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Abstract

The in#uence of the governing techno-economic parameters on the economic behaviour of commercial wind parks is investigated.
For this purpose, a complete cost}bene"t analysis model, properly adapted for the Greek market, is developed in order to calculate
the pay-back period and the economic e$ciency of similar investments in the energy production sector. Moreover, the impact of
various parameters * such as capital cost, return on investment index, local in#ation rate index, electricity price escalation rate,
installation capacity factor, M&O cost, turn-on key cost of the power plant, size of wind turbines used* on the economic viability
and attractiveness is extensively investigated, using a well-elaborated simple `expert systema type numerical code. Finally, the
prediction results are summarised in a representative sensitivity analysis map, including the most reasonable economic scenarios.
Taking into account the analytical results of the proposed study along with the existence of high wind potential regions in Greece,
a remarkable growth of the wind energy sector is expected in the near future, leading to considerable investment pro"ts and o!ering
a strong position (share) of the liberalised local power market. ( 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

According to the EU Electricity Directive, which came
into force on 19 February 1997, 60% of the community's
electricity market is opened up to competition during
1999. In Greece, electricity market liberalization will
start in February 2001, leading to fundamental changes
of the local power industry, (Kleinpeter, 1995). Although
liberalization will lead to price competition, which gener-
ally is not in favour of renewable generation, this is not
the case for Greece. More precisely, the Aegean Archipel-
ago has excellent wind potential, as in many regions the
annual mean wind speed at 10 m height is up to 11 m/s
(PPC, 1985). On the contrary, the mean electricity pro-
duction cost of autonomous power stations (APS), used
to ful"l the electricity demands for most of the Aegean
Sea islands, is extremely high, approaching the value of
50 Drs/kWh (0.153/kWh). In general, the electricity pro-
duction cost of a medium-size APS is approximately
three times higher than the corresponding marginal cost
of Greek PPC, approaching the 0.253/kWh. Finally,

Greeces dependency on imported fuel (+70% of its
domestic energy consumption is imported), leads to
a considerable exchange loss, especially with countries
outside the EU, (Kaldellis and Kodossakis, 1999). For all
the above-mentioned reasons, the Greek State is strongly
subsidizing private investments in the area of wind
energy applications, either via the 2601/98 development
law or via the `Energy Operation Programa of the Min-
istry of Development. As a result, requests for more than
350 MW of new wind parks exist in the Min. of Develop-
ment, in order to take advantage of the subsidization by
40% of the total cost of the project (Kaldellis and
Kodossakis, 1999).

The present work is concentrated on the examination
of the economic viability and e$ciency of wind turbine
(WT) installations in Greece. Accordingly, the impact of
the governing techno-economic parameters on the be-
haviour of wind power plants is investigated. For this
purpose, a complete sensitivity analysis, properly
adapted for the local market, is carried out, in order to
encourage the decision makers to invest in the wind
power market, even under the existing unsteady world-
wide techno-economic situations. The results of the
proposed analysis, for the most reasonable economic
scenarios, are summarised in the last part of the study,
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Fig. 1. Ex-works prices of commercial WTs, 1998

Fig. 2. Installation cost coe$cient for wind parks in Greece, 1998

using a representative sensitivity analysis map for com-
mercial wind turbines.

2. Theoretical model

2.1. Investment cost

The future value (after n years of operation) of the
investment cost of a WT installation is a combination of
the initial installation cost and the corresponding main-
tenance and operation cost, both quantities used are
given in current values. The initial investment cost in-
cludes the market price of the machine (usually ex-works)
and the corresponding installation (or balance of plant)
cost. Using a market survey by the authors (Kaldellis,
1999), specially adapted for the Greek market, the speci-
"c ex-work price Pr of a WT can be approached by
a simple exponential expression, as a function of the
rated power N

0
of the machine, i.e.

