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Abstract. Many non-electrified rural communities find it challenging to follow a precise scientific protocol
to assess the feasibility of installing a wind turbine on their site. The objective of the present work is to
define a clear protocol for the assessment of wind potential of a rural site. The case of Logone Birni (LB) is
taken as a case study. For this purpose, a protocol, integrating the wind parameters of the site have been
used to calculate the wind power density, annual energy yield, and capacity factors at 10, 30, and 50 m
height using 15 years data. The wind frequency distribution including seasonal has been investigated to
determine accurately the wind power of the site. The coefficient of variation is calculated at three different
heights. Also, an economic assessment per kWh of energy has been carried out. The results of this study
show that it is possible to install a wind farm in LB site with a minimum of 30m height. In addition, wind
turbines with a starting speed of 1.5 m/s and a rated power of 20 kW will produce electricity at a low cost
(0.453USD/kWh). Keywords: wind energy, renewable energy, wind assessment, rural area, Weibull

1 Introduction

As in many Sub-Saharan Africa countries, electricity
consumption in Cameroon is increasing at an annual rate
of around 8% [1]. Electricity access rate in rural areas of
Cameroon remains low at around 23% with nearly
11,000 localities not electrified to date. [2].

Renewable energy systems remains the appropriate
solutions for rural/isolated areas. In view of the
country's objectives to increase the proportion of
renewable energy in the country's energy mix from 1%
to 25% by 2035, wind energy, whose strong potential is
not yet exploited, needs to be highlighted (see figure 1).
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Fig. 1. Overview of Wind energy potential in Cameroon

Several studies have been carried out concerning the
development of wind energy in rural areas. Offshore
wind energy potential was investigated for the state of
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Kuwait by [3] using four years hourly data at 10m
height. The parameters of Weibull were estimated by
MLM and wind power density was estimated at an
extrapolated elevation of 30 m. Then, the offshore wind
farm was analysed from an economic view (Levelized
Electricity Cost) and financial view (Net present value,
Rate of return, Payback period). On the other hand,
Adnan et al. (2021) studied the installation of wind farm
by considering the wind power density and cost of land
acquisition. The study was conducted by analyzing
mean wind speeds, estimated Weibull parameters,
power and energy densities calculation for various
heights of selected wind turbines. The data used was for
only one year at 80m and 67m height. Gormo et al.
(2021) discussed the electrification of Garoua and
Guider by wind energy, taking bihourly data collected at
10 m over a period of fifteen years. These sites are
characterized by analyzing the direction, the hourly and
monthly variation of wind. They determined Weibull
parameters using MLM before evaluating wind power
density and wind energy density. In addition, this study
give the mapping of 2D and 3D topographical maps of
the wind resource to take into account the local effects
(surface roughness, topography, wind shear profile and
the influence of terrain contour). Ahmad et al. (2022)
analysed a feasibility of wind energy in coastline of
Pakistan, based on four years monthly data (at the
measured height of 10 m). They assessed wind speed,
wind density, wind directions, economic feasibility,
GHG emission reduction, and fuel saving.

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
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This article aims to bring together the assessment
procedures applied by these authors into a protocol that
can be easily followed in rural site feasibility studies.
This protocol considers the use of Merra data from the
wind resource over a 15-year period,

Therefore, this research assess the potential of wind
power for electricity production in the rural locality of
Logone Birni for applications like residential use,
irrigation and livestock, using the protocol presented in
the methodology.

2 Methodology and Data

The process of this study is given as follow:

Preprocessing of data
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2.1 Characterization of wind data

The wind at a site is described by displaying the daily,
monthly, and yearly wind variations. Similarly, the
study of wind direction is an important element. This
characterization involves the determination of the mean
and variance of the wind data. They are determined by
equations (1) and (2) [7]:
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2.2 Weibull probability distribution function

In the literature, the Weibull probability distribution is
the most widely used model for wind speed distribution
characterization, wind potential studies, and wind
prediction. This distribution has two parameters: scale
parameter ¢ (m.s-1) and shape parameter k (unitless) [5,
7, 9, 10]. Its probability density function f (v) is given
by:

e =)

where v is the wind speed, f (v) is the wind speed
probability.

