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Evaluation of Wind Power Potential in Lom and
Djerem: The Case of the City of Bertoua in East
Cameroon Region
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Abstract: The main sources of energy production in Cameroon remain hydropower and thermal power plants
using fuel and gas. However, in recent years, it has been experiencing an imbalance that creates a mismatch
between production and consumption. It is therefore of great importance to explore new sources of energy such
as wind energy. In an effort to seek other sources of energy, we conducted this study aimed at assessing the wind
potential in the Lom and Djerem Department in the city of Bertoua. To achieve this, data obtained from the
Bertoua airport were processed using the Weibull distribution, the wind distribution density and express the
statistical estimation of wind energy potential at different altitudes of the site (annual energy density average of
60.97 kWh/m?/year), which will facilitate the installation of a wind farm in this locality. Given the existing wind
energy potential, its use for the development of electric energy in the region seems somewhat suitable. An
advantageous solution for Cameroon in general and the East region is the recovery and transformation of wind
energy into electric energy, with a YDF-1500-87 CNYD type wind turbine guaranteeing a production of 82.66
kW at 100 m altitude in the month of January. Next, we determined the wind direction to position the wind
turbines at the site. Finally, an assessment of the prediction of the electrical energy produced is made while
relying on the careful selection of wind turbines and their load factors.
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The need for electrical energy has become a global
problem because of the depletion of natural resources
such as coal, oil, bauxite, and many others. This has led
many countries around the world to turn to renewable
energies. But even though the potential for renewable
energy is abundant in some places around the world,
the problem of harnessing it remains. In Cameroon, for
example, after the use of thermal power plants, it was
realized that they were costing the Cameroonian
government too much money and were also a source of
air pollution. The production of thermal energy emits
greenhouse gases such as CO: and sulfur that promote
global warming and the destruction of the ozone layer
[1 - 2]. The work of kidmo et al, [3], carried out in 2014,
shows that it is possible to implement a high capacity
power plant in Far North Cameroon. Work has also
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been carried out in other countries on the same energy
issues. It deals with the optimization of a wind power
plant, while the optimization work focuses on a
photovoltaic plant. Nowadays, most of Cameroon's
leaders are seeking not only to make electrical energy
accessible to everyone but also to satisfy the demand for
electrical energy [4], which is becoming abundant, even
to keep certain industrial companies running. Some
investigated the feasibility and
profitability of wind power systems, while others are
looking at photovoltaic systems and biomass systems.
But in Cameroon, photovoltaic energy is more easily
exploitable than wind power: in some regions of
Cameroon, the wind is not strong enough to tum the
turbines. And yet, these localities should benefit just as
much as those where the wind is strong. The East
region is one such area, with low wind speeds [4]. And
to study the feasibility of setting up a wind power plant
in this locality and to study the feasibility of setting up
a wind power plant in the locality of East Cameroon.
The work in this article focuses on the evaluation of the
deposit before seeing how to determine the capacity of
a wind power plant able to meet either the growing
demand in the locality of Bertoua or partially the needs
of certain households in the Eastern region. This work
begins with a review of the literature on wind power in
general and presents the energy and wind potential in
Bertoua. After exploiting the climatic data for this
region of Cameroon, an assessment of the energy
capacity is determined by evaluating the wind speed
from 1.55 m to 2.55 m for an altitude of 10 m. In
addition, wind power is extrapolated to a height of 100
m. It's also worth pointing out that the NASA website
already provides climatic parameters from 10 m
upwards, including sunshine, wind speed, relative

studies have

humidity, air mass density and ground roughness for
each location.

In 2020, Cameroon's electricity production park
recorded an installed capacity of 1529 MW distributed
amongst hydroelectricity (61.7%) MW), thermal
(24.1%), gas (14.1%) and solar panel (0.1%) power
generation plants. Thermal power plants using heavy
and light fuel oil represent the second largest source of
energy production in Cameroon, both in the
interconnected and isolated networks. They allow not
only to compensate for energy deficits not covered by
the active hydroelectric plants, but also to improve the
voltage profiles. The problem of the energy deficit

arises when only 63.5% of the Cameroonian population
has access to electricity. Demand is estimated at 1379
MW in 2021, for an offer of 1047 MW. That is a deficit
of around 330 MW. Growth in demand is estimated at
7.5%/year. Today, there are new renewable energy
solutions to the problem of load shedding and global
warming, such as the use of renewable resources like
connecting a photovoltaic plant and/or wind farm to
the grid. With a view to finding solutions to these
problems, we assessed the wind energy potential in the
Lom et Djérem region, and more specifically in the
town of Bertoua [4]. Among renewable energy
resources, wind power has long been used worldwide.
It's inexhaustible, non-polluting and free. The basic
principle of this technology is to transform the wind's
energy into sufficient mechanical power to pump water
or generate electricity [5]. The exact determination of
the wind energy potential,
simulation of the production of electrical energy
adapted to the needs, both quantitative and qualitative,
of any installation from the wind, will be the subject of
work.

