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This study aims to evaluate the wind potential of the Adrar province. It is mostly based on data
from the Touat weather station, which is the only one in the area and has been in operation for
30 years (1994-2024). Wind speed variations were modeled using the Weibull distribution.
However, being located near the airport, the station does not accurately represent the wind
conditions in remote areas, especially since the Adrar province suffers from a lack of
meteorological coverage. To overcome this limitation, a complementary approach based on
interpolation was adopted. This method was validated by comparison with measured data and
allowed for the identification of the four most favorable sites among 86,000 simulated points
in the wilaya, with an average annual speed exceeding 7 m/s. These results offer a strong basis

for the growth of renewable energy initiatives in southern Algeria.

1. INTRODUCTION

Reducing greenhouse gas emissions and promoting
renewable energy have emerged as global strategic goals in the
current energy transition context. Clean and renewable energy
sources like solar and wind are becoming more and more
important in energy policies as a result of the problems caused
by climate change, the depletion of fossil fuels, and the need
to guarantee sustainable energy security. Wind energy stands
out among these options due to its low environmental impact,
high development potential, and cost-competitiveness after the
required infrastructure is put in place.

Algeria, a country with vast area (more than 2.38 million
km?) and characterized by notably diverse climatic situations
among the Mediterranean north and the Saharan south, has an
especially significant wind resource, especially in its Saharan
regions [1-4]. With wind speeds ranging from slight to sturdy
values and remarkable seasonal balance in some regions, the
Algerian Sahara affords favorable ground for the development
of huge-scale wind tasks. However, this ability remains largely
underutilized, despite numerous research and planning
initiatives undertaken in recent years.

In order to better understand and exploit this resource,
several studies have been undertaken, notably within the
framework of the update of the National Wind Atlas, aiming
to characterize wind potential at different regional scales [5-
25].

Among the areas that have attracted particular attention is
the Adrar region, known for its regular and sustained wind
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patterns. Previous studies have highlighted the areological
assets of this region and suggested its relevance for the
establishment of wind farms [26, 27].

Moreover, despite the growing interest in wind energy in
southern Algeria, the effective exploitation of available data
remains hindered by several limitations, notably the spatial
coverage of meteorological stations in the Adrar province
remains very limited, which makes it difficult to identify the
windiest areas. Furthermore, the accuracy of wind modeling
studies and simulations are strongly reliant on the abundance,
volume, and consistency of meteorological data.

In the context of the present study, we are specifically
interested in evaluating the wind potential of the Adrar region.
This study is based on two complementary axes:

First, a geographic information system (QGIS) was used to
generate wind speed and wind energy maps and estimate
monthly, seasonal, and annual Weibull parameters using
Python libraries such as NumPy, Pandas, Scipy, and Scikit-
Learn.

Second, based on hourly wind data collected by the Touait
meteorological station over a 30-year period, wind speed
variations were modeled using the Weibull distribution. The
observed results were compared with the predicted results to
evaluate the effectiveness of the first method. This approach
also made it possible to complete missing data through linear
interpolation, identify the windiest areas in the region, and
estimate monthly and seasonal Weibull distributions for these
areas.

Thus, this study aims to provide a rigorous, comprehensive,
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and spatially detailed assessment of the wind resource in the
Adrar region. It highlights the importance of the method.

2. METHODOLOGY
2.1 Meteorological data

The meteorological station from which we obtained the
necessary information for our work is located in the Touat
region, an area of the Adrar province located in southwestern
Algeria (Figure 1). It is located exactly next to the Sheik Sidi
Mohamed Belkbir airport [28]. These geographical
coordinates are presented in Table 1. The data is measured at
a height of 10 m, with a measurement duration of 30 years.

Table 1. Geographical position of the measuring station

Site
Touat

Latitude
27.838°N

Altitude
280.1 m

Period
1994-2024

Longitude
0.286°W

Tunisia

Merocco

.