Pr"929.2#2435.6 e~N0 @33.4, Pr(3/k=) (1)

(see also Fig. 1). Consequently, the turn-on key price IC
0

of a WT plant is given as

IC
0
"PrN

0
(1#f ), (2)

where f expresses the installation cost (e.g. foundation
cost, electrical interconnection cost, access tracks) as
a fraction ( f+30%60%) of the ex-works price of the
WT (see Fig. 2). Keep in mind that the exact value of
f also depends on the number and size of machines and
on the location of the wind farm. As an example, the
windiest sites on the hilltops of small islands, being often
remote from the central grid, along with the coastal

locations, where deep piling into silt is needed, tend to
incur cost above average values (EEC, 1999). According
to our experience, the most appropriate wind farm in
Greece includes about 10 WTs in the range of
300%500 kW each. Summarising, the future value of the
initial investment cost can be expressed as

IC
n
"aIC

0

l/n
<
l/1

(1#i
l
)#bIC

0

l/n
<
l/1

(1#i@
l
), (3)

where

a#b"1!c (4)

and c is the subsidy percentage by the Greek State.
According to the existing 2601/98 development law,
a 40% subsidy is provided to private investors in the area
of wind energy applications, for all over the country. The
"rst term on the RHS of Eq. (3) describes the invested
capital aIC

0
future value (i return on investment index),

while the second term expresses the corresponding cost
(i@ capital cost) of the loan capital, bIC

0
.

The maintenance and operation (M&O) cost can be
split into the "xed maintenance cost FC

n
and the vari-

able one <C
n
. Expressing the annual "xed M&O cost as

a fraction m (see Fig. 3) of the initial capital invested and
assuming an annual increase of the cost equal to g, the
future value of FC

n
is given as
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n
"mIC
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(1#i
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)(1#g

1
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)D. (5)
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Fig. 3. M&O cost coe$cient (insurance included) for wind parks in
Greece, 1998

Fig. 4. Mean power coe$cient for a typical commercial WT, as a func-
tion of Weibull's parameters (C, k).

The variable maintenance and operation cost mainly
depends on the replacement of k

0
major parts of the

installation, which have a shorter lifetime n
k

than the
complete installation. Using the symbol r

k
for the re-

placement cost coe$cient of each one of the k
0

major
parts (gear box, rotor blades, etc.), the <C

n
term can be

expressed as

<C
n
"IC

0

k/ko
+
k/1

r
kG

l/lk
+
l/1

[(1#g
k
)(1!o

k
)]lnk

](1#i)(n~lnk )H, (6)

where l
k

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

l
k
"[(n!1)/n

k
] (7)

while g
k

and o
k

describe the mean annual change of the
price and the corresponding level of technological im-
provements for the kth major component of a WT.

Finally, the future value of the total investment cost
C

n
of the WT installation reads

C
n
"IC

n
#FC

n
#<C

n
. (8)

2.2. Investment revenue

According to a previous analysis by the authors
(Kaldellis and Vlachou, 1992), the exact value of the
energy production is a function of the local wind poten-
tial, the existing atmospheric conditions (temperature,
pressure, humidity, level of turbulence etc.) and is also
strongly dependent on the speci"c power curve of the
WT used versus wind speed <, i.e. N"N(<). More

precisely, the net annual energy output E (kWh/year) of
a WT is given as

E"8760CFN
0

(9)

where the capacity factor CF can be expressed as the
product of the mean technical availability factor * and
the mean power coe$cient u of the installation, i.e.,

CF"*u. (10)

The mean power coe$cient, expressing the yearly-
averaged energy production during an hour per kW of
nominal power of the machine (<

C
cut-in and <

F
cut-out

wind speed of a WT), is de"ned by the following equa-
tion, i.e.,

u"P
VF

Vc

N(<)

N
0

f (<)d<. (11)

In cases where the probability density function f (<),
describing the local wind potential, is based on the well-
known Weibull distribution (Freris, 1990), u is a function
of Weibull mean speed parameter C and the correspond-
ing shape factor one k (Vlachou et al., 1999), (see Fig. 4).

Subsequently, the total savings (in current values) over
a n year period, due to the energy produced by the wind
plant, are given as

R
n
"

j/n
+
j/1
C(Ej

c
j
!U

j
)
m/n
<
m/j

(1#i
m
)D, (12)

where c
j

is the e!ective cost coe$cient of the replaced
conventional energy by the energy E

j
produced by the

wind farm at the jth year, while U
j
describes the amount
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paid for taxes by the wind power enterprise. For simpli-
city and space limit reasons, the impact of taxation,
although remarkable, is not explicitly presented here.
However, in all calculation results given, the tax on pro"t
is properly included. Usually, the e!ective cost coe$cient
is related to (Kaldellis, 1999) the electricity price escala-
tion rate e (i.e. the annual rate of change of the market
price of the energy sources) via the following equation:

c
j
"c

0

k/j
<
k/1

(1#e
k
). (13)