the modeling and

Specifically, we had to:

e Take hourly wind data readings at the site.

¢ Define the velocity distribution density function
at the site.

¢ Model and simulate the production of electrical
energy.

e Estimate the wind power available and

recoverable in a stable manner over the course of

a day and over the course of a year, as a function

of altitude;

Consequently, this study aims to evaluate both the
credibility and the variability of energy model
simulations for wind turbines in Bertoua, using the
Weibull distribution model as a reference to assess the
performance of the models as well as to project
production according to heights to improve energy
planning and make relevant and informed policy
For this study, the processed data were
provided by Bertoua International Airport. After
presenting the introduction, Section 2 presents the
different methods that allowed us to obtain the results
of this article, Section 3 presents the results and
conclusions in Section 4.

decisions.
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2.  Methods

Bertoua is a town in Cameroon's Lom-et-Djérem
department, in the East region, which became the
Bertoua Urban Community in 2008. The city is 350 km
from Yaoundé. Bertoua is the regional capital of the
East, Cameroon's largest forest region. Geographic
coordinates of the locality will be taken from a GPRS,
are,

o Latitude: 4°34'38" NORTH

o Longitude: 13°41'04" EAST

o Altitude: 665m

Fig. 1 below shows us the aerial view of the study site.

Boumba ct Ngoko

Fig. 1: Bertoua map
2.1. Bertoua's wind energy potential

Wind speed is the key factor in sizing and
assessing the power output of wind turbines on a site.
Today, there are countless systems for measuring and
recording wind speed and direction on site, over
periods ranging from one to ten years. Our monthly
wind speeds for the eastern region were obtained by
direct measurement at the Bertoua airport site. For this
work, we contacted the Bertoua airport, which
provided us with wind speed data. These daily speeds
were measured using an anemometer installed at a
height of ten meters above ground level at Bertoua
airport. To carry out a possible study in the eastern
region of Cameroon. These velocity data will be very
important for modeling electricity generation
parameters in this region.

2.2 Wind speed average and standard deviation

After obtaining the real values, we used Equation
(1) and equation (2) [2] [6] to determine the average
monthly wind speed v,, and the standard deviation o.

Vi =~ (TI ;) ¢h)
1 N 22

0 =[5 — o) @)

Where,

Y wind speed average (m/s)

N: number of measured hourly wind speed data.
o = standard deviation of the observed data (m/s)
v;=hourly wind speed (m/s)

2.3 Weibull Distribution

Since it's difficult to manipulate all the data
relating to a wind frequency distribution, it's more
suitable for theoretical considerations to model the
histogram of wind speed frequencies by a continuous
mathematical function than by a discrete table of
values. We can therefore opt for the Weibull model. For
periods ranging from a few weeks to several years, the
Weibull function is a reasonable representation of
observed speeds [5], [7]. To calculate the performance
of a wind generator operating on a given site, we first
need to equate the variation in energy potential
characterized by its speed [7]-[11]. Among the
mathematical models used in wind energy, the
statistical model of the Weibull distribution is the most
appropriate for describing the variation in wind speed.
This model is mainly defined by the distribution
function, which can be written as equation (3) [9], [11]-
[13].

F(V)=1-exp [— (g)k] 3)

The Weibull distribution is expressed
mathematically by its probability density function V)

given by equation (4) [14 - 15],

=00 e [0 e

Where,
f(V) represents the frequency of occurrence of
wind speeds.

2.4 Calculation of Weibull parameters

The Weibull parameters c and k provide direct
access to the characteristics of the wind potential. They
can be calculated using the following two empirical
expressions, equation (5) and (6) [16 - 21].
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1.089

k=7 5)
€= ©)
Where:

o = standard deviation of the observed data.
T = Gamma function

2.5 Speed Extrapolation

In order to obtain adequate wind speeds for the
operation of wind turbines, extrapolations are made to
increase the wind speed as in the equation (7-9), [22] [7].