Adrar

Q

Station météorologique
de Touat
27.8370, -0.1860

Mauritania

=l Niger

Figure 1. Location of the Adrar meteorological station
2.2 Weibull-based modeling

Given that wind speed changes rapidly and frequently over
time, the statistical probability function, namely the
distribution function, must be used to predict wind behavior
over a given period. Weibull, Gamma, and Rayleigh
distributions are types of probability distribution functions
used to estimate wind potential using statistical distribution
models [29, 30]. Several researchers have demonstrated that
the Weibull distribution offers greater accuracy than other
statistical functions for capturing the asymmetry of the wind
speed distribution. For this reason, it is widely used [31, 32].
This distribution has two parameters that need to be estimated
to find the probability density function and the cumulative
distribution function; these parameters are the shape parameter
k, which describes the shape of the distribution, and the scale
parameter C, which informs about the average speed. The
probability density function of the Weibull distribution is,
according to Pavia and O'Brein [33], given by Eq. (1):

(- ))

k-1
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where, v is the wind speed in (m/s) at time t.
Furthermore, the parameters k and C are determined by Egs.
(2) and (3) according to the work of several authors [34, 35]:

k _ (%)—1.086 (2)
ce_ ¥
r (1 + %) )

with ¥ is the average speed, ¢ is the standard deviation
(m/s), and I is the gamma function. For the statistical
processing of wind speeds, we applied the Linearized Normal
Probability (PNL) classification. This method involves
grouping the speed data into representative classes in order to
reduce random variability and obtain a smoothed distribution.

In order to characterize the directional distribution of winds,
a wind rose was developed. This tool allows for a graphical
representation of the frequency and intensity of winds
according to their direction, thereby providing a better
understanding of the wind regime and dominant orientations.
The data used comes from the Touat meteorological station,
covering a period of 30 years, and was processed in Python
using the Windrose library.

2.3 Interpolation method

The meteorological station whose coordinates are provided
in Table 1, being the only one available, does not alone allow
for the characterization of the entire territory of the Adrar
wilaya, nor does it precisely identify the most favorable areas
for the installation of wind turbines. Moreover, the previously
available wind maps have several methodological limitations:
they do not take into account the roughness of the terrain, nor
the presence of natural or artificial obstacles, wrongly
considering the region as perfectly flat terrain. To address
these shortcomings, we chose to use data from the Global
Wind Atlas (GWA) website. This tool is based on a
combination of atmospheric reanalysis data, such as ERAS or
MERRA-2, coupled with high-resolution numerical models
based on the Weather Research and Forecasting (WRF)
meteorological model. The latter allows for dynamic
downscaling, which refines global climate data by integrating
local factors such as topography, terrain roughness, slope
effects, and variations in ground friction, resulting in a spatial
resolution of up to 250 meters [36, 37].

The GWA thus allows for the simulation of wind conditions
over a period of 10 to 30 years, producing detailed statistical
maps including: average wind speed at different heights, wind
power density (expressed in W/m?), as well as Weibull
parameters (shape factor k and scale factor C).

Following this approach, we used the average wind speed
and wind power density maps provided by the Global Wind
Atlas [36]. These maps were converted into usable digital data
using spatial processing tools (such as Geospatial Data
Abstraction Library (GDAL) and Python), then exported as
Comma Separated Values (CSV) files. Each file represents the
average wind speeds at different geographical points in the
Adrar region, with high spatial resolution.

The numerical data enabled the extraction of annual mean
wind speeds using the method of moments, which provides an
analytical estimation of the Weibull distribution parameters
based on statistical moments of the observed data. To estimate



seasonal and monthly wind speeds at each geographic
location, a dataset of monthly and seasonal Weibull
parameters was utilized. These parameters, derived from
available meteorological stations throughout Algeria, were
spatially interpolated the usage of linear interpolation based on
the geographic coordinates of every station. This manner
allows for the estimation of month-to-month wind speed
distributions at any arbitrary place inside the look at region.
Linear interpolation, in this context, represents the most
effective and maximum direct approach for estimating the
price of a continuous feature between acknowledged factors.
Mathematically, for a function f(x,y,z) the interpolated fee
among neighboring factors (Xo,yo0,zo) and (x1,y1,z1) is acquired
by way of assuming that the variation of among these points is
linear. In the prevailing examine, the variables x, y, and z
correspond respectively to the longitude, latitude, and the
Weibull parameter (both the size parameter C or the form
parameter k) associated with every meteorological station.
Although this approach is computationally green and simple
to put into effect, it assumes a uniform gradient between
remark points, which might also introduce uncertainty in areas
characterized via complex terrain or unexpectedly changing
wind regimes. Nevertheless, it affords a reliable first-order
approximation suitable for preliminary spatial interpolation of
wind parameters and subsequent estimation of wind velocity
distribution throughout the examine region. The steps of this
approach are offered in the wind statistics processing diagram
from the Global Wind Atlas, which illustrates the method of
extraction, processing, and analysis of facts from the GWA
within the context of comparing the wind capability of the

