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Abstract − This paper presents an accurate method for 
predicting the energy that a wind turbine can produce in a given 
location based on the Weibull distribution of the wind data. 
Furthermore, wind data collected in 97 Italian sites, quite 
homogenously placed throughout the country, are presented and 
elaborated from an energy viewpoint. The experimental data 
have been obtained from wind measurements during 30 years, 
which can be considered a significant period of time to 
characterize the climate in a site. At each station, wind data are 
processed in order to calculate the  available wind power density 
and some other parameters describing the temporal distribution 
of the wind energy, so as to quantify the energy fluctuations and 
the inactivity periods of the wind plant. Furthermore, in each 
site, the parameters of the Weibull distribution, giving  the best 
fit to the measured wind speed values, are determined so as to 
allow the calculation of the annual energy which can be actually 
provided by a wind turbine, once its Power coefficient is known 
as a function of the wind speed. Finally, the most interesting sites 
for intensity and regularity of the wind are identified and the one 
characterized by the greatest value of the available power density 
is analysed in detail by describing the temporal distribution of 
the monthly and hourly available energy. 

Keywords − Wind speed; Wind power density; Wind turbine; 
Hybrid Weibull distribution. 

I.  INTRODUCTION 
Wind energy is one of the oldest kinds of energy used by 

humans. Already 5000 years ago,  the Egyptians used wind for 
sailing. Then, wind energy was used for grinding grain and 
pumping water. The discovery of oil and thermal engines 
caused the nearly complete disappearance of the use of this 
kind of energy. However, in the last decades, renewable energy 
sources, like wind energy, have excited a particular interest, 
due to the growing sensibility towards the ecological problems 
caused by fossil fuels. Directive 2009/28/EC of the European 
Parliament and Council promotes the use of renewable energy 
and establishes, for each Member State, a target of energy 
consumption from renewable sources coherent with a 20% 
share of energy from renewable sources in overall Community 
energy consumption by 2020. 

In recent years, a significant growth in the number of the 
wind turbines installed in the world has occurred. Most of the 
wind machines, about 40% of the overall installed power, are 
located in Europe, especially in Germany, Spain, UK, Italy and 

France, while the rest are mostly situated in the China, USA 
and India [1-3].  

The wind turbines diffusion is due to the reduction of the cost 
per unit of energy produced, thanks to the progress in wind 
turbines design, which has produced greater efficiency, lower 
construction costs and higher wind turbine reliability. So wind 
energy has become an energy source exploitable at costs 
similar to those of fossil fuel power plants. However, a wind 
power plant can be profitable only if the location and the wind 
turbine are appropriately chosen. 
To assess the profitability of a wind power plant in a given 
location, the amount of energy the wind turbine could generate 
in a year must be foreseen. This prediction is a difficult and 
complex operation, because it depends on both the wind 
turbine features and the statistical characteristics of the winds 
that blow in that location. In a given site, the wind speed is not 
constant and an average value alone cannot predict the amount 
of energy that a wind turbine could produce. To predict this 
amount of energy, it is necessary to assess the probability 
density function which best fits the frequency distribution of 
the wind speed measured over a long enough period of time. 
Various probability density functions, such as Gamma, 
Lognormal, three parameter Beta, Rayleigh and Weibull 
distributions have been proposed [4-11], however, many 
analyses and investigations have concluded that the Weibull 
distribution is normally the best model to fit the real wind data 
[11-14]. 
This paper presents an accurate method for predicting the 
energy that a wind turbine can produce in a given location 
based on the Weibull wind speed distribution. Furthermore, 
wind data collected in 97 Italian sites, quite homogenously 
placed throughout the country, are presented and elaborated 
from an energy viewpoint. At each station, wind data are 
processed in order to calculate the  available wind power 
density and some other parameters describing the temporal 
distribution of the wind energy, so as to quantify the energy 
fluctuations and the inactivity periods of the wind plant. 
Furthermore, the Weibull distribution parameters are 
determined in order to allow the calculation of the annual 
energy which can be actually provided by a wind turbine. 
Finally, the most interesting sites for intensity and regularity 
of the wind are identified and the one characterized by the 
greatest value of the available power density is analysed in 
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detail by describing the temporal distribution of the monthly 
and hourly available energy.  

 

II. THE WIND DATA 
The wind data recorded by the Meteorological Service of 

the Italian Air Force are the most systematically collected wind 
data for long periods on the whole Italian territory. Though the 
meteorological stations are located in particular sites, mostly 
near airports, their wind data can provide useful information of 
wider validity. In this work, the measurements collected in 
ninety-seven sites, quite uniformly distributed throughout the 
territory, are analysed. In Fig. 1, the meteorological stations are 
shown; the adopted numeration of the sites mostly increases 
southwards.  

