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Abstract

An extensive financial analysis of the entire Greek State wind parks is carried out taking into account
the life-long variation of every wind power installation techno-economic parameter. This investigation is
based on a well-elaborated and integrated cost–benefit model developed by the authors and properly adapted
to the local market situation. On top of that, the time-evolution of the local market financial parameters
is included, using official data. In this context, the payback period and the corresponding benefit to cost
ratio (BCR) values of all wind power installations analyzed are computed. As a general conclusion, one
may clearly declare that the Greek State wind power program leads to substantial financial loss, despite
the existing advantageous conditions. The main reason for this unexpected financial behavior is the unex-
pected low energy production of most wind power plants along with their long-term failures. In conclusion,
the future of every State wind park may be redefined in view of the attempted European electricity mar-
ket deregulation.
 2003 Elsevier Ltd. All rights reserved.

1. Introduction

Wind energy is now a mature and economically attractive electricity production choice,
especially in regions possessing high wind potential and sufficient infrastructure[1]. During the
previous 20 years, however, several wind power applications proved financially unsuccessful,
leading the investors involved to substantial loss or even bankruptcy.

In an attempt to evaluate the financial results of all Greek State wind parks after 11 years of
their operation, the feasibility analysis model developed by the authors is first presented[2,3].
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Nomenclature

BCRn benefit to cost ratio of the investment after an n year period
c wind energy-electricity price (Euro/kWh)
CF wind turbine capacity factor
Cn total investment cost in current values over an n year period (Euro)
e electricity price escalation rate
f0 first installation cost coefficient for 10 wind turbines
FCn fixed maintenance and operation cost over an n year period (Euro)
g local market inflation rate
gk annual change of the price for the k-th major component of the installation
Gn investment gains in current values over an n year period (Euro)
i return on investment index
i� capital cost index
IC0 initial investment cost (Euro)
m annual fixed M&O cost coefficient
N0 wind turbine nominal (rated) power (kW)
Pr specific ex-work price of a wind turbine (Euro/kW)
rk replacement cost coefficient for the k-th major component of the installation
Rn investment savings in current values over an n year period (Euro)
t time
VCn variable maintenance and operation cost over an n year period (Euro)
Yn residual value of the investment in current values after an n year period (Euro)
z number of wind turbines
a own capital invested (%)
b loan capital invested (%)
g State subsidization (%)
� technical availability
h∗

n economic efficiency of the investment after an n year period
rk annual level of technological improvements for the k-th major component
�n tax paid in current values over an n year period (Euro)
�(j) tax paid during only the year j (Euro)
w wind turbine mean power coefficient

This model has recently been extended [4] to include time-variation of all the problem parameters;
hence, it is adapted to analyze long-term operation of similar investments. Subsequently, the
energy production data [5,6] from all the wind power stations are combined with the correspond-
ing electricity production cost [6,7], in order to estimate the wind parks revenue in current prices.
Accordingly, all the available information concerning the capital invested—including European
Commissions subsidization—is also investigated, considering the local market financial situation,
i.e. local market inflation, capital cost, drachmas to Ecu/Euro ratio, etc., [8].

Using the above-described data and applying the proposed analytical frame, one has the capa-
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bility to estimate the payback period and the financial efficiency of all Greek State wind parks.
In addition, the results obtained are directly compared with local and European market data, to
deduce useful conclusions. On top of that, a general evaluation is possible regarding the financial
behavior of the entire 12 years Greek State wind energy program. In conclusion, the future of
every State wind park can be also examined, in view of the attempted European electricity mar-
ket liberalization.

2. Wind park cost–benefit analysis model

The analysis undertaken uses the well-elaborated economic viability model [2,4] concerning
the wind power stations in Greece, and considers the time-evolution of the problem’s basic para-
meters. According to this model, the exact value of the payback period “n∗” and the economic
efficiency “h∗” or the benefit to cost ratio “BCR” of an energy production station can be predicted
[9] for the 1985–2005 period using the following relations:

Gn � Rn�Cn��n � 0 for n � n∗ (1)
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where the symbol “~” is used to express constant values at the moment that the investment was
accomplished, i.e.:
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(10)
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which is equivalent to the current value of a quantity, normally divided by the total inflation “g”
(during an n year period) of the economy, keeping in mind that calculations are carried out using
current values for the quantities involved.