In order to predict the exact value of the e!ective cost
coe$cient, it is important to examine if the wind park
will be used autonomously, combined for example with
a diesel engine, or parallel to the national grid. For this
purpose the self-utilisation factor s is introduced, de"ned
as the ratio of the amount of the wind electricity used
directly by the producer, to the total energy produced by
the wind plant. Usually, the energy produced is sold to
the national grid and the corresponding price c

a
is deter-

mined, according to the Greek law 2244/94, as a percent-
age (e.g. 90%) of the low (medium, high) voltage tari! of
Greek PPC. Generally speaking, the e!ective cost coe$c-
ient is given as

c
0
"sc

s
#(1!s)c

a
, (14)

where c
s

is the market price for direct self-use of the
energy produced.

2.3. Break-even equation

The corresponding gains G
n

of the investment investi-
gated are de"ned using Eqs. (8) and (12). In the case that

G
n
"R

n
!C

n
"0, (15)

the break-even equation of the wind park is obtained
(Elton and Gruber, 1984).

Accordingly, the pay-back period n of the investment is
estimated by solving the above equation. For this pur-
pose, an `expert typea numerical code has been devised
(Gavras, 1999), based on the iterative solution of the
non-linear break-even equation. Additionally, the de-
veloped algorithm has the ability not only to check the
economic viability of similar installations under unsteady
external conditions, but also to predict the modi"cations
of the pay-back period due to changes of the values of the
main techno-economic parameters.

2.4. Economic ezciency of a wind plant

In order to examine not only the economic viability
but also the economic attractiveness of a similar invest-
ment, an additional parameter is de"ned (Kaldellis, 1999)
called economic e$ciency gH of a wind plant. By de"ni-
tion, gH compares the net gains of the investment

over a n (e.g. n"10 or 20) year period in constant terms to
the initial capital invested. Thus, one may write

gH
n
"

GI
n

[IC
0
(1!c)]!>I

n

, (16)

where the symbol & is used to express constant values,
i.e.

x8
j
"

x
j

k/j
<
k/1

(1#g
k
)

, (17)

which is equivalent to the current value of a quantity
normally divided by the total in#ation (during a n year
period) of the economy. Additionally, >

n
represents the

residual value of the investment, i.e. amounts recoverable
at the end of a project's life (e.g. value of land or build-
ings, scrap or second-hand value of equipment, etc.)
along with the experience gained and the corresponding
technological know-how. The economic e$ciency of
a wind park may be either negative (investment not
viable) or positive, while in the case that gH"0 one may
calculate the pay-back period (see also Eq. (15)).

For the exact solution of Eq. (15) and (16), the accurate
value of all parameters appearing in these expressions is
required. However, due to the continuous changes in the
value of the governing parameters, a detailed sensitivity
analysis of the main variables of the problem (e.g.
nH, g

10
, g

20
) is obligatory, so as to investigate the impact

of techno-economic factors on the economic behaviour
of wind energy applications in Greece and to assure the
viability and attractiveness of similar investments.

3. Sensitivity analysis

Before presenting the calculation results concerning
the in#uence of the governing parameters on the pay-
back period and the economic e$ciency of a wind plant,
it is important to de"ne the central point of the proposed
sensitivity analysis. These values should be representative
for the techno-economic situation of the local (Greek)
market at the beginning of the 21st century. After exten-
sive research, the following values are selected for the
main parameters of the problem:

(i) The wind park analysed contains 10 WTs of nom-
inal power N

0
"500 kW, which is the most ap-

propriate size for the big islands of the Aegean
Archipelago.

(ii) The turn-on key price of a WT is accurately de-
scribed by Eq. (1) and Figs. 1 and 2, respectively.

(iii) The mean power coe$cient of the installation is
assumed equal to u"0.4, a moderate value for the
Aegean region (see Fig. 4), while the corresponding
technical availability parameter is taken as
*"0.85 (CF"0.34), due to wind power penetra-
tion limit of the local electrical grids of the Greek
islands.
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(iv) The maintenance and operation cost factor m is
well described by Fig. 3, while the corresponding
terms related to the variable maintenance cost are
chosen from published documents referred to
long-term operation of wind parks all over Europe
(see for example Kaldellis, 1999; Molly, 1990; EEC,
1999).

(v) The mean long-term annual electricity price esca-
lation rate is assumed to be equal to e"4%,
a value based mainly on historical records.

(vi) The mean annual in#ation rate is assumed to be
equal to g"3%, since a target value for the local
economy is 2%.

