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Abstract 

For the majority of the Greek islands, water resources are quite restricted, limiting the economic development of 
the local societies. To face increased potable water requirements, more than 2,500,000 m 3 of clean water is transferred 
annually to these islands at a cost approaching the value of 7 ~/m 3. On the other hand, the final cost of the locally 
produced water from renewable energy sources (RES) based desalination plants is expected to be quite lower than this 
value. The main purpose of the present study is to examine the economic viability of several representative desalination 
plant configurations based on the available renewable energy sources using an integrated cost-benefit analysis. In the 
proposed analysis all the cost parameters of the problem are taken into consideration, including the capital cost of the 
desalination plant, the annual maintenance and operation cost, the energy consumption cost, the local economy annual 
capital cost index and the corresponding inflation rate. The calculation results obtained definitely support the utilization 
of RES-based desalination plants as the most promising and sustainable method to satisfy the fresh, potable water 
demands of the small- to medium-sized Greek islands at a minimal cost, without disregarding the considerable 
environmental and macro-economic benefits. 

Keywords: Desalination; Renewable energy sources; Greek Islands; Water resources; Production cost; Cost-benefit 
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1. Introduction 

The seawater desalination industry has 
installed a total water production capacity ap- 
proaching 30 Mm3/d o f  fresh water in some 

*Corresponding author. 

12,500 plants over the past 30 years. In the course 
o f  the last 10 years, new plant installation has 
averaged about 1,200,000 m3/d annually. This 
activity represents about $1.5 billion in equip- 
ment sales or about $3 billion in total capital cost 
for installed plants on an annual basis [11. 
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Seawater desalination methods may be classi- 
fied [2] into those involving a phase transition 
(distillation methods) and the so-called membrane 
methods, such as reverse osmosis (RO). In terms 
of capacity, the majority of installed systems 
continues to be distillation technology, although 
recently RO technology has increased its world- 
wide contribution. More precisely, multi-stage 
flash distillation and RO represent about 86% of 
the total distillation capacity. Bear also in mind 
that RO is commercially available in a range of 
sizes and has much lower specific power con- 
sumption than the average one [3]. On top of that, 
the RO seawater desalination solution is found to 
be the best alternative, especially for applications 
in remote, often off-grid, areas with small and 
medium local water demand, such as islands or 
isolated villages in coastal areas [4]. 

Up to now, desalination systems using renew- 
able energy sources (RES) as their energy input 
source have been scarce and of limited capacity. 
They only represent about 0.02% of the total 
desalination capacity [5]. However, there are 
significant financial and social benefits of using 
RES for desalination, especially in remote regions 
with a water deficit [6]. This interest is reflected 
in several works that have appeared lately in the 
literature dealing with technological issues and 
the economic, social and environmental impact of 
RES-driven desalination plants [7-9]. 

2. Current  water supply status on the Greek 
islands 

The Aegean Archipelago islands are located at 
the southeastern part of Europe (Fig. 1). The main 
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Fig. 1. Cyclades and Dodecanese complex islands presenting water deficit. 
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characteristics of these islands are the dry Medi, 
terranean climate and the relatively long distance 
from the mainland, resulting in an economic 
development deficit compared to the rest of  the 
EU regions. For the vast majority of  these islands 
water resources are quite restricted, thus deteri, 
orating the quality of  life of  the habitants [10]. 
Besides, in several islands salt water intrusion 
into the aquifers has been observed. In fact, the 
water reserves are not adequate to cover the needs 
of the islands, especially during summer, when 
the population is sometimes even ten times more 
than the normal (Fig. 2), For these reasons the 
majority of  small- and medium-sized Aegean 
Archipelago islands have a significant clean 
water deficit, especially during the summer, while 
in several cases almost 50-80% ofthe fresh water 
needed is transferred at a very high cost. 

The best solution to the islands r water supply 
problem depends on a number of  parameters, 
such as the water needs and their time and 
quantity distribution during a year, the infra- 
structure of  the island, its size and morphology, 
economic activities, population and its seasonal 
fluctuation, as well as  the extent of  the water 
shortage, The problem has been studied exten- 
sively in the past years [!,11--14], and  various 
short,, medium" and  long-term so!utions have 
been proposed; some of  them have been 
implemented such as: 
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Fig. 2. Typical daily water demand profile for a remote 
Island. 

