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Abstract - The present study enters within the electricity production program from wind 
energy resource which is in total agreement with Kyoto protocol objectives. The Algerian 
wind map allowed an identification of a windy area located in the high plateaus. Indeed, 
this region namely that of Bordj Bou Arreridj shows that annual average of wind speed 
exceeds 5 m/s at 10 m above ground. In order to set up a wind farm for electricity 
production that will be inserted to the electrical power distribution network, an 
investigation is being performed by the CDER. Accordingly, a Wasp model is used for a 
detailed analysis of the available wind potential by developing the regional wind diagram 
in the considered area.In making this analysis, wind data measured at 60 m above ground 
are considered to estimate the wind characteristics (speed and direction) of the site. This 
statistical information are synthesized by the elaboration of the site wind rose 
determining the prevailing wind direction in the region. The significance of the site 
ruggedness index (RIX) and the associated performance indicator (∆RIX) are confirmed 
and the consequences of applying WAsP outside its operating envelope are quantified. 
And the power production evaluation of a wind farm, taking the turbine wake losses into 
account is then measured. The obtained results show that the optimal place for wind 
energy production is located in the north of the region with a potential varying from 
196.7 to 1645.5 W/m². Finally, several situations have been considered for the produced 
electrical energy. They depend essentially on the farm ability, the generators, etc. 

 
1. INTRODUCTION 

Wind energy plays an essential role among the various renewable energy forms 
contributing to the production of electricity. It is one of most promising forms in terms 
of ecology, efficiency and application field. Its potential huge potential is estimated to 
30.1015 kWh for the globe, and between 5 and 50 × 1012 kWh/year for the exploitable 
terrestrial area. One can note that more than 24.5 GW were installed in the world by 
2002, for an annual production estimated to 45 × 109 kWh. The objective of Algeria is 
to reach a capacity of 17 GW by 2017. 

2. WIND RESOURCES IN THE BORDJ BOU ARRERIDJ 
2.1 Description of the region 

To evaluate wind resources it is necessary to know some characteristics of the 
concerned region. The climate is obviously the most relevant one though some aspects 
such as protected areas, population distribution, and proximity to electrical power 
transmission systems are also important.  

 
* dabdeslame@cder.dz ; nkmerzouk@cder.dz 



D. Abdeslame et al. 

 

2 

Climate: Bordj Bou Arreridj climate is semi arid, being conditioned by its orography 
and its location on the Algerian high plateau. A significant climatic variation between 
seasons exists; very cold winters and torrid summers. 

It is also considered as the high plateau capital city with an altitude of 1900 m. 

 
Fig. 1: Location of study region and its geographic characteristics 

2.2 Wind and geographic data 
The data used to evaluate the wind resources have been obtained mainly from 

official organisms. The topographical maps are from the ‘Institut National de 
Cartographie et de Télé Détection, INCT’ (National Institute of Cartography and Tele 
Détection) and the wind data are provided by the ‘Office National de la Météorologie, 
ONM’ (National Office of Meteorology), The digital map used belongs to the INCT 
with a scale 1:50.000 (Fig. 2).The separation between height contour curves is 20 m. 

 
Fig. 2: Topography map 

The National Meteorological Institute has 75 measurement stations [3]. These 
stations taken into consideration are described in Table 1. 

Table 1: Position and years with available data of 
the measuring station of the national meteorological office 

Station Longitude Latitude Height Years 
Bordj Bou Arreridj 04°40’N 36°04’N 10 m 1978-1988 
M’sila 4°30’E 35°40’N 10 m 1979-1988 
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Fig. 3 and 4 shows the monthly distribution of wind directions and speeds, 
respectively, measured in this station. The maximum wind velocity is registered in 
February. The dominant direction is W–E. [3]  

  
Fig. 3: Monthly speed distributions, 

obtained from data of the wind 
measuring station 

Fig. 4: Frequency distribution of wind 
directions, obtained from data of 

the wind measuring station 

The Wind Rose for the stations is given in Fig. 5. 

 
Bordj Bou Arreridj station 

 
M’Sila station 

Fig. 5: Wind Rose of the stations 

We note that the station position has not been selected to study the wind resource. 
But for this study we reflect on the station among important wind climatology such as 
M’sila station where the mean wind is about 7.28 m/s.  

