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Sustainable development and the fight against climate change are now priorities in majority of countries. The contribution of renewable energies to these two ambitions has been proven. Wind being a renewable energy source, several works was carried out in this field for an effective exploitation of this resource. Thus, wind modeling using the Weibull distribution was of paramount importance. The objective of this study is to model the wind speed at Ntem, South Region of Cameroon, for good decision making on possible projects of electricity production from the wind and toward contribution to the sustainable development of rural areas in this locality. For this purpose, the average hourly wind speed data for the period of November 2012 to October 2014 provided by a station located at a height of 10 m in Ambam were used. The modeling of this wind speed by the Weibull distribution for determining the two function parameters k and C was carried out with four numerical methods: graphical method (GM), empirical method (EM), method of factor energy, and the moment method (MM). The EM presented a better performance than the other techniques. Moreover, the average density of wind energy based on the average cubic root of the cubes was estimated at 93.7628 kW/m2/year in 2013. This result presents Ambam as an unfavorable zone for wind power generation with fair wind characteristics. But it is very important to mention that, for a height of 10 m, this potential is not negligible in the Cameroonian context where domestic energy (lighting, telephone recharging, radio, television, etc.) is not yet available for most villages, located far from the national power grid.
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INTRODUCTION

All developed countries rely on renewable energy for the efficiency of their energy systems due to the disadvantages of fossil fuels. Since it has been shown that the use of fossil fuels has a negative impact on the environment, causing an increase in pollution rate and degradation of the ecosystem, among others, energy sources (such as wind, solar, geothermal, hydropower, biomass, and thermal energy from the oceans) have become highly sought renewables for large-scale application [non-polluting and almost inexhaustible characteristics (Antoine et al., 2020)].

In majority of African countries, the access rate to electricity is relatively poor. Singularly, in Cameroon, the access rate to electricity was 48% overall and around 23% in rural areas in 2014 (Africa Renewable Energy Access Programm and Public Private Infrastructure Advisory Facility, 2012; Parajuli, 2016; Kengne Signe et al., 2017a,2019b). On the other side, the national energy balance is dominated by the consumption of wood as a combustible for meal cooking, which represents 77%, followed by fossil energy with 17.3% and by hydropower with 4.9%. Electricity is mainly produced from hydroelectricity with a rate of 96% and the rest from petroleum (4%) (Nkongo et al., 2016; Kengne Signe et al., 2017c). In fact, the State of Cameroon actually promotes the production of electricity from renewable sources. Then, studying and making available the results necessary to improve the production of electricity from renewable sources have become very relevant (Kengne Signe et al., 2015, 2016, 2017b; Antoine et al., 2020). One of these important sources of electricity in the world is wind power.

There are several methods for the analysis of wind energy parameters, one of the most used of which is based on the modeling of wind speed by the Weibull distribution, where the wind speed can be represented by the probability density function of the wind speed. From this modeling, it is then possible to evaluate the wind energy potential by summing the energy of wind speeds over a certain period of time. The Weibull distribution has two function parameters which are k (shape factor) and C (scale parameter) (Paulo Alexandre et al., 2012; Nkongo et al., 2016; Kengne Signe et al., 2019b). To estimate these parameters, certain numerical methods can be used.

The objective of this work is to model the wind speed using the Weibull distribution, in order to estimate the wind energy potential at Ambam located in the Vallée-du-Ntem Division, South Region of Cameroon, where in the meteorological station of the Ministry of Transport with the collaboration of the Geological and Mining Research Institute, the hourly wind data were collected from November 2012 to October 2014. For the determination of Weibull parameters k and C, the graphical method (GM), empirical method (EM), energy pattern factor method (EPFM), and moment method (MM) will be used, and a comparison of their performances will be done to determine which method gives the parameters better efficiency.

This article is organized in main sections as follows. Section “Introduction” presents the background of the methods used to determine the Weibull distribution parameters. Section “Materials and Methods” discusses the materials and method used, including the site location and data collection and wind speed probability distribution, which includes the numerical methods used for determining Weibull distributions, wind power density (WPD), and useful wind speeds. Section “Results” presents the results. Section “Discussion” presents the discussion. Finally, Section “Conclusion” gives the conclusion.