Thus, the total gains “G” of a wind park based on “z” similar wind converters of rated power
“N0” are the difference between the total (tax-free) revenues and the corresponding project cost
minus the taxes paid during the entire period of operation of the wind power station.

In this context, the total (tax-free) savings “Rn” of the installation during an n year period due
to the wind power station annual energy yield “E(t)” time-evolution also depends on the return
on investment index “ i(t)” and the electricity price escalation rate “e(t)” of the local market; see
Eq. (2). One must bear in mind that the annual energy production of a specific wind power station
(z × N0 machines) is defined by the technical availability “�” and the mean power coefficient
“w” , or the resulting capacity factor “CF” (CF = �·w), i.e.:

E � 8760·CF·z·N0 (11)

Accordingly, the electricity price escalation rate “e” is defined as:

ej �
cj

cj�1

�1 (12)

where “cj” is the effective cost coefficient (Euro/kWh) of the replaced conventional energy by
the wind energy during the year “ j” .

The initial investment cost “ IC0” appearing in Eqs. (4)–(6) includes [2,10] the market price
(ex-work) “Pr·z·N0” and the corresponding installation cost “ f(Pr·z·N0)” of the wind plant. More
precisely, installation cost (or balance of plant cost) includes foundation cost, electrical intercon-
nection cost, land purchase, planning cost, approvals, infrastructure, management of the project
and grid connection cost [4]. Transportation cost is usually included in the machines’ purchase
cost. Thus, the turnkey cost “ IC0” can be expressed as:

IC0 � Pr·z·N0·(1 � f) (13)

The specific price of a wind turbine can be approximated using the analytical model by the
authors or using the historical data of PPC, concerning the wind park financial budget. It is
worth mentioning that a significant specific price “Pr” (Ecu/kW or Euro/kW) diminution has been
encountered during the 1980s, although it was weaker during the past decade. As expected, the
relation between Ecu (or Euro) and drachmas should also be considered for the Greek market
analysis. Finally, the installation cost coefficient “ f” mostly depends [4,10] on the peculiarities of
the exact location of wind park erection, taking values between 0.15 and 0.6, typical value f =
0.45 for the 1990–1995 period and island regions.

Subsequently, the term “a·IC0” of Eq. (4) describes the invested capital, while the “b·IC0” term
expresses the loan capital (“ i�(t)” the capital cost index). According to development laws, valid
since 1982 for the renewable energy applications in Greece [9,10], the Greek State subsidizes by
“100 × g%” the corresponding investments. At the same time, wind power installations were
generously supported by European Commissions funding via the corresponding 1st and 2nd
Framework Support Programs. Thus, one may write:

a(t0) � b(t0) � g(t0) � 1.0 (14)



1379J.K. Kaldellis / Energy 28 (2003) 1375–1394

where a�0.3 and g	0.4.
Accordingly, the maintenance and operation (M&O) cost can be split into the fixed maintenance

cost “FCn” and the variable one “VCn” , Eqs. (5) and (6). The annual fixed M&O cost may be
estimated as a fraction “m0” of the initial capital invested, considering an annual increase of the
cost equal to “gm” (i.e. the M&O annual inflation rate). An additional increase of the M&O cost,
related to the aging [11,12] of wind converters, is expressed by the term “mn/m0” .

Finally, the variable maintenance and operation cost depends on the replacement of “k0” major
parts of the installation, which have a shorter lifetime “nk” than the complete installation [10,13].
The symbol “rk” describes the replacement cost coefficient for each “k0” major part (rotor blade,
gear box, etc.,) of the installation, while “ lk” is the integer part of the following equation:

lk � �n�1
nk

� (15)

where “nk” takes values depending on the machine’s specific component examined along with
the technology status applied. Note also that “gk(t)” and “rk(t)” in Eq. (6) describe the annual
change of the price and the corresponding technological improvement level for the “k-th” major
component of a wind converter [4,13,14]. More precisely, the replacement cost may considerably
vary, compared with normal repair cost, imposing even the abandoning of the whole project in
particular cases.

On the other hand, during the “nk” years between two successive replacements of the “k-th”
major component of a wind turbine (e.g. rotor blades), the technological improvement may sig-
nificantly ameliorate (i.e. rk�0.1–0.3) the operational behavior of this component. Besides, in
certain cases, there is negative price inflation concerning the market price of a wind turbine’s
spare part, either due to economies of scale or to the manufacturing process upgrading [14].