The wind atlas contains data for 4 reference roughness lengths (0,000 m, 0,030 m, 
0,100 m, 0,400 m) and 5 reference heights (10 m, 25 m, 50 m, 100 m, 200 m) above 
ground level. The roses of Weibull parameters have 12 sectors each. 
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Table 2: Regional wind climate summary 
Regional wind climate summary of M’Sila site 

Height Parameter 0,00 m 0,03 m 0,10 m 0,40 m 
10 m Weibull A (m/s) 

Weibull k 
Mean speed (m/s) 
Power density(W/m2) 

8.1 
1.52 
7.28 
632 

5.7 
1.39 
5.19 
262 

5.0 
1.40 
4.53 
171 

3.9 
1.42 
3.56 

82 
25 m Weibull A (m/s) 

Weibull k 
Mean speed (m/s) 
Power density(W/m2) 

8.8 
1.54 
7.93 
802 

6.7 
1.44 
6.10 
402 

6.1 
1.44 
5.50 
293 

5.1 
1.45 
4.62 
173 

50 m Weibull A (m/s) 
Weibull k 
Mean speed (m/s) 
Power density(W/m2) 

9.4 
1.56 
8.46 
948 

7.6 
1.51 
6.87 
538 

7.0 
1.51 
6.30 
414 

6.1 
1.50 
5.48 
274 

100 m Weibull A (m/s) 
Weibull k 
Mean speed (m/s) 
Power density(W/m2) 

10.1 
1.55 
9.04 

1170 

8.7 
1.60 
7.81 
721 

8.1 
1.62 
7.24 
569 

7.2 
1.60 
6.43 
405 

200 m Weibull A (m/s) 
Weibull k 
Mean speed (m/s) 
Power density(W/m2) 

10.8 
1.52 
9.74 

1507 

10.1 
1.57 
9.06 

1180 

9.4 
1.59 
8.42 
917 

8.4 
1.61 
7.54 
645 

Regional wind climate summary of Bordj Bou Arreridj site 
Height Parameter 0,00 m 0,03 m 0,10 m 0,40 m 
10 m Weibull A (m/s) 

Weibull k 
Mean speed (m/s) 
Power density(W/m2) 

5.5 
1.74 
4.87 
158 

3.7 
1.49 
3.39 

65 

3.3 
1.49 
2.95 

43 

2.6 
1.51 
2.33 

21 
25 m Weibull A (m/s) 

Weibull k 
Mean speed (m/s) 
Power density(W/m2) 

6.0 
1.79 
5.34 
200 

4.5 
1.59 
4.05 
102 

4.1 
1.58 
3.64 
74 

3.4 
1.59 
3.07 
45 

50 m Weibull A (m/s) 
Weibull k 
Mean speed (m/s) 
Power density(W/m2) 

6.5 
1.83 
5.73 
242 

5.3 
1.76 
4.69 
139 

4.8 
1.72 
4.27 
108 

4.2 
1.71 
3.71 

71 
100 m Weibull A (m/s) 

Weibull k 
Mean speed (m/s) 
Power density(W/m2) 

7.0 
1.78 
6.21 
318 

6.3 
1.85 
5.57 
220 

5.7 
1.87 
5.09 
166 

5.0 
1.91 
4.48 
110 

200 m Weibull A (m/s) 
Weibull k 
Mean speed (m/s) 
Power density(W/m2) 

7.7 
1.70 
6.87 
455 

7.8 
1.78 
6.92 
441 

7.1 
1.80 
6.28 
325 

6.2 
1.85 
5.47 
208 
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Fig. 6: Ruggedness map of the considered site 

3. CALCULATION PROCEDURE 
WAsP software is used to evaluate the wind resource of the region. It is a program, 

developed by the Riso National Laboratory of Denmark for climate forecast and power 
productions from wind turbines and farms. [5] 

The predictions are based on wind data measured at the station in the concerned 
region. The program includes a numerical model of the area, a roughness variation 
model and a model for the neighboring obstacles. Wind data can be converted into a 
regional wind climate in which the wind observations have been adjusted with respect 
to the site specific conditions. The program can estimate the wind potential, the average 
wind energy distribution, and the average annual wind energy production of a turbine at 
any specific point. 

 
Fig. 6: Study site localization 

In order to determine which station is the most adequate to calculate the values in 
each point of the Bordj Bou Arreridj Region, the following criteria were applied: [5, 6] 
 Proximity of the measurement station to the point where the wind resource is 

calculated. 
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 Similarity of the topographic conditions and the climatology. It is expected that 
better results are obtained when the measurement and calculation zone are similar. 

 Analogous values of the ruggedness index (percentage fraction of the terrain steeper 
than some critical slope). 

The preliminary study made on 2000 m grid size is useful to locate the zones with 
high wind resource. In a second phase, only areas of high power output were 
investigated decreasing the size of the grid to 190 m. To calculate the power output of 
the different areas, a generic family of typical wind farms was defined.  