2.2.1 Methods for estimation of Weibull
parameters

The scale factor ( ¢ ) determines the quality of the wind
while the dimensionless shape factor (k) characterises
the shape of the frequency distribution [10,11]. In this
regard, several methods have been used to determine
these two parameters.

2211 Maximum Likelihood Method (MLM)

The determination of the parameters of the Weibull
distribution by this method requires the use of numerical
methods [12—14]. k and ¢ are expressed as:
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where n is the number of observations and vi is the
wind speed measured at interval i.

2.2.1.2 Energy Pattern Factor method (EPF)

This is a non-numerical method and easier to
implement. The energy pattern factor is first determined
by the ratio of the mean cubic to the cube of mean wind
speed of the data [10, 12—14]. From this result, k and ¢
can be deduced. The following expressions define these
parameters.

By = (6)

(7)
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2.2.1.3 Empirical Method of Justus (EMJ)

EM]J was introduced by Justus in 1977 according to
the studies of Chaurasiya et al., (2018), Li et al., (2020)
and Ouahabi et al., (2020). According to Justus, the
parameters k and c can be estimated from the mean and
standard deviation of wind speeds. They are given by:
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2.2.1.4 Moment Method (MOM)

It is applied on the bases of the mean and standard
deviation of the Weibull distribution. The parameter k is
obtained by solving equation (11), which is obtained by
taking the ratio of the standard deviation and the mean
speed, by the numerical method [10, 12—14].
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2.2.2 Statistical performance of the models

In the evaluation of the performance of these four
Weibull methods, the following statistical tools are
used: Root Mean Squared Method (RMSE) and
Coefficient of determination (R?).

2.2.2.1 Root Mean Square Error (RMSE)

The RMSE provides information on the accuracy of
the distribution. It ranges from zero to infinity. Its ideal
value is close to zero. Thus, the more the value of the
RMSE is low, the more the distribution is well adapted
to the data. It is given by [10]:

1< 2
RMSE = EZ(xi—yi) (13)
i=1
Where: Y, is the actual data (measured, observed), X;

is the predicted data using the Weibull distribution, and
n is the number of all observed wind data.

2.2.2.2 Coefficient of determination (R?)

It determines the linear relationship between the
calculated values from the Weibull distribution and the
calculated values from measured data. A higher R?
represents a better fit using the theoretical or empirical
function and the highest value it can get is 1. R? is
expressed by [10]:

n

2
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R2=1-— (14)
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Where: Y, is the actual data (measured, observed), X;
is the predicted data using the Weibull distribution, Y

is the mean value of Y;, n is the number of all observed

wind data.

2.3 Wind power density and energy

Wind Power Density (WPD) is used with wind speed as
the best indicator of the wind resource at a considered
location. Based on the Weibull pdf, the WPD is
expressed as follows [8]:

WPD:%pa&r(HEJ (15)

Where P is the air density depending on the
elevation (z) and the temperature (T) at the site. It is
given by [11]:

353.049 z
o) =Texp£—0.034?j (16)

a

The wind energy density is deducted by multiplying
the WPD with the time (yearly, monthly, and daily). It
defines by the expression below [8]:

WED =WPD xtime (17)

2.4 Power output and Capacity Factor (CF)

The average electrical power output (Pe,ave) from
the turbine can be evaluated as follows [7, 10]:

P e = P X exp“&lc‘gj}kzgk(ﬂ }_exp{(vg ﬂ (18)

The capacity factor (CF) is defined as the ratio of the
average power output (Pe,ave) to the rated electrical
power (PeR) of the wind turbine. It is stated as [1, 7]:
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2.5 Economic assessment of wind turbines

Using different types of wind turbines, the cost of
energy generated from wind resources is assessed. The
technical specifications of these turbines are given in
Table 2. The objective of this section is to quantify the
performance-based price of energy from each type of
turbine. The cost of energy is given by [5, 15]:

CoE = % (20)

The Net Present Value of Costs (NPV) of energy
produced per year:

NPV:|+Com[1i'_j* 1-(ﬂj —s(li'j 1)
r—I 1+r I+r

The discount rate (r) is determined using the
following expression:
i
1+i
1 is the investment cost, which includes the wind turbine
price in addition to 20% for civil works and other
connections; n is the useful lifetime of WT in years; i, is
the nominal interest rate; Com is the operation and
maintenance costs; S is the scrap value; i is the inflation
rate.

