 

capacity subsea connections from the bigger islands or by smaller generators that are 

transferred occasionally from one island to the other (Kaldellis, et al., 2012), to cover 

needs wherever it is necessay. This measure is adequate to cover the low demand of 

winter but has a lot of problems during summer months. 

 

Figure 5: Autonomous Generation Unit (ASP) of Mykonos Island 

Official data of the Hellenic Statistic Authority for 2017 (Hellenic Statistic Authority, 

2017) speak about 30 million tourists, which is 3 times the population of the country. 
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The main attraction are the Greek islands, which host a large amount of these tourists. 

This seasonal overpopulation has a significant impact on the electric load of islands at 

such point, that on some cases it becomes 10 times higher than this of winter 

(Michalakakou, et al., 2002). Another reason for the huge increase of peak loads and 

energy consumption generally at summer in Mediterranean countries is the use of 

cooling, mostly air-conditioning that requires large amounts of energy (Moumouris & 

Potolias, 2013). 

Due to this seasonal demand increase, the small generators and limited capacity subsea 

connections result to frequent blackouts. Two other aspects that make the present 

solution unsustainable are the financial and operational impacts of fossil fuels use. 

Summer power bills for island inhabitants are rather high and some cases even double 

as these of the mainland grid customers. These costs are related to the high price of oil 

used, transport costs of oil with tankers and the operation and maintenance costs of 

generation units (Tzanes, et al., 2017). The second aspect of the problem also, includes 

pollution and environmental impacts that the operation of these units has on the islands. 

Many of the residents are opposed to their operation, due to their heavy impact on 

landscape and put a lot of pressure on the government to give a solution to this problem 

as soon as possibe (Iliopoulou, et al., 2018). 

2.2.3. Connection of Islands to the Electric Grid of Mainland 

As mentioned earlier, Greek Islands are separated in two categories CIs and NCIs. The 

vast majority of the Aegean Islands are NCIs while the Ionian Sea islands are CIs. The 

connection of NCIs to the grid of mainland, is something that engineers of IPTO have 

envisaged since 1970. Though, due to technical confinements and huge initial capital 

costs, the project has fallen to oblivion for many years.  
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Aegean Sea has three major island complexes: Sporades, Cyclades and Dodecanese 

Islands as seen in Figure 6.  

 

Figure 6: Map of Greece depicting its major island complexes 

At 1990, the first connection project started, and its design was completed by 1995. 

Project was taken over by a joint scheme of Pirelli-Alcatel contractors and it included 

the connection of Evia-Andros-Syros-Tinos-Mykonos. The project was redesigned and 

after alterations, it finally was set to use in March 2018. According to the information 

on the website of the IPTO (Independetnt Power Transmission Operator, 2017) the 

connection of Cyclades complex will follow three phases: 

A. The connection of Syros Island with Lavrion (mainland) as well as with the 

islands of Paros, Mykonos and Tinos (Figure 7). (COMPLETED) 

B. The connection of Paros island with Naxos island and the connection of Naxos 

island with Mykonos island. 

C. The second interconnection between Lavrion (mainland) and Syros island. 
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D. (Proposed but still under investigation) will include connections of: Paros-

Santorini-Folegandros-Milos-Sifnos-Syros, Naxos-Donousa, Naxos-Schinousa 

-Amorgos-Koufonisi, Schinousa - Irakleia, Paros – Ios - Sikinos-Folegandros, 

Sifnos – Serifos - Kythnos, Lavrion (mainland)-Kea, Santorini-Anafi-

Astypalaia. 

 

Figure 7: Phase A of Cyclades Islands connection to the grid of Greek mainland 

The plan is that the Cyclades islands will be on a mesh grid with strong connection 

between the islands and will be electrified with more economically affordable 

electricity, from the mainland grid. Phases B and C are already under construction and 

are planned to be fully operational by 2019 and 2020 respectively (Figure 8). Phase D 

is under investigation and may be broken down to two or three other phases.   
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Figure 8: Construction works from Phases A, B, C, D of Cyclades islands connection 

to mainland’s grid 

According to IPTO, the project is designed for a 30-40 years horizon and it is estimated 

that it will save approximately 80 million € annually and over 2.7 billion € over the 

course of 20 years. The budget till 2020 is 273,573,044.17 €, and it is considered an 

investment worth making, because it will not only secure the power supply on islands, 

but it will also unlock the potential of exploitation of their vast renewable energy 

sources capacity and improve major environmental issues arising from burning petrol. 

The project is of such priority that the Ministerial Decision No. FA/E 3.2/57/3, dated 

3.1.2011, specifically names it as a project of "general importance for the economy of 

the country". (Independetnt Power Transmission Operator, 2017) 

The connection of islands though is not limited to Cyclades. Plans include the 

connection of Dodecanese complex, the islands of eastern Aegean and Crete. For 

Dodecanese the plans include two possible scenarios. Either the connection of Kos-

Lavrion (mainland) and then Kos with Kalymnos and Rhodes, or the connection via 
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Crete. For the islands of eastern Aegean there are also two alternative plans. Either the 

connection of Aliveri-Skyros-Mytilene, Mytilene-Chios-Samos, Mytilene-Limnos-

Ayios Eystratios or Aliveri-Mytilene and Aliveri-Skyros separately. 

 For Crete, planning includes a double connection to the mainland, one with a 150kV 

AC cable and one with a 400 kV DC cable, as seen on Figure 9.  

The first reason is because Crete is the biggest in size and population Greek island, 

having over 600,000 residents. Crete along with Rhodes (the biggest of Dodecanese), 

have their own power networks that are mostly based on fossil fuels and are of 

813.02MW and 233MW accordingly. The two islands are in a close distance and some 

plans examine their connection as well. Also, according to the islands Hellenic 

Electricity Distribution Network Operator (HEDNO) (Hellenic Distribution Electricity 

Network Operator, 2018), these islands are the biggest oil consumers and besides their 

loads they also cover partially the load of smaller neighbouring islands. The amount of 

load of neighbouring islands, they can cover is also limited by the capacity of the 

connections between them. Thus, through a large capacity connection of Crete to the 

mainland, there could be examined the connection of Dodecanese to the mainland 

through Crete. This, along with the other connections of the islands will increase 

network stability, security and reliability as they will be operating on a mesh grid 

topology (Aolaritei, et al., 2017). 

The second reason is the long-term and ambitious plans that, according to some analysts 

(Rabinovich & Kambas, 2018), (AP, 2017), the Greek Government has to be a key 

player in the East-Med Energy Hub. The East-Med Energy Hub comprises of the 

electrical networks and gas networks connection of Greece, Cyprus and Israel. Greece 

will be the link of Israeli gas to the European market and it will completely override 

Turkey, as the relationships between these two countries are hostile. For years, this 
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connection had been impossible due to Greece not having a strong electrical connection 

of its most south border, which is Crete, with the mainland’s grid but now that problem 

seems to be history. 

 

Figure 9: Map of operational and planned transition power network of Greece 

 

In June 2017, Prime Ministers of the three countries Alexis Tsipras, Nicos Anastasiades 

and Benjamin Netanyahu met in Thessaloniki Greece and agreed to the connection of 

the three countries with 1,500 km of subsea cables capable of receiving and transmitting 

2,000 MW and 2,200 km of subsea gas pipelines. The electrical connection is expected 
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to be fully operational by 2022 and the estimated cost is 3.5 billion €. For the gas 

pipeline, no further information was revealed (Tsipras, et al., 2017). 

2.2.4. Renewable Energy Projects on Greek Islands and Incentives 

Greek islands, especially on the Aegean Sea, were for many years a consumer of 

electricity that was mainly produced locally by APS. Being cut off from the mainland’s 

grid, limited their energy potential and held them steadily in the background of the 

energy-related planning of the country. With the new plans for their interconnection 

and connection to the mainland they could, in the near future, play a key role in energy 

generation and aid the country to achieve its environmental goals for 2030. Achieving 

at the same time, the decommissioning of APS that are responsible for a huge part of 

emissions and by using locally produced renewable energy, the surplus of which could 

be fed to the mainland would significantly assist the final goal. Towards this target there 

is a number of projects that have been investigated and realised the past few years that 

show very promising results. 

The most prominent and recent example of Greek island renewables success story is 

the island of Tilos. Tilos at 2017 won the European Union Sustainable Energy Award 

in two categories as the “best sustainable energy island” and as the “citizens’ choice” 

(European Commission, 2017). The small island of 500 residents, funded by the 2020 

Innovation and Networks Executive Agency energy portfolio, installed renewable 

energy systems (RES) (Figure 10) and achieved its primary goal of covering the 70% 

of its energy demands from renewable energy sources locally and has set the goal of 

becoming the first island in the Mediterranean running entirely on renewables by 2020. 

The main contributors were 13 companies and universities from 7 countries of Europe. 
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Figure 10: The renewable energy system installed on Tilos Island 

 

Apart from its success, the project has set the example of wide public acceptance of 

renewables on islands and the cultivation of a positive outlook. For many years, 

islanders were firmly against renewables due to the impact that such implications would 

have at landscape, according to a report that Centre for Renewable Energy Resources 

in Greece released (Centre for Renewable Energy Resources, 2017). After Tilos project 

and its success, from a more recent survey that was conducted by WWF Greece (WWF 

Greece, 2018), it was found that the vast majority of public perception has started to 

change, with 75% of the inhabitants of Aegean islands with similar characteristics to 

Tilos wanting similar renewable energy projects to be done to their islands as well. The 

same survey also found that inhabitants of the island of Rhodes, which is the largest 

island of the complex that Tilos belongs to, are also positive towards renewables with 

only 8% of them preferring petrol to RES. Moreover, the study shown that 49.3% of 
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the asked would be positive to install roof solar PV with energy storage systems in their 

residencies. 

RES projects were recently embraced also, by both the State and the PPC that openly 

expressed their support after the wide and positive impact Tilos project has shown. 

According to the website of the subsidiary company of PPC, that is exclusively 

occupied with renewables, PPC Renewables S.A., and its CEO Mr. Ilias Monacholias 

the 85 million € loan that PPC received from the European Investment Bank in 12 June 

2018, will exclusively be used on projects related to renewables and smart network 

upgrades (PPC Renewables S.A., 2017). Greek Minister of Environment and Energy, 

Giorgos Stathakis at the 15th Peripheral Conference of Aegean Islands, according to the 

press conference he gave (Giogiakas, 2018), referring to the incentives of the 

Government he stated that the development of RES and smart grid solutions to the 

islands is divided into three phases. The first phase began at October 2017, with projects 

regarding islands of Tilos, Ikaria and Ayios Eystratios, the second including islands of 

Kastelorizo, Symi and Astypalaia and finally the European incentive for “Energy 

Islands”.  

According to (Hellenic Wind Energy Scientific Association, 2018), the funding 

received should focus more on the reinforcement of wind farms in islands that already 

have some installed capacity, it should also be focused on solar farms and storage, 

development oh high enthalpy geothermal power plants on the three islands that cite 

detected geothermal fields and the modernisation of equipment of installations in areas 

of high renewable potential that used relatively old and low efficiency energy 

harvesting equipment. Suggestions do not exclude small-scale hydro, but only for 

bigger sized islands. The main aim of such actions is the advance to the new era that 
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the islands actively take part in the energy generation using sustainable sources, using 

their potential so they start converting from consumers to prosumers of energy. 

3. Renewable Energy Sources in Greek Islands 

At this section, there are described the possible alternative renewable sources that could 

be used in Greek islands and substitute the APS. The examination of these resources 

was based on research of the available literature, already commissioned and operational 

projects and the suggestions of Centre for Renewable Energy Sources (CRES), PPC 

Renewables S.A. and IPTO that are the main authorities that are relevant to renewable 

energy projects development in Greece 

3.1.1. Solar Energy 

The climate of Mediterranean Sea is characterised by long warm summers (25-40 oC) 

and brief mild winters (5-15 oC) with scarce snowfalls and relatively low rainfall (250-

2500 mm), depending on the area (Salah & Boxer, 2017). Another characteristic of 

Greece specifically, is its extended periods of sunshine extending from 2300-2700 

hours annually (Matzarakis & Katsoulis, 2005). As seen in Figure 11, this translates to 

solar global irradiation of 1250-1850 kWh/m2 annually. Specifically referring to 

islands, for the Ionian Islands the irradiance ranges between 1450-1550 kWh/m2 and 

for the Aegean 1400-1850 kWh/m2. This makes solar energy a very promising resource 

for these areas. 
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Figure 11: Map of Global Horizontal Irradiance in Greece (Global Energy Network 

Institute, 2017) 

Indeed, as seen from the data provided by the 2016 report of the Hellenic Association 

of Photovoltaic Companies (HELAPCO), the total installed PV capacity in Greece by 

2016 was 2623MWpeak ranging in 5 categories of capacities. The same survey showed 

that 71.9% of these were installed on ground and the 20.9% on roofs. Another 

interesting finding was that 93.9% were installed on mainland, leaving the 6.1% being 

installed in islands (HELAPCO, 2017). 
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Figure 12: PV installed capacity in Greece until 2016, per category (HELAPCO, 2017) 

According to the PV Installation guide that Technical Chamber of Greece (TEE) 

(Scientific Association of Engineers in Greece) (Damianidis, et al., 2011), the five most 

significant factors that affect the efficiency of PV panels, besides irradiance and ground 

reflectance are: 

• Ambient Temperature 

• Panel Slope 

• Panel Azimuth Angle 

• Shadowing 

• Cell Efficiency 

The same guide suggests that ambient temperatures below 25oC, which is the Standard 

Testing Conditions (STC) temperature, achieve better results in terms of peak produced 

power than STC temperatures. Whereas, for temperatures above 25oC the efficiency 

drops due to reduction in voltage produced that follows logarithmic law, as depicted in 

Figure 13. Thus, when designing temperature is a factor that cannot be neglected 
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Figure 13: Effect of temperature in PV panels efficiency 

As for the slope and azimuth angles, the same guide (Damianidis, et al., 2011) suggests 

that for the Northern hemisphere the optimum orientation is the southern (i.e. Azimuth 

angle = 0o). As for the slope, the authors suggest that for Greece the optimum angle 

equals the location latitude. Although, there are deviations depending on the area of the 

PV installation and the month of the year. They suggest that those two factors can have 

an impact of up to ±10o on the efficiency of panel per month. To have the highest 

efficiency throughout the year, operator of the plant, should change the angle of panels 

each month. Otherwise, there can be used a MPPT (Maximum Power Point Tracker) 

that does this job automatically. Although, this significantly increases the capital cost 

of installation up to 1.5-2 times depending on material and structure required. Finally, 

they suggest for non-movable mounting mechanisms angle equal to latitude, as the 

losses around this value are not significant, as seen in Figure 14. Another reason is that 

in Greece the summer can be regarded as lasting 8 months and winter 4, due to the fact 
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that autumn and spring are very brief and only transitional between summer and winter 

periods. 