V(z) = vz (2)° 7)
1 0.0881 (Z2)
@= 1n(ZZ) B (1—0.00881171(%)) in (V62 ) (8
Z =477, 9)
Where,

V(Z:): wind speed at the height to be extrapolated Z>
V(Z1): wind speed available at Z: height angle

Z>: the desired height angle

Z1: 10 m height angle

a: power law exponent

The exponent of the power law is equal to 1/7

We extrapolated to heights of 100 m to better capture
the wind's energy. After assessing the potential of the
locality, we sized our wind generator according to its
various parts.

2.6 Extrapolation of Weibull parameters as a function
of height

With the K and C parameters calculated at 10
meters above ground level, we can extrapolate them
according to the height of the site where we want to
install the wind turbines. To do this, we use the
following equation (10), equation (11) and equation (12)
[3], [13]:

n = (0.37 — 0.088In(Cyo) (10)
_ K10

kz = 1—0.00881ln(%) )
z

C:=Cu(s) (12)

Where,

z, represents the height at which the wind turbines are
to be installed. Cz and Kz, the corresponding
parameters.

2.7 Wind power and the Betz limit
2.7.1 Wind power densities

This is used to estimate the recoverable power at
a site. It is obtained by equation (13) [23].

WPD = p(v) =227 = 2pV*r(x) (13)

I, is a function that characterizes the shape of the
frequency distribution and the asymmetry of the speed
frequency distribution. It is given by equation (14).

reo) = J; e texp(—0dt = (Vamx) (e ™) (1 +
x4 x4 x3+---) (14)
12 288 51840
Wind Energy Density (WED) is a very important
parameter, quantifying the energy produced over a
time T by the wind turbines or wind farm. Note that the
time T depends on the availability factor and the load
factor. Its formula equation (15), is as follows [24 - 25].

WED = p()T = “2T = pv*r()r (15)

2.7.2 Power

An air density o[kg/m?®], moving at a velocity
v[m/s], contains a power per unit area perpendicular to
the direction of flow (specific power): Its formula
equation (16) is as follows,

1
PO = EpV?’ (16)
Py at W/m?

For an area S (m? swept by the effective aerodynamic
length of the blades, the power P, is (17),

Py=3.p.S.V? (17)
Py at (W) is given by (18),
Where §= "2 (18)

D is the helix diameter and 7 is a constant equal to 3.14.
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2.7.3 Theoretical recoverable power: the Betz limit

According to Betz, under ideal rotor and wind
conditions:

> The rotor has no mechanical or aerodynamic
losses.
> Air is incompressible and frictionless.
> The flow before and after is laminar.
The maximum wind power Pwmax transferred to
the rotor is calculated as follows in (19),

Pumasx =5 - Po = 0.5926. P, (19)

Where g = Cp the theoretical power coefficient or Betz

limit

Under normal conditions (temperature 10°C, pressure 1
bar), the air density g is of approx. 1.25 kg/m3., as (20).

Pymax = 0.29.D2.V3 (20)

2.8 Load Factor

Turbine selection is a complex business. If you
don't choose the right turbines, they won't be able to
produce the energy you need. We avoid this difficulty
by calculating the load factor before selecting a turbine.
To calculate the load factor, we use the relationship in
equation (18). This formula takes 05 parameters into
account. Two are site-dependent (shape factor K and
scale factor C) and three are supplied by the turbine
manufacturer (starting speed Vs, nominal speed Vv and
stopping speed Va of the turbine) [23], [26].

re-CEle (@) e

(SR8 f

If we obtain aload factor of atleast 25%, we can talk
about the electrical production of wind turbines.

2.9 Wind farm sizing

In order to optimize the operation of wind farms,
certain measures must be taken into account. Indeed,
the wrong choice of certain parameters can be
detrimental to a wind farm. In order to avoid the wake
phenomenon, the spacing of wind turbines is taken into
account. The installation of wind turbines on a site must
take into account the
perpendicular and parallel to the predominant wind

dimensions of the terrain

direction. The conditions to be respected are as follows
from equation (22-24), [4], [9], [27]-[31].