• construction of new surface water reservoirs, 
combined with water refineries, as welt as the 
efficient operation of  the existing water 
reservoirs; 

• construction of  new water dams; 
, construction of  new desalination plants since 

significant progress has been achieved in the 
cost reduction of  the desalinated water; 

° transportation of  water from other neighbour- 
mg islands or from mainland (Athens), but 
only in cases where other methods cannot be 
applied; 

• improvement of  the island's infrastructure, 
e.g., replacement of  the water supply networks 
in order to eliminate water loss; 

• collection of  rainwater in domestic or public 
water cisterns; 

° construction of  a second parallel water supply 
network for uses that do not require high- 
quality water; 

• wastewater treatment and reuse of  the treated 
water effluence for secondary uses (irrigation, 
cleaning, construction works, harbours, etc.); 

° appropriate pricing policy and rational 
demand management 
The various above-mentioned solutions to the 

water shortage problem differ in suitability, 
difficulty and capital cost. A serious considera- 
tion that needs to be taken into account is the 
reliability o f  the proposed solution to guarantee 
the water supply of  the island for a long time. In 
this context, one of  the most widety considered 
solutions in the Aegean Archipelago region is the 
construction of  water reservoirs that are always 
combined with water treatment plants (approxi- 
mate turnkey cost o f~1 .5 -3  million). The water 
reservoirs have almost no operating cost and are 
a long-term, sustainable solution to the water 
shortage problem, which, however, requires 
significant precipitation and suitable land and 
soil. Unfortunately, during the last 40 years a 
remarkable (approximately 20 mm/y) precipita- 
tion decrease has been encountered [t5] for the 
area under investigation (see also Fig. 3). 
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Fig. 3. Spatial distribution of the decreasing 
precipitation trend in Greece. 

Another altemative solution that has already 
been implemented in various cases is the con- 
struction and operation of desalination plants. 
The operating cost of current-technology desali- 
nation plants is still important, mainly due to their 
high energy consumption and the cost of mem- 
brane replacement in the case of RO systems. 
Therefore, one of the main issues for the viable 
operation of these plants is to reduce their total 
energy cost. At this point one may take into 
consideration the possibility of utilizing the 
energy surplus by already operating or under- 
development electricity generation stations based 
on renewable energy sources exploitation, not 
absorbed by the local autonomous electrical net- 
works, especially during low-consumption per- 
iods [16-18]. 

Until now, most of the water demand of the 
small Greek islands has been covered by the 
water transportation with water carrying boats. 
Today, water is officially transported to 11 Cycla- 
des islands and nine Dodecanese islands. 

In Tables 1 and 2 official data [1,19] for water 
transportation to the above-mentioned 20 islands 
are shown for the years 1997 to 2002. Accord- 
ingly, in Fig. 4 one may examine the time 
evolution of the total transferred water quantity 
for the Cyclades and Dodecanese complex 
islands, respectively. As is obvious from the data 
analyzed, there is a considerable water import 
increase in both areas; thus the current total water 
needs were officially estimated (2002) to be 
almost 2,500,000 m3/y in comparison with the 
1,300,000 m 3 needed during 1997. Additionally, 
the specific islands investigated may be divided 
into three categories on the basis of their average 
summer season daily water deficit. It is important 
to note that the summer average water demand is 
approximately three times higher than the corres- 
ponding annual value (Fig. 2). More specifically: 
• The first group contains islands with a sum- 

mer average daily water deficit between 1000 
and 2500 m3/d. According to Tables 1 and 2, 
these islands are Koufonisi, Kimolos, Tinos, 
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Table 1 
Quantities of water (m3/y) transferred in 11 Cyclades islands during the period 1997-2002 [19] 

191 

Island Year 

1997 1998 1999 2000 2001 2002 

Amorgos 59,721 62,012 72,400 39,824 56,200 51,778 

Koyfonisi 68,540 83,992 77,241 86,136 91,439 84,245 

Kimolos 41,585 53,089 48,055 720011 88,431 81,474 
Heraklia 15,231 19,457 22,729 26,705 35,628 32,825 
Shinousa 23,640 35,731 10,067 34,160 41,673 38,394 

Folegandros 20,220 16,376 29,844 37.359 48,481 44,667 
Tinos - -  110,143 105,112 96,842 