 

Figure 14: Effect of slope and azimuth angle in photovoltaic panel efficiency 

(Damianidis, et al., 2011) 

Shadowing is a parameter that the designer should also consider as partial shadowing 

could lead to hot spots on the panel and damage it or lead to reduced efficiency 

(Swapnil, et al., 2013). 

The last factor, which is efficiency is dependent on the material that the panels are made 

of. Silicon diodes are the most popular for construction of PV panels according to 

(HELAPCO, 2013). For silicon the three most widely used technologies are thin film, 

single-crystalline (or monocrystalline) and polycrystalline wafers. Thin film 

efficiencies range between 4.5-11%, monocrystalline 11-19% and polycrystalline 11-

16% (Levi, 2018). Some manufacturers, though like LG, Mitsubishi Electric and 

SunPower claim to have constructed panels of 22.5% efficiency (Aggarwal, 2018). 
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Regarding prices for PV panels including equipment and installation according to 

(HELAPCO, 2017), they range at 3.5-5.5 €/W. This cost may have some fluctuations 

depending on the case and the specific characteristics of the installation. On some solar 

farms this cost might be significantly higher due to the required landscape reformations 

that might be required prior to the panels’ installation. The prices that electricity 

purchased from PV from the electrical company are 0.15 €/kWh from roof mounted PV 

(Electric Energy Market Operator, 2018), 0.095 €/kWh for PV farms of capacities 

above 100 kWpeak and 0.1 €/kWh approximately for capacities equal or smaller than 

100 kWpeak (Electrical Energy Market Operator, 2018). 

3.1.2. Wind Energy 

Wind energy is another promising energy resource for Greek Islands that is widely 

investigated as the already installed wind farms already have shown a possibly great 

unexploited potential. As seen in Figure 15, western Greece has relatively milder winds 

as velocities range between 4.5-6.5 m/s. On the other hand wind in eastern Greece range 

between 6.5-9 m/s. In western Greece the winds are mostly south eastern, while in 

eastern Greece they are north western as seen on the wind rosettes of Figure 16 

(Windfinder, 2018). Aegean Sea, located in eastern Greece is also known for its strong, 

dry, etesian “Meltemia” winds that blow from mid-May till mid-September. Their 

direction is north eastern or north western, depending on the local topology. They start 

blowing from the morning or early midday and they wear out at night.  These seasonal 

phenomena, according to (Vlahakis, 2010) could be exploited to generate free energy. 
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Figure 15: Wind speed in the Mediterranean for January, April, August and December 

(National Observatory of Athens, 2018). 

 

Figure 16: Wind rosettes for eastern Greece (right) and western Greece (left) 

(Windfinder, 2018).. 
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 The great wind energy potential of Greece, was not left unoticed by investors. 

According to the most recent statistical data that Hellenic Wind Energy Association 

(HWEA) released, by September 2017 in Greece the installed wind capacity was 2,491 

MW (Hellenic Wind Energy Association, 2017). The same authority, stated that by the 

end of 2017 the installed capacity would reach 2,651 MW. Wind farms connected to 

the mainland-grid were of total capacity of 2,329.9 MW, while the remaining 321.7 

MW belonged to non-connected systems within the country. As seen by the map in 

Figure 17, currently there are another 655 wind farms that are planned across Greece, 

which construction is temporarily halted due to bureaucratic reasons (CRES, 2018). 

 

Figure 17: Operational (green, blue) and planned (yellow) wind farms in Greece 

(CRES, 2018). 

Another noticeable feature of the map in Figure 17, is the early stage development of 

wind farms in the Aegean Sea. For many years, the RES projects were considered a 

taboo as the local societies did not by any chance negotiate the installation of any form 

of structures that would alter the form of landscape. This comes naturally, taking into 
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consideration that the basic source of income for these islands is tourism. Thus, their 

primary concern was that such interventions would destroy the landscape and they 

would lose a large part of their income. Many also feared the damage that would be 

caused to local fauna and sea life. Livestock farming and fishing are the second most 

popular sector on those islands (Hellenic Statistic Authority, 2017), (Greek Regulatory 

Energy Authority, 2018). These negative opinions were mostly a product of 

misinformation or some specific agendas run by some individuals, deficiency of an 

organised national strategical approach towards renewables and low education level of 

huge part of island population.  

Though, as the years passed and after the efforts of the State to inform properly the 

local communities in most of these islands, this situation was reversed. The main 

contributors to this shift according to (Hellenic Wind Energy Scientific Association, 

2018) were the: 

• huge operating cost of ASPs that burdened the island inhabitants bills 

• heavy air pollution caused from burning fossil fuels 

• local unemployment on some islands 

• will to contribute to country’s environmental goals 

• investigation of installation of RES in small non-inhibited islets or offshore 

• profit possibility by the installation of wind turbines, exploiting the feed-in-

tariff. 

Regarding prices of electricity for wind, according to the (Electric Energy Market 

Operator, 2018), there are four tariffs in use currently on the Greek market: 

• Onshore farms > 50kW connected to the grid of mainland: 0.08785 €/kW. 
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• Onshore farms > 50 kW not connected to the grid of mainland: 0.09945 €/kW. 

• Onshore farms ≤ 50kW: 0.25 €/kW. 

• Offshore farms: 0.18083 €/kW. 

Regarding the cost for the construction of wind farms in Greece they mostly variate in 

the range of 1.2-1.8 €/W. This value includes landscape formation prior to installation 

of wind turbines, electrical equipment, transfer costs, payments, materials and 

miscellaneous other costs (Ioannidou & Argyros, 2011). 

3.1.3. Small-scale Hydroelectric Power Plants 

For the time being, according to data provided by HEDNO latest report for November 

2017, currently there are 0.3 MW of hydroelectric power plants installed in NCIs and 

specifically in Crete (Hellenic Distribution Electricity Network Operator, 2017). This 

comes pretty natural as Greek islands have a very serious water deficiency problem. 

The problem is more intense in the area of Aegean, where rainfall heights are among 

the lowest in the country, as seen by the rainfall map in Figure 18. 

 

Figure 18: Map of mm of rainfall in Greece (National Observatory of Athens, 2018). 
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The problem is often intensified more in the summer, when apart from the permanent 

residents, islands host millions of visitors. Water is often transferred using special water 

carrier tankers (Kaldellis, et al., 2012). Consequently, discussing about hydroelectric 

power plants even in small scale on Greek islands is futile. Besides that, a hydroelectric 

power plant would need a head of specific height to operate, which does not exist on 

many of the small islands. Significant landscape interventions are also needed, but this 

is something that would arise conflict with the local societies that want to maintain its 

picturesquiosity (Bertsiou, et al., 2017).  

3.1.4. Geothermal Energy 

Greece is an earthquake-active country with paused, former volcanic activity. Its 

volcano was located in Santorini Island in southern Cyclades island complex. As 

depicted on the map in Figure 19, geothermal areas are located in regions of Quaternary 

or Miocene volcanism and in continental basins of high-heat flow. Depending on 

temperatures they are separated in 3 categories: temperatures > 200oC (high), 100 oC≤ 

temperatures ≥ 200 oC (medium) and temperatures > 100 oC (low) (Mendrinos, et al., 

2010). The basins with highest enthalpies are located in Milos, Nisyros and Santorini 

islands that consist a volcanic arc. Medium energy enthalpies can be found in the 

Lesvos-Chios-Samothraki complex. The rest of geothermal areas have low 

temperatures that range between 85-45 oC (Koutroupis, 1993). 

The existence of geothermal energy initially investigated by the Institute of Geological 

and Mineral Excavation (IGME) in 1970, by the construction of geothermal maps 

( IGME, 1983) that included the aforementioned islands. 

At 1987, there was commissioned a 2 MWe power plant using high energy enthalpy on 

Milos island (Papamanolis, 2015), that was shut down a year later. The closing of the 



 

48 

facility came after the complaints of local society against excess steam venting to the 

atmosphere, Silica in the steam, H2S odour and loud noise. 

 

 

Figure 19: Geothermal map of Greece (Mendrinos, et al., 2010) 

The terminal closure of the facility came a few years later after the blow out of M2 well. 

After the incident all the wells on island were plugged. Today, only a small number of 

residencies and hotels on island use geothermal energy to produce hot water  (Koroneos 

& Fytikas, 1999). Regarding the rest of geothermal locations in Greece, energy from 

wells is used either in space heating or in hot water for use heating (with main 

application spas) or for agricultural use (Mendrinos, et al., 2010).  

Geothermic energy according to (Koutroupis, 1993) is a relatively unstable resource of 

energy for Greece, as it may be susceptible to alterations through time, that are mostly 

caused by the seismic activity of the wider area of the Mediterranean arc. Due to that, 
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investments in that source are avoided due to high risk of failed exploitation of this 

source (Andritsos, et al., 2013).  

3.1.5. Biomass  

Biomass could be an alternative for Combined Heat and Power (CHP) production on 

islands. Biomass could be produced by livestock farming waste, domestic waste, wood/ 

woodchips and oil mill by products. For small islands though, biomass supply could be 

a problem (Regional Agency of Central Macedonia, 2013).  

The problem derives mainly, from the small number of residents and livestock. Wood 

and woodchips would not be a good alternative as well, as the vegetation on most of 

islands due to aridity is limited. The most promising solution seems to be the olive cake, 

produced by the numerous olive mills across Greece (Institute of Agriculture and 

Tourism POREC, 2008). 

Olive cake is the residue of the process of olive oil extraction. The 98% of the produced 

olive oil worldwide is done in the Mediterranean area. Greece is the third biggest olive 

oil producer globally with a large amount of olive oil, high energy density by-products 

left unexploited (www.renergyuk.com, 2018). Olive cake according to (Oktay, 2006), 

can be used in biomass boilers in form of briquettes and substitute other solid fuels. A 

study conducted in Morocco, included the development of a Stirling engine used 

specifically for burning olive by-products for maximum efficiency (Rassai, et al., 

2018). These experimental applications could potentially aid the adoption of olive- 

originated biomass in larger scale. Currently, olive briquette burners are used for 

greenhouse and space heating in Greece, only in small-scale applications. Retail price 

for olive cake briquette if around 3.5 €/kg, its caloric value ranges between 5.2 and 5.6 

kWh/kg depending on humidity (9-10%) (Probio Energy International, 2018). 
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Although, the planning for an olive cake biomass-fired boiler unit needs a number of 

things that have to be considered beforehand. First of all, such units are highly 

dependent on crops for refuelling. This means that fuel availability might have a 

seasonal variation, which in periods of low production could cause shortage. Moreover, 

in the case of smaller islands the local production might be inadequate, thus fuel might 

need to be shipped from the mainland or from other islands. In that case, the expenses 

of fuel will be burdened by shipping tolls and its reliability will be dubious, due to 

weather conditions that might prevent ships from travelling or harbouring at winter. 

Besides that, space might also be a significant issue on islands, where space is limited. 

Olive cake processing units and biomass boilers need to be far from resided areas, due 

to the smell stemming from pilling, processing and then burning the biomass (Brlek, et 

al., 2016).  

 

Figure 20: Olive cake biomass pilling are on-site, with an olive mill 

(www.renergyuk.com, 2018). 

 

3.1.6. Tidal and Waves Energy  

Regarding sea kinetic energy harvesting device, little to none studies regarding Greece 

exist, for the time being. Generally, offshore structures are very difficult to apply in 

Greek Seas. The main problem is the intense maritime activity of Greece and the 

congested sea traffic in the sea routes that can be seen in Figure 21 
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(www.marinetraffic.com, 2018). Aegean is the Sea connecting Black Sea with the 

Mediterranean and the Middle East. Millions of tankers, bulk carriers, cargo and 

passenger ships cross the country’s seas every day (Hoffman, 2017). 

 

Figure 21: Map showing the sea routes in Greece including the daily capacity in 

vessels/km2/day (www.marinetraffic.com, 2018). 

Other confinements of the application of tidal and wave energy device are also related 

with the economic activity of the areas. Many of the islanders are occupied in the 

professional fishing industry. The installation of such device might alter the seascape 

and turn populations of fish to migrate, due to disturbance, resulting many locals to lose 

their only source of income (Nederland Maritiem Land, 2016). Thus, this implication 

is almost impossible, and nobody have conducted research related to this topic. 

3.1.7. Summary 

On Table 1, there are depicted the energy resources available on Greek islands 

according to the examined literature. The main criteria are: Availability, Similar 
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Implications in the Area and Local Community Acceptance. Availability was set as a 

criterion, because some energy resources, despite being promising their abundancy may 

not allow their development even in small scale. Similar implications was the second 

criterion, because such implications are able of giving valuable information regarding 

systems performance in the same area and function as a guide towards the direction to 

focus on when investigating possible solutions. Studies concerning nearby areas were 

assessed to define characteristics as climate, energy needs, human behaviour and 

individual characteristics.  

The last criterion was used because, as it was concluded by the literature review, for 

many years the fostering of RES in Greek islands stumbled upon local community 

opposition. Through better information campaigns and success of similar projects 

though, in many cases this negativity was reversed, and inhabitants now ask for greater 

scale RES implications on their islands, after having witnessed the benefits from similar 

projects. 

Table 1: Comparison of the available energy resources in Greek Islands 

Form of Energy Availability 
Similar Implications in 

the Area 
Local Community 

Acceptance 
Total 

Solar √ √ √ √ 

Wind √ √ √ √ 

Small-Scale Hydro conditional conditional X X 

Geothermal conditional √ X X 

Biomass conditional X unknown X 

Tidal & Wave unknown X X X 

 

From the results of Table 1, the resources that will be further investigated in this thesis 

will be the solar and wind energy, as these two resources seem to fulfil all the set 

criteria. 
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3.2. Storage Options 

In this section, there was done a comparison between energy storage solutions that are 

common in hybrid RES-storage energy systems. Apart from these listed below, that are 

going to be investigated further, a research was conducted on three other possible 

solutions that were rejected due to confinements that prevent their application in the 

case of Greek islands. Namely, these were: Flywheels, Pumped Hydro, and 

Compressed Air Energy Storage (CAES). Flywheels were rejected because they are 

mostly a form of kinetic energy storage that is primarily used for frequency stability in 

electric generators, so it would not be a solution capable of storing energy for a long 

time (Warmburg, 2006). Pumped Hydro, as explained in Section 2.2.3, is not a feasible 

solution for the arid Greek islands and the CAES systems are mostly applied in industry 

and not in community scale (Energy Storage Association, 2018). 

