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Long-term wind speed data for thirteen meteorological stations, measured over a five-year period, were statistically analyzed using
the two-parameter Weibull distribution function. The purpose of this study is to reveal for the first time the wind power potentials
in Chad and to provide a comprehensive windmap of the country.The results show that the values of the shape and scale parameters
varied over awide range.Analysis of the seasonal variations showed that higherwind speed values occurwhen theweather condition
is generally dry and they drop considerably when the weather condition is wet. It was also observed that the wind speed increases
as one moves from the southern zone to the Saharan zone. Although the wind power at each site varies significantly, however, the
potentials of most of the sites were encouraging. Nevertheless, according to the PNNL classification system, they are favorable for
small-scale applications only. A few stations in themiddle of Sudanian and Sahel regions are found to be not feasible for wind energy
generation due to their poor mean wind speed. The prevailing wind direction for both Saharan and Sahel regions is dominated by
northeastern wind, while it diverged to different directions in the Sudanian zone.

1. Introduction

Thefast growing population in developing countries and their
lack of access to electricity supply particularly in rural or
remote areasmake some of these nations face the challenge of
generating more energy sources and establishing a new form
of energy supply structure in an effort to meet current and
future increasing electricity demands. Permanent electricity
supply is considered as one of the major factors responsible
for sustainable economic and social development of a nation
[1]. In Chad, for example, although the country is an oil
producer, access to energy is extremely limited and incessant
power outage is still an everyday burden that undermines
its development possibilities and needs a rapid action with a
view to copingwith theminimum requirement of the twenty-
first century’s lifestyle.

As such, the majority of people in Chad tend to rely
on traditional biomass for cooking and heating purposes
particularly in rural areas as it is the case for many African

nations [2]. A recent projection from the World Energy
Outlook (WEO) [3] reported that more than 80% of the pop-
ulation in sub-Saharan Africa and 50% of the population in
developing Asia depend on traditional biomass for cooking
and heating. This situation has become more critical due to
high fuel price in the country (considered the highest in the
region) and the ever-increasing rate of the desert encroach-
ment towards the Sahel region which forces the government
to set some policies that prohibit deforestation and use of
charcoal for cooking. Additionally, the government is also
creating a green belt from the extreme east to the west of the
country in order to halt the desertification process and to pro-
tect the region from economic and environmental impacts of
land degradation.

Currently, a great deal of extensive research on wind
energy is taking place almost all over the world due to
the exceptional benefits that wind energy could offer. Many
regional countries like Morocco, Egypt, Tunisia, Algeria, and
so forth are already harvesting wind energy by establishing
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wind farms in the open Sahara desert and coastal areas [4, 5].
Chad was not an exception to embrace such sustainable
renewable energy source as an alternative energy since the
preliminary study in the region shows that the wind condi-
tions are favorable for wind energy adoption [5].

Chad experiences wind and sunlight throughout the year.
Thus, it is interesting to explore the abundant untapped
potentials of the wind and the possibilities of using the Wind
Energy Conversion System (WECS) as a source of electricity
in the effort to fulfill the energy requirements in the country
and to reduce this exclusive dependency on biomass and fos-
sil fuels. However, although the region is found to be situated
in the midst of enormous wind power potentials, to date,
there is no extensive study undertaken to assess the prospects
of wind energy as an alternative source in the country, except
in [6] which covered only a single city (Ndjamena). Thus,
this article could be the first of its kind to investigate the
potentiality of wind power in Chad and it provides an initial
assessment which together contributes towards the establish-
ment of a comprehensive wind map/pattern for the country
whichmay hopefully become themainwind energy reference
for future development of wind power projects in the region.

2. Geographical Nature of Chad

Chad is a landlocked country with a 1,284,000 km2 area,
situated in Central Northern Africa. It is the 5th largest in the
African continent and 21st in the world in terms of landmass.
It is bordered by Libya form the north, Sudan from the east,
the Central African Republic from the south, Niger from the
west, and Cameroon andNigeria from the southwest. It lies at
7–23∘ north of the equator and its larger part is Sahara desert.
The vast majority of the area is flat with some plateaus around
the country.