10H(N; +1) <IN (22)
3D(N, +1) < L (23)
N = NN, (24)
Where:

I: Dimension of land perpendicular to the predominant
wind direction;

L: Dimension of terrain parallel to prevailing wind
direction;

D: Machine rotor diameter;

H: Tower height;

N1: Number of wind turbines per row;

N2: Number of wind turbines per row;

N: Total number of wind turbines to be placed on site

2.10 Application to water pumping

The wind generator produces electrical energy,
which powers a pump at the base. Thus, the hydraulic
power, which is normally less than or equal to the
useful power, is a function of the quantity of water per
unit of time required and the total head [30 - 31].
Considering a wind driven pumping system with
overall efficiency 7i and total head Ht, the flow rate of
water pumped is given by equation (25).

_ MiPwmax
Q=" (25)

The daily flow rate will be equal to equation (26).

R
04 = 3600x24x ";Z;‘:x (26)

Another approach to estimating the flow rate
without calculating the power supplied by the wind
generator is based on the following relationship,
equation (27),

Q = f, a@)f(w)dv (27)

Where: q(v): Curves expressing the variation in
pump flow rate to be used as a function of wind speed.

2.11 Analysis of wind energy costs

In production technologies, the cost of electricity is
primarily affected by three main components.
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e Capital and investment cost
e Operating and maintenance cost
e  Fuel cost.

Wind energy production benefits from a zero-fuel
cost. Studies on the cost of wind energy and other
renewable energy sources could become irresponsible
due to a lack of understanding of the technology and
the economics involved. Misleading comparisons of the
costs of different energy technologies are common. The
cost of electricity in wind energy production includes
the following components [32].

e Economic depreciation of equipment;

¢ Interest paid on borrowed capital;

¢ Operating and maintenance cost;

e Taxes paid to local and federal authorities;

¢ Government incentives and tax credits;

¢ Royalties paid to landowners;

e Payment for electricity used in standby mode;
e Energy storage components, if applicable.

The Levelized cost of electricity (LCOE) in
electric power production can be defined as the present
value of the price of the electric energy produced
(typically expressed in units of cents per kilowatt-
hour), taking into account the economic life of the plant
and the costs incurred in construction, operation, and
maintenance, as well as fuel costs [32]. The cost of fuel
is zero in wind power production, and the wind
turbines are assembled in the factory and directly
delivered to the wind farm site, resulting in a short
construction time, ¢. This leads to equation (28), for the
LCOE for wind power generation:

LCOE = 87?0 n (PRlcF) [1 + m{(11(+11+):);1}]

I Wind speed average

(28)

™
W
[=]

2,00
w
Q
=
©
e 1,50
L]
&
© 1,00
$
< 0,50
0,00 =
Jan Feb Mar Apr May Jun Jul

Where,
I = interest rate in %;
n = the lifespan of the turbine;
m = maintenance cost = 15% of the initial investment
cost;

The LCOE is estimated over the lifespan of the
energy-generating technology, typically 20 years for
wind turbines. The discount rate (i) is chosen based on
the cost and source of available capital, determining a
balance between equity and debt financing and an
assessment of the financial risks associated with the
project (Letcher, 2017) [32]. Table. 1, shows the various
costs based on the turbine power.

Table. 1: Initial investment cost based on rated power

Turbine power Cost per Average cost per
kW kW kW
<20 2200 - 3000 2600
20 -200 1250 - 2300 1775
>200 700 - 1600 1150

3  Results and Discussion

3.1. Site wind potential

Wind speed being the essential element for the
dimensioning and evaluation of wind turbine power at
a site, we modelled the variation in wind speeds,
determined the monthly averages of these speeds from
1st January 2005 to 31 Dec 2015 and averaged them. Fig.
2, shows a graphical representation of these speeds
measured at 10 m above ground level. Wind speed
averages vary from 1.55 to 2.22 m/s. The highest wind
speeds recorded in the region are in February. The
lowest wind speeds are recorded in September.

Standart deviation
0,70

0,60
0,50
0,40
0,30

0,20

Standart deviation

0,10

= 0,00
Aug Sep Oct Nov Dec Year

Month

Fig. 2: The wind speed average and standard deviation.
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3.2 Weibull parameters

With the wind speeds, the weibull parameters
were determined. These are the scale factor C (m/s) and
the shape factor K. Fig. 3, summarizes the results. The
shape factor gives the shape of the distribution and
takes a value between 1 and 3. The lower the value, the
more variable the wind speed, while a high k value
indicates a constant wind speed. The scale factor
expresses the chronology of a characteristic wind

I Shape factor K

speed. It is proportional to the average wind speed. The
shape factor varied between 3.58 and 4.776 this value
indicates a constant wind speed

3.2.1 Weibull Distribution

Given the speeds and the parameters C and K, we
modelled the variation in wind speeds by the
probability density function and the distribution
function, shown in Fig. 4 and Fig. 5, respectively.