(vii) The corresponding capital cost value is taken
equal to i@"9% ("g#3%6%), while the de-
manded return index of the own capital invested is
set equal to i"12%, (i"i@#3%6%).

(viii) The market value for the direct self-use of electrical
energy is between 0.06 and 0.143/kWh, depending
on the type of the consumer. Therefore, a value of
c
s
"0.1 3/kWh seems reasonable for a typical con-

sumer.
(ix) The corresponding price for the energy surplus

sold to the national grid is determined by the law
2244/94, according to the tari!s of the Greek PPC,
and it is assumed to be equal to 0.0725 3/kWh (for
s"0), and to 0.0564 3/kWh for every other case.

(x) Finally, the analysis is carried out for a private
investor, who sells to the grid all the wind energy
production (s"0).

Recapitulating, the central value of all parameters ap-
pearing in the developed computational frame is in-
cluded in Table 1.

Applying now Eq. (15) and using the above-de"ned
central values for the main parameters, the pay-back
period predicted by the numerical code is nH"6.26
years, (see also Fig. 5). Additionally, by calculating (see
Eq. (15)) the net investment revenue G

n
versus time in

constant values for the expected lifetime period of the
WT, the economic e$ciency of the installation can be
estimated (see also Eq. (16)), therefore g

10
"1.945 or

194.5% and g
20

"7.347 or 734.7%.

4. Sensitivity analysis results

In the following, the calculation results concerning the
estimated pay-back period and the corresponding eco-
nomic e$ciency of a wind plant in Greece are presented
as a function of each main parameter of the problem.

4.1. Capital cost-return on investment

Generally speaking, the capital cost mainly depends on
the local market economic wealthiness and more precisely
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Fig. 5. Cost}bene"t analysis for a typical wind farm in Greece.

Fig. 6. In#uence of capital cost-return on investment on the economic
behaviour of a WT installation.

on the existing investment opportunities, the timing of
repayment, the risk of the investment and on any govern-
ment subsidies (e.g. law 2601/98). In addition, the value of
the capital cost i@ varies with the in#ation rate of the
economy, in order to obtain positive in#ation-free capital
return (Myddelton, 1995). More precisely, the capital cost
is the sum of the in#ation premium, the pure time-prefer-
ence and the risk premium, depending on the risk of the
investment undertaken.

In addition, any capital investment process is based on
the idea of spending money at a time period in the `hopea
of getting more money back later. The annual amount of
money, which the investor demands in order to invest his
own capital, is de"ned as the `return on investmenta.
This economic parameter depends on the same factors as
the above-mentioned capital cost parameter, but in addi-
tion re#ects the expectancies of the single investor along
with his own abilities and chances to invest money. For
these reasons it is assumed here that the variation of
return on investment follows the capital cost, plus a pre-
mium *i"i!i@. Some typical *i values are included in
the present study.

According to Fig. 6, the pay-back period of the wind
power investment increases signi"cantly with the in-
crease of the capital cost, especially after the (i@"12%)
value. In addition, the investment becomes not viable if i@
exceeds the value of 25%. Similarly, the 10-year eco-
nomic e$ciency of the investment decreases as the capital
cost index takes greater values. This is mainly attributed
to the corresponding increase of the pay-back period,
which in some cases exceeds the ten-year period. On the

other hand, the *i increase (*i"3 and 6%) seems not to
in#uence the pay-back period and the 10-year e$ciency,
because these two parameters are dominated by the be-
haviour of the capital cost.

This is not the case for the 20-year economic e$ciency
of the wind power plant, since this parameter is strongly
in#uenced by *i. This fact can be explained taking into
account that a wind energy investment, being a high
capital intensity one, has big annual returns and limited
annual expenditures. By re-investing the net annual gains
with the selected return on investment value, it is quite
reasonable to multiply the total gains, after the pay-back
period is achieved. Finally, as the pay-back period is
dramatically increasing, the 20-year economic e$ciency
stops increasing, since the available time to obtain after
tax gains is remarkably reduced.

4.2. Inyation rate

The in#ation rate expresses the tendency of everyday-
life cost to increase and it is quantitatively approximated
by the average rise in price levels. The direct in#uence of
the in#ation rate on the pay-back period of a wind farm
is relatively small (Fig. 7), since an almost 15% change of
in#ation imposes a one-and-a-half year increase of the
pay-back period. However, one has also to take into
consideration the signi"cant indirect in#uence of the
in#ation rate on the pay-back period via the correspond-
ing values of the capital cost. On the contrary, the impact
of the in#ation rate on the considered investment's eco-
nomic attractiveness is very important, since the total
gains for a 20-year period*in constant terms*decrease
by almost two orders of magnitude, as the in#ation rate
varies between 0 and 15%.
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Fig. 7. The direct impact of the in#ation rate on the economic behav-
iour of a WT installation.

