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A B S T R A C T 
 

The main aim of the present paper is to examine the wind energy potential, as 
well as the performance and economic sustainability, based on mean monthly 
wind speed data collected from the Nigerian Meteorological Agency (NIMET) 
and previous scientific studies. In this study, the Weibull distribution function 
is used to analyze the characteristics of the wind resources of 32 locations in 
Nigeria. Besides, intensity of turbulence, wind power density (WPD), annual 
energy production (AEP), capacity factor (CF), cost of energy (COE), and 
payback period (PBP) were evaluated for six commercial Enercon wind 
turbines (E53/800, E82/2000, E70/2300, E82/2300, E82/3000, and 
E101/3000). Results showed considerable differences between seasons and 
across space. Jos and Obudu were found to possess significant wind energy 
potential, with mean wind speeds above 8.0 m/s and WPD greater than 300 
W/m². In contrast, Delta, Edo, Bauchi, and Abia had very low wind energy 
potentials, having WPDs less than 10 W/m². The seasonal analysis indicated 
that about 80% of the selected regions had high wind energy potential during 
the rainy season, resulting in greater energy generation capacity and improved 
turbine performance. In terms of energy production and cost per unit 
generated, the Enercon E101/3000 was shown to perform better than other 
turbine types, generating the greatest annual energy while recording the lowest 
cost per unit. The minimum energy cost of about 0.014 USD kWh⁻¹ and the 
shortest payback period of 1.40 years were observed in Jos, while the maximum 
energy cost per unit and payback period were recorded in Bauchi. Based on 
these results, Jos and Obudu appear to be the best candidates for installing 
large-scale wind farms in Nigeria. 

1. Introduction 

Climate change is a major problem facing the entire 
world due to the high emissions of greenhouse gases resulting 
mainly from the consumption of fossil fuels, including coal, oil, 
and natural gas. This leads to rising global temperatures, 
causing changes in weather patterns and extreme weather 
conditions. The shift to renewable energy sources such as 
wind power has become essential to addressing climate 
change, helping to mitigate greenhouse gas emissions [1]. 
Renewable energy sources are important for reducing 
greenhouse gas emissions and climate change [2]. Wind 
energy is a sustainable energy source that does not produce 
any form of emissions, such as greenhouse gases, among 
other things. Wind energy is a renewable energy source that 

converts the kinetic energy of the wind into electrical energy 
[3]. In this regard, wind turbines are used to convert the 
kinetic energy of the wind into electrical energy. Wind 
turbines can be utilized for generating electricity for homes, 
schools, and health centers. In addition to this, wind energy 
can be of great importance in fulfilling the needs of electricity 
while sustaining development. Wind power can be a reliable 
source of electricity, especially in areas lacking traditional 
energy sources [4]. Over the past few years, the costs of wind 
power have continued to fall significantly, making it an 
attractive energy option [5]. 
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1.1 Literature review related to energy situations in 
Nigeria 
The generation of electricity is an essential activity in 

residential, commercial, and industrial applications. 
Electricity generation is essential for socio-economic 
development in Nigeria. The demand for electricity in Nigeria 
continues to rise as a result of population growth exceeding 
200 million and a growing economy [6,7]. As the largest 
economy in Africa, there is an increasing demand for 
electricity as a result of growing industrial, commercial, and 
residential use. According to Ben-Iwo et al. [8], crude oil has 
been the main source of primary energy in Nigeria, 
accounting for more than 80 percent of Nigeria’s total energy 
demand. Additionaly, the government has recently been 
encouraging renewable energy technologies [9, 10]. Although 
electricity use has increased by about 8% per year on average, 
there is not enough electricity supply in Nigeria because the 
national electricity access rate is about 60%, while in rural 
areas it ranges between 10% and 50% according to Ogbonna 
et al. [10], Ibrahim et al. [11], Emodi and Yusuf [12] and 
Oyedepo [13]. The Nigerian Electricity Regulatory 
Commission (NERC) is responsible for regulating the 
production, transmission, and distribution of electricity. 
Among the reforms implemented by the authority was the 
privatization of the electricity sector in 2013. However, these 
reforms failed to address the challenges facing the sector, 
such as inadequate infrastructure, insufficient generation, 
weak transmission and distribution, and power outages 
according to previous studies [13-18]. 

Generally, Nigeria has an installed electricity generation 
capacity of about 12.5 GW; however, only about 60% of that 
capacity is utilized owing to outdated facilities, poor 
maintenance, fuel shortages, and inadequate investment [14]. 
This capacity does not meet the national demand, which is 
estimated at around 30 GW. Gas-powered plants account for 
most of the electricity generated, while hydro and renewables 
account for a small share. Besides, the electrical distribution 
process is also limited, as it is characterized by more than 
50% technical and commercial losses, attributed mostly to 
electricity theft, sabotage, and poor maintenance [12,13]. This 
decreases electricity availability, especially in rural areas, and 
affects economic development through limiting business 
activity and growth [13,19]. Moreover, electricity tariffs in 
Nigeria are administered by the Nigerian Electricity 
Regulatory Authority (NERC), and these tariffs vary according 
to the classification of the consumer and the distribution 
company that supplies each consumer with electricity [20]. 
Following the implementation of the service-based tariff 
policy in 2020, tariffs were raised in response to the increased 
cost of electricity production. The residential tariffs range 
between ₦23 ($0.06) and ₦62 ($0.16) per kilowatt hour, 
depending upon service classification. Commercial and 
industrial tariffs depend on electricity use, supply voltage, 
and service agreements with DisCos. While tariff reform was 
expected to improve cost recovery and the sustainability of 
the electricity industry, electricity tariffs have become a 
source of public discontent as the electricity supply remains 
unreliable. Higher tariffs are generally linked with poor 
investments, aging infrastructure, inefficiency, and high 
electricity generation and transmission costs. In conclusion, 
the country still faces the dual task of meeting the growing 
demand for electricity supplies in the country, as well as 
improving the affordability, availability, and reliability of 
electricity supplies. These are important issues that need to 
be resolved for the country to achieve sustainable economic 
development. 

1.2 Literature review related to wind energy potential in 
Nigeria 
Nigeria is the most populous country in Africa and has 

experienced rapid economic growth recently. The energy 
demand in the country has been on the increase due to 
population growth and industrialization. On the other hand, 
there have not been enough supplies of electricity, with many 
of the people in the country lacking access to electricity. In 
view of this problem, renewable energy sources such as wind 
energy have attracted attention in Nigeria recently. Wind 
energy refers to a renewable energy source that has gained 
popularity in Africa recently. Indeed, North African nations 
(Morocco, Egypt, and Tunisia) have dominated the market of 
wind energy in Africa [21,22], with Southern and Eastern 
African nations likely to set up wind farms to generate 
electricity soon [23]. On the other hand, Central African and 
West African nations have been slow in developing wind 
farms. It is against this background that this review of 
literature has sought to analyze wind energy in Nigeria. 

Wind energy potential is plentiful in Nigeria, especially 
within the northern parts of the country. According to the 
National Renewable Energy and Energy Efficiency Policy 
(NREEEP) of 2015, the total amount of wind energy available 
in Nigeria is estimated at more than 53,000 MW. It is about 
five times the total installed electricity capacity of Nigeria 
currently. Furthermore, the northern part of Nigeria is 
blessed with large expanses of land, making it ideal for wind 
energy production. The region receives strong winds 
throughout the year. Particularly during the dry season, 
which occurs between November and March, the region 
experiences strong winds. A study conducted by the Nigerian 
Meteorological Agency (NiMet) has shown that wind speeds 
in the northern regions of Nigeria range between 4 and 10 
m/s. Additionally, some wind energy projects have been 
initiated in Nigeria to utilize the available source of energy. 
Some of these projects include the construction of the Katsina 
Wind Farm, which generates 10 MW. This wind energy 
project consists of 37 wind turbines and is capable of 
producing 37,000 MWh of energy per year, thereby supplying 
electricity to about 300,000 homes annually. Other wind 
energy projects include the Lafiagi Wind Farm in Kwara State 
with an output of 1.2 MW and the Rimi Wind Farm in Katsina 
State with an output of 500 kW. However, despite being small 
compared to the potential for wind energy in Nigeria, these 
wind energy projects show great promise in Nigeria. 

Besides the northern region, other parts of Nigeria, such 
as the coastal region, have the capacity for the production of 
wind energy. This is because the coastal area experiences sea 
breezes, which can be used to produce wind energy. 
According to the estimate of NREEEP, the coastal region of 
Nigeria has a potential for the production of more than 6,000 
MW of wind energy. There have been several research studies 
carried out on the wind energy potential of Nigeria, and the 
findings have been impressive [24-47]. For instance, Ajayi et 
al. [24] studied the wind energy potential of Gusau, northwest 
Nigeria, through measured wind speed data and Weibull 
analysis. They found that the wind energy potential at Gusau 
is amongst the highest in Nigeria, with enough wind resources 
to sustain medium-scale wind energy generation and grid-
connected electricity production. Fagbenle et al. [25] 
analyzed the wind energy potential of two sites in 
northeastern Nigeria, based on long-term wind speed data 
and Weibull distribution analysis. They found out that both 
sites have good wind properties, with one site having high 
wind power density and being appropriate for commercial 
wind energy exploitation. Ohunakin [26] conducted an 
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assessment of wind characteristics and energy potential of 
Uyo, south Nigeria. From the study, there was a low average 
wind speed, making the area appropriate for the application 
of small-scale wind power, like water pumping and battery 
charging. Adaramola et al. [27] performed a study on the 
economic viability of electricity generation from wind energy 
conversion systems in north central Nigeria. Their findings 
revealed that the region has sufficient wind resources to 
generate electricity, which would be economically feasible 
under favorable investment conditions. Adaramola and 
Oyewola [28] evaluated the performance of various wind 
turbines at selected sites in Oyo State, southwestern Nigeria. 
The results demonstrated that the performance of wind 
turbines highly relies on local wind characteristics since low-
wind-speed turbines yield better energy output. Ohunakin et 
al. [29] investigated the appropriateness of wind energy 
conversion systems for electricity production at seven 
selected sites in Nigeria. The results revealed considerable 
regional differences in wind energy resources, with northern 
sites having considerably greater wind energy potential 
compared to southern sites. Ajayi et al. [30] analyzed the wind 
energy resource potential at Jos City, Plateau State, Nigeria, 
for electricity generation. It found that the city of Jos is 
characterized by relatively high wind speeds and wind power 
density, which makes it a suitable location for wind energy 
applications. Ohunakin [31] studied the wind resources at six 
high-altitude sites in Nigeria. It found that high altitudes have 
a stronger and more stable wind regime.  

