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For a proposed multi-source all-renewable microgrid in Nigeria’s Middle-
belt region, this paper presents a multi-temporal approach to the
investigation of the uncertainty in the potential of renewable energy
resources. The wind, solar, and hydropower resources for a proposed multi-
source all-renewable off-grid community microgrid are considered using an
array of probabilistic techniques. The peculiar variances in the location’s
climate throughout the year make the more common method of annual
models of renewable resources unsuitable for power system planning.
Consequently, a more granular model of its renewable resources over time is
needed. Therefore, for the chosen location, for each renewable resource, a
composite multitemporal maximum-likelihood estimation-based (MLE)
probabilistic model for characterization is developed. A total of 39
probabilistic models are developed. Up to 40% improvement in the accuracy
of the statistical measures for renewable resource uncertainty was observed.
Multi-temporal approach provides more accurate information for power
system planning over time than the conventional approach of single

aggregate models, especially for hydropower, which is strongly affected by
the relatively sporadic occurrence of rainfall. The study shows that solar
energy is promising, hydropower potential is seasonal and complementary,
and wind potential is low at the location considered in this study.
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1. INTRODUCTION

The importance of renewable energy in the evolved societies of the modern era is one of the most
actively-discussed topics in the conversation on the sustainability of technology-driven civilizations globally
[1]. Reasons for the emergence and increasing endorsement of renewable energy technologies include
concerns about global warming and the attendant climate change, health hazards associated with pollution
from the by-products of fossil-fuel use, as well as the finiteness and potential exhaustion of fossil fuel
reserves [2]-[4]. For these among other reasons, renewable energy has gained prominence in the global
discourse. Africa is the second most-populous continent on the globe [5] and is on track to become the
continent with the largest population [6]. Nigeria is the African nation with the highest population [7].
Nigeria also possesses abundant renewable and non-renewable energy resources. It is a tropical nation in
which many rivers flow, including the Niger River, the third-longest river in Africa (reflecting hydropower
potential) [8]. The nation also has over 900,000 square kilometers of land and a varied climatic landscape,
including dry, well-insulated, and arid regions (reflecting solar photovoltaic and solar thermal potential) and
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biomes with different vegetation systems (reflecting biomass potential) [9]. It is a coastal nation (reflecting
wind energy potential) [10]. In addition, Nigeria is a country with natural gas, oil, and coal reserves [11].
Even with this abundance of natural endowments in terms of energy resources, less than two-thirds of the
country’s population has electricity access, and those who do have it frequently suffer poor quality of service,
which negatively impacts the quality of life in the country [12]-[16].

The power generation in Nigeria is centralized, with a few large power plants. Also, large-scale
hydropower is the only form of renewable energy known to be harnessed on a multi-megawatt scale in
Nigeria at the time of this research. Microgrids and distributed generation are concepts that have not
significantly gained ground in Nigeria. Nevertheless, there have been successful implementations of
standalone microgrids [17], [18]. A major factor in the receptiveness to microgrid implementation is the
combination of economic, socio-political, and technical difficulties associated with implementing grid
extensions [19]. Thus, many communities are left with no grid access and it is very common for Nigerian
homes and businesses to own, kilowatt-scale diesel-, gas-, or petrol-fueled generating sets, commonly and
informally referred to in Nigeria as “I-pass-my-neighbor” [20]-[22]. In discussing energy matters on a global
scale, the need for renewable energy to replace and minimize fossil-fuel generation is a common theme.
However, in many African communities, fossil-fuel generation, even when un-curtailed, is insufficient and
inadequate to supply the needs of the economies [23], [24]. In other words, developed nations participating in
the renewable energy transition have usually already attained energy sufficiency for their economies in the
present day, but want to replace fossil fuels with renewable energy for their economies, while developing
nations, such as Nigeria, are yet to attain energy sufficiency in the first place. This has had several
implications for the prospects and importance of renewable energy in Nigeria.

The Nigerian transmission network is prone to collapse due to instability and is radial [25].
Furthermore, a significant proportion of the country’s population is not served by the transmission network.
The extension of this transmission network, which already suffers instability issues, is a complicated matter
technically, economically, and socially. This is because not only could be grid be further destabilized by
major extensions without very detailed planning and analysis, but the economic prospects are also daunting.
There also exist terrains across which it is difficult to extend the transmission network. Furthermore, in many
of Nigeria’s rural/remote communities where grid connections can be found, such connections are negatively
impacted by a relative (and sometimes absolute) lack of maintenance when compared to grid sections in
urban centers [26]. Thus, for many rural or neo-urban communities in Nigeria, a localized standalone power
generation system (such as a microgrid) presents the most viable, sustainable, satisfactory, and feasible
solution to the lack of or the inadequacy of electrical energy access.

It is desirable that for new power generation systems, renewable options are prioritized. This is per
the seventh United Nations’ Sustainable Development Goal which emphasizes the provision of access to
energy that is affordable, sustainable, and not harmful to the environment or the people in it [27]. For
localized power generation, non-polluting renewable energy sources (which excludes biomass) present
significantly-less health hazards than fossil-fuel options [2]. However, in an all-renewable microgrid system
that stands alone, the intermittent of renewable resources such as wind, solar, and small-hydropower energy
presents levels of uncertainty that could critically impact the functioning of such systems. Thus, it is
important to assess these renewable energy resources before significant financial investments are made.

