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Abstract

Based on the wind data recorded over a six year period (2007 to 2012) as observed in the main meteorological station of
the Garoua International airport, an assessment of the wind potential has been performed by means of the Weibull
Probability Density Function (PDF) with two parameters. The maximum likelihood estimation method (MLE) was used
to estimate the dimensionless Weibull shape parameter k, and the Weibull scale parameter C. The maximum wind
power density extracted by the blades as well as the useful average hydraulic power output and the daily water
production of the hypothetic windmill were determined in order to forecast applications in the north region of
Cameroon such as providing domestic water, watering farm animals and small scale irrigation.
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1. Introduction

With fast growing energy demand, in addition to rising environmental consciousness, it has become crucial to enhance
energy supply with renewable sources of energy. This is particularly true for wind, an inexhaustible resource which has
the potential to lower greenhouse gas emissions and local air pollutants coupled with the burning of fossil fuels.

In the north region of Cameroon, wind can be reasonably harnessed to provide significant quantities of energy to
support rural areas’ needs such as acquiring clean water, be it for domestic purposes, for livestock or for irrigation.
Providing clean water is one of the best ways to improve health and increase the productive capacity of the population.
Accessing to clean water is best achieved through pumping from underground water aquifers rather than using surface
water sources, which are often polluted [1]. Given a good quality wind site and because of the moderately small
quantities of water needed, wind pumping for community water supply and livestock watering could be cost-effective.
However, irrigation pumping requires large quantities of water during the dry season. The seasonal variation in the
north region of Cameroon is conventionally expressed by two climatic seasons, namely the dry season (mid-October to
mid-July) and the rainy season (mid-July to mid-October). The months of July and October are the transition periods
between the two seasons. The windiest months are observed between March and June. So far, studies on wind
characteristics in the north region of Cameroon are limited.

A certain number of difficulties are related to the wind, as an energy source. One of these difficulties is wind speed
variability. As a result, to forecast the energy output of a wind energy conversion system, the Weibull PDF with two
parameters, the dimensionless Weibull shape parameter k, and the Weibull scale parameter C, is the model utilized.
There are several methods which can be used to estimate the Weibull parameters C and k, depending on which wind
statistics are available and what level of sophistication in data analysis one wishes to employ[5]. In this study, the MLE
method has been chosen as a comprehensive understanding of wind characteristics required to assess the potential wind.
Despite the wind categories suitable for the development of mechanical wind power for water pumping, there seems to
be limited interests in wind energy as there are limited previous researches in this field. An attempt has been made by
Tchinda et al. [2] to evaluate the wind energy potential with meteorological method using wind data from 1990 to 1999.
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The aim of this study is to assess wind energy potential for water pumping windmills in the north region of Cameroon,
provided that monthly wind data over a six year period (2007 to 2012) were supplied. It’s then proceeded to the
estimation of the daily water production of the hypothetic windmill, based on the total dynamic head, ranging from 10
to 30 meters for applications such as household use, small scale irrigation, and livestock.

2. Methods and materials

2.1. Data source

The data provided for the study are monthly mean wind speeds, recorded over six year period, from 2007 to 2012 at 10
m height above ground level (AGL). These data were obtained from the main meteorological station located in the
Garoua International airport. The table 1 gives the geographical coordinates of the location.

Table 1: Geographical coordinates of the study area

Variable Value

Latitude 09°20° N

Longitude 13°23’E

Elevation 242 meters height AGL

2.2. Weibull distribution

The daily, monthly, seasonal, and yearly wind speed probability density distributions are modeled using the Weibull

PDF. The Weibull PDF can be used with acceptable accuracy for prediction of wind energy output required for

preliminary design and assessment of wind power plants [3]. The variation in wind speed are most often described by

the Weibull PDF with two parameters, the dimensionless Weibull shape parameter k, and the Weibull scale parameter C

which have reference values in the units of wind speed. The PDF function f (V) is given by the following [4], [20]:

fV) = (k/C).(V/CY L exp(=(V/C)") 1)
Where: f(V) = probability of observing wind speed V