Ohunakin and Akinnawonu [32] explored the wind 
energy potential and economic feasibility of wind power 
generation in Jos, Plateau State. They proved that wind energy 
utilization in Jos is technically feasible and economically 
viable when compared to many other places in Nigeria. 
Oyedepo et al. [33] estimated the wind speed characteristics 
and wind energy potential at three different locations in 
southeastern Nigeria. The study revealed low to moderate 
wind speeds, which means that the region is suitable for 
small-scale wind energy use rather than big commercial wind 
farms. Moreover, the economic feasibility of a wind-powered 
water pumping system in southern Nigeria was investigated 
by Paul et al. [34]. The results indicated that wind-powered 
water pumping can be a cost-efficient and environmentally 
sustainable alternative for rural areas without any access to 
electricity. Amoo [35] assessed the wind energy potential at 
two different sites in southwestern Nigeria using statistical 
wind analysis. The results have shown that there are 
moderate wind energy resources available for small-scale 
wind energy applications, but not for large-scale wind energy 
generation facilities. Nze-Esiaga and Okogbue [36] analyzed 
the potential of wind energy in five regions in southwestern 
Nigeria. The results showed that there were significant 
geographical differences in the potential of wind resources, 
which were higher for coastal regions than for inland regions. 
Ajayi et al. [37] provided a review of previous research 
studies on wind energy in Nigeria and carried out a case study 
of wind electricity generation cost in southwestern Nigeria. 
They concluded that northern Nigeria had the highest wind 
energy potential in the country, whereas technological 
development would make wind energy economically viable. 
Okeniyi et al. [38] analyzed the wind energy potential and 
wind characteristics in Akure, southwestern Nigeria, using an 
econometric method. The results showed relatively low wind 
energy potential; however, the role of favorable energy policy 
and technological development in improving wind energy 
exploitation was emphasized.  

Ayodele et al. [39] carried out the evaluation of wind 
power utilization and economic analysis of wind turbines at 
fifteen locations, which were representative of six geopolitical 
zones in Nigeria. The results showed that high wind energy 
potential and low electricity generation costs were recorded 
in northern Nigeria compared to southern locations. 
Akinsanola et al. [40] assessed the wind energy potential in 
Koluama, Bayelsa State, Nigeria. The study found that 
although wind speeds were relatively low, small wind 
turbines could ensure sufficient and stable electricity 
generation for isolated communities. Udo et al. [41] examined 
the wind power potential of selected coastal cities of Nigeria. 
The results showed that coastal zones have stronger wind 
resources compared to inland zones and are more suitable for 
wind energy production. Audu et al. [42] analyzed the wind 
speed pattern and wind energy potential in Makurdi (north-
central Nigeria). The results of the study showed moderate 
wind potential, which could be used for electricity generation 
and other renewable energy applications on a small scale. 
Peter et al. [44] evaluated five probability density functions in 
terms of their suitability in characterizing wind speed 
distributions in some chosen Nigerian cities. It was shown 
that Weibull density functions give a better representation of 
wind conditions to perform a reliable evaluation of wind-
energy generation.  

Okakwu et al. [45] carried out a comparison between 
different numerical methods of calculating Weibull 
parameters and assessing wind energy conversion system 
efficiency in Nigeria. The results showed that the choice of 
Weibull parameter calculation methods significantly affects 
predictions of wind energy intensity and power generation. 
Komolafe et al. [46] assessed the potential of wind energy 
generation in Omu-Aran, Nigeria, using Weibull and Rayleigh 
statistical models. It was found that the Weibull model gives a 
more accurate wind resource assessment, and that existing 
wind resources can be used mainly for small-scale wind 
energy. Generally, Nigeria is endowed with a huge amount of 
wind energy resources, especially in the northern part of the 
country. Wind energy resources in Nigeria are abundant and 
can play an important role in meeting Nigeria's energy needs. 
However, the wind energy sector in developing countries 
such as Nigeria faces various constraints. Some of these 
constraints have been pointed out by some scientists in 
previous studies [48,49]. 

1.3 Research aims 
In this study, a techno-economic investigation into the 

potential of onshore wind energy in 31 locations in Nigeria is 
carried out, providing a fillip to the research into wind 
resource assessment in the region. While there exist 
numerous opportunities for harnessing the vast amounts of 
wind energy in Nigeria, there have not been adequate 
investigations into these potentials in relation to their 
economic efficiency. In this regard, the current study employs 
cutting-edge methods to conduct analysis of wind speeds and 
energy potentials through the application of power law and 
Weibull distribution models for wind speed frequency and 
wind Weibull parameter estimations. Whereas past studies 
have concentrated on assessing wind resources at lower hub 
heights, the current study analyzes wind power generation 
potential at higher hub heights. Additionally, the study 
conducts a comprehensive economic evaluation of six wind 
turbines to establish their technical viability and economic 
feasibility depending on wind regimes. These results provide 
useful insights that can be applied in optimizing wind 
resource assessment and ensuring an effective deployment of 
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wind turbine generators for the purposes of Nigeria's 
renewable energy objectives and power demands. Moreover, 
the study presents a methodological approach for making 
decisions regarding initial stages of investment planning in 
wind farms within West Africa. Special attention is paid to 
such aspects as annual wind regime, dry and rainy wind 
seasons, and turbulence index in the areas with abundant 
wind energy resources. As a result, the main novelty of this 
research consists of conducting a thorough techno-economic 
evaluation of onshore wind farms in Nigeria, paying special 
attention to the cost of electricity at present value. 

2. Material and methods 

2.1 Study area and data 
Wind speed in Nigeria is highly variable and depends on 

many factors such as location, topography, and air masses. In 
general, there is higher wind speed along the coastal areas 
compared with inland areas. Another type of wind that 
prevails in Nigeria is the Harmattan wind, which occurs 
mostly in the northern parts of the country from November to 
March. These winds have dry and dusty conditions and may 
have a considerable influence on air quality. In the rainy 
season, which lasts from April to October, the speed of the 
wind is low. Usually, the maximum values of wind speed occur 
during the dry season, mainly along the coast. The average 
value of wind speed in Nigeria changes from 2 meters per 
second (m/s) to 6 m/s. In this study, monthly wind speed 
values at 10 m height at 32 selected locations (Table 1) are 
used for evaluating the wind power potential. For this study, 
wind data recorded at 32 sites, as shown in Table 1, were 
utilized. Wind data for Bauchi, Edo, Delta, Abia, Jigawa, and 
Yobe were gathered from the Nigerian Meteorological Agency 
(NIMET). However, wind data for the remaining sites, 
including Enugu, Gboko, Ogoja, Nsukka, Ilorin, Udi, Ikwo, 
Otukpo, Makurdi, Afikpo, Obudu, Abuja, Lafia, Koluama, Jos, 
Uyo, Abeokuta, Akure, Ibadan, Ikeja, Oshogbo, Iseyin, Shaki, 
Lagos Island Marine, and Ondo, were obtained from Refs. [24–
47]. The mean monthly wind speed data of the selected 
locations is illustrated in Figure 1. 

2.2 Wind speed distribution 
The Weibull distribution is one of the most important 

distributions for wind speed parameters in studying wind 
potential and producing wind energy. Variation of wind speed 
can be expressed by two main functions: (a) probability 
density function and (b) cumulative distribution function. The 
probability density function (𝒇(𝒗)) expresses the proportion 
of the probability for which the wind speed is v. It can be 
expressed using Eq. (1) [48, 49]. 

𝑓(𝑣) =
𝑘

𝑐
(
𝑣

𝑐
)
𝑘−1

𝑒𝑥𝑝 [− (
𝑣

𝑐
)
𝑘
]           (1) 

The cumulative distribution of the speed 𝒗 is defined as the 
proportion of time for which the wind speed is less than or 
equal to the speed 𝒗. Therefore, the cumulative distribution 
𝑭(𝒗) is the integral of the probability density function, which 
is shown in Eq. (2) [49, 50]. 

𝐹(𝑣) = 1 − 𝑒𝑥𝑝 [− (
𝑣

𝑐
)
𝑘
]            (2) 

The Weibull distribution was used to analyze wind speed 
characteristics and estimate wind energy density in this 
study. A comparative study of several approaches to 
estimating the values of the shape (k) and scale (c) 
parameters of the Weibull function has been proposed [51]. 
The maximum likelihood approach turned out to be the most 

appropriate method [52-54]. Therefore, the maximum 
likelihood method is used to determine Weibull parameters 
(𝒌 (Eq. (3)) and 𝒄 (Eq. (4))) in the present work [54]. 

