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Abstract—Investigation of the wind characteristics in sokna 
city located in middle of Libya using three measured data (wind, 
pressure and temperature) and Weibull function were made.   
Numerical analysis model was presented to estimate the wind 
energy potential. According to the power calculations done for the 
site, the annual mean wind density is 118.4 kW/m2 at a height of 
70 m above ground level. This station has a vast wind energy 
potential for electricity generation, mainly during spring and 
summer seasons. In addition, the monthly wind turbine efficiency 
parameter (ɳ monthly) has been premeditated by using two 
commercial wind turbine "AN Bonus 1MW/54" and "Nordex S77 
1.5 MW" with 70 m hub height to help designers and users in 
assessing the potentialities and choosing the suitable wind turbine 
for the considered site. The use of wind turbine with capacity 1500 
kW at this city is recommended whereas the wind turbine "AN 
Bonus 1MW/54" is recommended too. Sokna city is proposed to 
install 30 MW-wind farm consists of 20 Nordex S77 or 30 AN 
Bonus 1MW/54 commercial wind turbines with hub heights and 
Rotor diameter were 100 and 77 m, respectively. This site has 
annual wind speed more than 7 m/s at 100 m height and enough 
area to locate these turbine 

Keywords: Wind speed; Weibull parameter’s; Wind turbine 
efficiency parameter; Electricity generation  

                         II. INTRODUCTION 

 

Nowadays, Wind power is one of the world’s fastest growing 

energy sources, which is extensively used to produce electricity in 

many countries such as Germany, United States ,Spain, Denmark,  

and India. Electrical energy in Libya is mainly produced by fossil 

fuels (oil and natural gas) and hydropower, due to an abundance of 

oil and natural gas in Libya, all the energy demand is met by these 

two sources. Also, these resources constitute the major source of 

income to the country. Even the solar insolation in Libya is very 

high and Libya is considered as one of the best sites in North 

Africa [1], but this source is not tapped yet. Wind energy, in many 

regions in Libya, is reasonable and preliminary studies indicate 

that it could be harnessed [2]. The neighbouring countries east and 

west of Libya have started to exploit this resource with different 

scales ranging from demonstration projects to commercial size 

wind farms. The national electric energy consumption is expected 

to increase more than two and a half fold from 11,718 GWh for the 

year 2000 to 30,086 GWh by the year 2020 [3]. Part of this 

demand could be met by wind power plants, since wind potential is 

reasonable in many areas around the country [2, 4]. The other 

advantage is that the wind diurnal pattern in most of the sites in 

Libya matches the diurnal pattern of the electric energy demand 

and the wind speed in many sites in Libya could be harnessed 

economically [4]. Currently, Libya produces electricity using wind 

farms at zwara , which are located in the western part in Libyan 

regions. Their electricity production presented to the country and    

due to an increase of needs Libya. In this work, a practical 

valuation of wind power for sokna city located in the southern part 

of Libya in Aljoufra region was made. sokna city was one of the 

most promising sites. Mean speeds were 3.9 m/s at 10 m height 

and 6.4 m/s at 70 m height. This paper investigates the wind 

energy characteristics and wind turbine characteristics needed for 

the installation of wind energy conversion systems at sokna, which 

is located at middle of Libya Moreover, the potential power 

resource and wind turbine efficiency are estimated for both types , 

in addition to applications of wind turbines for electricity 

generation. 

II. DESCRIPTION OF WIND DATA MEASUREMENTS 

      In this study, wind speed data measured as hourly time-series 

in meteorological station at sokna city, were statistically analyzed. 

Fig. 1 shows the location of chosen site (29° 08´N; 15° 57´E) in 

southern region of Libya. These wind data at 10 m above ground 
level related to the selected site were taken from the Libyan 

Meteorological Authority, for a period of more than 10 years. The 

measurements of monthly wind speed and wind direction are 

presented in Table 1. 

      At sokna city the wind blows between west 260°W to east 90ºE 

(wind direction), i.e. the wind in sokna are predominantly east-
northeast (ENE). This strongly preferred direction, however, is not 

only due to the general pressure gradient from north to south, but 

also caused by channeling of the wind flow between the mountain 

ranges that border the city zone in Libyan on both sides-reaching 

heights of 500 m or more above sea level. Also, the measured 

percentage frequency of winds blowing from all directions and the 
calm winds are shown in Table 1, Mean    monthly of wind speed 

and annual mean (at a height 10m).   
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This table indicates that: 

1- The mean wind speed from Mar- Jul has the highest value which 

ranged between 4.04 m/s to 4.46 m/s followed by months from 

Aug – Feb which ranged between 3.52 m/s to 3.97 m/s. 

2- Monthly Averaged Percent of Time the Wind Speed At 50 m 

Above The Surface Of The Earth Is Within The Indicated 

Range (%) are studied in table 2. 

