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Abstract

More than one third of world population has no direct access to interconnected electrical networks. Hence, the electrification solution

usually considered is based on expensive, though often unreliable, stand-alone systems, mainly small diesel-electric generators. Hybrid

wind–diesel power systems are among the most interesting and environmental friendly technological alternatives for the electrification of

remote consumers, presenting also increased reliability. More precisely, a hybrid wind–diesel installation, based on an appropriate

combination of a small diesel-electric generator and a micro-wind converter, offsets the significant capital cost of the wind turbine and

the high operational cost of the diesel-electric generator. In this context, the present study concentrates on a detailed energy production

cost analysis in order to estimate the optimum configuration of a wind–diesel-battery stand-alone system used to guarantee the energy

autonomy of a typical remote consumer. Accordingly, the influence of the governing parameters—such as wind potential, capital cost, oil

price, battery price and first installation cost—on the corresponding electricity production cost is investigated using the developed model.

Taking into account the results obtained, hybrid wind–diesel systems may be the most cost-effective electrification solution for numerous

isolated consumers located in suitable (average wind speed higher than 6.0m/s) wind potential regions.

r 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Most European and North American consumers cover
their electrification needs by large capacity and robust
interconnected electrical networks, supported by nuclear
and fossil fuel-fired power stations of considerable size (e.g.
1000MW). In these cases the free market competition leads
to reliable network operation and minimum production
cost (Feretic and Tomsic, 2005), achieving unit electricity
costs of generation down to 0.03 h/kWh. On the other
hand, United Nations estimate (Jensen, 2000) that almost
two billion people have no direct access to electrical
networks. Hence, their only electrification possibility
should be based on autonomous stand-alone systems
(Kaldellis, 2002b; Kaldellis et al., 2003). Otherwise one
should invest on expensive (Tanrioven, 2005) grid-exten-
sions, whenever possible.
e front matter r 2006 Elsevier Ltd. All rights reserved.
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In actual fact, the great majority of rural consumers had
no other choice than small diesel-electric generators, while
only in limited cases small wind converters, photovoltaic
generators or micro-scale hydro-systems contribute in the
electricity generation (Beyer et al., 1995; Bhuiyan and Ali
Asgar, 2003, U.S. (DOE), 1997; Kaldellis et al., 2005). The
utilization of diesel engines presents minimum first
installation cost (Hunter and Elliot, 1994) but substantial
maintenance and operation (M&O) cost (Fig. 1). On the
contrary, wind power installations are capital intensive,
presenting however low M&O cost (Kaldellis and Gavras,
2000). As a result, one may find an appropriate combina-
tion of a small diesel-electric generator and a micro-wind
converter that guarantees the remote consumer electrifica-
tion at a rational (minimum) initial and long-term cost
(Bowen et al., 2001; Elhadidy and Shaahid, 2004; Kaldellis
and Vlachos, 2005). Such a system may also use an
appropriate battery bank, in order to improve the system
reliability. The extreme cases of such a generalized stand-
alone solution appear to be either the diesel-only (no wind
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Time Evolution of Electricity Production Cost for Very Small Remote Islands
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Fig. 1. Electricity production cost time-evolution for remote consumers located in small Greek islands.
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turbine and/or energy storage) or the stand-alone wind
power (zero diesel-oil contribution) configuration. The
possibility of biofuel utilization is not included here
(Sakkas et al., 2005).

In this context, the present study is concentrated on a
detailed cost–benefit analysis (Kaldellis and Gavras, 2000;
Kaldellis et al., 2005) of an optimum sizing wind–
diesel–battery stand-alone system used to meet the
electrification requirements of a typical remote consumer,
generation capacity up to 15 kW. Accordingly, the
corresponding electricity production cost value is predicted
using an integrated methodology and is subsequently
compared to existing electrical market price. Finally, an
extensive sensitivity analysis is carried out in order to
improve the proposed analysis reliability.