Regarding the energy storage solutions that were further examined, as seen on Table 2 

these are mostly battery systems and electric/electromagnetic systems (Mohanty, et al., 

2016). The latter are on experimental stage and for the time being their significantly 

bigger cost is preventing their mass implications. 
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Table 2: Comparison of Energy Storage Technologies  

  Technical Data 

Possible 
Environmental 

Impacts/ 
Dangers 

Costs 

Hydrogen Fuel 
Cells1 

Efficiency: 45-
80%2 No pollution, 

Highly 
flammable3 

Initial Capital: 860474863 
€/MWh 

Weight: 
30kg/MWh Maintenance Cost: 1 €/MWh 

Lifetime: 10 years   

Lead Acid 
Batteries (VRLA)4 

Efficiency: 50-90% Extremely 
toxic, corrosive 

fluids, long 
term 

pollutants5 

Initial Capital: 62427 €/MWh 

Weight: 11340 
kg/MWh 

Maintenance Cost: 203680 
€/MWh 

Lifetime: 5 years 
  

Vanadium Redox 
flow batteries 

 (VRB)6 8 

Efficiency: 75% 
Non-toxic, 

requires huge 
space for fluid 

tanks7, non-
flammable7 

Initial Capital: 500000-850000 
€/MWh 

Weight: 5220 
kg/MWh 

Maintenance Cost: 15000 
€/MWh 

Lifetime: 15 years   

Lithium-Ion 
Batteries 
 (Li-Ion)4 5 

Efficiency: 85-90% 
Non-

recyclable, 
highly 

flammable 
when in 

contact with 
oxygen7 

Initial Capital: 600000-
950000€/MWh 

Weight: 2767 
kg/MWh 

Maintenance Cost: 47982 
€/MWh 

Lifetime: 17 years 
  

Supercapacitors1 

Efficiency: 95% No chemical 
reactions, no 

pollution 

Initial Capital: 29709680 
€/MWh 

Weight: 10000 
kg/MWh Maintenance Cost: 5 €/MWh 

Lifetime: 40 years   

Superconducting 
Magnetic Energy 

Storage1 

Efficiency: 97% 
No chemical 
reactions, no 

pollution 

Initial Capital: 10611 €/MWh 

Weight: 10 
kg/MWh Maintenance Cost: 1 €/MWh 

Lifetime: 40 years   

 

 

                                                 
1 (Rinkesh, 2017) 
2 (Eriksson & Gray, 2017) 
3 (U.S. Office of Energy Efficiency & Renewable Energy, 2018) 
4 (Alevar & Zacho, n.d.) 
5 (Aquino, et al., 2017) 
6 (Watkins, 2014) 
7 (ENERGY RESPONSE SOLUTIONS, 2017) 

8 (Skyllas-Kazacos & McCann, 2015) 
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4. The Water Problem in Greek Islands 

4.1. Problem Description 

Cyclades and Dodecanese islands that belong to the Aegean Sea, apart from the energy 

problems mentioned in the previous sections also face serious water deficiency 

problem. Geomorphology of the area, low precipitation levels (Paliatsos, et al., 2004), 

seasonal human population fluctuations and constantly growing local economic activity 

are only a few of the reasons that create this deficiency. This shortage also contributed 

largely to the shaping of the occupational activity of the inhabitants on the islands. 

Agriculture is held back and almost all the cultivation products are shipped from the 

mainland or other bigger islands. Livestock farming is also limited due to shortage of 

water and vegetation that allows limited grazing on islands (Kaldellis & Konduli, 

2007). 

Apart from the mentioned above, the last 20 years the situation is deteriorated further 

due to the rapid development of the islands. The number of permanent inhabitants has 

increased 14-16%, more tourist accommodations are being built, the number of visitors 

increases by approximately 50,000 every year and the area experiences a growth in 

development that is totally different from the rest of the country (Hellenic Association 

of Tourism (EOT), 2013). The issue of water shortage has become a matter of grave 

importance for most of the islands, as it is directly related to the quality of life on those 

islands. 

The most common solutions to address to the water problem on islands, are: 

• ground reservoirs and dams (often associated with water treatment plants) 
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• boreholes and wells 

• home reservoirs that collect rainwater from roofs-bottled water 

• transportation of water using tanker ships 

• desalination units. 

Ground reservoirs are a natural method of storing water on large cavities underground. 

This water is generally considered of good quality and on some islands like Ikaria are 

exploited for domestic and agricultural use (Bertsiou, et al., 2017). Dams on islands are 

mostly related to the control of processes in wastewater treatment plants. These plants 

collect drainage water, then filter/purify it and later can be used for agricultural or 

farming purposes, but rarely for drinking (Karagiannis & Soldatos, 2007). The existing 

reservoirs on Greek islands can be seen in Figure 22. 

 

Figure 22: Dams and water reservoirs on Greek islands (Ministry of Agricultural 

Development and Food, 2006). 

Home reservoirs are a very common practise in the arid areas of southern Greece and 

especially in the Aegean Sea. Water from roofs is collected through drains to large tanks 

located on the basement of homes or buried underground and is stored for use later. 

Rainwater after filtration, might on some cases, but not always, be suitable for drinking. 

If not, it is used for other purposes (Gkikas & Tchobanoglous, 2009). As a 
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complementary measure, many drill low depth wells that take advantage of the shallow 

but small in quantity water reserves. These reserves often offer low quality semi-saline 

water (brackish water (BW)) that is neither suitable for consumption nor for irrigation 

of plants and crops. Another very common problem is the “contamination” of such 

wells with sea water. This happens when over-pumping of water occurs, mostly on dry 

seasons, when saline water finds its way from sea and trough the soil to these emptied 

cavities. Contaminated wells might take years to be restored and until then they are 

practically useless (Karachaliou, 2010). 

Transportation using tanker ships is another common practise in the islands of the 

Aegean Sea. Tankers either carry water from the mainland or from bigger islands to the 

smaller ones. The water is stored in large reservoirs and the refilling process happens 

every 10-12 days on winter and every 3-5 days on summer. The first and most great 

disadvantage of this process is the cost. Cost often varies to 7-10 €/m3, which is very 

high considering that on the mainland it is around 0.35-0.41 €/m3. The final cost of 

water on islands, is readjusted to 0.44-0.50 €/m3 on most cases, with the city council 

collecting the residue from taxes (Tzen, 2015). Costs for water transport in Greek 

islands can be seen on Figure 23, that shows the amounts of transported water and its 

cost for Cyclades and Dodecanese islands for the decade 2000-2010. 
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Figure 23: Quantities and costs of water transportation in Cyclades and Dodecanese 

islands in the decade 2000-2010. 

The second most important disadvantage of this practice is the quality of water. Water 

often arrives on the islands contaminated with odours or sediments. This pollution 

occurs at transfusion procedure, or due to the bad quality of transportation tankers 

containers (Mentis, 2011). On this case, like the others the primary demand for fresh 

and safe to consume water is covered with bottled water. Statistics show that bottled 

water consumption in the Aegean islands is up to seven times higher than in the rest of 

the country for areas with the same demographic characteristics (Margaris, 2008). 

Moreover, transportation through sea is considered an operation of high risk that might 

be paused or be difficultly conducted during the winter period due to bad weather. Very 

often, the National Meteorological Office of Greece on winter, gives a forbidding order 

for the ships and they are not allowed by the Coast Guard to leave harbours. This makes 

the reliability of the water supply chain ambiguous and dependant on stochastic 

parameters such as the weather or winds (Manolakos, et al., 2001). 
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All of the measures mentioned above consist solutions that can not effectively counter 

the water shortage problems on islands. Thus, the islands inhabitants, addressed to the 

State to give a solution to the water problem. In 1981 the first two reverse-osmosis (RO) 

desalination units were put to use in Mykonos and Ithaca islands. This was only the 

start, as until 2014 numerous other desalination plants were established in the whole 

islandic territory of the country, as seen in Figure 25. These units provide the vast 

majority of the consumed water on the islands today, providing them with good quality 

fresh water. Most of these units utilise the reverse-osmosis technique, which will be 

explained in the next section. Although, desalination is a process known to humans 

since the ancient times with many different configurations. The most of them, included 

the boiling of seawater and collection of steam to provide sailors with small amounts 

of seawater to be able to survive. With the advance of technology, fire was replaced 

with solar energy. 

 The first and very small scale solar desalination units installed on islands, included 

heating and evaporation of the water and its collection as depicted in Figure 23. This 

type of units could only provide small quantities of fresh water for domestic use at a 

very slow rate. For states of emergency, the method is considered adequate but for mass 

production and long-term supply not. Besides that, such methods need a very careful 

planning and are highly dependent on stochastic factors like weather, sunshine and 

water temperature. Thus, it was necessary to be replaced with industrial, large scale and 

fully controllable methods (Nydreos-Sakouelos, 2010). 
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Figure 24: Solar seawater desalination unit configuration 
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Figure 25: RO Desalination units operating on Greek Islands (Zotalis, et al., 2014). 
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4.2. Desalination Methods and RO Desalination 

4.2.1. Comparison of Desalination Methods 

According to (Voutchkov, 2013), the four most popular and widely adopted methods 

for desalination are: 

• Reverse Osmosis (RO) 

• Vapour Compression (VC) 

• Multi-Stage Filtration (MSF) 

• Multi-Effect Desalination (MED). 

The vast majority of desalination worldwide is occurring in the countries of Middle 

East and especially on the Persian Gulf and in Australia, as it is depicted on Figure 26. 

 

Figure 26: Percentage of the worldwide operating desalination units, for each country 

(Zotalis, et al., 2014). 

The dominant technology in desalination for the time being is considered the RO 

desalination, due to its numerous advantages over the others due to: its easily 

customisable size, capacity and expandability, the use of electricity only and not 
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thermal energy, its applicability on both seawater and brackish water and the fact that 

RO units come as turnkey solutions in small sizes that can easily be fitted into 

containers.  (Fahmy, et al., 2012).  

The other very important advantage of RO over the other methods is its low energy 

consumption and low initial cost of the installation. As show in the Figure 24, from the 

(Mentis, 2011) thesis, that was derived from the CRES scientific report on desalination 

methods (Tzen, 2010) the RO units the only energy used is electric and not thermal. 

This is a great advantage because it offers portability and the opportunity to apply more 

easily a renewable supply system as it has been done in numerous occasions especially 

on islands. In terms of the total dissolved minerals (TDS) RO shows significantly higher 

concentrations than the other methods. These concentrations though are below 

acceptable levels, which makes the produced water suitable to consume (Oram, 2014). 

 

 

Figure 27: Comparison of the most popular desalination methods 

Significant is the difference as well for the maximum produced capacity of RO units 

over the rest as these units can reach the maximum capacity of 70,000 m3/day, while 

the highest for the others is MSF with 60,000 m3/day. This extra capacity comes with 

almost half of the electric demand and at a considerably lower price. 

Method Feedwater

Type of 

Energy 

Used

Product 

Quality 

(TDS)

Production 

Capacity 

(m3/d)

Energy Utilised Energy Demand

Installation 

Cost 

(€/m3/d)

MSF SW Thermal ¬10 1000-60000 Thermal+Electrical
290 kJ/kg

4-6 kWh/m3
1000-2000

MED SW Thermal ¬11 500-20000 Thermal+Electrical
270 kJ/kg

2.5-3 kWh/m3
850-1750

VC SW Electrical ¬12 25-2500 Electrical 8-15 kWh/m3 1000-2350

SWRO SW Electrical >500 0.4->70000 Electrical

<5 kWh/m3

<3kWh/m3 (with energy 

reuse)

650-4400

BWRO BW Electrical ¬250-500 2.5->50000 Electrical 0.5-3 kWh/m3 300-2000
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All of the advantages of RO, which can be discerned on Figure 27, have led to its 

techno-economical prevail over the other methods. This method is relatively newer and 

it has been adopted in applications that range from small units in hotels (Fahmy, et al., 

2012), to building scale (Alsgeghri, et al., 2015), to island-scale even for bigger islands 

(Moutafis, 2008) and to entire areas (Cisneros Ramirez & Racalde, 2015).  

4.2.2. Reverse Osmosis Desalination 

Currently in Greece there are 35 RO desalination units of 22,860 m3/day capacity with 

operation costs 0.13-2.7 €/m3. New units are under construction and the expansion or 

refurbishment of older units is continuous. RO desalination though, is considered an 

energy consuming method, with energy requirement that often makes its sustainability 

doubtful (WATEREUSE Association, 2011) in applications that energy generation is 

limited. Before proceeding further, there will be explained the fundamental principle of 

operation of this method. 

4.2.2.1. Principle of Operation 

The basic component of RO process is a semi permeable membrane. This membrane 

acts as a filter that removes salts from the water, leaving clean water on its output. For 

the explanation of the system and the role of membrane, there will be given a 

description so that it is easier to perceive, on how these types of systems work.  

Imagine a large vessel with two discernible parts A and B, that are separated by a 

membrane. Part A is filled with a quantity of clean, distilled water. Part B is filled with 

the same quantity of water as Part A with a few grams of salt (NaCl) dissolved in it. 

The two parts have the same volume and their levels are the same. After a few time, the 

level of Part B starts to increase, as molecules of water contained in Part A cross the 

membrane leading to the increase of volume of Part B. This process continues up until 

two solutions come to molecular balance, when their content is almost equalised. This 
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procedure of one fluid trying to dissolve the other is called osmosis and occurs naturally 

in fluids. 

If now, on the same vessel, a pressure is applied in Part B using a piston in order to 

keep the volume of its contained liquid constant, the system reaches balance as well. 

The pressure applied on the piston, which is required to maintain the pressure 

equilibrium of the two fluids is called osmotic pressure. If the pressure on Part B is 

increased further, then the level of fluid in Part A, will start to increase. This happens 

because molecules of clean water are forced to travel through the membrane leaving 

salt in Part B. In the end of the process, Part B is left with salt residue and a small 

quantity of water, while Part A has a volume of water much bigger than its initial. This 

process is called reverse osmosis and is the fundamental or the RO desalination units 

(Mentis, 2011). The process can be used to purify water with different salt 

concentrations, in installations of various capacities that are entirely customisable 

(Voutchkov, 2013). The key in the entire process is the membrane that separates the 

two fluids. 

