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Abstract

In Nigeria, nearly 136.5 million people lack access to clean electricity, representing approximately 61.2% of the total population
(According to the National Bureau of Statistics). This study presents key information on wind speed distribution across the
country's 36 states, aiming to provide statistical recommendations for wind turbine deployment throughout the federation.
Fifteen years of wind data and five years of hourly data from the Nigerian Meteorological Agency (NIMET) were analyzed using
the standard deviation method of the Weibull distribution and GIS mapping techniques. The wind energy analysis reveals distinct
wind patterns and average speeds across various regions of Nigeria, which influence the feasibility of stand-alone wind energy
projects. In the Northwest region, an average wind speed of 4.2 m/s, a shape parameter (k) of 6.77, and a scale parameter (c) of
3.06 indicate moderate wind speeds with a steady distribution, particularly in states such as Sokoto and Gusau. The Northeast
region exhibits an average wind speed of 3.5 m/s, with a shape parameter (k) of 5.86 and a scale parameter (c) of 2.88; some
locations, like Damaturu, experience wind speeds up to 4 m/s. While the form parameter suggests relatively stable wind patterns,
the Southwest region shows comparatively low wind potential, with a shape parameter (k) of 6.46, a scale parameter (c) of 2.25,
and an average wind speed of 2.17 m/s. Similarly, the Southeast region has low but stable wind conditions, with an average wind
speed of approximately 2.00 m/s and shape and scale parameters of 6.35 and 2.05, respectively. In conclusion, the prospects for
wind energy projects appear marginally better in the Northwest and Northeast regions, especially in areas with higher wind
speeds. The generally low wind speeds observed in most regions underscore the need for hybrid energy systems that integrate
solar and wind power to provide a reliable and sustainable energy source.
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1. Introduction

The criterion for a nation's economic advancement is in-
tricately linked to its capacity to generate and distribute power,
an indispensable prerequisite for societal growth and national
progress [1]. Nigeria is endowed with multiple energy sources,
including fossil fuels, nuclear, and renewable options. How-
ever, its energy sector remains one of the most inefficient in
meeting the needs of its population [2]. Over the years, re-
newable energy has proven to be inexhaustible, clean,
cost-effective, and offers numerous environmental and eco-
nomic benefits compared to conventional energy sources [3].
Nigeria's electricity grid experienced 541 failures between
2000 and 2021, with the annual number of system collapses
reaching alarming levels. This highlights the current conven-
tional transmission system's inability to provide customers
with reliable, dependable, and continuous power [4]. Previous
studies have focused narrowly on specific states or regions,
such as Jos [3] or the Northwest [5]. While these localized
efforts are valuable, they lack the comprehensive scope nec-
essary to inform national energy policy. This study addresses
this gap by analyzing wind speed data across all 36 Nigerian
states and the Federal Capital Territory (FCT), providing a
holistic assessment of the country’s wind energy potential.

The motivation for this research arises from Nigeria’s on-
going energy crisis, characterized by frequent blackouts,
excessive reliance on generator sets, and an overstressed
transmission grid. The power system network (PSN) currently
faces voltage instability [6], despite Nigeria’s population
being estimated at approximately 227 million and projected to
reach 260 million by 2030 [7]. As demand increases, system
voltage gradually decreases until a critical threshold is
reached. Beyond this point, even a slight increase in demand
causes a significant voltage drop [7], ultimately leading to
voltage collapse when demand can no longer be met. The
adoption of renewable energy could diversify the energy mix,
reduce greenhouse gas emissions, and support Nigeria’s
commitments to global sustainability goals [9], such as the
Paris Agreement. By utilizing advanced statistical tools like
the Weibull distribution and GIS mapping, this study aims to:

1) Quantify the variations in wind speed across Nigeria’s

geopolitical zones.

2) Identify the regions with the highest wind energy po-

tential.

3) Provide data-driven recommendations for integrating

wind energy into Nigeria’s power infrastructure.