In the choice of location for this study, it was considered that the northernmost regions of Nigeria
are associated with relative dryness and aridity, with weather and climate being dominated by the influence
of the Sahara Desert, with solar power being applicable, and with a major challenge to this being dust [28].
Conversely, the southernmost regions of Nigeria are associated with marine and coastal biomes, with solar
power also being applicable, as well as small-hydropower and wind due to the abundance of water [29], [30].
However, in Nigeria’s middle belt region, renewable energy resources are subject to climatic influences from
both the north and the south and are thus worthy of further study.

The key concept in this study is the idea that for the planning of renewable energy installations that
are to operate mostly or completely without support from the larger grid, the aggregated statistical
distributions using entire time-series datasets (such as the Weibull distribution for wind), can provide an
expectation of the general performance of local energy resources. However, these applications of statistical
techniques on aggregated annual datasets are not able to provide information on the performance of the
energy resources across months and seasons of the year. Thus, these distributions can be used across separate
time divisions and resolutions to develop a multi-temporal model that gives more information about the
seasonal and monthly variations in renewable energy resources.

In this work, the wind energy potential at the chosen location is investigated across different
temporal divisions using the maximum-likelihood estimation (MLE) methods in combination with the
Weibull distribution in terms of shape and scale parameters. The solar energy potential is investigated using
the Lognormal distribution with an MLE estimation, while the micro-hydro power of the chosen river, the
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Oshin River, is investigated using the Gumbel/extreme-value (EV) distribution with the MLE estimation
method. While several software applications, such as the hybrid optimization of multiple energy resources
(HOMER Pro) and RETScreen applications, are commonly and successfully used for microgrid planning and
assessment, these software applications are designed to work with entirely contiguous datasets to give unified
information, with limited control over the temporal resolution [31]. Additionally, the assessments that are
most frequently aided by these software applications are designed to consider the detailed load data, usually
at an hourly resolution. Thus, such study methodologies are not entirely able to provide the multi-temporal,
multi-energetic perspective desired in this study, which is attempted for the first time in this study. For this
reason, probabilistic methodologies for renewable resource assessment have been used by studies [31]-[44].
However, while most studies have focused on comparing locations for specific renewable technologies, this
study compares multiple renewable resources at a single location using a different probabilistic approach for
each. Thus, it can be said that this work is an aggregate of separate studies on each of the three different
renewable resources considered. In addition to providing results on the renewable energy sources considered
at the chosen location, whose importance has been established earlier, this work also presents a repeatable
methodology for similar use cases in other locations in Nigeria, both of which are being attempted for the
first time in this study.

2. METHOD
2.1. Site and data description

The three different renewable energy sources of wind, solar, and micro-hydropower using the Oshin
River are investigated. Arandun is located in Nigeria’s savanna climatic region. It experiences two annual
seasons, the wet/rainy season which peaks around July, and the dry/harmattan season which peaks around
January. Total yearly precipitation between 700 and 2,600 mm is usually obtained, feeding the streams and
rivulets in the community. The wind and solar data over Arandun are provided for analysis by NASA [45],
with the coordinates of the town being 8° 4' 59" N and 4° 57' 0" E. The community is an urbanizing town,
with this process being helped by the availability of land. Thus, the communities in this region of Kwara
State, Nigeria, including this one, have been growing both in physical size and in terms of population. The
solar and wind data are provided for the location from January 2001 to December 2021 and used in this
study. This corresponds to a rich dataset with each of those variables having over 184,000 data points.
Specifically, the wind speed at a height of 50m, the ambient temperature (on the Celsius scale), and the
Global Horizontal Irradiance (in Wh/m?), as well as the wind direction, were harvested from the database.
A map of Arandun is provided by Google in Figure 1.

On the other hand, after a physical survey of the community, the Osin River, a fourth-order stream
flowing with an upper catchment of 70 km [46], was selected for the micro-hydro, as it flows through the
community, well away from the city Centre. The data for the hydropower modelling was gathered by
repeated gauging of the Oshin River in Arandun. The flow velocity, width, and depth of the river at different
points, measured during the high and low points of its annual cycle, were probed and these data were used to
develop a monthly profile for the streamflow (in Liters/second) that was then used in this study.
Measurements obtained in this study are an underestimation of the river’s true potential because of some
obstacles (vegetation) along the course of the river, which slows it down significantly in the dry/harmattan
season. Consequently, the gauging was done at different points along the river’s course and then averaged to
account for this factor as much as possible.

The velocity-area method as elaborated upon in [47] was used to compute the streamflow. In this
method, the velocity of the river flow was measured by timing floating objects across a fixed distance. The
cross-sectional area of the river was estimated by measuring the depth and width of the river at different
points. The river depth and head were also measured over a section of its course using the hose-level method
recommended in [47] (also during the dry season, restricted to the shallower parts both for safety and
topographical measurement accuracy). Figure 2 shows the method used for gauging the head of the Oshin
River in Arandun as well as a picture of the researcher gauging the pressure head of the river in the dry
season in February. The streamflow is finally computed as the product of the velocity and the cross-sectional
area. The equation for computing the streamflow is given in (1) and (2).

