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ABSTRACT
In 1982, the Greek State started an ambitious wind energy exploitation program for that

period, via the State owned Public Power Corporation. Now this 20 year effort faces serious

obstacles and drawbacks, with an installed wind power capacity of only 37 MW. This paper

analyses the life-long energy production of State owned wind power installations, with

respect to the available wind speed data. A significant result is the erratic time-variation of

the wind power production, not justified by the corresponding wind speed changes. In

addition, the technical availability of most State wind parks has been rather low, despite

significant improvement during the last five years. The overall conclusions have importance

within the new liberalized European electricity market.

1. INTRODUCTION
During the last twenty years, the rate of increase of Greek electricity consumption was at least

4%/y. However, the rate of increase of maximum (peak) load of most electrical networks

(mainland, Crete, Rhodes etc.) was even greater, approaching 6-8%/y [1]. The situation is even

more pressing for the Greek small islands, operating with autonomous thermal power stations

(APS). On these islands for decades, the corresponding annual rates of increase have been 2

or 3 times the above mentioned values [2]. Moreover, the energy production cost for the

majority of the remote APS is extremely high [3], being about 1 /kWh. In contrast, the

corresponding Greek Public Power Corporation (PPC) marginal production cost is less than

0.1 /kWh. Finally, it is well established that Greece possesses one of the best wind potentials

in Europe, since in several Aegean Sea locations the local long-term average wind speed, at

10m height, is 8 to 10m/s.

Considering this situation in 1982, the Greek State then activated an ambitious wind

energy exploitation program, via the State owned PPC [4]. This 20 year effort has faced

serious obstacles and controversies, reaching now only 37 MW total installed wind power

capacity. In this study, the long-term energy production of State-owned installations is

investigated, with respect to the available local wind speed data.

2. BRIEF HISTORICAL EVOLUTION OF GREEK WIND POWER STATIONS
The first Greek wind park was created on Kithnos island in 1982. This park was a 5 x 20 kW

pilot wind project, based on two-bladed MAN (Aeroman) wind converters of the first

generation. These machines were replaced in 1990 by 5 x 33 kW wind turbines of the same

manufacturer. Between 1982 and 1990, no significant State wind energy activity was

encountered, excluding two ineffective installations on the islands of Mikonos (1 x 108 kW
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Micon) and Karpathos (1 x 175 kW HMZ). Both of the latter machines soon presented major

failures that finally suspended their operation. 

A significant number of wind projects were realized during 1990-1993, when 122 commercial

wind turbines were installed throughout Aegean Archipelago, with the financial support of E.C

(figure 1). This remarkable activity, at that period, included the installation of [4]:

a. 24 x 55 kW Windmatic 15S or AIOLOS-55, and 26 x 100 kW Windmatic 19S or

AIOLOS-100 wind converters. These installations resulted from a problematic State

project, started in 1985 and initially scheduled to stimulate the local wind turbine

manufacturing industry.

b. 36 x 225 kW Vestas V-27 wind turbines. Another 9 machines, initially designated for

Lesvos island, were finally installed in 1999, after a long-lasting legal dispute with

local authorities.

c. 34 x 300 HMZ/Windmaster wind turbines, constituting the two (17+17) largest wind

parks of that period in the entire Mediterranean region.

d. 2 x 500 Tacke TW-500 machines, being by far the largest wind turbines in Greece at

that time.

Figure 1. Existing state owned wind parks in Greece (end 2000)
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In 1994, after the new Renewables Law was voted by the Greek parliament, the PPC

domination in local electricity market was disputed; hence all the wind energy exploitation

activities were frozen. During this perplexing period, only two isolated wind turbines were

installed in all of Greece by the PPC, i.e. 1 x 500 kW Nordtank NTK-500 in Sitia of Crete

(1995) and 1 x 500 kW Vestas V-39 in Kithnos hybrid station (1999). Only relatively recently,

in mid-2000, did the first medium-sized commercial application occur. This was in

Sitia/Crete (17 x 600 kW NEG-Micon), within the new liberalized European electricity

market situation.