𝑘 = [(
∑ 𝒗𝒊

𝒌𝒍𝒏(𝒗𝒊)
𝒏
𝒊=𝟏

∑ 𝒗𝒊
𝒏
𝒊=𝟏

) − (
∑ 𝒍𝒏(𝒗𝒊)
𝒏
𝒊=𝟏

𝒏
)]
−1

           (3) 

𝑐 = (
∑ 𝑙𝑛(𝑣𝑖)
𝑛
𝑖=1

𝑛
)
1 𝑘⁄  

            (4) 

In this study, the EasyFit software was used with a CPU (Intel 
Xeon E5-16XX, octa-core, 64GB RAM, 64-bit operating 
system) to obtain the distribution function parameters. 

Table 1. Geographic coordinates of the selected locations 

LN Location 
Coordinates 

Al 
[m] 

PR Lat. 
[°N] 

Long 
[°E] 

1 Enugu 7.55 6.46 192 2009–2018 
2 Gboko 9.00 7.34 215 2009–2018 
3 Ogoja 8.80 6.65 70 2009–2018 
4 Nsukka 7.37 6.84 423 2009–2018 
5 Ilorin 8.50 4.54 320 2009–2018 
6 Udi 7.39 6.48 437 2009–2018 
7 Ikwo 8.20 6.07 50 2009–2018 
8 Otukpo 8.14 7.20 97 2009–2018 
9 Makurdi 8.52 7.73 104 2009–2018 

10 Afikpo 7.95 5.89 92 2009–2018 
11 Obudu 9.06 6.40 1050 2009–2018 
12 Abuja 9.25 6.93 476 2009–2018 
13 Lafia 8.49 8.52 179 2009–2018 
14 Koluama 4.47 5.77 6 1984-2013 
15 Bauchi 10.31 9.84 616 2008-2017 
16 Edo 6.63 5.93 232 2008-2017 
17 Delta 5.70 5.93 21 2008-2017 
18 Abia 5.45 7.52 129 2008-2017 
19 Jigawa 12.23 9.56 373 2008-2017 
20 Yobe 12.29 11.44 349 2008-2017 
21 Jos 9.52 8.45 1217 1971–2007 
22 Uyo 5.30 7.55 38 1986-2007 
23 Abeokuta 7.10 3.20 101 1961-2011 
24 Akure 7.17 5.18 375 1961-2011 
25 Ibadan 7.26 3.54 227 1961-2011 
26 Ikeja 6.35 3.20 39 1961-2011 
27 Oshogbo 7.47 4.29 302 1961-2011 
28 Iseyin 7.58 3.36 330 1987-2007 
29 Shaki  8.40 3.23 457 1987-2007 
31 Lagos Island 6.26 3.25 2 1978-2010 
32 Ondo 7.06 4.5 287 1978-2010 
Lat.: Latitude; Long: Longitude; Al: Altitude; PR: Period records; LN: 

Location number 

 

Figure 1. Annual value of Weibull parameters for all selected 
locations at 10m height 
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2.3 Wind potential estimation 
The key parameters that are used to estimate wind 

energy potential to develop a wind farm are mean wind speed, 
wind turbulence index, wind power density, and the power 
law exponent. The above parameters have been calculated 
using the average of wind speed, power density, wind rose, 
power law exponent, and the wind turbulence index 
(turbulence intensity) at all sites with respect to season and 
time period. The formula for calculating the wind turbulence 
index (𝑰𝒏) has been provided in Eq. (5) [55-57]. 

𝐼𝑛 =
𝜎

𝑣𝑚
                                (5) 

𝑣𝑚 =
1

𝑛
∑ 𝑣𝑖
𝑛
𝑖=1              (6) 

𝜎 = [
1

𝑛−1
∑ (𝑣𝑖 − 𝑣𝑚)
𝑛
𝑖=1 ]

1 2⁄

           (7) 

where 𝒗𝒎 is the mean wind speed in m/s, 𝝈 is the standard 
deviation of the wind, 𝒏 is the number of data observations, 
and 𝑣𝑖  is the wind speed in time stage 𝑖.  
Moreover,  the model applied for estimating the average wind 
power density (𝑊𝑃𝐷̅̅ ̅̅ ̅̅ ̅) is expressed in Eq. (8) [54].  

𝑊𝑃𝐷̅̅ ̅̅ ̅̅ ̅ =
1

2
𝜌𝑐3Γ (1 +

3

𝑘
)            (8) 

𝜌 =
𝑃

𝑅𝑇
             (9) 

where 𝜌 is the air density, 𝑃, 𝑅, and 𝑇 are the average air 
pressure, gas constant, and temperature, respectively, Γ is 
Gamma function and it defined in Eq. (6) [54]. 

Γ(𝑥) = ∫ 𝑡𝑥−1𝑒𝑥𝑝(−𝑡)
∞

0
𝑑𝑡          (10) 

 
2.4 Wind profile vertical 

The vertical wind profile can be stated as per Eq. (11). 
This model is also referred to as the power law. Power law 
plays a vital role in determining the wind speed at the heights 
needed by wind turbines. Power law can be formulated as: 
[58, 59]. 

𝑣

𝑣10
= (

𝑧

𝑧10
)
𝛼
            (11) 

Where 𝑣10 is the wind speed at the original height 𝑧10 (𝑧10 =
10𝑚) and v is the wind speed at the wind turbine hub height 
(𝑧).  
Moreover, the power exponent (𝛼) can be estimated using Eq. 
(12) [59]. 

𝛼 =
0.37−0.088𝑙𝑛(𝑣10)

1−0.088𝑙𝑛(𝑧10 10⁄ )
           (12) 

2.5 Categorization of wind energy resources 
Average wind energy resources are used to estimate 

potential wind resources at a specific location. Table 2 gives 
information on the expression of wind power density, wind 
speeds, and wind classes for estimating wind resources. 

2.6 Evaluating commercial wind turbines’ performance 
characteristics data 
Many types of wind turbines are available for installation 

on the market, ranging from different designs to different 
performance standards [60]. It is essential to conduct 
thorough research to determine which performs best for 
installation. In general, the capacity factor is applied in 
selecting the appropriate turbine. The higher the capacity 
factor, the more attractive the turbine becomes, as there is a 
relationship between turbine performance and wind speed. 
This means that if the power factor is proven to be high 

(effective), the turbine will be considered effective for the 
chosen location. However, if the turbine is deemed inefficient, 
a new turbine will be selected through an iterative process 
[61].  

Table 2. Wind energy resource classification at 10m  height [60] 

 

Eq. (13) can be used in the calculation of the power 
produced by the wind turbines [59]. Furthermore, it is 
possible to determine the power curve of wind turbines using 
the hyperbolic equation as shown in equation (14) [59]. 

𝐸𝑤𝑡 = ∑ 𝑃𝑤𝑡(𝑖)
𝑛
𝑖=1 𝑡           (13) 

𝑃𝑤𝑡(𝑖) =

{
 
 

 
 𝑃𝑟

𝑣𝑖
2−𝑣𝑐𝑖

2

𝑣𝑟
2−𝑣𝑐𝑖

2 (𝑣𝑐𝑖 ≤ 𝑣𝑖 ≤ 𝑣𝑟)

1

2
𝜌𝐴𝐶𝑝𝑣𝑟

2(𝑣𝑟 ≤ 𝑣𝑖 ≤ 𝑣𝑐𝑜)

0             (𝑣𝑖 ≤ 𝑣𝑐𝑖𝑎𝑛𝑑𝑣𝑖 ≥ 𝑣𝑐𝑜)

        (14) 

Where 𝐸𝑤𝑡  is the total output power generated, 𝑡 is the time 
in hours for the period being considered, 𝑣𝑖  is the vector of the 
possible wind speed at a particular site, 𝑃𝑤𝑡(𝑖)  is the vector of 

the corresponding power output by the wind turbine (W),  𝑃𝑟 
is the rated power of the wind turbine (W), 𝑣𝑐𝑖  is the cut-in 
wind speed (m/s), 𝑣𝑟 is the rated wind speed (m/s), and 𝑣𝑐𝑜 
is the cut-out wind speed (m/s). 𝐶𝑝 is the coefficient of 

performance of the turbine (Eq. (15)), which depends on the 
tip speed ratio and the pitch angle. 

𝐶𝑝 = 2
𝑃𝑟

𝜌𝐴𝑣𝑟
3           (15) 

Besides, the capacity factor CF can be estimated through Eq 
(16) [59]. 

