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Abstract

This study aims to identify a favorable area for wind energy exploitation in the Littoral region of Cameroon.
The study used the data collected by the meteorological service at the Douala International Airport. A
probabilistic method based on the Weibull distribution with two parameters was used to assess the potential
of the studied area. Three methods were used to determine the parameters of this distribution: the maximum
likelihood method, the WASP method, and the energy pattern factor method. Statistical tests showed that the
energy pattern factor method is more efficient, but the WASP software provided acceptable results. The
WASP software was used to generate maps of the mean wind speed and wind power density at different
heights. Two specific wind turbines were considered to calculate the annual energy production. The
topography of the studied area, the obstructions around the logger, and the roughness of the terrain were all
taken into account when generating the maps for the different characteristics. Finally, maps at heights of 50
and 100 m were created using the extrapolation techniques. Two zones with the highest power density were
identified. In one of these locations, the wind power density could reach 54 W/m? at a height of 100 m, and
the annual electrical output from a specific wind turbine could reach 1 GWh. The corresponding location is
located at latitude 4.0661" North and longitude 9.8796" East.

Keywords: Wind energy, Wind power density, Wind map, Available aera, extrapolation, Weibull

distribution, WASsP.

1. Introduction

Cameroon is not an exception to the global trend
toward the development of purportedly "green"
energy. In fact, according to the indicators of the
National Development Strategy, the rates of
access to electricity and drinking water, which
were 64.7% and 63.2%, respectively, in 2014 and
2016, should rise to 90% in 2030. The
development of renewable energy sources other
than hydroelectricity, which makes up 73.3% of
the output of the major player in the electrical
energy industry, is also a part of this expansion
[1]. Numerous studies have previously been
conducted to support the growth of Cameroon's
various renewable energy sources. Although a 42
MW wind power plant project is being prepared
for the West region of Cameroon, wind energy is
the one that interests us because it has not yet
been utilized in the nation [2]. Studies carried out
all around the world using a probabilistic
technique have demonstrated that it is reliable for

calculating a site's wind potential [3-5]. There are
several probabilistic models that characterize the
frequency of wind speed distributions using
meteorological station data, according to a survey
of the literature. However, one of the most used
models for determining a site's or region's wind
potential is the two-parameter  Weibull
distribution [6, 7].

Numerous authors have employed the two-
parameter Weibull distribution model in their
work in Cameroon. As an example, there are
Kidmo et al. [8] with the analysis of the usage of a
wind turbine for small-scale water pumping in
Cameroon's North area, Kazet et al. [9] and their
work on wind energy resource assessment in
Ngaoundere locality, Pokem et al. [10] with their
study of wind power density in Batouri in East
Region or even Kenfack-Sadem et al. [11] who
compared it to the normal and lognormal
distributions. But the general observation is that
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when compared to the findings of Mouangue et al.
[12], which show that the method chosen affects
the estimation of the potential, the choice of the
method of calculating the model parameters is not
clearly justified. Indeed, the computation of the
two parameters, namely the shape factor and the
scale factor, is required for the use of this Weibull
model. There are several methods for performing
this computation. Thirteen methods for
determining these characteristics were compared
by Tonsie et al. [13] using the wind data gathered
over a 38-year period from the NASA website
(from January 1982 to December 2019). The
information was comprised of the ten regionals
capital cities of Cameroon's average daily wind
speeds. The findings of the study demonstrated
that, for the city of Douala, the Maximum
Likelihood Method (MLM) is superior for
determining the probability density function
(PDF), whereas the Method of Moments (MM) is
superior for determining the cumulative density
function (CDF). The Energy Pattern Factor (EPF)
technique, however, may be more applicable,
according to a research work by Signe et al. [14]
that used data gathered at the Douala International
Airport (from September 2011 to May 2013).