Generally speaking, all replacement cost components tend to increase with the age of the tur-
bine, thus the necessary reinvestments start to dominate the total M&O cost after the first 10
years of the turbine life.

Following Eq. (7), the term “�(j)” describes the tax paid during only the “ j” year, mainly based
on the previous year revenues. According to the Greek tax law, “�(j)” depends on the law-defined
tax-coefficient, the net cash flow of the “ j�1” year, the depreciations of the investment, along
with the financial obligations of the enterprise [2].

Eventually, in order to evaluate the economic behavior of a wind power installation, one may
use the economic efficiency “h∗” (Eq. (8)) or the benefit to cost ratio “BCR” (Eq. (9)) of a wind
plant, further to the payback period of the investment [2,4,10]. In Eq. (8), “Y(n)” represents the
residual value of the investment, mainly due to amounts recoverable at the “n” year of the project
life (e.g. value of land or buildings, scrap or second hand value of equipment, etc.), along with
the corresponding technological know-how and the experience gained.

Conclusively, for investigating the life-time economic behavior of Greek State wind parks, one
needs the time-evolution of the local market financial parameters including the energy production
cost, the annual energy production along with the corresponding initial and maintenance and
operation cost values of each wind park. Using the above-mentioned information and applying
the already presented analytical model, one has the capability to estimate all the necessary finan-
cial parameters of the investments under investigation.
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3. Greek State wind parks data presentation

3.1. Greek State wind parks energy production

According to the existing official data (mid-2002), Greek State—via the State controlled Public
Power Corporation (PPC)—is in possession of 22 wind parks including 158 wind turbines of
various sizes, Table 1. The nominal power of PPC wind parks is almost 37 MW, while a small
number of wind turbines (3–5) have been out of order for quite a long time, being practically aban-
doned.

More specifically, the commercial wind parks of PPC may be divided into six categories, i.e.:

1. Twenty-four machines of rated power of 55 kW, installed in Samothrace, Ikaria, Karpathos
and Limnos since 1990. These wind turbines (WM-15S) belong to the second generation, pro-
duced during the mid 1980s by Windmatic.

2. Twenty-six machines of rated power of 100 kW (WM-19S), installed in Limnos, Chios and
Samos since 1991. These wind turbines were also manufactured during late 1980s by the old
Danish company Windmatic, absorbed by Vestas in 1990.

Table 1
Main characteristics of Greek State wind parks

Name of wind park and Start up Wind turbine model Number (z) of wind Rated power N0

location turbines (kW)

1 Kithnos-I Aug. 1990 Aeroman 5 33
2 Kithnos-II Nov. 1999 Vestas V-39 1 500
3 Samothrace Nov. 1990 Windmatic WM-15S 4 55
4 Ikaria (Perdiki) Aug. 1991 Windmatic WM-15S 7 55
5 Karpathos-II (Agios Ioannis) Oct. 1991 Windmatic WM-15S 5 55
6 Limnos-I (Vounaros) Jun. 1992 Windmatic WM-15S 8 55
7 Limnos-II (Vigla) Jul. 1992 Windmatic WM-19S 7 100
8 Samos-I (Marathokambos) Jul. 1991 Windmatic WM-19S 9 100
9 Chios-I (Potamia) Dec. 1992 Windmatic WM-19S 10 100
10 Andros (Kalivari) Jul. 1992 Vestas V-27 7 225
11 Samos-II (Pithagorio) Aug. 1992 Vestas V-27 9 225
12 Psara (Agios Ilias) Dec. 1992 Vestas V-27 9 225
13 Chios-II (Melanios) Jan. 1993 Vestas V-27 11 225
14 Lesvos (Apolithomeno) Nov. 1999 Vestas V-27 9 225
15 Sitia-I (Moni Toplou) Jan. 1993 HMZ Windmaster 300 17 300
16 Euboea (Marmari) Jul. 1992 HMZ Windmaster 300 17 300
17 Mikonos (Faros) Jun. 1986 Micon-108 1 108
18 Karpathos-I Feb. 1987 HMZ-175 1 175
19 Skiros (Aspous) Nov. 1992 – 1 100
20 Sitia-II (Moni Toplou) Dec. 1993 Tacke TW-500 2 500
21 Sitia-III (Moni Toplou) Apr. 1995 Nordtank NTK-500 1 500
22 Sitia-IV (Mitato) Jun. 2000 NEG-Micon NM600 17 600

Total 158 36 993
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3. Forty-five machines of rated power of 225 kW, operating in Andros, Samos, Psara and Chios
since 1992–1993. The last nine machines were recently (1999) installed in Lesvos, almost 6
years later than scheduled. All these machines are the well-known V27 wind turbines manufac-
tured by Vestas.