2. Proposed solution

Based on previous works by the authors (Kaldellis,
2002b; Kaldellis et al., 2003; Kaldellis and Vlachos, 2005) a
representative small wind–diesel–battery stand-alone
power system (up to 15 kW) able to meet the electricity
requirements of remote consumers consists of (Fig. 2):
(a)
 a micro-wind converter of rated power No (kW);

(b)
 a small internal combustion engine of Nd (kW), able to

meet the consumption peak load demand Np (i.e.
NdXNp);
(c)
 a lead-acid battery storage system with total capacity of
Qmax, operation voltage Ub and maximum depth of
discharge DODL;
(d)
 an AC/DC rectifier of No kW and UAC/UDC operation
voltage values;
(e)
 a DC/DC charge controller of No rated power, charge
rate Rch and charging voltage UCC;
(f)
 a (uninterruptible power supply) (UPS) of Np (kW),
frequency of 50Hz, autonomy time dt and operation
voltage 220/380V;
(g)
 a DC/AC inverter of maximum power Np (kW) able to
meet the consumption peak load demand, frequency of
50Hz and operational voltage 220/380V.
This system should be capable of facing a remote
consumer’s electricity demand (e.g. a four- to six-mem-
bered family), with rational first installation and long-term
operational cost. The specific remote consumer investi-
gated is basically a rural household profile (not an average
load taken from typical users) selected among several
profiles provided by the Hellenic Statistical Agency
(Kaldellis, 2002b), see also (Lazou and Papatsoris, 2000;
Notton et al., 1998). In order to minimize the electricity
requirements of the remote consumer special emphasis is
laid on the efficient and rational use of the available energy
resources. In this context, the numerical load values vary
between 30W (refrigerator load) and 3300W. According to
the consumption profile approved, the annual peak load
Np does not exceed 3.5 kW, while the annual energy
consumption Ey is around 4750 kWh per year.
Additionally, the corresponding wind potential and

ambient temperature and pressure are also necessary (PPC,
1986) to integrate the system sizing calculations. Finally, the
operational characteristics of all components (e.g. wind
power curve at standard day conditions, diesel-electric
generator specific fuel consumption, inverter efficiency,
battery bank characteristic etc.) composing the stand-alone
system under investigation are also required (Fig. 2).
For estimating the appropriate configuration of the

proposed wind–diesel hybrid system, three governing para-
meters should be defined: the rated power N0 of the wind
turbine used, the battery maximum necessary capacity Qmax
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Fig. 2. Proposed autonomous wind–diesel hybrid system.
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and the annual mass fuel flow consumption Mf. Working
this problem out, the already presented (Kaldellis, 2002b)
computational algorithm ‘‘WINDREMOTE-II’’ is extended
to include a small diesel-electric generator. This new
numerical code WIND–DIESEL I is used to carry out the
necessary parametrical analysis on an hourly energy
production-demand basis, targeting to estimate the wind
turbine rated power No and the corresponding battery
capacity Qmax, given the annual permitted oil consumption
Mf; (Fig. 3). More specifically, given the Mf value and for
each No and Qmax pair, the WIND–DIESEL I algorithm is
executed for all the time-period selected (e.g. 1, 6months, 1
or even for 3 years), while emphasis is laid on obtaining zero-
load rejection operation.

3. Electricity production cost

The present value of the entire investment cost of a stand-
alone wind–diesel power system (after n years of operation)
is a combination (Kaldellis and Gavras, 2000; Kaldellis et
al., 2005) of the initial installation cost and the correspond-
ing M&O cost, also considering the investment residual
value; all quantities expressed in present (constant) values.

3.1. First installation cost

As already acknowledged in previous works (Kaldellis
and Gavras, 2000; Kaldellis, 2002a), the initial investment
cost IC0 includes the market (ex-works) price of the
installation components (i.e. wind turbine, ICWT; battery,
ICbat; diesel generator, ICd and electronic devices ICel,
including inverter, UPS, rectifier and charge controller
cost) and the corresponding balance of the plant cost,
expressed as a fraction f of the wind turbine market price.
Thus one may write

IC0 ¼ ICWT þ ICd þ ICbat þ ICelec þ f ICWT. (1)

Using the market analysis data of Appendix A, Eq. (1)
finally reads:

IC0 ¼
a

bþNx
o

þ c

� �
Noð1þ f Þ þ xQ1�o

max þ fNd þ lN1�t
p þ BNo.