Sikinos - -  29,348 42,699 39,540 

Therasla - -  24,211 22,906 

Donousa - -  880 

Milos - -  - -  139,863 128,859 

Total 228,937 270,657 260,336 435,686 674,617 621,541 

Table 2 
Quantities of water (m3/y) transferred to nine Dodecanese islands during the period 1997-2002 [ 19] 

Island Year 

1997 1998 1999 2000 2001 2002 

Agathonisi 8,892 15,558 21,388 25,941 33,361 31,887 

Lipsi 77,770 94,168 79,600 105,607 166,533 159,177 

Megisti 72~927 108 ,161  125,420 135,491 150,594 t43,942 

Nisiros 117,491 1 3 1 , 4 1 0  153,760 235,093 259,245 247,795 

Patmos 253,616 311,599 380,319 482,367 606,788 579,987 
Simi 521,350 591,378 451,245 515,450 433,193 414,059 
Chalki 0 166 ,264  138,761 126,006 169,258 161,782 

North Kalimnos 587 734 1,174 3,081 2,348 2,244 

Pserimos - -  - -  - -  352 7,043 6,732 

Total 1,052,633 1,419,272 1,351,667 1 ,629 ,388  1 ,828 ,363  1,747,607 

Milos, Lipsi, Megisti, Nisiros, Patmos, Simi 
and Halki. 

• In the second group o f  100 to 250 m3/d ave- • 
rage summer daily demand, one may include 
the following islands: Amorgos, Heraklia, 

Shinousa, Folegandros, Sikinos, Thirasia and 
Agathonisi. 
Finally, the third group (average summer daily 
demand between 10 and 25 m3/d)includes the 
islands of  Donousa, North Kalimnos and 
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Fig. 4. Quantities of water (m3/y) transferred to the dry islands of Cyclades and Dodecanese during the period 1997- 
2002 [19]. 

Pserimos. In this category one may incorporate 
several other small islands not appearing sepa- 
rately in Tables 1 and 2, since they import limited 
water quantities from their neighboring bigger 
islands. 

According to international experience, water 
transportation is used in cases where no other 
solution seems feasible, and the possibilities for 
water supply from drilling have been exhausted. 
Yet this solution has a definitely temporary 
character, and it is one of the most expensive 
methods. Despite these disadvantages, this 
solution has been adopted by Greece for the 
present. More specifically, the Ministry of the 
Aegean [19] funds the water transportation, 
allocating a very significant part of its budget to 
this activity. The cost of transferred water for the 
Cyclades islands is 7.3 ~ /m 3 + VAT, while for 
the Dodecanese complex the corresponding value 
is 4.1 ~/m 3 + VAT (2003 prices). Take into 
consideration that the cost difference encountered 
may be attributed to the fact that the water is 

transferred to the Cyclades islands from the 
Water and Sanitary Company of Athens network, 
while the water in Dodecanese complex is mainly 
transferred from Rhodes [ 19,20] (see also Fig. 1 ). 

Recapitulating, a sustainable solution for the 
water shortage problem for a significant time 
must be able to guarantee water supply suffi- 
ciency in each island, without dependence on 
external conditions. 

3. Proposed solution 

In an attempt to solve this serious problem, 
several alternative solutions have been elabo- 
rated where fresh-water supply for an island 
community is based on a combination of a wind 
converter and a photovoltaic plant, while addi- 
tional electrical energy is bought from the exist- 
ing autonomous electrical network or from an 
existing back-up diesel generator. In all these 
cases, the wind turbine or the photovoltaic station 
was almost exclusively used to feed the existing 
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RO plant and only the excess of energy that 
not used by the RO station was sold to the grid 
[11,12]. Moreover, in several cases, electrical 
energy was directly bought from the local grid to 
cover the energy demand of the desalination 
plant. 

In the present alternative, fresh water pro- 
duction activity belongs to an integrated solution 
for the energy and clean water demand problem 
of a remote society [ 10] on the basis of a hybrid 
energy production station (see Figs. 5 and 6). By 
adopting the proposed formulation, not only the 
electricity demand problem is solved but also the 
fresh water can be produced at a minimal cost. 