The experimental data are the joint frequency distributions 
of the wind speed and wind direction. The wind speed values 
(0-33 m/s) are divided into nine classes, while the values of the 
direction angle are divided into twelve classes, each with a 
width of 30°. In each month of the year, the frequency 
distributions are available in eight 3-hr periods per day (03.00, 
06:00, 09:00, 12:00, 15:00, 18:00, 21:00 and 24:00). Such 
frequency distributions were obtained from the records in the 
meteorological stations of the Italian Air Force over 30 years, 
from 1961 to 1990, which can be considered a significant 
period of time to characterize the climate in a site. 
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Fig. 1. Map of Italy showing the location of the wind stations analysed. 

III. EVALUATION OF WIND ENERGY POTENTIAL  
In order to foresee the profitability of a wind power plant, it 

is necessary to determine the annual energy that a turbine can 
supply in the installation site. The instantaneous power density 
of a wind stream, that is the available power per unit cross-
sectional area A of the wind stream, is [15, 16]: 

 3 
2
1 v

A
Pw ρ=  (1) 

where ρ is the air density and v the air speed. Tough air 
density varies with pressure and temperature, its variation can 
be considered insignificant in this paper. Thus, the density of 
air is assumed equal to 1.20 kg/m3, which is a typical value 
used in literature, corresponding to the standard conditions (1 
atm, 20 °C). 

Equation (1) gives the available wind power density, 
however, only a fraction of the available power can be 
extracted by a turbine. In theory, the maximum fraction is the 
Betz limit, equal to 16/27=0.593, [15, 17]. Really, the fraction 
of energy that actually can be drawn by a turbine is lower than 
the Betz limit and it depends on the turbine characteristics. In 
particular, wind turbines manufacturers give the Power 
coefficient as a function of the wind speed, defined as [15, 16]: 

 
w

t
p P

PC =  (2) 

where Pt is the actual power supplied by the turbine and Pw is 
the available wind power. Moreover, the working range of a 
wind turbine is limited by the lowest wind speed vin (cut-in 
speed), at which the turbine starts, and the highest wind speed 
voff (cut-off speed), at which the turbine is stopped for safety 
reasons [16]. Finally, in order to calculate the annual energy 
supplied by a turbine, it is necessary to know how the wind 
speed changes with time. This information is generally known 
through the annual frequency distribution of the wind speed. 
So, the annual mean power density supplied by a wind turbine 
is: 

 ∫=
off

in

v

v
p

t dvvfvvC
A
P )( )(

2
1 3ρ  (3) 

 

where f(v) is the probability density function describing the 
annual frequency distribution of the wind speed. The wind 
speed must be measured at the turbine height, while the 
available values generally refer to the standard height of 10 m, 
recommended by the World Meteorological Organization. An 
expression very often used to assess the wind speed v at the 
height z, when the wind speed vo at the height zo is known, is 
the power law:  
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where α is the power law exponent, which depends on the 
roughness of the ground surface and on the thermal 
stratification [11, 18-20]. As the height z depends on the 
particular plant design, in this paper all the calculations are 
referred to the standard height of 10 m. 

As regards the probability density function, a theoretical 
distribution that normally fits well the true wind speed 
frequency distribution is the Weibull’s one, which only 
depends on two parameters, the form parameter k and the scale 
parameter c [11-14]. However, the Weibull distribution cannot 
appropriately represent the probabilities of observing very low 
values of the wind speed (calms), because it yields f(0)=0. As 
in Italy the frequency of calms is often meaningful, a modified 
model with three parameters must be used, the frequency of 
calms s being the third parameter [21-24]: 
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In this model, at v = 0, the probability density function is equal 
to the frequency of calms, s, which is known from the wind 
data, while, for v > 0, it is equal to (1−s) times the probability 
density function of the standard Weibull distribution. The 
parameters k and c of the Weibull distribution must be 
determined so as to give the best fit to the measured wind 
speed values. Several numerical methods can be applied to 
estimate the Weibull parameters, such as the Moment method, 
Least square method and Maximum likelihood method 
[25−30]. In the present study, the Maximum likelihood 
method is chosen for its accuracy, thus the Weibull parameters 
are determined by solving the following equations [30]:  

 

( ) ( )

(7)                                                 1

(6)                          
lnln

/1

1

1

1

1

1

kN

i

k
i

N

i
i

N

i

k
i

N

i
i

k
i

v
N

c

N

v

v

vv
k

⎟⎟
⎠

⎞
⎜
⎝

⎛
=

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

−=

∑

∑

∑

∑

=

−

=

=

=

 

where N is the number of data points in the time-series. Care 
must be taken to consider only the nonzero wind speed values. 
Equation (6) must be solved using an iterative procedure, after 
which the scale parameter c can be calculated explicitly. 