Unlike many countries in the world, the climate in Chad
is highly varying throughout the country due to nonuniform
geographical regions.These regions could be categorized into
three in terms of geographical aspects as in Figure 1. The
southern part is fertile agricultural land and is covered by
tropical savanna, with a climate with longer raining season of
about sixmonths of precipitation.The raining season starts as
early asMay and ends aroundOctober.Meanwhile, thewinter
starts from November until February, and the summer takes
place between February and May [7].

The region in the middle has an arid subtropical climate
and it forms a belt of about 500 kilometers wide in the center
of the country between the Sahara and Sudanian savanna.The
raining season in this region begins a bit latewith almost three
months of rainfall duration. The first water drops are seen
in June and then raining ends in September, while winter is
between October and February. The Sahara desert occupies
the northern part of the country with less population though
it is the largest region as shown in Figure 1.Most of the people
here are farmers and/or ranchers. Rain is less likely to be seen
in this locality and these people only depend on underground
water for the living.Thus, only a hotter summer or colder and
dry winter exists in this region [7].

Figure 1: Geographical map of Chad [8].

3. Wind Data Collection

The wind data for this study are collected from the National
Meteorological General Administration (Direction Générale
de la Météorologie Nationale) at the Hassan Djamous Inter-
national Airport in N’Djamena. The geographical coordi-
nates of the thirteen major meteorological stations across the
country are furnished in Table 1. The data extensively cover a
wide range of five-year period and recorded in a monthly
averaged form, at the standard 10m height above ground
level. These thirteen locations represent different geograph-
ical and climatological conditions, namely, Faya-Largeau,
which is found in the Saharan zone; Abéché, Ati, Bokoro,
Mao, Mongo, and Ndjamena, which are located in the Sahe-
lian zone; andAmTiman, Bousso,Doba, Pala,Moundou, and
Sarh, which are situated at the Sudanian zone as shown in
Figure 1.

Furthermore, although most of the data involved in this
study are recent, the last observation made by some stations
was in late 1978.Thismight be attributed to the fact that some
of these stations are no longer recording such data in a consis-
tent manner. However, due to the need to uncover the poten-
tial of these regions, they are being considered in this study
by selecting five consecutive years, as it was learned that old
or new data have a minor effect on the wind data assessment
process as long as the study period is long enough [9, 10].
More so, [11, 12] stated that observation of less than 30 years
may inherently cause variations in the long-term average, but
for the sole purpose of resource assessment such period
may be sufficient. However, covering longer periods would
provide confidence to the interested investors that the wind
potentials will be available in the coming years besides giving
a more reliable evaluation [9, 10].

4. Analysis Procedure

It is commonly agreed that assessment of wind potential of a
site using solely the conventional meteorological wind speed
data is not sufficient. This is because depending on average
wind speed alone to estimate the potential of a site might be
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Table 1: Physical features of the meteorological stations.

Name of station
Coordinates

Latitude (N) Longitude (E) Elevation (m)
Deg. Min. Deg. Min.

Abéché 14 40 20 50 545
Am Timan 11 02 20 16 433
Ati 13 14 18 18 332
Bokoro 12 23 17 04 300
Bousso 10 29 16 43 335
Doba 08 42 16 50 387
Faya-Largeau 17 55 19 06 235
Mao 14 08 15 18 327
Mongo 12 10 18 40 431
Moundou 08 37 16 04 429
N’Djaména 12 08 15 02 295
Pala 09 22 14 55 467
Sarh 09 09 18 22 365

misleading [13].This is due to the fact that the wind speed fre-
quency distribution and persistence at a site are not constant
and they vary significantly with time. As such, merely taking
the average wind speed for a specific period of time does not
take such consideration into account. Thus, statistical meth-
ods are used to reveal the wind characteristics of a potential
site. Such statistical assessment of individual terrains or as a
whole will collectively assist in establishing a clear wind map
or wind pattern for a region while providing more detailed
characteristics of the wind at the site such as wind distri-
bution, stability, and direction, as the wind is known for its
inherently intermittent behavior due to seasonal and tem-
poral variations. The FirstLook software is commonly used
to determine specific locations with higher wind power
potentials, while the RIAM-COMPACT numerical model is
responsible for suggesting the appropriate location to install
a WECS during micrositing analysis of terrains.