Before deciding whether to locate a wind turbine in a par-
ticular area, it is essential to assess the wind characteristics of
that location [8]. Unlike previous studies, which often relied
on limited datasets or coarse temporal resolutions, this re-
search encompasses all 36 states of Nigeria, including the
Federal Capital Territory, Abuja. It utilizes 15 years of daily
wind data (2004-2018) and 5 years of hourly data (2019-2023)
obtained from the Nigeria Meteorological Agency. This dual
approach captures both long-term trends and short-term dy-
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namics, providing a robust foundation for energy planning.
The findings aim to guide policymakers, energy developers,
and stakeholders involved in the Zero Generator Accelerator
Program toward sustainable solutions that address Nigeria’s
energy deficit.

2. Methodology

The studies obtain data from the Nigeria Meteorological
Agency (NIMET) covering the thirty-six states and the federal
capital Abuja. The data of which are of two types, the first
comprising 15 years (2004-2018) daily data and the second
covering 5 years (2019-2023) of hourly data measured in
knots.

Data processing involves:

Conversion of data from knot to m/s

Wind speed (m/s)=Wind speed (knots)>0.51444

This required conversion to meters per second (m/s) for
consistency and comparability with international wind speed
standards.

The Weibull distribution density function using the stand-
ard deviation method on Excel was used to analyze the wind
data.

For the daily wind data:

o) =43 ew[- ()]

where the k= shape parameter and c= scale parameter (v >0, k,
k>0,¢c>0).
using a statistical approach to obtain the optimal values for k
and c.

The corresponding Weibull cumulative distribution func-
tion (CDF):

1)

Kk
fw)y=1— exp (— (Z) ) 2
o —1.086
k= () @)
where:

o = standard deviation

v, = mean wind speed
¢ = 1,(0.568 + 0.433/k) % @)

Equations (5) and (6) were used to determine the monthly
wind speed and standard deviation
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U = 21, v; (6)

v; = represents each velocity on the data, v,,, = average
wind velocity, and n = number of measurements.

For wind resource assessment, especially when using
hourly datasets, the wind speed frequency distribution is es-
sential for predicting wind turbine power output. This distri-
bution illustrates how frequently specific wind speeds occur
within defined ranges or "bins," offering crucial insights into
the potential power generation over time. The Weibull dis-
tribution is commonly employed to model these frequency
distributions. (Adapted from *Wind Resource Assessment: A
Practical Guide to Developing a Wind Projects*.)

The probability density function of the Weibull distribution
is expressed as in equation (1), but here the v,, = Mean cubic
velocity.

1
s
_ (FESN3 @)
Uy = o
i=1J1i
o= vy k26674 (8)
0.184 + 0.816k2:73855

The scale parameter is adjusted by the shape parameter and
represents the characteristic of the wind speed of the site.

z;ﬂ=1fi (Vi _Vm)z

n
Zizifi

©)

o = the standard deviation formula showing the spread of
wind around the mean, weighted by the frequency of each
speed.

where represents the probability that a wind speed will
occur within a unit-width bin, centered on v. In this formula, k
(shape parameter) and c (scale parameter). These parameters
are adjusted to ensure the Weibull model aligns with the site's
observed data distribution, enabling accurate estimates of
power output potential from wind resources (Brower, 2012).

Comparison with Other Research

Previous studies, such as Argungu et al. [3], analyzed wind
energy potential in Jos using Weibull distributions but relied
solely on daily data from a single location over a relatively
short period of five years. Their approach yielded higher k
values, indicating greater wind stability, but overlooked
hourly fluctuations that are critical for turbine performance.
Similarly, Odo et al. [7] assessed wind potential in South-East
Nigeria using 10-year monthly averages, neglecting diurnal
patterns and the national scope. It is important to note that
using monthly wind speed data has limitations, such as
masking extremely low or high wind speeds within the month
and the inability to capture diurnal variations in wind speed
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[5]. In contrast, our methodology integrates both daily and
hourly datasets across all 36 states, providing a more granular
and comprehensive analysis.

Recent studies have enhanced the assessment of Nigeria's
wind energy potential by incorporating more comprehensive
datasets and refined methodologies. For instance, a 2025
computational study published in the Journal of Engineering
Research and Reports examined the feasibility of wind
power in Sokoto State using hourly wind data from July and
August 2023, combined with turbine aerodynamic modeling.
This study accounted for diurnal fluctuations and efficiency
factors, revealing how seasonal variations in wind speed
affect power generation capacity and underscoring the im-
portance of considering hourly and monthly patterns for
accurate performance evaluation [10]. Similarly, a 2024
study on wind energy utilization in llorin, Kwara State,
utilized a 15-year dataset of monthly average wind speeds
measured at multiple altitudes, demonstrating distinct sea-
sonal wind speed patterns and variations in wind power
density that are critical for renewable energy planning in
north-central Nigeria [11].