(2)

3.2. Maintenance and operation cost

During long-term operation, the M&O cost can be split
(Kaldellis and Gavras, 2000; Kaldellis et al., 2005) into
the fixed FCn and the variable VCn maintenance cost.
In the present analysis, the fixed M&O cost also considers
the fuel cost consumed by the diesel-electric generator.
Generally speaking, the annual fixed M&O cost can be
expressed (Kaldellis, 2002a) as a fraction m of the initial
capital invested, furthermore including an annual inflation
rate equal to gm describing the annual changes of labor
cost and the corresponding spare parts, embracing also any
lubricants consumption.
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Subsequently, the fuel consumption cost results by the
annual diesel-oil quantity consumed Mf, the current fuel
price c0 and the oil price annual escalation rate e. Thus one
gets

FCn ¼ mIC0
1þ gm

1þ i
þ

1þ gm

1þ i

� �2

þ � � � þ
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1þ i

� �n
" #

,

ð3Þ

where i is the return on investment index.
The variable M&O cost VCn mainly depends (Kaldellis

and Gavras, 2000) on the replacement of ko major parts of
the installation, which have a shorter lifetime nk than the
complete installation. Using the symbol rk for the replace-
ment cost coefficient of each k0 major part (battery, diesel-
electric generator, rotor blades, etc.) the VCn term can be
expressed as:

VCn ¼ IC0

Xk¼k0

k¼1

rk

Xl¼lk

l¼1

1þ gk

� �
1� rk

� �� �lnk ð1þ iÞðn�lnkÞ

( )
,

(4)

where lk is the integer part of the following equation, i.e.,

lk ¼
n� 1

nk

� 	
(5)

while gk and rk describe the mean annual change of the
price and the corresponding technological improvement
level for the kth major component of the system. In the
present analysis one may take into account the diesel-
electric generator and the battery bank replacement every
nd and nb years respectively (e.g. ndE4–6 and nbE5–7
years). Applying Eq. (4), one finally gets

VCn ¼ IC0C (6)

with
C ¼ 0 for npnd ¼ 5,

C ¼ rd
1þ gd

1þ i

� �nd

for nd þ 1pnpnb ¼ 7,
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for 2nd þ 1pnpnmax ¼ 20, ð7Þ
where rd.IC0 is the diesel-electric generator and rbIC0

is the battery replacement cost in present values,
while gd and gb describes the diesel-electric generator/
battery purchase cost mean annual change (inflation
rate).

3.3. Energy production cost

Using the above analysis and considering that the
proposed wind–diesel system produces approximately Ey

kWh year, one may estimate the corresponding energy
production cost by dividing the present value of the
installation total cost with the corresponding electricity
production. In this context the total cost is given as

Cn ¼ IC0 ð1� gÞ þmx
xn � 1

x� 1
þ

coM f

IC0
y

yn � 1

y� 1
þC

� 	
� Y n,

(8)

where

x ¼
1þ gm

1þ i
(9)

and

y ¼
1þ e

1þ i
. (10)

Similarly, Yn represents the residual value of the
investment, attributable to amounts recoverable at the n

year of the stand-alone system life (e.g. value of land or
buildings, scrap or second-hand value of equipment, etc.),
along with the experience gained and the corresponding
technological know-how.
Finally, g is the subsidy percentage (e.g. 30–40%) by the

Greek State, according to the current development law
(e.g. 3299/04) or the corresponding National Operational
Competitiveness Program (Kaldellis, 2002a; Kaldellis
et al., 2005).
Taking also into account the analysis presented by

the authors (Vlachos and Kaldellis, 2004), concer-
ning the current electricity marginal production cost
ce, one gets the following equations provided that the
net present value of the investment becomes equal
to the corresponding residual value (NPV ¼ Yn,
where Yn may be equal to zero) after n years of
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operation, i.e.
ce ¼ IC0
1� g