Fig. 8. The Impact of the electricity price escalation rate on the eco-
nomic behaviour of a WT installation.

Fig. 9. In#uence of the turn-on key cost change on the economic
behaviour of a WT installation.

4.3. Electricity price escalation rate

The term `electricity price escalation ratea is used here
instead of the more commonly used term of `fuel escala-
tion ratea, to describe not only the annual rate of change
of fuel prices, but also primarily the corresponding cha-
nges of the electric energy market price. The exact value
of this parameter depends on various factors, like the
dollar exchange rate, the economic}political situation of
the country, the nature of the conventional energy to be
replaced and on the attitude of every electrical utility
towards renewable sources. As it is expected, from
Fig. 8 it results that the pay-back period is remarkably
diminished when the electricity price escalation rate is
increased. The corresponding e$ciency of the investment
is also greatly ameliorated, especially for the 20-year
operation period.

4.4. Turn-on key cost

The initial investment cost (turn-on key cost) includes
the ex-works price of the equipment needed (wind tur-
bines, etc.) and the corresponding installation cost. The
application of the new technological achievements and
the economies of scale decrease the prices of the wind
turbines in the international market. However, the rela-
tive value of the local currency has to be taken into
account in order to foresee the future evolution of the
wind turbine prices in Greece.

According to the calculation results summarised in
Fig. 9, a strong relation between the initial investment
cost and the pay-back period is encountered. More pre-
cisely, a 30% decrease of the "rst installation cost leads
to a more than three-year diminution of the pay-back

period. On the other hand, the economic e$ciency of the
investment decreases almost hyperbolically with the in-
crease of the "rst installation cost.

4.5. Maintenance and operation cost

The application of modern design and improved con-
struction techniques leads to more e$cient and reliable
installations. The direct result of this evolution is a re-
markable decrease of the M&O cost, especially for the
medium and large-scale machines. According to Fig. 10,
a moderate increase of the pay-back period of a wind
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Fig. 10. The Impact of the M&O Cost on the economic behaviour of
a WT installation.

Fig. 12. The Impact of the capacity factor on the economic behaviour
of a WT installation.

Fig. 11. In#uence of the WT size on the economic behaviour of a WT
installation.

park is encountered by increasing the value of the M&O
cost coe$cient m, respectively. This is also the case for
the economic e$ciency of the investment, since similar
changes (in opposite directions) of g

10
and g

20
have been

predicted.

4.6. Nominal power of the wind turbines

It is almost certain that the speci"c price of a wind
turbine diminishes, as the rated power of the machine is
increased. This fact is more obvious in the range of
0%100 kW, while a constant ex-works price value is
achieved for commercial machines over 250 kW (see
Fig. 1). This common sense is supported by the results of
Fig. 11, since the pay-back period of a wind power
station is initially decreased and then becomes almost
constant as the size of the wind turbines used is increased.
An analogous (in an inverse sense) behaviour is also
estimated for the economic e$ciency of the installation.

4.7. Capacity factor

As stated above, the capacity factor value for the
energy production sector depends on the mean power
coe$cient and on the technical availability of the instal-
lation. Based on the results of Fig. 12, there is a signi"-
cant reduction of the pay-back period of a wind farm, by
increasing either the mean power coe$cient or the tech-
nical availability values of the power plant. This fact is
even more obvious for lower values of `CFa. Similarly,
the economic e$ciency of the investment is linearly
ameliorated by increasing the realised values of the capa-
city factor. In a majority of the previous studies (Kaldellis
and Vlachou, 1992; Vlachou et al., 1999), emphasis is put

on the exact value of the mean power coe$cient of the
installation. This value depends not only on the local
wind potential and on the operational characteristics of
the machine used, but also on the interaction between
them.