Moreover, monthly wind speed modeling in northwest
Nigeria using advanced Exponential  Autoregres-
sive-Fractional Integrated Generalized Autoregressive Con-
ditional Heteroscedasticity (EXAR-FIGARCH) models has
revealed long-memory effects and volatility in wind speed
data, thereby enhancing the understanding of wind speed
behavior for energy prediction [12]. These studies address the
limitations of earlier research that primarily relied on daily or
monthly average data from limited locations and time periods,
offering more granular and nationally representative assess-
ments of wind resources.

Recent wind power density measurements from the Nige-
rian Meteorological Agency (NiMet) in early 2025 highlight
significant regional variations. Northern states exhibit high
wind power densities—up to 206 W/m=2-making them fa-
vorable for large-scale wind energy projects. In contrast,
southern and coastal regions show lower densities due to
atmospheric and geographic factors [13]. These comprehen-
sive datasets enable more precise targeting of wind farm de-
velopments in optimal zones, improving estimates of turbine
performance and energy yield.

Altogether, the integration of hourly datasets, mul-
ti-altitude measurements, advanced statistical models, and
national coverage represents a significant advancement in
estimating Nigeria's wind energy potential over the past
five years. This approach addresses previous limitations
related to temporal resolution and spatial representation
[10-13].

Our use of the Weibull distribution offers greater flexi-
bility in modeling diverse wind regimes by accounting for
variations in both shape and scale parameters. The incor-
poration of GIS mapping further distinguishes this study,
enabling spatial visualization that is absent in most pre-
vious Nigerian wind research. This multifaceted approach
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enhances the accuracy and applicability of the findings for
national-scale energy planning.

Table 1. Data showing average windspeed in the North Central
states of Nigeria.

North Central K ¢ (m/s) v (m/s)
3. Result
Abuja 581 181 2
The results for the 36 states' locations, as shown in the table
. L Benue 6.00 1.78 2
below, demonstrate that a reliable frequency distribution of
wind speeds is essential for accurately estimating energy llorin 6.18 215 2
output from wind resources. T_he_wmd speed analysis revea!s Jos 4.82 3.10 3
that most occurrences fall within the 1-4 m/s range. This )
distribution suggests limited power output potential for  K°9! 6.24 2.08 2
standalone wind turbines but indicates a viable supplementary Lafia 7.97 2.17 2
role within a hybrid system when combined with solar energy. Minna 6.24 162
North Central
Abuja Benue Kogi
1 1 L4
08 08 12
1
06 06 08
04 04 0.6
0.2 02 Zj Minna
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Figure 1. Average wind speed in the North Central states of Nigeria.
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Figure 2. Average wind speed in the North-Eastern states of Nigeria.
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Table 2. Data showing the average windspeed in the North-Eastern
states of Nigeria.

North East k C V (m/s)
Jalingo 5.42 3.34 3
Gombe 5.65 3.53 3
Damaturu 7.24 3.73 4
Borno 6.50 2.75 3
Adamawa 5.34 2.05 2
Bauchi 10.39 2.38 2
North West
Sokoto Kebbi
0.6 0.8
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—e—fiv) —e—f(v)
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Figure 3. Average wind speed in the

Table 3. Data showing the average wind speed in the North-Western
states of Nigeria.

North West K C V (m/s)
Sokoto 6.03 4.19 4
Kebbi 5.94 241 2
Katsina 6.00 2.99 3
Kano 5.81 244 2
Kaduna 5.25 2.77 3
Gusau 6.06 3.81 4
Dutse 12.31 2.79 3
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The k values for the North-East states range from 5.34
(Adamawa) to 7.24 (Damaturu). Higher k values indicate more
consistent wind speeds, which is advantageous for maintaining
steady power output from wind turbines. With the highest k
value of 7.24, Damaturu exhibits the most stable wind profile
among these states. This stability reduces variability in power
output, making it ideal for wind energy production.

The scale parameter, ¢, ranges from 2.05 m/s in Adamawa
to 3.73 m/s in Damaturu, indicating that the wind in this re-
gion is not only stable but also relatively strong. This makes it
highly suitable for wind energy projects.