Ezðzn � 1Þ=ðz� 1Þ
þmIC0x

xn � 1ð Þ= x� 1ð Þ

Ez zn � 1ð Þ=ðz� 1Þ
þ coM fy

yn � 1ð Þ= y� 1ð Þ

Ez zn � 1ð Þ= z� 1ð Þ
þ

C
Ez zn � 1ð Þ= z� 1ð Þ

�
Y n

Ez zn � 1ð Þ= z� 1ð Þ
,

(11)
where

z ¼
1þ p

1þ i
(12)

and p is the produced electricity price mean annual
escalation rate, e.g. p ¼ 3%.

Bear in mind that the proposed model also includes
the diesel-only solution (i.e. IC0 ¼ fNd, No ¼ 0, rb ¼ 0,
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4. Results for typical wind potential cases studies

The above-presented analysis is being applied to typical
remote consumers located in selected representative areas,
on the basis of their wind potential, see also (Fig. 4). Thus,
the first case investigated concerns a remote consumer
living in a medium-sized island of the Cyclades complex,
i.e. Andros island located in the middle of the Aegean Sea.
The island has one of the best wind potential in Greece
V̄ � 9:5m=s
� �

, since the minimum monthly average wind
speed: ‘‘V̄ ’’ exceeds 6.5m/s; (Fig. 5). At the same time, the
probability density function distribution validates that the
possibility of wind speed values below 4.0m/s (calm spells)
in the area is slightly above 15% on long-term measure-
ments basis.
Using the analysis of Section 3, (Fig. 6) demonstrates the

energy production cost of the examined stand-alone system
(rated power up to 15 kW) for a 10-year service period of
the installation. According to the results obtained, for each
Mf value there is a minimum production cost point, which
corresponds to a specific system configuration (No, Qmax)
that guarantees the remote consumer energy autonomy
with minimum electricity production cost. Also one may
observe that, by increasing the contribution of the diesel-
oil, remarkable cost-decrease is initially encountered.
However after a 500 kg/year value, the corresponding
electricity production cost starts increasing, underlining the
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ANDROS ISLAND WIND-DIESEL STAND ALONE SYSTEM
10-year Cost Analysis
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Fig. 6. Ten-year electricity production cost of a wind–diesel hybrid system, Andros island.

ANDROS ISLAND WIND-DIESEL STAND ALONE SYSTEM
20-year Cost Analysis
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Fig. 7. Twenty-year electricity production cost of a wind–diesel hybrid system, Andros island.
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existence of an optimum configuration. At the same figure,
one may find the diesel-only and the wind-power (Mf ¼ 0)
stand-alone systems, both presenting a quite higher
operational cost. Finally, the optimum stand-alone system
electricity production cost is below 0.5 h/kWh, a value
directly comparable with the operation of bigger diesel-
only autonomous power stations in several Greek islands
(Fig. 1). The situation is slightly improved for a 20-year
time period operation (Fig. 7), since even the wind-power
stand-alone solution (Mf ¼ 0) is more financially attractive
than the diesel-only installation.

The second case analyzed is also a remote consumer
living in a medium-sized island of the Cyclades complex,
i.e. Naxos island located in the middle of the Aegean Sea;
(Fig. 4). The island has an outstanding wind potential,
since in several locations the annual mean wind speed
exceeds 7.5m/s, at 10-m height. In Fig. 5, the measured
monthly averaged wind speed values are cited for a 1-year
time period. Applying the same analysis on a stand-alone
system located in Naxos island, we get the calculation
results of (Fig. 8), where one may find the 10-year
electricity production cost for several energy autonomous
configurations. As in Fig. 6, the electricity production cost
presents a minimum point for each diesel-oil penetration
level, while the corresponding cost decreases as the diesel-
oil contribution increases. This picture is inversed after a
minimum electricity cost point is reached. On top of this,
one may observe that the wind power (Mf ¼ 0) and the
diesel-only systems are more expensive than the optimum
configuration, while the corresponding minimum cost
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NAXOS ISLAND WIND-DIESELSTAND ALONE SYSTEM
10-year Cost Analysis
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Fig. 8. Ten-year electricity production cost of a wind–diesel hybrid system, Naxos island.