Adrar area (Figure 2).
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Identify nearest
neighboring
stations for each
target point

Collect meteorological
station data
(Longitude x, Latitude y, Wei-
bull parameters C & k)

Select parameter
to interpolate
{C, k, or both)

Estimate wind
speed distribution
at target points

Check interpolated
wvalues for physical
consistency

Apply linear interpolation
formula
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& uncertainty
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Figure 2. Linear interpolation of monthly and seasonal
Weibull parameters and mean wind speed

For the estimation of the Weibull distribution coefficients,
we used the method of moments, based on the first and third-
order moments [38]. The theoretical moments of the Weibull
distribution are given by the following relation:

n
M, =C"I'(1+ E) @)

In order to estimate these parameters, the moment-based
approach establishes relationships between statistical
moments of wind speed and Weibull parameters through the
dimensionless ratio d, defined as [38]:
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This relationship allows for the estimation of the parameter

k by numerically solving the inverse Eq. (6) [38].

k=f~d) (6)

Once k is determined, the scaling parameter C is calculated
from the average speed according to relation (3).

2.4 Method validation

Data interpolation significantly reduces biases due to
missing data, which is crucial for the accuracy of energy
analysis.

The root mean squared error (RMSE) is a commonly used
statistical measure to evaluate the performance of predictive
models, particularly in contexts such as regression and time
series modelling. It allows for the quantification of the average
difference between the measured values and the values
predicted by the model. The lower the RMSE value, the higher
the model's accuracy [39], indicating a better match between
the predictions and the actual observations. It is calculated
using Eq. (7):

~\2
YL i -9
N

RMSE = @)

where, y; is the actual value, y; is the value predicted by the
model, and N is the number of data points.

3. RESULTS AND DISCUSSION

The wind speed and wind power maps were extracted from
the Global Wind Atlas website [36] and processed using the
QGIS software. The results are presented in Figures 3 and 4.

Figure 3 presents the spatial distribution of the annual mean
wind speed over the Adrar region at a height of 10 m above
ground level. The wind speed classes range from less than 1
m/s to more than 7 m/s, clearly revealing spatial variations
across the study area.

The eastern and northeastern zones exhibit the highest wind
speeds, often exceeding 7 m/s, represented by dark red shades
on the map. These areas correspond to elevated plateaus and
open desert landscapes where surface roughness is minimal
and the pressure gradient is enhanced by regional circulation.
Such wind regimes indicate excellent potential for wind
energy development, as they provide consistent and strong
airflow suitable for large-scale wind turbines.

In contrast, the central and southern parts of Adrar show
moderate wind speeds ranging between 4 and 6 m/s (orange
tones). These areas still offer viable wind resources,
particularly for medium-capacity or hybrid wind-solar systems
that can compensate for moderate wind intensity with high
solar irradiance.

The western and southeastern sectors reveal lower wind
speeds (below 3 m/s, in green and cyan tones). These regions
are characterized by more complex terrain or higher surface
roughness, which may reduce wind flow uniformity.
Consequently, they are considered less favorable for wind
energy generation unless micro-siting studies identify
localized acceleration zones.

The annual map of wind energy density over the Adrar
region, Algeria, derived from wind speed data measured at 10



m above ground level, provides a preliminary spatial
assessment of the wind energy potential in the region. The
gradation of wind power density over a gradient ranging from
less than 100 W/m? to more than 410 W/m? reveals a
significant spatial heterogeneity across the region. Some areas,
especially the central and southern parts of Adrar, have
moderate to high power density, indicating favorable
conditions for wind energy utilization. This spatial variation
reflects the influence of local topographic features, surface
roughness and regional wind regimes that shape the
distribution of wind resources.

A

Wind speed(m/s}

200 km

Figure 3. Annual wind speed map of the Adrar region at 10
m above ground
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Figure 4. Annual wind power map of the Adrar region at 10
m above ground

However, the measurement height of 10 m represents a
significant methodological limitation. Due to the combined
effects of surface friction and atmospheric stability, wind
speeds recorded near the surface are generally lower than those
encountered at the hub height of modern wind turbines
(typically between 50 m and 100 m). As a result, the calculated
power density at 10 m underestimates the actual energy
potential available at the operating height. When this
discrepancy is taken into account, estimating wind speed at
turbine height requires vertical extrapolation using logarithmic
or power-law wind profiles that include site-specific
parameters such as surface roughness length and stability ratio.