4.1. Weibull Distribution Function. Many statistical methods
are available to closely estimate thewind power potentials and
wind speed characteristics of a given terrain. Weibull distri-
bution is among the widely accepted approaches to statisti-
cally assess the wind behavior at a particular site clearly [14].
This technique consists of several methods to evaluate the
shape and scale parameters of Weibull, depending on the
form of data available and the level of sophistication required
[15]. In this method, the variations of wind speed are char-
acterized by probability density function (PDF) (see (1)) and
cumulative distribution function (CDF) (see (5)) [16]. The
PDF indicates the fraction of time or the probability of which
the wind speed prevails at a certain direction and the CDF
shows the probability of which the wind speed is equal to or
lower than the average speed [17].

Thus, in the current study, themeteorological data are sta-
tistically analyzed using the effective two-parameter Weibull
distribution function. This approach is particularly useful in
studying wind speed characteristics and wind energy density.

It is typically adopted due to its simplicity, flexibility, and abil-
ity to show good agreement with the observed data [18–26].
In addition, the majority of the known commercial software
packages for Annual Energy Production (AEP) estimation
are based on the two-parameterWeibull distribution function
[27].

The twoparameters are the dimensionless shape function,𝑘 (see (2)), and the scale function, 𝑐 (see (3)), in meters
per second unit. They, respectively, indicate the stability and
strength of the wind at the site of interest [28].

𝑓 (V) = (𝑘𝑐 ) (V𝑐)
𝑘−1

exp [−(V𝑐)
𝑘] ,
(𝑘 > 0, V > 0, 𝑐 > 1) .

(1)

𝑓(V) is the probability of observing wind speed V. 𝑐 is the
Weibull scale parameter and 𝑘 is the dimensionless Weibull
shape parameter and they are given by [15] as follows:

𝑘 = 0.83𝑉0.5 (2)

𝑐 = 𝑉Γ (1 + 1/𝑘) . (3)

Γ is the gamma function and𝑉 is the average wind speed and
can be expressed as

𝑉 = 1𝑛 [
𝑛∑
𝑖=1

V𝑖] . (4)

The cumulative distribution, given as in the equation
below, is the integral of the probability density function:

𝐹 (V) = 1 − 𝑒−(V/𝑐)𝑘 . (5)

4.2. Wind Speed Carrying Maximum Energy. 𝑉max.𝐸 repre-
sents the wind speed that carries the maximum wind energy
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and it is determined using the shape and scale parameters
of the Weibull distribution. It is highly significant as it can
expose the maximum energy possible at the given site, and
it is expressed as in (6) [29]. The wind speed that carries
maximum energy is different from the highest wind speed
and the average wind speed because it takes into account the
scale and shape parameters of theWeibull distribution which
are responsible for indicating the persistence, stability, and
strength of the wind at the site under investigation as was
mentioned earlier.

Thus, such estimation is quite important for the sake
of revealing the wind speed that may carry the highest
energywhich could probably assist in knowing themaximum
amount that can be expected from a particular site.Moreover,
it is also used in selecting a suitable wind turbine or an appro-
priate rated wind speed [30]. As wind turbines perform effi-
ciently at their rated wind speed, [31] suggests that the rated
wind speed should be close to the wind speed carrying maxi-
mum energy:

𝑉max.𝐸 = 𝑐 (1 + 2𝑘)
1/𝑘 . (6)

4.3. Wind Power Density. Generating electricity from kinetic
energy via wind that is flowing through a blade swept area,
A, is proportional to the cube of the velocity and it can be
described as follows in (7). A wind turbine starts to operate
at the starting speed and produces useful energy at the cut-
in speed. The corresponding power increases relative to the
increase of the wind speed until the cut-out speed of the wind
turbine. The maximum power is generated when the wind
turbine is operated at the rated speed and power becomes
constant when it operates between the rated speed and cut-
out speed. At higher wind speeds above the cut-out speed, the
turbine stops to avoid damage due to the higherwind velocity.