SKIROS ISLAND WIND-DIESELSTAND ALONE SYSTEM
10-year Cost Analysis

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0 2000 4000 6000 8000 10000 12000 14000
WIND TURBINE RATED POWER (Watt)

E
le

ct
ric

ity
 C

os
t (

E
ur

o/
kW

h)

Mf=0(kg/year)

Mf=100(kg/year)

Mf=250(kg/year)

Mf=500(kg/year)

Mf=1000(kg/year)

Mf=1200(kg/year)

Diesel Only System

Fig. 9. Ten-year electricity production cost of a wind–diesel hybrid system, Skiros island.

J.K. Kaldellis, K.A. Kavadias / Energy Policy 35 (2007) 1525–15381532
solution approaches the value of 0.61 h/kWh. This value is
higher than the Andros optimum solution (0.47 h/kWh)
due to the lower wind potential of the Naxos island.

The third case analyzed concerns a remote consumer
living in the island of Skiros, a small island of NW Aegean
Sea, belonging to the Sporades complex (Fig. 4). The island
has a medium-strong wind potential, taking into con-
sideration that the annual mean wind speed approaches
6.8m/s at 10m height. Fig. 5 presents the measured
monthly averaged wind speed values for a 1-year time
period. Accordingly, in (Fig. 9) one has the opportunity to
see the corresponding medium term (i.e. for 10 years)
electricity production cost distributions for numerous
stand-alone configurations. According to the calculation
results, the electricity production cost decreases as the
diesel-oil penetration rises, approaching the minimum
value of 0.65 h/kWh for 1200 kg of diesel-oil annual
consumption. The optimum configuration cost is almost
20% lower than the diesel-only system. On the other hand,
a wind power stand-alone system (i.e. Mf ¼ 0) is much
more expensive than the proposed solution, due to the
considerable calm spells of the area.
The last case investigated is a remote consumer located

in Kea island. Kea is a relatively medium-low wind
potential area close to Athens. The corresponding wind
potential although quite lower than the one of Andros, is
good enough (annual mean wind speedE6.0m/s; Fig. 5) to
feed contemporary wind turbines for electricity production.
In this case, the possibility of wind speed being less than
4.0m/s (zero wind production) is quite remarkable
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(E45%). Therefore, the maximum calm spell period of the
island is approximately 170 h (almost 1 week).

The calculation results of the proposed analysis, regard-
ing stand-alone wind–diesel systems operating in Kea
island, are summarized in (Fig. 10). According to the
results obtained, the 10-year electricity production cost is
considerably diminished as the contribution of the diesel-
oil increases. The minimum operation cost is achieved by
accepting the consumption of almost 1200 kg/year of
diesel-oil. In any case, due to the low wind potential of
the area, the corresponding minimum production cost
exceeds the 0.80 h/kWh. This value is slightly beneath the
diesel-oil operation production cost. The situation is more
encouraging in cases of 20-year operation, where the
proposed wind–diesel system is definitely less expensive
than the diesel-only solution.

Recapitulating, the proposed wind–diesel–battery stand-
alone system is actually a financially viable electricity
generation solution, properly adapted to meet the elec-
trification needs of remote consumers located throughout
Aegean Sea. In fact, the electricity production cost is quite
lower than the corresponding cost of diesel-only installa-
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Table 1

Central values of the main parameters used in the presented sensitivity analys

Parameter Symbol

Annual mean wind speed (Andros Island) V̄

Return on Investment i

Diesel-oil current price co
Diesel-oil price annual escalation rate e

Lead-acid battery purchase cost coefficient x
Initial investment cost IC0

Fixed M&O cost coefficient m

Local market annual inflation rate g

Electricity price annual escalation rate p
tions; Fig. 1. Bear also in mind that the production cost
significantly reduces as the available wind potential
becomes more intense. In this context, the 10-year
minimum operation cost for Kea island is almost 0.8 h/
kWh while the corresponding value for Andros island is
0.47 h/kWh.