(22)

2.6 Case study: Logone Birni village

Table 1 presents the study site coordinates. The
meteorological data for this site are the hourly average
of 2001 — 2015 satellite measurements at 10m height
[16].

The energy needs for the development of this
locality are classified into three sectors:

- Household demand: lights, cell phone charging,
TVs, fans and radios

- Institutional demand (off-grid public sectors):
Water supply (pumping systems), health (Health
facilities), education (Primary and secondary
schools), street lighting.

- Productive energy use: SME applications for village
businesses (micro-businesses (stores, hairdressers,
tailors, kiosks, crafts), value-added applications
(solar irrigation, refrigeration/refrigeration and
milling), connectivity/ICT applications (cell phone
charging).

Table 1. Coordinates of Logone Birni.

Latitude 11.7781° N
Longitude 15.1038°E
Division Logone & Chari
Region Extréme Nord
Country Cameroun

To conduct the studies, the following parameters have
been considerated (table 2 and 3) [7].

Table 2. Economic assessment parameters [7].

Parameters Values
Investment cost (I) 20% of WT price
Operation & maintenance costs | 7.5% of investment

(Com) cost

Scrap value (S) 10% of WT price
nominal interest rate (io) 16%

Inflation rate (i) 3.6%

useful lifetime of WT (n) 20 years

Table 3. Technical specifications of five wind turbines [7].

Characteristics WT- | WI- | WT- | WT- | WT-
A B C D E
Hub height (m) 30 30 30 30 30
Rated power RP
(kW) 20 20 20 20 20
Rotor diameter 10 10 10 10 10
(m)
Cut-in wind
speed Ve 1.5 2.0 2.5 3.0 35
Rated wind
speed VR 8 9 10 11 12
Cut-off wind
speed VF 25 25 25 25 25
. 1.77 1.77 1.77 1.77 1.77
Price (USD/kW) 5 5 5 5 5

3 Results and Analysis

This section highlights the results of the study and their
interpretation. The focus is first on the statistical
characterisation of the wind variation at the study sites
(Logone Birni). Secondly, the statistical analysis of the
performance of the different methods of determining the
Weibull parameters. Finally, the wind potential
assessment as well as the economic feasibility study for
a wind power installation on this site.

3.1 Analysis of wind data characteristics

The characteristics of the wind data are described in
terms of the daily wind variation, the monthly wind
variation and the wind roses at the site.

3.1.1 Mean wind speed & standard
deviation

The wind at Logone Birni varies between a
minimum of 0.94 m/s and a maximum of 8.87 m/s, with
an average of 3.82 m/s. The wind turbulence index is
2.76 and the standard deviation is 1.38 m/s (table 4).

Table 4. Main characteristics of the wind data.

Data min max mean std Turbulence
(m/s)
Logone | (94 | 847 | 382 | 138 2.76
Birni

3.1.2 Wind Rose Graph

Figure 2 shows the distribution of wind speeds by sector
at the Logone Birni site. The Logone Birni site is
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characterised by winds whose most dominant directions
are 45°NE and 60°NNE with frequencies of 10.5% and
26.3% respectively. The least representative directions
are 0°E, 90°N, 180°W with frequencies of 4%, 6%, 3%
and speeds of 5.2 m/s, 5.8 m/s and 4.1 m/s respectively.

North
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Fig. 2. Wind rose of Logone Birni.

