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ABSTRACT.    This paper presents a study of wind resource in the Golf of Tunis. Experimental 
measurement of wind speed and wind direction, are conducted. The statistic treatment of results 
permitted us to evaluate the most characteristics of wind energy in the studied site. The obtained 
results can be used to perform wind power designs and confirm that the Golf of Tunis has promising 
wind energy potential. 
 
 

NOMENCLATURE  
 
V Wind speed (m/s)  k The scale Weibull parameter 

V  Men wind speed (m/s)  A The shape Weibull parameter (m/s) 

 P  Men wind power density  (w/m²)  F0 The calm frequency  

outP  Mean power density production (w/m²)  ρ Density (kg/m3) 
f Weibull function  σ Standard deviation (m/s) 
Cp the power coefficient  Ti Turbulence intensity (m/s) 
 

INTRODUCTION 

During the last decades, oil prices fluctuation cause an important problem on the economies of the 
importer countries. To cure this problem, Tunisia decided to invest in the field of renewable energy 
and essentially the wind energy since it is localized in windy area. 
 
In this general context our study is devoted to the evaluation of wind potential in the central coasts 
of Tunis Golf. In many sites over the world an experimental estimation of wind resources are 
carried out. Among other we found the work of A.S. Ahmed Shata and R. Hannitch [2008] which 
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 M. Gokcek et al [2007]. We found also a review of wind energy potential in four 
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typical locations in Ethiopia developed by G. Bekele and B. Palm [2008]. 
 
Other researchers have interested to the mathematical treatment and formulation of wind energy 
aspect.  J.A Carter and D. Mentado [2007] developed a bivariate probability model for wind power 
density and wind turbine energy output estimation.  An estimation of the parameters of the Weibull 
wind speed distribution was deducted by J.V. Segero and T.W. Lambert [2000]. Also L. Van Der 
Auwera and al. have used the Weibull three-parameter model for estimating mean wind power 
densities.   
Many other studies are interested to the effect of turbulence in aerodynamic efficiency of wind 
turbine. C. Sicot et al. [2008] have studied the effect of turbulence on a wind turbine blade. We 
found also an experimental study in wind turbine aerodynamic in high turbulence carried out by Ph. 
Devinant et al [2002].     
 
In this study, experimental measurement of wind speed and wind direction, are conducted. The 
treatment of 52 211 observations permitted us to evaluate the most important characteristics of wind 
energy in the studied site: the mean wind speed, the standard deviation of wind speed, the 
turbulence intensity and the mean wind power density. Wind rose, wind power rose and turbulence 
rose are also estimated. 
 

SITE DESCRIPTION 
 

Tunisia is located in North Africa. It is bordered by Algeria to the west and Libya to the southeast. It 
is the northernmost country on the African continent, and the smallest of the nations situated along 
the Atlas mountain range. Around forty percent of the country is composed of the Sahara desert, 
with much of the remainder consisting of particularly fertile soil. An abrupt southern turn of its 
shoreline gives Tunisia two faces on the Mediterranean with 1300 km coastline.  
 
 

     
 

        Figure 1: Geographic Position of Tunisia         Figure 2: Geographic Position of weather station 

The experimental design is a weather station installed in 36°43’04” N, 10°25’41”E which measure 
the wind speed and the wind direction. This station is equipped with an acquisition system that 
record 600 value over a period of 10 min and gives the avenge wind speed, the standard deviation 
and the wind direction.   
 

http://en.wikipedia.org/wiki/North_Africa�
http://en.wikipedia.org/wiki/Algeria�
http://en.wikipedia.org/wiki/Libya�
http://en.wikipedia.org/wiki/Atlas_mountains�
http://en.wikipedia.org/wiki/Sahara_desert�
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THEORETICAL MODEL 

Wind Power density:   
 

The mean wind power density in the site was given by the following expression: 
 

31
2

P Vρ=                                                                      (1) 
 

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
( )P P V dV

∞
= ∫                                                               (2) 

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

31( ) ( )
2

P V V f Vρ=                                                           (3) 
 
f is the wind speed distribution function. 
 
Wind speed distribution  
 
Wind velocity distribution can be modeled by several functions. According to E. J. Gumbel [2004], 
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 turbine.  
 
The Weibull function with two parameters which is expressed as: 

1

( ) exp
k kk V Vf V

A A A

−     = −         
                                                    (4) 

A and k is the scale parameter and the shape parameter which represent respectively the value for 
which the function admits a maximum and the function dissymmetry.  
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 2003]:  

1

0( ) (1 ) exp   
k kk V Vf V F

A A A

−     = − −         
                                         (5) 

Where F0  is the calms frequency. 
 
In order to determine the values of Weibull parameters, the maximum likelihood method [Fichaux 
2003] can be used to fit a Weibull function to a measured wind speed distribution.  
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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 altitude. The objective is to evaluate the characteristic of wind in 
the site. 
 