4.2.2.2. Basic System Components and Process Description 

The most common type of desalination device is the one that is depicted in Figure 28. 

 

Figure 28: RO Desalination device (Alexakis, 2003) 
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Saline water enters through inlet (1), in the empty space (3). There are two possible 

outlets (5) and (6). Water at (3) is pressurised and the 25% of its volume is forced to 

travel through membrane (2) and leave through outlet (6). Water on outlet (6) is 

cleaned, purified and ready to consume. The rest of the water in (3) leaves the vessel 

through outlet (5), after the pressure in valve (4) exceeds a limit. Pressurised water 

cleans all the residues on the surface of membrane (2), which mostly are consisted of 

salts (Alexakis, 2003). This system uses the principle described on Chapter 4.2.2.2 and 

is part of a bigger system that will be described further below. 

A typical configuration of a RO unit water treatment plant can be seen on Figure 29. 

Each of these systems consists of four major sub-systems: 

1. Seawater Feed Pump with its piping. 

2. Seawater Pre-Treatment. 

3. Basic Treatment Facility (Reverse Osmosis Unit) 

4. After-Treatment and clean water Tank. 

The procedures that take place at each sub-system are described briefly below: 

1. Seawater Feeding: 

The seawater feeding is conducted through the Seawater Pump that inputs the 

water in the system. The three alternatives for seawater feeding include: well 

construction, drilling or the connection of a pipe that pumps seawater directly to 

the system from the sea. The chosen method varies depending on the case and the 

individualities of each project. The most common method though is the offshore 

drilling, as this method does not have the technical challenges that well 

construction opposes and is considered more effective than the direct seawater 

pumping.  
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2. Seawater Pre-Treatment 

For better performance in membrane systems the pre-treatment stage is very 

important. At this stage particles and small floating solids that are contained in 

seawater are extracted to prevent them from building up on the surface of the 

membrane at later stages of the process. More specifically, the process includes: 

• Pre-filtering with a grid that prevents algae, fish and rubbish from entering 

the system. 

• Chloride addition and acidity regulation with the addition of chemicals. 

• Polypropylene filtration with special filters that can retain particulates up 

to 1 μm, that could cause damage to the membranes. 

• Removal of free chloride as on this form it could damage the membranes. 

• Ultraviolet (UV) sterilisation. 

3. Main Treatment (RO) 

At this stage the water undergoes the treatment that is described in the beginning 

of this chapter. The aforementioned pressure ranges between 40-80 atm. 

4. After-Treatment 

In that stage, the water undergoes its final treatment before reaching consumers. This 

process often has multiple stages that include: 

• Removal of toxic gases like H2S. 

• Final chlorination. 

• Final pH regulation. 

• Addition of CO2. 
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Figure 29: RO unit configuration (ITA Corporation, 2006) 

It is obvious that in that method, the major energy consumption is on the pumps that 

pressurise and circulate the water. The required pressure depends on water salinity. For 

brackish water, the pressures range between 15-25 bar and for seawater 54-80 bar, as 

osmotic pressure is related to salt concentration of the input solution (Mentis, 2011). 

5. Case Study 

5.1. Modelling 

5.1.1. Microgrids 

According to IEEE, “Microgrids are localized grids that can disconnect from the 

traditional grid to operate autonomously. Because they are able to operate while the 

main grid is down, microgrids can strengthen grid resilience and help mitigate grid 

disturbances as well as function as a grid resource for faster system response and 

recovery” (Hyland, n.d.). Microgrids operate complementary to the main grid, 
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switching from grid-connected to island mode, and often utilise renewable sources and 

storage technologies (Ton & Smith, 2012). 

 

Figure 30: A typical microgrid configuration with its possible components 

National Electrical Manufacturers Association (NEMA) in their report separate the 

benefits of microgrids in two distinct categories, the individuals’ benefits and the 

societal (NEMA, 2014). Their various configurations that may include the powering of 

a home, a block of flats, a small village, an island, a college or a military base oppose 

numerous benefits to both the owners and the society in a wider aspect. 

Some of the individual benefits mentioned on the report, include: 

• Flexibility in development in terms of the gradual increase of size, that these 

grids have. 

• Price security, as the operation of microgrid is not prone to seasonal or daily 

price fluctuations due to peaks in demand. 

• Uninterrupted power supply that is not vulnerable to conditions that may happen 

in another area but affect the consumers of another area. 
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• Money saving and revenue generation, as using the current tariffs and 

maximising the renewable capacity can offer great profits over time. 

• Reliability, resilience, security of supply, independency and total control of the 

generation system.  

• Microgrids are a diversified, not a concentrated financial risk (International 

District Energy Association , 2017). 

As for the societal benefits these are: 

• The increase of network efficiency and its gradual decarbonisation by the 

replacement of old, polluting units with green ones. 

• The creation of a new market with numerous work vacancies for scientists, 

technicians and retailers. 

• Public health and safety improvement. Securing the power supply is very 

important for premises like clinics, hospitals, schools and for the society entirely 

as more and more the use of fossil fuels is reduced. 

• The development of local economies of areas that were decreased due to 

poverty. These areas could possibly take part in the energy commerce, by 

utilising their energy surplus and selling it back to the grid. 

• The support of places of refugee camps in regional crises (International District 

Energy Association , 2017). 

• Allow the development of thermal networks as CHP installations can be used 

to store energy surplus (International District Energy Association , 2017). 
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5.1.2. Microgrid Simulation Software Comparison 

For the research on this thesis there were assessed three pieces of software related to 

microgrid simulations. These were HOMER Pro, RET Screen and MERIT. The first 

two are commercial and developed by the National Renewable Energy Laboratories of 

the U. S. and Canada accordingly, while the third was developed by the University of 

Strathclyde and is free to download. In Table 3, there are shown the basic features of 

the assessed softwares, so that it will be easier to compare. 

Table 3: Comparison of microgrid specialised software. 

 HOMER Pro MERIT RET Screen 

Cost 
10 £/month (student 

version) 

Free 500 £/year (Expert 
version) 

Customisability High Medium High 

User-Friendliness High High Medium 

Sufficient 
Weather 
Database 

Yes No Yes 

 

• offers 
system 
optimiser 
features 

• sensitivity 
analysis for 
various 
parameters 

• very easy to 
use 

• sufficient 
help/guidanc
e material 
online 

• widely used 
in similar 
studies 

• free 
software 
good for 
basic 
simulations 

• unable to 
perform 
detailed 
financial 
analysis 

• sensitivity 
analysis for 
various 
parameters 
requires a 
lot of work 
from the 
user 

• similar 
characteristics 
with HOMER 
Pro 

• more difficult 
to use 

• large number 
of parameters 
that need to be 
defined by the 
user 

• does not offer 
shorter period 
licenses or 
student license 
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After comparison of the softwares on Table 3, HOMER Pro was chosen for this case 

study. It is more sufficient in terms of components, it has sufficient weather database 

from at least 10 years derived from NASA, the material available online regarding 

projects using this software is plenty and finally it was the choice of the author due to 

previous experience. 

5.1.3. HOMER Pro 

HOMER Pro or more simply referred as Homer (which stands for “Hybrid Optimisation 

Model for Electric Renewables”), is a microgrid-specialised software that was 

developed by the National Renewable Energy Laboratory (NREL) of the United States 

of America and was set to commercial use (U.S. NREL, 2018). The software has three 

main functions which are: Simulation, Optimisation and Sensitivity Analysis. 

 Regarding Simulation, Homer can simulate grid connected and off-grid systems and 

uses the NASA weather database to measure the performance of renewable device that 

user adds to the system. The software offers the opportunity of techno-economic 

calculations, as apart from performance, it can measure the cost and benefits of the 

simulated systems (Farret & Simoes, 2006). Among other parameters, it can calculate 

the Net Present Cost (NPC), initial Capital Cost (CC), Cost of Energy (COE) produced, 

Cash Flow, Renewable Fraction of energy consumed by the load, Grid Import and 

Export rates and many more. It also has a huge library of components not only limited 

to electricity, but also thermal energy device. 

Homer has another very important feature, which is the Optimisation. This tool allows 

the user to define the best-performing system according to the inputs given. Homer runs 

thousands of simulations for different capacity of components combinations and after 

comparisons gives the best solutions, among the feasible ones. It not only sizes 

generation but also storage device for the optimal financially combinations (Franklyn, 
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2018). Using this sizing tool, the user is able afterwards to compare similar systems and 

choose the best for the occasion.  

The third major feature of Homer is the sensitivity analysis tool. When modelling 

systems, there is a number of parameters that no one can be 100% sure of their values. 

Thus, the performance of the simulated system might deviate from the real systems. To 

counter that variance, there is a process that is referred as “Sensitivity Analysis”, which 

is actually the measurement of performance of an estimation for different inputs 

(Saltelli, 2002). Homer can perform such analysis basically for every parameter that is 

required as an input by the user. This is very useful, as the user is given the opportunity 

to examine their designed system performance results for different initial conditions 

(U.S. NREL, 2018). 

As seen from Figure 31, which was derived from Sinha & Chandel’s journal, Homer 

uses load demand (which can be user defined as a time series of up to 1-minute time-

steps for the entire year) and other inputs like controls, constraints, financial and 

emission data. These inputs are used in equations that calculate the systems that achieve 

the desired results. Then, after comparison the software proposes the optimal solution 

using the lowest NPC as criterion. User though, can as well see all the calculated 

systems because NPC is not necessarily the main criterion in all the cases. 

 

Figure 31: HOMER Pro inputs and possible outputs (Sinha & Chandel, 2014). 
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5.2. Case Study Model Description 

This section is consisted of five discrete parts that describe the model of this case 

study. The software used for modelling was HOMER Pro, as it could model both the 

electric demand and the energy demand of the RO desalination unit, using grid 

connection, renewables, system controls and limitations. 

The case study of this thesis was chosen to be Koufonisia islands, which belong to 

Cyclades island complex in the Aegean Sea in Greece. As seen in Figure 32, Koufonisia 

complex is located between Naxos and Amorgos and consists of three smaller islands: 

Ano (Upper) Koufonisi, Kato (Lower) Koufonisi and Keros. 

 

Figure 32: Koufonisia islands in Greece (red circle). 

Currently, out of the three islands only Ano Koufonisi is inhibited. Kato Koufonisi has 

some seasonal residencies only and was deserted from permanent residents at the 60’s. 

Keros island is not inhibited because the National Archaeological Agency of Greece 

has prohibited any activity on the island, as on that there were found ancient antiquities 

and statues dating to 4000-4300 B.C. One of the reasons of Kato Koufonisi 
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abandonment from its residents, is the fact that on the island there does not exist any 

type of electrical grid. This limits human activity to Ano Koufonisi only (Koufonisia 

Municipality, 2016). 

Ano Koufonisi has around 412 permanent residents according to a report released by 

Southern Aegean Islands Municipality Administration and the premises can host up to 

1530 people. Apart from that, Koufonisia are considered one of the most popular free 

camping destinations in Greece. There are no official data but from descriptions of 

locals, the number of free campers on the islands might exceed 500-800 per day. 

(Southern Aegean Municipality Administration, 2014). According to the same report, 

the main activity of every single family on the island is fishing. The younger generation 

has turned the last decade to tourism, as it could provide a more stable income. 

Regarding electricity, the island has a double connection with Naxos and Amorgos 

islands with two subsea cables. Naxos is supplied with electricity by Paros island that 

has a diesel APS unit. Amorgos has a similar unit (CRES, 2014). Recently, IPTO has 

announced that all these islands will be connected to the grid of mainland in the final 

phase of the ongoing island interconnection plan, that is expected to be completed by 

2023 (Liaggou, 2018). Already, some of the biggest islands of Aegean are powered by 

newly established connections to the mainland and have completely decommissioned 

their APS (Iliopoulou, et al., 2018).  

Despite its environmental friendly and ecological consciousness Koufonisia for the 

time being have no RES installed on island. The main contributor to that is the 

opposition that residents had in the past, due to fears that such projects would have a 

terrible effect on the landscape. This negative stance has changed the last few years and 

now they have addressed publicly their interest on systems similar to those of Tilos 

island (WWF Greece, 2018). Islanders might have seen the increase of grid connection 
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capacity and the opening of energy market in Greece, as a chance to form an energy 

community capable of covering its own needs and selling electricity to the grid. 

Additionally, they might have witnessed the benefits of such investments on local scale 

and on the local economy from similar projects. These facts are believed by the 

aforementioned research by WWF Greece, that contributed to the shift of public opinion 

towards renewables.  

5.2.1. Electric Load Profile Synthesis 

For the modelling of electric load profile of Ano Koufonisi, there were used data from 

projects of Greek universities regarding Donousa island. Electrical grids of the two 

systems are completely different as Donousa has its own autonomous grid powered by 

a diesel APS, while Koufonisi is connected to other islands and does not have its own 

power station. The demand data were provided by HEDNO and are considered valid 

despite the fact that they are from 2014, due to small fluctuations of population on 

islands over the last two decades (Municipality of South Aegean, 2016). Donousa island 

was chosen due to similarities with Ano Koufonisi, as the two islands are located in a 

23 km distance and have same architectural characteristics, residents have the same 

occupation, the same daily routine and both islands have same temperatures and 

climate. Moreover, these were the only publicly available data from the nearby area 

from previous studies. 

The difference of two islands, has to do with the number of permanent residents and 

tourists. Donousa has 167 permanent residents and can host around 600 tourists 

(Southern Aegean Municipality, 2014). These numbers are 2.5 higher than those of Ano 

Koufonisi that has 412 and 1530 accordingly. Thus, an incrementation of the load 

profiles from HEDNO, found on (Stamatopoulos, 2014; Katsifis, 2015) work was 

needed. The form of load profile concerning its daily and seasonal form, was assumed 
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similar due to common features of the two areas. Following this methodology based on 

similarity and incrementation using straight analogy, also followed in (Moutafis, 2008; 

Mentis, 2011; Euaggelopoulou, 2013), the monthly average profiles were extracted. 

They were modelled with Homer, using its variability feature by applying 20% day-to-

day and 10% timestep variabilities. These numbers are used in (Vassileiadis, 2014; 

Stamatopoulos, 2014) in their projects, as they are considered sufficient regarding the 

amount of randomness that they insert to the system. The final profile used by Homer 

Pro, is depicted on Figure 33. 