V = wind speed [m/s]

C = Weibull scale parameter [m/s]

k = Weibull shape parameter

The corresponding cumulative distribution function is given by [6], [20]:

F(V) =1-exp(=(V/C)") )
The mean wind speed V and the standard deviation o of the observed data are determined using the following equations

[8], [17], [20]:

V=Ccr(1+1/k) (3)
Where:V = mean wind speed [m/s]

o=C[l(1+2/k) -T2+ 1/k)]/? (4)
Where the standard gamma function is given by:

I'(x) = [, t*exp(—t) dt (5)
The gamma function used by J.F. Manwell et al. [12] quoting Jamil [8] is given by:

re) = (V)™ (1+ 5+ e ~ s + ) ©)

2.3. Maximum likelihood method

The MLE method is a mathematical expression known as a likelihood function of the wind speed data in time series
format. The MLE method was used by Deligiorgi et al [9] and Costa Rocha et al [17], quoting Stevens and Smulders
[20] in their study for the estimation of parameters of the Weibull wind speed distribution for wind energy utilization
purposes. The MLE method is solved through numerical iterations to determine the parameters of the Weibull
distribution. The shape factor k and the scale factor c are estimated by the following equations:

k= [[(2?21 Vi mv,)/ (B, Vi) = (ZiyIn Vl-)/n]_l (7

1/k
c=(>zm,vi") ®)
Where: n = number of non-zero data values.

i = measurement interval.

V; = wind speed measured at the interval i [m/s].
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2.4. Weibull parameters extrapolation

In a wide number of cases (Justus et al.[23]; Hennessey [24]), the Weibull seems to give a reasonable fit to observed

distributions, and with Weibull C and k values known at one height, a consistent methodology can be used to adjust

these parameters to another desired height. The Weibull distribution values C;, and k,, determined at 10 meters height

AGL (z;, = 10 meters) are adjusted to any desired height z by the relation [5]:

C, = Cyo* (2/710)" ©)
Where: C, = adjusted Weibull scale parameter to a desired height z [m/s].

C10 = Weibull scale parameter at 10 meters height above ground level [m/s].

Z10 = 10 meters height above ground level [m].

z = desired height above ground level [m].

k, = kqo[1 — 0.00881 In(z,,/10)]/[1 — 0.00881 In(z/10)] (10)
Where: k, = adjusted Weibull shape parameter to a desired height z.

k1o = Weibull shape parameter at 10 meters height above ground level.

Where the power law exponent n is given by:

n = [0.37 — 0.088In(Cy,)]/[1 — 0.088 In(z,,/10)] (11)

2.5. Site specific wind speeds

There are two wind speeds that are very useful to wind energy investors and assessors. These are called the most
probable (V,,,,) and maximum energy carrying (Vgmq,) Wind speeds. They are given in terms of the Weibull 2-
parameters as [6]:

Vip = C[(k = 1) /k]*/* (12)
Where: 1,,,,, = the most probable wind speeds [m/s].
Vemax = C[(k +2)/k]"/* (13)

Where: Vgma, = the maximum energy carrying wind speeds [m/s].

2.6. Wind shear characterization wind speeds

Since the observed wind speed data were measured at 10 meters height AGL and the desired anemometer level is most
often at a different height, there is a need characterize the wind shear, variation of wind speed with elevation. The most
commonly used methods of estimating wind shear are known as the log law and the power law [10]. Given that wind
speed in general increases with elevation, and that wind turbines are designed to operate at different hub heights when
compared to the available measured wind data, the observed wind speed height (z;, = 10 meters AGL) can be
extrapolated to the turbine hub height through the power law expression given as [11]:
V(z3) = V(210)(22/210)™ (14)
Where: V(z,) = wind speed at the wind turbine hub height z, [m/s]
V(z,0) = wind speed at original height z;, = 10 meters AGL [m/s]

a, = power law exponent proposed by [12]:
a; = [0.37 — 0.088 In(v,0)]/[1 — 0.088 In(z,,/10)] (15)