MATERIALS AND METHODS


Data Collection and Location

The data provided for the study are monthly mean wind speeds, recorded over the period from November 2012 to October 2014 at 10-m height above ground level (AGL). These data were obtained from meteorological station located in Ambam at 11°16′00′′E, 2°19′00′′N (UCCC, 2014). Figure 1 shows the map of Ambam in the Vallée-du-Ntem Division, South Region of Cameroon.


[image: image]

FIGURE 1. The map of the location of Ambam.


Measured wind speed data are commonly available in time series format, in which each data point represents either an instantaneous sample wind speed or an average wind speed over a specific time period. An example of such data (giving hourly averages over a 24-h period) is given in Table 1.


TABLE 1. Wind speed measured daily.

[image: Table 1]
An installed weather vane and anemometer, a sensor station and data recovery console, and a computer and the WeatherLink software are some of the materials used. The MATLAB software is also used for some numerical equation resolutions.



Wind Speed Probability Distribution

The WPD (W/m2) is often used as a quick way to generalize the wind resource, but it is never the best practice. A second method is to determine the WPD through some function such as Weibull, normal two-variable Rayleigh, chi-square, inverse Gaussian, generalized normal, log-normal, three-parameter log-normal, gamma, and kappa distributions (Parajuli, 2016). In this work, the Weibull distribution is used to fit the time series data. It is necessary to use statistical analysis for the calculation of the wind potential in a region. The Weibull distribution can be described as a probability density function f(υ) and a cumulative distribution function F(υ), determined by equations (1) and (2) using the wind speed data measured (Kengne Signe et al., 2019b). With the wind speed data collected, it is not easy to find the exact probability density function. The Weibull distribution has two parameter functions k and C. The density probability function of a certain wind speed is given by Paulo Alexandre et al. (2012), Kidmo et al. (2015), Nkongo et al. (2016), Kengne Signe et al. (2017c), and Isa et al. (2018).
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Then, the average wind speed for a regime can be given by
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Let us be reminded that the standard gamma function is ([image: image]). The substitution in equation (1) leads to the average wind speed (Kengne Signe et al., 2016; Parajuli, 2016; Hicham et al., 2019).

[image: image]

Four numerical methods are used for determining Weibull parameters, namely, GM, EM, EPFM, and MM.


GM

The concept of least squares is used to interpolate the wind speed data by a straight line. The equation of this method is represented by a double logarithmic transformation as follows.

[image: image]

Plotting ln[−ln(1 − F(υ))] against ln(υ) gives a straight line with k as the slope and (− k×lnC) as the intercept along the vertical axis (Akpinar and Akpinar, 2004; Kidmo et al., 2015; Hicham et al., 2019).



EM

In this method, the parameters k and C are defined by using the average wind speed and standard deviation. If [image: image] is the mean wind speed and σ the standard deviation of the observed data, these parameters can be calculated using the following equations (Kengne Signe et al., 2016; Nkongo et al., 2016; Olaofe, 2017):
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EPFM

This method is related to the averaged data of the wind speed and is defined by the following equations:
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Equation (9) can be solved numerically or approximately by a power density technique using equation (11) (Hicham et al., 2019; Kengne Signe et al., 2019b).



MM

In MM, k and c can be obtained using the following equations:
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where [image: image] is the mean wind speed and σ is the standard deviation of the observed data (Afungchui and Aban, 2014; Olaofe, 2015; Fawzan et al., 2019).



Performance of Weibull Distributions

In order to evaluate the performance of the different models obtained from the probability density function from the data collected, as judgment criterion, three types of error functions are used.

Root mean square error (RMSE) parameter, the chi-square test (χ2), and efficiency of the method (R2) are also evaluated (Ucar and Balo, 2009; Kengne Signe et al., 2017c; Mekalathur et al., 2019). The following equations can help to define these tests.
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with xi as the predicted data of Weibull, N the number of observations, yi the actual data, z the mean wind speed, and n the number of constants used (Zahid et al., 2017b; Fawzan et al., 2019).