However, energy production does not always take
place where the data collecting logger is situated,
and it is not always feasible to place wind data
gathering stations throughout the whole surface of
an area in order to measure the wind potential.
This is where the concept of wind resource
mapping comes in. Numerous authors have done
studies with the goal of creating a map of the wind
resource. For the Chadian cities of Ndjamena and
Faya at elevations of 80 and 100 m, Tahir et al.
[15], [16] have performed this using wind data
gathered over a 5-year period utilizing the SRTM
(Shuttle Radar Topography Mission) topographic
data and the WASP and Golden software tools.
Ngbara et al. [17], [18] used the WASP and
RETScreen Expert numerical tools to create a
wind resource map for the Central African
Republic cities of Bouar and Bangui based on 5
and 10 years of data, respectively. Using a
database of 2430 meteorological stations. With
information gathered from 42 locations over 33
years, Boudia et al. [19] created a wind resource
map in Algeria using the same techniques (1981-
2014). Additionally, in Algeria, Boudia et al. [20]
and Sidi et al. [21] used the numerical tool WASP
to map the wind potential in El-Bayadh and El
Golea, respectively, utilizing the data gathered
over 12 years and 10 years (2007 to 2016). In
Cameroon, a few studies have recently been
published on the mapping of wind energy
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potential in the northern region. These include
Kazet et al. [9] in Ngaoundere locality, Tsopgni et
al. [22] for Bitchoua Highlands, Kazet and Ndjaka
[23], who produced a map for the Maroua locality,
and Godwe et al. [24], who did the same for the
entire Far North region.

The objective of the current study is to determine
the most advantageous for wind energy
application in this aera of Littoral region. This
identification will be done by estimating the
annual energy production (AEP) that may be
created as well as the calculation of the wind
potential on the chosen site in Douala at a certain
height. Finding the wind power density at various
heights in the researched location is the goal in
this situation. For the Weibull parameters, the
extrapolation techniques made use of the Justus
and Mikhail's law [25]. Three techniques will be
used to estimate these Weibull parameters: the
MLM, the EPF method, which is the most
effective for the Douala region [26], and the
WASP method. The WASP method is one of the
most widely used methods for evaluating wind
potential. Statistical analyses will be used to
compare these three approaches.

2. Site Location and Data Description

The Douala International Airport's meteorological
department collected the wind data utilized in this
study between January 1, 2020 and December 31,
2021. The logger is located at latitude 4.0044 ‘N
and longitude 9.7313 °E, with a height of 10 m.
This data is available upon request, and include
the three-hourly mean wind speed and direction.
To ascertain the frequency of each class, the data
was processed and organized into classes. The
location of the studied site is depicted in figure 1,
and some details about this data are included in
table 1.

Table 1. Characteristics of the used data.

Characteristic Value
Frequency of zero winds 0.455
Mean speed (m/s) 1.455 + 0.05
Standard deviation 1.573

Intervals (m/s) Frequencies

[0;1] 0.455

[1;2] 0.065

Speed frequencies (2531 0216
[3;4] 0.155

[4;5] 0.076

[5;6[ 0.021

>6 0.011
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Figure 1. Location of the studied area: a) Cameroon; b)
Littoral region; c) Douala.

3. Methodology

A probabilistic approach based on the two-
parameter Weibull distribution was use to
characterize the wind potential of the data
collection point. The study of the wind atlas with
WASP starts with the configuration of the
topographic map from the Shuttle Radar
Topography  Mission data (available at
https://srtm.csi.cgiar.org/srtmdata/). The selection
of height values is based on the size-based
grouping of wind turbines. Commercial wind
turbines (small, medium, and large) are well-
known to have rotor diameters between 10 and
100 m, which suggests that mast heights are more
or less significant.