More specifically, the proposed solution is 
based on a wind-photovoltaic and small hydro- 
power station used to cover the electricity 

demand of a remote community on the basis of 
the available RES potential. A properly sized [21 ] 
energy storage system (e.g., a water pumping 
station, a battery bank, etc.) is used to match the 
variable electrical energy demand with the prac- 
tically unpredictable electricity generation by the 
RES production stations. In addition, during the 
low electrical energy consumption periods of the 
day, electricity is forwarded to the desalination 
plant. In the extreme case of zero electricity pro- 
duction by the RES stations (~ncluding the exist- 
ing energy storage devices), the corresponding 
energy demand is covered by the existing thermal 
power units (mainly diesel generators). 

Accordingly, the economic viability and 
attractiveness of several desalination plant con- 
figurations based on the RO technique was 
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examined, using an integrating cost-benefit analy- 
sis [6]. During the proposed analysis, all the 
governing parameters of the problem were taken 
into consideration, including the first installation 
cost of the desalination plant, the annual main- 
tenance and operation cost, the energy consump- 
tion cost, the local economy capital cost and the 
corresponding inflation rate [22-24]. 

As mentioned above, the fresh water marginal 
production cost strongly depended on the energy 
input cost of the desalination plant. In cases 
where the energy demand is covered by the 
energy surplus of an autonomous renewable 
energy station (i.e., the necessary energy is prac- 
tically donated to the habitants), a remarkable 
decrease of clean water production cost is 
encountered. However, in the present analysis the 
electrical energy consumed by the desalination 

plant was charged according to the existing 
national price list for industrial users. 

4. Cost model development 

4.1. Investment cost 

The future value (after n years of operation) of 
the investment cost of a combined energy and 
clean water production installation is the sum of 
the initial installation and the corresponding 
maintenance and operation (M&O) cost, both 
expressed in current values, [6,22]. 

The initial investment cost ICo includes the 
market price of the energy production station lee, 
based mainly on renewable energy production 
equipment (i.e., wind turbines, small hydro- 
turbines, photovoltaic panels) along with the 
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corresponding installation cost. Additionally, the 
desalination plant's initial cost ICDe should also 
be taken into account. In both initial cost values, 
energy and clean water storage system costs are 
also included, along with the corresponding cost 
of the necessary control devices. In cases where 
an autonomous power station (APS) is employed 
as a stand-by system, its initial cost value should 
also be added. Consequently, the turnkey price 
ICo of the combined electricity-desalinated water 
production system is given as: 

I V  0 = ICEp + ICDp 

where 
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Fig. 7. Reduced first installation cost o f  an RO desali- 
nation plant. 

ICE? = ICw? + ICev + ICH? + ICss + ICeD + IC o 

(2) 
and 

ICoe = IC?p + ICst (3) 

More details concerning the initial cost of a 
wind park ICwe, a small hydro-power station 
ICup, a photovoltaic station 1Cpv, a diesel station 
ICD, an energy storage system ICss and the corres- 
ponding control devices ICeD can be found in 
references [22-25], respectively. As is logical, 
some terms may not appear on the RHS of 
Eq. (2), e.g., ICue = 0 in the case where no hydro- 
power station exists. 

Similarly, the initial cost of an RO desali- 
nation plant [Cpp can be expressed (after a market 
survey) [6] as a function of the nominal per day 
water production capacity V0; thus one gets: 

ICpp = h I " V 0 (4) 
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Fig. 8. Reduced investment  cost for a water storage 
reservoir. 

I G ,  = h 2 • V,, 

with h2 = hz (Vs,) is given in Fig. 8. 
In eases where the desalination plant uses the 

lower reservoir of a wind-hydro station (see 
Fig. 6) or any existing natural dams and lake- 
tanks [i3] are exploited, the IC,, term is prac- 
tically eliminated. 

Summarizing, the future value of the initial 
investment cost [22] can be expressed as: 

with hi =h, (Vo) given in Fig. 7. 
Also, the corresponding investment cost for 

the desalinated water storage reservoirICst can be 
estimated (see also [26]) as: 

z c .  : . :Co  . (1 + i) ° + . I c 0  0 + i '  )" 

where 

~+13=1 - T  (7) 
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and y is the subsidy percentage from the State of 
Greece. According to the existing Greek 
Development Law (2601/98), renewable energy 
and desalinated water production investments are 
supported with a 40% subsidy for the whole 
country. The first term of the RHS in Eq. (6) 
describes the invested capital a.IC o future value 
(i return on investment index), while the second 
term expresses the corresponding cost (i' capital 
cost) of the loan capital, ~.ICo. 