2.7. Wind power density estimation

To calculate the mean power on a long time T (a month, a season, a year. . ..), Tchinda et al. [2], quoting Petersen et

al.[22], proposed the use of £(V7), the statistical distribution of the mean speed corresponding to the interval of time T.

therefore wind power density is given by [2]:

P=(1/2)xp*(1+31) [ f(7)V? (16)
Where: P = wind power density [watts /m?].

f (V) = Statistical distribution of the mean speed V.

The wind power density can be estimated from the Weibull parameters as [5], [20]:

P= (1/2)*p*(1+3I)C3(1 + 3/k) (17)

oy

Where:I : turbulence factor, I = -

o, : The standard deviation of the twelve month wind speed [m/s]

V : mean wind speed [m/s]

p = air density at the site, is often written in a simple form [4]:

p= po —1.194x10"* « H,, (18)
Where: H,, = site elevation in meters

The air density value at sea level is p, = 1.225 kg/m3.

The site elevation is 242 meters, and based on the equation 18, the air density value is p = 1.196 kg/m3.
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2.8. Extractable wind energy estimation

The daily extractable wind energy is given by:

E; = (24/1000) = P (19)
Where: E; = daily extractable wind energy [kWh/m?. day].

Therefore the daily extractable wind energy can be estimated from the Weibull parameters as:

E; =1435%1073 % p* (1 + 312)C3(1 + 3/k) (20)
The monthly extractable wind energy can be estimated from the Weibull parameters as:
E, =1435%1073 xd; x p* (1 + 312)C3(1 + 3/k) (21)

Where: E,, = monthly extractable wind energy [kWh/m?® month].

d4 = number of days in the month considered.

The annual extractable mean energy E,,, is the sum of the monthly extractable wind energies. E,,, Can be formulated as
follows [2], [14], [18]:

Ean = Z%zzllz Em (22)
Where: E,,, = annual extractable energy [kWh/m?. an].

2.9. Maximum extractable wind energy (Betz theory)

The power extracted by the blades is customarily expressed as a fraction of the upstream wind power and the theoretical

maximum value is given as follows [3]:

Pnax = (16/27) P = C, + P (23)
Where: P, = maximum extractable wind power density [watts /m?]

C, = Rotor efficiency.

For a given upstream wind speed, the power coefficient of the rotor or the rotor efficiency C, has a theoretical

maximum value of 16/27 or 0.59, known as the Betz limit. When considering the Betz limit and for the given site, the

air mean specific mass, the maximum wind power density extracted by the blades is given by:

Prax = (16/27) % (1/2) x P (24)
Therefore the maximum power extracted is given as followed:

Prax = 0.354 % (1 +313)C3(1 +3/k) (25)
The maximum daily energy extracted by the blades is given by:

Emax‘d =24%10"%. P, (26)
Where: Ey,qx ¢ = maximum daily extractable wind energy [kWh/m?. day]

As a result:

Enaxa =850%1073 % (1 +31%)C3(1 + 3/k) (28)
The maximum monthly energy extracted by the blades, estimated from the Weibull parameters is given:

Emaxm =850 %1073« d; x (1 + 31*)C3(1 + 3/k) (29)

Where: Epqx.m = Mmaximum monthly extractable wind energy [kWh/m?. month].

'[he maximum yea_rly energy extracted by the blades is given by:

Emax,an = Z:}z::llz Emaxm (kWh/mZ year) (30)
Where: Eyqx an = Maximum yearly extractable wind energy [kWh/m?. year].

3. Results and discussions

In this study, wind speed data analyses were done using Microsoft Excel®. The dimensionless Weibull shape parameter
k and the Weibull scale parameter C were estimated using the MLE method. In addition, Weibull mean wind speed ¥,
standard deviation, most probable (V},,), maximum energy carrying (Vgmqx) Wind speeds and power density are
summarized in table 2.