Kaduna

0 2 4 6 8 10 12 14 16 18 20

—a—f{v)

Gusau

Dutse

ﬂlG 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20

—a—f(v) vl
—e—fly

North Western states of Nigeria.

Sokoto and Gusau appear to be the most promising loca-
tions for standalone wind energy projects due to their rela-
tively high average wind speeds and favorable scale parame-
ter values. The consistent wind conditions in these areas can
support continuous energy production, making these sites
ideal for larger-scale wind farms.

Dutse exhibits exceptional stability in wind patterns, as
indicated by its very high k value. This characteristic is ad-
vantageous for projects requiring consistent wind resources,
although the lower k value suggests that wind strength may
not be as high as in Sokoto and Gusau.

Kano, Kaduna, and Kebbi may have less favorable condi-
tions for standalone wind projects due to lower average wind
speeds. These regions could benefit more from hybrid re-
newable systems that combine both wind and solar resources
to ensure a reliable energy supply.
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Figure 4. Average wind speed in the southwestern states of Nigeria.

Table 4. Data showing the average wind speed in the south-western
states of Nigeria.

South West K C V (m/s)
Abeokuta 6.87 1.79 2
Akure 6.44 1.86 2
Ekiti 6.59 2.19 2
Ibadan 6.69 2.33 2
Ikeja 6.01 3.47 3
Oshogbo 6.17 1.83 2

Ikeja appears to have the greatest wind energy potential
within the South-West region due to its higher c-value and an
average wind speed of 3 m/s. This makes it a favorable loca-
tion for wind turbines, which require stronger winds to gen-
erate power. This advantage may be related to the location’s
proximity to the shore.

Abeokuta, Akure, Ibadan, Ekiti, and Osogbo, characterized
by lower shape parameter (c) values and average wind speeds,
may face challenges if relying solely on wind energy. How-
ever, these locations could still contribute effectively to a
hybrid renewable energy system, particularly when combined
with solar energy, which is abundant in Nigeria. A statistical
assessment of wind energy potential in Ibadan [14, 15], based
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on the Weibull distribution model using 10 years of daily
wind speed data (1995-2004), revealed that the site has an
annual power density of approximately 12.55 W/m=and an
average annual wind speed of 2.7 m/s. These conditions are
suitable only for low-power applications such as battery
charging and water pumping [15, 16], underscoring the need
for a hybrid system to ensure seamless energy generation in
these regions.

The relatively high k (shape parameter) values across the
region are advantageous for project planning, as they indicate
stable wind speeds. Although the average speeds are lower,
this stability can still support consistent, albeit modest, energy
generation. This output could be supplemented with solar
energy to provide a reliable power supply.

Table 5. Data showing the average wind speed in the South-South
states of Nigeria.

South South K C V (m/s)
Asaba 6.10 1.90 2
Bayelsa 5.31 1.72

Benin 6.05 1.54 1

Port Harcourt ~ 5.92 241 2
Calabar 9.02 191 2

Uyo 5.68 2.84 3
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Figure 5. Average wind speed in the South South States of Nigeria.

The shape parameter k ranges from 5.31 in Bayelsa to a
notably high 9.02 in Calabar, with an average value of 6.35.
This narrow range indicates limited variation in wind speed,
reflecting stable wind conditions. Calabar’s k value of 9.02
signifies highly consistent wind speeds, which can improve
the predictability of wind power output at this site. Addition-
ally, wind speeds are generally weak in the southern region,
except along the coastal and offshore areas, which experience
stronger winds. Offshore zones extending from Lagos through
Ondo, Delta, Rivers, Bayelsa, and Akwa Ibom States have
been identified as having significant potential for harvesting
strong wind energy year-round.

Other locations, such as Uyo (5.68) and Port Harcourt
(5.92), exhibit moderate k values, indicating that although
they experience fluctuations in wind speeds, the conditions
remain sufficiently stable for viable wind energy generation.

Uyo and Calabar offer the most favorable conditions for
wind energy generation in the South-East. Uyo’s high scale
parameter and average wind speed, combined with Calabar’s
high shape parameter (k), indicate that these locations could
support small-scale wind energy projects with consistent
output.