Fo=A. XV, (l)
where:

A, = dg X wy 2
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In (1) and (2), F, is the streamflow of the river in Liters/second, A, is the cross-sectional area of the river in
m2, 1 is the stream velocity in m/s, d, are the average depth of the river at the point at which the cross-
sectional area is being measured, while w; is the width of the river at the same point, all distance units being
in meters. In lieu of presenting the entire dataset used, the descriptive statistics for the data are provided in
Table 1.

Table 1. Preliminary descriptive statistics on the renewable resource data in the study

Data Wind speed (m/s)  Temperature (°C) Insolation (Wh/m?) Stream flow (L/s)
Minimum 0.02 10.81 0.00 187.71
Maximum 10.33 40.29 1001.44 36463.83

Median 4.21 24.21 9.63 3155.54

Mean 4.06 24.97 208.51 6983.07

Standard deviation 1.68 3.65 279.55 8492.22
Skewness -0.14 0.49 1.02 1.36
Kurtosis 2.34 3.20 2.58 3.88

2.2. Maximum-likelihood estimation

The maximum-likelihood estimation (MLE) technique was used to fit the renewable resource data
for solar irradiance, wind energy, and streamflow to a set of probability distributions as described. While
regression is used in straight-line or polynomial functions, MLE, while less simple, is more universal and
used for fitting a set of data to any probability distribution function, while also allowing the degree of fit of
the data and the function to be assessed in terms of confidence intervals. Linear regression is a special case of
the MLE method in which the function to be fit is a straight line. MLE is a method of estimating the
parameters of an assumed probability distribution, given some observed data. It is suitable for any type of
differentiable probability distribution function, which makes it suitable for all the types of probability
distributions used in this study (Weibull, Lognormal, and Gumbel). In the data-processing stage, all negative
values (which are outliers in the first place) are replaced with floating-point numbers as close to zero as
allowed by the research computer’s floating-point standard.

The formulation for the maximum-likelihood estimation method is presented for this study. Given
the parametric probability distribution f (such as a Weibull distribution), with parameters x in parameter
space X, with data set y containing any number of values denoted by n, the likelihood function, L, is obtained
by evaluating as in (3).

L(x) = f(y;%) @)

MLE involves finding values of the parameters of f (such as the Weibull model’s shape and scale parameters)
that maximize the likelihood L, over the parameter space X, as presented in (4). The MLE is then used to
obtain the best fit for the Weibull, Lognormal, and Gumbel distributions.

X =argmaxL, (x;y);x €X 4)

2.3. Probability distributions used in the work
2.3.1. Weibull distribution

For modelling wind speed distributions, the Weibull distribution is well-established as a preferred
choice in the literature due to its repeatedly verified suitability [31], [48]-[55]. In addition to the
comprehensive Weibull distribution, the wind speeds were separated by month and then modelled to their
Weibull distributions, giving a total of 13 Weibull distributions. The MLE concept is applied to the Weibull
distribution as presented in [49], [56]. The Weibull distribution itself is given in (5) from [56].

=€) Qo - ) 0
F(v) = 1 — exp (— (g)k) (6)

Q) = (~log(1 — v)) @)
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The average value of the wind velocity, v, and the standard deviation, v are defined in terms of the
Weibull shape (k) and scale (c) parameters which are given as (8), (9).

v=c[‘(1+%) ®)

= (e (D) 0

Upon determination, the shape and scale parameters are used to estimate the most likely wind speed (V,,,;), as
well as the maximum energy component in the wind (V,,,), as given by (10) and (11) [49]. These two values
are important for estimating the specifications of the turbine that will be best for the site, especially with
regard to the rated wind speed and the most commonly expected operating conditions.

Vi = € ("ki)% (10)

1
k+2\k
Ve = ¢ (22)F (11)
The given equations are used to quantify the expected energy density from the wind speed. Given that the
wind power is proportional to the cube of the velocity, the equations (12) and (13) hold, where P, is the wind
power density (power per unit rotor area), p is the air density, V,, is the wind speed, and () represents the
Gamma function [49]:

Py =PV (12)
1 3
Py =2pr(1+3)¢? (13)

2.3.2. Lognormal distribution

The use of the lognormal distribution to characterize the solar energy distribution over time is well-
established in literature [51], [57]-[63]. The formulation for its usage in this work is presented in [51]. The
hourly data is used for this modelling after being separated by month. This ensures that the model includes
the stochasticity due to the diurnal cycle of day and night. The lognormal probability distribution for this
purpose is presented. Thus, between the comprehensive model and the monthly models, 13 separate
lognormal models are fitted after the data is partitioned by month over the years. In (14), PDF, is the density
of the probability of the solar irradiance, and ug and o denote the mean deviation and standard deviation
respectively.

a2
exp (— (In(Gs)—ps) );GS >0 (14)

2
20§

PDE(Gyits: 05) = 5 m

The output of the photovoltaic system is then represented in (15), where P, represents the assumed rated
power of the photovoltaic system (in this case, per unit area), G, represents the solar irradiance in Arandun.
G4 represents the solar irradiance when the insolation intensity is 1 sun (1,000 W/m?), and X, represents a
specific point of irradiance whose choice is important only if scheduling and load dispatch is being
considered [64].