It can be seen from the table 2 that the highest monthly wind speeds occur in March (2.11 m/s), April (2.71 m/s), May
(2.52m/s), June (2.34m/s) and July (2.34 m/s) while the minimum monthly wind speeds occur in November
(1.40 m/s) and December (1.24 m/s). The overall yearly mean wind speed in Garoua is found to be1.91 m/s.
Moreover, the knowledge of the most probable (V;,,) and maximum energy carrying (Vg,q,) wind speeds help to
establish whether or not this particular location is suitable for wind turbine. The results of the most probable (V;,,) and
maximum energy carrying (Vgmqx) Wind speeds analyses are presented in the table 2. It showed that the values of 7,,,,
and Vg from January to December range from 1.22 to 2.81 m/s and 1.63 to 3.21 m/s respectively. The Weibull shape
and scale parameters (k and C) show that k varies from 2.76 (October) to 6.40 (March), while C is between 1.39
(December) and 2.97 m/s (April). In addition, it can be observed that the power density range from 3.15 W /m? in
December to 25.83 W /m? in March. Therefore, this location falls under wind energy class 1 (< 100 W /m?) [12],
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adequate for mechanical applications such as small scale water pumping. The tables 12 and 13 summarize the
maximum extractable daily and monthly wind energy.

Table 2: Some of the results of Weibull Analysis

Month Vweibull Oweibull Cweibull koo, VmP VEmax P(U)
(m/s) (m/s) (m/s) wetbutt (m/s) (m/s) W /m*)
Jan. 1.59 0.51 1.77 3.47 1.60 2.02 6.18
Feb. 1.59 0.54 1.78 3.26 1.59 2.06 6.46
Mar. 2.11 0.38 2.26 6.40 2.20 2.36 10.19
Apr. 2.71 0.67 2.97 4.60 2.81 3.21 25.83
May 2.52 0.56 2.73 5.16 2.62 291 19.34
June 2.49 0.65 2.74 431 2.58 2.99 20.81
July 2.34 0.73 2.60 3.58 2.37 2.94 19.26
Aug. 1.84 0.58 2.05 3.50 1.86 2.33 9.54
Sep. 1.60 0.50 1.78 3.59 1.62 2.01 6.18
Oct. 1.59 0.59 1.78 2.93 1.54 2.12 6.81
Nov. 1.40 0.55 1.57 2.76 1.34 1.92 4.85
Dec. 1.24 0.44 1.39 3.08 1.22 1.63 3.15

The figure 1 illustrates monthly frequencies distribution of wind speed. The plots were drawn using the values of scale
and shape parameters obtained with equations (3) and (4). The corresponding monthly cumulative frequencies
distributions are shown in figures 2.
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Fig. 1: Plot of monthly frequency distribution (%) of wind speed, at 10 m height AGL.
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Fig. 2: Plot of monthly cumulative frequency distribution (%) of wind speed, at 10 m height AGL
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3.1. Application to water pumping

The average hydraulic power output Py, of a wind pump (at sea level) is given by [19]:

Phyd =Bx*V3x Arotor (31)
Where: V = average wind speed at the site [m/s]

A, oror = SWepL rotor area [m?2].

B = quality factor expressing the effectiveness with which wind power is converted to net hydraulic power. Normal

values of B range from 0.05 to 0.15, the first being acceptable, the second value being excellent. The value B = 0.1 can

be regarded as an average value for a well-designed wind pump. Therefore the useful average hydraulic power output

Ppyq can be estimated is given by [24]:

ﬁhyd =01+ VS * Arotor (32)
Where Py, is a function of the pump head, the required water flow rate, the density of water, and the acceleration due

to gravity. Otherwise, the hydraulic power output is given:

Ppya = pwagH (32)
Where: P, = average hydraulic power output[w /m?].

p,, = density of water [kg/m?3].

q = average water flow rate [m3/day].

g = acceleration of gravity [m?/s].