Benin and Bayelsa, characterized by lower scale parameter
(c) values and reduced wind speeds, may find standalone wind
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energy projects less feasible. Integrating wind energy with
solar resources would likely be advantageous in these regions,
particularly because solar irradiance is generally high in Ni-
geria, offering a complementary energy source to compensate
for lower wind speeds.

The high shape parameter values across most states in the
Southeast are advantageous for predictable energy output,
reinforcing the potential for a hybrid energy strategy in which
wind energy can play a consistent, if not primary, role.

Table 6. Data showing average wind speed in the south eastern
states of Nigeria.

South East K C V (mls)
Imo 6.40 1.58 1
Umuahia 6.10 2.56 2
Enugu 5.91 1.85 2
Anambra 6.04 1.84 2
Abakaliki 6.17 1.88 2
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Figure 6. Average wind speed in the South eastern states of Nigeria.

The k values for the southeastern region range from 5.91 in

Enugu to 6.40 in Imo, with an average of 6.12. Higher k
values indicate more consistent wind speeds, though not
necessarily stronger winds. Imo’s shape parameter of 6.40
suggests stable wind conditions, which are advantageous for
maintaining steady and predictable power output.

The scale parameter (c) values range from 1.58 in Imo to
2.56 in Umuahia, with an average of 1.94. The higher ¢ value
in Umuahia suggests stronger wind speeds compared to other
locations in the region. Generally, scale parameters below 3
m/s, as observed here, indicate that wind speeds may be in-

North West
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fv)
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sufficient for large-scale wind power generation; however,
they could still support small-scale or hybrid renewable en-
ergy solutions.

Average wind speeds range from 1 m/s in Imo to 2 m/s in
other states such as Umuahia, Enugu, and Abakaliki, with a
regional average of 1.8 m/s. This range is relatively low for
wind energy, as typical utility-scale wind turbines require
speeds above 4 to 5 m/s for efficient power generation. Con-
sequently, these states may benefit more from a hybrid ap-
proach that integrates wind and solar energy.
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Figure 7. Northwest hourly time data.
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Table 7. Average wind speed for north western states from hourly
time data.

North West K C V (m/s)
Sokoto 4.00 3.50 3
Kebbi 4.00 3.22 3
Katsina 4.52 3.56 3
Kano 491 3.05 3
Kaduna 3.58 3.39 3
Gusau 4.08 3.59 3
Dutse 5.13 2.87 3
Average 4.32 331 3

Similarities with the Daily Northwest Data

Both datasets consistently report an average wind speed of
about 3 m/s across the Northwest region. This consistency
shows that the region experiences fairly stable wind speeds,
whether analyzing daily or hourly data.

The (k) values in both datasets indicate moderate variability
in wind speeds, suggesting a relatively predictable wind pat-
tern. In the daily dataset, (k) averages 6.77, while in the hourly
dataset, it averages 4.32. Although these values differ, both
show variability that can be effectively managed for energy
generation. Additionally, both datasets highlight the region's
suitability for hybrid systems combining wind and solar re-
sources, given the relatively low wind speeds.

Differences

Higher (k) values, averaging 6.77, indicate less variability and
a tighter distribution of wind speeds, implying more consistent
wind behavior over daily periods. In contrast, lower (k) values,
averaging 4.32, reflect greater variability in hourly wind speeds,
likely influenced by daily and local atmospheric conditions.

The (c) parameter for daily data averages 3.06 m/s, slightly
lower than in the hourly dataset, suggesting that the typical wind
speeds measured daily are lower than those captured hourly.

While the (c) parameter averages 3.31 m/s on an hourly
basis, indicating a slightly higher characteristic wind speed
due to shorter measurement periods, the hourly dataset cap-
tures more detailed fluctuations, providing better insights into
wind speed dynamics. In contrast, the daily dataset smooths
out these variations, giving a more general overview.

Hourly Data Strengths: The higher time resolution of the
hourly dataset makes it better suited for designing systems
that need detailed operational data, such as wind turbine
performance or daily energy planning.

Daily Data Strengths: The daily dataset is more useful for
long-term resource assessment and strategic energy planning,
as it provides a summarized view of wind energy potential
over longer periods. Daily Northwest Data

Both datasets consistently report an average wind speed of
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approximately 3 m/s across the Northwest region. This con-
sistency indicates that the region experiences relatively stable
wind speeds, regardless of whether daily or hourly data are
analyzed.