——Scale factor

6,000 3,000
s 5000 2,500
- o
g 4,000 2,000
£ °
@ 3,000 1,500 [
& o
£ 2,000 1,000 ®
W I
1,000 0,500
0,000 0,000
lan Feb Mar Apr May Jun Jul Aug  Sep Oct Nov  Dec  Year
Month
Fig. 3: Shape factor and scale factor.
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Fig. 4: Probability density curve obtained from wind speeds at 10 m.
Repartition function
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Fig. 5: Distribution function curve obtained from speeds at 10 m above ground level
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Fig. 4, shows the probability of a wind blowing at
any given speed. The most probable speed is 3 m/s. At
a height of 10 m, 68.2% of speeds are below 2.1 m/s,
30.6% of speed data are between 2.1 m/s and 3.6 m/s
and only 1.2% are in the range 3.6 m/s to 5 m/s, with the
speed range extending slightly up to 5.5 m/s. This
figure shows that the average speed is between 2 and 3
m/s, which enables electricity production but with low
availability. Wind turbines will find it difficult to reach
their rated output, hence the need for extrapolation to
obtain favorable speeds. Vertical extrapolation of wind
speeds is therefore carried out for heights of 50 m and
100 m, resulting in a variation in wind distribution. If

7,00

we look at the shape of the curves, we can see that they
are not considerably dispersed. Fig. 5, shows the
probability of wind speeds below 4 m/s.

3.2.2 Speeds extrapolation

In order to determine the wind speeds that are
favorable for energy production in the city of Bertoua,
we carried out an extrapolation. Fig. 6, shows the
results of the extrapolation of monthly average wind
speeds obtained at 10, 20, 30, 40, 50 and 100 m above
ground level.

Wind speeds average

6,00
o 5.00
=
©
= 14,00
b
oo
© 3,00
L
>
<< 2,00

- ‘ ‘ ‘ ‘

0,00

Jan Feb Mar Apr May June Jul Aug Sep Oct Nov Dec Year
Month
H10m ME20m 30m H40m HE50m 100m

Fig. 6: Extrapolated average monthly wind speed curve.

Table. 2: Extrapolation of Weibull parameters as a function of height

10 m 20 m 30 m 40 m 50 m 100 m

Month c k c k c c k c k c k
JAN 2.34 3.81 2.87 3.83 3.24 3.84 3.53 3.85 3.77 3.86 6.03 5.5
FEB 2.44 4.66 2.98 4.69 3.35 3.65 4.71 3.89 4.72 6.1 5.74
MAR 2.27 4.65 2.79 4.68 3.15 3.43 4.71 3.67 4.72 5.86 5.49
APR 1.9 4.78 2.36 4.81 2.68 4.82 2.94 4.83 3.15 4.84 493 5.48
MAY 1.75 4.05 2.18 4.08 2.49 4.09 2.73 41 2.93 411 4.36 497
JUN 1.73 3.58 2.17 3.61 2.47 3.62 2.71 3.63 291 3.63 4.34 4.73
JUL 1.96 4.09 2.43 4.12 2.75 4.13 3.01 4.14 3.23 4.15 4.19 5.33
AUG 1.96 3.94 2.43 3.96 2.75 3.97 3.01 3.98 3.23 3.99 418 5.18
SEP 1.72 3.79 2.15 3.81 2.45 3.82 2.69 3.83 2.89 3.84 421 4.81
OCT 1.77 3.74 2.21 3.76 2.52 3.78 2.76 3.79 2.96 3.79 4.37 5.06
NOV 1.94 4.05 2.41 4.08 2.74 4.09 2.99 41 3.21 4.11 4.86 4.56
DEC 2.07 3.97 2.56 3.99 2.9 4.01 3.16 4.02 3.39 4.03 5.68 5.35
YEAR 1.99 4.09 2.46 4.12 2.79 4.13 3.05 4.14 3.27 4.15 4.94 5.18
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The observation made is that the average speed,
which at the beginning, that is to say at 10 m, was
insufficient (1.55 to 2.55 m/s), is improving such that as
we ascend, the average wind speed increases. At 100 m
altitude, the monthly average speed varied between
4.01 and 5.9 m/s. With these speeds, there will be wind
energy production in the city of Bertoua. Its average
speed values obtained at 100 m classify the city of
Bertoua in low zones, which validates the work of
(Djiela et al) [4] on wind energy in Cameroon by
determining the Weibull parameters: potential of an
ecological energy.