 

Figure 33: Annual electric load of Ano Koufonisi 

Regarding the profile of Figure 33, there can be observed that peak load is during July 

and August and reaches values of up to 565 kW. There are also two other seasonal 

increases one in April and on in December, though significantly smaller. These are due 

to the two major Greek holidays of Easter and Christmas that slightly increase demand 

on island due to the visitors that arrive for these days for short vacation. The average 

energy consumption of Koufonisi is 4614.33 kWh/d. 

In Figure 34, there can be seen the monthly profiles from Homer in greater detail.    
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Figure 34:Monthly Average Electricity Demand profiles for Ano Koufonisi 
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As seen from Figure 34, the daily peak in the average daily demand profile happens 

around 21:00. During summer months there is a smaller peak that occurs around 12:00, 

and generally energy consumption remains high after that. This happens probably, due 

to air-conditioning loads and the opening of the most touristic enterprises like beach 

bars, cafeterias, etc. as noticed in (Bertsiou, et al., 2017). 

5.2.2. Water Demand Calculation 

For the calculation of water that the island consumes on average, on daily basis every 

month, there were taken into account the number of humans, livestock and crops 

cultivated on island. Information were derived by the Southern Aegean Municipality 

Business Plan for the island, that contained a very detailed statistic regarding all forms 

of human activity on the island for the last two decades (Municipality of South Aegean, 

2016). From this point on, in this chapter, when mentioning statistics without a 

reference, the author refers to this statistic. 

The water consumption difference between summer and the rest of the year, was taken 

into consideration as well. The calculation of the water demand was done to estimate 

the energy demand of the desalination unit that already operates on the island since 

2014, as no data were available concerning that unit. Moreover, according to the local 

media, the increase of the capacity of this unit is under construction and is expected to 

be operational by July 2018 (Naxos Press, 2018). Thus, the energy demand of this unit 

could only be based on estimations. 

5.2.2.1. Water Consumption of Humans 

For water consumption related to humans, two were the key data that were needed. The 

first was the hot and cold period daily average water consumption in Greece. These 

numbers were taken 0.17 and 0.16 m3/d accordingly, based on an UNESCO report cited 

on (Moutafis, 2008) report. The second important element was the number of people 
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on the island. Hot period was considered the period between June and August and the 

rest of the months were considered as cold period. 

According to the statistics the permanent residents are 412 and the tourists that can be 

hosted in touristic accommodations 1530. So, for the entire year there is a constant 

consumption related to permanent residents and another one related to tourists. The 

same report provides this information about tourists living on vacation premises on the 

island. More specifically, the report mentions that during July and August the 

accommodation is at 100% full, on June 55% full and on April and September there are 

on average around 123 visitors each day on the island. During May this number is half 

and for the rest of the year number of tourists was taken as 0, as less than 10 people are 

likely to visit the island monthly. As mentioned before, during July and August there is 

a large number of free campers that settle on the beaches of the island. These camps are 

not organised and do not have electricity, but often there is a water tap nearby. Thus, 

the consumption of these camps needed to be considered as well. From the report, 

witnesses speak about 450 and 550 campers on July and August accordingly, on daily 

basis. 

By combining these data, the final daily average water consumption by humans on the 

island was calculated and can be seen in Table 4. 

Table 4: Water Consumption of Humans in Ano Koufonisi Island. 

Month 
Inhabitants 

Consumption 
(m3/d) 

Tourists 
Consumption 

(m3/d) 

Total 
Consumption 

(m3/d) 

January 65.92 0.00 65.92 

February 65.92 0.00 65.92 

March 65.92 0.00 65.92 

April 65.92 19.58 85.504 

May 65.92 9.79 75.712 
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Month 
Inhabitants 

Consumption 
(m3/d) 

Tourists 
Consumption 

(m3/d) 

Total 
Consumption 

(m3/d) 

June 70.04 143.06 213.095 

July 70.04 336.60 406.64 

August 70.04 353.60 423.64 

September 65.92 9.79 75.712 

October 65.92 0.00 65.92 

November 65.92 0.00 65.92 

December 65.92 0.00 65.92 

 

5.2.2.2. Livestock Water Consumption 

Concerning the livestock being farmed on the island, there can be generally 

mentioned that they serve the island families’ needs in milk and meat. There 

are only 2-3 big farms, that are run by people as a complementary activity 

to provide a small income. In periods of aridity, farming water needs are 

covered by bad quality brackish or well-pumped water. On this study 

farming water needs are assumed to be covered by the desalination unit, as 

it was found that its capacity would allow that. 

The numbers of animals on the island were derived from the report and the 

water consumption for animals from (The Enineering ToolBox, 2010) and 

(Ministry of Agriculture, 2015). A proportional increase of 10% was also 

taken into account, between hot and cold period, as animals and humans are 

living organisms and follow the same behaviour regarding their primal 

needs. Results from the research are shown on Table 5. The number of 

animals is regarded as being stable as there are not any significant 

fluctuations to be expected, due to them being bred for domestic need 

purposes. 
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Table 5: Animals farmed in Ano Koufonisi island and their average water consumption 

for cold and hot period 

Animals Number 
Cold-Period Water 

Consumption 
(m3/d) 

Hot-Period Water 
Consumption 

(m3/d) 

Sheep 700 5.25 5.78 

Horses/Steer 6 0.27 0.30 

Cows 5 0.205 0.23 

Chicken 1200 0.276 0.30 

 

5.2.2.3. Crops Water Demand 

Data regarding agricultural activity were derived from the Municipality report as well. 

The data also contained information regarding wheat plantations on island that is 

cultivated as food for farmed animals. It is a common practise on arid areas, not to 

irrigate these plantations, thus they were not taken into consideration when calculating 

crops water demand. For the irrigation needs and the cultivation period of the various 

plants found on the island, a Greek website was consulted, specialised in providing 

advice to new farmers (www.kalliergo.gr, 2018). This site was chosen specifically 

among others because it has data related to Greece and the increase in water needs that 

depend on types of soil and climate zone depending on the different areas of Greece. 

The data combined and used to calculate crops water demand are presented in Table 6. 

Table 6: Agricultural data for Ano Koufonisi island 

Crop Type Area (m2) 
Water height 
needed (m/d) 

Period of Irrigation 
Volume Required 

(m3/d) 

Vegetables 2000 0.0045 January-June 9 

Onions 2000 0.0045 March-October 9 

Tomatoes 2000 0.00715 April-August 14.3 

Lettuce 1000 0.00715 All year 7.15 

Cucumbers 2000 0.00405 March-August 8.1 

Artichokes 1000 0.00405 November-June 4.05 
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The data mentioned above, are presented cumulatively in Table 7 for the entire year 

and are presented in Figure 35. As seen by Figure 35, for water and by Figure 33 for 

electricity demand, they follow the same pattern regarding peaks, as they are both 

related to human activity. 

Table 7: Cumulative results for water consumption in Ano Koufonisi. 

Month 

Total 
Consumption 

Humans 
(m3/d) 

Total 
Consumption 

Animals 
(m3/d) 

Total 
Consumption 
Crops (m3/d) 

Sum 
(m3/d) 

January 65.92 6.00 20.2 92.12 

February 65.92 6.00 17.1 89.02 

March 65.92 6.00 37.3 109.22 

April 85.504 6.00 51.6 143.11 

May 75.712 6.60 51.6 133.91 

June 213.095 6.60 51.6 271.30 

July 406.64 6.60 38.55 451.79 

August 423.64 6.60 38.55 468.79 

September 75.712 6.00 42.55 124.26 

October 65.92 6.00 19.3 91.22 

November 65.92 6.00 11.2 83.12 

December 65.92 6.00 8.1 80.02 

 

Figure 35: Monthly water consumption for Ano Koufonisi.  
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5.2.3. RO Electrical Energy Demand Profile 

The next step was the relation of water consumption to the energy required to produce 

this water quantity. As mentioned earlier, the island has already installed a RO 

desalination unit of 600 m3/day capacity, since 2014. By July 2018, this capacity will 

be increased to 700 m3/day. The existing system has a storage of 2500 m3 as mentioned 

in (Municipality of South Aegean, 2016). To relate these quantities with energy, there 

were used the case studies of (Kartalidis, et al., 2011; Mentis, 2011; Moutafis, 2008; 

Alsgeghri, et al., 2015; Cisneros Ramirez & Racalde, 2015) along with the desalination-

specialised book of (Voutchkov, 2013). On those, it is stated that up-to-date RO 

desalination units using the regeneration technology have a specific energy 

consumption of 4.5 kWh/m3 and their working cycle is up to 97-98%. This practically 

means that desalination unit could possibly act like an industrial load as the same 

amount of power (the rated more specifically) would be required for 23.5-23.6 h/day, 

when water demand requires it. In those units, power is required for the pumps that 

pressurise saline water to force it to the RO process. 

As the unit runs at its full power for 23.5 h/d, the average energy consumption is 4.5 

kWh/m3 and the full capacity 700 m3, the power rating, considering 5% losses is: 

𝑃 =
700m3 x 4.5 kWh/m3

23.5 h
≅ 135 𝑘𝑊 

The power rating of the RO unit is then used to calculate the average monthly energy 

for desalination by multiplying with the volume of water required daily and the power 

rating and the number of hours required for the daily operation. In order to make safe 

estimations regarding the system operation (Euaggelopoulou, 2013) suggests that an 

oversizing of 25% is required in daily water consumption. This is done due to the fact 

that in some cases, after the installation of such units, the consumer profile changes, 

with people consuming more as they stop caring for water economy as it is abundant. 
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Table 8: Calculation for average daily energy consumption of the RO desalination unit 

of Ano Koufonisi 

Month 
Daily 

Consumption 
(m3/d) 

Daily 
Consumption 
Increased by 
25% (m3/d) 

Monthly 
Consumption 

(m3) 

Operation 
hours (h) 

Energy 
Consumption 

per day 
(kWh/d) 

January 92.12 115.2 3569.7 4 521.66 

February 89.02 111.3 3115.7 4 504.10 

March 109.22 136.5 4232.3 5 618.49 

April 143.11 178.9 5366.4 6 810.37 

May 133.91 167.4 5189.1 6 758.32 

June 271.30 339.1 10173.6 11 1536.28 

July 451.79 564.7 17506.9 19 2558.38 

August 468.79 586.0 18165.7 20 2654.65 

September 124.26 155.3 4659.9 5 703.67 

October 91.22 114.0 3534.8 4 516.56 

November 83.12 103.9 3117.0 3 470.69 

December 80.02 100.0 3100.8 3 453.14 

 

The RO desalination unit load was modelled as a Deferrable Load in Homer Pro. 

According to Homer Pro Help section, Deferrable Load is a component that represents 

either a pumping or a thermal or another load with embedded storage, that can be 

charged from energy surplus from renewables. As charging strategy in this case there 

was chosen the Load Following (LF) strategy as “when a generator is needed, it 

produces only enough power to meet the demand. Load following tends to be optimal 

in systems with a lot of renewable power that sometimes exceeds the load” (HOMER 

Pro HELP, 2018). The last two parameter that needed to be specified for modelling the 

RO where the Peak Load and Storage Capacity. Peak Load was chosen to be the same 

as rated power of the RO unit, i.e. 135 kW, while to calculate the Storage capacity there 

was used the methodology described in (Farret & Simoes, 2006). This methodology 

suggests that in systems that use tanks and pumps, the storage capacity can be found by 
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dividing the volume of the tank with the pumping capacity of the system and then 

multiplying with the power rating of the system. In this case, this is done as follows: 

Storage Capacity (kWh) =
2500 m3

700 m3/d
 x 135 kW = 482.143 kWh 

 

Figure 36: The Deferrable Load used for modelling the energy demand of the RO 

desalination unit operating in Ano Koufonisi. 

As seen in Figure 36, the peak energy demands occur during July and August. This 

would mean that the power imports from grid are increased further. Thus, it is urgent 

to use local distributed energy resources to cover this demand locally and limit imported 

electricity. This would also mean reduction to operation costs, increase of resilience 

and the provision of locally produced green electricity and water. 

5.2.4. Water Cost Calculations 

On this section, there will be explained the methodology that will be followed to 

calculate the Water Cost (WC). WC on systems that use renewable electricity for 

desalination is a significant parameter that indicates the system financial performance 

(Cisneros Ramirez & Racalde, 2015) and shows the benefit of using such units for clean 
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water production, comparing to methods like transportation with tankers or solar 

distillation.  

All of the formulas used were derived from (Kartalidis, et al., 2011) work, where there 

was studied a standalone desalination system using PV and wind turbines. These 

formulas were adjusted to this specific case study and are displayed below: 

WC =
(CCEN + CCRO) ∗ R + OM + EC − ES

WP
                                                                  (1) 

Where:  

WC = Water Cost in €/m3. 

CCEN = Capital Cost of Energy System in €. 

CCRO = Capital Cost of Reverse Osmosis desalination unit in €. 

R = annuity factor given by 

R =
i

1 − (1 + i)−n
                                                                                                                   (2) 

i = interest rate (6%). 

n = duration of the investment in years (20 years). 

OM = Operation and Maintenance cost in €. 

EC = Energy Cost in €, given by: 

EC = (Cost of Electricity from Grid) ∗  ∑ Eimported(j)

8760

j=1

                                  (3) 

ES = Energy Surplus sold to grid in €, given by: 

ES = (Price of Electricity to Grid) ∗  ∑ Esold(j)

8760

j=1

                                         (4) 

WP = Water Produced in m3, given by: 

WP =  ∑ [Average Monthly Water Consumption ∗ days of month](m)

12

m=1

   (5) 
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Regarding the OM costs included in Formula (1), they were calculated using the values 

of Table 9, that were derived from (Kartalidis, et al., 2011). As WP was taken the total 

annual volume of produced water by the system, which was assumed to equal the total 

WC, hence 81,732 m3. CCRO was taken 694,152 €, as mentioned in the statements of 

mayor in an interview on a local news website (Kovaios, 2017; Lianos, 2018). 

Table 9: OM cost breakdown for the RO Desalination Unit 

OM Cost   Calculation (€) 

Labor 25000 €/yr 25,000.0 

Chemicals 0.065 x WP €/m3 5,312.6 

Membranes 0.15 x WP €/m3 5,312.6 

Consumables 0.04 x WP €/m3 5,312.6 

Insurance 0.05 x (CCRO) 5,312.6 

Total 46,250.3 

 

In this case study, given the fact that there is a specific desalination unit, the only 

variables for each of the proposed systems are: CCEN, EC and ES. This means that when 

comparing systems in terms of WC, the one that at the same time has the lowest CCEN 

and achieves the highest fraction of load covered by renewables will achieve the lowest 

WC. This will be used later in the results comparison as an index regarding financial 

performance of systems in terms of costs related to water. 