𝐶𝐹 =
𝐸𝑤𝑡

8760𝑃𝑅
           (16) 

2.7 Rotor design for effective results 
After selecting the most suitable turbine, rotor design 

parameters are determined to maximize power generation 
during turbine operation by utilizing the available wind. Many 
parameters determine the power generated by a wind 
turbine. They include the number of blades, the diameter of 
the rotor, the rotation speed of the rotor, the airfoil shape, the 
blade angle, and the angle of attack. According to González-
Hernández and Salas-Cabrera [62], an increase in the number 
of blades results in the maximum power coefficient that is 
almost equal to the Betz limit. To optimize the annual energy 
yield from a low-speed wind turbine, the blade twist angle 
must take into consideration this objective. The best design of 
a wind turbine generator can be attained by focusing on the 
design (rated) since this will give the values of the cut-in and 
cut-off wind speed as well as the tip speed ratio and blade 
numbers. The determination of the average value of wind 
speed in the wind speed distribution is equivalent to the 
optimum angle of attack and helps obtain the twist angle 
needed for maximum annual energy production. 
Furthermore, the airfoil used by the rotor to give a lift-to-drag 
ratio is also determined. MATLAB code is implemented to 

WRC WC WS [m/s] WPD [W/m2] 
Poor 1 3.5–5.6 50–200 

Marginal 2 5.6–6.4 200–300 
Moderate 3 6.4–7.0 300–400 

Good 4 7.0–7.5 400–500 
Excellent 5 7.5–8.0 500–600 
Excellent 6 8.0–8.8 600–800 
Excellent 7 Above 8.8 Above 800 
WRC: Wind resource category; WS: Wind speed ; WC: Wind class 
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analyze the performance of the horizontal shaft of the wind 
turbine through the blade elements theory and momentum 
theory. The major calculations involved in this program 
include determination of the coefficients such as moment 
coefficient (𝑪𝒒), angle of attack (α), relative angle (φ), twist 

angle (β), drag coefficient (𝑪𝑳), lift coefficient (𝑪𝑫), axial 
interference coefficient (G), tangential interference 
coefficient (E), local tip speed ratio (λ), local torque coefficient 
(𝒎𝒓), Prandtl efficiency (ηb), and power coefficient (Cp). This 
procedure is performed to maximize the output power 
through modification of the rotor's main aerodynamic 
parameter and hub height to ensure that the rotor always 
runs at maximum drag/lift coefficient ratio (𝐶𝐿⁄𝐶𝐷). The 
mathematical equations for blade element theory and 
momentum theory can be found in Red [63]. Table 3 lists the 
different types of wind turbines utilized to evaluate their 
suitability for selected locations in Nigeria. Figure A1 
(Appendix) illustrates the power curves and power 
coefficient (Cp) of the selected wind turbines. 

2.8 Economic Analysis  
Several factors contribute to energy generation using 

wind power in the region. The cost of wind energy production 
varies from region to region, depending on technological, 
economic, social, and political environments and prevailing 
trends in energy markets. The cost per kilowatt-hour analysis 
(in USD) includes the cost of capital and interest, as well as the 
cost of operation and maintenance. The capital cost depends 
on the rate of interest and the repayment of the loans taken. 
The investment cost includes the wind power generation 
system, installation, land lease cost, grid connection cost, 
planning cost, and licensing cost. Eq. (17) defines the cost of 
energy (COE) in USD/kWh [58]. 

Table 3. Specification of the selected wind turbines (Manufacturer: 
Enercon; number of blade=3 blades) 

 

𝐶𝑂𝐸 =
(𝑟𝑑+0.025)𝐶𝐼𝐶𝐶

𝐸𝑤𝑡
          (17) 

𝑟𝑑 =
𝐷𝑅

1−(1+𝐷𝑅)−𝑛
            (18) 

𝐶𝐼𝐶𝐶 = 𝐵𝐶 + 𝐻𝐶 + 𝐵𝐶 + 𝑃𝑆𝐶 +𝑁𝐶𝐶 + 𝐿𝑆𝑆𝐶 + 𝐵𝑆𝐶 + 𝐺𝐵𝐶 +
𝐸𝐶 + 𝑌𝑆𝐶 +𝑀𝐹𝐶 + 𝑃𝑎𝑅𝑐 +𝐻𝑎𝐶𝐶 + 𝐸𝐶𝐶 + 𝑁𝐶𝐶 + 𝐴𝑎𝐼𝐶 +
𝐹𝐶 + 𝑇𝐶            (19) 

Blade cost (𝐵𝐶) 

𝐵𝐶 = 3.8118(
𝐷

4
)
2.5025

+ 0.5582(
𝐷

4
)
2
− 955.24        (20) 

Hub cost (𝐻𝐶) 

𝐻𝐶 = 0.5881(
𝐷

2
)
2.9158

+ 24141           (21) 

Pith-system cost (𝑃𝑆𝐶) 

𝑃𝑆𝐶 = 0.4802(
𝐷

2
)
2.6578

          (22) 

Nose-cone cost (𝑁𝐶𝐶) 

𝑁𝐶𝐶 = 103(
𝐷

2
) − 2899          (23) 

Low-speed-shaft cost (𝐿𝑆𝑆𝐶) 

𝐿𝑆𝑆𝐶 = 0.1 (
𝐷

2
)
2.887

          (24) 

Bearing-system cost (𝐵𝑆𝐶) 

𝐵𝑆𝐶 = (
𝐷

2
)
2.5
(0.0043𝑅 − 0.011)         (25) 

Gear-box cost (𝐺𝐵𝐶) 

𝐺𝐵𝐶 = 16.45(𝑃𝑟)
1.249          (26) 

Electronics cost (𝐸𝐶) 

𝐸𝐶 = 79(𝑃𝑟)           (27) 

Yaw-system cost (𝑌𝑆𝐶) 

𝑌𝑆𝐶 = 0.0678(
𝐷

2
)
2.964

          (28) 

Main-frame cost (𝑀𝐹𝐶) 

𝑀𝐹𝐶 = 9.489(
𝐷

2
)
1.953

          (29) 

Platform-and-railing cost (𝑃𝑎𝑅𝑐) 

𝑃𝑎𝑅𝑐 = 2.5397(
𝐷

2
)
1.953

          (30) 

Hydraulic-and cooling cost (𝐻𝑎𝐶𝐶) 

𝐻𝑎𝐶𝐶 = 12(𝑃𝑟)           (31) 

Electrical-connection cost (𝐸𝐶𝐶) 

𝐸𝐶𝐶 = 40(𝑃𝑟)           (32) 

Nacelle-cover cost (𝑁𝐶𝐶)  

𝑁𝐶𝐶 = 11.537(𝑃𝑟) + 3849.7          (33) 

Assembly-and-installation cost (𝐴𝑎𝐼𝐶) 

𝐴𝑎𝐼𝐶 = 1.965(
𝐷

2
) (ℎ)1.1736         (34) 

Foundation cost (𝐹𝐶) 

𝐹𝐶 = 303.24 (
𝜋𝐷2

4
) (ℎ)0.4037          (35) 

Tower cost (𝑇𝐶) 

𝑇𝐶 = 0.596(
𝜋𝐷2

4
) (ℎ) − 2121          (36) 

Where 𝐶𝐼𝐶𝐶  is initial capital cost and  𝐷𝑅 is the discount rate. 
 A wind energy system is an investment that earns money. 
Economic analysis involves examining the profitability and 
feasibility of a wind energy installation in a given location. 
Payback analysis involves comparing earnings and 
expenditures to find out how much time it will take to recover 
the initial investment made. The simple payback period (SPP) 
can be calculated using Eq. (37) [64]. 

𝑆𝑃𝑃 =
𝐶𝐼𝐶𝐶

𝐸𝑤𝑡𝑃𝑒
            (37) 

where 𝑃𝑒 is the price of electricity ($/kWh). 
In this study, the economic evaluation was conducted on the 
assumption that the lifetime of the wind turbine is 20 years 
and it operates at a discount rate of 10%. These values were 
assumed based on a previous study concerning the technical 
and economic evaluations of wind systems in Nigeria [65].  

Model D [m] 
𝑷𝒓 

[kW] 
WS [m/s] h 

[m] 
Max 
𝑪𝒑 𝒗𝒓 𝒗𝒄𝒐 𝒗𝒄𝒊 

E53/800 52.9 800 12.5 34 2.0 73 0.49 
E82/2000 82 2000 12.5 34 2.0 108 0.50 
E70/2300 71 2300 15.0 34 2.0 113 0.50 
E82/2300 82 2300 12.0 34 2.0 98 0.50 
E82/3000 82 3000 16.0 34 2.0 84 0.48 

E101/3050 101 3000 13.0 25 2.0 74 0.48 
D: Diameter; Max: Maximum; h: Hub Height 
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Besides, it was assumed that annual operation and 
maintenance costs would account for 2.5% of the initial 
capital expenditure, which includes the maintenance and 
servicing costs during the life of the turbine according to 
Attabo et al. [65]. Moreover, the electricity selling price was 
set to be 0.07 USD/kWh, which is equal to the average tariff 
approved for end users of electricity in Nigeria for the year 
2024, according to the Nigerian Electricity Regulatory 
Commission (NERC) [66]. 

3. Results 

3.1 Annual characteristics of the wind potential 
As shown in Figure 1, the Weibull distribution shape 

parameter (k) indicates the reliability or randomness of wind 
speeds within a region. The higher the value of k, the more 
stable the wind regime in the location, whereas low values 
represent a high level of randomness in the behavior of the 
wind in that region. From the above results, some regions 
with high values of k include Ilorin (k=23.63), Makurdi 
(k=19.89), and Jos (k=18.78). The high levels of k values in 
these regions imply that the wind speed in these locations is 
relatively stable and not very random. Moreover, the scale 
factor in the Weibull (c) model is a measure of the 
characteristic wind speed of a given location and is directly 
related to the wind energy potential of the area. Larger-scale 
parameter values suggest a strong wind regime. Based on the 
findings, Obudu (8.36), Jos (8.88), Ilorin (5.97), and Enugu 
(6.19) have high scale parameter values that denote strong 
and energetic wind regimes. Conversely, sites like Delta 
(1.65), Edo (2.46), and Abia (2.20) have low scale values, 
suggesting weak wind regimes. 