.........
........

Fig. 7: Monthly and hourly average wind speed.
3.2.4 Orientation of wind turbines

The prevailing wind direction in the city of
Bertoua is shown in Fig. 7. A look at and analysis of the
wind statistics reveals that the wind predominates in
the range from West South West (WSW) to East North
East (ENE). The highest wind speed, on the other hand,
is recorded in the West South West (WSW) direction.
Moreover, this interval is the biggest contributor to
total energy. Despite a high frequency of speeds in the
East South East (ESE) to West North West (WNW)
directions, average wind speeds remain low.

3.2.3 Extrapolation of Weibull parameters as a function
of height

With the parameters K and C calculated at 10
meters above ground level, we can extrapolate them
based on the height of the site where we want to install
the wind turbines. To address this, we use the following
formulas in equations (10) and (11), and the values of
parameters K and C are listed in Table 2. The shape
factor varies very little as the height varies positively;
unlike the scale factor, which increases considerably as
the height increases.

12%,

WIND SPEED
(mi=)

w
™

o e E

G o oga = =

(= I -

Fig. 7 shows the wind rose at the site. Analysis of
this curve shows the high probability of wind speeds
between 2.1 and 3.6 m/s. As for the annual wind rose at
the site, the wind direction is predominantly north-
west to south-west. The purpose of these figures is to
make better extrapolations in order to obtain wind
speeds favorable to the production of electrical energy
and the orientation of wind turbines.

3.3 Densities, wind power and load factor

3.3.1 Energy densities and wind power density
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It is used to estimate the recoverable power at a
site. Fig. 8 shows the different values depending on the
month. For an annual density ranging between 23.44
and 65.45 kW/m?/year at 10 m altitude, we had, by
making an extrapolation, a density that varies with
height: at a height of 100 m, the annual variations go
from 325,17 to 1015,97 kW/m?/year, with an estimated
annual average of 533,97 kWh/m?/year. At an altitude
of 100 m, the extrapolated wind speeds reached 5.9 m/s,
which results in an annual energy density of 1 015.97
kWh/m?2. This will provide Cameroon with an
opportunity to address the energy deficit problem in
this region, especially in the months of February and
March.

3.3.2 Available and recoverable power
3.3.2.1 Available power

In order to determine the wind potential of
Bertoua, the variation in wind speed was modelled. Fig
9 and Fig. 10 shows the available and recoverable
power at different heights in W/m2. An insignificant
power at the beginning of 10 m (6.31 W/m?), this
potential improves with height extrapolation, allowing
for a varying available potential with altitude. At a
height of 100 m, it ranges from 40.27 to 128.44 W/m?,
enabling the exploitation of this type of energy in this
region, with a maximum in February and a minimum
in September.

Annual energy density
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Fig. 8: Annual energy density curves.
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Fig. 10: Monthly recoverable power curves.
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Fig. 11: Variations of the power density at 50 m in the selected site.
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Fig. 12: Variations of the power density at 100 m in the selected site.
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3.3.2.2 Recoverable power

It is used to estimate the exploitable power at this
site after application of the Betz limit. Fig. 12, shows its
different values according to the month. The
recoverable potential at a height of 100 m varies
between 23.87 and 76.11W/m? with maximums in
February and minimums in September.

3.3.3 Suitable wind generator and load factor

3.3.3.1 Choosing the most suitable wind generator
technology

As the blades are located at hub level, the height of
the wind turbine mast must be taken into account for
power calculations. Four types of wind turbines were
selected to determine which would produce the most
power. Table. 3 shows the characteristics of the wind
turbines. These include turbine type, manufacturing
company, country of manufacture, power, rotor
diameter, mast height and operating speeds.