𝑃 (V) = 12𝐴𝜌V3. (7)

The wind power density based on Weibull distribution
analysis is calculated using the following equation [32]:

𝑃𝐴 = ∫
∞

0

12𝜌V3𝑓 (V) 𝑑V = 12𝜌𝑐3Γ(𝑘 + 3𝑘 ) , (8)

where 𝜌 is the air density (1.225 kg/m3) at sea level with a
mean temperature of 15∘C and 1 atmospheric pressure.

4.4. Wind Energy Density. After knowing the wind power
density of a given site, one of the important wind character-
istics could be estimated which is the wind energy density. It
is the product of wind power density for a certain duration or
period of time which can reveal the amount of energy density
that could be expected at the site under study. The wind
energy density for the desired time can easily be determined
using the following equation [32]:

𝐸𝐴 = 12𝜌𝑐3Γ(𝑘 + 3𝑘 )𝑇, (9)
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Figure 2: Monthly variation of wind speeds for all the selected sta-
tions.

where 𝑇 is the desired time; for example, for wind energy
density for a time period of one month or a year, the time,𝑇, can be taken as 720 h or 8640 h, respectively.

5. Results and Discussion

5.1. Wind Speed Variation. The potential of wind energy in
Chad was investigated at thirteen stations for a period of five
years. Knowledge of monthly wind speed variations is essen-
tial to draw a clear picture of the seasonal wind speed behav-
ior at the potential site. These fluctuations are significant in
designing and selecting an appropriate WCES, energy stor-
age, and load scheduling. These variations were determined
using (4) and presented in Figure 2.

The trends of monthly and yearly mean wind speed for all
the stations under investigation exhibit almost a similar pat-
tern. The monthly mean wind speed varies in the range of 2
to 4m/s for the Saharan region and in the range of 1 to
4m/s for the Sahel and tropical Savanna regime. It was also
observed that the wind speed tends to increase significantly
when the weather condition is generally dry (November to
May) and decreases considerably when the weather condi-
tions are wet (June toOctober). It was learned that the highest
demand for electricity is also at the dry period [6]. However,
a few stations such as Bousso, Bokoro, and Am Timan main-
tained almost similar monthly mean wind speed throughout
the year.

In general, it was established that stronger wind speed
is available as one moves from south to north, towards the
Sahara as depicted in Figure 3. In other words, some stations
at the Savanna region have demonstrated lower wind speed
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Figure 3: Wind speed pattern in Chad.

compared to the Sahel and Saharan regions with the excep-
tion of Ati and Bokoro. This could partly be attributed to the
fact that the southern region is tropical with heavy forest and
the land becomes clearer as one moves towards the north.
However, it was specifically found that the stations at the
middle of the Sahel and Sudanian zones showed the lowest
mean wind speed with an annual average wind speed of less
than 2m/s as it is evident in Figures 2 and 3. This suggests
that this area is less likely to be a potential location for wind
energy harvesting.

Moreover, the seasonal wind speed variations among the
three regions become more noticeable particularly during
winter, though this variation is marginal between the Sahel
and Saharan regions. The month March showed the highest
mean wind speed with the value of 4.5m/s, and August
showed the lowest mean wind speed value of 0.8m/s.

The results presented also showed that, within five years
under study, the highest corresponding annual average wind
speed at 10m height from the ground is approximately
3.5m/s, and it was found in the eastern part of the country at
Abéché specifically, while the minimum is found at Bousso
with a wind speed of 1.0m/s. Thus, according to the PNNL
(Pacific Northwest National Laboratory) classification sys-
tem, wind energy potentials in Chad could only be used for
small-scale applications due to the current wind conversion
technologies and cost factor [32]. As such, this could probably
solve the incessant power outage if a WECS is installed at
every household andwould also be quite useful for the ranch-
ers who depend only on wells and use conventional methods
to pump water.

However, it is worth noting that although the presented
station from the Saharan region (Faya-Largeau) showed a bit
lower wind speed compared to some stations in the Sahel
region, data for wind speed at 30m height proves otherwise.

Thus, the Sahara zone could be considered more promising
as depicted in Figure 3.