Cstd

R?r(G—SZX) for0<G, <X

GstaXXc

p(Ss
sr(GSm) for Gg = X,

pv,output —

(15)

2.3.3. Gumbel extreme-value (EV) distribution

The use of the Gumbel (EV) distribution to model the uncertainty of the streamflow of rivers is
well-established in literature [65]-[70]. This is especially suitable because the EV distribution is favored in
cases where the measurements in the study inherently contain information on the extreme behavior of the
variable of interest [71]. In this study, most of the data used were taken around the time when the quantities
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being measured (such as the depth, width, and speed) were at or near their maximums and minimums in a
given time month. The EV distribution is presented in (16), where a and b are the position and scale
parameters for the distribution respectively, and x is the variable (streamflow in liters/second) under
consideration.

f(x|a,b) = b~ exp (%) exp (— exp (xb%a)) ,—00 < x <o,a>0 (16)

The streamflow data are divided according to the months and fit to the EV distribution giving 13 separate
models.

Agbonda

Google

Imagery ©2022 TerraMetrics, Map data ©2022

Figure 1. Google map of Arandun

Figure 2. Stream-gauging of the Oshin River pressure head in Arandun

3. RESULTS AND DISCUSSION

The results of the probabilistic modelling are shown in Table 2 for the wind (Weibull), solar
(Lognormal), and hydropower (Gumbel) resources respectively, while Figures 3, 4, and 5 show the fit of the
aggregate (uni-temporal) distributions to the entire set of data used in the studies in the same order. From the
results of the analysis, the mean wind speed in Arandun was found to be 4.06 m/s. The best wind speeds are
obtained in April and August, while the lowest wind speeds are obtained in the last two months of the year.
The power available in the wind varies accordingly, being governed by the cubic relationship with the wind
speed. As Figure 6 shows, the peak months have just over 5 m/s? of average wind speed and 80 W/m? of
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mechanical power (per unit rotor cross-sectional area) in the wind, while the least windy months have as low
as 30 W/m? of mechanical power in the wind, as well as wind speeds of <4 m/s2. These speeds are generally
lower than the cut-in speeds of most horizontal axis wind turbines (HAWTS), which are the most common
and industry-standard turbines for harnessing renewable energy on medium or large scales. Thus, the wind

potential in Arandun is quite low.

Table 2. Maximum-likelihood estimated parameters for probability distributions

Data Weibull scale Weibull shape Lognormal mean  Lognormal standard Gumbel position ~ Gumbel scale
parameter (c) parameter (k) deviation () deviation (os) parameter (a) parameter (b)
January 424 2.30 -15.20 20.86 261.71 25.32
February 452 251 -15.18 20.88 265.69 21.89
March 5.04 2.80 -15.14 20.91 1889.37 188.18
April 5.30 3.39 -13.56 20.73 5454.53 541.46
May 487 3.40 -13.54 20.72 8565.49 789.45
June 4.88 3.26 -13.57 20.69 29396.35 2972.20
July 5.23 3.61 -13.64 20.63 16546.25 1292.38
August 5.37 3.65 -13.69 20.58 17408.78 1543.09
September 419 2.64 -13.66 20.62 5167.38 530.44
October 3.67 247 -13.68 20.65 2051.71 240.34
November 3.44 2.33 -15.39 20.89 576.97 63.85
December 3.69 2.26 -15.23 20.85 276.81 21.78
Annual 4.56 2.62 -14.29 20.76 11702.64 10362.55
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Wind Resource in Arandun
6 100
90

wn

80
70

IS

60
50
40

]

30
20

Average Wind Speed (m/s)
N w

10

Average Wind Power Density (W/m?2)

8 Wind Speed  ===Wind Power Density

Figure 6. Average monthly flow rate (River Oshin) and precipitation for Arandun

The average daily solar irradiance (specifically GHI) in Arandun is charted in Figure 7. It is the
lowest in August, at just over 4 kWh/m?/day. It is also highest in November, at just under 6 kwh/m?/day.
This is explainable by the fact that the rainy season is accompanied by clouds that degrade the incidence of
sunlight on the land in this period. With an efficiency of 20% for the solar panels, the mean insulation of
209 W/m? (accounting for night hours and variation) would result in about 40 electrical W/m? on average.
Having a hectare (10,000 m?) of solar panels in this community would result in an average of 0.4 MW of
electricity being generated on average, or 9.6 MWh of solar-based electricity a day, if an energy storage
system (ESS) is provided to maximize the utilization of available energy by enabling dispatch of demand.
Solar power would be less available in the rainy months. However, hydropower would be at its peak in these
months if also operated at the location of the study.

Average Irradiance for Arandun (kWwh/m?2/day)
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Figure 7. Monthly mean irradiance for Arandun (GHI)

3.1. Wind resource

The monthly and annual Weibull statistics for the wind speeds are presented in Table 2. It can be
seen that the scale parameter (c) of the distribution using the annual statistics is 4.56. However, individual
months show varying statistics. November has the lowest ¢ value of 3.44, which corresponds to almost a 25%
deviation from the annual statistics. On the other hand, the highest ¢ value of 5.37 was found in August,
which corresponds to a deviation of 18% from the annual statistic.
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Thus, compared to the monthly Weibull statistics, the comprehensive annual statistic for the scale
parameter of the wind distribution is not enough to provide enough information on the temporal performance
of the wind resource across months and seasons. This is also the case when the shape parameter (k) is
considered. The shape parameter when the year is considered as a whole is 2.62. Yet, when the months are
considered individually, the month of December shows as low as 2.26, which represents a 14% deviation
from the annual statistic. On the other extreme, the month of August shows the highest shape parameter of
3.65, which represents a deviation of 40% from the annual statistic for the shape parameter of the wind’s
Weibull distribution.

