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Abstract-- The present work is devoted to the development 

of an integrated methodology for the design of optimum wind-

based energy storage and desalination configurations, used to 

encounter both electricity and water problems under the 

prerequisites of cost-effectiveness and minimum fuel 

consumption for the operation of the local thermal power 

station. In this context, the developed methodology is 

accordingly applied to a representative, medium-scale island of 

the Aegean Sea, i.e. the island of Amorgos. According to the 

results obtained, the proposed solution achieves increased levels 

of energy and water autonomy.  

Index Terms--Wind energy, energy storage, desalination, 

remote islands 

I.  INTRODUCTION 

ccording to the Amsterdam Treaty, declaration No. 30, 

"…insular regions suffer from structural handicaps 

linked to their island status, the permanence of which 

impairs their economic and social development". In this 

regard, satisfaction of vital needs for most of these regions 

relies on strong dependence bonds with supply networks 

(normally being mainland-based) of questionable efficiency, 

both in terms of supply security and costs. Of major 

significance in this debate, energy and water resources 

undergoing severe stresses on and off in many island 

regions, produces volatile conditions in all aspects of every  
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day life, damaging the local economy and development 

prospects of these communities. At the same time, 

vulnerability of the local landscape and the cultural heritage 

in many of these areas dictates investigation of minimum 

impact and low-intensity solutions that may adapt to the 

local environment distinct characteristics.  

 

Application of renewable energy sources (RES) to a 
certain, sustainable extent may align with both these ends; 
i.e. satisfaction of local habitants’ energy and water needs 
under more secure terms on the one hand and preservation of 
the local environment on the other. In this context, although 
there are certain island areas that have already adopted some 
aspects of the proposed solution, progress met in the field is 
yet discouraging. In fact, current patterns of energy and 
water supply in most island regions largely restrict or almost 
eliminate contribution of RES [1], [2], despite the medium-
high quality of RES potential met across several areas. The 
result of this strategy is the implementation of short-sighted 
solutions, based almost exclusively on fuel imports for 
covering energy needs (mainly electricity) [3] and the 
operation of unorthodox water supply networks [4], [5] so as 
to cover existing water deficits that may even reach 100% of 
the local water demand for certain dry island regions. 

II.  DATA AND METHODOLOGY 

Considering the above, the present work is dedicated to 
the development of an integrated methodology for the design 
of optimum wind-based energy storage and desalination 
configurations, used to encounter both electricity and water 
problems under the prerequisites of cost-effectiveness and 
minimum fuel consumption for the operation of the local 
thermal power station. In this context, the developed 
methodology is accordingly applied to a representative, 
medium-scale island of the Aegean Sea, i.e. the island of 
Amorgos. Amorgos is a remote island region found at the 
south side of the Aegean Sea, belonging to the island 
complex of Cyclades. The local population of the island 
reaches almost 2,000 habitants, although during the summer 
period it may increase to reach even triple figures.  

At the moment, the electrical needs of the islanders, i.e. 
almost 10GWh per annum with a peak load demand of 
approximately 3MW (see Fig. 1), are mainly covered by the 
operation of the local autonomous thermal power station. To 
this end, owed to the increased cost of oil imports required 
to operate the local thermal power station, the respective 
electricity production cost well exceeds 300€/MWh, having 
also reached in the past approximately 380€/MWh. At the 
same time, the island also encounters water supply stresses, 
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especially during the summer period, with the total water 
consumption reaching approximately 140,000m

3
 per year 

(Fig. 2). In the same context, if also including the small 
Cyclades islands (i.e. Koufonisia, Schinoussa, Donoussa and 
Iraklia) the water demand rises to ~260,000m

3
.  

What is interesting to note is that for Amorgos and other 
arid island areas found in Cyclades and Dodecanese 
complexes, water consumption is mainly satisfied through 
water shipments from the mainland, at an increased cost that 
may even exceed 9€/m

3
. In fact, it is almost 2/3 of the 

aforementioned water demand that is covered through water 
transfers.  

Hourly Load Demand; Amorgos-2012
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Figure 1.  Variation in hourly electricity load demand for Amorgos Island 

during the year 2012 

Annual Variation of Local Water Demand on a Monthly Basis
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Figure 2.  Variation of the monthly local water demand for Amorgos and 

Small Cyclades islands during the year 2012 

On the other hand, current use of renewable energy on 
the island is rather limited, despite the fact that the entire 
region appreciates considerable wind and solar potential. In 
fact, the local wind potential quality is determined by a mean 
annual wind speed in the order of 10m/sec (see also Fig. 3) 
which encourages investigation of wind-based energy 
solutions.  

Hourly Wind Speed Measurements; Amorgos-2012
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Figure 3.  Hourly wind speed for Amorgos island - year 2012 

In this context, based on the above described situation, 
the idea of applying a wind-based battery storage solution 
[6], [7]. [8] coupled with a desalination facility is currently 
elaborated (Fig. 4), in order to cover both electricity and 
water demand of the islanders.  

At the same time, the local thermal-based power station 
is considered only as back-up and is used to cover any 
energy deficits not satisfied by the operation of the proposed 
wind-based solution. For this purpose, an integrated 
computational algorithm is developed which simulates the 
hourly operation of the system during an entire year (Fig. 5), 
followed by an extensive parametrical analysis considering 
the problem main parameters, e.g. installed wind capacity, 
energy storage capacity, desalination capacity, water tank 
size, etc.  

 

Figure 4.  The proposed wind-based energy and water supply 

configuration  

 

Figure 5.  The developed simulation algorithm  

As far as the proposed configuration is considered, this 
comprises of a wind park coupled with battery storage (lead-
acid batteries are currently considered), supported also by 
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the minimum contribution of the local autonomous power 
station of Amorgos.  