3. REGISTRATION OF GREEK WIND TURBINES DATA
Since 1997, the Soft Energy Applications and Environmental Protection Laboratory (SEA &

Envi-Pro Lab) has registered all wind turbines with their location, operational characteristics

and photograph [5, 6]. This is an attempt to record the developing history of the Greek national

wind power program and to investigate the corresponding energy production records. This

information includes the main characteristics of all the existing PPC wind turbines, Table I. As

it is clear from this table, there exist 149 (146+3) PPC owned wind turbines with a total rated

power equal to 37 MW. Their production during 2001 was 102.6 GWh, representing only 0.2% of

the national electricity consumption.

From our records, Figures 2, 3 and 4 show a general view of the first commercial wind park

in Greece (Samothrace wind park) and two representative wind parks (7 x 225 kW in Andros

island and 17 x 300 kW in Marmari of Euboea). Our database also includes photographs of

each individual wind turbine. 
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Table I. State Owned Wind Parks in Greece
Location Start Up Rated Power(kW) Energy Production 

for 2001 (MWh)
1 Kithnos-I Aug. 90 5x33 39
2 Kithnos-II Nov. 99 1x500 806
3 Samothrace Nov. 90 4x55 696
4 Ikaria (Perdiki) Aug. 91 7x55 1095
5 Karpathos (Agios Ioannis) Oct. 91 5x55 1226
6 Limnos-I (Vounaros) Jun. 92 8x55 891
7 Limnos II (Vigla) Jul. 92 7x100 718
8 Samos-I (Marathokambos) Jul. 91 9x100 3021
9 Chios-I (Potamia) Dec. 92 10x100 1248
10 Andros (Kalivari) Jul. 92 7x225 4800
11 Samos-II (Pithagorio) Aug. 92 9x225 5696
12 Psara (Agios Ilias) Dec. 92 9x225 4803
13 Chios-II (Melanios) Jan. 93 11x225 6521
14 Lesvos (Apolithomeno) Nov. 99 9x225 4847
15 Sitia-I (Moni Toplou) Jan. 93 17x300 14775
16 Euboea (Marmari) Jul. 92 17x300 10643
17 Mikonos (Faros) Jun. 86 1x108 out of order
18 Karpathos Feb. 87 1x175 out of order
19 Skiros (Aspous) Nov. 92 1x100 out of order
20 Sitia-II (Moni Toplou) Dec. 93 2x500 1888
21 Sitia-III (Moni Toplou) Apr. 95 1x500 1479
22 Sitia-IV (Mitato) Jun. 00 17x600 37447
TOTAL 36993 102639
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Figure 2. Samothrace (4x55kW) Wind Park general view

Figure 3. General view of Andros Wind Park (7x225kW)

Figure 4. General view of Marmari-Euboea Wind Park (17x300kW)
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4. WIND PARK ENERGY PRODUCTION ANALYSIS
Using previous work by the authors [5, 7], wind park energy production is a function of: (a) the

local wind potential, (b) the existing atmospheric conditions (temperature, pressure, humidity,

level of turbulence etc.), (c) the specific power curve of the machines used, i.e. output N = N(V),

with V wind speed. The net energy output E of a wind park over a time period Dt (e.g. Dt =

8760h/y, with E in kWh/y) based on z similar engines of rated power No is given as:

E = CF · z No · Dt (1)

where the capacity factor, CF, is expressed [5, 8] as the product of the mean technical

availability factor D and the mean power coefficient v of the installation, i.e.:

CF = D · v (2)

The mean power coefficient v -expressing the time (yearly)-averaged energy production

during an hour per kW of nominal power of the machine (VC cut-in and VF cut-out wind speed

of a machine)- is defined by :

v = 
Vc

e
VF

· f(V) · dV (3)

where the probability density function f(V) describes the local wind potential. In general, f(V)

is expressed using the well known [9] Weibull distribution, hence v -for a given wind turbine

power curve N(V)- is primarily a function of Weibull mean wind speed parameter C and the

corresponding shape factor k, where:

f(V) = · 3 4
k–1

· exp3–1 2
k

4 (4)

Figure 5. Mean power coefficient distribution vs Weibull parameters

Using this analysis and recent work [5] by the authors, the expected mean power

coefficient distributions are presented in figure (5) for WM-15S, WM-19S, Windmaster-300, V-

27/225 and NEG-Micon 600 wind converters respectively, constituting the vast majority of the
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PPC commercial wind parks. From all these figures, see also [5, 10], the installation mean

power coefficient is almost linearly depending on the area mean wind speed (V
—

< 0.9C). On

the other hand, the effect of k is quite restricted, especially in the 8.0 m/s to 9.5 m/s range of

C, in which the majority of existing wind park locations belong.