Accordingly, the M&O cost can be split into 
the fixed maintenance cost FC, and the variable 
one VC,. The variable M&O cost mainly depends 
on the replacement of some major parts of the 
installation, with a shorter lifetime than the com- 
plete installation. This term becomes important 
only for a long service period of the installation. 
For simplicity reasons, the variable M&O cost is 
not explicitly analyzed here. Furthermore, during 
the first years of operation the corresponding 
term is incorporated in the fixed M&O cost [27]. 

More precisely, the annual fixed M&O cost of 
the energy production system can be expressed as 
a fraction m of the corresponding initial capital 
invested (assuming also an annual increase of the 
cost equal to the M&O cost annual inflation rate 
g~ [22]) plus the energy purchase value by the 
existing thermal power station (belonging to the 
local electrical utility). Thus, one gets for the 
future value Fcep: 

Fc.~P=m'ICEp(I+i)"~ ( l+gm)J 
j=l 1+i ) 

(l+e°/j 
j=l --'i-~+l ) 

(8) 

where ED is the quantity of imported electricity 
production from the local APS and cD the corres- 
ponding current price. Keep also in mind that eD 
is the electricity price average escalation rate 
(usually coincides to the fuel escalation rate). 

On the other hand, the corresponding annual 
fixed M&O cost of the desalinated water pro- 
duction plant is given on the basis of the annual 
desalinated water production volume, using the 
coefficient ~ in ~ / m  3 (an annual increase ofg  m is 
also included), plus the annual energy consump- 
tion eop'V t cost value c e. More precisely, we get: 

F C f f = ~ . V t . ( l + i ) . . ~ (  l + g m ]  j 
j=l --VT+// 

+i)n" ~ ( l + e e  + 8Dp" Ce" Vt(1 
j=l k 

(9) 

where Vt is the annual desalinated water pro- 
duction (m3), eDp is the specific electricity con- 
sumption (kWh/m 3) of the desalination plant and 
e e is the electricity production cost average esca- 
lation rate. It is noticed that the value of the 
specific energy consumption term depends on the 
desalination technology used. 

4.2. Electricity and desalinated water production 
cost 

Taking into account the analysis presented by 
the authors [28], concerning the current electricity 
marginal production cost, one gets the following 
equations under the condition that the net present 
value of the investment becomes zero (NPV = 0) 
after n* years of operation, i.e.: 

[ /1+i,).. 
e e = 

n* ( ) n* 1 + e D 1 

+ m " 1+ g---3 J . zc,  + e o  " e .  " 
j=~ 1 + i j=l 

j=l 1+i ) 

(10) 



J.K. Kaldellis et aL / Desalination 170 (2004) 187-203 197 

where E is the average annual electricity genera- 
tion by the integrated hybrid energy production 
station. 

Applying the same analysis for the present 
value of the desalinated water production cost, we 
derive the following equation: 

CW= . ,  / , 
V t ' E  ~ 1 + i  ) j=l 

(11) 

n*rl+e l' 
j=l 1 +i ) j=l 

"* ( l + w ]  j 
j--., 

where w is the clean water cost annual escalation 
rate. 

The resulting calculated value should accord- 
ingly be compared with the corresponding market 
price of the water in each island to investigate the 
financial viability of the proposed solution. 

fraction of the corresponding market pricepe, i.e., 

c e = )~ .p~ ()~ ~ 1.0) (t2) 

However, one may accept that generally speaking 

Ce -+Pe" 
Using Eq. (12), one may get for the water 

production cost that: 

Cw - _ _  
( l - y ) . (  h___L + h dw ) ~'fg 

Yw UF 2 365 + ~ w  

eoe" ~" "Pc 'fe 

L 

(13) 

assuming that for an enterprise operating for the 
social benefit, the return on investment index 
should be equal to the corresponding market 
capital cost, i.e. i = i'. 