These numbers show that for the characterization of the wind resource, the annual statistic may be
sufficient for energy calculations on some level. However, multi-temporal models of the wind resource give
more information on the uncertainty that can be expected over time. The loss of accuracy by using the
aggregated annual model instead of multi-temporal (e.g. monthly) models can be expected to reflect in
significant inaccuracies in power density calculations since the cubic relationship of wind power and wind
speed means that average-related errors are exacerbated.

3.2. Solar resource

The monthly and annual log-normal statistics for solar irradiance (specifically the global horizontal
irradiance, abbreviated as GHI) are presented in Table 2. It can be seen that the mean deviation () of the
log-normal distribution using the annual statistics is -14.29. However, individual months show varying
statistics. November has the lowest ps value of -15.39, which corresponds to a 7% deviation from the annual
statistics. On the other hand, the highest ps value of -13.54 was found in May, which corresponds to a
deviation of 5% from the annual statistic. Also, the standard deviation (os) is considered. The o5 value when
the year is considered as a whole is 20.76. However, when the months are considered individually, the month
of August shows as low as 20.58, which represents a 0.9% deviation from the annual statistic. On the other
extreme, the month of March shows the highest shape parameter of 20.91, which represents a deviation of
0.7% from the annual statistic for o5 of the lognormal distribution. These numbers show that for the
characterization of the solar resource, the annual statistic is sufficient for the approximation of annual energy
calculations. In addition, the low inaccuracies suggest that, for the solar irradiance, compared to the wind
resource, there is not a critically important difference between using the annual statistics and using the
monthly statistics, unlike that of the wind.

3.3. Hydropower resource

The Gumbel distribution is used in literature for modelling streamflow because it is an extreme-
value phenomenon, which does not lend itself to a normal distribution. Furthermore, unlike solar and wind
data with over 184,000 data points, the streamflow data has only 1,200 data points, which is a significantly
smaller sample. Thus, the data available for this purpose is less robust than that for wind and solar resources.
Due to these reasons, it is observed that the histogram for the observed streamflow data is more irregular and
shows a relatively low fit with the theoretical (fitted) probability distribution curve compared to the other
resources. However, the theoretical distribution and the observed data histogram in Figure 5 both show a
right-tailed skew. This is also because the amount of precipitation varies more strongly across months than
wind or solar radiation.

The position parameter (a) of the Gumbel distribution based on the annual statistic was found to be
11702.64. The a-value was found to be strongly correlated to the amount of precipitation recorded in the
month, which is a satisfactory physical interpretation of the location parameter. However, since the rainfall
varies strongly across months, drier months such as January with an a-value of 261.71 are vastly different
from the annual statistic. Thus, for January, the annual statistics would provide an estimate for the a-value
which is inaccurate by up to 4,000%. Similarly, the annual scale parameter, the b-value, was found to be an
ineffective predictor of the monthly scale parameters. The annual b-value was 10362.55, while the b-value
for December was 21.78. This corresponds to the fact that there is frequently no or negligible rain in
December in Arandun, with the precipitation being due to dew. This is because of the almost-constant
probability of obtaining low precipitation in the Harmattan season, while during the rainy season, flash floods
are a possibility, and the stream flow is less predictable. Thus, the annual statistics for a and b are skewed by
the frequency of flash floods during the rainy season and do not adequately represent the month-to-month
behavior of the river flow. Hence, the multi-temporal assessment approach is most strongly encouraged for
the hydropower resource.

The streamflow is found to peak around the middle of the year as Figure 8 shows. In Figure 8, the
average monthly streamflow and average monthly precipitation are presented, and it is seen visually that
there is a strong correlation between both quantities, as can be expected, since the run-off from rain feeds the
Oshin River. This means that the hydropower resource varies more strongly than other resources. A pressure
head of 3 m over 1 km was obtained from the measurement. However, it should be noted that this is only a
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short section of a long river. Using the basis of a low-head turbine to perform a simulation in the HOMER
software, the expected peak electrical output of a hydropower turbine in Arandun on the Oshin River is about
200 kW in June, July, and August. In December and January, a minimum output of <10 kW was attained in
some of the time steps of the simulation in HOMER software.

Precipitation and River Flow data for River Oshin in Arandun
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Figure 8. Average monthly streamflow and precipitation in Arandun