3.1. Weibull distribution

The probability density function (which represents
the probability of having a given wind speed V)
and the distribution function (which represents the
probability of having a wind speed greater than or
equal to a given speed v) are the two functions
that distinguish the Weibull distribution [27].
Three methods are used here in the determination
of the Weibull parameters, namely the Wind Atlas
Analysis and Application Program (WASP)
software suite method, the Maximum Likelihood
Method (MLM), and the Energy Patter Factor
method (EPF).

e Maximum Likelihood Method (MLM)
According to MLM, the form factor and scale
factor are determined from the likelihood function
the expressions of k and C are given by (1) and
(2), respectively.
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In these equations, v; represent the measured wind

speeds, and n is the total number of

measurements. To find the value of k, an iterative

method implemented in a C++ code was the

chosen option with k = 1 as an initial value; the

retained value is the one obtained after

convergence of the solution. This value is then
used to calculate C according to (2).

¢ Energy patern factor method
The shape factor is calculated by (3), and the scale
factor by (4) [13].

3.69
k=1+ _Epf > (3)
3.69

with Epf being the energy factor calculated by (5).

n
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N
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In these equations, v; represents the measured
wind speeds, n is the total number of
measurements, v, is the average speed, and I'(x)
is the gamma function value for the variable x.
Once these methods are implemented, the
accuracy of each of them is evaluated by two
statistical tests: the root mean square error test
(RMSE) and the coefficient of determination test
(R?). The coefficient of determination
characterizes the linear relationship between the
frequency values calculated by the hybrid Weibull
model and the measured data. A value of R? close
to 1 indicates the accuracy of the results of the
model. The RMSE informs about the difference
between the values of the frequencies of the
measured speeds and those calculated by the
model. A low value of the RMSE is sought for a
good estimate [11], [13].
The wind power density can be obtained using (6)
[28].

Epf = ()

1 3
WPD == pC°T| 1+—

27 ( " kJ Q)
In (6), I'(x) is the value of the gamma function
for the variable x and p is the air density of the
site under consideration in kg/m3. The value use
for air density in this work is the default value,
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which is 1.225kg/m® at the height of
measurement. The vertical variation of this value
is determined by logarithmic interpolation
according to the relation [29]:

P=pPres—1.194x10* x H

()

where p is the desired density at altitude H, and
pref 1S known density value for reference altitude.
To calculate the AEP, specifics wind turbines
where used. Table 2 shows the specifications of
wind generators used for this study.

Table 2. Characteristics of the chosen turbines.

Height 50 m 100 m

Name Nordex N50 Nordex N90-2500 LS

Manufacturer Nordex Energy GmbH Nordex Energy GmbH

Web link http_://www.nordex- http://www.nordex-
online.com/en online.com/en

Rotor diameter 50 m 90m

Default height 50 m 100 m

Boot speed 4mls 3.5m/s

Air density 1.225 kg/m? 1.125 kg/m?®

3.2. Extrapolation of Weibull parameters

Wind energy is generally exploited at relatively
high altitudes. However, the wind data used to
characterize the wind potential of the site that is
the subject of this study is taken at an altitude of
10 m. It is, therefore, imperative to use
extrapolation models in order to estimate the wind
power density available on this site at higher
altitudes. There is a multitude models of vertical
wind speed extrapolation, some of which are more
complex to implement than others. The
extrapolation of the Weibull parameters in this
study is based on the Justus and Mikhail's law
[25]. Thus to characterize the wind potential of a
site with the Weibull model at different altitudes
and knowing the parameters of the model at a
given altitude (10 m in our case), we can
extrapolate them as follows:

k, = Ko
1—0.0881In[ H ] (8)
H ref
H 0.37-0.088InC,,
Ch = ClO (H_refj (9)

With: k,, and C,, representing, respectively, the
shape factor and the scale factor at 10 m; k, and
C, the shape factor and the scale factor at the
desired height; H et H,., the height to which one
wishes to extrapolate and the reference height,
respectively.

4. Results and Discussion

4.1. Statistical analysis

Table 3 shows the parameters obtained by WASP,
our code MLM, and the EPF method for each year
and all 2 years combinate, and table 4 shows the
specifics characterizations of the for each method
and each year. Here, the value of confidence
intervals for key parameters estimates is
determined for a confidence level of 95 %.