3.2 Performance analysis of the two-parameter
Weibull PDF methods

Table 5 presents the results of the performance
evaluation of the different methods as well as the values
of the parameters k and c. For each method of
determining the k and c parameters, the results of
analysis by statistical tests (RSME, R?) are presented.
The shape and scale parameters of the Logone Birni site
are in the range of 2.85-3.01 and 4.28-4.29 m/s,
respectively.

The results show that the best-fit model is the one
where k =2.85272, ¢ =4.29345 m/s for the Logone Birni
site, using the EPF method. In addition, the performance
analysis carried out permitted the classification of the
four different models. Thus, the R2 value for the EPF
method is the closest to unity. Similarly, the EPF
method has the smallest value according to the RMSE.
The calculated RMSE and R2 demonstrated that the EPF
model is appropriate to approximate the real data from
the Logone Birni site.

However, the EMJ method is the least suitable for
this site, as it has the worst results in the statistical tests
performed (Table 5). This can be explained by the fixed
constants that are included.

Table 5. Performance analysis of four methods for
determining Weibull parameters.

Weibull

Statistical tests
Method parameters

k(-) c(m/s) RMSE R2 rank

MLM 3.01660 | 4.29236 | 0.18667 | 0.19641 3

EPF 2.85272 | 4.29345 | 0.18611 | 0.19364 1
EMJ 3.00442 | 4.28335 | 0.18663 | 0.17437 4
MOM 3.01534 | 4.28343 | 0.18169 | 0.19623 2

3.3 Wind speed variation analysis

The wind at a site is described by displaying the daily
wind variation, the monthly wind variation and the wind
roses at the site.

3.3.1 Diurnal Wind variation of Site

As figure 3 shows, the wind blows with an average
speed of 3.70 m/s in the intervals of [1h-8h], [11-14h],
and [16h-24h]. Thus, the site is windy for 20 hours per
day. It is highest at 4 m/s at 01 pm. However, between 8
am and 11 am, the wind is moderately weak on this site
with a speed of 3.58 m/s. Therefore, this wind is stable
in ’[haE1 it varies little on this site with a rate of 11.73%.
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Fig. 3. Daily wind profile.

3.3.2 Monthly Wind variation of Site

The Logone Birni site is characterized by wind
availability for the whole year (figure 4). The peak is
noted in February and it is weaker in September.
January, February, March, and December are the
windiest months with an average wind speed of 4.6 m/s
(figure 4).

Moreover, figure 4 shows the variations of the
monthly average speed at heights of 10, 30, 50, and 100
m respectively, as a function of the month. The graphs
show the same trend with the only difference that the
more the altitude is increased, the more the wind is
better. Similarly, the months from January to July and
November to December show the highest wind speeds,
with an average of greater than 3.5 m/s. On the other
hand, the wind is poor for the months from August to
September, as it is less than 3 m/s.
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—e—Height 30 m

——Height 50 m
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Monthly average wind speed (m/s)
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1 2 3 4 5 6 7 8 9 10 11 12
Times (months)

Fig. 4. Monthly wind variation.
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3.3.3 Wind Speed Frequency Distribution

The monthly variation of Weibull wind speed
frequencies for Logone Birni is illustrated in figure 5.
The figure shows that, at a height of 10 m, 25% of the
velocity data is in the range of 3 m/s to 8 m/s. Similarly,
the average speed is between 3 and 5 m/s, which allows
for electricity generation. These results conform with
those of Kidmo et al. (2016); Nsouandé¢l¢ et al. (2016)
and Tchinda & Kaptouom (2003).
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Fig. 5. Monthly wind speed frequency distribution curves at
10 m altitude.

3.4 Calculations of wind power density and
energy

The monthly wind power densities and energy densities
at different heights are shown in Figure 6 and 7. For the
Logone Birni site, the minimum and maximum wind
power was observed in December and July with values
of 08.7 and 111.649 W/m2, respectively (figure 6). In
addition, this site has a higher wind power density
during the beginning and end of the year; but has a lower
wind power density in the middle of the year.
Furthermore, the energy density of the site is
presented in figure 7. Thus, this graph shows a variation
between 6.264 kWh/m?/day, in September, and 83.067
kWh/m?/day, in February. Thus, the average extractable
wind energy in one day at this site is 2 kWh/m?*day.
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Fig. 6. Wind Power Density (WPD) (W/m?).