The (K) values in both datasets indicate moderate variability
in wind speeds, suggesting a relatively predictable wind re-
gime. In the daily dataset, (k) averages 6.77, while in the
hourly dataset, it averages 4.32. Although these values differ,
both reflect variability that can be effectively managed for
energy generation. Additionally, both datasets underscore the
region's suitability for hybrid systems that combine wind and
solar resources, given the relatively low wind speeds.

Differences

Higher (k) values, averaging 6.77, indicate less variability
and a tighter distribution of wind speeds, suggesting more
consistent wind behavior over daily intervals. In contrast,
lower (k) values, averaging 4.32, reflect greater variability in
hourly wind speeds, likely influenced by diurnal and local
atmospheric conditions.

The (c) parameter for daily data averages 3.06 m/s, slightly
lower than in the hourly dataset, suggesting that the charac-
teristic wind speeds measured daily are lower than those
captured hourly.

While the (c) parameter averages 3.31 m/s on an hourly basis,
reflecting a slightly higher characteristic wind speed due to
shorter measurement intervals, the hourly dataset captures finer
fluctuations, providing more detailed insights into wind speed
dynamics. In contrast, the daily dataset smooths out these var-
iations, offering a more generalized perspective.

Hourly Data Strengths: The higher temporal resolution of
the hourly dataset makes it more suitable for designing sys-
tems that require detailed operational inputs, such as wind
turbine performance modeling or diurnal energy supply
planning.

Daily Data Strengths: The daily dataset is more suitable for
long-term resource assessment and strategic energy planning,
as it offers an aggregated view of wind energy potential over
extended periods.

North Central

Table 8. Average windspeed from North Central hourly data.

North Central k c V (m/s)
Abuja 3.7 21 2

Jos 3.4 2.8 2.6
Kogi 3.6 25 24
Lafia 4 2.2 21
Benue 4 1.2 1.9
Minna 2.6 2.6 2.3
lorin 2.8 4.2 2.7
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Table 9. Average windspeed from North East hourly data.

North East

Jalingo
Gombe
Damaturu
Borno
Adamawa

Bauchi
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k
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3.34
3.59
4.55
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Figure 9. North East hourly time data.

V (m/s)

W NN W W W

Both datasets for daily and hourly suggest that the North
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East experiences moderate wind speeds. Both hourly and
daily data show consistent wind characteristics across loca-
tions like Gombe and Damaturu, which have slightly higher
wind potentials than others.

The difference arises from the mean wind speed (V) of the
daily data, showing slightly higher average wind speeds (3.00
m/s) compared to the hourly data (2.67 m/s). This may be
attributed to time-related averaging, where daily data captures
peak winds better than hourly measurements.

The shape parameter (k) of the daily data has a higher k
value (5.65) compared to hourly data (4.08), indicating that
wind speeds are more consistent when observed daily,
whereas hourly data captures more variability in short-term
fluctuations.

For the Scale Parameter (c), The c value for daily data (3.53
m/s) is also higher than for hourly data (2.81 m/s). This sug-
gests that the daily dataset reflects stronger characteristic
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wind speeds, likely due to temporal smoothing effects.
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Figure 10. South South hourly time data.

Table 10. Average wind speed from south south hourly time data.

characteristics, with higher k and ¢ values indicating steadier
and slightly stronger wind conditions.

Low Overall Potential: The general wind speeds across the
region are low, which may limit the feasibility of large-scale
wind energy projects without significant technological ad-
vancements in low-speed turbine efficiency.

This data can guide localized renewable energy strategies.
Cities with better wind characteristics, such as Uyo, could be
prioritized for small-scale wind turbine deployments. How-
ever, alternative renewable sources like hybrid renewable
systems might provide better returns given the region's wind

South South K c V (m/s)

Asaba 4.01 2.48 2

Yenagoa 343 221 2

Benin 2.51 2.50 2

Port Harcourt  3.43 1.99 2

Calabar 2.97 1.88 2 limitations.
Uyo 4.16 3.27 3

The average wind speed is relatively low across the region,
with all locations falling around 2 to 3 m/s. Uyo shows the
highest value at 3 m/s, suggesting slightly better wind poten-
tial compared to other cities. The k values range between 2.51
and 4.16. Higher k values in locations like Uyo and Asaba
indicate more consistent wind speeds over time, while cities
like Benin 2.51 reflect greater variability in wind conditions.

