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Abstract - This paper presents a study of wind resource in the site of Borj-Cedria in the 
Golf of Tunis. Experimental measurement of wind speed and wind direction, are obtained. 
The treatment of results using Weibull model permitted us to evaluate the mean wind 
power density which can be used to perform wind power designs. Wind rose and wind 
power rose are also estimated. The functioning of tow types of wind turbines is simulated 
and a comparison between their profitability is carried out.   
Résumé - Cet article présente une étude des ressources éoliennes dans le site de Borj-
Cedria au Golfe de Tunis. Les mesures expérimentales de la vitesse et de la direction du 
vent sont obtenues. Le traitement des résultats en employant le modèle de Weibull nous a 
permis d'évaluer la densité moyenne de puissance du vent et ceci pour un bon 
dimensionnement et une meilleure conception des systèmes de conversion de l’énergie 
éolienne. La rose de vent et la rose de puissance sont également estimées. Le 
fonctionnement de deux types d’éolienne est simulé et une comparaison entre leur 
rentabilité est effectuée.   
Keywords: Wind power - Wind velocity - Wind direction. 

 
1. INTRODUCTION 

The consumption of energy, in last years, increased considerably as a direct impact 
of the important demographic and industrial development. In addition the fossil energy 
resources can be exploited only for a few decades. To satisfy the energy requirement it 
is necessary to find solutions and to diversify the energy resources. Currently there are 
mainly two ways. The first is to optimize the energy systems in order to minimize loses 
and to increase their efficiencies. The second way consists in increasing the use of 
renewable energy and to try to develop powerful systems, which could be a reliable 
energy solution in the future.  

In this general context, our study is interested in wind energy which seems one of 
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the most promising with a very high international growth rate. Recently, many 
researches interest to the development and the optimization of the wind turbines as on 
the most successful technique of recuperation of wind energy. Lapie [1] modeled the 
dynamic comportment of average and high power wind turbine. ChristophE [2] 
developed a three dimensional simulation of turbulent flow in a wind park. Ebert et al. 
[3] simulated the near wake of horizontal-axis wind turbine at runaway, to precisely 
predict aerodynamic field of wind turbine. Schmitz et al. [4] have been developed a 
solver based on Navier-stokes/Vortex-panel for numerical analysis of this problem. 

To reach the mentioned objectives it is necessary to identify the wind resource in the 
site where wind power designs will be implanted. Carter et al. [5] developed a bivariate 
probability model for wind power density and wind turbine energy output estimation.  
In many site over the world an experimental estimation of wind resources are carried 
out. Among other we found the work of Shata et al. [6] witch presents a data bank of 
electricity generation and wind potential assessment of Hargada in Egypt and the 
investigation of wind characteristic and wind energy potential in Kirklareli in Turky 
presented by Gokcek et al. [7]. We found also a review of wind energy potential in four 
typical locations in Ethiopia developed by Bekele et al. [8].  An estimation of the 
parameters of the Weibull wind speed distribution was deducted by Segero et al. [9]. In 
his work, Fichaux [10] has evaluated the offshore wind potential using satellite 
imageries.   

In this study, an experimental measurement of wind velocity and directional 
distributions are conducted. Weibull model is used to estimate the temporal energy 
distribution; this model is found suitable for the studied site. In the last part of this work 
the functioning of two type of wind turbine in the site is simulated.  

2. THEORETICAL MODEL 
Wind velocity distribution can be modeled by several functions. According to 

Gumbel [11], the best one is Weibull distribution. This function has the advantage of 
making it possible to quickly determine the average of annual production of a given 
wind mill. The mean wind power density in the site was given by the following 
expression: 

3V..
2
1P ρ=                 (1) 

where 3V  is the cubical mean velocity in the site over the period of measurement. But 
these depend on the frequency of each velocity, that’s why mean wind power density 
can be expressed as: 

∫
∞

= 0 Vd.)V(PP                (2) 

where )V(P  is the power probability density for each wind speed, it’s given by the 
following expression:  

)V(f.V..
2
1)V(P 3ρ=                (3) 

where )V(f is the frequency of appearance of the wind speed V , which can be 
presented by Weibull distribution. This function can be described by two or three 
parameters. The advantages of the use of the function of Weibull with two parameters 
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were highlighted by Justus et al. [12, 13]. A model of Weibull with three parameters was 
proposed by Van der Auwera et al. [14]. This model is a generalization of the Weibull 
function with two parameters.  