H = total pumping head [m].

To estimate the daily water production of the hypothetic windmill based on the total dynamic head, for small scale

water pumping applications, the table 3 [19] has been used as a guideline. Weibull parameters C;, and k,, determined

at 10 meters height AGL, were extrapolated to 15 and 20 meters AGL (Table 7 and 8) in order to evaluate the wind

shear (table 9), then to estimate the most probable (V;,,,) and maximum energy carrying (Vgmqx) Wind speeds (Table 10

and 11).

For community water supply in the north region, a total pump head of 30 meters has been utilized for a windmill that is

20 meters height AGL. The Weibull distribution parameters determined at 10 meters height AGL were extrapolated to

20 meters height AGL using the equations (9) and (10). The results are presented in the table 4. On average, a

hypothetic windmill with 2.5 to 5 meters blade’s diameter could produce less that than 20 m3/day . For a rotor
diameter above 5 meters, the daily water production could be sufficient for a community of 500 persons approximately.

Table 3: Rough indication of water depths, required daily volume of water and typical size of the rotor for various applications [19].

Head
Application :/ery low medium deep Daily volume (m3/day) T_yplcal rotor

ow diameter (m)

3—10m 10-30m >30m

<3m
Community water * * 20 (500 persons) 25107.0
supply
Domestic water supply * * 1 - 3 (small farm) 15t025
Cattle watering * * 20 (500 head) 15t04.5
Irrigation * * 40 — 100 (= 1 hectare) 251055
Drainage * 100 2.5103.5

Table 4: Daily flow rate (m3/day) based on the blade diameter at 20 m Height AGL

Typical rotor diameter (m) 2.50 3.00 350 4.00 4.50 5.00 5.50 6.00 6.50 7.00
Jan. 282 406 552 721 913 1127 1364 16.23 19.05 22.09
Feb. 294 424 576 753 953 11.76 1423 16.94 19.88 23.06
Mar. 294 424 576 753 953 11.76 1423 16.94 19.88 23.06
Apr. 10.75 1549 21.08 2753 34.84 43.02 52.05 6194 7270 8431
May 815 1174 1598 2087 26.42 3261 39.46 46.96 55.12 63.92
June 880 12.68 17.25 2254 2852 3521 4261 50.71 59.51 69.02
July 821 1182 16.09 2101 26.60 3283 39.73 47.28 55.49 64.36
Aug. 421 607 826 1078 1365 16.85 20.39 24.26 28.48 33.03
Sep. 282 406 552 721 912 1126 13.63 16.22 19.04 22.08
Oct. 3.09 446 6.06 7.92 10.02 1238 1498 17.82 20.92 24.26
Nov. 226 326 443 579 733 904 1094 13.02 1528 17.73
Dec. 150 217 295 385 488 6.02 7.28 867 10.17 11.80

Average 488 7.02 956 1248 1580 1950 23.60 28.08 32.96 38.23
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For domestic water supply in the north region, a total pump head of 15 meters has been utilized for a hypothetic
windmill that is 20 meters height AGL. On average, a hypothetic windmill with 1.5 to 2.5 meters blade’s diameter could
produce between 3.51 and 9.75m3 /day. The results are presented in the table 5.

For cattle watering, a total pump head of 15 meters has been utilized. On average, a hypothetic windmill with 1.5 to 4.5
meters blade’s diameter could produce from 3.51 to 31.59m3 /day. The results are as well presented in the table 5.