Moreover, the average wind speeds show a pattern 
similar to the Weibull shape factor pattern, with both factors 
determining the average strength of the wind system, as 
shown in Figure 2. Mean wind speeds were high in Jos (8.63 
m/s), Obudu (8.02 m/s), Ikeja (6.65 m/s), and Enugu (5.85 
m/s), hence the presence of abundant wind energies. Such 
places are better suited for the harnessing of wind energy, as 
it is directly proportional to the cube of the wind speed. On 
the other hand, mean wind speeds are low at places like Edo 
(2.38 m/s), Delta (1.56 m/s), and Ondo (1.93 m/s). Wind 
power density (WPD) gives the most direct measure of useful 
wind power because it includes both wind speed and air 
density. The findings (Figure 2) revealed an extremely large 
variability between locations. Jos (400.58 W/m²) and Obudu 
(326 W/m²) can be identified as locations with the best wind 
energy. These locations reveal that there is a high level of 
potential for wind energy utilization in Nigeria. Some 
locations, like Ilorin (123.20 W/m²), Abeokuta (29.67 W/m²), 
and Yobe (24.73 W/m²), had moderate WPDs and, therefore, 
can accommodate wind energy of a small-to-medium scale. 
On the other hand, Delta (2.47 W/m²), Edo (8.45 W/m²), and 
Abia (5.89 W/m²) had very low WPDs. 

3.2 Seasonal regime of the wind potential at the 
locations 
Differences in the seasonal behavior of wind energy 

availability at selected sites are shown during the dry period 
(January to March, and October to December) compared to 
the rainy period (April to September). With regards to the 
sustainability and planning of renewable energy, it is 
important to understand that these results are significant in 
providing an understanding of the temporal dependability 
and spatial practicability of wind resources. 

 
 

 
Figure 2. Mean and WPD values for all selected locations at 10m 
height 

Concerning wind regime characteristics, an analysis of 
the Weibull scale parameter (c), which depicts the 
characteristic wind speed of a site, indicates a marked rise for 
all the sites during the rainy season, pointing to the potential 
for higher wind energy generation during this time of year, as 
shown in Figure 3. For instance, Enugu, where it rises from 
6.079 m/s during the dry season to 6.276 m/s in the rainy 
season; Gboko, where it goes from 5.892 m/s to 6.558 m/s; 
Ogoja, where there is a rise from 5.892 to 6.545 m/s; Nsukka, 
where the value goes up from 6.441 to 6.621 m/s; and finally, 
Ikeja, where it goes from 6.770 to 7.089 m/s. This trend 
indicates the strengthening of regional atmospheric 
circulation patterns that facilitate the process of transferring 
kinetic energy within the lower atmosphere during the 
monsoon period. On the other hand, the k (Figure 3) follows a 
somewhat variable pattern, showing a slight rise at some 
locations (e.g., Ilorin: 5.863 to 6.046) and a slight decrease at 
others (Makurdi: 4.42 to 4.34). 

Moreover, the mean wind speed provides additional 
support for wind resource enhancement during the wet 
season. The mean wind speed in Enugu rises from 5.66 m/s to 
6.03 m/s, while that in Nsukka rises from 5.99 m/s to 6.35 
m/s, from 5.59 m/s to 6.31 m/s in Gboko, and from 6.45 m/s 
to 6.84 m/s in Ikeja, as shown in Figure 4. Wind Power 
Density (WPD) can be considered the direct measure of 
energy that can be harvested from winds and is therefore the 
best way to measure its potential. WPD shows some 
significant differences from season to season as well as from 
region to region. WPD is an important parameter because it is 
the best direct measure of extractable wind energy potential. 
There is a distinct seasonal and spatial variation in the values 
of WPD recorded, as shown in Figure 4. During the rainy 
season, there is an increase in the values of WPD in most 
areas. For instance, in Enugu, the value of WPD rises from 
122.35 W/m² to 138.23 W/m²; in Nsukka, the value rises 
from 145.55 to 161.81 W/m²; in Gboko, the value increases 
from 112.49 to 158.42 W/m²; and in Ogoja, the WPD rises 
from 112.29 to 157.72 W/m². The above increases, which 
range from approximately 10% to 40%, represent the 
seasonal effect of enhanced monsoon activity and increased 
pressure gradient on the available wind energy resources. 
Ikeja has been observed to have an increase in its WPD value, 
rising from 171.68 W/m². As far as wind energy classification 
is concerned, the WPD values are usually classified into 
resource classes depending on their potential for generating 
energy.  
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Figure 3. Seasonal value of Weibull parameters for all selected 
locations at 10m height 

The Class 1 WPD values of less than 100 W/m² show 
poor wind energy resources; Class 2 (100-200 W/m²) shows 
marginal to moderate wind energy potential. Class 3 (200-
300 W/m²) shows fairly good wind energy resources 
appropriate for small/medium wind energy applications. 
Class 4 (300-400 W/m²) and higher show very good to 
excellent wind energy resources, which are useful for utility 
wind farms. Moreover, sites such as Jos and Obudu are in 
Class 4 to Class 5, showing their suitability for large-scale 
wind energy installations. Locations like Jos have exceptional 
wind potential characterized by WPD values of 427.42 W/m² 
in the dry season and 375.22 W/m² in the rainy season. 
Similarly, the Obudu site shows 309.61 W/m², which 
increases to 341.76 W/m². These sites are therefore ideal for 
wind energy projects. Areas with medium potential, which 
include Enugu (122-138 W/m²), Nsukka (145-162 W/m²), 
Ilorin (115-131 W/m²), and Ikeja (172-201 W/m²), fall into 
categories 2 to 3, meaning they have marginal to good wind 
resources.  

This makes them inappropriate for large-scale wind farm 
development but suitable for decentralized renewable energy 
production systems, solar-wind hybrids, and rural 
electrification. The seasonal increase seen in these regions 
improves their viability during the rainy season, at which 
point the wind production will be maximized. On the 
contrary, low wind potential zones such as Bauchi (1.16–1.81 
W/m²), Delta (2.89–2.04 W/m²), Edo (8.70–8.18 W/m²), and 
Ondo (3.38–7.32 W/m²) belong to Class 1, implying their poor 
suitability for wind energy harnessing. Although there might 
be some small seasonal changes, the value of WPD is too low 
for economically feasible wind energy production. Based on 
these findings, such regions should consider other renewable 

energy sources, namely solar photovoltaic systems. One of the 
most important links between dry and wet seasons is the 
overall improvement in wind energy intensity due to the wet 
season in about 80% of the stations analyzed. Such an 
improvement could vary from a slight increase of around 10-
20% (for instance, in Ikeja and Nsukka) to a more significant 
augmentation above 40-60% (for example, in Gboko, Ogoja, 
and Ibadan). This observation is mainly attributed to stronger 
monsoon winds, active convection, and an unstable 
atmosphere. An exception is provided by Jos, where WPD 
slightly drops from 427.42 to 375.22 W/m². 

 

Figure 4. Seasonal value of Mean and WPD for all selected locations 
at 10m height 

3.3 Technical viability results 
Using the power law method (Eq. (11)), annual wind 

speed data observed at a height of 10 meters were estimated 
to fit the height of selected wind turbines (see Table 3). The 
estimated annual and seasonal wind speed data at different 
hub heights are shown in Figures A2-A4 as Appendix. 
Moreover, Figure 5 illustrates a comprehensive analysis of 
wind power in several locations in Nigeria through the 
application of six models of wind turbines from Enercon, 
which include the E53/800, E82/2000, E70/2300, E82/2300, 
E82/3000, and E101/3000. The results of this study are 
presented according to annual data, dry season data, and 
rainy season data. A simple first-order analysis of the turbine 
design specifications shows that there is an increase in 
diameter and power capacity from the smallest size 
(E53/800, D = 52.9 m, P = 800 kW) to the largest size 
(E101/3000, D = 101 m, P = 3000 kW). This increase is 
critically significant in the design because wind power 
generation is directly proportional to the swept rotor area (A 
∝ D²). Therefore, even small increases in diameter lead to 
large amounts of potential energy gain. Despite such an 
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increase, all turbines maintain similar aerodynamic efficiency 
with maximum 𝑪𝒑 values falling between 0.48 and 0.50. 

Therefore, the differences between them should arise from 
engineering design and not from superior aerodynamics. The 
spatial distribution of energy highlights a significant 
geographical disparity in the availability of wind resources.  
High-production areas such as Jos, Obudu, Nsukka, Ikeja, and 
Enugu tend to produce large amounts of power regardless of 
the class of turbines used. In this regard, the energy 
production for Jos is approximately 34.50 GWh using the 
E101/3000 turbine, while the corresponding figures for 
Obudu and Ikeja are 29.78 GWh and 18.85 GWh, respectively. 
These results indicate high-energy wind conditions, which 
can be influenced by factors such as the area's altitude and 
topography.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In contrast, areas with low production, including Bauchi, 
Makurdi, Afekepo, Abuja, Delta, and Edo, continue to produce 
relatively small amounts of power, with annual production 
levels ranging from 1-6 GWh depending on the class of 
turbines used. Bauchi State represents the worst case with 
low energy production levels estimated between 0.03 and 
0.20 GWh. Concerning power generation capacity, there is 
clearly a power generation hierarchy for different wind 
turbines in different locations and seasons (i.e. E101/3000 > 
E82/3000 ≈ E70/2300 ≈ E82/2300 > E82/2000 > E53/800).  
The reason why the E101/3000 wind turbines always 
perform better in producing power than any other wind 
turbine is due to their larger rotor diameter and higher output 
capacity (101 meters and 3 megawatts, respectively).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

  

 
 

 