According to equations (1) and (2), the relative variation of annual energy yield of every

wind power-station may be expressed as:

= + + + + (5)

Neglecting the occasional annual variation of Dt (Dt=8760h/y except during leap years

when Dt = 8784h/y), for constant wind turbine number of each wind park examined (i.e. dz =

0) and assuming that the rated power of each wind turbine is not noticeably affected by the

aging, one finally gets from equation (5):

= + (6)

In the following, the expected variation of v is estimated by using the available long-term

wind potential information. Accordingly, the expected wind energy output is calculated first

and subsequently the corresponding annual variation. Then, the results obtained may be

compared with the existing official energy production data for the entire set of Greek State

wind power stations. As it is obvious from equation (6), any energy production discrepancy

between the theoretical and the realized value should be attributed to the technical

availability deviation from the reference value, e.g. Dref = 90%.

5. METEOROLOGICAL DATA ANALYSIS
As already mentioned, the annual energy yield of a specific wind park mainly depends on the

available wind potential, expressed usually via the corresponding probability density

function. Hence, it is well established that the annual energy production can be fairly

estimated on the basis of the local mean wind speed, [5, 7, 10, 11].

For detailed energy production calculations, the complete wind speed time-series data for

every wind turbine at hub height is required along with the corresponding ambient pressure

and temperature. Unfortunately, all this information is not usually available, thus the expected

annual energy production is based on the well-known Weibull parameters long-term values.

More specifically, in the present investigation, a first estimation of the expected wind energy

production is needed. Thus only the variation range of Weibull parameters is really necessary.

For this purpose, the available long-term measurements by PPC [12] and the Hellenic

Meteorological Agency [13] are elaborated and the resulting values of C and k are

summarized in Table 2. In the same table, the expected specific annual energy production CF

is also given, using also the information of figure (5) and assuming a typical technical

availability reference value, i.e. Dre f = 90%. For more sophisticated calculations, the technical

availability model proposed by the authors [14] may be used instead.

Finally, if the annual energy production time variation is analyzed, see equation (5), one

may use the matching annual mean wind speed distribution, see for example figure (6), in

order to check whether the annual energy production profile follows the corresponding wind

potential variation.
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Figure 6. Time-variation of annual mean wind speed for various islands

6. ENERGY PRODUCTION ANALYSIS OF GREEK STATE WIND PARKS
The commercial Greek State wind parks can be divided into six groups [15]. The first group

consists of the 24 WM-15S (or AIOLOS-55) machines of rated power 55 kW, installed since 1990-

91 in the Samothrace, Ikaria, Karpathos and Limnos islands. These wind parks are the oldest in

Greece, while the Samothrace 4 x 55 kW installation is the first commercial wind park in

Greece, see also figure (2). According to the official data [15, 16] provided by PPC, up to 1997,

the capacity factor of all four-wind parks (see figure (7)) was unexpectedly low, i.e. mean CF

value equal to 15.3% for the initial operational years (1992-1996) of the turbines. Subsequently,

during the last five years there has been a remarkable capacity factor increase pushing the

(1997-2001) mean value above 30%. On the other hand, the ten-year CF average value is only

23.5%, at least 12% less than the expected value according to the available wind potential of the

areas investigated, Table 2 and figure (5).
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Table II: Expected and Realized Capacity Factor of Geek State Wind Parks
Location C (m/s) k Expected CF(%) Mean Value 