4. CONCLUSION

The present study shows the potential of renewable energy microgrids in the community given
existing resources at the location in Arandun, a community in Nigeria’s middle belt. The three renewable
energy sources of wind, hydropower and solar energy were examined in the study. MATLAB and HOMER
were used in a multi-temporal analysis of renewable energy potentials to develop 39 separate (3 yearly and
36 monthly) probability distribution functions using MLE techniques for the solar irradiance uncertainty
(using Lognormal distribution), hydropower uncertainty (using the Gumbel/extreme value distribution), and
the wind uncertainty (using the Weibull distribution) at the location, which will be useful for future studies in
the region. Furthermore, the effectiveness of the annual statistical parameters (such as shape, scale, and
position parameters) of the distributions as a predictor of their various monthly values was investigated. It
was found that for wind energy, there is a small loss of accuracy by using a uni-temporal (annual) approach
to predict the performance across months, while for solar energy, there is almost no loss of accuracy.
However, in the case of streamflow, the use of a uni-temporal statistic was found to be inappropriate for the
prediction of the monthly MLE probability distributions, due to the wide variations in the quantity of rainfall
and the probability of rainfall across months. Furthermore, while solar energy is very promising in the chosen
location, hydropower potential on the Oshin River is seasonal and complementary to solar energy in the
annual renewable energy cycle, while the wind energy potential is too low for the use of conventional
horizontal axis wind turbines (HAWTS) at the location. The use of Savonius turbines or other vertical axis
wind turbines (VAWTS) may be considered for wind energy applications in Arandun and similar locations in
Nigeria’s middle belt region.

ACKNOWLEDGEMENTS

The authors wish to thank the management of Landmark University, Omu-Aran, Kwara State,
Nigeria for the provision of an enabling environment and financial aid towards successful output of this
journal article.

REFERENCES

[1]  P. K. Olulope, O. A. Odetoye, and M. O. Olanrewaju, “A review of emerging design concepts in applied microgrid technology,”
AIMS Energy, vol. 10, no. 4, pp. 776-800, 2022, doi: 10.3934/energy.2022035.

[2] O. A. Akintola, A. Y. Sangodoyin, and F. O. Agunbiade, “Anthropogenic activities impact on atmospheric environmental quality
in a gas-flaring community: application of fuzzy logic modelling concept,” Environmental Science and Pollution Research,
vol. 25, no. 22, pp. 21915-21926, Aug. 2018, doi: 10.1007/s11356-018-2295-5.

[3] R. M. Elavarasan et al., “A comprehensive review on renewable energy development, challenges, and policies of leading Indian
States with an International perspective,” IEEE Access, vol. 8, pp. 7443274457, 2020, doi: 10.1109/ACCESS.2020.2988011.

Int J Elec & Comp Eng, Vol. 14, No. 4, August 2024: 3755-3767



IntJ Elec & Comp Eng ISSN: 2088-8708 O 3765

[4]

[5]
[6]

[71

(8]
[9]
[10]
[11]

[12]

[13]
[14]
[15]

[16]

[17]

[18]
[19]
[20]

[21]

[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]

[34]

[35]

[36]

M. A. Hannan, M. S. H. Lipu, P. J. Ker, R. A. Begum, V. G. Agelidis, and F. Blaabjerg, “Power electronics contribution to
renewable energy conversion addressing emission reduction: applications, issues, and recommendations,” Applied Energy,
vol. 251, Oct. 2019, doi: 10.1016/j.apenergy.2019.113404.

T. Dzinamarira, M. Dzobo, and 1. Chitungo, “COVID-19: a perspective on Africa’s capacity and response,” Journal of Medical
Virology, vol. 92, no. 11, pp. 2465-2472, Nov. 2020, doi: 10.1002/jmv.26159.

D. A. Alemzero, H. Sun, M. Mohsin, N. Igbal, M. Nadeem, and X. V. Vo, “Assessing energy security in Africa based on multi-
dimensional approach of principal composite analysis,” Environmental Science and Pollution Research, vol. 28, no. 2,
pp. 2158-2171, Jan. 2021, doi: 10.1007/s11356-020-10554-0.

0. B. Adewuyi, M. K. Kiptoo, A. F. Afolayan, T. Amara, O. I. Alawode, and T. Senjyu, “Challenges and prospects of Nigeria’s
sustainable energy transition with lessons from other countries’ experiences,” Energy Reports, vol. 6, pp. 993-1009, Nov. 2020,
doi: 10.1016/j.egyr.2020.04.022.

H. Kling et al., “New flow forecasting systems to support hydropower operations at the Zambezi and Niger Rivers,” International
Conference and Exhibition, Windhoek, Namibia, 2019.

M. O. Dioha and N. V Emodi, “Energy-climate dilemma in Nigeria: options for the future,” |IAEE Energy Forum, vol. 2,
pp. 29-32, 2018.

O. Adedipe, M. S. Abolarin, and R. O. Mamman, “A review of onshore and offshore wind energy potential in Nigeria,” IOP
Conference Series: Materials Science and Engineering, vol. 413, Sep. 2018, doi: 10.1088/1757-899X/413/1/012039.

I. A. Green, K. U. Ugoji, and B. N. Igbere, “Economic analysis of natural gas reserves addition from coal bed methane in Nigeria,”
European Journal of Engineering and Technology Research, vol. 4, no. 4, pp. 31-34, Apr. 2019, doi: 10.24018/ejeng.2019.4.4.1080.
0. A. Odetoye, F. A. Ibikunle, P. K. Olulope, J. O. Onyemenam, and U. N. Okeke, “Large-scale solar power in Nigeria: the case
for floating photovoltaics,” in 2022 IEEE Nigeria 4th International Conference on Disruptive Technologies for Sustainable
Development (NIGERCON), Apr. 2022, pp. 1-5, doi: 10.1109/NIGERCON54645.2022.9803156.