5.2. Wind Power and Energy Density. Although wind speed
characteristics are essential in drawing a clear picture of the
wind potentials of a site, wind power density is believed to be
a better indicator than wind speed. In this study, the wind
power and energy density are evaluated using the Weibull
equations (8) and (9), respectively, and tabulated in Table 3.
The results illustrated in Figure 4 show that the highest value
of wind power density was found at Abéché (69W/m2) fol-
lowed by Ndjamena (65W/m2) and Pala (55W/m2), whereas
the lowest wind power density was observed at Bousso, Am
Timan, and Ati with the value of 7, 8, and 10W/m2, respec-
tively. On the other hand, the wind energy density ranged
between 59 kWh/m2/year and 603 kWh/m2/year. The city of
Abéché again showed the maximum value of energy with
more than 600 kWh/m2/year and Bousso presented themini-
mum. Based on the presented data, it could be deduced that
themaximum power density in Chad is around 70W/m2 and
it is found in the eastern part of the country.

As wind speeds during the dry season are higher as com-
pared to other periods of the year [6], interestingly, the cor-
responding power and energy density are also higher in this
season. This clearly indicates that a WECS would produce
more energy during this period for all the stations at the three
distinctive geographical regions. It is also interesting to note
that although some stations showed a higher value ofmonthly
mean wind speed, the yearly mean was low due to significant
seasonal variations of the site, which lead to low yearly
power output. This gives an insight into using a WECS as an
alternative for energy generation at such particular period of
the year for that particular site.
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Table 2: Monthly Weibull parameters (𝑘, 𝑐).
Station Parameter Month

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Abéché 𝑘 1.59 1.59 1.72 1.65 1.56 1.50 1.54 1.43 1.39 1.52 1.61 1.52
𝑐 4.10 4.10 4.85 4.40 3.94 3.63 3.82 3.28 3.09 3.70 4.22 3.77

Am Timan 𝑘 0.91 0.94 0.99 1.02 0.96 0.87 0.86 0.79 0.82 0.83 0.85 0.89
𝑐 1.17 1.27 1.44 1.56 1.32 1.05 1.00 0.81 0.88 0.91 0.98 1.10

Ati 𝑘 0.97 0.99 1.08 0.99 0.97 1.01 1.02 0.86 0.82 0.89 0.96 0.97
𝑐 1.36 1.44 1.75 1.44 1.34 1.49 1.53 1.00 0.88 1.10 1.32 1.36

Bokoro 𝑘 0.99 1.00 1.08 1.03 1.06 1.07 1.08 0.96 0.89 0.93 1.01 1.08
𝑐 1.41 1.46 1.75 1.58 1.68 1.73 1.75 1.34 1.10 1.22 1.49 1.75

Bousso 𝑘 0.80 0.88 0.86 0.93 0.93 0.94 0.77 0.74 0.81 0.80 0.79 0.84
𝑐 0.81 1.05 1.00 1.22 1.24 1.29 0.74 0.67 0.86 0.83 0.81 0.95

Doba 𝑘 1.28 1.37 1.36 1.46 1.35 1.24 1.17 1.16 1.16 1.12 1.04 1.10
𝑐 2.59 2.97 2.93 3.44 2.92 2.45 2.09 2.07 2.07 1.90 1.61 1.82

Faya-Largeau 𝑘 1.62 1.55 1.50 1.37 1.27 1.31 1.16 1.16 1.33 1.42 1.53 1.60
𝑐 4.29 3.87 3.61 3.00 2.54 2.71 2.09 2.11 2.83 3.25 3.77 4.15

Mao 𝑘 1.31 1.31 1.34 1.22 1.18 1.22 1.21 1.11 1.08 1.15 1.24 1.28
𝑐 2.71 2.71 2.83 2.31 2.14 2.31 2.26 1.85 1.73 2.02 2.38 2.59

Mongo 𝑘 1.28 1.50 1.55 1.52 1.57 1.58 1.44 1.36 1.28 1.38 1.45 1.37
𝑐 2.61 3.61 3.87 3.70 4.01 4.08 3.35 2.97 2.59 3.06 3.40 3.02