Table. 3: Types of wind turbines selected for the park

To match the park model with a real wind turbine, we
have selected four (04) types of wind turbine, 02 of
medium power and 02 of high power. Fig. 11 and Fig.
12 show the evolution of power density at heights of 50
m and 100 m, respectively, as a function of month, for
each of the wind turbines. The curves show the same
pattern, the only difference being that the higher the
wind turbine, the higher the density. The months from
November to March show the highest power density
values. And the YDF-1500-87 wind generator will
produce more energy than the others at its various
heights. The turbine YDF-1500-87 wind generator
remains the best compromise because it produces more
energy than the others as Kidmo et al. [3] applied the
same method in the northern region of Cameroon and
achieved the best production with this turbine.

3.3.3.2 Load factor

Fig. 13, shows the load factor curve as a function
of height and turbine type. Its value increases with the
height of the wind turbine installation site. It varies
between 0.06 and 2.5, values that are acceptable for

model. energy production. Fig. 14, shows the variation in
wieen | @ YDEF- E usable power produced by the YDEF-500-87 wind
nercon nercon
Features 1500-87 turbine installed at different heights. Of the four (04)
Rree e il AN RES2s2000 types we had chosen to simulate their production, this
(F) (A) (©) (A) . .
Height (m) &0 m S p. 130'm one is the best because it has a good load factor and
Power (kW) 50 330 1500 2000 produces more energy than the other three. This wind
Diameter (m) 152 33.4 87 82 turbine guarantees production in January of 82.66 kW
Vs (m/s) 25 25 3 2.5 at 100 m altitude.
Vn (m/s) 10 13 10.2 12,5
VA (m/s) 25 25 25 25
3,00%
£ 2,50%
s 2,00%
g 150%
o 1,00%
. 0150% /
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Heigthenm
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Fig. 13: Variations of the load factor as a function of height and turbine type.
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Water flow produced is shown in Fig. 16. It will
produce more from November to March, when there is
greater energy demand in Cameroon in general, due to
lower water levels in the hydroelectric dams. This
study is part of the strategies to research solutions in
order to replace fossil fuels used for energy production
in the East region in general and the city of Bertoua in
particular. It is beneficial because it produces more
between November and March, which will be an asset
for this region, as it is during this period that there is a
drop in water levels throughout Cameroon in general,
leading to a decrease in energy production across the
hence, searching for other production
possibilities is a necessity.

country,

3.4 Application to water pumping

For this section, we obtained the following: The
useful power produced by a CF 6e wind turbine

JAN  FEB  MAR APR  MAY JUN  JUL OCT NOV  DEC

AUG SEP YEARI

Month

intended for water pumping is represented in the
following Fig. 15. Usable power at a height of 50 m
varies between 0.2 and 1.3kW. In other words, the
turbine will operate at a maximum of 21.66% of its rated
speed. The greater the total dynamic head, the less
significant the volume of water that can be extracted
per day.

3.5 Analysis of wind energy costs

For a turbine with an initial investment of
3,900,000 (USD cents), an interest rate of 12%, a lifespan
of 20 years, and a maintenance rate of 20%, we obtain
the various energy costs. The cost of energy varies
between 443.74 XAF in January and 3018.54 XAF in
July, with an annual average of 1081.56 XAF, which is
acceptable considering the values of Trevor M. Letcher
[32] (Table. 1), who sets the average cost of energy
based on the installed power at a site, shown in Fig. 17.
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Fig. 16: Water flow produced from the CF 6th wind turbine at an altitude of 50 meters.
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Fig. 17: The cost of energy.

The results obtained in this article show that the
city of Bertoua, despite being classified as a low wind
speed area, has the potential for energy production at
an altitude of 100 m, which could replace the current
energy production that primarily relies on thermal
power plants and hydroelectric dams. It will also be a
question of modeling a wind turbine conversion chain
and establishing a complete control strategy using
artificial intelligence to optimize the
performance with a view to ensuring its injection into
the existing power grid, since this alone will not be
enough to meet the energy demand of the East
Cameroon region.

system's

4 Conclusion

The work carried out in this article provided an
overview of the feasibility and study of the integration
of wind energy in the locality of Bertoua. A turbine
model was used to validate the results in order to
understand the types of equipment and methods to use.
Certain parameters were taken into account, such as