The Weibull function with two parameters is used frequently in the wind industry. 
It’s expressed as: 
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where A  and k  represent respectively the scale parameter which is the value for which 
the function admits a maximum, and the shape parameter describes the dissymmetry 
function.  

But in the areas where the frequency of calms is relatively important, the traditional 
distribution of Weibull is badly adapted. In fact, the value of k  obtained is then close to 
1, representing an almost exponential distribution. For this reason we should treat the 
data, by removing calms series from the data and representing them separately. The 
mathematical expression of this hybrid Weibull function is given by Fichaux [10]:  
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where 0F  is the calms frequency. 
In order to determine the values of Weibull parameters, the maximum likelihood 

method [10] can be used to fit a Weibull function to a measured wind speed distribution.  
Even the mean wind power density is calculated, site can be classified according to 

the Table 1 (Atlas of USA). The wind power class is defined by a number affected to 
each interval of average wind power in the site at 50 m altitude.  

Table 1: Wind energy class 
Class of Wind power Description Power at 50m (W/m2) 

1 Poor 0-200 
2 Marginal 200-300 
3 Just 300-400 
4 Good 400-500 
5 Excel 500-600 
6 Exceptional 600-800 
7 Superb 800-2000 

3. EXPERIMENTAL RESULTS AND DISCUSSION 
In this paragraph, we are primarily interested to the treatment of data recorded by a 

meteorological station installed on the site at 10 m of altitude. The objective is to 
evaluate the wind potential of the site, and to estimate the effectiveness of a wind park.  

Wind velocity measurements during 12 months permit us to determinate the wind 
speed frequency in each interval (Fig. 1). 

According to Seguro et al. [9], Weibull parameters can be calculated using this tow 
expression: 
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where:  
)0V(p ≥ : Probability where the wind speed is higher or equal to zero. 

)V(p i : Wind speed frequency in bin i  

iV : Wind speed central to bin i  
N : Number of bins. 

 
Fig. 1: Distribution of wind speed 

This expression permits us to calculate the Weibull coefficients, which are given in 
the following table: 

Table 2: Weibull coefficients 

k  A  (m/s) 0F  
1.8 5.62 1.45 

The mean wind power density of the site can be expressed, again, by the following 
expression: 

3
e V..

2
1.KP ρ=                  (7) 

Assuming a constant air density, the energy pattern factor eK  would be the ratio of 
the actual mean wind power density to the wind power density calculated using only the 
mean wind speed: 
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For this study the mean velocity is V = 5.01 m/s and the energy pattern factor is 

eK = 2.046. So, the mean wind power density will be P = 158 W/m2.  
To estimates the wind power density at 50 m, we assume that the wind speed varies 

with height according to the power law with the value of 0.14 for the power law 
exponent. Figure 2 represents the extrapolation of wind speed: 

 
Fig. 2: Wind speed profile  

As showing in figure 2, the mean velocity at 50 m is 6.28 m/s. Therefore the mean 
power density at this altitude is 2m/W310P = . 

According to table 1, our site belongs to the third class. As a result we can affirm 
that the installation of a wind park is profitable. The knowledge of this value allows for 
a given wind mill, knowing the power coefficient of a given wind turbine, to calculate 
the quantity of energy produced on the studied site.  

In order to evaluate the distribution of the power available, according to the wind 
direction, we present the data collected in the form of wind roses. This one comprises 
sixteen sectors, presenting each one a given direction. 