(Dref = 90%) Realized CF(%)
Kithnos 6.7±0.8 1.56 20-31 9.1
Samothrace 7.5±0.9 1.58 23-35 18.1
Ikaria (Perdiki) 9.3±0.7 1.68 31-39 28.0
Karpathos (Agios Ioannis) 10.5±0.8 1.73 36-48 36.6
Limnos-I (Vounaros) 8.8±0.7 1.94 29-36 13.4
Limnos II (Vigla) 9.1±0.6 1.87 34-41 10.6
Samos-I (Marathokambos) 10.8±0.8 1.94 41-47 25.4
Chios-I (Potamia) 8.9±0.7 1.57 31-37 16.9
Andros (Kalivari) 10.6±0.9 1.75 40-53 33.6
Samos-II (Pithagorio) 10.1±0.8 1.87 38-50 31.2
Psara (Agios Ilias) 9.7±0.8 1.63 37-43 27.6
Chios-II (Melanios) 9.3±0.6 1.48 34-39 29.5
Lesvos (Apolithomeno) 9.5±0.7 1.66 34-42 32.2
Sitia (Moni Toplou) 10.7±0.8 1.95 36-42 32.8
Euboea (Marmari) 10.1±0.7 1.78 33-38 26.7
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Figure 7. Time-evolution of energy production for WM-15S state wind parks

More specifically, regarding the WM-15S group, the wind parks of Karpathos (primarily)

and Ikaria present capacity factors that exceed 50% and 40% respectively, while the efficiency

of the other two installations is unusually poor. To be more precise, the capacity factor of the 8

x 55 kW Limnos wind park exceeded 20% for the first time during 2000; it had been operating

with CF values less than 15% for eight years previously! Note that, according to Table 2, a

minimum CF value of 29% is in accordance with the available local wind potential.

The second wind park group consists of 26 WM-19S (or AIOLOS-100) second generation 100

kW machines.  These were installed in three windy locations of Limnos, Chios and Samos islands,

in 1992, see figure (6). As in the previous group, during the first five operational years of the

installations there was a surprising variable annual energy production, figure (8), which can be

attributed only partially to the corresponding annual wind potential variation, figure (6). The

likely explanation is the several malfunctions of the machines used, not being properly installed in

reasonable time-periods, and so pushing the technical availability of the wind parks to very low

values [15]. As a result, the corresponding life-mean of CF is only 18.5%. Fortunately, during the last

five years there was a considerable improvement of energy production, thus the corresponding

mean value is almost 23%. Nevertheless, in all cases, the expected (Dref = 90%) energy output is

more than twice the value realized, see Table 2. The quality of the local wind potential is

demonstrated however, e.g. Samos island, by the 40% values of CF realized in 1997 and 2001.

The next group investigated, consists of 45 V27/225 kW wind turbines, already installed in

the Andros, Samos, Psara and Chios islands during 1992-93. The last nine machines were

recently installed in Lesvos (1999), after a long-lasting legal dispute between PPC and the

former president of Sigri, a nearby village, concerning the exact wind park location [1,17].

According to the official data, all wind parks (36 x 225 kW) present acceptable and

considerably constant energy production, figure (9), since the corresponding life-mean

capacity factor exceeds the 31%, while the annual CF variation does not exceed the ±20% of the

mean value. However, even for the most efficient wind park of the group, the Andros wind

park -figure (3), the expected (Dref = 90%) annual energy production varies between 40% and

53%, values that are considerably higher than the maximum realized CF value of the park, see

also Table 2. In any case, the operational behaviour of this third group is quite reasonable,

including also the recent Lesvos installation.
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Figure 8. Time-evolution of energy production for WM-19S state wind parks

Figure 9. Time-evolution of energy production for v27 state wind parks

The fourth State wind park group consists of two twin wind-farms of HMZ (Windmaster 300

kW) wind turbines, situated in Euboea (figure (4)) and Sitia of Crete. These two regions possess

excellent wind potential, since the corresponding mean wind speed at hub high approaches the

10.5m/s, Table 2. Unfortunately, both wind parks have been suffering from major blade failures

after their first year of operation, when their energy production was higher than expected.