Additionally, the desalination plant utilization 
factor UF = V,/Vo can be written as: 

l=365 
UF-  Vt-  ~ V,_<365 

v 0 ,=, v0 
(14) 

5. Application results 

In order to obtain a clear-cut picture of the 
islands' desalinated water production problem, 
the idea of operating the renewable energy station 
under the precondition to fulfill the energy re- 
quirement of a desalination plant was investi- 
gated. Where the electricity demand is not 
completely covered by the renewable power 
system, the energy deficit ED is covered by the 
operation of the island's APS [10]. 

Since the investment is mainly based on 
desalinated water production revenues, no special 
attention is given to minimize the renewable 
energy production cost ce in this study. According 
to numerous analyses [22,23,24,28], the renew- 
able energy marginal production cost is only a 

expressing the number of days that the specific 
desalination plant operates at full capacity. For 
example, in cases of summer operation only, the 
desalination plant operates no more than 100 days 
per year, thus UF = t00. On the contrary, for 
constant desalinated water production operation 
during the entire year, the corresponding UF 
value tends to the value of 365, but practically 
never exceeds the value of 300. 

Similarly, the water storage reservoir volume 
Vs, can be expressed as: 

V a Vt/365 d w 
~ d w "  - -  

V t V t 365 

where dw expresses the number of typical days 
that the selected reservoir guarantees clean water 
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autonomy of  the system, without the operation of  
the desalination plant. 

Finally, one may write: 

Table 3 
Typical numerical values of the main parameters of the 
proposed analysis 

j = l  + 

[1+1+x /1+gin 1 • + . . .  + 

1+i 1+i  

(16) 

withx = g, x = e andx = w. 
The proposed analysis is subsequently applied 

for a medium-sized capacity installation (V0 = 
1000-2500 m3/d), a small-capacity installation 
(/I0 = 100-250 m3/d) and a very small one (V 0 = 
10-25 m3/d). The calculation results for each 
category are summarized in Figs. 9-11, re- 
spectively, for various combinations of  input 
energy and M&O costs and several UF values. 
More specifically, for the calculations carried out, 
the parameters of  Eq. (13) take the values in 
Table 3. In Figs. 9-11, the maximum production 
cost results using the maximum e and ~ values of  
Table 3, while the corresponding minimum 
production cost analysis takes into account the 
minimum e and ~ values. 

According to the results obtained: 
* There is a remarkable production cost de- 

crease (between 1 ~ / m  3 and 1.8 ~ / m  3) with 
the years of  operation of  the proposed invest- 
ment, especially realized between the fifth and 
the tenth year of  operation, 

° The scale of  the total annual consumption 
(medium- or small-size island) strongly influ- 
ences the water production cost. For example, 
the maximum production cost for a small- 
capacity installation is almost 2 ~ / m  3 higher 
than the corresponding production cost of  a 
medium-size one. 

° The impact of  the UF on the production cost 
is dominant, especially in the range of  100 and 
200 full days of operation per year. Hence, for 
5 years of  operation, the water production cost 

0~ 0.3 
y 0.4 
i, % 5-15 
Pc, ~/kWh 0.041 
3. 1 
g",% 4 
e, kWh/m 3 8-20 
e,% 4 
~, ~/m 3 0.45-0.65 
aw 1 
w, % 0-6 
UF 100, 200, 300 

drops by almost 2 4~/m 3 (1.1 ~ /m  3 for 
medium-sized capacity installations) if the 
utilization factor increases from 100 to 200 
days per year. 
A significant production cost decrease may be 
realized by decreasing the specific M&O cost 

and the reduced electrical energy con- 
sumption e of  the installation. 
In any case, the marginal production cost of 
the proposed solution is less than 7.3 ~ /m  3 
(current price of  the imported water for the 
Cyclades islands) and generally less than 
4.1 ~ / m  3, which is the official price of  clean 
water for the Dodecanese complex. 
In addition, by accepting a rational service life 
of  the installation (e.g., 10 years) and a fair 
UF value ( U F  = 200), the corresponding water 
production cost is between 1.5-2.3 ~ / m  3 for 
medium-sized installations and 2.0-2.8 ~ / m  3 

for small-size consumers, even if the purchase 
price of  imported electricity is 100% charged 
to the desalination plant's operational cost. 