At the same time, the proposed configuration also 
employs a reverse osmosis desalination unit [9], [10] and the 
appropriate water storage tanks, destined to cover the local 
water demand of the islanders, including costly water 
transfers. With regards to the simulation algorithm, it gives 
priority to the satisfaction first of electricity load demand 
and then of sufficient energy stores, and then allows the 
operation of the desalination plant as a secondary load. In 
this context, by examining several configurations of different 
size, their performance is accordingly evaluated based on the 
energy and water autonomy results obtained. Furthermore, 
each of the examined configurations is also economically 
evaluated, through the estimation of the respective life-cycle 
production cost. During this effort, both the energy and 
water production costs are provided, while a weighted, 
overall production cost is also estimated considering energy 
and water satisfaction levels (€/kWh). 

III.  RESULTS AND DISCUSSION 

Using the developed simulation algorithm, the proposed 
methodology is accordingly applied for the island Amorgos, 
considering additionally satisfaction of water demand for the 
complex of Small Cyclades as well. To this end, problem 
input parameters are gathered in Table I, while in Table II 
the respective cost parameters of the problem investigated 
are given.  

TABLE I                                                                                                                      
PROBLEM INPUT PARAMETERS 

Parameter Assigned Values 

Wind park peak power  2 to 16MW  

Energy storage system capacity  0 to 250MWh 

Desalination max capacity  137m3/hour 

Water reservoir  1,000 to 10,000m3  

Initial water level  1,000m3 

Minimum water level  200m3 

Battery round trip efficiency  75% 

Battery max depth of discharge  60% 

Desalination energy consumption  5kWh/m3 

TABLE II                                                                                                                     
PROBLEM COST PARAMETERS 

Cost Parameter Assigned Values 

Wind park installation cost (€/ kW) 1,100 

RO desalination plant cost (€/m3/day) 940 

Battery specific cost (€/kWh) 200 

Electronic equipment cost coefficient  10% x total initial cost 

Water reservoir cost (€/ m3) 70 

Annual maintenance and operation cost  3% x total initial cost 

 

Furthermore, representative energy and water autonomy 
related results are accordingly presented in Figs. 6 and 7, for 
two different energy storage cases, i.e. 50MWh and 
250MWh respectively. As one may see, the parallel increase 
of wind power and available water tank volume maximizes 
both energy and water autonomy. In fact, increase of energy 
storage from 50 to 250MWh does not suggest as 
considerable autonomy benefits, while use of 1000m

3
 of 

water storage already achieves water autonomy at the levels 
of 90%. The inverse behavior is as expected presented by 
the required diesel-based power generation contribution, 
which drops to less than 100t of diesel oil per year even for 
the 50MWh case (Figs. 8 and 9).  
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Figure 6.  Energy and water autonomy results – 50MWh energy storage 
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Figure 7.  Energy and water autonomy results – 250MWh energy storage 
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Figure 8.  Diesel oil consumption results – 50MWh energy storage 
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Figure 9.  Diesel oil consumption results – 250MWh energy storage 
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Following the energy and water autonomy results, in 
Figs. 10-13, the corresponding economic results are given 
for the same two energy storage cases examined. More 
precisely, in Figs. 10-11 the electricity and water production 
costs are presented separately, so as to obtain a direct 
comparison with current costs.  

According to the results, an area of minimum electricity 
production costs appears for wind power in the order of 
6MW, which is found to be comparable with current 
electricity costs, only in the case of 50MWh. On the other 
hand, the production cost of water is significantly lower 
when compared to the current water transfer cost.  

Life-Cycle Energy & Water Cost for Different Wind-ESS-

Desalination Systems (ESS=50MWh)

0,28

0,30

0,32

0,34

0,36

0,38

0,40

0,42

0,44

0,46

0,48

2 4 6 8 10 12 14 16

Wind Power (MW)

E
n
e
rg

y
 C

o
s
t 

(€
/k

W
h
)

0,06

0,08

0,10

0,12

0,14

0,16

0,18

0,20

0,22

0,24

0,26

W
a
te

r 
C

o
s
t 
(€

/m
3
)

Vw=1000m3 - Energy Vw=5000m3 - Energy Vw=10000m3 - Energy

Vw=1000m3 - Water Vw=5000m3 - Water Vw=10000m3 - Water

 

Figure 10.  Energy and water cost results – 50MWh energy storage 
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Figure 11.  Energy and water cost results – 250MWh energy storage 

Finally, in Figs. 12 and 13, the overall, weighted energy 
and water cost is presented, validating the results of the 
previous figures. To this end, the overall production cost is 
found to minimize in the area of 4-6MW, reaching 
approximately 350€/MWh and favorably comparing with the 
current value of around 450€/MWh. 
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Figure 12.  Total production cost results – 50MWh energy storage 
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Figure 13.  Total production cost results – 250MWh energy storage 

IV.  CONCLUSIONS 

In the present work, development of an integrated 
methodology for the design of optimum wind-based energy 
storage and desalination configurations was achieved, used 
to encounter both electricity and water problems under the 
prerequisites of cost-effectiveness and minimum fuel 
consumption for the operation of the local thermal power 
station. In this context, the developed methodology was 
accordingly applied to a representative, medium-scale island 
of the Aegean Sea, i.e. the island of Amorgos, considering 
also additional water demand of the Small Cyclades island 
complex. According to the results obtained, the proposed 
solution achieves increased levels of energy and water 
autonomy while also presenting comparable and even lower 
production costs to the current ones. As a result, the 
proposed combined configuration is found to provide energy 
and water autonomy even for medium scale size islands such 
as Amorgos, where the cost of energy is not as high (e.g. 
>1€/kWh) as in smaller scale ones.  
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