The Weibull distribution parameters were determined in each 
of the ninety-seven sites analysed and are reported in Table I. 
They allow the simulation of the wind turbine operation at a 

site, and hence, by means of (3), the assessment of the actual 
energy which could be supplied by the turbine, simply by 
knowing its Power coefficient as a function of the wind speed. 

In order to assess the wind energy potential at the analysed 
sites, the experimental data have been utilized to evaluate the 
annual mean value of the available wind power density rather 
than the actual power derived by a plant, which also depends 
on the specific turbine utilized. Thus, Table I reports the annual 
mean values of the available wind power density, defined as: 

 ∫
∞

=
0

3 )( 
2
1 dvvfv

A
Pav ρ  (8) 

Furthermore, in order to assess the goodness of fit between 
the experimental frequency distributions and the theoretical 
Weibull distributions, Table I reports the error generated at 
each site when the Weibull distribution rather than the actual 
distribution is used to determine the annual mean value of the 
available wind power density [5, 6]. The error is not always 
small enough, showing that the Weibull distribution is not 
always suitable to approximate the true frequency distribution 
of wind speed. However, in almost 70% of the sites the error is 
lower than 20%. 

Another important aspect in the assessment of the wind 
potential in a site is the temporal distribution of the collected 
energy so as to quantify the energy fluctuations and the 
inactivity periods of the wind plant. In order to give an idea of 
the temporal distribution of the available wind energy, in Table 
I the working time is reported, that is the fraction of a year in 
which a wind plant could supply energy, the wind speed being 
within the two working limits of the turbine, vin < v < voff. On 
the basis of the windiness in the analysed sites, the cut-in speed 
and the cut-off speed have been assumed to be equal to 2.5 m/s 
and 17 m/s respectively. In this regard, in Table I the usable 
fraction of the available power is also reported. It represents 
the fraction of the available wind power which could actually 
be utilized by the wind turbine, the wind speed being within its 
two working limits. Therefore, a high fraction value shows that 
the assumed limits are suitable for collecting the available wind 
energy, while a low value suggests that a better choice could be 
made. 

Finally, another aspect which must be considered in the 
assessment of the wind energy potential in a site is the direction 
from which the wind blows. Wind direction statistics are very 
important in order to fix the optimal positioning of the wind 
turbines. The prevalence of certain directions allows the 
decrease in the necessary distance between the turbines, 
increasing the wind energy potential per unit area of earth 
surface. The annual prevailing directions of the wind were 
determined at each site, and the azimuths, measured clockwise 
from the North, of the first two prevailing directions are 
reported in Table I. When only one value is present, it means 
that the second direction has a frequency lower than half the 
frequency of the first direction, so the former can be considered 
the prevailing wind direction. 
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TABLE I.  ANNUAL MEAN VALUES OF WIND DATA CALCULATED AT 97 METEOROLOGICAL STATIONS IN ITALY 

 
N. 

 
STATION 

 
ALT. 
[m] 

WEIBULL PARAMETERS v  
[m/s] 

 
Azimuth 

 

 
Pav/A 

[W/m2] 

USABLE 
FRACTION 
vin =2.5m/s 
vout=17m/s 

WORKING 
TIME (%) 
vin =2.5m/s 
vout=17m/s 

 
k 

 
c 

 
s 

 
Err % 

1 NOVARA CAMERI       176 1.39 2.46 0.756 -30.7 0.64 30,0 7.3 0.87 8 % 
2 TORINO BRIC DELLA C. 710 1.56 3.88 0.491 -15.5 1.84 0,330 39.4 0.95 31 % 
3 TORINO CASELLE      287 1.41 2.67 0.784 -32.0 0.62 60,90 8.2 0.86 8 % 
4 BERGAMO ORIO AL SERIO 238 1.71 3.04 0.512 -20.7 1.39 30 16.7 0.88 24 % 
5 BRESCIA GHEDI       92 1.57 3.41 0.648 -22.9 1.16 90,300 20.1 0.89 19 % 
6 MILANO LINATE    103 1.46 2.93 0.643 -26.4 1.03 240,210 15.5 0.89 16 % 
7 MILANO MALPENSA     211 1.40 3.18 0.680 -26.9 1.01 0,30 19.3 0.92 15 % 
8 MONTE BISBINO       1319 1.38 3.82 0.428 -12.2 2.05 180,60 51.6 0.95 32 % 
9 PIACENZA            134 1.68 3.56 0.629 -18.6 1.26 120,240 20.5 0.92 22 % 