 

3- Frequency occurrence during the year is (62%) for wind speed 
range (3 - 6 m/s), followed by (25%) for mean wind speed range 

(7 - 10 m/s), followed by (13%) for mean wind speed range 

between (0 - 2 m/s). 
4- So, during these months peaks of mean wind speed occur at 

different days with an average value of 3.5–4.6 m/s which is 
above the cut-in values required for the operation of any wind 
turbine in Libya. Since the minimum required wind speed for a 
wind park (at 20 m height) is about 3 m/s which is equivalent to 
2.54 m/s at 10 m height, atypical turbine will operate about 75–
80% of all the time throughout the year [5]. The wind usually 
blows at varying speeds as a result of a change in the isobaric 
values of atmospheric pressure. It is clear from Fig. 2 that 

Fig. 1. Location of sokna station 

Table3: Monthly variation of the wind speed and air pressure 

depending measured data at Sokna city. 

 
 
 

 

 
Fig. 2. Monthly variation of the wind speed and air pressure 

depending measured data at Sokna city. 

A- The spring and summer seasons in sokna is characterized by a  

marked increase in the mean wind speeds as a result of a decrease 

in the isobaric values of atmospheric pressure. 
B- However, the noticed decrease in the mean wind speeds at 

winter and autumn seasons correlated to the increasing of pressure 

values observed. 

C- The highest average monthly wind speed was recorded at May 

4.6m/s (spring season) and the lowest was during November 3.5 

m/s (autumn season). 

D- The wind speeds which lie between 3.54 m/s (in winter period) 

and 4.18 m/s (in summer period) corresponding to an atmospheric 
pressure between 1042.2 and 983.8mb. 

E- The graph also shown that the peaks of wind speeds are 

correlated to the reduced values of pressure at different seasons or 

months throughout the year. In addition, for evaluating the 

variation of the wind speed with elevation for this site, the mean 

speeds values were calculated using the power law [6,7], both 

monthly and annually for the heights of 70 and 100 m in the wind 

observation station. Obtained results are presented in Table 4. 

Annual mean wind speed at the 100 m height is determined as 7 

m/s while the maximum mean wind speed was 7.9 m/s at May. 

 

Table 4 : Mean monthly wind speed, annual wind speed (m/s) 
and estimated monthly and annual mean wind speed (m/s) at 70 

and 100m heights above the ground level in this sites. 

 
 

III. STATISTICAL ANALYSIS MODEL 

 

In order to evaluate the wind energy potential of any site, it is 

important to drive the expected probability distribution of the site’s 

wind speed. Regarding this aspect much attention has been given 

to the Weibull function, which gives a good match with 

experimental data according to Darwish and Sayigh [8]. The 

Weibull distribution is characterized by two parameters: the 

dimensionless shape parameter, k; and the scale parameter c which 

has units similar to the speed (m/s). The probability density 

function for density for the wind velocity V is calculated by [9,10]: 
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where c and k are given by Justs et al. [11,12] as follows: 

k = 0.83 V05                                                                                       (2) 
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Where V is the mean wind velocity and r is the gamma function. 

However, the available power of the wind per unit area is 

estimated by [13,14]: 

       23
/

2

1
mwVP mWIND

                              (4) 

where p is the standard air density (P = 1.225) kg/m3 dry air at 

1 atm and 15 °C), Vm is the monthly mean wind speed (m/s).  In 

case of an ideal turbine, power output is influenced due to change 
in temperature and pressure. So, the corrected monthly air density

   (kg/m3) is expressed as [15, 16]:  

 

                                                (5) 

                                         

 
where P  is the monthly mean air pressure (N/m2), T   is the 

monthly mean air temperature in degrees Kelvin (°C + 273) and, 

Rd is the specific gas constant for air (Rd = 287 J/kg °K). 

Then the corrected power available in wind at the standard 

height 10 m can be calculated as follows: 

𝑃10 = 1
2⁄ 𝜌 ̅𝑉𝑚

3 (
𝑊

𝑚2)
                                            (6) 

In addition, for calculating the mean power density over a long 

time T for 1 month. If we take 30 days per month we end up with 
the following equation, where the available mean power for a 

height less than 100 m, above the ground level per month can be 

expressed as [17-19]:  

  
where α is the roughness factor, usually in the range 0.05 < α < 

0.5. In this analysis, α= 0.146, is the standard value for the Sokna 
terrain and wind conditions. 

On the other hand, the turbine efficiency ɳ can be defined as the 

ratio between recoverable energy on the aero generator, ER (kWh/ 

m2/year), and available energy at Betz limit, EA (kWh/m2/year). 