In this context, the decrease of  the electrical 
energy cost (decreasing)~ value) implies a con- 
siderable water production cost reduction 
(Fig. 12). More specifically, reducing by 25% the 
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Fig. 9. Water production cost for medium-sized capacity installations. 
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Fig. 10. Water production cost for medium- to small-sized capacity installations. 
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Fig. l 1. Water production cost for small-sized capacity installations. 
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Fig. 12. Electricity pricing impact on water production cost in remote islands. 
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Fig. 13. Water storage size impact on water production cost in remote islands. 

13 15 

input energy cost, the corresponding maximum 
water production cost reduction varies between 
0.2 and 0.25 ~ / m  3. Finally, for the case where 
Z = 0 (the electrical energy is donated to the 
desalination plant, e.g., energy surplus o f  the 
electricity production system), the corresponding 
water maximum production cost decrease is 
between 30% for a short-term to 40% for a long- 
term operation (Fig. 12). 

On the other hand, the size of  the water 
reservoir for the produced clean water storage 
seems not remarkably to affect the desalinated 

water production cost (Fig. 13). Even by quad- 
ruplicating the volume of  the water reservoir (i.e, 
the days of  autonomy of  the system), the corres- 
ponding water cost is increased rather slightly 
(= 0.03 ~/m3). However, one cannot easily create 
large water reservoirs due to the limited area 
available in most  small- to medium-size islands. 

Subsequently, applying the above presented 
cost-benefit model  for a medium- to small-sized 
capacity installation V0 = 100 m3/d and for 
various typical values of  capital cost i, we get the 
calculation results appearing in Fig. 14 as a 
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Fig. 15. Water price annual escalation rate impact on water production cost. 

function of the installation's service life. The 
numerical values of all other parameters are given 
in Table 3. As expected, there is a remarkable 
impact of the market capital cost on the maximum 
water production cost values. More specifically, 
by changing 1% the market capital cost, the 
corresponding water production cost change is 
0.04 ~/m 3. 

Finally, one has the opportunity to investigate 
the influence of the water production cost annual 
escalation rate on the present value of the water 
production cost. As shown in Fig. 15, by keeping 
the water production cost constant, the corres- 

ponding long-term operation value tends to 
2.7 ~ /m 3. On the contrary, i f a  6% annual esca- 
lation value is permitted, then the corresponding 
water maximum production cost present value 
tends to 1.8 ~ /m 3 for a 15-year service life of the 
proposed desalination configuration. 

6. C o n c l u s i o n s  

An integrated cost-benefit analysis concerning 
the desalinated water production cost for remote 
islands, using RES and RO desalination tech- 
niques is presented. According to the proposed 
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solution, the desalinated water production activity 
belongs to an integrated solution for the energy 
and clean water demand problem of  an autono- 
mous community. For this purpose, the solution 
obtained should guarantee the clean water 
sufficiency of  the remote community at a rational 
production cost, definitely lower than the current 
water market price in the same region. 

According to the results obtained, concerning 
several typical configurations of  the proposed 
solution, the resulting maximum water production 
cost is less than 2.5 ~ / m  3 for medium-size- 
capacity installations and inferior to 3.5 ~ / m  3 in 
very small ones. These cost values are remark- 
ably reduced with the increase of  the unit's 
service life, while there is a significant poten- 
tiality for additional cost reduction by careful 
maintenance and operation of  the system and by 
appropriate energy management of  the installa- 
tion. Bear in mind that the electricity consump- 
tion cost of  the desalination plant strongly 
influences the desalinated water production cost. 
In addition, the increase of  the UF of  the selected 
desalination plant decreases the corresponding 
water production cost considerably. Furthermore, 
the economic performance of  the integrated 
system is improved when the energy demand of  
the desalination plant is covered by the surplus of  
the energy produced by the RES power station. 

It is therefore proved that the implementation 
of  alternative water supply solutions, such as 
desalination plants integrated with appropriate 
RES technologies, can contribute significantly to 
a sustainable solution of  the water shortage 
problem, as it is justified in the present work. 
Hence, the authors believe that the proposed 
solution, in addition to its significant sustain- 
ability features, is economically competitive to 
any other clean water production solution for the 
Greek islands, thus enabling the supply of  local 
communities with an adequate amount of  water at 
a minimal cost. Thus, by adopting the proposed 
analysis, it is possible to accelerate the economic 
development of  the small societies of  the Aegean 

Archipelago, improving - -  at the same time - -  
the quality of  life of  the habitants. 
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