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1. Introduction 
 

Excessive use of fossil fuels can lead to energy and environmental problems. Hence, several 

countries are obliged to explore the clean sources of energy [1]. In recent decades, wind energy 

has been used much more in many countries [2]. By making a comparative study of economic 

resources in view of climatic constraints, reference should be made to the choice of macro-sites 

to enable the determination of the most favorable sites for wind farms [3]. The choice of macro-

sites from the results of the research can provide a crucial basis for wind projects [4-6]. Among 

the factors to be taken into account for the choice of macro-sites, one can retain the wind energy 

[7-9]. Wind energy resources can be clearly and efficiently estimated [10, 11]. Wind speed is a 

disturbing hallmark in the estimation of wind energy [12, 13]. Generally, depending on the 

observed wind speed data and probabilistic distribution functions, the frequency distribution 

function can be obtained [14]. In developing countries, it is important to carefully study and 

understand the energy model to ensure a good standard of living [15]. Wind characteristics such 

as speed and direction can be developed to determine the wind potential of a site [16]. In many 

countries around the world, studies and assessments of wind characteristics and the potential of 

wind energy are being conducted. These countries are the Hong Kong islands whose wind 

analysis was discussed by Lu et al. [17].  Youm et al. conducted research on the potential of 

wind power in Senegal using the Weibull probability distribution [18]. For the production of 

electricity, the wind is an inexhaustible energy resource and appreciable for its non-pollution 

[19]. Among the renewable energy sources available, wind energy has increased rapidly over 

the past two decades [20]. Among renewable energy sources such as environmental protection, 

the security of supply, biodiversity and other socio-economic factors, wind energy is also to be 

promoted whose growth is the fastest in the world [21]. Due to population growth and 

industrialization in recent days, in Ethiopia energy production is increasing rapidly. To 

transform, develop energy resources such as wind, solar, biomass, hydroelectricity, natural gas 

and geothermal energy can be used within the framework of an optimal economy [22, 23]. 

Around the world, there are many investigations focused on the assessment of distinctive 

characteristics of the wind and a study to discern the feasibility of wind projects [24, 25]. In 

fact, in all regions of Ethiopia, the very limited potential of different sources of renewable 

energy has been studied [26]. However, the techno-economic evaluation of wind energy 

conversion systems for power generation for the city of N’Djamena in Chad has never been the 

subject of a study. It is therefore important to make an economic estimate with a close interest 

in wind power production in Chad, which will allow investors to secure long-term 
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compensation to improve the profitability of wind power. In addition, wind power generation 

has been progressing with sustained momentum for some 40 years. In 2018, the commissioning 

of new wind power plants (onshore and offshore) represented 51.3 GW worldwide. The main 

objective of this article is to assess the wind resources of the N'Djamena site in the Sahelian 

zone of Chad. This study focuses on the presentation of the compass rose, the factor of capacity, 

power and energy as well as the various costs associated with the use of wind energy. 

 

2. Methodology 

 

2.1. Presentation of the data used 

 

Table1. Presentation of the geographical coordinates of the site 

Variable Value 
Longitude 15°2 E 
Latitude 12 °8 N 
Elevation 294 m 
Anemometer Height       10 m 
Period(year) 20 

 

 

2.2. Wind potential 

 

The two parameters Weibull probability density function is used to estimate wind speed 

variations using the following equation: 

 

𝑓𝑓(𝑣𝑣) = �𝑘𝑘
𝑐𝑐
� . �𝑣𝑣

𝑐𝑐
�
𝑘𝑘−1

. 𝑒𝑒𝑒𝑒𝑒𝑒 �−�𝑣𝑣
𝑐𝑐
�
𝑘𝑘
�,(𝑘𝑘 > 0, 𝑣𝑣 > 0, 𝑐𝑐 > 1)                                                     (1) 

 

To estimate the Weibull parameters, several methods are proposed among which, one can 

quote: method of the standard deviation, method of the energy form factor, graphical method, 

method of the maximum of likelihood, method of the density of power and method of the 

moment. In this study, we used the energy form factor method. It is defined by the following 

equations [27, 28]. The shape parameter can be estimated as follows [29]. Instead, the scale 

factor can also be obtained mathematically [30]. 
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2.3. Validation of the wind speed at different heights 
 

The wind speed considered in this study is measured at 10 m altitude at ground level. 