 
Fig. 3: Wind rose 
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According to figure 3, the prevalent wind blows from the north-west or south-east 
directions, but the statistic analysis of the data shows that the north-west direction 
contributes mainly to the quantity of energy available on the site as shown in the figure 
4. 

So, it is important to note that the studied site present the advantage that the 
maximum of wind energy available is extracted from one direction. This result improves 
quality of the wind power available on the site since it decreases perturbation due to 
changes of the wind turbine direction. 

 
Fig. 4: Wind power rose 

4. SIMULATION OF ENERGY PRODUCTION  
FOR TWO TYPES OF WIND TURBINES 

In the first part of our study we have determinate the wind resource in the site. The 
major problem in any wind park project is the choice of the best wind turbine adapted to 
the site, so that we can maximize the energy extracted and gives so the best efficiency. 

In this part we simulate the production of two types of wind turbines of 1 kW power 
each one. For this reason a procedure giving the energy production based on linear 
interpolation and using tow categories of files was developed. The first file contains the 
measured wind speed and the second one gives the characteristic of each wind turbine.  

The wind turbines studied is XL.1 of the company ‘Bergey Windpower’ and 
Whisper 200 of the company ‘Southwest Windpower’. 

The characteristic of these two wind turbines are shown by Figure 5. 

The wind turbines rotors are supposed to be placed at 10 m height to minimize the 
error due to the extrapolation of measurements. Table 3 illustrates their monthly 
production in the site.  

We note that the quantity of energy produced by the wind turbine Whisper 200 is 
more important. But this one presents the disadvantage of not producing during 28.61% 
of the year. Thus, results can confirm that the choice of a type of wind turbine require 
knowledge of wind quality in the site and the selected application. 
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Fig. 5: Characteristics of tow wind turbines 

Table 3: Monthly production of XL.1 and Whisper 200 wind turbines  
  Bergey XL .1 Whisper 200 
 

Wind speed 
Time at 

zero output 
Energy 

production 
Time at 

zero output 
Energy 

production 
 (m/s) (%) (kWh) (%) (kWh) 
January 4.39 6.97 124 40.25 126 
February 4.56 6.44 112 34.17 119 
Mars 5.67 3.76 192 20.95 202 
April 4.90 5.53 142 29.83 153 
May 5.82 4.34 209 22.54 229 
June 4.42 7.95 108 33.09 118 
July 5.73 4.32 199 19.94 214 
August 4.31 6.88 103 33.33 114 
September 5.03 3.94 140 24.65 154 
October 4.73 7.03 133 32.19 146 
November 5.10 4.51 148 26.55 159 
December 5.44 6.28 186 26.26 196 
Annual 5.01 5.66 1 796 28.61 1 931 

5. CONCLUSION 
In this study, we have evaluated the wind resource in Borj-Cedria in the Golf of 

Tunis (Tunisia) in particular the mean wind power, the average wind speed and the wind 
direction. The measured and the deduced information are of good quality in comparison 
with the found profiles related to previous studies of wind resource, evaluated in other 
sites in the world. The comparison of the production of tow types of wind turbines 
simulated in the considered site, permitted us to identify some problems of wind park 
project which can help to perfectly dimensioning the system.  

NOMENCLATURE 
A : Shape Weibull parameter (m/s) P : Wind power probability density 

       (W/m²) 
0F : Frequency of the calm (Hz) )V(p i : Wind speed frequency in bin i  
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)V(F : Frequency of appearance of the 
             wind speed V  (Hz) 

)0V(p ≥ : Probability where the wind 
               speed is higher or equal to zero 

K : Scale Weibull parameter V : Wind speed (m/s) 
eK : Energy pattern factor V : Mean wind speed (m/s) 

N : Number of bins 
ρ : Density (kg/m3) 

iV : Wind speed in the center of bin i  
       (m/s) 
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