4. Two twin wind parks of 17 HMZ/Windmaster-300 wind turbines each, situated in Euboea and
Sitia of Crete, respectively. Both wind parks suffered from major blade failures, since their
first year of operation; thus, the old blades were replaced by new ones in 1999.

5. The most recent and biggest wind farm of PPC (10.2 MW) erected in 1999 at Mitato of Sitia,
using 17 × 600 kW NEG-Micon stall controlled wind converters.

6. Several isolated wind turbines, like the 2 × 500 Tacke (TW-500) and the 1 × 500 Nordtank
(NTK-500) situated in major Sitia area, the six engines (5 × 33 Aeroman and 1 × 500 V-39)
operating in Kithnos island and three abandoned wind turbines in Karpathos, Mikonos and
Skiros islands.

In Table 2, the life-long annual energy production is sited for all these installations, according
to the official data announced by PPC [15]. In Fig. 1, the corresponding capacity factor time-
evolution for each of the above subgroups is presented. A general conclusion drawn from these
distributions might be the remarkable variability of the corresponding capacity factor, not justifi-
ably explained by the annual changes of the wind potential. On top of that, between 1993 and

Table 2
Annual energy production (MWh) of Greek State wind parks for the (1990-2001) period

Wind park zN0 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 Total
(kW)

1 Kithnos-I 165 204 116 197 236 122 119 165 55 116 98 39 1467
2 Kithnos-II 500 – – – – – – – – 53 679 806 1538
3 Samothrace 220 86 205 182 419 138 152 264 532 517 652 696 3843
4 Ikaria 385 205 201 338 1156 1071 760 1296 1298 1079 1145 1095 9644
5 Karpathos- 275 5 280 267 1043 185 104 1133 1259 1203 1174 1226 7879

II
6 Limnos-I 440 – 218 533 612 74 0 151 553 538 809 891 4379
7 Limnos-II 700 – – 549 733 215 359 690 731 896 951 718 5842
8 Samos-I 900 – – 543 1997 330 1593 3146 2578 2343 2460 3021 18 011
9 Chios-I 1000 – – 540 2000 1813 1254 1015 2011 1858 1605 1248 13 344
10 Andros 1575 – 2227 4830 5336 4222 4904 5003 3512 3903 4504 4800 43 241
11 Samos-II 2025 – 2163 5736 6310 6348 5915 4868 4381 4575 5592 5696 51 584
12 Psara 2025 – 515 4161 5300 5014 5043 5155 4943 4935 4739 4803 44 608
13 Chios-II 2475 – – 5878 6783 6597 6219 5594 7029 6390 5926 6521 56 937
14 Lesvos 2025 – – – – – – – – 1733 6569 4847 13 149
15 Sitia-I 5100 – – 11 524 0 0 0 260 9748 14 000 15 193 14 775 65 500
16 Euboea 5100 – – 9887 0 0 0 0 0 9398 13 775 10 643 43 703
17 Sitia-II 1000 – – – 2793 2337 2720 2650 1600 1165 1333 1888 16 486
18 Sitia-III 500 – – – – 1147 1173 1609 1708 1522 1817 1479 10 455
19 Mitato 10 200 – – – – – – – – – 22 267 37 447 59 714

Total 500 5925 45 205 34 858 29 733 30 425 32 999 41 938 56 224 91 288 102 639 471 734



1382 J.K. Kaldellis / Energy 28 (2003) 1375–1394

Fig. 1. Capacity factor distribution for the main Greek State wind parks.

1998, the capacity factor of State owned wind parks has been unexpectedly low, presenting how-
ever a significant amelioration during the last 3 years [6,16,17].

In this context, the annual energy production of Greek State wind parks—given in Fig. 2—
varies between 35 and 103 GWh, representing merely a small percentage (0.2%) of the national
electricity consumption.

3.2. Local power stations electricity production cost

The geographic distribution of Greek State wind parks, Fig. 3, clearly asserts that all the instal-
lations—except the Marmari Euboea wind park—are situated in windy Aegean Archipelago
regions, and more precisely in island electrical networks. This fact is very important as far as the
corresponding electricity production cost in these areas is concerned.