Table 5: Daily flow rate (m?3/day) based on the blade diameter at 15 m Height AGL

Typical rotor diameter (m) 1.5 2 2.5 3.00 3.50 4.00 4,50
Jan. 2.03 3.61 5.64 8.12 11.05 14.43 18.26
Feb. 2.12 3.76 5.88 8.47 11.53 15.06 19.06
Mar. 2.12 3.76 5.88 8.47 11.53 15.06 19.06
Apr. 7.74 13.77 21.51 30.97 42.16 55.06 69.69
May 5.87 10.44 16.31 23.48 31.96 41.75 52.83
June 6.34 11.27 17.61 25.35 34.51 45.07 57.04
July 5.91 10.51 16.42 23.64 32.18 42.03 53.19
Aug. 3.03 5.39 8.42 12.13 16.51 21.57 27.30
Sep. 2.03 3.60 5.63 8.11 11.04 14.42 18.25
Oct. 2.23 3.96 6.19 8.91 12.13 15.84 20.05
Nov. 1.63 2.89 452 6.51 8.86 11.58 14.65
Dec. 1.08 1.93 3.01 4.33 5.90 7.70 9.75
Average 3.51 6.24 9.75 14.04 19.11 24.96 31.59

For farm irrigation, a total pump head of 10 meters has been utilized for a windmill that is 20 meters height AGL. The results
are presented in the table 6. On average, it could be attractive to choose a hypothetic windmill with blade’s diameter of more
than 4 meters to produce more than 40 m3/day. For rotor diameter of 5.5 meters, the windmill will produce more than 40
m3/day from January to October. Additionally, the windmill could produce a maximum of 156 m3/day in April, more than
100 m3/day from April to July which correspond to the dry season when the need is in rise.

Table 6: Daily flow rate (m?3/day) based on the blade diameter at 10 m Height AGL

Rotor diameter (m) 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00
Jan. 8.45 12.17 16.57 21.64 27.39 33.81 40.92 48.69 57.15 66.28
Feb. 8.82 1271 1729 2259 28.59 35.29 42.70 50.82 59.64 69.17
Mar. 8.82 1271 1729 2259 28.59 35.29 42.70 50.82 59.64 69.17
Apr. 32.26 46.46 63.24 8259 10453 129.05 156.15 185.83 218.10 252.94
May 2446 35.22 4794 6262 79.25 97.84 118.39 140.89 165.35 191.77
June 2641 38.03 5176 67.61 85.57 105.64 127.82 152.12 178.52 207.05
July 2463 3546 4827 63.04 79.79 98.50 119.19 14184 166.47 193.07
Aug. 12.64 1820 24.77 32.35 40.95 50.55 61.16 72.79 85.43 99.08
Sep. 8.45 12.17 1656 21.63 27.37 33.79 40.89 48.66 57.11 66.23
Oct. 9.28 13.37 18.19 23.76 30.07 37.13 44.93 53.46 62.75 72.77
Nov. 6.78 9.77 13.29 17.36 21.98 27.13 32.83 39.07 45.85 53.18
Dec. 451 6.50 8.85 11.56 14.63 18.06 21.85 26.00 30.52 35.39
Average 1463 21.06 28.67 37.44 47.39 58.51 70.79 84.25 98.88 114.68
Table 7: Weibull scale parameter C extrapolation to 15 and 20 m AGL
Month Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
10 m HAGL 1.77 1.78 2.26 2.97 2.73 2.74 2.60 2.05 1.78 1.78 1.57 1.39
15 m HAGL 2.01 2.02 2.55 3.32 3.07 3.07 2.92 2.32 2.02 2.02 1.80 1.59
20 m HAGL 2.21 2.22 2.78 3.59 3.32 3.33 3.17 2.53 2.22 2.22 1.98 1.76
Table 8: Weibull shape parameter extrapolation to 15 and 20 m AGL
Month Jan.  Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
10 m HAGL 347 326 640 460 516 431 358 350 3.59 293 276 3.08
15 m HAGL 3.60 3.38 6.64 4.77 5.35 4.47 3.71 3.63 3.72 3.04 2.86 3.19
20 m HAGL 3.70 3.47 6.82 4.90 5.50 4.59 3.81 3.73 3.82 3.12 2.94 3.28
Table 9: Mean wind speed extrapolation to 15 and 20 meters AGL