Table 3. Weibull parameters for the three methods.

WASP MLM EPF
Year

k C (m/s) k C (m/s) k C (m/s)
2020  1.190 1.500 1.220 1.250 1.000 1.240
2021  1.360 2.100 1.530 1.770 1.170 1.774
2020-
2021 1.280 1.900 1.330 1.460 1.000 1.460

Table 2. Characterizations of measurement point.

Year  Method Mean wind Standard Wind power
speed (m/s) deviation (m/s)  density (W/m?)

WAsP  1.414 +0.037 1.446 7.032 +£0.250

2020 MLM 1171 +0.031 1.2 3.801+0.247
EPF 1.240 £ 0.032 1.24 7.007 +£0.249
WAsP  1.923 +0.051 1.989 13.831 +0.253

2021 MLM 1594 +0.043 1.666 6.553 +0.250
EPF 1.680 £ 0.044 1.715 12.204 + 0.251
2020- WAsP  1.760 + 0.046 1.812 11.800 + 0.249
2021 MLM  1.342 +0.036 1.386 4.887 +£0.244
EPF 1.460 + 0.037 1.46 11.437+0.254
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Considering all the data over two years, the MLM
gives values all inferior to those of the other two
methods. Especially for the power density, the
value obtained is 4.887 = 0.244 W/m?, and
presents an average percentage of inferiority equal
to 57.927%. The same method gave a power
density of 3.416 W/m2 in the work of Tonsie et al.
[13]. This difference can be explained by the
difference in the nature of the data used; Tonsie et
al. used daily averages over 32 years for a point
with different geographical coordinates from ours
(Latitude 4.0429 °N, Longitude 9.7062 °E).
Additionally, the power density value achieved by
the WASP approach is comparable to that of the
EPF method. In light of this, the MLM is not the
best way to make a decision in this case. This
conclusion is similar to that of Signe et al. [14],
whose work was carried out with data collected
over 21 months at the Douala International
Airport, which makes the EPF method the most
efficient.

Figure 2 presents the probability density function
for each predicted method, and from data and
table 5 shows the results of statistical tests.
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Figure 2. Weibull PDF for 2020 (a), 2021 (b), and 2020-2021 (c).

Table 3. Results of statistical tests on Weibull PDF.

Year Method RSME R2
WASP 0.111 0.835
2020 MLM 0.116 0.868
EPF 0.097 0.929
WASP 0.083 0.878
2021 MLM 0.109 0.801
EPF 0.086 0.949
WASP 0.098 0.876
2020-2021 MLM 0.114 0.901
EPF 0.087 0.914

For the test of the coefficient of determination, a
value greater than 0.9 indicates that the model fits
the data very well, while a value between 0.7 and
0.9 indicates that the model fits the data well. As
for the RMSE test, a value below 0.1 indicates
that the model is very accurate. This being the
case, the results of our statistical tests show that
when there take in single years, EPF is more
efficient for 2020 and WASP is more efficient for
2021. The EPF method has a better efficiency in
determining the probability density for the two
years’ data with a score of 0.914 according to the
coefficient of determination and 0.087 according
to the RMSE test.

It is possible to plot the daily and monthly wind
speed profiles on, as shown in figure 3.

The daily wind speed profile shows that the winds
are relatively calm (less than 2 m/s) between 9 pm
and 9 am. Wind speeds become more significant
between 9 am and 6 pm with a peak at 4 pm.
These results are in line with the work of Mezoue
et al. [30]. The monthly profile shows that the
average monthly speeds are higher in February
and from July to September. This period, which
corresponds to a better energy productivity, is
different from that observed in the work carried
out in the north of the country by Kidmo et al.
[31]. This difference can be explained by the
nature of the climate in the two regions.
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Figure 2. Daily (a) and monthly (b) wind speed profiles.

Figure 4 shows the wind rose and the Weibull
probability density function for the dominant wind
direction.