Generally speaking, the electricity production cost for the remote Greek islands majority is
extremely high [18] due to the aged autonomous (thermal) power stations “APS” used. More

Fig. 2. Annual energy production and installed wind power capacity time-evolution for Greek State wind parks.
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Fig. 3. Greek State wind parks locations (mid-2002).

precisely, the mean production cost of the Greek APS is more than double the corresponding
marginal cost of the Greek PPC, Fig. 4. Additionally, for the most islands possessing a wind
park, the electricity production cost is even higher—see also Fig. 5—approaching values of the
order of 0.25 Euro/kWh, while the fuel cost is responsible [5,7] for almost 50% of this charge.
According to the official data provided by PPC, the mean electricity production cost in big islands
(Crete, Lesvos, Chios and Samos) is of the order of 0.1 Euro/kWh, while for small islands
(Kithnos, Andros, Limnos, Karpathos, Ikaria and Samothrace), it approaches almost 0.3
Euro/kWh.

Considering the information given in Figs. 1 and 5, it is possible to estimate the wind park
revenues on the basis of their energy production and their local network corresponding electricity
production cost; see also Eqs. (2), (3) and (11). An alternative approximation adopted by other
researchers is to utilize only the marginal cost of PPC in order to estimate the wind parks income.
However, it is our belief that for every wind power station, one should consider not only the
particular installation and operation cost function, but also the corresponding energy production
cost value.
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Fig. 4. Electricity production cost time-variation in Greece.

Fig. 5. Electricity production cost for selected Greek Island, official data.

3.3. Wind parks’ total operational cost function

For the estimation of total operation cost time-distribution of Eq. (4), one may use the PPC
historical records, concerning the expenditures of every wind park. Unfortunately, the correspond-
ing records are not enlightening enough, as in many cases, they include complex information in
different time than the cost realization. On top of that, in several cases, the local wind park
operation and maintenance costs are incorporated into the entire APS relative cost value [5]. For
this reason, the proposed examination is based on the analytical model developed by the authors
for Greek wind parks [2,4,10]. Since this model describes an average financial behavior of local
wind parks, any fiscal peculiarity of all these installations encountered should be also taken
into consideration.

In this context, using the results of a comprehensive market survey by the authors [4,19], the
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specific ex-work price “Pr” of a wind turbine—belonging in a wind farm of “z” machines—can
be approached by a function of the machine rated power “N0” compared with the optimum com-
mercial value “N∗

0(t0)” of the wind park erection time period “ t0” ; thus:

Pr(t0) � [fN(n) � c
·(1 � e1·e�e2·(t0�1990))]·sp(z) (16)

with c
 = 700 Euro /kW, �1 = 0.7 and �2 = 0.125. Besides, the relative size “n” of the wind
turbines used, in comparison with the optimum (best seller) wind turbine size for each year
“N∗

0(t0)” , is defined as:

n �
N0

N∗
0(t0)

(17)

where

N∗
0(t0) � AN·eBN·(t0�1990) (18)

and AN = 226.12, BN = 0.1786. Subsequently, “sp(z)” takes into account the number of wind
turbines “z” constituting the wind farm under examination. Hence, the following relations are also
valid [4] for the local market:

fN � 566·e�n/0.35�132.5 � 100·n (19)

sp(z) � 1.08�0.08 log(z) (20)

The balance of plant cost includes foundation cost, electrical interconnection cost, land pur-
chase, planning cost, approvals, infrastructure, management of the project and grid connection
cost. Usually, the balance of plant cost is expressed as a fraction “ f” of the wind turbines ex-
works price. This additional cost depends on the number and size of the machines in the wind
park, along with the exact location of the wind power plant, i.e. “ f = f0·sf” ; see also Fig. 6.

Besides, a number of items—like foundation cost, electrical interconnection cost, access
tracks—decrease with the size or number of the machines. Thus, in cases of large wind farms
(z � 10), the site infrastructure cost “sf” is spread over a bigger number of machines, reducing
the unit cost. On the other hand, for tiny wind parks, a small balance of plant cost increase is
encountered; see for example Eq. (21):

sf(z) � �0.075·(log(z))2�0.075·log(z) � 1.15 (21)

Fig. 6. First installation cost coefficient for Greek market.
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Using the above-described closed analytical model, the first installation cost expressed as:

IC0 � z·Pr·N0 � (sf·f0)·(z·Pr·N0) (22)

is a function of the project realization time “ t0” , along with the machines’ used rated power “N0”
and number “z” , also depending (see value scattering of Fig. 6) on the selected wind park location
and the corresponding infrastructure situation.