For the application of wind energy, it is important to extrapolate the wind speed to the height 

of the hub .The most commonly used method for this purpose is power law. It is expressed by 

the following relation [31]. 

 

𝑣𝑣(𝑧𝑧2) = 𝑣𝑣(𝑧𝑧10) � 𝑧𝑧2
𝑧𝑧10
�
𝛼𝛼1

                                                                                                            (2) 

 

The exponent 𝛼𝛼1 is assumed to be 0.143 (or 1/7). It can be determined as [32]: 

 

𝛼𝛼1 = [0.37−0.088𝑙𝑙𝑙𝑙(𝑣𝑣10)]

�1−0.088𝑙𝑙𝑙𝑙�𝑧𝑧1010 ��
                                                                                                              (3) 

 

The extrapolated Weibull parameters are linked by the expressions below 

 

c(ℎ) = 𝑐𝑐0 �
ℎ
ℎ0
�
𝑙𝑙

                                                                                                                        (4) 

 

𝑘𝑘(ℎ) = 𝑘𝑘0 �1 − 0.088𝑙𝑙𝑙𝑙 �ℎ0
10
�� / �1 − 0.088𝑙𝑙𝑙𝑙 � ℎ

10
��                                                               (5) 

 
2.4. Estimated output power for WECS 

 

By considering such a system, for this site, power curves associated with wind turbines, the 

annual energy output of a selected site can be calculated .WECS cannot exploit its maximum 

efficiency in general, because of the power rating, and wind shutdown and depending on the 

wind characteristics of the site, cut-off speeds must be defined. One of the important 

performance parameters of wind turbines is the capacity factor (Cf) which is a proportion of the 

average power (Pe, ave) up to the rated electrical power (Per) and is estimated at using the 

following mathematical equations[33]: 

 

𝑃𝑃𝑒𝑒,𝑎𝑎𝑣𝑣𝑒𝑒 = 𝑃𝑃𝑒𝑒𝑒𝑒 �
𝑒𝑒−�

𝑣𝑣𝑐𝑐
𝑐𝑐 �

𝑘𝑘
−𝑒𝑒−�

𝑣𝑣𝑟𝑟
𝑐𝑐 �

𝑘𝑘

�𝑣𝑣𝑟𝑟𝑐𝑐 �
𝑘𝑘
−�𝑣𝑣𝑐𝑐𝑐𝑐 �

𝑘𝑘 − 𝑒𝑒−�
𝑣𝑣𝑓𝑓
𝑐𝑐 �

𝑘𝑘

�                                                                                   (6) 
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and the capacity factor Cf of a wind turbine is given by [34]: 

 

𝐶𝐶𝑓𝑓 = 𝑃𝑃𝑒𝑒,𝑎𝑎𝑣𝑣𝑒𝑒
𝑃𝑃𝑒𝑒𝑒𝑒

                                                                                                                                 (7) 

 

𝐸𝐸𝑜𝑜𝑜𝑜𝑜𝑜 = 8760 ∗ 𝑡𝑡 ∗ 𝑃𝑃𝑒𝑒 ∗ 𝐴𝐴 ∗ 𝐶𝐶𝑓𝑓                                                                                                 (8) 

 

2.5. Analysis of the cost of wind energy 

 

The ability to produce energy at a minimum operating cost depends on the feasibility of a 

wind power plant. The key parameters governing wind energy economics include capital cost, 

power generation, power generation, operating and maintenance costs, turbine life and fuel 

efficiency discount. 

From one region or country to another, these factors vary. Thus, among all the parameters listed, 

the generation of electricity using WECS and their investment costs are the most important 

factors. Moreover, in addition to the cost of the wind turbine set by the manufacturers, the 

specific cost of a wind turbine changes from one manufacturer to another. Therefore, the 

specific cost of a wind turbine can be taken (minimum and maximum values) given the band 

interval [35]. 
The present value of costs (PVC) is determined using relationship [36]: 

 

𝑃𝑃𝑃𝑃𝐶𝐶 = 𝐼𝐼 + 𝐶𝐶𝑜𝑜𝑜𝑜𝑜𝑜 × �1+𝑖𝑖
𝑜𝑜−𝑖𝑖
� × �1 − �1+𝑖𝑖

1+𝑜𝑜
�
𝑜𝑜
� − 𝑆𝑆 × �1+𝑖𝑖

1+𝑜𝑜
�
𝑜𝑜
                                                          (9) 

 

where, r represents the interest rate, i the inflation rate, t the useful lifetime of turbine, S is the 

scrap value. 