Month Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
10 m HAGL 1.59 1.59 2.09 2.71 251 2.49 2.33 1.84 1.60 1.58 1.40 1.24
15 m HAGL 181 1.82 2.37 3.04 2.82 2.80 2.63 2.09 1.83 181 1.60 1.43
20 m HAGL 199 200 259 330 307 305 286 229 2.01 199 177 1.58




International Journal of Basic and Applied Sciences 45

Table 10: Most probable wind speed extrapolation to 15 and 20 m AGL

Month Jan.  Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

10 m HAGL 160 159 220 281 262 258 237 1.86 1.62 154 134 1.22
15 m HAGL 184 182 249 316 295 290 268 212 1.86 177 155 1.42
20 m HAGL 203 201 272 343 320 315 292 233 2.05 196 1.72 1.57

Table 11: Maximum energy carrying wind speeds (Vgn,ax) €xtrapolation to 15 and 20 m AGL

Month Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
10 m HAGL 202 206 236 321 291 299 294 233 2.01 212 192 1.63
15 m HAGL 228 232 266 357 325 333 328 262 2.27 239 216 1.85
20 m HAGL 248 253 289 385 352 360 354 284 2.48 260 2.36 2.03
Table 12: Extractable daily, monthly wind energy

Period P(w/m?) E;(kWh/m?. day) E.,(kWh/m?* month)

Jan. 8.06 0.19 5.99

Feb. 8.67 0.21 5.82

Mar. 11.21 0.27 8.34

Apr. 30.57 0.73 22.01

May 22.21 0.53 16.52

June 25.09 0.60 18.06

July 24.82 0.60 18.46

Aug. 12.39 0.30 9.22

Sep. 7.96 0.19 5.73

Oct. 9.62 0.23 7.16

Nov. 7.08 0.17 5.10

Dec. 4.34 0.10 3.23

Table 13: Maximum Extractable daily, monthly and yearly wind energy

Period Prax(w/m?) Emax a(kWh/m? day) Emax. m(KWh/m?. month)
Jan. 4,77 0.11 3.55
Feb. 5.14 0.12 3.45
Mar. 6.64 0.16 4.94
Apr. 18.11 0.43 13.04
May 13.16 0.32 9.79
June 14.87 0.36 10.70
July 14.71 0.35 10.94
Aug. 7.34 0.18 5.46
Sep. 4,72 0.11 3.40
Oct. 5.70 0.14 4.24
Nov. 4.20 0.10 3.02
Dec. 2.57 0.06 1.91

4. Conclusion

The main goal of this study was to assess the wind energy for small scale water pumping in the north region of
Cameroon. The following observation can be done throughout this study:

o Weibull distribution proved to be a useful tool to predict the wind regime relevant to wind power generating systems.
¢ Wind energy potential in the north region of Cameroon is not fitted for generating electricity. Furthermore, based on
the foreseen applications, the following could be concluded.

e For community water supply, a hypothetic windmill with a rotor diameter bigger than 5 meters could produce on
average more than 20m3/day, given total pump head of 30 meters.

o For domestic water supply, a hypothetic windmill with a rotor diameter of 1.5 meters could produce 3.51 m3/day
while a rotor diameter of 2.5 meters could produce 9.75 m3/day on average, given a total pump head of 15 meters.

o For cattle watering, a hypothetic windmill with a rotor diameter of 4.5 meters could produce 3.51 m3/day while a
rotor diameter of 4.5 meters could produce 31.59 m3/day on average, given a total pump head of 15 meters.

e For farm irrigation, a hypothetic windmill with a rotor diameter of 5.5 meters could produce on average, more than
40 m3 /day from January to October, given a total pump head of 10 meters.
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Although the results of this study encourages the utilization of water pumping windmills in rural areas to help easing
difficulties accessing to clean water for household use, small scale irrigation, and livestock, further wind
characterization studies at different height above ground level are required.
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