WPD

The WPD gives the capacity of wind resources in a given site. It can be obtained using many methods. Let us be reminded that wind power that flows at v increases as the cube of its velocity and is given by Ucar and Balo (2009), Zahid et al. (2017a), and Mekalathur et al. (2019).
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where Pw is the wind power, υ is the windspeed, ρ is the air density, and A is the swept area of the wind turbine blade. But considering the fact that through a blade swept area (A = 1), equation (17) becomes

[image: image]

it is possible to use mean speed to calculate wind power as follows.

[image: image]

The best result can be obtained with the root mean cube of wind speed which is defined as follows (Kengne Signe et al., 2016):

[image: image]

Using the Weibull distribution, it is possible to obtain WPD by

[image: image]

where WPD is the wind power density (W/m2) and ρ is the density of the air (kg/m3) in the region. The corresponding air density ρ could be also calculated using equation (22) (Olaofe, 2015; Parajuli, 2016):

[image: image]

where Hm is the site height (m). The value of the air density at sea level is ρ0 = 1.225 kg/m3. Let us be reminded that Ambam is at an altitude of 347 m. Then according to equation (22), the density of air in that region is ρ = 1.225 × 1.194 × 10–4 × 347 = 1.1836 kg/m3 (Afungchui and Aban, 2014; Olaofe, 2015).



RESULTS


Monthly Mean Wind Speed

Wind speeds vary with different months and seasons. Table 2 shows the yearly mean wind speed.


TABLE 2. Mean wind speed.

[image: Table 2]
Figures 1–4 show the Weibull distribution, described by f(υ), for the data collected over a year from November 2012 to October 2014 using the four numerical methods previously presented.


[image: image]

FIGURE 2. Distribution of Weibull and frequency measured in 2012.
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FIGURE 3. Distribution of Weibull function and frequency measured, year 2013.



[image: image]

FIGURE 4. Distribution of Weibull function and frequency measured, year 2014.


Then, for each of these four numerical methods used, match the histograms of frequency measured, giving an idea of which method yields the best fit to the data of wind velocity measured. Tables 3–5 present the results of this analysis.


TABLE 3. Weibull parameters and statistical test, year 2012.

[image: Table 3]

TABLE 4. Weibull parameters and statistical test, year 2013.

[image: Table 4]

TABLE 5. Weibull parameters and statistical test, year 2014.

[image: Table 5]
Performances of numerical methods ranked through the three criteria (RMSE, χ2, and R2) are shown in Table 6.


TABLE 6. Rank of performance of numerical methods.

[image: Table 6]


WPD and Energy

As can be seen in Table 6, GM, EPFM, and EM, respectively, had the best performance in 2012, 2013, and 2014. Then the Weibull parameters obtained with these methods will be considered for each corresponding year. In Table 7 are summarized the characteristics of wind energy potential.


TABLE 7. Density of wind energy.

[image: Table 7]


DISCUSSION

To obtain models with the Weibull distribution parameters, four numerical methods have been used: GM, EM, EPFM, and MM. The statistical test shows that R2, RMSE, and χ2 have interesting values, so all these numerical methods were used. However, some of them, such as GM for 2012, EPFM for 2013, and EM for 2014, present a better curve fit with the histogram of the wind speed. It can be observed that EM has the best performance, since it appears between the first, second, and third for the 3 years of analysis. Then, parameters of shape (k) and scale (C) have been better estimated by EM than the others. Finally, using EM, the mean values of the parameters obtained are k = 4.7883 and C = 2.1129.

Moreover, referring to Table 7, with an annual mean wind speed of around 1.8 m/s in 2013, the yearly potential of wind energy, for a site elevation of 10 m, has been evaluated to 93.7828 kWh/m2.