To estimate PVC, the following quantities and assumptions are retained: 

− r and i are respectively 11.97% and 3.60%. 
− The service life (t) of the machine is 20 years. 

− O & M costs: A significant portion of the total annual operating costs of a wind turbine, 

but their value is not fixed. Operating costs vary each year with changes in inflation and 

interest rates.  

In this study, we admit that the annual Com costs are of the order of 7.5% of the investment 

cost of the studied wind system (system price /lifetime). 
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− The factor (S) is an additional cost for most wind farms, located near rural areas of the 

country. Therefore, installation costs (including the cost of civil works, turbine 

transportation, and road construction) are still high, compared to the costs that would be 

incurred if the wind turbines were installed in an urban area. It is admitted here that (S) 

is equal to 10% of the price of the wind turbine. 

− As most projects are carried out in rural areas, the cost of land and civil works are not 

high. They can therefore be estimated at 20% of the price of the wind turbine. 

− The Cost of Electricity (COE) per unit kWh using the PVC method is then expressed by 

the following expression: 

−  

COE ($/kWh) = PVC / Eout                                                                                          (10) 
 

3. Results and discussion 

3.1. Wind rose 

The wind rose plays a very important role in locating sites suitable for the installation of a wind 

turbine. Figure 1 shows the wind rose for the N'Djamena site. The predominant sectors are 

South (S), North-West (NW), South-West (SW), South-South-West (SSW) and the dominant 

sectors are North (N), North-North-East (NNE) and North-North-West (NNW). 

We also note, the more the color tends to dark green, the more direction is important for the 

wind turbine installation. The more the color tends towards the light green, the more the 

direction is less important. 

 
Fig 1. The wind rose  
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3.2. Extrapolation of wind speed to 30.50 and 67 m altitude 

 

Figure 2 presents the monthly variations of extrapolation of wind speed at 30 m, 50 m and 67 

m for the N'Djamena site. This table shows the variation from 3.311 m / s to 5.49 m/s to 30 m; 

from 3.846 to 6.217 m/s at 50 m and 4.19 at 6.677m/s at 67m. In addition, it is observed that at 

30 m altitude, the average annual speed is 4.35 m/s; at 50 m it increases to 4.98 m/s and at 67 

m it is 5.38 m/s. This allows us to conclude that the wind speed increases with altitude. 

 

 

Fig.2 Extrapolation of wind speed to 30.50 and 67 m altitude 

 
3.3. Extrapolation of the Weibull k parameter 

 

Figure 3 presents the monthly variations of the extrapolation of the shape parameter at 30 m, 

50 m and 67 m for the N'Djamena site. This table shows the variation from 3.563 to 4.729 at 30 

m; from 3.579 to 4.75 to 50m and 3.588 to 4.763 to 67m.  On the other hand, at 30 m altitude, 

the annual value of the Weibull form parameter is 4.27; at 50 m it is 4.293 and at 67 m it goes 

to 4.30. This allows us to conclude that the shape parameter increases with altitude. 
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Fig 3. Extrapolation of the shape parameter (k) 

 

3.4. Estimation of the electric power supplied by wind turbines 

 

Three wind turbines are chosen to evaluate wind energy. It's about: Bonus 1 MW/54, Bonus 

300 kW/33 and Vestas 2 MW/V80. Their rated power (PR) is 1000, 300 and 2000 kW, 

respectively. 