10 BOLZANO             241 1.59 3.59 0.779 -16.5 0.81 180 13.2 0.89 13 % 
11 DOBBIACO            1226 1.71 4.34 0.590 -8.4 1.66 90,270 35.3 0.97 28 % 
12 PASSO RESIA         1459 1.64 4.84 0.305 -17.5 3.06 330,0 98.2 0.93 50 % 
13 PASSO ROLLE         2004 1.73 4.24 0.484 -15.7 2.02 150,180 44.4 0.94 35 % 
14 PADOVA              25 1.49 2.67 0.640 -32.9 0.96 60,30 12.5 0.75 14 % 
15 TREVISO ISTRANA     45 1.47 3.06 0.574 -23.9 1.25 60 20.0 0.89 20 % 
16 TREVISO S. ANGELO    18 1.43 2.86 0.608 -28.1 1.10 60,30 16.8 0.85 17 % 
17 VENEZIA TESSERA     6 1.42 3.40 0.406 -20.7 1.88 60,30 39.1 0.94 31 % 
18 VERONA VILLAFRANCA  67 1.41 3.37 0.622 -24.7 1.24 90,120 26.0 0.90 19 % 
19 VICENZA             53 1.53 2.85 0.701 -22.2 0.86 90,210 10.2 0.86 13 % 
20 RONCHI DEI LEGIONARI 12 1.39 3.85 0.529 -22.5 1.73 90,60 48.4 0.91 27 % 
21 TARVISIO            777 1.61 3.11 0.647 -15.5 1.06 300,270 13.3 0.91 18 % 
22 TRIESTE             8 1.33 4.06 0.465 -15.5 2.06 60 65.5 0.93 31 % 
23 UDINE               51 1.44 3.51 0.519 -21.9 1.60 60,30 34.6 0.92 26 % 
24 ALBENGA             45 1.51 4.93 0.524 -13.6 2.20 60 78.5 0.94 34 % 
25 CAPO MELE           229 1.53 5.91 0.211 -21.3 4.38 30,0 239.5 0.82 60 % 
26 GENOVA SESTRI       2 1.64 5.28 0.221 -3.1 3.72 60,30 121.3 0.98 57 % 
27 BOLOGNA B. PANIGALE 42 1.61 3.14 0.483 -17.2 1.52 300,210 20.5 0.90 26 % 
28 CERVIA              10 1.61 3.71 0.355 -18.8 2.20 300,270 43.1 0.91 38 % 
29 PUNTA MARINA        2 1.47 3.50 0.363 -23.8 2.07 270,300 44.9 0.89 34 % 
30 RIMINI              12 1.65 4.13 0.412 -12.5 2.23 300,90 48.3 0.95 38 % 
31 AREZZO              248 1.74 4.90 0.545 -12.2 2.06 60,240 57.7 0.97 34 % 
32 FIRENZE PERETOLA    48 1.59 4.01 0.654 -15.5 1.33 240,30 28.7 0.93 22 % 
33 GROSSETO            7 1.45 4.11 0.372 -10.5 2.38 30,60 62.0 0.98 38 % 
34 MONTE ARGENTARIO    630 1.66 6.42 0.134 -21.9 5.21 240,210 296.0 0.79 69 % 
35 MONTE CALAMITA (Elba)     396 1.65 5.17 0.216 -17.1 3.69 150,330 134.1 0.91 59 % 
36 PASSO DELLA CISA    1039 1.80 7.00 0.100 -13.2 5.71 30,210 320.0 0.90 77 % 
37 PISA SAN GIUSTO     2 1.60 4.03 0.427 -11.9 2.13 90,120 46.0 0.96 36 % 
38 RADICOFANI          918 1.69 6.36 0.237 -17.6 4.48 180,30 235.2 0.86 62 % 
39 SARZANA LUNI        9 1.80 3.61 0.284 -17.0 2.34 300,330 36.6 0.93 44 % 
40 PERUGIA             208 1.43 3.52 0.514 -9.3 1.62 30,0 30.7 0.97 26 % 
41 FALCONARA           9 1.92 4.38 0.454 -16.9 2.18 330,60 46.0 0.93 39 % 
42 FRONTONE            590 1.42 4.77 0.340 -22.0 2.96 180,210 122.0 0.86 44 % 
43 CIVITAVECCHIA       4 1.69 5.36 0.269 -12.4 3.54 120,330 126.4 0.95 56 % 
44 FROSINONE           180 1.41 3.59 0.535 -12.6 1.58 180,150 33.2 0.95 25 % 
45 GUIDONIA            88 1.66 3.93 0.640 -10.5 1.35 210,240 24.7 0.96 23 % 
46 LATINA              25 1.85 4.35 0.570 -11.2 1.73 270,210 34.7 0.97 31 % 
47 MONTE TERMINILLO    1875 1.80 7.45 0.213 -33.2 5.77 270,240 440.5 0.65 65 % 
48 PONZA               185 1.73 5.85 0.146 -17.2 4.54 300,270 196.8 0.89 69 % 
49 PRATICA DI MARE 6 1.89 4.84 0.228 -11.7 3.35 30,120 84.2 0.97 59 % 
50 ROMA CIAMPINO       101 1.60 4.23 0.414 -15.4 2.28 180,150 56.0 0.95 38 % 
51 ROMA FIUMICINO      2 1.62 4.57 0.219 -11.3 3.22 60,30 88.3 0.97 54 % 
52 ROMA URBE           18 1.76 4.60 0.488 -9.2 2.16 240,0 51.0 0.97 37 % 
53 VIGNA DI VALLE      262 1.58 4.65 0.262 -15.0 3.11 30,60 95.6 0.95 51 % 
54 VITERBO             300 1.59 4.80 0.248 -15.3 3.28 30,60 106.3 0.94 54 % 
55 PESCARA             10 1.49 3.99 0.545 -21.9 1.71 210,60 44.8 0.92 27 % 
56 CAMPOBASSO          807 1.61 5.78 0.291 -23.0 3.82 240,270 188.9 0.83 55 % 
57 TERMOLI             16 1.67 5.99 0.247 -17.3 4.13 330,300 195.6 0.88 60 % 
58 CAPO PALINURO       185 1.51 4.68 0.238 -21.5 3.28 0,150 117.5 0.89 52 % 
59 GRAZZANISE          9 1.63 4.38 0.409 -12.9 2.37 60,270 59.4 0.97 40 % 
60 NAPOLI CAPODICHINO  88 1.53 3.96 0.428 -14.4 2.10 210,30 48.4 0.94 35 % 
61 TREVICO             1085 1.88 7.26 0.128 -21.5 5.87 270,240 363.0 0.81 75 % 
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TABLE I.  ANNUAL MEAN VALUES OF WIND DATA CALCULATED AT 97 METEOROLOGICAL STATIONS IN ITALY (CONTINUED) 