Nevertheless, to classify the wind characteristics,
Teimourian et al., (2019) quoting Fazelpour et al.,
(2015, 2017), proposed the use of the average wind
power density as an indicator. Therefore, based on the
criteria and results presented, this site is suitable for the
installation of a wind pumping system.

Similarly, it appears that Logone Birni’s site is
identified as an appropriate location for the installation
of large-scale wind turbines, when considering a

minimum elevation of 30 m (113.563 W/m2 of mean
WPD).
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Fig. 7. Wind Energy Density (kWh/m2/day).

3.5 Analysis of the electricity cost and choice
of the wind turbine model

As per the cost estimation of selected wind turbines,
the wind turbine WT-A has a capacity factor (33.068 %)
up to 25%, therefore the preferred for electricity
production (table 6). According to Nsouandé¢lé et al.
(2016), with a wind turbine whose capacity factor is
greater than this value (25%), wind power can be
generated.

In terms of price per kilowatt-hour, the results show
that the wind turbine WT-D has the lowest cost of
energy (0.299 USD/kWh) over the other wind turbines.
However, its capacity factor indicates that it will not
produce electricity. Further, the details are given in
Table 6.

Table 6. Comparative analysis of CF and Cost of Energy for

different Wind turbine.
TW'”.d WT-A | WT-B | WT-C | WT-D | WT-E
urbine
CF (%) 33.068 | 24.021 | 17.287 | 12.397 | 8.849
Cost Energy
(USDkWHy | 0453 | 0713 | 0373 | 0299 | 0308

4 Conclusions

The aim of this study was to assess/evaluate the wind
energy available in rural area following a clear protocol
for electricity production. Logone Birni site has been
taken as case study. The results of this research revealed
the potential of wind energy, the adapted method for
estimating Weibull parameters, performance assessment
of wind turbine and the cost of energy produced in a site
should be accurate. For Logone Birni case, this study
shows that:

- Logone Birni’s site is can be identified as an
appropriate location for the installation of large-
scale wind turbines, when considering a minimum
elevation of 30 m (113.563 W/m? of mean WPD).

- The adapted method for estimating Weibull
parameters is the Energy Pattern Factor Method

- The average extractable wind energy in one day at
this site is 2 kWh/m*day.
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- The wind turbine with a CF of 33.068 % and cost of
energy of 3.453 USD/kWh is desired for electricity
production in this area.

References

1. Kidmo DK, Deli K, Raidandi D, Yamigno SD.
Wind Energy for Electricity Generation in the
Far North Region of Cameroon. Energy
Procedia. 2016;93:66-73.

2. Kidmo DK, Deli K, Bogno B. Status of
renewable energy in Cameroon. Renew Energy
Environ Sustain. 2021;6:2.

3. Al-Nassar WK, Neelamani S, Al-Salem KA,
Al-Dashti HA. Feasibility of offshore wind
energy as an alternative source for the state of
Kuwait. Energy. 2019;169:783-96.

4. Adnan M, Ahmad J, Ali SF, Imran M. A
techno-economic analysis for power generation
through wind energy: A case study of Pakistan.
Energy Reports. 2021 Nov 1;7:1424-43.

5. Gormo VG, Kidmo DK, Ngoussandou BP,
Bogno B, Raidandi D, Aillerie M. Wind power
as an alternative to sustain the energy needs in
Garoua and Guider, North Region of
Cameroon. Energy Reports. 2021 Nov
1;7:814-29.

6. Ahmad SS, Al Rashid A, Raza SA, Zaidi AA,
Khan SZ, Ko¢ M. Feasibility analysis of wind
energy potential along the coastline of
Pakistan. Ain Shams Eng J. 2022 Jan 1;13(1).