5. Parametrical analysis

In the following, the impact of the key parameters on the
electricity production cost of a wind–diesel stand-alone
system is examined as a function of the annual diesel-oil
consumption. For this purpose, the central values of the
problem governing parameters are included in Table 1.

5.1. Wind potential

As stated above, several representative types of wind
potential are investigated in the present study Fig. 5.
According to the results obtained, the wind potential
impact is dominant (Fig. 11), since the corresponding
electricity production cost remarkably decreases as the
ELSTAND ALONE SYSTEM
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Fig. 11. Wind potential impact on the electricity production cost of a wind–diesel hybrid stand-alone system.
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Fig. 12. Return on investment index impact on the electricity production cost of a wind–diesel hybrid stand-alone system.
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wind potential improves. This difference is getting greater
for low diesel-oil penetration, while after the value of
Mf ¼ 1000 kg/year all distributions are convergent towards
Kea island curve. It is important to make a note of the
significant difference between the Andros and Kea islands,
since—in anticipation of Mf ¼ 600 kg/year annual diesel-
oil consumption—the electricity production cost in Kea is
more than double the corresponding value of Andros.
Finally, one may easily conclude that as the available wind
potential becomes more intense, the minimum electricity
production cost point is moving towards a lower diesel-oil
contribution.

5.2. Return on investment index

Generally speaking, the return on investment depends on
the local market economic wealth and more precisely on
the existing investment opportunities, timing of repayment,
risk of the investment or any government subsidies. In
addition, its numerical value varies with the inflation rate
of the economy, in order to obtain positive inflation-
free return on investment index. According to the data in
(Fig. 12)—concerning the electricity production cost of a
wind–diesel system situated in Andros island; (Table 1)—
the return on investment index is directly proportional to
the electricity generation cost value. Besides, the return on
investment index has a greater influence on low diesel-oil
penetration cases, due to the bigger initial capital invested.
On the other hand, for diesel-only installations the
corresponding impact is minimized. Finally, for each 1%
increase of the return on investment index, the correspond-
ing electricity production cost increase is approximately
0.006 h/kWh, for diesel-oil annual consumptions beneath
600 kg/year.
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5.3. Current diesel-oil price

The exact value of the current diesel-oil price takes into
account not only its market price, but also its transporta-
tion and storage cost, which is quite high for stand-alone
consumers located in remote islands. In this context, high
prices lead to relatively higher electricity production cost
values, especially in cases of significant diesel-oil contribu-
tion (Fig. 13). As a result, the impact is dominant on diesel-
oil penetrations exceeding 1000 kg/year, while it is almost
negligible for annual diesel-oil consumptions beneath
200 kg/year, underlining thus the fossil-fuel independency
of similar stand-alone systems based mainly on renewable
energy sources.
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5.4. Diesel-oil price annual escalation rate

The term diesel-oil price annual escalation rate is hereby
used to describe the gradual changes of the diesel-oil price
annually. As it is obvious from (Fig. 14), regarding the
Andros island, the electricity production cost of the stand-
alone system investigated is strongly influenced by the
corresponding annual escalation rate, in cases of consider-
able diesel-oil annual consumption. More precisely, the
electricity production cost is increased as the diesel-oil
escalation rate is amplified. Thus, for each 3% increase of
e, the corresponding ce increase is almost 0.1 h/kWh. On
the contrary, zero impact is encountered on annual diesel-
oil consumption beneath 200 kg/year.
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5.5. Battery ex-works price