 
 

N. 

 
 

STATION 

 
ALT. 
[m] 

WEIBULL PARAMETERS v  
[m/s] 

 
Azimuth 

 

 
Pd/A 

[W/m2] 

USABLE 
FRACT. 

 
vin=2.5m/s 
vout=17m/s 

WORK. 
TIME 

(%) 
vin =2.5m/s 
vout=17m/s 

 
k 

 
c 

 
S 

 
Err % 

62 POTENZA             843 1.80 6.17 0.405 -8.2 3.32 240,270 136.9 0.96 49 % 
63 BARI PALESE MACCHIE 44 1.88 4.50 0.224 -12.9 3.13 270,240 69.0 0.96 56 % 
64 BRINDISI            10 1.85 5.83 0.190 -11.1 4.23 330,300 157.5 0.96 67 % 
65 FOGGIA AMENDOLA     56 1.67 4.82 0.264 -10.2 3.20 300 91.9 0.97 53 % 
66 GIOIA DEL COLLE     365 1.85 5.59 0.300 -13.3 3.53 180,0 123.2 0.94 57 % 
67 GROTTAGLIE          78 1.78 4.87 0.470 -12.1 2.35 0,30 63.6 0.96 40 % 
68 LECCE               48 1.74 5.32 0.329 -10.1 3.22 0,330 106.3 0.97 52 % 
69 MARINA DI GINOSA    2 1.71 4.82 0.181 -20.6 3.57 300,330 111.5 0.90 61 % 
70 MONTE S. ANGELO      838 1.82 7.44 0.137 -25.5 6.08 330,0 424.8 0.75 73 % 
71 S. MARIA DI LEUCA   104 1.73 5.66 0.129 -9.5 4.42 0,30 166.0 0.96 69 % 
72 BONIFATI            485 1.51 5.37 0.377 -17.6 3.13 60,210 139.7 0.88 45 % 
73 CROTONE             161 1.74 5.41 0.274 -11.4 3.54 210,30 122.5 0.96 57 % 
74 MONTE SCURO         1716 1.64 5.45 0.195 -21.6 4.04 270,240 171.7 0.85 61 % 
75 ALGHERO             23 1.78 5.14 0.305 -9.7 3.22 300,210 95.5 0.97 53 % 
76 CAGLIARI            5 1.67 5.29 0.243 -9.3 3.62 330 123.9 0.96 57 % 
77 CAPO BELLAVISTA     156 1.51 5.41 0.181 -25.3 4.15 300,330 205.0 0.81 60 % 
78 CAPO CACCIA         205 1.86 6.48 0.247 -17.3 4.43 270,300 214.9 0.89 65 % 
79 CAPO CARBONARA  118 1.77 7.50 0.116 -26.4 6.35 270,300 469.6 0.72 73 % 
80 CAPO FRASCA         92 1.77 6.23 0.156 -18.5 4.80 300,330 232.6 0.87 70 % 
81 CAPO S. LORENZO      21 1.72 4.28 0.387 -10.1 2.39 300,60 51.2 0.97 42 % 
82 DECIMOMANNU         28 1.75 5.43 0.330 -5.0 3.29 330,150 105.6 0.97 51 % 
83 FONNI               1029 1.95 4.70 0.327 -16.5 2.85 270,240 68.5 0.93 51 % 
84 GUARDIAVECCHIA      159 2.03 8.34 0.097 -22.1 7.07 270 530.0 0.77 80 % 
85 OLBIA               11 1.87 5.82 0.328 -9.5 3.53 240,270 126.0 0.96 55 % 
86 CATANIA FONTANAROS 16 1.77 4.37 0.318 -16.0 2.69 270,90 62.4 0.94 48 % 
87 CATANIA SIGONELLA   18 1.85 5.44 0.330 -8.9 3.28 270,90 102.9 0.97 53 % 
88 COZZO SPADARO       51 1.63 5.84 0.227 -14.1 4.12 270,300 186.2 0.91 60 % 
89 ENNA                964 1.80 5.95 0.249 -15.5 4.06 270,0 169.2 0.91 61 % 
90 GELA                33 1.45 4.88 0.338 -15.2 2.99 60,240 115.4 0.92 45 % 
91 LAMPEDUSA           16 1.96 6.47 0.150 -10.0 4.90 330,0 207.9 0.96 74 % 
92 MESSINA             59 1.60 3.66 0.318 -15.6 2.28 210,330 42.5 0.93 40 % 
93 PALERMO PUNTA RAISI 21 1.70 6.09 0.254 -11.7 4.13 60,210 186.2 0.93 60 % 
94 PANTELLERIA         191 1.79 6.60 0.149 -15.8 5.11 300,330 264.4 0.89 72 % 
95 PRIZZI              1034 1.85 5.01 0.107 -18.6 4.01 30,0 120.7 0.92 70 % 
96 TRAPANI BIRGI       14 1.77 6.27 0.212 -19.1 4.52 150,330 221.7 0.87 65 % 
97 USTICA              250 1.78 7.33 0.099 -24.0 6.23 330,270 427.6 0.76 76 % 