Figure 5. Total power output of selected wind turbines under annual and seasonal wind regimes in Nigeria 
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This turbine performs very well in areas with strong 
winds because power production increases as a function of 
wind speed distribution. In Jos, for example, annual power 
production is 34.50 GWh, while E53/800 produces only 6.43 
GWh, a difference of about 5.4 times in efficiency. Moreover, 
the impact of seasonality on the dynamics of the wind power 
system was also discussed. In most cases, production levels 
during the rainy season are somewhat higher than during the 
dry season, which may mean that wind power generation is 
more suitable in these months due to better wind dynamics 
or weather conditions. For example, the E101/3000 located 
in Nsukka produces 14.93 GWh during the dry season and 
17.56 GWh during the rainy season. Therefore, the seasonal 
difference is approximately 17.6%. The same trend can be 
observed for Ikeja (from 17.32 to 20.94 GWh) and Enugu 
(from 13.05 to 15.47 GWh). Meanwhile, in areas with strong 
winds, such as Jos and Obudu, seasonal variations are very 
low (<5%). On the other hand, areas with less wind show 
relatively small amounts of output along with relatively high 
rates of variability. In this case, Makurdi shows an average 
output of 5.85 GWh (E101/3000) rising to 6.76 GWh during 
the rainy season, which represents about 15.6 percent of the 
seasonal variance. Furthermore, Bauchi shows minimal 
generation regardless of the turbine used, with the highest 
recorded output being only 0.34 GWh (rainy season, 
E101/3000). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Besides, the capacity factors are a more reliable way to 
evaluate the performance of wind turbines because they 
standardize electricity production by comparing it to the 
turbine's rated power. The capacity factor (CF) is essentially 
the ratio of actual power produced to the maximum potential 
power that could have been produced if the turbine had been 
operating at full capacity all year round. Table 4 shows the 
capacity factors of the six Enercon wind turbine types per 
year, during the dry season, and during the rainy season for 
the selected locations in Nigeria. From the results shown, 
there is considerable variation in the wind turbine capacity 
factors as a result of the wind energy available at different 
locations. The highest capacity factors during the year are 
recorded at Jos (94.29–94.76%), Obudu (77.92–84.74%), 
Nsukka (54.43%), Gboko (50.76%), and Ogoja (50.65%). This 
means that these locations have the best wind resources for 
electricity production. On the other hand, lower capacity 
factors are recorded in locations with poorer wind resources. 
The Enercon E53/800 wind turbines record the highest 
capacity factors as a result of having lower rated power and 
wind speed than the other two turbine types; hence, it is more 
suited for the wind conditions at the selected locations. Table 
4 shows the symbol (*) to indicate that the wind turbine type 
is not appropriate for installation in the specific location, as 
the energy produced is very small based on the existing wind 
resource.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 4. Annual, dry-season, and rainy-season capacity factors (%) of the selected Enercon wind turbines at the investigated locations in Nigeria 

Location 
Annual  Dry season Rainy season 

M#
1 

M#
2 

M#
3 

M#
4 

M#
5 

M#
6 

M#
1 

M#
2 

M#
3 

M#
4 

M#
5 

M#
6 

M#
1 

M#
2 

M#
3 

M#
4 

M#
5 

M#
6 

Enugu 49.6 13.1 1.9 15.2 0.6 3.9 47.0 19.1 4.3 21.3 1.7 7.4 53.0 5.8 0.3 7.3 * 0.9 

Gboko 50.8 9.5 1.0 11.4 0.2 2.3 44.8 5.8 0.7 6.9 0.2 1.6 57.4 8.4 0.4 10.7 * 1.2 
Ogoja 50.6 9.4 0.9 11.3 0.2 2.3 44.9 6.7 0.8 7.9 0.2 1.9 57.2 7.7 0.3 9.8 * 1.0 

Nsukka 54.4 21.5 3.2 24.7 1.0 6.5 51.7 28.7 6.9 31.5 2.8 11.8 58.0 12.9 0.8 15.9 0.1 2.2 
Ilorin 46.4 * * 0.1 0.0 * 44.1 0.2 * 0.3 * * 51.9 * * * * * 

Udi 46.1 5.3 0.5 6.4 0.1 1.3 45.2 10.2 1.6 11.8 0.5 3.3 47.9 1.3 0.0 1.7 * 0.1 
Ikwo 41.8 5.7 0.8 6.6 0.3 1.7 42.0 7.4 1.2 8.5 0.4 2.4 42.1 4.1 0.5 4.9 0.1 1.1 

Otukpo 41.8 5.7 0.8 6.6 0.3 1.7 42.0 7.4 1.2 8.5 0.4 2.4 42.1 4.1 0.5 4.9 0.1 1.1 
Makurdi 26.6 * * * * * 25.9 * * * * * 29.1 * * * * * 

Afikpo 25.0 * * * * * 24.4 0.1 * 0.2 * * 26.5 * * * * * 

Obudu 84.7 77.9 11.4 81.7 2.1 31.6 81.5 73.2 14.2 76.9 3.4 32.8 89.1 84.9 9.7 88.1 1.2 32.6 
Abuja 25.6 * * * * * 23.4 * * * * * 28.3 * * * * * 

Lafia 30.3 * * 0.1 * * 27.0 * * * * * 34.3 * * * * * 
Koluama 25.4 * * * * * 22.5 * * * * * 29.5 * * * * * 

Bauchi 1.4 * * * * * 0.5 * * * * * 2.4 * * * * * 
Edo 8.1 * * * * * 7.5 * * * * * 9.2 * * * * * 

Delta 2.8 * * * * * 2.9 * * * * * 2.8 * * * * * 
Abia 6.4 * * * * * 6.5 * * * * * 6.6 * * * * * 

Jigawa 31.7 3.0 0.6 3.5 0.2 1.1 26.0 * * * * * 36.3 3.7 0.6 4.2 0.2 1.1 

Yobe 17.6 0.2 * 0.2 * * 18.3 0.1 * 0.1 * * 16.9 0.2 * 0.3 * * 
Jos 94.3 92.6 8.3 94.8 0.6 40.6 94.8 93.8 4.9 95.9 0.3 36.4 93.5 93.5 6.7 95.4 0.4 35.4 

Uyo 15.5 * * * * * 13.7 * * * * * 18.2 * * * * * 
Abeokuta 20.0 * * * * * 18.0 * * * * * 22.8 * * * * * 

Akure 33.0 0.2 * 0.3 * * 31.1 0.9 0.1 1.1 * 0.2 36.3 * * * * * 
Ibadan 37.0 3.0 0.4 3.6 0.1 0.9 30.7 3.6 0.8 4.1 0.3 1.4 44.6 * * 0.1 * * 

Ikeja 61.3 19.0 1.2 23.4 0.2 3.4 57.8 17.3 1.5 20.9 0.4 3.9 65.8 22.0 0.8 27.9 0.1 2.7 
Oshogbo 22.6 0.7 0.1 0.8 * 0.3 19.6 2.0 0.6 2.2 0.2 0.9 26.3 * * * * * 

Iseyin 24.7 0.2 * 0.2 * * 22.8 0.2 * 0.3 * 0.1 27.1 0.1 * 0.2 * * 

Shaki  29.5 0.8 0.1 1.0 * 0.2 31.3 0.3 * 0.4 * * 27.4 0.5 * 0.6 * 0.1 
Lagos 
Island 36.8 0.5 * 0.7 * 0.1 32.3 0.3 * 0.3 * * 41.9 0.2 * 0.2 * * 

Ondo 5.5 * *  * * 3.4 * * * * * 8.0 * * * * * 

Enugu 49.6 13.1 1.9 15.2 0.6 3.9 47.0 19.1 4.3 21.3 1.7 7.4 53.0 5.8 0.3 7.3 * 0.9 
Gboko 50.8 9.5 1.0 11.4 0.2 2.3 44.8 5.8 0.7 6.9 0.2 1.6 57.4 8.4 0.4 10.7 * 1.2 

M#1: E53/800; M#2: E82/2000; M#3: E70/2300; M#4: E82/2300; M#5: E82/3000; M#6: E101/3000 
* The turbine is not suitable for the site due to negligible energy production 
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Besides, the relatively high capacity factors achieved in 
some sites are due to the relatively high wind speed estimates 
attained at the corresponding turbine hub heights using the 
power-law extrapolation (see Eq. (11)). For increased clarity, 
the annual and seasonal extrapolated wind speeds at the hub 
heights have been provided in Figures A2-A4 (Appendix). 
From these figures, it can be observed that the hub heights at 
sites like Jos and Obudu attain wind speeds close to the rated 
wind speed for several turbine models; thus, the turbines run 
close to their rated power for a considerable part of the year, 
resulting in increased annual energy generation and capacity 
factors. It should be noted that an examination of the 
calculated power factors showed that they were all less than 
100% (theoretically, the maximum value). 

3.4 Economic sustainability results 
The results of calculating the equivalent energy cost 

(Figure 6) provide a reliable measure for assessing the 
financial efficiency of wind energy projects being considered 
in different locations and turbine types. The fact that the cost 
of energy production is expressed through the monetary cost 
of producing each kilowatt-hour of energy means that smaller 
numbers represent higher economic efficiency and greater 
financial attractiveness for an investment project. It can be 
noted that there is considerable variation among the 
calculated values both in terms of geographic space and 
different seasons. In particular, the smallest COE values are 
observed at those sites where wind energy production is 
highest, and the capacity factor is high. Analysis of the yearly 
cost of energy indicates that the minimum yearly cost of 
energy occurs in Jos; here, the E101/3000 turbine produces a 
COE of about 0.0140 USD/kWh while the other two turbines, 
namely E82/2000 and E82/2300, produce COE values of 
about 0.0214 USD/kWh and 0.0253 USD/kWh, respectively. 
On the other hand, Obudu also shows great economic viability 
because of its COE values ranging between 0.0162 and 0.0493 
USD/kWh.  