7. Kidmo DK, Bogno B, Deli K, Aillerie M,
Ngoussandou BP. Economic assessment of
WECS for water pumping systems in the North
Region of Cameroon. Renew Energy Environ
Sustain. 2021;6(6).

8. Nsouandélé JL, Kidmo DK, Djetouda SM,
Djongyang N. Estimation statistique des
données du vent a partir de la distribution de
Weibull en vue d’une prédiction de la
production de I’énergie électrique d’origine
éolienne sur le Mont Tinguelin & Garoua dans
le Nord Cameroun. J Renew Energies
[Internet]. 2016 Jun 30 [cited 2022 Jan
71;19(2):291-301. Available from:
https://revue.cder.dz/index.php/rer/article/view/
568

9. Teimourian A, Bahrami A, Teimourian H, Vala
M, Oraj Huseyniklioglu A. Assessment of
wind energy potential in the southeastern
province of Iran. Energy Sources, Part A
Recover Util Environ Eff [Internet]. 2020 Feb
1 [cited 2022 Feb 8];42(3):329-43. Available
from:
https://www.tandfonline.com/doi/abs/10.1080/
15567036.2019.1587079

10. Ouahabi MH, Elkhachine H, Benabdelouahab
F, Khamlichi A. Comparative study of five
different methods of adjustment by the Weibull
model to determine the most accurate method

11.

12.

13.

14.

15.

16.

17.

18.

19.

of analyzing annual variations of wind energy
in Tetouan - Morocco. Procedia Manuf
[Internet]. 2020 Jan 1 [cited 2022 Feb
18];46:698—707. Available from:
https://power.larc.nasa.gov/

Kaoga DK, Bogno B, Aillerie M, Raidandi D,
Yamigno SD, Hamandjoda O, Tibi B.
Assessment of wind energy potential and cost
estimation of wind-generated electricity at
hilltops surrounding the city of Maroua in
Cameroon. AIP Conf Proc. 2016 Jul 25;1758.

Aukitino T, Khan MGM, Ahmed MR. Wind
energy resource assessment for Kiribati with a
comparison of different methods of
determining Weibull parameters. Energy
Convers Manag. 2017;151:641-60.

Chaurasiya PK, Ahmed S, Warudkar V. Study
of different parameters estimation methods of
Weibull distribution to determine wind power
density using ground based Doppler SODAR
instrument. Alexandria Eng J.
2018;57(4):2299-311.

Li Y, Huang X, Tee KF, Li Q, Wu XP.
Comparative study of onshore and offshore
wind characteristics and wind energy
potentials: A case study for southeast coastal
region of China. Sustain Energy Technol
Assessments [Internet]. 2020 Jun;39:100711.
Available from:
https://linkinghub.elsevier.com/retrieve/pii/S22
13138820301363

Kidmo DK, Bogno B, Deli K, Goron D.
Seasonal Wind Characteristics and Prospects of
Wind Energy Conversion Systems for Water
Production in the Far North Region of
Cameroon. Smart Grid Renew Energy.
2020;11(09).

SoDa M. Global Modeling and Assimilation
Office (GMAO) (2015), MERRA-2
tavgl 2d slv_Nx: 2d,1-Hourly,Time-
Averaged,Single-Level,Assimilation,Single-
Level Diagnostics V5.12.4 [Internet]. 2022
[cited 2022 Feb 17]. Available from:
https://www.soda-pro.com/web-
services/meteo-data/merra

Tchinda R, Kaptouom E. Wind energy in
Adamaoua and North Cameroon provinces.
Energy Convers Manag. 2003;44(6):845-57.

Fazelpour F, Markarian E, Soltani N. Wind
energy potential and economic assessment of
four locations in Sistan and Balouchestan
province in Iran. Renew Energy. 2017 Aug
1;109:646-67.

Fazelpour F, Soltani N, Soltani S, Rosen MA.
Assessment of wind energy potential and
economics in the north-western Iranian cities
of Tabriz and Ardabil. Renew Sustain Energy
Rev. 2015;45:87-99.