 

IV. THE WIND ENERGY RESOURCE ON THE 
ITALIAN TERRITORY 

The wind speed at a site depends both on the regional 
climate in the area and on the local topography. In particular, 
the presence of hills, mountains and valleys is very influent on 
the wind characteristics as well as the heterogeneity of the 
territory, for example soil, seas, lakes etc., because of the 
different heating. Italy lies in the middle of a closed basin, 
washed by the Mediterranean Sea, which is not characterized 
by regular or high intensity winds. Furthermore, the varied and 
uneven configuration of the Italian territory affects the winds 
introducing a local variability, sometimes very strong. In any 
case, the Italian peninsula can rely, especially in the coastal 
areas, on some good intensity winds, like the Mistral, Sirocco 
and Libeccio. 

 

The windiness of the Italian territory can be analysed in detail 
by observing Table I and Fig. 2. Table I reports the annual 
mean wind speed and the annual mean of the available wind 
power density at the ninety-seven sites analysed, both referred 
to the standard height zo=10 m. It shows that the windiness 
generally increases southwards and in the two main islands 
(Sardinia and Sicily), where the analysed sites have larger 
serial numbers (Fig. 1). 

In Northern Italy, windiness is relatively low nearly 
everywhere. Calms clearly prevail throughout the Po Valley, 
with frequencies reaching 80%. The most windy sites are near 
the Alps mountain chain and near the coasts, especially on the 
Ligurian Sea. Furthermore, in Northern Italy, the wind does not 
have a clearly prevailing direction. It mostly depends on the 
local topography, however the wind more frequently blows 
from the North and North-East. 
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Fig. 2. Annual mean wind speed and annual mean of th e available wind power density at the stations analysed.

Central Italy is characterized by a greater windiness than 
Northern Italy. The most windy sites are mainly on the 
Apennines Mountains, which longitudinally divide the 
territory. The wind does not have a clearly prevailing direction, 
because it blows from all directions at a site or the prevailing 
direction changes from one site to another, depending on the 
local topography. 

With regard to the available wind power density, the most 
interesting sites are situated in Southern Italy and in the islands. 
On the mainland, most of the windy sites are on the Apennines 
mountains, for example Trevico and Monte S. Angelo. The 
islands are generally characterized by high winds. In particular 
there are a lot of interesting sites in Sardinia, where the wind 
has a prevailing direction, mostly blowing from the West and 
North-West. 

When the wind data are analysed with regards to the time 
fluctuations, monthly and daily variations are observed. It must 
be noted that the geographical position of Italy, with mountain 
chains near to wide water basins, produces an atmospheric 
pressure distribution that changes with the seasons, which is 
the cause of the wind variability during the year. In the Po 
Valley, situated in Northern Italy, the daily mean wind speed 

presents small seasonal variations, with values slightly higher 
in spring. On the contrary, in all the rest of Italy, the highest 
wind speeds are mostly observed in winter, while the lowest 
wind speeds are observed in summer; in spring and autumn the 
windiness is intermediate. With regard to the hourly wind data, 
fluctuations between the day and the night are observed due to 
the different local heating. In sites on level ground close to the 
sea, the wind speed is usually higher during the day, with a 
peak in the early afternoon, while the lowest values are reached 
in the late evening. On the other hand, in sites on mountains the 
wind speed has a very less recurrent trend. 