The preferred wind direction is southwest as in the
work presented by Mezoue et al. [30]. In this
direction, the wind moves at an average speed of
2.69 m/s and offers a wind power density
equivalent to 22 W/mz.
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Figure 3. Wind rose and Weibull PDF for the dominant
wind direction (WAsP method).

4.2. Wind potential in vicinity of data collection
point

Figure 5 shows the topographic map of the studied
area. It shows the different elevations on the site.
The studied area's highest point, which is coloured
blue, is 90 m above the sea level. Additionally, the
sites in the zone taken into consideration for this
study are either located worldwide at an altitude
of 10 m or between 20 and 40 m.

The modelling of the barriers surrounding the
mast is shown in Figure 6. The obstacle's height,
depth, and porosity are all taken into account by
this method. It is clear that the collecting location
is in an open area.

Figure 7 is a set of maps showing different
parameters at the site at the reference height (10
m). These include Weibull parameters, mean wind
speed, and wind power density.

Figures 7a and 7b, respectively, allow us to
observe that, in general, the studied area is
covered by a form factor between 1.28 and 1.31
and a scale factor between 1.9 and 2.1 m/s. In a
similar way, we can deduct from figures 7c and
7d, that this area is globally covered by an average
speed between 1.75 and 1.95 m/s and a wind
power density ranging from 7 to 13W/m2. The
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minimum values obtained are 1.35 m/s for the
average speed and 5 W/m2 for the wind power
density, while the maximum values are 2.5 m/s
and 33 W/m?2 respectively.

Figure 8 shows the evolution of the Weibull
parameters as well as the average velocity and
wind power density as a function of height at the
data collection point.
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Figure 8. Extrapolation of Weibull k parameter (a), mean wind speed (b), and wind power density (c) at the measurement point.

The vertical extrapolation of the Weibull
parameters shows differences in the values
obtained depending on the determination method
used. For the form factor, the EPF method offers
values further away from the other two, while for
the scale factor and the mean velocity, the WASsP
method is further away. If we look closely at the
evolution of the power density, we are confirmed
in the conclusion made above about the
acceptance of the value obtained by the MLM
because it is more and more far from the others.
Table 6 shows the wind atlas summary containing
wind parameters for 5 reference roughness lengths
(0.00 m, 0.03 m, 0.10 m, 0.40 m, 1.50 m) and 3
heights (10 m, 50 m, 100 m) above ground.
Figures 9 and 10 show the average wind speeds
and power density extrapolated to 50 m and 100
m.

Table 6. Regional wind parameters.

Height Parameter E E g g g
(m) s 3 2 & 2
Weibull A (m/s) 35 25 21 1.7 1.2
10 Weibull k 140 128 1.26 127 139
Mean speed (m/s) 318 2.28 1.97 155 1.09

Power density (W/m?) 60 26 17 8 2

Weibull A (m/s) 4.1 35 31 2.7 2.3
50 Weibull k 146 147 1.43 142 153
Mean speed (m/s) 375 3.16 2.85 247 211

Power density (W/m2) 91 54 42 27 15

Weibull A (m/s) 45 4.2 3.8 33 3.0
100 Weibull k 143 154 1.52 154 1.69
Mean speed (m/s) 407 374 3.40 299 265

Power density (W/m?) 121 84 64 43 26

Legends: R-class 0: represents the surface of the water; R-class 1: the surface
of the field quite little building or tree; R-class 2: territory of the land with a
close appearance; R-class 3: represents a small void or territory with several
broken winds; R-class 4: a big void with tall buildings.
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Figure 9. 2D and 3D maps of average wind speed at 50 m (a) and 100 m (b).
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On the map of the average velocity, at a height of
50 m, it can be seen that it varies between 2.2 and
2.9 m/s, while at a height of 100 m, it is between
2.76 and 3.22 m/s. The range of average velocity
values obtained at this second height is below that
presented by Kazet et al. [9], which ranges from
3.25 to 4.03 m/s. One of the possible explanations
for the difference is the nature of the relief of the
different areas studied. In fact, the above-
mentioned work was carried out for an area whose
topography indicates altitudes ranging from 900 to
1500 m in the city of Ngaoundere.