The wind turbine chosen has a power of 2 MW, a diameter of 76 m, and a height of 
60 m. With this kind of turbines, the gap between two turbines must be more of 100 m. 
Therefore, the lower resolution is not necessary. 

4. RESULTS 
The simulation program has been first executed with a low resolution (2000 m). This 

step allowed the identification of four high wind energy resource zones over which a second 
simulation has been carried out separately at higher resolution (190 m). Table 3 indicates 
these zones coordinate as well as the number of lines, columns and cells used in the 
simulation. 

Table 3: Zone parameters 

Zone 
Number 

UTMX 
min 

UTMY 
min 

UTMX 
max 

UTMY 
max Row Colon 

nes Resolution 

1 644481 3944978 663101 3961888 90 99 190 
2 650488 3969452 659798 3974962 30 50 190 
3 668228 3980103 677538 3985613 30 50 190 
4 649260 3994751 666170 4011661 90 90 190 

Table 4 illustrate the predicted average speed, predicted average power density in 
the concerned zones. These result from the WASP model used for the development of 
the wind climatology for the turbines. The used data and the obtained results refer to the 
UTMWGS84 coordinate system, time zone N° 31. The results obtained from the 
different simulations are summarized in the following tables. 

Table 4: Summary of the different results 
A. Site result for farm 1 

Site Turbine Elevation 
(ma.s.1) 

Net AEP 
(GWh) 

Wake loss 
(%) 

Turbine site 1 Bonus 2 MW 487 6,112 0,28 
Turbine site 2 Bonus 2 MW 485 5,952 2,87 
Turbine site 3 Bonus 2 MW 484 5,942 2,87 
Turbine site 4 Bonus 2 MW 483 5,978 2,42 

Site wind climates 
A  

(m/s) 
k  U  

(m/s) 
E  

(W/m2) 
RIX  
(%) 

dRIX  
(%) 

8,4 1,54 7,58 698 0,0 0,0 
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B. Site result for farm 2 
Site Turbine Elevation 

(ma.s.1) 
Net AEP 

(GWh) 
Wake loss 

(%) 
Turbine site 1 Bonus 2 MW 1071 5,344 0,24 
Turbine site 2 Bonus 2 MW 1096 5,649 2,94 
Turbine site 3 Bonus 2 MW 1091 5,632 1,69 
Turbine site 4 Bonus 2 MW 1080 6,575 1,83 

Site wind climates 
A  

(m/s) 
k  U  

(m/s) 
E  

(W/m2) 
RIX  
(%) 

dRIX  
(%) 

7,35 1,46 7,56 758 2,55 2,4 

C. Site result for farm 3 
Site Turbine Elevation 

(ma.s.1) 
Net AEP 

(GWh) 
Wake loss 

(%) 
Turbine site 1 Bonus 2 MW 1631 6,670 0,89 
Turbine site 2 Bonus 2 MW 1601 7,163 0,78 
Turbine site 3 Bonus 2 MW 1605 6,871 1,14 
Turbine site 4 Bonus 2 MW 1622 6,850 0,92 

Site wind climates 
A  

(m/s) 
k  U  

(m/s) 
E  

(W/m2) 
RIX  
(%) 

dRIX  
(%) 

9,525 1,46 8,63 1117,5 7,82 7,825 

D. Site result for farm 4 
Site Turbine Elevation 

(ma.s.1) 
Net AEP 

(GWh) 
Wake loss 

(%) 
Turbine site 1 Bonus 2 MW 1294 4,099 0,15 
Turbine site 2 Bonus 2 MW 1297 5,375 0,86 
Turbine site 3 Bonus 2 MW 1292 4,646 1,46 
Turbine site 4 Bonus 2 MW 1292 4,175 0,03 

Site wind climates 
A  

(m/s) 
k  U  

(m/s) 
E  

(W/m2) 
RIX  
(%) 

dRIX  
(%) 

7,05 1,49 6,38 437,75 16,97 16,9 

In terms of wind power resources, the results show that the best location are in the 
north of the investigated zones where the wind speed varies from 6.06 m/s to 9.07 m/s. 
The best high potential positions are at high altitudes. We notice also the existence of 
very windy regions with a speed exceeding 7 m/s at 500 m and corridors emanating 
from the high plateaus with a moderate speed (6 m/s). 