5. Sensitivity analysis chart

The results of the sensitivity analysis carried out in the
present study can be summarised in a sensitivity analysis
chart, as the one given in Fig. 13. According to this "gure,
the changes on the pay-back period *nH are described as
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Fig. 13. Sensitivity analysis results for WT installations in Greece.

a function of the relative variation (*x/x) of the main
parameters of the problem. More precisely, these para-
meters may be divided into three categories. The "rst one
includes the capacity factor and the electricity escalation
rate. These parameters a!ect the pay-back period of the
investment very positively, since a moderate increase of
their value leads to an important diminution of the pay-
back period. The second group of parameters contains
the capital cost, the ex-works price and the M&O cost of
the installation. According to the results obtained, these
three parameters in#uence the economic viability of the
wind power station in a negative way, since their moder-
ate increase imposes a remarkable rise on the pay-back
period of the project. Finally, the third group of para-
meters includes the in#ation rate and the nominal power
(only for commercial WTs) of the machines used. These
parameters slightly in#uence the pay-back period of the
wind power station, excluding the case of small values of
a wind turbine's rated power.

6. Conclusions

A complete cost}bene"t method, concerning the eco-
nomic viability and attractiveness of commercial wind
power installations, is presented. Accordingly, a numer-
ical code is developed in an `expert- typea mode,
properly adapted for the Greek market. Finally, a quite
extensive sensitivity analysis is carried out, in order to
demonstrate the impact of the main techno-economic
parameters on the economic behaviour (pay-back period,
economic e$ciency for ten and twenty years operation)
of similar applications on the wind energy sector and to

minimize the uncertainness of the investment decision
makers.

According to the results obtained, it is concluded that
the vast majority of wind energy applications in Greece is
one of the most promising investments in the energy
production sector. Besides, wind power stations can ful"l
the energy requirements for almost all islands of the
Aegean Archipelago. It is also worth mentioning that
their pro"tability is very sensitive to changes of the capi-
tal cost, the capacity factor (mean power coe$cient,
technical availability), the electricity escalation rate and
the "rst installation cost. It is slightly less sensitive to
changes of the M&O cost. The direct impact of the
nominal power (for commercial wind turbines) and the
in#ation rate on the pay-back period of similar ventures
seem to be limited.

In view of the uncertain future concerning the fuel
worldwide reserves and the continuous deterioration of
the environment, a progressive interest in the wind en-
ergy applications is taking place in all European coun-
tries. Therefore, taking into account the extensive results
of the proposed analysis along with the existence of high
wind potential regions in Greece, a remarkable growth of
the wind energy sector is expected (400 MW increase is
the national target by 2005) leading to considerable in-
vestment pro"ts and o!ering a strong position (share) on
the liberalized local power market.

References

Elton, E.J., Gruber, M.J., 1984. Modern Portfolio Theory and Invest-
ment Analysis, 2nd Edition. Wiley, New York.

European Commission (EEC) 1999. Wind Energy. The Facts. A Plan
for Action in Europe (printed in Belgium).

Freris, L.L., 1990. Wind Energy Conversion Systems. Prentice-Hall,
Englewood Cli!, NJ.

Gavras, Th., 1999. Computational Parametrical analysis of the eco-
nomic behaviour of wind parks. Diploma Thesis, D-26, Lab of Soft
Energy Applications and Environmental Protection, TEI Piraeus,
Greece.

Kaldellis, J.K., 1999. Wind Energy Management. Stamoulis, Athens.
Kaldellis, J., Kodossakis, D., 1999. The present and the future of the

Greek wind energy market. Presented at 1999 European Wind
Energy Conference and Exhibition, Conference Proceedings, Nice,
France, p. 538.

Kaldellis, J., Vlachou, D., 1992. Economic viability of small size wind
turbine installations. The interaction between the local wind poten-
tial and the operational characteristics of the wind turbine. ASME
International Conference on E$ciency, Costs, Optimization and
Simulation of Energy Systems, Zaragoza, Spain.

Kleinpeter, M., 1995. Energy Planning and Policy. Wiley, New York.
Molly, J.P., 1990. Windenergie. Verlag C.F.
Myddelton, D., 1995. The Essence of Financial Management. Prentice-

Hall, Englewood Cli!, NJ.
Public Power Corporation (PPC), 1985. Wind Speed Measurements for

Greece, 1980-85. PPC, Athens.
Vlachou, D., Messaritakis, G., Kaldellis, J., 1999. Presentation and

energy production analysis of commercial wind turbines. Presented
at 1999 European Wind Energy Conference and Exhibition, Confer-
ence Proceedings, Nice, France, p. 545.

J.K. Kaldellis, T.J. Gavras / Energy Policy 28 (2000) 509}517 517