From the maps of figure 10, it’s possible to
identify two sectors with interesting wind power
densities. These sectors are presented in Figure
11. Figure 12 shows the distribution of the annual

(@)
404 4,06
o~ B
()
3 E
=) -
_-% 4,02 "(_E 4,04
1 |
4 4,02
9,78 9,8 9,82
Longitude (°)
(b)
4
4,04 . ,06
—~ <
o
~ ()
() ©
E 2 404
% 4,02 2
N —
4 4,02

9,78

9,8
Longitude (°)

electrical production that can be produced at 50 m
to 100 m in these different sectors.

53 (Wim?)
52 (Wim?)
51 (Wim?)
50 (W/m?)
49 (Wim?)
48 (Wim?)
47 (Wim?)
46 (Wim?)
45 (Wim?)
44 (Wim?)
43 (Wim?)
42 (Wim?)
41 (Wim?)
40 (Wim?)
39 (Wim?)
38 (Wim?)
37 (Wim?)
36 (Wim?)
35 (Wim?)
34 (Wim?)
33 (Wim?)
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Figure 12. Annual energy production at 50 m (a) and 100 m (b) for high potential areas of the site.

The first area identified is located between the
geographic coordinates (4 ‘N; 9.76 ‘E) and (4.05
°N; 9.82 E), and covers the places called Nyalla
and Japoma. The second zone is located between
the points of coordinates (4.02 “N; 9.85 ‘E) and
(4.07 °N; 9.90 'E) and passes through the village
called Piti. With the wind turbine Nordex N50
considered for the height of 50 m, we have an
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AEP that goes from 60 MWh, and can reach 240
MWh. When we go up to 100 m, we obtain a
production that varies from 580 to 1080 MWh.

The limited number of weather stations is one of
the main limitations of this study, as well as those
with which the mapping results are directly
compared. They were all carried out on the basis
of the data collected at a single measurement
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point. This limitation of the wind data sources
could have an influence on the accuracy of the
results obtained because if other data collection
points were present in the mapped area, the wind
resource mapping results could be more
representative of the real situation. However, the
results obtained can be considered acceptable due
to the fact that the studied area covers
approximately 600 kmz,

5. Conclusion

The purpose of this study was to determine the
wind potential of the Douala International Airport
and its surroundings by using wind data collection
single point. At the height where the data was
collected, i.e. 10 m, three different methods were
used to calculate the parameters of the Weibull
distribution, which is the one chosen to model the
wind frequencies. Statistical tests were then
performed to evaluate the extent, to which the
Weibull distribution predicts the probability of a
certain speed. This led to the conclusion that the
EPF method is the most suitable for obtaining the
Weibull parameters. However, the distribution of
wind frequencies shows that the site is mostly
covered by zero wind with a probability of 45.5%.
This is sufficient evidence that the exploitation of
wind energy at this site would not be successful.
However, using the WASP and Golden Surfer
software, the available wind resource around the
collection point was mapped for wind
exploitation. The maps created at different heights
allowed us to locate two locations that can be
considered as the most favorable of the site. One
located between Nyalla and Japoma where the
average annual wind power density can reach 47
W/m? and the annual energy produced could reach
0.9 GWh at a height of 100 m. At the same height,
the other identified location which is located near
the village Piti, where the average annual wind
power density can reach 54 W/m? and the annual
energy produced could reach 1.08 GWh.

Looking ahead, this work is in line with others
that will enable a more comprehensive study to be
carried out. First of all, it will be a question of
extending the mapped area and associating other
data collection points; this will make it possible to
validate the various maps of the available energy
resource. Then, once the favorable zones have
been identified and inventoried, an exploration of
the application to water pumping and electricity
production in a parc will be carried.
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