Let us be reminded that in another recent article concerning an assessment of the offshore wind speed at 10-m height in the southwest coast of Nigeria, the annual mean wind speed was not that different from some data collected in Cameroon. The convergence across Cameroon as well as small cities of Nigeria was a result of a low-pressure system with the surface wind moving inwardly from high-pressure areas (Olaofe, 2017). In another work about the identification of potential wind sites in the same neighbor country Nigeria, in some cities not far from Ambam in Cameroon, the wind observations available for each station on a 10-m height AGL show that the annual mean wind speeds in 10 years are as follows: 1.58–2.57 m/s in Calabar, 1.61–2.00 m/s in Bida, 1.18–193 m/s in Lokoja, 0.87–1.73 m/s in Bauchi, and 0.45–2.46 m/s in Nguru (Olaofe, 2015, 2017). These results allow us to confirm that as these cities in Nigeria (with wind speeds between 0.45 and 2.57 m/s), Ambam (with a monthly mean wind speed around 1.79 m/s) cannot be considered interesting for an effective wind speed energy generation system. But for that height, the potential is not negligible for a contribution to rural electrification, particularly in Cameroon and also considering the fact that domestically, energy is not yet available for the majority of localities located far from the national electrical network (Kengne Signe et al., 2019a).



CONCLUSION

This work presents a discussion and analysis whose objective was evaluating the potential of wind energy resource in Ambam. For this purpose, hourly wind speed data of the Ambam station belonging to IRGM were studied over 3 years from November 2012 to October 2014. The probability density function and WPD were derived from time series data collected. The Weibull probability density function has been fitted to the measured frequency of wind speed. The WPD has been estimated. The most interesting outcomes and results of this work can be summarized as follows:


- EM gave a better Weibull distribution than did MM, GM, and EPFM.

- Considering the mean monthly and yearly wind speed and WPD, Ambam is shown as an unfavorable site for wind energy production, and the region wind characteristics are not interesting.



Since Ambam is not favorable for an effective energy generation system, it is very important to mention that these results’ potential, for a height of 10 m, is not negligible in the Cameroon context where, domestically, energy (lighting, phone charge, radio, television, etc.) is not yet available for the majority of localities located far from the national electrical network.
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Nomenclature


k = shape Weibull parameter dimensionless;

C = scale Weibull parameter (m/s);

Epf = energy pattern factor;

f(υ) = probability density function;

F(υ) = cumulative distribution function;

n = number of observations performed;

T = time period (s);

υ = wind speed (m/s);

υm = mean wind speed (m/s);

υ3 = mean of wind speed cubes (m3/s3);

U = gamma function;

ρ = air density (kg/m3); and

σ = standard deviation of wind speed (m/s).
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October 1.8167 0.92
November 1.8300 0.74
December 1.6677 112
2013 1.7950 1.16
2014 January 1.7968 0.92
February 1.6472 0.55
March 1.6831 0.74
April 1.8700 1.10
May 1.4968 1.60
June 1.4968 0.90
July 1,8129 0.91
August 1.7528 1.21
September 1.7528 0.79
October 1.7371 1.63
2014 1.6872 1.04

3Data collected and analyzed that year.
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k C R? x2 RMSE
Empirical method 2.5876 1.9833 0.9619 0.0005 0.0216
Graphical method 5.2817 1.9078 0.8974 0.0056 0.0509
Energy pattern factor method 2.9139 1.9419 0.9524 0.0013 0.0342
Moment method 2.3967 2.0140 0.9601 0.0006 0.0221
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Numerical Methods
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Statistical Analysis

k C R? x2 RMSE
Empirical method 5.2206 2.7125 0.9699 0.0010 0.0306
Graphical method 4.9774 1.9182 0.9621 0.0013 0.0343
Energy pattern factor method 3.5819 1.9998 0.9798 0.0007 0.0251
Moment method 5.1347 1.9273 0.9657 0.0033 0.0011
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Statistical Analysis

k C R? x2 RMSE
Empirical method 6.5566 1.6428 0.8814 0.0051 0.0946
Graphical method 5.7042 1.6535 0.9054 0.0042 0.0863
Energy pattern factor method 4.0440 1.7098 0.8741 0.0092 0.0903
Moment method 5.9657 1.6541 0.8924 0.0105 0.0965