Last expression outlined in Refs. [20-23]. A simple estimating 

procedure can be introduced to estimate the monthly wind turbine 
efficiency by the following formula: 

 

ɳ = (720/Sa ) × (𝑃𝑟/𝑃ℎ(𝑚𝑜))                                 (8)  

 

Where Pr is the rated power of the used wind turbine (kW), Sa is 

the rotor swept area (m2).While, we calculate the capacity factor  
Cf  , that is the ratio between the actual yearly energy output, Eout, 

and the rated yearly energy,  Er= 8760Pr (a reference quantity that 

often is used as a rating-datum of the machine). The capacity 

factor  of a wind turbine can be expressed [24]. 

 

                                         (9) 

 

 
Table 5 : Monthly long-term shape parameter, k, and scale 
parameter, c, at 10m hub height. 

 
Table 6 : Seasonal  long-term shape parameter, k, and scale 
parameter, c, at 10mFor Sokna city 

IV. MONTHLY AND SEASONAL 

 

     Weibull parameters  Eqs. (2) and (3) were applied to obtain the 

monthly and seasonally values of Weibull parameters k and c with 

the height of 10 m above the ground level for sokna city . The 

results are shown in table 4. When using these values for hub 

height, k may be assumed to be unaffected by height, and the scale 

parameter c may be estimated from the usual power law which 

generally holds up to a height of 100-150 m [25]. From Tables5 

and 6 we can derive the following: 

(1) The range of k is between 1.55 and 1.75, where the shape 

parameters tend to be higher from April to June during the 

year. 

(2) The highest c value is 5.01 m/s in May and the lowest is found 

3.96 m/s in November. 

 

V. POTENTIAL POWER RESOURCE 

Yasmin et al. [16] concluded that, 71% of the power is 

extracted from the wind by the ideal turbine. An actual wind 

turbine cannot extract more than 59.3% of the power in the wind 

which shows that an ideal turbine is not worth mentioning. The 

remaining 11.7% of the ideal wind power is not extracted due to 

existing turbines. Perhaps, it is either inappropriate efficiency of 

the turbine which cannot utilize the remaining 11.7% of the wind 

power, or the effect of pressure and temperature. We have chosen 

the second possibility, which shows that even in the case of an 

ideal turbine, power output is influenced due to change in 

temperature and pressure. 

 

By applying the measured wind data for sokna city (monthly 

average air temperature, mean monthly of air pressure) with Eqs. 

(4)-(7), the values of corrected monthly air density ρ, corrected 

monthly wind power P10 at a height of 10 m and the monthly wind 

power available P70 at hub height 70 m during the year were 

calculated and listed in table 7. The results of P70 lead to Fig. 

3.From these table and figure, we found that: 

 

1  The obtained values of corrected monthly air density that they 

are almost stable and the shift from the standard air density (ρ 

= 1.225 kg/m3) is very small. This confirms the stability of the 

atmosphere at Sokna city throughout the year. 

2  The absolute maximum highest wind power, P70, was recorded 

in April 151.98kW/m2 and the absolute minimum, was found 

to be 81.76kW/m2 in November.  

3 In addition, in Fig. 3, the highest of value the mean power 

density for the spring season is 435.47 kW/m2 and then 

followed by 371.12 kW/m2 in summer for actual data. These 

confirm our results in Section 4. Hence, the power density 

available during the half of the year (spring-summer periods) at 

Sokna city is huge and suitable for high electricity generation. 
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Table 7 : Monthly wind speed, corrected air density, corrected and 

available wind power and monthly values of wind turbine 

efficiency ɳ monthly, beside the observed values of air temperature 

and pressure for Sokna city. 

. 

    

  

 Fig. 3. Seasonal averages of available wind power during the year 

at 70 m hub height 

 

A . Wind turbine efficiency  

 

      The intent of the analysis presented - in this section of our  

research - is to help designers and users in evaluating the 

prospective potentialities of the considered site. From the last 

sections and discussion the density of air is an important parameter 

which changes the efficiency of the wind turbine by about ±10%. 
Keeping in view the efficiency of the wind machine at standard 

temperature and pressure, turbine efficiency can be increased by 

10% in our estimated value of temperature and pressure. Since the 

wind energy available in the wind cannot be completely extracted 

by any wind turbine, the wind turbine efficiency ɳ , defined as the 

ratio of the recoverable energy on the aero generator outlet (rotor + 
gearbox + generator) is given by the machine power curve and the 

wind statistical distribution to the available energy by ideal wind 

turbine (at Betz limit) [20,24]. 

     It can be seen from Eq. (8) that the wind turbine efficiency is 

not only a function of wind turbine performance, but also a 

function of wind speed distribution. The wind turbine efficiency 
enables us to figure out the relationship between energy available 

in the wind and how much energy a turbine can be transfer. It is 

important to note that the theoretical optimum for utilizing the 

power in the wind by reducing its speed was first discovered by 

Betz in 1926, as shown in many wind energy textbooks [26, 27]. 