Wind distribution: 
 Wind velocity measurements during 12 months permit us to determinate the wind speed frequency 
in each interval (Figure 3). According to J.V. Seguro et al [2000], Weibull parameters can be 
calculated using this tow expression: 

1

1 1

1

1

ln () ( ) ln () ( )

( ) ( 0)

( )

( 0)

n n
k

i i i i i
i i

k
i i

i

n k
k

i i
i

V V p V V p V
k

V p V p V

V p V
A

p V

−

= =

=

    
    
    = −

≥    
        

 
 
 =

≥ 
 
 

∑ ∑
∑

∑

                                     (6) 

p(V≥0)    Probability where the wind speed is higher or equal to zero. 
p(Vi)  Wind speed frequency in bin i 
Vi    Wind speed central to bin i. 
n  Number of bins 
 
Then the Wiebull function of distribution at the altitude of 10m is expressed as: 
 

0.8 1.8100 1.45 1.8( ) ( ) exp
100 5.62 5.62 5.62

V Vf V
 −    = −         

                                      (7) 
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Figure 3: Distribution of wind speed 
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This table illustrates the most important characteristics of wind in the site. 
 

Table 1. Important characteristics of wind in the site 
 

Height (m) 10 

Mean wind speed (m/s) 5,01 

Minimal wind speed (m/s) 0 

Maximal wind speed (m/s) 21,1 

Standard deviation (m/s) 2.83 

Mean wind power density (W/m²) 158 

Calm frequency (%) 1,45 
 
The knowledge of this values allows for a given wind turbine, knowing the power coefficient and 
the distribution function, to calculate the quantity of energy produced on the studied site.  
 
Wind rose and wind power rose 
 
In order to evaluate the frequency with which the wind direction falls within each direction sector, 
we present the data collected in the form of wind rose. 
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Figure 4: Wind rose 

Figure 4 shows that the prevalent wind blows from the west and south-east directions, but the 
statistic analysis of the power density shows that the north-west direction contributes mainly to the 
quantity of energy available on the site as shown in Fig. 5. 
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Figure 5: Wind power rose 

So, it is important to note that the study site present the advantage that the maximum of wind 
energy available is extracted from one direction. This improves quality of the wind power, available 
on the site, since it decreases perturbation due to changes of the wind turbine direction. 
 
Wind turbulence intensity 
 
Turbulence intensity is a relative indicator of turbulence and not an absolute value. It is calculated 
by the following expression: 

Ti
V
σ

=                                                                        (8) 
 

Where σ is the standard deviation of the wind speed data sample and V is the mean wind speed.  
The hourly and monthly average of Ti calculated using 10 min average wind speeds and 
corresponding standard deviation are provided in Fig. 6 and Fig. 7 respectively. 
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Figure 6: Mean daily turbulence profile 
 

 
 

Figure 7: Mean monthly turbulence profile 
 
Higher values of Ti are observed during nighttime and lower during day time, as can be seen from 
Fig. 6. Similarly higher values of Ti were observed during October to December and smaller bit 
during rest of the month. Further more, The International Electro-technical Commission (IEC) wind 
turbine design standards specify a turbine to be designed for Ti levels up to 0.18m/s in 15 m/s 
winds. Hence the Ti values indicate no concerns for wind energy development at this location. 
The turbulence rose (Figure 8) shows that Ti in the west and south-east direction does not exceed 
0.18 m/s. These can confirm the previous results for the reason that Ti is lower than the IEC 
standard turbulence limit in these directions. These minimize the percent of energy lost in kinetic 
energy of turbulence and protect blade for damage due to the fatigue problem. 
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 Figure 8: Turbulence rose                  

 
Extrapolation of the results and wind power class  
 
The wind power class is defined by a number affected to each interval of average wind power in the 
site at 50m altitude. Classification is done according to the following table.  
 

Table 2: Wind Power class 
 

Class  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 

 
To estimate the wind power density at 50m, we can 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 9 represents 
extrapolation of wind speed: 
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Figure 9: Wind speed profile (extrapolation) 
 

As shown in Fig. 9, the mean velocity at 50m is 6.28 m/s. Therefore the mean power density at this 
altitude is: 
 

310,681 W/m²P =  
 

According to Table 2, our site belongs to the third class. As a result we can affirm that the 
installation of a wind park in this site is profitable.  
 
Simulation of wind turbine production: 
 
In this part the production of the wind turbine Enercon E82 was simulated. The experimental 
Weibull distribution for the studied site determinate in 100m of height permits us to evaluate the 
production of this wind turbine. 
 
For this reason a procedure giving the energy production, based on linear interpolation and using 
the characteristic of wind turbine and the expression (9), was developed. 
 

max

min

31( ) ( )
2
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out pV

P C V S V f V dVρ= ∫                                                  (9) 

 
 
The characteristic of this wind turbine is given on Fig. 10.  
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Figure 10. Characteristic of the wind turbine Enercon E82 
 
The monthly production of the wind turbine Enercon E82 is given in Fig. 11. We note that March, 
May, July and December present the maximum of energy production in the site, so 42,28 % of total 
energy is produced in these months. Figure 12 shows that the time at zero output does not exceed 
6%, these results is promising since it decreases the energy losses due to the electric network 
coupling and minimize considerably the uses of other energy resource. 
   

 
 

Figure 11. Monthly production of wind turbine Enercon E82 
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Figure 12. Monthly percent of time at zero output 
 

CONCLUSION 
 
In this study, we have evaluated the most important characteristic of wind energy in the Golf of 
Tunis. The measured and the deduced information show that the studied site presents an important 
wind resource in comparison with other sites in the world. So, with 5409,950 kWh/yr of energy 
production and 3,73 % of time at zero output when using the wind turbine Enercon E82, we can 
classify the Golf of Tunis as one of the best site in Tunisia. It’s important to know that this type of 
studies is important because it permit to identify the feasibility of wind park project and can help to 
perfectly choosing the type of wind turbine so that we maximize the energy production.  
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