Moundou 𝑘 1.48 1.42 1.31 1.40 1.28 1.25 1.27 1.26 1.08 1.15 1.23 1.27
𝑐 3.52 3.23 2.76 3.16 2.61 2.45 2.54 2.52 1.77 2.04 2.35 2.54

N’Djaména 𝑘 1.60 1.69 1.75 1.58 1.47 1.60 1.57 1.36 1.31 1.31 1.49 1.56
𝑐 4.17 4.64 5.03 4.03 3.49 4.13 3.99 2.93 2.71 2.71 3.59 3.96

Pala 𝑘 1.59 1.66 1.68 1.63 1.54 1.45 1.31 1.22 1.30 1.27 1.41 1.54
𝑐 4.08 4.50 4.59 4.29 3.84 3.40 2.73 2.33 2.66 2.52 3.21 3.86

Sarh 𝑘 1.10 1.06 1.19 1.35 1.31 1.20 1.00 1.03 0.99 1.00 0.88 1.06
𝑐 1.82 1.68 2.21 2.88 2.71 2.26 1.46 1.58 1.44 1.46 1.08 1.70
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Figure 4: Comparison of yearly mean wind speeds and mean wind
power density.

5.3.Weibull Distribution. Themonthlymean scale parameter𝑐 (m/s) and shape parameter 𝑘 (dimensionless) of theWeibull
distribution for all the stations under study are determined
using (2) and (3) and furnished in Table 2. It was observed
that the shape parameter has smaller temporal variation
compared to the scale parameter. The monthly values of the
parameter 𝑘 range between 1 and 1.6 for almost all of the sta-
tions, except for a few stations in the Savanna and Sahel zones
which exhibit less than one. This indicates that such stations
have poor stability and poor persistence compared to the oth-
ers.The scale parameter 𝑐, which is slightly greater than aver-
agewind speed, ranges from 2 to 5m/s for nearly all of the sta-
tions in the Sahara and Sahel zones and from 1 to 4 formost of
the stations in the Sudanian region. The highest and lowest
values of the dimensionless shape parameter 𝑘were observed
to be 1.80 and 0.67, respectively, and they were found at Ndja-
mena and Bousso. This is perhaps due to the more open and
flat areas in the Sahel and Saharan regions.Thus, these higher
values of the scale parameter denote that these sites arewindy.

The frequency and cumulative distributions of monthly
average wind speed for all the stations are presented, respec-
tively, in Figures 5 and 6. It is obvious that all curves have
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Table 3: Yearly Weibull parameters (𝑘, 𝑐), average wind speed, wind speed carrying maximum energy, wind power density, and wind energy
density (at 10m height).

Station Parameters𝑘 𝑐 V 𝑉max.𝐸 𝑃/𝐴 (W/m2) 𝐸/𝐴 (kWh/m2)
Abéché 1.56 3.91 3.52 6.65 68.80 602.72
Am Timan 0.90 1.13 1.18 4.11 8.04 70.39
Ati 1.00 1.34 1.36 4.26 10.06 88.09
Bokoro 1.02 1.52 1.51 4.42 12.21 106.97
Bousso 0.85 0.96 1.04 4.02 6.73 58.95
Doba 1.24 2.40 2.25 5.20 26.03 228.0
Faya-Largeau 1.41 3.19 2.90 5.95 45.29 396.72
Mao 1.22 2.32 2.17 5.11 24.07 210.85
Mongo 1.45 3.36 3.05 6.11 50.54 442.77
Moundou 1.29 2.62 2.43 5.41 31.41 275.17
N’Djaména 1.53 3.79 3.42 6.54 64.63 566.18
Pala 1.48 3.51 3.17 6.26 54.80 480.01
Sarh 1.11 1.86 1.79 4.70 16.58 145.24
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Figure 5: Frequency distributions of monthly mean wind speed for
all stations.

a similar tendency of wind speeds on both frequency and
cumulative density. However, the frequency peaks in the
range of 2 to 3m/s for the two regions in the upper part of
the country and between 1 and 2m/s for the lower part of the
country. This indicates that most of the wind energy lies in
these ranges. This information is very practical and can be
used to determine the amount of power which can be gener-
ated in a given speed band and could also help in selecting
a suitable wind turbine for each particular site.
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Figure 6: Cumulative distributions ofmonthlymeanwind speed for
all stations.