Similarly, the cost related to maintenance, repairs, insurance, leases, management, etc., signifi-
cantly contributes to the total operation cost of the installation. The application of modern design
and improved construction techniques, along with the experience gained during the last 20 years,
lead to more efficient and reliable installations. The direct result of this evolution is a remarkable
decrease of M&O cost, especially for medium- and large-scale machines.

Using the work presented by many authors, see for example [10,11,12,20], the following
expression is assumed valid:

m(t) � m0(t0,z)·
mn

m0

(t) � d (23)

where m0(t0, z) depends on the technological status and the number of the wind turbines used,
along with the accessibility of the wind park (distance, weather conditions, infrastructure,
island/mainland, etc.), Fig. 7. Accordingly, as indicated by various research groups gathered data,
the time-variation of “m” is to a certain extent determined by the age of the turbines “t” . More
precisely, the warranty of the turbine manufacturer implies low-level expenses during the first
couple of years. After the 10th year, however, larger repairs are required, actually dominating the
picture “x(t)” ; see also Fig. 8.

Keeping also in mind that “d” corresponds to the insurance cost of the installation, it is usually
constant for a considerable part of the total wind turbine lifetime. Unfortunately, the local market
does not offer any insurance contracts for wind parks until recently, thus d�0. Consequently,
applying the above analysis in Eq. (23), one gets:

m(t) � m0(t0,z)·�1 �
x(t)
m0

� (24)

Summarizing, operation and maintenance (M&O) costs constitute a sizeable share of total

Fig. 7. M&O cost coefficient time-variation for new wind parks in Greece.
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Fig. 8. M&O cost coefficient increase versus operation time in Greece.

annual costs of a wind power application, especially in Greek State wind parks, since their first
installation cost was strongly subsidized (up to 65%) by European Commission funds.

3.4. Local market economic parameters time-evolution

As it is well accepted, the electricity price escalation rate and the capital cost are purely econ-
omic parameters; therefore, their time-evolution can be investigated by using historical data. More
precisely, the capital cost depends on the investment opportunities, the timing of repayment, the
risk of the investment and on any State or European subsidies. According to the existing analysis
[14,21], the capital cost is the sum of the inflation premium “g” , the pure time-preference “ ib”
and the risk premium “di” depending on the risk “r” of the investment undertaken (e.g. r = r1),
thus:

i� � g � ib � di(r) (25)

In cases of soft loans, e.g. State guarantee, r1→0. Additionally, the annual amount of money
required by the investor—so as to invest his own capital “ i”— is defined as the “ return on invest-
ment” and is given by Eq. (25). This economic parameter depends on factors similar to those of
the capital cost parameter, although it additionally reflects the expectation of the single investor
along with his own abilities and chances to invest money. For State controlled investments, gain
expectancy is not the vital target, hence one may assume that i��i.

Accordingly, the inflation rate “g” expresses the tendency of everyday-life cost to increase and
it is quantitatively approximated by the average rise in price levels. Similarly, the M&O cost
inflation rate “gm” describes the annual increase of the M&O cost, taking into account the annual
changes of labor cost and the corresponding spare parts.

Finally, the term “electricity price escalation rate” , replacing here the more widely used term
of “ fuel escalation rate” , describes the annual rate of change of the electric energy market price,
see Fig. 5, since the wind energy produced by the wind power station under investigation replaces
electricity production by thermal power stations of PPC. The evolution of all these parameters
(i, i�, g, gm) is given in Fig. 9, for the period 1985–2001, based on the tracks of Greek economy.
Recapitulating, the time-variation of all necessary parameters of Eqs. (1), (2) and (4) has been
recorded. Thus, it is possible to accurately estimate the payback period and the economic
efficiency of any wind park in Greece, using the analysis of Sections 2 and 3.
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Fig. 9. Time-evolution of selected economic parameters of local market.

4. Application results

After a thorough inspection of the information given in Tables 1 and 2, one may easily conclude
the following:

� The wind turbines of Mikonos, Karpathos-I and Skiros have never operated commercially; thus,
their revenues are practically zero.