5.2.5. Key Model Characteristics 

On this section there will be analysed and presented accumulatively all the key 

parameters that were taken into consideration in the system modelling. Some of the 

parameters will be analysed further in the Sensitivity Analysis section, as they might 

be succumbing to changes over the project lifetime and affect the system performance. 

5.2.5.1. Resources Characteristics- System Components 

The two sources that were chosen to be examined in the project for different adoption 

rates and configurations are wind and solar energy. Both sources are in abundancy in 
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the area of Koufonisi and may similar projects that were mentioned on previous sections 

utilise them. The main goal of the proposed systems is to reduce the use of subsea cables 

for Koufonisi and cover as much as possible the demand for the RO desalination unit 

that the system has. To achieve that goal, storage was necessary as besides other 

limitations, there are legal restrictions on the amount of power exports from renewables 

to networks in Greece. 

The resources data used, were all derived from Homer Pro database that has data of 20 

years, so they can be considered valid. 

1. Wind:  

The average wind speed for Koufonisi can be seen in Figure 37. The annual wind speed 

in 6.28 m/s, the Weibull k parameter 1.43 and the autocorrelation facto 0.886 as derived 

from a similar project in a nearby island used in (Vassileiadis, 2014).  

 

Figure 37: Average wind speeds in m/s for Ano Koufonisi. 

A significant parameter that defined the type of wind energy device used was the hub 

height. Hub height had to be below or equal to 40, as above that height any type of 

device would have a heavy impact on the landscape. As mentioned earlier the impact 

on landscape is very important for the local community, as they do not want at any 

occasion any intervention to ruin landscape. 
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Taking into consideration the average wind speeds and the hub height limitations there 

was decided to examine three types of wind turbines of rated power of 100, 250 and 

500kW. Specifically, these were: Norvento nED 24 [100kW], WES 30 [250kW] and 

Windflow 45 [500kW]. Due to similarities, the losses were taken as 10% on each case 

and Temperature Effects were taken into account. Initial and replacement costs were 

taken as equal as there were not found any guarantee forms mentioning the difference 

of such costs. Operation and Maintenance (OM) costs were taken as approximately 1% 

of the initial CC as was consulted by (Mentis, 2011; Vassileiadis, 2014; 

Euaggelopoulou, 2013). For the three types of turbines, the costs (CC, OM) at the time 

of the writing of this text were: 

• 100 kW: CC=129,000€, OM=1300€ (www.conserve-energy-future.com, 

2017). 

• 250 kW: CC=530,000€, OM=5000€ (German & Newton, 2010). 

• 500 kW: CC=785,000€, OM=7900€ (Windflow Technology Ltd., 2016). 

On the Results section for simplicity purposes, wind turbines will be referred only with 

their power rating, i.e. 100 for 100kW, 250 for 250kW and 500 for 500kW wind turbine 

accordingly.   

2. Solar PV:  

The second resource that was chosen was solar radiation. As seen in Figure 38, for the 

specific location the average Global Horizontal Irradiance is 5.23 kW/m2/day and the 

average clearness index 0.55, as derived from Homer database. This gives a significant 

potential to use solar PV for energy generation. Another important parameter is the 

latitude which is 36.5o, as it will be the slope for the system. Azimuth was taken 0o, as 

Greece is located on the northern hemisphere. 
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Figure 38: Global Horizontal Irradiance in kW/m2/day and Clearness Index in %, for 

Koufonisi. 

Regarding the other parameters, ground reflectance was taken as 25%, according to 

(Vassileiadis, 2014), temperature effects were considered because at summer 

temperature might drop the efficiency significantly as it was analysed in section 3.1.1. 

Efficiency was taken as 16% according to (HELAPCO, 2017), nominal operating 

temperature as 47oC and temperature effects as 0.5% of nominal power per oC. The 

module that was used was the generic one of Homer Pro as it could be widely 

customised. The derating factor was calculated taking into consideration 3 major 

parameters, hence module production tolerance mismatch (0.95), dust and dirt (0.95) 

and the east-west shading factor (0.9) (Damianidis, et al., 2011) and was calculated to 

be 0.8123 or 81.23%. Regarding the price of PV in Greece, the costs are: CC = 1000 

€/kW, Replacement Cost = 750 €/kW and OM = 10 €/year (HELAPCO, 2017). 

Maximum Power Point Trackers (MPPT) were not used. 

On the Results section solar PV capacity will be referred as (number)PV, for example 

a 40 kWp PV will be referred as 40PV. 

3. Storage:   

Regarding storage, there was chosen the Vanadium Redox Battery (VRB) technology, 

as for the time being it is the most promising technology for grid-scale storage. It is also 
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highly customisable as capacity depends on electrolyte tank size and can be scaled up 

or down to meet the needs (Atwell, 2018). Moreover, the technology seems to 

compromise an affordable price and not have limitations similar to other forms of 

massive storage for islands. 

More specifically, the battery used was Gildemeister’s CELLCUBE 200 kW/400 kWh. 

The battery was used in many projects around the world like Cardongianos in Italy, 

Ontario in Canada, Tussenhausen and Pellworm in Germany, etc. for grid scale and 

microgrid scale storage in different sizes (Maiers, 2017; Blatsios & Feichtinger, 2016). 

The battery as shown in Figure 39 comes at a double container enclosure, as a turnkey 

solution and can be easily transported when necessary. Besides that, it had been used 

in other studies like the one in (Blatsios & Feichtinger, 2016) for Sifnos island, and its 

technology performance does not seem to deteriorate with temperature increases that 

could happen during summer period in Greece. 

 

Figure 39: CELLCUBE 200/400 VRB with its main parameters (Blatsios & 

Feichtinger, 2016) 
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In the Results section, when referring to the amount of batteries, there will be used the 

abbreviation (number) BATT. For example, 2 200/400 CELLCUBE batteries will be 

simply referred as 2BATT. 

4. Converter: 

The Converter that was used was the Generic AC-DC converter of Homer Pro. Its costs 

according to (Vassileiadis, 2014) were: 

• CC = 250 €/kW. 

• Replacement Cost = 200 €/kW. 

• OM = 10 €/year. 

Its efficiency was taken: 95%. 

5. System Controls: 

The Control strategy used was Load Following. Although, in the grid-connected 

configuration that is being studied here, the dispatch strategy does not affect results. It 

would though play a very significant role if there were used fuel-fired generators on the 

system. 

6. Grid: 

The Grid configuration used was the Scheduled Rates, as this allows for Grid Sales 

limitation and Net Metering simultaneously. The total energy that can be supplied is set 

at 1050 kW. According to the legal framework mentioned on the next section, each 

time the maximum exportable power is 0.2*Peak Power of the RES installed on island. 

For all of the system components the lifetime was set 20 years, which is the lifetime of 

the project. Project lifetime was set on 20 years as this is the maximum price guarantee 
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contract that the State signs with energy related enterprises (large or small) for energy 

sales and imports (IPTO, 2016). 

5.2.5.2. Regulations and Legal Framework 

The most significant parameter when it comes to design of RES in Greece is the legal 

framework. Designs for projects that do not follow the energy related laws are never 

approved, thus for every design to be considered valid, should be within specific 

margins. The law 3851/2010 (Hellenic Government Gazette, 2010), states that for small 

energy prosumers, including desalination units using RES: “the amount of power sold 

to grid must not exceed the 20% of the rated power of the energy generating unit”. For 

this case study this limitation has a major impact to the maximum renewable energy 

system peak power capacity. To be able to make full use of the transmission lines the 

maximum renewable capacity in total must not exceed: 1050 kW / 0.2 = 5250 kW. 

Otherwise, a lot of energy will have to be curtailed as there will not be neither load to 

consume it nor the proper infrastructure to export it to the grid. 

Consequently, this law also shapes the form of the adopted solutions regarding the 

components used, as storage becomes necessary, because of the export limitation, that 

prevents selling the 80% of energy surplus. Energy storage is preferred to serve local 

needs rather than being sold to the grid, to increase local resilience. Adoption of 

massive storage also allows the operation of network in island mode, when this is 

possible. Although this mode requires device that can regulate frequency and voltage 

(Ismail, et al., 2015) 

Regarding tariffs, the Greek network operator applies different rates for non-connected 

and grid connected areas. In the examined case, Koufonisi will be regarded as 

connected area, as it does not own an APS. Thus, the energy purchase-price will be the 

same as that of the island that operates the APS and feeds Koufonisi substation. In Table 
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10, there can be seen the prices set by the aforementioned law, as they are formed for 

2018 and apply to the present case study criteria. 

 Table 10: Energy Tariffs for various resources in Greece 

Source PV Wind Hybrid Purchase from Grid 

Price (€/kWh) 0.08 0.09945 0.147 0.1145 

 

Due to higher price of grid imported energy, on this project, the charging of batteries 

from grid will be prohibited and they will only be allowed to charge from surplus. 

Moreover, the battery charging from grid will also be prohibited in order to avoid 

capacity oversizing and to keep the initial cost as low as possible. 

 

5.2.5.3. Performance Indicators Used 

The performance indicators that will be used to compare different systems on this case 

study are8: 

1. Net Present Cost (NPC): NPC represents the life-cycle cost of a project for its 

entire lifetime. This includes all the costs minus revenues and present value. It 

is a very important indicator as it gives an aspect of the costs or revenues to the 

project investment as a whole. 

2. Levelized Cost of Energy (COE): It represents the average cost per kWh of 

useful electrical energy produced by the system. It is calculated from the 

formula: 

COE =  

i ∗ (1 + i)N

(1 − i)N − 1
∗ NPC

(AC load served + Deferrable load served + Grid Sales)
                     (6) 

                                                 
8 All definitions were derived from (HOMER Pro HELP, 2018). 
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Where:  

i: discount rate 

N: project lifetime 

3. Renewable Fraction (ReF): The amount of energy delivered to load from the 

system renewables, given by: 

ReF = 1 −
(Energy delivered from Grid and Generators)

(AC load served + Deferrable load served + Grid Sales)
               (7) 

4. Excess Electricity (EE): Is the amount of energy per year (kWh/yr) that cannot 

be consumed, neither be sold to the grid.  

Renewable resources are of stochastic nature, which means that their dispatch 

cannot be scheduled. Thus, large quantities of energy can be generated when load 

is low. This creates a surplus that on some cases cannot be used or stored. In systems 

with transmission capacity limitation, like the examined one, it cannot either be 

sold. For this reason, it is important to keep EE as low as possible. By doing so, the 

RE system is used as much efficiently as possible. 

5. Grid Sales (GS): The amount of energy in kWh that is sold to grid annually. 

6. Grid Imports (GI): The amount of imported energy from the grid in kWh. 

7. Capital Cost (CC): The initial cost required for the purchase and installation of 

the RES used. 

The last three indexes not only affect the financial performance of the investigated 

systems but also affect directly the water cost as displayed in Formula (1). These 

indexes are included in NPC, so configurations that achieve the lowest NPC will be 

considered as being better as they achieve better cost-profit ratio over the project 

lifetime. Due to that fact, WC will only be examined for the configuration with the 
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lowest NPC for each scenario, as this configuration will be the “winner”. This is 

done because if the system was to be built, NPC would be the primary criterion for 

the investment. 

5.2.6. Scenarios 

0. Current Situation Scenario (0% Adoption Rate) 

This will be the base case scenario, which is used to evaluate the current system and 

have a basic aspect on the main indexes before proceeding to any further implications. 

The result will be used as a limit for the examined systems, as they are supposed to 

perform better than the base case. 

 

Figure 40: 0% Adoption Rate system 

The following scenarios are related to four different renewables adoption rates. By 

adoption rate, the author refers to the percentage of the electrical load that is covered 

by a combination of systems. These systems include wind turbines, PV and battery. For 

each of the combinations there were examined: 

• PV systems including batteries or not, depending on the case, Figure 41. 

• Wind turbines of three different power ratings (100, 250 and 500 kW) including 

batteries or not, depending on the case, alike, Figure 42. 
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• Hybrid systems with batteries, PV and three different types of wind turbines, 

Figure 43. 

1. Small-Scale Adoption Scenario (25% Adoption Rate) 

2. Net Balance Adoption Scenario (50% Adoption Rate) 

3. Large-Scale Adoption Scenario (75% Adoption Rate) 

4. Full-Scale Adoption Scenario (100% Adoption Rate) 

 

Figure 41: PV system examined for Scenarios 1-4. 

 

Figure 42: 100kW (a), 250kW (b) and 500kW (c) wind turbine systems examined for 

Scenarios 1-4. 
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Figure 43: PV + 100kW wind turbines + battery Hybrid system (a), PV + 250kW 

wind turbines + battery Hybrid system (b) and PV + 500kW wind turbines + battery 

Hybrid system (c) examined for Scenarios 1-4. 

6. Results and Discussion 

Before proceeding to the results, it would be useful to explain the method that was 

followed to choose the appropriate combinations. First of all, Homer was regulated to 

the wanted ReF each time, using the Minimum Renewable Fraction Constraint from 

the Constraints section. After that, the Optimiser was run, and the results were filtered 

according to the following criteria by order of priority: 

• examined system ReF< examined ReF+0.5% (e.g. for 25% adoption rate there 

were examined all the results between 25-25.5%). 

• examined system NPC<NPC base case. 

• examined system COE<COE base case. 

• For systems that had almost the same values for the three indexes there was 

chosen the one with the lowest EE. 

Systems that did not achieve in any combination results within the set limits were not 

regarded as acceptable and were not included on the Results. For wind or PV and battery 
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systems, if a solution without batteries gave better results than those including batteries, 

it was chosen instead. For hybrids, the battery used was dependant on the case.  

For each adoption rate, only the successful combinations were compared to find the 

“winner”. A system was awarded winner if it had as many of the requirements as 

possible from the following: 

• the lowest NPC 

• the lowest CC 

• the lowest COE 

• the lowest WC 

• the lowest EE 

• the lowest GI 

• the highest GS 

6.1. Current Situation Scenario (0% Adoption Rate) Results  

The results for the 0% renewables scenario, which is the base case on this case study, 

act as limits for the results of the different examined combinations. If and only if a 

combination for a specific ReF could achieve better results than the base case system, 

(for every of the examined indexes) then the combination was regarded as successful 

and compared with other successful systems in order to determine which was better on 

each adoption rate.  

Results for the base case system are presented in Table 11. As it is obvious there are no 

exports and no EE, as there are no renewables on the island and it is supplied by a 

neighbouring island. The index values that are the most important are the NPC, the 
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levelized COE and WC, which all three are the upper limits for the examined 

combinations in order for them to be successful. 