5.4. Polar Diagrams. Evaluation of wind direction helps to
expose the impact of the geographical features on the wind
and to obtain the prevailing direction and magnitude of the
most frequent wind. In Figures 7–12, METAR data of the
year 2014 and polar diagrams for six potential sites in Chad
are presented. These locations are from the three distinctive
geographical zones. It was observed that the prevailing wind
direction varied from zone to zone and within the same zone
as well. As such, the prevailing wind direction for the stations
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Figure 7: Polar diagram: wind direction for Abéché.
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Figure 8: Polar diagram: wind direction for Faya-Largeau.

in the Saharan and Sahel zones was northeast throughout
the year, while in the Sudanian zone the direction prevailed
at various directions. In Moundou, for example, the most
frequent wind direction was dominated by the southwestern
wind. Meanwhile, in Pala and Sarh, the wind direction pre-
vailed, respectively, in north and south directions throughout
2014.
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Figure 9: Polar diagram: wind direction for Moundou.
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Figure 10: Polar diagram: wind direction for Ndjamena.

6. Conclusion and Future Direction

In this study, the monthly and yearly wind speed distribution
and wind power density for thirteen meteorological stations
in Chad were evaluated. The novel two-parameter Weibull
distribution function was employed to analyze the five-year
period data for each site. While the data used in this study
are being published for the first time, they are collected for the
purpose of studying the wind energy potential and to have a
comprehensive wind database or a wind map in Chad.
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Figure 11: Polar diagram: wind direction for Pala.
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Figure 12: Polar diagram: wind direction for Sarh.

The seasonal variations of the mean wind speed data
show that higher wind speeds are available when the weather
condition is generally dry, that is, November to May, and
lower wind speed is foundwhen the weather condition is wet,
that is, June to October. This trend is applicable for all the
thirteen sites under investigation. Interestingly, it was learned
that higher electrical energy demand in the country is also in
this period (dry season).

Moreover, the data presented also revealed that the
monthly mean wind speed varies in a wide range in each
geographical zone. In the Sahel zone, for example, it ranged
between 1 and 4m/s, though most of the stations in this
region have shown reasonably strong wind speed of more
than 2m/s.The same behavior was also noticed at the Sudan-
ian zone.

It was observed that the sites in the middle of Sahel and
Sudanian zones tend to show lower mean wind speed com-
pared to the others. However, in general, higher wind poten-
tials are witnessed as one moves towards the Saharan region.
It is also worth noting that the peak monthly mean wind
speedwas 4.5m/s and it was found inNdjamena in themonth
ofMarch.Meanwhile, the lowestmonthly averagewind speed
was less than a unit and was found in Bousso.

Based on yearly averaged data, the most recommended
site forwind energy generation inChadwould beAbéché, fol-
lowed by Ndjamena, Pala, Mongo, and Faya-Largeau, which
are the stations that possess mean wind speed of more than
3m/s at 10m height above ground level. These sites exhibited
wind power density in the range of 45–69W/m2 and cor-
responding wind energy density values ranged between 400
and 600 kWh/m2/year. However, although the wind energy
potential in Chad is promising for most of the sites under
study for small-scale applications, it is concluded that few
stations in the middle of Sudanian and Sahel regions (Am
Timan, Bousso, Bokoro, and Ati) are not feasible for wind
energy generation due to their weak mean wind speed of
around 1m/s.

In terms of wind direction, the prevailing wind direction
for both Saharan and Sahel region was dominated by north-
eastern wind. However, the wind direction in every station
at the Sudanian region prevailed at different directions. The
most probable wind speed direction was southwest inMoun-
dou, dominated by northern wind in Pala and southern wind
in Sarh.

It is recommended in the future to develop a windmap at
the other parts of the Saharan region and some locations close
to Lake Chad.The data should be recorded at various heights
above ground level and it will then be used for developing
wind atlas for Chad which will encourage the development
of wind energy projects in the country.
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[23] V. M. Karsli and C. Geçit, “An investigation on wind power
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