After five years of legal dispute, the wind park constructor replaced the old wind blades by new

ones. Since then, the productivity of these installations has been encouraging, figure (10),

considering that a realistic CF value of these two stations should be at least 35%.

The next group includes the six wind turbines operating in Kithnos Island. This is the oldest

(pilot) wind park of Greece, based since 1990 on five Aeroman 33 kW small wind converters,

being part of the local hybrid station [18]. This installation was recently enhanced by a 500 kW

V-39 wind turbine, being nowadays the base of the local energy production system. Although

the wind potential of Kithnos is good, the capacity factor of the initial wind park was poor,
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figure (10), given that the long-term CF mean-value is just above 9%. Besides, the annual

energy production is gradually decreasing, partially attributed to the experimental operation

of the complete hybrid installation. In this context, the new V-39 turbine achieves also limited

CF values, not exceeding 18% in comparison with the 30% value expected.

Figure 10. Time-evolution of energy production for various state wind parks

Figure 11. Comparison between expected and realized energy production of greek state wind parks

The last group of wind turbines belonging to Greek State includes three isolated

commercial wind turbines, i.e. two TW-500 kW and one NTK-500 kW, situated in Sitia area,

along with the latest and largest PPC wind farm (16 NEG-Micon 600 kW) erected at Mitato of

Sitia also in 1999. All wind power installations of major Sitia area take advantage of the

excellent local wind potential, therefore their CF values vary in the region of 30% to 40%,

figure (10). During 1998-2000, one of the two TW-500 turbines faced major failure problems [15];

hence the resulting wind park energy production was reduced to half. Finally, the new 10.2

MW wind park reached CF values of more than 40%, being in accordance with the available

wind potential quality, Table 2.
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Summarizing, using figure (11), one may compare the expected wind energy production

(min-max values) and the realized values from the PPC wind farms in Greece. For practical

reasons, the operational time period is divided in two subgroups, i.e. 1991-1996 and 1997-2001.

As it is obvious from the data presented, there is a considerable energy production loss for the

majority of wind parks, encountered mainly up to 1997, although the machines used in that

period were new. Therefore during the life-long operation of State owned wind parks, more

than 300 GWh of clean electricity was not produced, since the corresponding wind turbines

were often out of service.

7. CONCLUSIONS
The time-variation of the energy production of the entire State-owned wind parks in Greece

has been studied. From official information, (1990-2001), the vast majority of wind power

stations failed to produce the output expected from the known records of wind speed. This

was mostly due to their reduced operational availability. In addition, the operational values of

capacity factor are in several cases unexpectedly low. Even for the most energy-efficient

power plants, there is a remarkable discrepancy between the normal/expected energy yield

(on the basis of the available wind potential and a realistic operational availability value) and

the real wind energy output. This discrepancy may be attributed to the unusually low

operational availability of these installations, it relates to the remote locations of most island

wind farms and to the institutional structure of the PPC.

On the other hand, after 1997 the energy production of almost all State wind parks

significantly improved. This verified the considerable energy production capabilities of all the

wind parks locations investigated. Note that until 1994 (and in practice to 1998) the State

controlled PPC has monopolized the local wind energy market, having the opportunity to find

and exploit the best wind potential regions in Greece. Thus, most PPC wind parks were

created in selected windy locations, where the long-term mean wind speed is more than

8.5m/s at 10m heights. The excellent wind potential of all these areas is in fact validated by

their high capacity factors reached during the last three years.

The life-long mean capacity factor of all the State wind parks (22%) is unsatisfactory. The

corresponding expected value should be at least 35%, taking into account the difficulties of all

island wind power installations. One of the most encouraging findings of our analysis is the

gradual rise of all these installations’ annual energy production, proving that a 35% capacity

factor value is a realistic target. At the same time, the situation of the local electricity

production market is now completely different form the early 90’s. Hence, after the

beginning of the European market liberalization, private investors have financially

attractive wind energy production opportunities. Therefore, a complete cost-benefit

evaluation of all the State-owned installations is necessary for the Greek society to select,

case by case, the most appropriate way for an improved wind energy contribution to the

national energy deficit.
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