 

Table 2. Choice of selected wind turbines and their characteristics 

Characteristics Bonus 300 kW/33 AN Bonus 1MW/54 Vestas 2MW/80 

Rated power PR (kW)  300 1000 2000 

Hub height h (m)  30 50 67 

Rotor diameter (m) 33.4 54.2 80 

Rated wind speed Vr (m/s) 14 15 16 

Cut-in wind speed Vc (m/s) 3 3 4 

Cut-off wind speed Vf (m/s) 25 25 25 
 
 
Table 3. Different values of the cost of wind turbines [38] 

Size of wind turbines Specific cost Average cost 
(kW) ($/kW) ($/kW) 
<20 2200-3000 2600 
20-200 1250-2300 1775 
>200 700-1600 1150 
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3.5. Present value of Cost of wind electricity 
 
Figures 4 and 5 present the monthly values of the cost of wind energy in US$ per kWh and 

XAF per kWh respectively.  

Thus, figure 4 shows that the costs vary from 0.67 to 4.66 $/kWh (Bonus 1MW/54); 0.70 to 

6.11 $/kWh (Vestas 2MW/V80) and 0.85 to 7.69 $/kWh (Bonus 300kW/33). 

As for figure 5, the costs vary from 364.83 to 2530.63 XAF/kWh (Bonus 1MW/54);  

380.08 to 3318.28 XAF/kWh (Vestas 2MW/V80) and 462.22 to 4178.73 XAF/kWh (Bonus 

300kW/33). We see that the amount is higher in XAF. 

 

 
Fig 4.Cost of Energy (US$ per kWh) 

 

 
Fig 5. Cost of Energy (XAF per kWh) 
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Table 4 presents the different annual values of the characteristics for the three wind turbines. 

Thus, the value of the average annual power varies from 34.18 to 283.31 kW/year. The capacity 

factor varies from 11.39% to 14.17%. Finally, the annual production varies from 24609 to 

203984 MWh / year.  

 
Table 4. Calculated annual energy estimate for selected wind turbines for selected sites 

  Bonus 300 kW/33  Bonus 1MW/54 Vestas 2MW/V80 
Pe,m (kW/Year) 34.18 152.89 283.31 
Cf (%) 11.39% 15.29% 14.17% 
Eout (MWh/Year) 24 609 110 080 203 984 

 

Where Cf (%) is the capacity factor of the wind turbine, Eout (MWh / year) is the annual 

production of accumulated energy, Pe, m (kW / year) is the annual power produced by the wind 

turbine. 

Table 5 also presents the different annual values of the characteristics for the wind turbines in 

question. Thus, the nominal electric power varies from 300 to 2000kW. The cost in $ is $ 23 to 

$ 33.8. In the CFA franc, this cost varies from 12495.5 to 18377.7 XAF. 

 
Table 5.  Presentation of the annual values of the capacity factor, power averages, energy 
produced and the cost of energy produced at different hub heights. 

  Bonus 300kW/33  Bonus 1MW/54 Vestas 2MW/V80 
P out 34.18 152.89 283.31 
Per 300 1000 2000 
Cf (%) 11.39% 15.29% 14.17% 
Eout 374250.2 1674101.7 3 102 266 
CUS$ 33.8 23.0 27.0 
CXAF 18377.7 12495.5 14647.0 

 

 

4. Conclusions 

 

This work makes a techno-economic assessment of wind power conversion systems for power 

generation for the city of N’Djamena in Chad. Thus, it is presented the rose of the wind for the 

city of N’Djamena. The capacity factor, power and energy are respectively 15.29%, 152.89 

kW/year and 110.080 MWh/year using the Bonus 1MW/54 wind turbine. The various costs 

related to the use of wind energy have been evaluated, with the average minimum cost per kWh 

of $ 23.0/kWh. It also emerges in this study that in view of the prices of the wind turbines 
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considered, the price is high. It is therefore desirable in the future to use other characteristics of 

wind turbines whose prices could be affordable to the population.  
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Nomenclature 
𝒌𝒌𝟎𝟎 and 𝒄𝒄𝟎𝟎 are the shape and scale parameters at the measured height h0 and the height of the hub h. 

k  and c are the Weibull form factor and the scale factor 

PVC, Present Value of Cost 

COE, Cost of  Energy 

WECS, Wind Energy Conversion System 

Cf, Capacity factors (%) 

Vf, cut-off wind speed (m/s) 

Vr , rated wind speed (m/s) 

Vc , cut-in wind speed (m/s) 

A, availability of the wind power resource for generating electricity 

t, use full life time of turbine in years (20 years) 

PR, Rated power (kW) 

Com, is the operation and maintenance cost(7,5% of the investment cost)  
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