Table 11: Values of the examined indexes for the base case system. 

NPC (€) 3,215,277  

COE (€/kWh) 0.1145 

CC (€) 0 

EE (kWh/yr.) 0 

GI (kWh) 2,052,105 

GS (kWh) 0 

WC (€/m3) 4.18 
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6.2. Small-Scale Adoption Scenario (25% Adoption Rate) Results 

 

Figure 44 (Left): Comparison of NPC, CC for the successful combinations of the 25% Adoption Scenario. 

Figure 45 (Right): Comparison of GI, GS and EE for the successful combinations of 25% Adoption Scenario. The left axis in kWh refers to GI, 

GS and the right in kWh/yr. refers to EE.
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Figure 46: Comparison of COE and WC for the successful combinations of 25% 

Adoption Scenario. 

For 25% the only feasible combinations were: 340PV, 12PV+2*100WT and 

40PV+250WT. Wind turbine-only systems were rejected as with 100 kW wind turbines 

the COE was higher than 0.1145 €/kWh, for 250 kW the lowest NPC was higher than 

3.22 million € and for 500 kW the renewable fraction exceeded by far 25%. Batteries 

were avoided at this rate because the surplus electricity was too low and due to that fact, 

the use of batteries would increase the initial CC without improving the rest of the 

indexes significantly. Also, given the fact that this adoption rate covers part of the load, 

this excess could be used increasing the adoption rate, rather than being stored. 

As displayed in Figure 44, the system with the lowest NPC and CC was the 12 

PV+2*100WT hybrid. The system with lowest GI and highest GS was 40PV+ 250WT, 

while the lowest EE was achieved by the 340PV system, according to Figure 45. The 

12PV+2*100WT hybrid also achieved the lowest COE and WC as depicted in Figure 

46. This system achieved the best performance in most of the indexes, thus it would be 

preferred if a small-scale adoption of 25% was ever attempted on site. 

340PV 12PV+2*100WT 40PV+250WT

WC (€/m3) 3.91 3.75 4.07

COE (€/kWh) 0.1066 0.0968 0.1085

3.91 3.75
4.07

0.1066 0.0968 0.1085

0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50

€

Examined Combination

25% Adoption Scenario

WC (€/m3) COE (€/kWh)
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6.3. Net Balance Adoption Scenario (50% Adoption Rate) Results  

 

Figure 47 (Left): Comparison of NPC, CC for the successful combinations of the 50% Adoption Scenario. 

Figure 48 (Right): Comparison of GI, GS and EE for the successful combinations of 50% Adoption Scenario. The left axis in kWh refers to GI, 

GS and the right in kWh/yr. refers to EE.
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Figure 49: Comparison of COE and WC for the successful combinations of 50% 

Adoption Scenario. 

For the 50% combinations and given the fact that surplus was relatively big there were 

examined combinations with batteries. On some cases though, Homer Optimiser 

showed that combinations not including them achieved better performance on the 

examined indexes. For the 50% adoption rate the combinations that were successful 

were: 746PV+1BATT, 5*100WT, 577PV+100WT+1BATT and 435PV+250WT 

+1BATT. The PV+500WT+BATT hybrid failed as its NPC was higher than the initial 

system, while for the 250/500WT+BATT systems the COE was above the 0.1145 

€/kWh limit. Because of that these systems were rejected. 

As shown in Figure 47 the 5*100WT combination achieved the lowest NPC with the 

lowest initial CC at the same time. This system, according to Figure 48, also had the 

highest GS and the lowest GI. The same figure shows that the lowest EE was achieved 

by the 746PV+BATT. As for the WC and COE indexes the 5*100WT again achieved 

the lowest prices, as depicted in Figure 49 and by that it establishes as the most 

preferable combination for the 50% renewables adoption rate. 

746PV+1BATT 5*100WT
577PV+1*100WT

+1BATT
435PV+250WT+1

BATT

COE (€/kWh) 0.1111 0.0716 0.0869 0.1002

WC (€/m3) 4.04 3.20 3.57 3.88

0.1111 0.0716 0.0869 0.1002

4.04
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3.57

3.88
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1.0000

1.5000

2.0000
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3.0000
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106 

6.4. Large-Scale Adoption Scenario (75% Adoption Rate) Results  

 

Figure 50 (Left): Comparison of NPC, CC for the successful combinations of the 75% Adoption Scenario. 

Figure 51 (Right): Comparison of GI, GS and EE for the successful combinations of 75% Adoption Scenario. The left axis in kWh refers to GI, 

GS and the right in kWh/yr. refers to EE.
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Figure 52: Comparison of COE and WC for the successful combinations of 75% 

Adoption Scenario. 

For the 75% adoption rate the successful combinations were: 1609PV+3BATT, 

12*100WT+2BATT, 1060PV+3*100WT+1BATT, 765PV+2*250WT+2BATT and 

865PV+500WT+1BATT. The 250/500WT+BATT systems were rejected because for 

these wind turbine ratings in order to achieve the desired adoption rate, it was 

necessary to keep the wind turbine number low (achieving adoption rate numbers 

below 75%) and increase the batteries’ number (to reach 75%). This increased the 

NPC above the acceptable limit and these configurations were rejected. 

As shown in Figure 50, the combination that achieves the lowest NPC and lowest 

initial CC is the 12*100WT+2BATT. The same combination achieves the highest GS, 

while the lowest GI are achieved by the 1609PV+3BATT system and the lowest EE 

by the 765+2*250WT+2BATT system, as shown in Figure 51. In Figure 52, it can be 

seen that the 12*100WT+2BATT system achieves the lowest COE and WC and by 

that, after having achieved the best performance in the majority of the examined 

indexes, this system appears to be the most preferable for this adoption rate. 

 

1609PV+3BATT 12*100+2BATT
1060PV+3*100W

T+1BATT
765PV+2*250WT

+2BATT
865PV+500WT+1

BATT

COE (€/kWh) 0.0871 0.0627 0.0743 0.0941 0.0668

WC (€/m3) 3.67 3.08 3.60 3.91 3.24

0.0871 0.0627 0.0743 0.0941 0.0668
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6.5. Full-Scale Adoption Scenario (100% Adoption Rate) Results  

 

Figure 53: Comparison of NPC, CC for the successful combinations of the 100% Adoption Scenario. 

Figure 54: Comparison of GI, GS and EE for the successful combinations of 100% Adoption Scenario. The left axis in kWh refers to GI, GS and 

the right in kWh/yr. refers to EE.



 

109 

 

Figure 55: Comparison of COE and WC for the successful combinations of 100% 

Adoption Scenario. 

For the 100% adoption scenario the successful combinations were 4375PV+23BATT, 

2375PV+12*100WT+12BATT, 4615PV+5*250WT+12BATT and 2460PV+ 

4*500WT +12BATT. All of the systems that were based on wind turbines and batteries 

solely, were rejected as they could not achieve this ReF and at the same time remain 

under the set NPC and COE boundaries.  

Regarding the indexes performance, the 2375PV+12*100WT+12BATT hybrid 

achieved the lowest NPC while the 4375PV+23BATT achieved the lowest initial CC, 

as shown in Figure 53. The highest GS were achieved by 4615PV+5*250WT+12BATT 

and the lowest EE by 2375PV+12*100WT+12BATT. The lowest imports were 

achieved by 4375PV+23BATT as depicted in Figure 54. Even though the adoption rate 

is 100%, the GI are not zero which means that neither of these systems can operate 

completely autonomously as they need grid electricity to cover some of their peaks. 

Trying to increase the size of the systems to be able to cover their peaks would create 

an oversizing of batteries or huge amounts of EE, as the transmission capacity of the 

island connection is limited.  

4375PV+23BATT
2375PV+12*100WT

+12BATT
4615PV+5*250WT+

12BATT
2460PV+4*500WT+

12BATT

COE (€/kWh) 0.0538 0.0274 0.0376 0.0381

WC (€/m3) 2.14 2.81 4.03 3.66
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From Figure 55, it is derived that the system with the lowest COE is 

2375PV+12*100WT+12BATT, while the one with the lowest WC is 

4375PV+23BATT. The 2375PV+12*100WT+12BATT hybrid in total achieves better 

performance in more indexes than the 4375PV+23BATT, thus it is preferred as the 

most appropriate solution for this adoption rate. 

Results for all combinations and adoption rates, more analytically can be found on 

Appendix 1. 

6.6. Results Summary and Discussion 

This section includes an accumulative comparison of the feasible solutions of the 

previous sections. This is done in order to investigate the connection and influence in 

between the different examined indexes and reach to conclusions regarding the 

performance of these systems. Results are presented in graphical form in Figures 56-62 

and can be found in form of table in Appendix 2. 

Regarding the wind-based combinations for 25, 50 and 75% adoption rates that did not 

achieve feasible results, on most cases either the COE or the NPC, exceeded the one of 

the initial base case system. The reason for that is the limitation in electricity export 

and the high initial cost of the equipment. Export limitation also limits the revenue of 

the investment and cannot achieve the payback that is expected through the project 

lifetime. Thus, wind farms on islands and especially bigger ones need strong 

connections to grid. Although batteries provide sufficient results for systems of small 

size or limitations, as proceeding to larger scale other more massive solutions such as 

pumped hydro prove to be more effective and financially better. 

From Figures 56, 57 and 61 seems that COE is mostly affected by NPC and GS. On 

each of the examined adoption rates, combinations with the highest GS and the lowest 

NPC have also achieved the lowest COE. Referring back to the formulas that Homer 
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uses, the reason for this behaviour is obvious, as for the calculation of NPC there are 

used GS, GI and CC. Additionally, COE is calculated as a function of NPC. So that is 

the main reason of COE with GI, GS, and CC. Moreover, another factor that affects 

results are the grid sale (0.1145 €/kWh) and purchase (wind: 0.09945, PV: 0.08, hybrid: 

0.147€/kWh) prices.  

For lower adoption rates (25, 50%) the NPC is mostly affected by GI, CC and this 

happens because GS are relatively low and small amounts of surplus are sold. This 

situation reverses at the higher adoption rates where GS have their maximum prices 

with GI reaching very small values (Figures 60, 61). From these facts, it could be said 

that NPC at highest adoption rates is more GS-dependant, while for the lowest ones 

more GI-dependant. This explains why for 25, 50 and 75% where the GS are low there 

is a strong connection between NPC and CC. At the 100% rate, GS become almost zero 

and the GS become maximum as seen in Figures 56, 58, 60, 61. 

 Another finding is that the component that affects the most the NPC is batteries. 

Storage adoption results to the increase of CC, the decrease of GS, the decrease of GI 

and the decrease of EE. Their use in this specific case study is necessary, due to the 

legislation limit of transmission (equal or less than 20% of the rated generation 

capacity). If batteries were not used, large amounts of electricity would be curtailed 

resulting to a money loss. Money would be lost because this electricity could not be 

sold and could not be used in periods of low generation and high demand either. 
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Figure 56(Left): NPC for the feasible solutions, for each adoption rate. 

Figure 57 (Right): COE for the feasible solutions, for each adoption rate. 
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Figure 58 (Left): Initial CC for all the feasible combinations, for each adoption rate. 

Figure 59 (Right): WC for all the feasible combinations, for each adoption rate. 
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Figure 60 (Left): GI for all the feasible solutions, for each adoption rate. 

Figure 61 (Right): GS for all the feasible solutions for each adoption rate. 
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Another parameter worth mentioning is the WC of the RO desalination unit on the 

island. As shown in Figures56, 59, the WC has a very strong connection with NPC. 

This happens because the quantity of water produced by the RO desalination unit is 

regarded as a fixed price, thus the factors that most affect WC are the same that affect 

NPC and COE consequently. For this reason, lowest NPC systems have also the lowest 

WC. 

 

Figure 62: EE for all the feasible combinations, for each adoption rate. 

EE is another index that was examined for each of the combinations. For the highest 

adoption rates, it reached its maximum and it was generally observed that in wind-based 

systems the amounts of excess energy were higher. The best performance was observed 

in PV systems. The most possible explanation has to do with the nature of the resources 

in the area, the battery capacity and the seasonal load fluctuation. To be more specific, 
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wind turbines reach their top performance during winter, when the load on island on a 

24/7 basis is low. This means that, batteries store the amount of energy their capacity 

allows, and the rest of the surplus is dumped at this period of the year. Batteries 

discharge only when the wind velocities drop down to the point that generated power 

becomes lower than the load and batteries are allowed to discharge. Besides that, if the 

period that the batteries are allowed to discharge the load is low and this period is short 

in duration, the discharge is not full. 

On the other hand, PV are active during the day for a specific period of time, giving the 

batteries the opportunity to discharge at the low-light periods and be available to store 

energy the next day. All the average monthly (wind speed, solar radiation, load) profiles 

can be found in Appendix 3. 

6.7. Sensitivity Analysis 

The purpose of this Sensitivity Analysis is to study the possible effects on performance 

of the chosen system assuming a number of alterations that might happen in of the 

project lifetime. The four major assumptions that this sensitivity analysis is base on, 

are: 

1. The adoption rate of renewables on the island will be 100% by 2027. This 

assumption is based on the incentives given by the State to foster renewables, 

mentioned on Chapter 2. 

2. The island will have been connected to the mainland’s grid. This assumption is 

based on the plans of the IPTO to connect islands of the nearby area by 2023, 

as also mentioned in Chapter 2. 
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3. The island, being connected, will be regarded as following the energy 

consumption trends of the mainland. For this reason, there will be used the 

energy consumption forecasts provided by IPTO for 2027 in (IPTO, 2017). 

4. The water consumption on the island will continue increasing on the same pace 

as during the last decade, according to the rates provided by (Southern Aegean 

Municipality Administration, 2014). 

Specifically, regarding the assumptions mentioned there will be examined the different 

scenarios for the chosen 100% renewables adoption combination. Having taken as 

granted the increase in water consumption, there will be examined the minimum 

(17.93%), average (19.91%) and maximum (21.8%) electrical load increase forecast 

scenarios. This will be done for the case that the batteries of the island are allowed to 

sale power to the grid and for the case that they are prohibited. 

The grid connection capacity extension, and given the fact that no information is 

available, will be regarded as double of the currently existing one (2100 kW). Thus, the 

maximum energy export capacity is not known if is going to be regarded as 20% per 

connection or in total. For that reason, there are taken two different cases corresponding 

to these possibilities. 