� The wind parks of Euboea and Sitia-I (17 × 300 kW) became operative only after 1999. In
these cases, both projects should present significant loss, since they have been commissioned
since 1992.

� The wind parks of Kithnos-II (1 × 500 kW), Lesvos (9 × 225 kW) and Sitia-IV (17 × 600
kW) started operating recently; hence, there is not enough operational time in order to check
their financial viability.

� For all other installations, there are sufficient data to study their financial behavior, since they
have been operating for approximately 10 years.

In this context, the first wind park analyzed is the Kithnos Island one, which is also the oldest
Greek State wind power station, based on five 33 kW two-bladed wind converters. As it is obvious
from Fig. 10, after 11 years of operation, this wind park still presents negative BCR value, which

Fig. 10. Time-evolution of Kithnos wind park financial results.
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Fig. 11. Time-evolution of Karpathos wind park financial results.

is gradually worsening after 1995. This poor financial behavior can be mainly attributed to the
unsatisfactory energy production (Table 2) of the station. One must bear in mind that Kithnos
Island possesses medium quality wind potential and the machines used belong to the second
generation, presenting thus often major failures.

This is not the case for the Karpathos-II 5 × 55 kW wind power station, Fig. 11, which not
only reimburses the initial State capital invested, but also presents significant revenues in constant
terms. Hence, according to the detailed financial results of Fig. 11, following an unstable behavior
up to 1996, the results during the last 5 years are definitely positive, although the machines used
are the outmoded WM-15S ones.

Unfortunately, Karpathos-II wind park is the only one out of the four PPC wind parks—based
on 55 kW machines—that clearly presents positive balance. As Fig. 12 reveals, the other three
wind parks reveal financial loss, being almost zero for Ikaria installation. The most negative
evolution is encountered for Limnos 8 × 55 kW wind farm, since the BCR is continuously drop-

Fig. 12. Time-evolution of WM-15S Greek State wind parks financial efficiency.
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Fig. 13. Time-evolution of Limnos (8 × 55 kW) wind park financial results.

ping, exceeding the (�25%) value. After a closer inspection of its financial data, Fig. 13, one
may observe that the wind park revenues were inferior to the corresponding maintenance and
operation cost, yet from its first year of operation.

Accordingly, the life-long financial behavior of the three PPC wind parks based on the 100
kW WM-19S wind converters is investigated, Fig. 14. Based on the information analyzed, all
three wind power stations present negative economic efficiency (BCR less than �12%). On top
of that, the wind parks of Limnos (7 × 100 kW) and Chios (10 × 100 kW) present continuously
increasing loss; therefore, these installations have almost no opportunity to return the State capital
invested (35% of the initial cost). In fact, their annual maintenance and operation cost is hardly
covered by the corresponding energy revenues.

The financial behavior of the third State owned wind park subgroup—based on V27/225 kW
wind turbines—has relatively improved; Fig. 15. However, even for these comparatively modern
machines, net gains are encountered for two of them (Andros and Samos), while the other two
wind power stations (Chios and Psara) do not seem to reimburse the capital invested during their
operational life. More specifically, the Andros wind park—taking advantage of the excellent wind

Fig. 14. Time-evolution of WM-19S Greek State wind parks financial efficiency.
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Fig. 15. Time-evolution of V27/225 Greek State wind parks financial efficiency.

potential of the island—has a payback period (Fig. 16) of only 5 years; thus in 2001, the corre-
sponding BCR value exceeds the 12%, despite the remarkable increase of the corresponding
M&O cost.

The last two cases examined concern the two small installations in Sitia-Crete, based on 2 ×
500 kW and 1 × 500 kW wind turbines. According to the results of Figs. 17 and 18, both invest-
ments show positive behavior, although the 2 × 500 kW one has not yet reimbursed the State
capital invested. More precisely, for the 1997–2000 period, the BCR distribution stopped increas-
ing, since one out of the two machines faced major problems that were not promptly confronted.
On the other hand, the second installation (1 × 500 kW) presents very positive results, since its
payback period is only 5 years and the corresponding BCR value (in 2001) is almost 14%.

5. Discussion of the results

Considering the financial evaluation results of the Greek State wind parks, based on the avail-
able official information and the cost–benefit model developed by the authors, one has the opport-

Fig. 16. Time-evolution of Andros wind park financial results.
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Fig. 17. Time-evolution of Sitia-II (2 × 500 kW) wind park financial results.