Despite this limitation, the map provided remains a valuable
decision support tool for pre-screening potential wind farm
sites. This effectively identifies areas of relative advantage
where further on-site measurements and high-resolution
numerical modeling can be prioritized. Nevertheless, for
accurate feasibility assessment, additional data are needed,
including long-term wind measurements, disturbance
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intensity, diurnal and seasonal variability, and vertical wind
shear profiles. Integrating these parameters enables more
reliable quantification of the economically exploitable wind
energy resource, ensures better alignment with turbine design
specifications and improves the accuracy of energy yield
predictions.

In this study, available wind data are limited to
measurements obtained from the meteorological station
operated by the National Meteorological Office (ONM) at
Touait Airport [28]. This unmarried station provides a non-
stop document of wind velocity and path, and gives a precious
reference factor for characterizing nearby wind behaviour.
While, the spatial coverage of this records set may be very
restrained and consequently inadequate to capture the whole
variability of the wind regime over the wider Adrar area, that's
characterized with the aid of complicated terrain and
heterogeneous surface conditions. As a result, data from
Touait Airport is primarily used for comparative analysis and
validation purposes, to assess consistency between measured
measurements and predicted wind characteristics through
regional wind atlases. This comparative approach supports the
assessment of the reliability and representativeness of modeled
data, which is essential for preliminary wind resource
assessment and potential site identification.

From the measured data, we calculated the Weibull
parameters and the average annual and seasonal hourly speed,
which allow us to plot the Weibull curves and frequency
histograms (Figures 5 and 6).

Annual : C= 6.6 m/s, k= 2.25, V= 5.9 m/s

—— Weibull Curve
@ Frequency Histogram

0.175 A
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0.000 .

5 100 125
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Figure 5. Annual Weibull curve and frequency histogram of
wind speeds at 10 meters above ground

Figure 5 highlights the annual Weibull curve and the
frequency histograms. It is noted that the relative frequency
for a wind speed in the range [5—6] m/s is equal to 19%, while
that of calm winds [0.1-0.99] is equal to 5%. The estimated
annual Weibull parameters are: the shape factor k is 2.25,
indicating that this distribution is stable, the scale factor C is
6.6 m/s, and the average annual speed is 5.9 m/s.

From the Weibull distributions and seasonal frequencies
represented in Figure 6, we note the following points. The
frequency of wind speeds in the range [5-6] m/s is
approximately 19% in autumn and winter, and about 18% in
spring and summer.

It is interesting to note in this context that the frequency
accompanying calm speeds of 0.1 to 0.9 m/s hardly exceeds
5% regardless of the season studied.
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Figure 6. Seasonal Weibull curves and speed frequency histograms
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Figure 7. Annual wind rose

Figure 7 presents the wind rose obtained from the measured
data.

We observe that the dominant wind direction is North-
Northeast, representing a value equal to 14.6% of the wind
frequency. This directional distribution confirms that the
Adrar region benefits from a relatively stable wind regime.

In this section, we conclude that this site is suitable for wind
energy production; it is of class 4 according to the PNL
classification [6] with a good wind speed and a shape factor of
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approximately 2, which confirms that the distribution is stable.
But since it is close to the airport and the possibility of finding
other more favourable sites, we will use the interpolation
method.

To validate the interpolation method, we calculated the
Weibull parameters for the Touat site using the interpolation
method, then we compared them to the results obtained from
the measured data, the results are given in Table 2.

The analysis of the Weibull parameters (C and k) and the
mean wind speeds (V), both measured and estimated,
highlights a strong overall correlation between the modeled
and observed data. The shape parameter (k) ranges from 1.4 to
2.1 for the estimated values and from 2.1 to 2.5 for the
observed ones, indicating a moderate dispersion of wind
speeds with greater stability during the summer months. The
scale parameter (C) varies between 4.9 and 6.6 m/s for the
estimated data and between 6.0 and 7.2 m/s for the
observations, suggesting that the model slightly
underestimates wind intensity, particularly in winter and
spring. Similarly, the mean wind speed (V) is slightly lower in
the estimates (4.4-5.9 m/s) compared to the measured values
(5.3-6.4 m/s), with an average deviation of about 0.6 m/s. On
a seasonal scale, the highest wind speeds are observed in
spring and winter, while the lowest occur in autumn. At the
annual level, the estimated parameters (C=5.8, k=1.6, v =
5.2 m/s) are close to the observed ones (C = 6.6, k =2.25,v=
5.9 m/s), confirming that the Weibull model effectively
reproduces the main trends of wind variability. These results
demonstrate that Weibull-based modeling provides a
consistent and realistic estimation of the wind potential in the
studied region, with minor discrepancies attributable to local
topographic effects and the spatial resolution of the data.