Water consumption increase is taken as granted, as according to the (Southern Aegean 

Municipality Administration, 2014), it increases about 12% every year and it is 

expected to continue at the same rate, due to the consumer behaviour change. The 

average consumer, when water is available and at low price tends to consumer more 

water, behaving carelessly. Their prediction is based on similar case studies from areas 

with the same characteristics, that such units operated and brought the same results.  

As show in Table 12, applying the expected increase to the current average monthly 

water consumption values, an insufficiency during the summer months is created. This 
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insufficiency is because the 700 m3/h water generation capacity of the RO desalination 

unit cannot cover the daily demand. Although, this remains under the 2500 m3 tank 

capacity. Thus, it is assumed that no further incrementations on the system are 

necessary, but it is assumed that on summer period the RO unit operates at its maximum 

of 23.5 h on daily basis. 

Table 12: Predicted increase in water consumption and energy used by the RO 

desalination unit. 

Month 

10-Year Projection of 
Daily Demand Increase 
in water consumption 

(m3) 

Monthly 
Consumption 

(m3) 

Operation 
hours (h) 

Energy 
Consumption per 

day (kWh/d) 

January 357.6 11086.9 12.0 1620.19 

February 345.6 9677.0 11.6 1565.67 

March 424.0 13144.9 14.2 1920.94 

April 555.6 16667.3 18.6 2516.88 

May 519.9 16116.7 17.4 2355.22 

June 1053.3 31597.7 23.5 3172.50 

July 1754.0 54373.8 23.5 3172.50 

August 1820.0 56419.8 23.5 3172.50 

September 482.4 14472.8 16.2 2185.49 

October 354.1 10978.6 11.9 1604.36 

November 322.7 9681.0 10.8 1461.90 

December 310.7 9630.7 10.4 1407.38 

 

Tables 13 and 14 contain the results of the sensitivity analysis. On Table 14, the line 

containing information for the base case system was omitted because on the initial 

system battery sales to grid were not allowed. As it is displayed on both tables, with the 

attempted increase of the electric and the RO unit load the ReF in any case does not 

remain 100%. Especially on the battery sales to grid scenario it drops to 85-87%, 

because part of the energy stored, now is sold to the grid. This change is also obvious 

to the EE, where with the same export capacity and by allowing battery sales it becomes 

higher than the initial. On the battery prohibited sales case, it becomes lower at all cases. 
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On all scenarios, the initial CC remains the same as no further implications are done on 

the system. 

GS become significantly higher and result to increased profit in the case of allowed 

battery sales. Either with the same or with double grid capacity GI remain the same 

both on the case of allowing and prohibiting battery sales. Although, comparing these 

two, it is obvious that in the battery export prohibition case the GI are increased. That 

is because battery is regulated by Homer to sell its surplus when this is possible instead 

of storing it for periods of demand higher than generation. 

These have great impact on the most important index of the system, the NPC. The 

lowest NPC values are observed in the case of double export capacity with prohibited 

battery sales to the grid. This happens because GI are maintained low and the GS 

increase by some 10hundred thousands of kWh/year. 

This difference is also obvious to COE and WC apart from the NPC. For both prices, 

when the grid sale capacity is doubled, they drop, with the most obvious decreases being 

recorded on the battery allowed sales case, where the profits from energy sale are higher 

and the NPC lower. WC on both battery sales scenarios and in the case of the same grid 

capacity as initially, is almost the same. 

This leads to two different alternatives for the island in the future (if these scenarios 

apply to the situation until then). The first alternative is if the export capacity is allowed 

to double in future, it would be more profitable to allow energy from battery to be sold 

to the grid. Otherwise, they should continue using the battery-stored energy locally with 

higher NPC and electricity, water costs.  A third option would be to continue using 

battery-stored energy locally to remain as green as possible. This would be an 

intermediate solution as it would not increase profit and at the same time, it would not 

increase the expenses significantly. 
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Table 13: Results for the 100% system behaviour, prohibiting battery sales to the grid. 

  Index ReF (%) NPC (€) COE (€/kWh) CC (€) EE (kWh/yr.) GI (kWh) GS (kWh) WC (€/m3) 

Initial System 100 1,712,146 0.0274 5,640,250 2,234,296 428 2,507,284 2.81 

Export Capacity Demand Scenario   

Same Export Capacity 

Low Demand 99.5 2,670,300 0.0398 5,640,250 1,755,241 23,131 2,053,703 3.66 

Average Demand 99.5 2,731,915 0.0405 5,640,250 1,725,165 27,086 2,027,030 3.72 

High Demand 99.4 2,798,565 0.0413 5,640,250 1,697,461 31,715 1,998,529 3.77 

Double Export Capacity 

Low Demand 99.6 1,116,990 0.0144 5,640,250 954,163 23,131 2,825,832 2.27 

Average Demand 99.5 1,202,844 0.0155 5,640,250 936,361 27,086 2,787,109 2.35 

High Demand 99.4 1,292,933 0.0166 5,640,250 920,509 31,715 2,746,957 2.43 

 

Table 14: Results for the 100% system behaviour, allowing battery sales to the grid. 

  Index ReF (%) NPC (€) COE (€/kWh) CC (€) EE (kWh/yr.) GI (kWh) GS (kWh) WC (€/m3) 

Export Capacity Demand Scenario   

Same Export Capacity 

Low Demand 85.8 2,999,439 0.0399 5,640,250 2,379,677 778,020 2,644,982 3.66 

Average Demand 85.6 3,076,159 0.0407 5,640,250 2,366,865 797,976 2,626,801 3.72 

High Demand 85.3 3,153,097 0.0414 5,640,250 2,353,995 818,386 2,608,967 3.78 

Double Export Capacity 

Low Demand 87.8 1,200,635 0.0137 5,640,250 1,451,621 778,020 3,539,141 2.05 

Average Demand 87.6 1,296,361 0.0148 5,640,250 1,448,346 797,976 3,511,514 2.13 

High Demand 87.3 1,392,240 0.0158 5,640,250 1,444,973 818,386 3,484,264 2.20 
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7. Final Remarks 

7.1. Conclusions 

The literature review that was conducted revealed that there are plenty of data available 

in publications regarding studies in renewable energy resources and desalination in the 

area of Aegean Sea in Greece.  The data include information related to the energy 

systems of islands and more specifically connection characteristics and statistics of 

operation and prices of APS units. The electrical demand profile used in this 

dissertation was derived from one of these studies and altered to fit to the current case 

study. The island that it was derived from has similar characteristics regarding the 

population, activities and tourism, in order to ensure that the form of demand profile 

follows the same pattern regarding daily and seasonal fluctuations. 

Desalination is often investigated using estimations, as on most cases there are no 

accurate and detailed data for water consumption on islands. Thus, on this dissertation 

there was followed the same procedure of estimating the water consumption and then 

the energy demand of the RO desalination unit. There were used statistical data 

regarding human and animal populations and crop areas on island. Form the calculation 

and after applying an overconsumption factor of +20% that is suggested on most 

studies, there was found that the already installed RO unit is adequate currently. 

Adequacy still exists after an eventual increase of the water consumption by 12% 

annually, after a 10-years period. On that case though, at periods of high demand (i.e. 

during summer months) the unit has to operate at its maximum continuously. An 

alternative to avoid that would be the increase of tank storage size. 

Regarding the renewables implication study, there was found that for a 25% adoption 

rate the best combination, in terms of examined indexes, would be a 12kW PV 
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+2*100kW wind turbines hybrid, for a 50% adoption rate a 5*100kW wind turbine 

wind farm, for 75% a 12*100 kW wind turbine+2 CELLCUBE 200kW/400kWh VRB 

and for 100% a hybrid system consisted of 2375kW PV+12*100 kW wind turbines+12 

CELLCUBE 200kW/400kWh VRB. From the results it is obvious that in order to 

advance from 50% to 75% and finally 100%, it is necessary to increase the wind turbine 

capacity and add storage gradually and add PV capacity, accordingly for the 100% rate. 

The scalability of this system allows for gradual adoption of renewables on the island, 

if the initial capital does not allow to proceed to 100% adoption at once, by achieving 

simultaneously the best performance. In the proposed systems calculation, there was 

also included the load of the RO unit, which means that water can be produced on-site 

with very limited cost, when comparing to the initial that was dependant on grid 

imported electricity. 

The key limitation in calculations of the energy systems of this study was the maximum 

of 20% of rated generation capacity export limitation. This limitation is set by Greek 

laws, probably to ensure the security of grids that are not designed to accept energy 

from district energy sources but for distributing energy to consumers. Although, this 

limitation, confines the grid sales, leading to very slow revenue for the designed 

systems, preventing them from exploiting their full financial and energy potentials. 

This argument was confirmed by the sensitivity analysis that was conducted and 

examined the behaviour of the 100% adoption proposed system if the load on island 

would follow the incremental trend of the mainland in energy demand and given that 

the water consumption was to increase. By the analysis results, there was found that 

only if this 20% export confinement was raised the system of the island would be able 

to achieve lower NPC, COE, WC and GS, despite the load increase. This analysis also 

showed that by enabling battery sales to grid, the true question becomes if the islanders 
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are willing to sacrifice their energy autarky for profit, as the ReF decreases but the 

profits from GS increase a lot. 

Finally, it was concluded that in order to solve both the energy and water problem of 

Greek Islands of the Aegean Sea the first and most important step is to upgrade the 

network by establishing larger capacity connections using underwater cables. These 

connections would allow the energy trade between islands or between islands and the 

mainland. In that way, the islands could more actively contribute to the efforts of the 

country to decommission carbon and petrol and base its generation on sustainable green 

resources. 

7.2. Project Limitations 

1. The whole project is based on estimations of the load profile of the island, using 

measured data for another one. Thus, deviations from reality might exist. 

2. The same applies for water consumption and the energy requirements of the 

desalination unit. 

3. An estimation was also done regarding the number of visitors on the island 

throughout the year, due to lack of accurate data. 

4. On the water demand estimation, it was assumed that the purified water will be 

used for livestock irrigation. This might not be true in reality. 

5. The whole project is undertaken on the condition that the legal framework does 

not change within the project lifetime. This includes tariffs, surplus export 

capacity and possible taxation increases. 

6. The consumer behaviour is assumed as not being affected by unforeseeable/ 

unpredictable events that may cause severe changes, like a financial crisis, 
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war, etc. The same applies for financial sizes such as inflation that are 

regarded to follow the same change patterns over the examined period. 

7. The sensitivity analysis conducted, assumes that the adoption of renewables will 

continue growing in Greece over the next years, so the 100% adoption scenario 

is feasible and has a logical basis. 

8. Sensitivity analysis is also assuming that the inhabitants of the island will 

continue consuming more water over the years, following the currently 

incremental trend. This might not happen as the water consumption might reach 

a plateau in the future. 

9. Another assumption regarding sensitivity analysis is that the mainland will be 

connected with the island by 2025, with an underwater cable with the same 

capacity as the existing one. 

10. Homer assumes that the load profile and weather will not change significantly 

over the project lifetime, which might not be exactly correct. 

7.3. Proposed Future Work 

1. The most important and urgent task for future work based on this thesis is the 

acquisition of accurate data. This could be done after the installation of 

measurement equipment on the island that will measure the energy and maybe 

water consumption. 

2. A possible focus of future work, being based on this thesis is the investigation 

of possible alternatives that will be able to exploit the large quantities of excess 

electricity. Towards this course there can be suggested three directions: 
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a. The connection of Ano with Kato Koufonisi, so the latter will be electrified. 

The investigation should also cover the possible exploitation of the island 

itself as an energy generator-island for the surrounding area. 

b. The design of a unit that will produce ice. As mentioned in Section 5.2, the 

primary occupation in the area is fishing. Ice for fish is being supplied by 

Paros. Ano Koufonisi could use its excess electricity not only to cover its 

own needs in ice, but also to make profit by selling it to other islands in the 

area.  

c. The investigation of an organised marina that will provide shelter for sailing 

boats. Many of these marinas have docks with pillars with plugs and water 

taps for replenishing the boat batteries and water tanks. This would also 

introduce the island with a new form of tourism, the sail tourism. Thus, the 

research relative to such a project could be worth investigating. 

3. A field on possible future research would also be on a district heating/cooling 

system for the island, on community scale. 

4. Electric vehicles in the islands of Aegean Sea are also being investigated and it 

would be worth looking up to, on this specific case where surplus could cover 

such implementations. Alternative to batteries on that case, Vehicle-to-Grid 

technologies adoption could be investigated. 

5. An Environmental Impact Assessment of the proposed solutions, which would 

also aim to minimise the footprint of such implications could be worth 

investigating. 
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Appendix 2: 

Adoption Rate Combination NPC (€) COE (€/kWh) CC (€) EE (kWh/yr) GI (kWh) GS (kWh) WC (€/m3) 

25% 

340PV 2,997,035 0.1066 425,000 230 1,538,933 1,871 3.91 

12PV+2*100WT 2,719,161 0.0968 270,553 11,228 1,539,618 1,068 3.75 

40PV+250WT 3,060,619 0.1085 587,150 8,938 1,532,168 7,402 4.07 

50% 

746PV+1BATT 3,126,522 0.1111 1,218,250 367 1,025,199 2,744 4.04 

5*100WT 2,208,768 0.0716 645,000 269,508 1,116,674 201,920 3.20 

577PV+1*100WT+1BATT 2,601,022 0.0869 925,750 51,991 1,081,350 133,564 3.57 

435PV+250WT+1BATT 2,972,061 0.1002 1,181,250 33,697 1,080,560 113,816 3.88 

75% 

1609PV+3BATT 2,968,314 0.0871 2,135,750 305,893 621,680 437,305 3.67 

12*100WT+2BATT 2,321,573 0.0627 1,874,750 1,210,806 675,902 653,122 3.08 

1060PV+3*100WT+1BATT 2,581,729 0.0743 2,144,250 396,790 626,764 486,503 3.60 

765PV+2*250WT+2BATT 3,005,025 0.0941 2,156,000 247,275 576,653 280,842 3.91 

865PV+500WT+1BATT 2,372,765 0.0668 1,875,500 305,893 647,583 541,012 3.24 

100% 

4375PV+23BATT 2,593,041 0.0538 3,254,000 2,747,270 47 1,467,847 2.14 

2375PV+12*100WT+12BATT 1,712,146 0.0274 5,640,250 2,234,296 428 2,507,284 2.81 

4615PV+5*250WT+12BATT 3,075,860 0.0376 9,164,250 3,306,975 141 3,920,982 4.03 

2460PV+4*500WT+12BATT 2,683,081 0.0381 7,414,250 2,370,543 501 3,087,162 3.66 

Comparative table of results 
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