The scale parameter, which characterizes the wind distri-
bution's scale, averages at around 2.39 m/s. Uyo again stands
out with the highest ¢ value of (3.27) m/s, reflecting a stronger
characteristic wind speed.

Locations like Uyo and Asaba exhibit relatively better wind
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Table 11. Average wind speed from south west hourly time data.

South West K C V (m/s)
Abeokuta 3.77 2.44 2
Akure 3.61 2.10 2
Ekiti 4.49 2.28 2
Ibadan 3.47 2.21 2
lkeja 4.52 3.77 3
Oshogbo 3.93 2.30 2
Average 3.96 2.52 2
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Figure 11. South west hourly time data.

The South West hourly wind data indicates moderate varia-
bility and generally low wind speeds, reflecting the region's
limited wind energy potential. The shape parameter k values
range from 3.47 to 4.52, with an average of 3.96, suggesting
moderately variable wind conditions across the locations. The
scale parameter ¢ averages 2.52 m/s, with individual values
ranging from 2.10 m/s (Akure) to 3.77 m/s (Ikeja), highlighting
modest wind strengths. The average wind speed v across the
region is 2 m/s, consistent with the relatively weak wind profile,
except for lkeja, which shows slightly higher potential (3 m/s).
This dataset indicates the South West's challenges in leveraging
wind energy for large-scale applications.

The comparison between the South West hourly and daily
wind data reveals subtle differences in wind characteristics,
reflecting the resolution and variability captured by each
dataset. The hourly data shows a slightly lower average scale

parameter (¢ = 2.52 m/s compared to the daily data ¢ = 2.25
m/s, indicating marginally stronger winds in the hourly reso-
lution. However, the average wind speed v is consistent across
both datasets at approximately (2 m/s), highlighting the re-
gion's weak wind energy potential overall.

The shape parameter k averages 3.96 in the hourly data and
6.46 in the daily data, suggesting greater variability in the
hourly dataset. This difference is expected, as hourly meas-
urements capture more short-term fluctuations compared to
the smoothed daily averages. Locations like lkeja exhibit a
consistent trend of higher wind speeds and energy potential
across both datasets, while others, such as Akure and Osogbo,
remain stable at the lower end of the spectrum. These findings
underline the South West's challenges for wind energy de-
velopment, with limited potential evident in both temporal
resolutions.
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Figure 12. South East hourly data.
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Table 12. Average wind speed from the southeast hourly data.

South East K c V (m/s)
Imo 4.07 2.04 2
Umuahia 4.28 2.25 2
Enugu 4.35 2.30 2
Anambra 4.08 2.34 2
Abakaliki 4.08 2.34 2
Average 4.17 2.26 2

The Southeast hourly wind dataset, compared to its daily
counterpart, reveals several key similarities and differences in
wind characteristics across the region.

Both datasets show low average wind speeds, V = 2 m/s,

Enugu and Abakaliki consistently exhibit relatively higher
wind speeds, demonstrating a persistent pattern regardless of
temporal resolution. The shape parameter k also indicates a
relatively stable wind profile, with minor variability observed
in both hourly and daily assessments.

The hourly data show a slightly lower average shape pa-
rameter, k = 4.17, compared to the daily dataset, k = 6.12,
reflecting smoother wind distributions at the daily level, likely
due to averaging effects. The scale parameter, c, for the hourly
dataset is 2.26 m/s, slightly lower than the daily data value of
2.34 m/s, indicating marginally weaker winds on an hourly
basis. These differences highlight that hourly data better
capture short-term fluctuations, while daily data smooth these
variations to present broader trends. Although the
South-South region shows limited wind energy potential in
both datasets, the hourly data provide more detailed insight
into short-term wind variability, which could be crucial for

indicating limited wind energy potential. Regions such as

1es.

fine-tuned wind resource assessments or microclimate stud-
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Figure 13. Geographical Information System (G1S) mapping for the daily wind variation across Nigeria.