V. DETAILED ANALYSIS OF SOME SITES  
Fig. 2 shows that, among the ninety-seven localities 

analysed, there are not many sites having an annual mean wind 
speed higher than 4.5 m/s or an annual mean value of the 
available power density higher than 300 W/m2, both referred to 
the standard height zo=10 m. However some sites are surely 
interesting from the view point of wind energy. The localities 
having the highest annual mean values of the available wind 
power density are reported in Table II.  

TABLE II.  STATIONS WITH THE HIGHEST ANNUAL MEAN VALUES OF THE AVAILABLE WIND POWER DENSITY 

 
N. 

 
STATION 

 
ALT. 
[m] 

WEIBULL PARAMETERS v  
[m/s] 

 
Azimuth 

 
Pav/A 
[W/m2] 

USABLE 
FRACTION 
vin =2.5m/s 
vout=17m/s 

WORKING 
TIME (%) 
vin =2.5m/s 
vout=17m/s 

 
k 

 
c 

 
s 

 
Err % 

84 GUARDIAVECCHIA      159 2.03 8.34 0.097 -22.1 7.07 270 530.0 0.77 80 % 
79 CAPO CARBONARA  118 1.77 7.50 0.116 -26.4 6.35 270, 300 496.6 0.72 73 % 
47 MONTE TERMINILLO    1875 1.80 7.45 0.213 -33.2 5.77 270, 240 440.5 0.65 65 % 
97 USTICA              250 1.78 7.33 0.099 -24.0 6.23 330, 270 427.6 0.76 76 % 
70 MONTE S. ANGELO      838 1.82 7.44 0.137 -25.5 6.08 330, 0 424.8 0.75 73 % 
61 TREVICO             1085 1.88 7.26 0.128 -21.5 5.87 270, 240 363.0 0.81 75 % 
36 PASSO DELLA CISA    1039 1.80 7.00 0.100 -13.2 5.71 30, 210 320.0 0.90 77 % 
34 MONTE ARGENTARIO    630 1.66 6.42 0.134 -21.9 5.21 240, 210 296.0 0.79 69 % 
94 PANTELLERIA         191 1.79 6.60 0.149 -15.8 5.11 300, 330 264.4 0.89 72 % 
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All these sites are characterized by a windiness that 
would allow a wind turbine to supply energy quite 
continuously over time. In fact, with the above mentioned 
values of the cut-in speed and cut-off speed, the working 
time, which is the fraction of the year in which a wind plant 
could yield energy, varies from 0.65 at Monte Terminillo to 
0.80 at Guardiavecchia. The relatively low value for the 
usable fraction of the available power at Monte Terminillo 
suggests that a better choice could be made for the two 
working speed limits of the wind turbine at this site.  

The most interesting sites are on the coasts of islands or 
at high altitude. Guardiavecchia and Capo Carbonara lie on 
the coasts of Sardinia, while Ustica and Pantelleria are two 
small islands near to Sicily. The other sites lie at high 
altitude, mostly over 800 m above sea level. 

The choice of a suitable site to install a wind turbine is 
conditioned by several factors in addition to a high wind 
resource. For example, various urbanistic, environmental and 
landscape constraints must be born in mind, about which 
people’s sensitivity has increased a lot during the last years. 
Nevertheless, in the following pages the wind resource will 
be analysed in more detail at Guardavecchia, which seems to 
be the most interesting site on the basis of the available wind 
power density. All the monthly parameters at Guardiavecchia 
are reported in Table III, while the available wind power 
density is plotted for each month in Fig. 3.  

Power density remains quite high in every month, the 
highest values occur from November to April, with a peak 
in February, equal to 726.9 W/m2, while the lowest values 
occur from May to October, with a minimum in September, 
equal to 365.6 W/m2. Furthermore, the wind could allow a 
wind turbine to supply power almost continuously 
throughout the year. In fact, with a cut-in speed equal to 2.5 
m/s and a cut-off speed equal to 17 m/s, the working time 
varies from the lowest value of 0.74 in December to the 
highest value of 0.84 in May and June. However, the values 
of the cut-in speed and cut-off speed should be chosen from 

the values of commercial wind turbines so as to optimize the 
annual energy supplied by the turbine in terms of costs. 

With regard to the hourly variability, Fig. 4 shows that in 
each month the highest values of the available wind power 
density are reached in the afternoon, mostly with a peak at 
15:00, while the lowest values are reached in the late 
evening.  