According to Betz, under the assumption that the turbine swirl and 
transmission losses were neglected, the theoretically maximum 

power that can be extracted from the wind is 59% of the wind 

power available in the wind. Therefore, for any wind turbine, the 

wind turbine efficiency η should not exceed 0.59.  For this study 

we used the two  commercial wind turbine ‘‘AN Bonus 1 MW/54’’ 

with swept area 2300 m2  and  Nordex 1500 MW S77 with swept 

area 4657 m2  (main characteristics of this wind machine shown in 
tables 8&9 .By using the monthly values of mean wind speed for 

Sokna  city at a height of 70 m which are listed in Table 4 and 

then by substituting these values in Eq. (8),we obtain the monthly 

values of η at hub height 70 m for the two wind turbine 1000 

kW&1500 kW, see Table 7 and Fig. 4. 

From these table and figure, we can observe the following: 
 

A-  First for AN Bonus 1MW/ 54 wind turbine 

 The average annual of η were found to be1.35. 

 The values of monthly wind turbine efficiency are 

greater than 0.59 for all during the year of Sokna city. 
 

B-   Second for Nordex S77 1500kw wind turbine. 

 

 The average annual of η were found to be 1.00. 

 The values of monthly wind turbine efficiency are 

greater than 0.59 for all months during the year. 
 We concluded that the use of a two type of wind turbine 

with rated power 100kw& 1500 kW at 70 m at Sokna 

city is recommended. 

B. Applications of electricity generation 

    The main objective of this study to evaluate the performance of 

two wind turbines operating in real condition within a grid-

connection. Turbine depends on both the design characteristic of 

the turbine and the turbine properties of the wind resource 

represented by wind speed probability density. Matching    the 

actual wind frequency distribution of the region with a suitable 

model of wind energy conversion system can maximize the energy 

output.                                                                                                 

      The wind turbine with parameters (specifications such as cut-in 

speed ,cut-out speed, rated speed, and rated power),that the best 

matches wind characteristics of the region is chosen from the 

existing with turbine in the market[3].for that, the selected wind 

turbines for Sokna city are studied. From the results (Table 7 and 

Fig. 4) where the values of monthly wind turbine efficiency ɳ for 

considered wind turbines with capacity of 1000 kW 

‘‘AN Bonus 1MW/54’’, and rated wind speed 15 m/s and wind 

turbine with capacity 1500 kW ‘‘Nordex S77’’ with rated speed 13 

m/s are calculated . the turbine efficiency for both types are  

greater than 0.59 in all months during the year, .Turbines in the 

Sokna  are considered to be located at 150m distance a part each 

other to prevent energy productions loses of park effect .North 

direction  seems the best  to consider in the suggested  wind farm 

project. The technical data of the two wind turbine “AN Bonus 

1MW/54 & Nordex S77’’used are summarized in tables 8&9.using 

this data with estimated annual mean wind speed t 70 m (hub 

height of this wind machine) will be 6.4 m/s and the obtained 

capacity factor is high 49.5%.   

                                                           
Table 8: The technical characteristics of wind turbine 
AN Bonus 1MW/54. 
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Table 9 : The technical characteristics of wind turbine 
Nordex S77. 

 
 

 

 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Monthly variation of the mean wind turbine 

efficiency for two commercial wind turbines 1000 

kW&1500 kW during the year. 

 

 

                          VI. CONCLUSIONS 

In this research, establishment of installation of wind  

turbine with capacity of 1 MW to operate at Sokna city were 

studied. the results of this investigation were very promising. 

Observation of the measured and estimated values leads to 

the following conclusions: 

1-The wind in Sokna city is predominantly east-northeast 

(ENE) throughout the year. So, east-northeast seems 

the only wind direction to consider in wind turbine 

project, which will be developed on the campus area. 

2-  Annual mean wind speed for this site is ranging from 3.9 

to 6.4 m/s at the heights of 10-70 m, which is similar to 

the strong wind speeds in some European countries. 

3-  For the investigated station with Weibull parameters k 

and c, see Tables 5, we can drive that the wind is 

sufficient during the half of the year (spring and summer 

periods) for high power generation 

. 

4- The monthly corrected values of air density, see Table 7, 
is almost smaller than the standard air density ρ = 1.225 

kg/m3. Which confirms the stability of the atmosphere at 

sokna city during the year and therefore, it causes an 

improvement in the efficiency of wind turbines worked 

at this site. 

5- Investigation of available power density at the heights of 

10-70 m indicates that, there are huge wind power 

densities over the year, especially at spring and summer 

seasons in the range of 435.47-317.12 kW/m2. This 

agrees with the information given by our Weibull 

parameters investigation. 

 

6- We recommend that at Sokna city, we can use both types 

of wind turbines 1000 kW and 1500 kW at 70 and 100 m 

hub height. 
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