Some parameters that may affect the results have taken into consideration in the 
simulation. In zones 1 and 2, the distance between the application position and the 
position where the data are collected respectively greater than 22 and 60 kilometers. 
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Moreover, WASP is more convenient for areas with small slopes and the region 
presents a slightly complex orography. Consequently, a difference of the RIX index 
between the station location and the simulation point may also induce some errors .we 
observes that for DRIX ~20 % the net AEP reduce. 

Wind turbine characteristics of a wind turbine are also used to calculate the power 
production and, possibly, the park (wake) effects in a wind farm, following turbine 
characteristics are: 
 The wind turbine hub height, (m) and rotor diameter, (m) 
 The power curve, (m/s) and (kW) 
 The thrust coefficient curve, (m/s) and (dimensionless).  

The effective wind speed deficit at the down-wind wind turbine (‘1’) is calculated 
using the following equation: 

( )
1

overlap
2
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0
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⎞
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⎝
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where  is the undisturbed wind speed at the up-wind turbine (‘0’) with rotor 
diameter ,  the thrust coefficient,  the downwind horizontal distance 
between the wind turbines and k is the wake decay constant. 

0U

0D tC 01X

- The thrust coefficient 
All wind turbine data files supplied with WAsP includes thrust coefficient data. The 

thrust coefficient  is related to the thrust force , rho being the density of the air, 
as: 
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2
0

2
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=  

The initial wind speed reduction from  to V , when passing the rotor plane, is 

related to  by:  . 
0U

tC ( ) ( 2
0t V/VC1 =− )

In this study we consider two case, first when the distance between neighbouring 
turbine equal to two, and then equal to ten. Table 5 shows the results of wake effect in 
the two different farms. 
a- In the prevailing wind direction 

- For 5 rotor diameter 
Parameter Total Average Minimum Maximum 
Net AEP (GWH) 23,865 5,966 5,914 6,016 
Gross AEP (GWh) 24,509 6,127 6,118 6,132 
Wake loss (%) 2,63 - - - 

- For 10 rotor diameter 
Parameter Total Average Minimum Maximum 
Net AEP (GWH) 23,314 6,078 6,055 6,090 
Gross AEP (GWh) 24,530 6,132 6,129 6,134 
Wake loss (%) 0,88 - - - 
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b- In the direction perpendicular to the prevailing winds 

- For 5 rotor diameter 
Parameter Total Average Minimum Maximum 
Net AEP (GWH) 24,018 6,005 5,964 6,073 
Gross AEP (GWh) 23,393 6,098 6,078 6,111 
Wake loss (%) 1,54 - - - 

- For 10 rotor diameter 
Parameter Total Average Minimum Maximum 
Net AEP (GWH) 24,124 6,031 6,009 6,060 
Gross AEP (GWh) 24,253 6,063 6,027 6,106 
Wake loss (%) 0,53 - - - 

The distance between neighbouring turbines in the farm should be larger than 
approximately four rotor diameters. We say that in term of predicted or Annual Energy 
Production (AEP) at the turbine site the wake loss is 2.63 % for case of 5 times rotor 
diameter compared to 0.88 % for case of 10 times rotor diameter in the prevailing wind 
direction. However, in the direction perpendicular to the prevailing winds, the wake loss 
is more important for both case, it about 1.54 % and 0.53 % for five rotor diameter and 
ten rotor diameter, respectively.  

Otherwise, the wake loss rated 0.53 % in the direction perpendicular to the 
prevailing winds is more important than wake loss in the prevailing wind direction 
which is rated to 0.58 %.the wake difference of different is about 1.09 and 0.35 
respectively. We say that the case of en turbine distance in the direction perpendicular 
to the prevailing winds is significant. 

5. CONCLUSION 
Wind atlas allows the identification of optimal zones for analysis and collection 

wind energy resource. 
First, areas with wind average speed greater than 7 m/s at 500 m height are located 

and a wind direction characteristic in the east sector identified. The atlas has been 
elaborated for twelve 30° sectors. The High Plateaus region is a windy area with a high 
potential. Zone 1 appears to present a better prospect because of the available wind 
power density and the RIX index characterizing this region. 

The most significant factor for WAsP accuracy prediction in rugged and high land is 
the topography ruggedness described by the reference and predicted site ruggedness 
indices. In general, if both indices are close to 0 %, we are within the operation limits of 
WAsP. 

Furthermore, it is very important to reduce wake loss, turbines in wind parks should 
be spaced between 5 and 9 rotor diameters in the prevailing wind direction, and between 
three and five diameters in the direction perpendicular to the prevailing winds 

Finally, WASP provides satisfactory results if the considered sites (the reference one 
and the one where the wind rose is predicted) are subject to comparable wind regimes 
and present similar topographies. 
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