Fig. 18. Time-evolution of Sitia-III (1 × 500 kW) wind park financial results.

unity to infer several conclusions. In this context, the payback period and the corresponding
BCR2001 values of all wind power installations analyzed are summarized in Table 3. As a general
conclusion, one may clearly declare that the Greek State wind power program led to substantial
financial loss. The problem is much more severe, as more than 50% of the capital spent in most
wind power investments are derived from EU financial support. Besides, the Greek State monopol-
izes [2,16,17] the energy production facilities up to 1994 (law 2244/94), while all the PPC wind
parks are located in excellent wind potential areas. Therefore, in normal operation conditions,
capacity factors exceeding the 40% are expected; see for example Fig. 1. Finally, during the cost–
benefit analysis, it is taken into account the local APS marginal production cost and not the quite
lower marginal electricity production cost of PPC; Fig. 4.

More specifically, wind parks with positive BCR value in 2001 are only: the old wind park of
Karpathos (5 × 55 kW WM15S), the wind parks of Andros and Samos based on V27/225 kW
machines and the 1 × 500 kW wind park of Sitia. One must bear in mind that these installations
have been created in different time periods, using various wind converters models. The common
characteristic of these profitable investments is that they all operate in regions with mean annual
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Table 3
Main financial results of Greek State wind parks

Wind park location Start up Payback year BCR2001 (%)

1 Kithnos-I Aug. 1990 Not expected �14
2 Samothrace Nov. 1990 2003 expected �2.8
3 Ikaria (Perdiki) Aug. 1991 (mid) 2002 �1.5
4 Karpathos (Agios Ioannis) Oct. 1991 (mid) 1999 12.8
5 Limnos-I (Vounaros) Jun. 1992 Not expected �25.5
6 Limnos II (Vigla) Jul. 1992 Not expected �21.2
7 Samos-I (Marathokambos) Jul. 1991 Not expected �11.8
8 Chios-I (Potamia) Dec. 1992 Not expected �22.4
9 Andros (Kalivari) Jul. 1992 1997 12.1
10 Samos-II (Pithagorio) Aug. 1992 (mid) 2000 3.5
11 Psara (Agios Ilias) Dec. 1992 Not expected �9.1
12 Chios-II (Melanios) Jan. 1993 Not expected �6.8
13 Sitia-II (Moni Toplou) Dec. 1993 (mid) 2003 expected �4.3
14 Sitia-III (Moni Toplou) Apr. 1995 1999 13.2

wind speed exceeding the 9.5 m/s at hub height. Finally, all these wind parks present continuously
increasing gains, a fact that supports the continuation of their operation for the next 5–10 years.

Among the rest unprofitably operating State owned wind parks, Ikaria (7 × 55 kW) and Sitia-
II (2 × 500 kW) installations are very close to their payback period. On the contrary, Limnos-I
(8 × 55 kW), Limnos-II (7 × 100 kW), Chios-I (7 × 100 kW) and Kithnos (5 × 33 kW) wind
power stations operate with increasing loss, since their annual revenue is unable to cover the
corresponding M&O operational cost.

Lastly, the Samothrace 5 × 55 kW, Samos 9 × 100 kW, Chios 11 × 225 kW and Psara 9 ×
225 kW wind parks have a constantly unprofitable operation during the last 5 years and it is quite
difficult to payback the State capital invested. Their energy revenue clearly covers the M&O cost;
however, sufficient savings to compensate their initial capital are unobtainable.

6. Conclusions and proposals

An extensive financial analysis of the entire Greek State wind parks is carried out, taking into
account the life-long variation of every wind power installation parameter. This investigation is
based on a well-elaborated and integrated cost–benefit model developed by the authors and prop-
erly adapted to the local market situation. On top of that, the time-evolution of the local market
financial parameters is also included, using official data.

According to the calculation results, the Greek State wind parks present substantial financial
loss, despite the existing advantageous conditions. The two main reasons for this unexpected
financial behavior are the low energy production of most wind power plants and their long-lasting
failures; both justified by the extremely poor technical availability (�33%) of these installations.

Considering the European and local electricity market deregulation, there is no place for State
controlled loss-making power stations. In this context, one should seriously examine the possibility
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to replace the old-fashioned small wind turbines with new and bigger machines that take really
advantage of the excellent wind potential and the experience gained, in order to guarantee positive
financial results and higher contribution of clean wind energy to the national electricity pro-
duction market.
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