Table 2. Observed and estimated Weibull parameters and
mean wind speed

Distribution Estimated Observed
Cm/s) k wv(@m/s) Cm/s) Kk v(m/s)

January 5.2 1.43 4.7 6.3 234 5.6
February 6.0 1.59 54 6.9 224 6.1
March 6.3 1.67 5.6 7.1 2.3 6.3
April 6.5 1.78 5.8 72 213 6.3
May 6.6 1.87 5.9 72  2.26 6.4
June 6.3 1.95 5.6 6.7 2.19 5.9
July 6.2 2.05 5.5 7.1 231 6.3
August 5.8 1.99 5.2 6.8 237 6.0
September 5.8  1.86 5.1 6.3 2.10 5.6
October 5.4 1.7 4.8 6.3 2.26 5.6
November 49 1.47 4.4 6.0 2.25 53
December 5.0 1.00 4.5 6.3 2.52 5.6
Autumn 5.2 1.59 4.7 6.2 2.29 5.5
Winter 5.7 1.53 5.1 6.6 2.29 5.9
Spring 6.1 1.72 5.4 6.8 223 6.0
Summer 6.0 1.96 5.3 6.8 2.26 6.0
Annual 5.8 1.63 5.2 6.6 225 5.9

The RMSE computed between the observed and estimated
Weibull parameters is summarized in Table 3.

Table 3. The root mean squared error (RMSE) computed
between the observed and estimated Weibull parameters

Distribution C(m/s) k v(m/s)
Monthly 0.19 0.21 0.26
Seasonal 0.11 0.09 0.16

Annual 0.06 0.05 0.12

Monthly values had the biggest variance, with RMSE
values of 0.19 for the scale parameter (C), 0.21 for the shape
parameter (k), and 0.26 for the average wind speed (¥). These
increased inaccuracies reflect the considerable short-term
variability of wind regimes. Seasonally, RMSE reduces to
0.11, 0.09, and 0.16 for C, k of, and v, respectively. This
demonstrates that seasonal aggregation efficiently reduces
variability while improving parameter stability. The annual
scale had the fewest mistakes, with RMSE values of 0.06,
0.05, and 0.12, demonstrating that the long-term mean
produces the most accurate and dependable estimations of the
Weibull distribution parameters.

Overall, the map highlights considerable spatial
heterogeneity in the Adrar wind regime. The northeastern
corridor emerges as the most promising zone for wind farm
deployment due to its high and consistent wind speeds, while
central areas remain suitable for smaller decentralized
systems. This spatial pattern aligns with the regional
atmospheric dynamics of southern Algeria, dominated by
strong trade winds and desert convection effects.

The map made it possible to identify suitable locations for
the installation of wind turbines. To validate these results, the
wind data were analyzed using approximately 86,000 data
points. From this dataset, four sites were selected as the most
appropriate, considering both wind speed and the geotechnical
characteristics of the terrain [26]. Areas exhibiting particularly
high wind speeds were clearly highlighted. The geographical
coordinates and annual wind speed distributions of the
selected sites are summarized in Table 4, while these locations
are illustrated in Figure 8.

The monthly and seasonal wind speed distribution at the
chosen locations was estimated using linear interpolation
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following the identification of the most advantageous wind
potential areas throughout the region, despite its simplicity,
this method offers a trustworthy way to approximate how a
continuous variable will behave between discrete
measurement points. The interpolated results, which reflect the
temporal distribution of wind speeds throughout the year, are
summarized in Table 5.

Table 4. Weibull parameters at 10 m height for optimal wind

farm sites
Site Longitude Latitude C(m/s) k v(m/s)
A 1.17°E 27.70°N 8.9 1.86 7.9
B 1.10°E 27.45°N 7.9 1.84 7.0
C 1.42°E 27.31°N 8.0 1.95 7.1
D 1.37°E 24.66°N 7.7 1.47 7.0

Y

o .
150 km 7-- J

Figure 8. Position of the windy sites in Adrar

With mean values ranging from 8 to 8.9 m/s, the results
clearly show that spring and winter have the highest recorded
wind speeds. These times line up with increased air mass
movements brought on by Mediterranean and Saharan
interactions as well as the strengthening pressure gradients. On
the other hand, mean wind speeds are lowest in the fall and
early winter, usually ranging from 6 to 7 m/s, indicating
calmer air and less pronounced pressure gradients. According
to this seasonal contrast, the best conditions for wind energy
generation happen in the spring and winter, while the worst
conditions happen in late autumn.