(3.5-4.2 m/s), which are optimal for small-scale wind energy
applications.
Southern states, especially those in the South-South and

The daily GIS map highlights regions with varying wind
speed ranges, showing that areas such as the Northern region
and parts of the Middle Belt exhibit moderate wind speeds
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South-West regions, exhibit lower wind speeds (below 2.8
m/s), indicating limited potential for wind energy generation
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under typical daily conditions.
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Figure 14. Geographical Information System (G1S) mapping for the hourly wind variation across Nigeria.

The hourly GIS map shows slightly higher wind speeds
across most regions compared to the daily averages, indicat-
ing temporary variability and the potential to harness wind
energy during specific times of the day.

The North-East and North-West regions, along with parts
of the North-Central region, consistently exhibit higher wind
speeds (>3.5 m/s), underscoring their suitability for wind
energy projects.

South-South and South-West regions remain within the
lower wind speed range, indicating minimal variation be-
tween hourly and daily wind conditions.

The GIS analysis confirms a geographical disparity in wind
speed potential, with northern regions exhibiting higher wind
speeds that are suitable for wind energy applications. The
insights from hourly wind speed data generally exceed daily
averages, providing potential opportunities for energy capture
at specific times.

4. Discussion

The findings from the wind energy analysis across Nige-
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ria’s regions reveal distinct wind patterns and average speeds
that influence the feasibility of standalone wind energy pro-
jects. In the Northwest region, the average shape parameter (k)
of 6.77 and scale parameter (c) of 3.06, along with an average
wind speed of 4.2 m/s, indicate moderate wind speeds with a
stable distribution, particularly in states such as Sokoto and
Gusau. These wind characteristics could support small-scale
wind installations; however, hybridization with solar energy
would likely improve energy consistency and output.

In the Northeast, which has an average shape parameter (k)
of 5.86 and scale parameter (c) of 2.88, the wind speed av-
erages approximately 3.5 m/s, with some locations, such as
Damaturu, reaching up to 4 m/s. These wind speeds are more
favorable for wind power generation compared to other re-
gions, making the Northeast a viable candidate for small-scale
wind projects or hybrid energy systems. The stability of wind
patterns in this region, as indicated by moderate shape and
scale values, further enhances its potential for consistent en-
ergy output when combined with solar resources.

The Southwest region, with a shape parameter (k) of 6.46, a
scale parameter (c) of 2.25, and an average wind speed of 2.17
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m/s, exhibits relatively low wind energy potential. However,
the higher stability of wind patterns, as indicated by the shape
parameter, suggests that wind conditions are consistent over
time. Despite this stability, the low wind speeds may limit the
feasibility of standalone wind energy generation. Neverthe-
less, the region’s wind characteristics could be effectively
utilized in hybrid energy systems, where solar power com-
pensates for the limited wind energy contribution.

Similarly, in the Southeast, the average wind speed is ap-
proximately 2.00 m/s, with shape (k) and scale (c) parameters
of 6.35 and 2.05, respectively, indicating low but stable wind
conditions. This stability makes the region more suitable for
hybrid energy systems, as standalone wind power generation
would be inadequate. The South South region, which has the
lowest average wind speed of 1.80 m/s and shape and scale
parameters of 6.12 and 1.94, respectively, exhibits minimal
potential for wind energy projects. Although its stable wind
pattern suggests consistency, the wind speeds are insufficient
to support standalone wind energy production, favoring hy-
brid solutions where solar energy can provide a substantial
portion of the energy supply.

5. Conclusion

The North West and North East regions demonstrate
slightly better prospects for wind energy projects, particularly
in areas with higher wind speeds. However, the generally low
wind speeds across most regions highlight the necessity for
hybrid energy systems that integrate both wind and solar
resources to deliver a reliable and sustainable energy solution.
This approach capitalizes on the complementary strengths of
wind and solar energy, especially in regions where standalone
wind generation would be unfeasible.

Hourly data provides detailed insights into short-term var-
iability and is crucial for real-time energy optimization and
forecasting. However, it may underestimate the potential of
wind power due to lower average wind speeds. In contrast,
daily data captures long-term trends and higher average wind
speeds, making it more suitable for feasibility studies and
turbine selection. It offers a clearer picture of the overall wind
resource potential for planning purposes.

Abbreviations

CREST Center for Renewable Energy and Sustainable
Transition

GIS Geographical Information System

NIMET Nigerian Meteorological Agency

ZE-GEN  Zero Emissions Generator
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