This is due to the exceptionally low costs associated with 
the production of electricity as a result of the abundant wind 
energy resources available here, which leads to increased 
production and, therefore, spread of the cost over larger 
amounts of energy. Conversely, the maximum yearly COE 
values are found in Bauchi. This region has a COE of about 
2.36 and 9.86 USD/kWh for E101/3000 and E53/800 
turbines, respectively. Other regions having relatively high 
COE values include Delta, Ondo, Edo, and Abia. Further 
evidence that climatic factors have an impact on the 
economics of the project can be derived from the seasonal 
analysis. Specifically, during the dry season, the lowest values 
of the minimum COE will also occur in high-wind regions, 
including Jos and Obudu. The E101/3000 has the following 
dry season COE values in these two locations: 0.0140 
USD/kWh for Jos and 0.0171 USD/kWh for Obudu. On the 
other hand, the maximum value of the COE during the dry 
season will again occur in Bauchi. Specifically, the following 
values have been obtained for the respective turbines: 
E53/800 has a COE of approximately 12.14 USD/kWh, while 
E70/2300 has a COE of around 11.72 USD/kWh. Clearly, these 
values are hundreds of times higher than those obtained in 
Jos, demonstrating how significantly bad wind resources may 
affect economics. During the rainy season, there is relatively 
higher economic efficiency than during the dry season. With 
high availability of wind, more energy can be generated, thus 
cutting down the costs of energy generation. During the rainy 
season in Enugu, the COE for the E101/3000 drops from 
0.1323 USD/kWh to 0.1116 USD/kWh. In the same way, 

similar drops are experienced in Nsukka, Gboko, Ogoja, 
Akure, Ibadan, and Lagos Island. During the rainy season, the 
lowest COE still occurs in Jos and Obudu, whereby the COE in 
Jos drops to about 0.0141 USD/kWh, while that of Obudu is 
0.0150 USD/kWh. However, the highest COE still occurs in 
Bauchi during the rainy season, at a drop in price from the dry 
season, ranging between 1.42 USD/kWh and 5.48 USD/kWh. 
The lowest energy cost per season and location is consistently 
achieved by the E101/3000 turbine, which is the most 
economical turbine used in this study.  For instance, the 
yearly COE for the E101/3000 is approximately 0.0140 
USD/kWh in Jos, 0.0162 USD/kWh in Obudu, 0.0256 
USD/kWh in Ikeja, 0.0302 USD/kWh in Nsukka, and 0.0334 
USD/kWh in Gboko.  

All these values are much lower when compared to the 
smaller E53/800, which achieves an annual COE value of 
0.0398 USD/kWh in Jos, 0.0466 USD/kWh in Obudu, 0.0746 
USD/kWh in Ikeja, and 0.0887 USD/kWh in Nsukka. This 
better economic performance is due to the large size and 
higher energy generation capacity of the E101/3000. One of 
the significant trends that arise from the findings is the 
correlation of energy production with the COE. Places that 
had the highest amount of energy produced and capacity 
factor, for example, Jos, Obudu, Nsukka, Gboko, Ogoja, and 
Ikeja, invariably recorded low COE levels. On the other hand, 
places like Bauchi, Delta, Edo, Ondo, and Abia, which have low 
wind energy resources, invariably have high COE levels. The 
above trends clearly indicate that the economic viability of 
wind energy projects is directly determined by wind resource 
quality. In terms of economic sustainability, it is possible to 
conclude that the analysis results unambiguously group all 
locations into three different classes. First, there are highly 
economically sustainable locations, such as Jos and Obudu, 
characterized by the annual COE lower than 0.05 USD/kWh 
regardless of the turbine used. These costs make wind power 
economically comparable to conventional forms of electricity 
production, which makes these locations highly attractive 
from the standpoint of investments. Next, there are 
moderately economically viable locations, including Nsukka, 
Gboko, Ogoja, Enugu, Ikeja, Akure, and Ibadan, characterized 
by COE falling within the interval of 0.03 to 0.15 USD/kWh, 
depending on the type of the turbine. However, despite their 
high economic attractiveness in general, these locations 
might become even more appealing if large turbines, 
especially E101/3000, are used. Finally, there are 
economically marginal or unviable locations, including 
Bauchi, Delta, Edo, Ondo, and Abia, where COE may exceed 1 
USD/kWh or even reach nearly 10 USD/kWh. 

Based on the results of the COE analysis conducted, it can 
be concluded that Jos and Obudu appear to be the most 
economically sustainable sites for wind power production, 
while the most efficient turbines are E101/3000 in all cases. 
For example, the minimal COE for the year was recorded at 
about 0.014 USD/kWh in the case of Jos with the E101/3000 
turbine, while the maximum COE equaled approximately 9.86 
USD/kWh (Bauchi with E53/800). The same applies to the 
dry and rainy seasons as well. These results support the 
opinion that economic sustainability depends significantly on 
the quality of wind resources and the type of turbines used. 
Consequently, the further development of wind power plants 
should take into consideration high wind resource areas and 
large capacity turbines. Moreover, one of the most significant 
criteria for assessing the economic viability of a renewable 
energy scheme is the payback period (PBP).  
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This criterion denotes the time taken for the 

accumulated income obtained from power generation to 
cover the initial capital cost of project implementation. A 
shorter payback period implies a quicker return on 
investment, lower risk, and greater economic benefits. On the 
other hand, a longer payback period implies poor returns and 
high risks for the investors. As shown in Figure 7, payback 
periods vary significantly depending on the specific site and 
wind turbine design. The findings show clear variations in the 
economic potential of the sites annually. The shortest annual 
payback period is seen in Jos, where the E101/3000 turbine 
gives a payback period of about 1.40 years, followed by the 
E82/2000 (2.14 years), E82/2300 (2.53 years), E70/2300 
(2.98 years), E82/3000 (3.79 years), and E53/800 (3.98 
years). Similar to Jos, Obudu also shows extremely good 
economics as the annual payback period ranges from 4.47 
years (E53/800) to 1.62 years (E101/3000).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This is due to short payback periods, indicating very 

good economics as a result of the availability of abundant 
wind power production and high-capacity factors. However, 
in Bauchi, the maximum annual payback period ranges from 
235.85 years (E101/3000) to 986.21 years (E53/800). 
Therefore, based on these long periods, wind energy projects 
are not currently economically viable at this location. Ondo, 
Delta, Edo, and Abia also have similar values. From the dry 
season analysis, the effects of seasonal variations on wind 
project economics are seen. In this regard, the shortest dry 
season payback period is still observed for Jos since it is 
characterized by a payback period of about 1.40 years using 
the E101/3000 turbine, followed by Obudu with a payback 
period of 1.71 years. This is because the wind resources in 
these areas do not vary much even during seasons, hence 
maintaining favorable economics throughout the year.  

 

  

  

 
 

 

Figure 6. Economic sustainability assessment based on cost of energy 
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On the other hand, the longest dry season payback period 

is still observed in Bauchi since the payback period here 
becomes very high at approximately 491.43 years 
(E101/3000) and 2733.79 years (E53/800). This is caused by 
the reduction in energy production since low wind speeds 
result in lower power output, but with unchanged fixed costs. 
Generally, in most areas, payback periods for dry seasons 
become higher compared to annual ones because there will 
be fewer wind speeds, hence low power generation. For 
instance, the payback periods for the E101/3000 turbine in 
Enugu, Gboko, and Ogoja become 3.03, 3.98, and 3.27 years, 
respectively, compared to annual ones of 12.29, 3.34, and 3.35 
years. The rainy season usually displays better economic 
performance because of higher production from wind 
turbines. The shortest payback period within the rainy season 
is seen in Jos, where the E101/3000 turbine generates an 
estimated period of about 1.41 years, while Obudu follows 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

close at 1.51 years and Nsukka at 2.75 years. This clearly 
shows a quick recovery of investments with good economics. 
The longest payback period during the rainy season still 
occurs in Bauchi, where the E53/800 turbine generates an 
estimated payback period of approximately 547.96 years, 
while the E101/3000 turbine produces a period of 142.12 
years. Although the figures appear lower compared to the 
returns of the dry season, they are still much higher than 
economically acceptable rates. Concerning economic 
sustainability, the results clearly reveal that Jos and Obudu 
are the best locations to consider for establishing wind farms. 
This is due to exceptionally rapid recovery periods, enormous 
amounts of generated power, and the good power factor 
recorded within the aforementioned sites. They are the best 
sites for wind energy generation, considering that there is a 
potential for attracting private investors and sustained 
operations. Furthermore, the E101/3000 wind turbine 

  

  

  
 

Figure 7. Economic sustainability assessment based on payback period 
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configuration is the most sustainable technology 
economically among the others that have been evaluated. The 
average annual payback period is approximately 1.40 years in 
Joss, reaching a value of 235.85 years in Bauchi, thus 
outperforming all other turbines. This is due to its superiority 
in energy extraction and lower levelized electricity costs. 
Economic sustainability is highly dependent on both the type 
of turbine used and the wind conditions in the selected 
location. In this study, the lowest payback time was observed 
to be 1.40 years (Jos, E101/3000), while the highest was 
above 2733 years (Bauchi, E53/800) during the dry season. 