B. Ugwoke, O. Gershon, C. Becchio, S. P. Corgnati, and P. Leone, “A review of Nigerian energy access studies: the story told so
far,” Renewable and Sustainable Energy Reviews, vol. 120, Mar. 2020, doi: 10.1016/j.rser.2019.109646.

O. Bamisile, M. Dagbasi, A. Babatunde, and O. Ayodele, “A review of renewable energy potential in Nigeria; solar power
development over the years,” Engineering and Applied Science Research, vol. 44, no. 4, pp. 242-248, 2017.

C. G. Ozoegwu, C. A. Mgbemene, and P. A. Ozor, “The status of solar energy integration and policy in Nigeria,” Renewable and
Sustainable Energy Reviews, vol. 70, pp. 457471, Apr. 2017, doi: 10.1016/j.rser.2016.11.224.

O. A. Odetoye, A. S. Afolabi, and O. A. Akinola, “Development and scaled-up simulation of an automated electrical energy
management system for passageway illumination,” International Journal of Emerging Electric Power Systems, vol. 21, no. 6,
Dec. 2020, doi: 10.1515/ijeeps-2020-0124.

S. O. Babalola, M. O. Daramola, and S. A. Iwarere, “Socio-economic impacts of energy access through off-grid systems in rural
communities: a case study of southwest Nigeria,” Philosophical Transactions of the Royal Society A: Mathematical, Physical and
Engineering Sciences, vol. 380, no. 2221, Apr. 2022, doi: 10.1098/rsta.2021.0140.

H. Elegeonye, “Techno-economic optimization and energy scenario analysis of isolated mini-grid systems in Nigeria,” PAUWES,
2021.

N. Yimen et al, “Optimal sizing and techno-economic analysis of hybrid renewable energy systems—a case study of a
photovoltaic/wind/battery/diesel system in Fanisau, Northern Nigeria,” Processes, vol. 8, no. 11, Oct. 2020, doi: 10.3390/pr8111381.
J. J. Lembi, O. K. Akande, S. Ahmed, and L. C. Emechebe, “The drivers for low energy materials application for sustainable
public housing delivery in Nigeria,” Landscape Architecture and Regional Planning 2021, vol. 6, no. 2, pp. 19-24, 2021.

E. Mbaya et al., “Design and implementation of a 5 kVA solar photovoltaic system for the electronics laboratory in covenant
university,” in 2022 |IEEE Nigeria 4th International Conference on Disruptive Technologies for Sustainable Development
(NIGERCON), Apr. 2022, pp. 1-5, doi: 10.1109/NIGERCON54645.2022.9803012.

Afaha S.J. and Ifarajimi G.D., “Energy poverty, climate change and economic growth,” African Journal of Economics and
Sustainable Development, vol. 4, no. 3, pp. 98-115, Oct. 2021, doi: 10.52589/AJESD-U3LCOYOP.

O. S. Ohunakin, S. J. Ojolo, and O. O. Ajayi, “Small hydropower (SHP) development in Nigeria: An assessment,” Renewable and
Sustainable Energy Reviews, vol. 15, no. 4, pp. 2006-2013, May 2011, doi: 10.1016/j.rser.2011.01.003.

A. A. Popoola and B. M. Adeleye, “Access and limitations to clean energy use in Nigeria,” in Dynamics of Energy, Environment
and Economy: A Sustainability Perspective, 2020, pp. 241-262.

C. U. Okoye and S. A. Omolola, “A study and evaluation of power outages on 132 kv transmission network in Nigeria for grid
security,” The International Journal of Engineering and Science (1JES), vol. 8, no. 11, pp. 53-57, 2019.

U. K. Nkalo and E. O. Agwu, “Review of the impact of electricity supply on economic growth: a Nigerian case study,” IOSR
Journal of Electrical and Electronics Engineering, vol. 14, no. 1, pp. 28-34, 2019.

IEA, “SDG7: data and projections,” International Energy Agency, 2020, Accessed: Mar. 13, 2022. [Online]. Available:
https://www.iea.org/reports/sdg7-data-and-projections/access-to-electricity

N. H. Umar, B. Bora, C. Banerjee, P. Gupta, and N. Anjum, “Performance and economic viability of the PV system in different
climatic zones of Nigeria,” Sustainable Energy Technologies and Assessments, vol. 43, Feb. 2021, doi: 10.1016/j.seta.2020.100987.
K. Owebor, E. O. Diemuodeke, T. A. Briggs, and M. Imran, “Power situation and renewable energy potentials in Nigeria — a case for
integrated multi-generation technology,” Renewable Energy, vol. 177, pp. 773-796, Nov. 2021, doi: 10.1016/j.renene.2021.06.017.
M. A. Saliu, “Design of optimum mining method for tantalite deposit in Arandun—Kwara State, Nigeria,” Federal university of
technology, Akure, 2003.

M. B. H. Kumar, S. Balasubramaniyan, S. Padmanaban, and J. B. Holm-Nielsen, “Wind energy potential assessment by Weibull
parameter estimation using multiverse optimization method: a case study of Tirumala region in India,” Energies, vol. 12, no. 11,
Jun. 2019, doi: 10.3390/en12112158.

N. G. Mortensen, “Planning and development of wind farms: wind resource assessment and siting,” DTU Wind Energy, 2013.

D. Afungchui and C. E. Aban, “Analysis of wind regimes for energy estimation in Bamenda, of the North West Region of
Cameroon, based on the Weibull distribution,” Journal of Renewable Energies, vol. 17, no. 7, pp. 137-147, 2014.