1500

1000

“ 11 1 i
JAMN FEB JUN AUG SEP ocT NOV

JuL DEC YEAR

Month

altitude and wind speed. Our analysis shows that the
wind at the site is consistent and propagates in a North
North East (NNE) direction, with stable average speeds
ranging from 1.55 m/s to 2.22 m/s at an altitude of 10 m
for a very low usable power of 3.74 W/m2. The best
average wind speeds of 4.03 to 5.9 m/s, favorable for
good obtained by
extrapolation at altitudes of 100 m corresponding to the
heights of the masts. We obtain an annual energy
density ranging from 325.17 to 1015.97 kWh/m?, based
on the potential deposition of the studied site.
Furthermore, the wind energy of the city in question
predicts that the YDF-1500-87 CNYD generator is the
right machine to install, as it has a better capacity factor
than others, ensuring useful electric energy production
of up to 82.66 kW per machine installed in this city.
Although the locality of Bertoua does not facilitate
high-capacity wind energy production, this study has
not only reassured the financiers but has also
demonstrated the possibility of using small power
plants for dedicated use in water pumping and for

electricity ~production, are
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small energy consumers. Maximum production during
the period when energy demand in Cameroon is very
high will help reduce production from thermal power
plants, thereby reducing the CO: and sulfur emissions
that these plants release. It will be a matter of looking
into the possibility of integrating this study into the
other departments of the Eastern region of Cameroon
in order to map the wind potential of this region and to
develop this form of energy in Cameroon.
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  f  ( V ) =  (   k  C )    (   V  C )  k − 1 − e x p  [   −  (   V  C )  k ]                                                       ( 4 )


  k =     𝜎  V  − 1 . 089


  C =   V  𝜏  ( 1 +  1  k )


  V  (   Z 2 ) = V  (   Z 1 )    (     Z 2    Z 1 )  𝛼


  𝛼 =  1    l n ⁡   (     Z -    Z 1 ) −  (   0 . 0881  1 − 0 . 00881   l n ⁡   (     Z 2    Z 1 ) )   l n ⁡   (   V  (   Z 2 ) 6 )                                                         ( 8 )  


    Z - =    Z 1   Z 2                                                                                                                                                          


  n = ( 0 . 37 − 0 . 088 l n  (   C 10 )                                                                                              


    k  z =     k 10  1 − 0 . 00881   l n ⁡   (   Z 10 )                                                                                                                        


    C  z =   C 10    (   Z    Z 10 )  n                                                                                                                              


  W P D = p  ( v ) =   P ( V )  S T =  1 2 𝜌   V 3 𝛤  ( x )                                                                   ( 13 )


  𝛤  ( x ) =   ∫ 0 ∞    t  x − 1 e x p  ( − t ) d t =  (  2 𝜋 x )  (   x  x − 1 )  (   e  − x )  ( 1 +  1 12 x +  1 288   x 2 +  139 51840   x 3 + … )        


  W E D = p  ( v ) T =   P ( V )  S T =  1 2 𝜌   V 3 𝛤  ( x ) T                                                         ( 15 )


    P 0 =    1 2 . 𝜌   . V 3                                                                                                                                                        


    P 0   at   W /   m 2


    P 0


    P 0 =    1 2 . 𝜌   . S . V 3                                                                                                                                               ( 17 )


    P 0


  S =     𝜋 .   D 2 4                                                                                                                                        


    P  w m a x =  16 27   .   P 0 = 0 . 5926   . P 0                                                                                            


   16 27 =   C  P  


    P  w m a x = 0 . 29 .   D 2 .   V 3                                                                                                                      


  𝑭 𝑪 =   𝒆 𝒙 𝒑  ( −   (     𝑽  𝑺  𝑪 )  𝑲 ) − 𝒆 𝒙 𝒑  ( −   (     𝑽  𝑵  𝑪 )  𝑲 ) ⁡   ( −   (     𝑽  𝑺  𝑪 )  𝑲 ) −  ( −   (     𝑽  𝑵  𝑪 )  𝑲 ) −  ( −    (     𝑽  𝑨  𝑪 )  𝑲 )                                          


  10 H  (   N 1 + 1 ) < I N                                                                                                                            


  3 D  (   N 2 + 1 ) < L                                                                                                                                           ( 23 )  


  N =   N 1   N 2


  Q =     𝜂  i   P  w m a x  𝜌 g   H  t                          


    Q  d = 3600 x 24 x     𝜂  i   P  w m a x  𝜌 g   H  t                                                                                                        


  Q =   ∫    V  d    V  c  q  ( v ) f  ( v ) d v


  L C O E =     C  I  8760   n  (  1    P  R   C F )  [ 1 + m  {     ( 1 + I )  n − 1  I   ( 1 + I )  n } ]