4. Discussion 

This study provides a comprehensive technical and 
economic assessment of wind energy potential in various 
climatic zones in Nigeria by applying Weibull distribution 
statistics and evaluating the performance of six types of 
commercial wind turbines designed by Enercon. This 
research shows that there is a great deal of variation in the 
characteristics of wind energy in terms of performance and 
economy. Moreover, Weibull parameter analysis also 
revealed tremendous variation in the wind regime 
characteristics between cities in Nigeria. Very high Weibull 
shape factors noted for Ilorin (23.63), Makurdi (19.89), and 
Jos (18.78) show stability and less variability in wind speed 
distribution. As explained by Seguro and Lambert [67], large 
Weibull shape factors represent reliable wind conditions and 
hence increase accuracy in wind energy forecasting. Also, 
Akpinar and Akpinar [68] showed that wind conditions 
characterized by a Weibull shape factor greater than 5 
represented favorable wind energy resource conditions. 
Large values for the Weibull scale parameter found in Jos 
(8.88 m/s), Obudu (8.36 m/s), and Enugu (6.19 m/s) suggest 
a very strong wind regime and a significant amount of 
available kinetic energy. This observation is comparable with 
the earlier research carried out in other mountainous and 
elevated areas in Africa where wind speeds are enhanced 
topographically [69,70]. 

Besides, the mean wind speed assessment revealed Jos 
(8.63 m/s), Obudu (8.02 m/s), Ikeja (6.65 m/s), and Enugu 
(5.85 m/s) to be the most suitable sites for wind energy 
harnessing. Similar values of wind speeds have been found in 
wind farms located in South Africa, Morocco, Egypt, and 
Ethiopia [71,72]. Sites like Delta, Edo, and Ondo showed 
lower average wind speeds of less than 2.5 m/s and are thus 
not suitable for wind energy projects. Moreover, the wind 
energy intensity results are evidence of the spatial variability 
of wind energy in Nigeria. The annual WPD was found to be 
about 400.58 W/m² in Jos, while Obudu registered WPD 
levels of around 326 W/m². The WPD results are 
characteristic of Wind Power Classes 4-5, implying that these 
areas can be exploited for commercial-scale wind farms. Such 
values of WPD have been previously established in successful 
areas for wind energy generation in northern China, Spain, 
and parts of the United States [73-76]. The high WPD levels in 
both Obudu and Jos are mainly attributed to wind speed 
enhancement as a result of altitude, low surface roughness, 
and favorable atmospheric circulation conditions. The 
relatively low levels of WPD in Delta, Edo, Abia, and Bauchi 
regions are consistent with the findings by Adaramola et al. 
[28] and Ohunakin et al. [29], indicating the lack of wind 
energy potential in lowland areas of southern Nigeria. The 
analysis of the seasons showed that wind power resources 
tend to become better during the rainy season for about 80% 
of the analyzed areas. It can be seen from the increase in 
Weibull scale values, the increase in wind speed, and also an 

increase in wind power density. For instance, WPD changed 
from 122.35 to 138.23 W/m² in Enugu, from 145.55 to 161.81 
W/m² in Nsukka, and from 112.49 to 158.42 W/m² in Gboko. 
Such positive changes during the rainy season may be 
attributed to the development of monsoon circulation and 
pressure gradients. Similar trends in wind energy have been 
observed in West Africa, where there is a significant role of 
monsoons in wind power energy development due to the 
climatic conditions of the region [73,74]. One of the 
exceptions was Jos, where there was some reduction of WPD 
during the rainy season. 

The turbine performance assessment showed that 
energy production is largely dependent on the wind resource 
quality as well as the characteristics of the turbines. Out of all 
turbines assessed, the best-performing turbine was the 
Enercon E101/3000 with respect to annual energy 
production. The annual energy produced was 34.50 GWh at 
Jos, 29.78 GWh at Obudu, 18.85 GWh at Ikeja, and 16.01 GWh 
at Nsukka. This outstanding performance can be attributed to 
the large rotor diameter (101 m), high swept area, and better 
capacity of harvesting kinetic energy in low-moderate winds. 
The results are consistent with the work done by Hau [75] 
and Burton et al. [76]. These studies reported that a larger 
rotor diameter increases energy harvest ability, especially for 
moderate wind sites. The obtained hierarchy of wind turbine 
efficiency conforms to the general tendency E101/3000 > 
E82/3000 ≈ E82/2300 ≈ E70/2300 > E82/2000 > E53/800. 
The described trend clearly shows the importance of rotor 
swept area in the process of wind energy utilization.  

The economic sustainability analysis highlighted a 
significant correlation between wind resource quality and 
profit potential. The lowest annual cost of energy (COE) was 
found for E101/3000 turbines installed in Jos (0.014 
USD/kWh), while Obudu registered the second-lowest COE 
value (0.016 USD/kWh). Ikeja came in third place (0.026 
USD/kWh) and Nsukka fourth (0.030 USD/kWh). According 
to the International Renewable Energy Agency [77], the cost 
of wind energy worldwide is situated within the range of 
0.033 and 0.06 USD/kWh. Meanwhile, the COE in places 
where wind resources were relatively poor, including Bauchi, 
Delta, Edo, and Ondo, was very high (up to 9.86 USD/kWh in 
Bauchi). In addition, the payback period test helped to verify 
the economic viability of sites with higher resources. For 
instance, the lowest payback period on an annual basis was 
recorded at Jos with the use of E101/3000 (1.40 years), then 
Obudu (1.62 years). Such low payback periods suggest that 
the projects will be economically sustainable and highly 
appealing for investments. Similar low payback periods were 
reported for highly windy locations such as China, Spain, and 
Germany [78,79]. Conversely, payback periods of more than 
900 years recorded at Bauchi signify that the production of 
electricity through wind projects in areas with weak 
resources is not economically feasible. 

5. Limitations and future work 

The current study has some limitations that should be 
considered when interpreting the results.  
First, one of the limitations of this research is that the wind 
speed data that are available for analysis are monthly means 
obtained at various observation periods because of data 
availability reasons. Moreover, differences in observation 
periods may cause uncertainties related to interannual 
climate variability, making it difficult to make direct 
comparisons of wind conditions at the studied sites.  
Therefore, harmonized hourly or sub-hourly wind speeds 
data from consistent observation periods should be used in 
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future studies to increase the accuracy and comparability of 
wind resource assessment results. 
Second, the current study was conducted using available 
climate data. The lack of data on short-term wind speed 
changes did not allow for the assessment of additional wind 
characteristics such as turbulence intensity. 
Third, the capacity factor was calculated based on monthly 
averages of wind speed. Because monthly averages of wind 
speed mitigate natural fluctuations in wind speed, and 
because the relationship between wind speed and wind 
turbine output is not linear, the calculated capacity factor will 
be exaggerated compared to those using high-frequency 
measurements of wind speed. 
In the future, work will focus on obtaining and analyzing high-
frequency wind speed data (for instance, data collected at 10-
minute intervals). Such data can be used to accurately 
calculate turbulence intensity, capacity factors, and to gain a 
better understanding of wind resources and wind turbine 
performance. In the future, longer data collection intervals 
and data from more locations can be used for analysis. 

6. Conclusion 

This study conducted an extensive assessment of the 
technical and economic viability of wind energy projects at 
various locations in Nigeria through the use of Weibull 
distribution techniques as well as Enercon turbine models of 
six types. The outcome shows significant variations among 
the selected sites in terms of wind availability, turbine 
efficiency, and economic viability. The analysis shows that Jos 
and Obudu have the highest potential for wind energy 
production due to their average wind speeds of more than 
8m/s and wind power density of more than 300W/m2. On the 
other hand, places such as Bauchi, Delta, Edo, Ondo, and Abia 
had low winds and wind power density, making them 
economically unviable. According to the results of seasonal 
analysis, about 80% of the sampled sites have an improved 
availability of wind power during the rainy season, leading to 
better power generation, better capacity factors, lower 
energy costs, and a faster payback period. These results 
indicate that seasonal variation should be taken into 
consideration when making plans for wind power. Out of the 
six different configurations of the wind turbines evaluated, 
the Enercon E101/3000 performed better in terms of 
economic and technical parameters because of its high rotor 
diameter and better power generation capacity. This turbine 
produced the highest amount of power and recorded the 
lowest energy cost among all other wind turbines at all the 
sites. Therefore, the E101/3000 is suggested as the best 
turbine configuration for future utility-scale projects in 
Nigeria. Economic analysis showed that wind energy plants 
could be very profitable where the conditions were ideal. The 
lowest cost of energy was obtained in Jos (0.014 USD/kWh), 
while the fastest payback period amounted to about 1.40 
years. These figures suggest high investment attractiveness 
and the long-term economic viability of the projects. At the 
same time, it is possible to conclude that wind energy 
projects' economic feasibility is largely determined by wind 
characteristics at particular locations. The study provided 
useful data for developing national renewable energy policies 
and demonstrated substantial potential for the 
implementation of wind energy technology in Nigeria. 
Further research needs to include wind resources 
monitoring, assessing offshore wind generation 
opportunities, installing hybrid renewable energy systems, 
and improving capacity factor calculation methodology in 
accordance with international engineering practice. 
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Figure A1. Power curves and power coefficient of the selected wind turbines 
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Figure A2. Annual wind speed value for all selected locations at various hub-height  
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Figure A3. Annual wind speed value during dry season for all selected locations at various hub-height  
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Figure A4. Annual wind speed value during rainy season for all selected locations at various hub-height  
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