For all locations and seasons, the Weibull shape parameter
(k), which measures wind speed uniformity, ranges from 1.37
to 2.58. A more stable and less turbulent wind regime is
indicated by higher values of k (above 2), especially in the
spring and summer. This is beneficial for wind turbine
operation because it reduces mechanical stress. Greater
variability and intermittency in wind speeds are suggested by
lower k wvalues (about 1.38-1.81), which are primarily
observed in the fall and early winter. These variations are
frequently linked to orographic effects, local convection, and
shifting synoptic patterns.

The scale parameter (C) follows a pattern similar to the
mean wind speed, confirming the internal consistency of the
Weibull model. Its values range from approximately 7 m/s in
November-December to over 10 m/s in March—May,
emphasizing the dominance of strong and persistent winds
during the transitional seasons. The close correlation between
C and supports the reliability of the Weibull approach for
characterizing wind climatology.



Table 5. Monthly and seasonal wind speed distribution for selected sites at 10 m from ground

Distribufi A B C D
ISEIDUHON “Fhs) kK w(m/s) C(m/s) Kk w(m/s) C(m/s) k  w(m/s) C(m/s) k  w(m/s)
January 98 200 86 87 198 77 88 208 78 85 161 76
February 9.4 188 84 84 18 74 85 198 75 81 141 74
March 98 190 87 87 18 77 88 199 78 85 152 76
April 101 200 89 89 198 79 90 208 80 87 161 78
May 100 205 89 89 203 79 91 213 80 88 170 7.9
June 94 214 83 84 213 75 85 223 75 83 185 74
July 92 218 81 83 217 73 84 227 74 82 190 73
August 85 205 75 80 235 7.0 78 245 69 77 137 68
September 8.6 216 7.6 77 214 69 78 225 69 77 186 69
October 82 196 72 73 194 65 74 206 66 73 156 65
November 7.6 185 68 67 18 60 68 195 61 64 141 58
December 64 219 56 51 209 45 54 210 48 56 213 5.0
Autumn 80 1.8 71 71 185 63 72 197 64 69 146 63
Winter 89 181 79 79 179 70 80 190 7.1 77 138 7.0
Spring 93 191 83 83 189 73 84 200 74 81 155 73
Summer 93 268 83 82 253 73 84 255 75 84 258 74
Annual 89 186 79 79 184 70 80 195 7.1 77 147 7.0

Spatially, clean variations emerge a number of the selected
sites:

Site A continually famous the highest scale and suggest
wind velocity values, identifying it because the most
promising location for wind energy exploitation;

Site B and Site C show intermediate wind characteristics
with relatively clean seasonal cycles, making them suitable for
medium-scale installations;

Site D, alternatively, information the bottom wind speeds
and form parameters, reflecting a greater irregular and much
less energetic wind regime, possibly due to local topographic
affects or regional wind shadow results.

Overall, the once-a-year common wind speeds range
between 7 and 7.9 m/s, which locations the studied websites
within the mild to true wind capability class according to
global wind resource class, the consistency of the Weibull
parameters, particularly in the course of the excessive-power
seasons, confirms that these regions keep good sized capacity
for sustainable wind power development, provided that local
site checks are conducted to optimize turbine placement and
overall performance.

4. CONCLUSIONS

This study highlights a significant wind energy potential in
the Adrar region, with annual wind speeds exceeding 7 m/s in
the northeastern zones, making them suitable for large-scale
turbine installation, Weibull parameter analysis, validated
through interpolation and comparison with measured data,
demonstrates high reliability and seasonal stability,
particularly in spring and summer, central and southern areas,
characterized by moderate wind speeds, remain suitable for
medium-scale or hybrid systems. Four optimal sites were
identified based on wind intensity and topographic conditions
to maximize energy production. These findings provide a solid
foundation for sustainable wind energy development in the
Adrar wilaya, enabling the strategic placement and efficient
operation of wind turbines.
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NOMENCLATURE

C Scale parameter (m/s)

k Shape parameter

P Power (W)

S Wind turbine section (m?)

v Wind speed (m/s)

y Velocity (m/s)

Greek symbols

p Standard air density (kg/m?)

r Gamma function

Subscripts

f(v) Frequency distribution
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