Another important aspect that must be analysed is the 
wind direction. Fig. 5, which reports the monthly frequency 
distributions of the wind direction, shows that in each month 
the wind blows from the West with a frequency clearly 
prevailing over all the others. 

Furthermore, from the hourly data, it can be seen that, at 
any hour of the day, the wind more frequently blows from 
the West too. Finally, Fig. 6 reports the wind rose with both 
the annual frequency distribution of the wind direction and 
the annual mean wind speed, showing that when the wind 
has the highest annual mean speed it also blows from West, 
however, the wind blows quite strongly from all directions.

TABLE III.  MONTHLY MEAN VALUES OF WIND DATA CALCULATED AT GUARDIAVECCHIA (SARDINIA) 

 
MONTH 

WEIBULL PARAMETERS v  
[m/s] 

 
Azimuth 

 
Pav/A 

[W/m2] 

USABLE 
FRACTION 
vin =2.5m/s 
vout=17m/s 

WORKING 
TIME (%) 
vin =2.5m/s 
vout=17m/s 

 
k 

 
c 

 
s 

 
Err % 

1 1.92 8.45 0.110 -26.6 7.26 270 609.6 0.70 76 % 
2 2.09 9.02 0.097 -30.2 7.96 270, 240 726.9 0.66 77 % 
3 2.07 9.07 0.079 -22.2 7.90 270 678.0 0.73 81 % 
4 2.11 8.76 0.075 -22.7 7.64 270 606.5 0.75 82 % 
5 2.15 8.15 0.081 -14.1 6.79 270 430.2 0.88 84 % 
6 2.21 8.25 0.088 -12.7 6.80 270 426.5 0.89 84 % 
7 2.12 8.02 0.088 -11.7 6.61 270 400.5 0.92 83 % 
8 2.08 7.90 0.078 -17.2 6.65 270 420.8 0.87 83 % 
9 2.09 7.68 0.104 -15.1 6.22 270 365.6 0.87 81 % 

10 1.93 7.84 0.115 -21.5 6.48 270 449.9 0.78 77 % 
11 1.94 8.37 0.130 -24.6 6.92 270 559.8 0.74 75 % 
12 1.95 8.85 0.117 -29.5 7.69 270 711.0 0.65 74 % 

YEAR 2.03 8.34 0.097 -22.1 7.07 270 530.0 0.77 80 % 
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Fig. 3. Available  wind  power density  in each month at Guardiavecchia 
                           (Sardinia). 
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Fig. 4. Available wind power density [W/m2] at various local times, in each month of the year at Guardiavecchia 
                                                     (Sardinia). 
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Fig. 5. Wind  roses  showing  the  frequency  distribution  of  the  wind  direction  in  each  month  at  Guardiavecchia (Sardinia)

VI. CONCLUSIONS 
This paper analyzes an accurate method for predicting the 

energy that a wind turbine can produce in a given location 
based on the Weibull distribution of the wind data. 
Moreover, ninety-seven sites, placed throughout Italian 
territory, have been analysed in terms of their wind energy 
potential. The annual mean values of the wind speed and the 
available power density have been determined at each site. 
Furthermore, the Weibull distribution parameters have been 
calculated in order to allow the simulation of a wind turbine 
working at a site and hence the determination of the annual 
energy that actually can be supplied by a wind plant. The 
adopted model slightly differs from the standard Weibull 
distribution because it utilizes three parameters so as to allow 
for the treatment of calms.  

The analysis of the wind data suggests that in Northern 
Italy the windiness is characterized by frequent calms, up to 
80%, and by a wide variability over the territory. The annual 
mean wind speed is very low throughout the Po Valley, 
while it increases moving towards the Alpine mountains or 
the  Ligurian  coasts.  In  Central  Italy,  the  wind  speed  has  

 

 

higher and more uniform values on the territory than in 
Northern Italy. In Southern Italy and in the islands the wind 
speed has the highest values on the whole Italian territory. 

Though Italy cannot be considered a country with a high 
wind energy potential, the analysis of the wind data has 
identified some interesting sites which, thanks to their 
particular position, enjoy appreciable winds which can 
justify the installation of wind turbines. Among these sites, 
the wind energy potential at Guardiavecchia (Sardinia) has 
been analysed in more detail.  

Tough Italy is in seventh place in the world and in fourth 
place in Europe for installed wind power, it is a long way 
behind the countries above it in the list. Italy’s lag is due to 
the persistent uncertainty about the investment profitability 
and the difficulty in finding suitable sites rather than to the 
government incentives, which are in line with those of the 
other countries.  
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Fig. 6. Wind rose showing the annual frequency distribution of the wind 

direction (solid line) and the annual mean wind speed (dashed line) 
from different directions at Guardiavecchia. 
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