The battery bank is one of the most important
components of stand-alone systems, putting in storage
the wind energy surplus of high wind speed periods, in
order to cover the energy deficit in low wind speed and
high-load demand cases. On the other hand, a typical lead-
acid battery should be replaced every 5–7 years; each
substitution requiring a remarkable amount of money. The
battery price impact becomes more important when the
diesel-oil contribution to electricity generation is low (less
than 500 kg/year); (Fig. 15). As expected, the electricity
production cost gets lower as the battery price is also low.
On the other hand, the battery cost impact is zeroed as the
annual diesel-oil consumption tends to the diesel-only
solution.
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5.6. Installation turnkey cost

The initial investment cost (turnkey cost) includes
the ex-works price of the equipment needed (wind
turbines, battery bank, electronic equipment, etc.) and
the corresponding installation cost. The application of
new technological achievements and the economies
of scale decrease most system components’ prices in the
international market. However, several parameters
have to be taken into account, in order to foresee
the future evolution of the ex-works prices in the
local market. According to the results of the present
analysis, (Fig. 16), the electricity production cost grows
as the turnkey cost of the installation increases. This
impact is higher for medium-low diesel-oil penetration
(up to 600 kg/year) while for higher diesel-oil contribution
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the corresponding influence is quite restrained. In
this context, the electricity production cost decreases
by almost 0.07 h/kWh for the Andros stand-alone
system for each 10% diminution of the installation turnkey
cost.

6. Conclusions

An integrated energy production cost analysis of typical
wind–diesel hybrid systems is presented. In this context, the
configuration of the proposed wind–diesel power system is
described first, including the lead-acid battery storage
system and the necessary electronic devices. Accordingly,
an expert-type computational algorithm is presented, in
order to estimate the hybrid station dimensions that
guarantee the installation energy autonomy for a desired
period.

The main part of the analysis is devoted to develop a
complete electricity production cost model, considering not
only the first installation but also the fixed and variable
M&O cost, including diesel-oil consumption cost and
battery replacement expenses every 5–7 years. Subse-
quently, the proposed methodology is applied to four
typical wind potential cases, possessing annual mean wind
speed values between 6.0 and 10m/s. For all cases
investigated, the predicted electricity production cost is
favorably compared with real electricity production cost
data, resulting from the operation of existing autonomous
diesel-only power stations. Finally, a quite extensive
sensitivity analysis is carried out, in order to demonstrate
the impact of the main techno-economic parameters on the
energy production cost of optimum sized wind–diesel
hybrid power stations.

In view of the uncertain future concerning the oil
worldwide prices and the continuous air pollution increase,
a progressive interest in hybrid power stations is taking
place in many regions worldwide. Taking into account the
extensive results obtained, hybrid wind–diesel systems
may be the best cost-effective electrification solution for
numerous isolated consumers, located in regions with fairly
good (mean wind speed greater than 6.0m/s) wind
potential. On top of this, subsidy possibilities—granted
for example by local authorities or via European Union
funds—should greatly increase the economic attractiveness
of similar environmental friendly electricity production
applications.

Appendix A

First installation cost of a hybrid wind-diesel system in

Greece
�
 Small wind turbine (rated power No) ex-works price
ICWT:

ICWT ¼
a

bþNx
o

þ c

� �
No, (A.1)
a ¼ 8:7� 105ðh=kWÞ,

b ¼ 621;

x ¼ 2:05;

c ¼ 700ðh=kWÞ:
�
 Diesel–electric generator (rated power Nd) ex-works
price ICd :

ICd ¼ fNd, (A.2)

j ¼ 1502250ðh=kWÞ:
�
 Lead-acid battery bank (24 V, DODL ¼ 75%, rated
storage capacity Qmax) purchase cost ICbat:

ICbat ¼ xQ1�o
max , (A.3)

x ¼ 5:04ðh=AhÞ,

o ¼ 0:078.
�
 Electronic devices (including inverter Np, UPS Np,
rectifier No, charge controller No) ex-works cost ICelec:

ICelec ¼ lN1�t
p þ BNo, (A.4)

l ¼ 483ðh=kwÞ,

t ¼ 0:083;

B ¼ 380ðh=kwÞ.
�
 Balance of the plant cost f ICWT

f ¼ 0:15� 0:25.
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