S. O. Oyedepo, M. S. Adaramola, and S. S. Paul, “Analysis of wind speed data and wind energy potential in three selected
locations in south-east Nigeria,” International Journal of Energy and Environmental Engineering, vol. 3, no. 1, pp. 1-11, Dec.
2012, doi: 10.1186/2251-6832-3-7.

S. Barakat, A. Emam, and M. M. Samy, “Investigating grid-connected green power systems’ energy storage solutions in the event
of frequent blackouts,” Energy Reports, vol. 8, pp. 5177-5191, Nov. 2022, doi: 10.1016/j.egyr.2022.03.201.

A. F. Tazay, M. M. Samy, and S. Barakat, “A techno-economic feasibility analysis of an autonomous hybrid renewable energy
sources for university building at Saudi Arabia,” Journal of Electrical Engineering & Technology, vol. 15, no. 6, pp. 2519-2527,
Nov. 2020, doi: 10.1007/s42835-020-00539-x.

Multi-temporal assessment of wind, solar, and hydropower resources for ... (Oyinlolu Ayomidotun Odetoye)



3766 O3 ISSN: 2088-8708

[37] M. M. Samy, M. |. Mosaad, M. F. El-Naggar, and S. Barakat, “Reliability support of undependable grid using green energy
systems; economic study,” IEEE Access, vol. 9, pp. 14528-14539, 2021, doi: 10.1109/ACCESS.2020.3048487.

[38] M. M. Samy, H. 1. Elkhouly, and S. Barakat, “Multi-objective optimization of hybrid renewable energy system based on biomass
and fuel cells,” International Journal of Energy Research, vol. 45, no. 6, pp. 8214-8230, May 2021, doi: 10.1002/er.5815.

[39] C. Mokhtara, B. Negrou, N. Settou, B. Settou, and M. M. Samy, “Design optimization of off-grid hybrid renewable energy
systems considering the effects of building energy performance and climate change: CSE study of Algeria,” Energy, vol. 219,
Mar. 2021, doi: 10.1016/j.energy.2020.119605.

[40] M. M. Samy, M. 1. Mosaad, and S. Barakat, “Optimal economic study of hybrid PV-wind-fuel cell system integrated to unreliable
electric utility using hybrid search optimization technique,” International Journal of Hydrogen Energy, vol. 46, no. 20,
pp. 11217-11231, Mar. 2021, doi: 10.1016/j.ijhydene.2020.07.258.

[41] M. M. Samy, S. Barakat, and H. S. Ramadan, “Techno-economic analysis for rustic electrification in Egypt using multi-source
renewable energy based on PV/wind/FC,” International Journal of Hydrogen Energy, vol. 45, no. 20, pp. 11471-11483, Apr.
2020, doi: 10.1016/j.ijhydene.2019.04.038.

[42] M. M. Samy, S. Barakat, and H. S. Ramadan, “A flower pollination optimization algorithm for an off-grid PV-fuel cell hybrid
renewable system,” International Journal of Hydrogen Energy, vol. 44, no. 4, pp. 2141-2152, Jan. 2019, doi:
10.1016/j.ijhydene.2018.05.127.

[43] A.F.Guven and M. M. Samy, “Performance analysis of autonomous green energy system based on multi and hybrid metaheuristic
optimization approaches,” Energy Conversion and Management, vol. 269, Oct. 2022, doi: 10.1016/j.enconman.2022.116058.

[44] M. M. Samy, A. Emam, E. Tag-Eldin, and S. Barakat, “Exploring energy storage methods for grid-connected clean power plants
in case of repetitive outages,” Journal of Energy Storage, vol. 54, Oct. 2022, doi: 10.1016/j.est.2022.105307.

[45] NASA, “Prediction of worldwide energy resources (POWER).” 2022, [Online]. Available: https://power.larc.nasa.gov/data-
access-viewer/ (accessed Feb. 03, 2022).

[46] A. Adediji, J. A. Adewumi, and T. E. Ologunorisa, “Effects of irrigation on the physico-chemical quality of water in irrigated
areas,” Progress in Physical Geography: Earth and Environment, vol. 35, no. 6, pp. 707-719, Dec. 2011, doi:
10.1177/0309133311407655.

[47] O.J. Mdee, C. Z. Kimambo, T. K. Nielsen, and J. Kihedu, “Measurement methods for hydropower resources: a review,” Water
Utility Journal, vol. 18, no. 21-38, 2018.

[48] B. Al-Mhairat and A. Al-Quraan, “Assessment of wind energy resources in Jordan using different optimization techniques,”
Processes, vol. 10, no. 1, Jan. 2022, doi: 10.3390/pr10010105.

[49] N. A. Arreyndip, E. Joseph, and A. David, “Wind energy potential assessment of Cameroon’s coastal regions for the installation
of an onshore wind farm,” Heliyon, vol. 2, no. 11, Nov. 2016, doi: 10.1016/j.heliyon.2016.e00187.

[50] VY.-Y. Hong and G. Apolinario, “Uncertainty in unit commitment in power systems: a review of models, methods, and
applications,” Energies, vol. 14, no. 20, Oct. 2021, doi: 10.3390/en14206658.

[51] A.F.Zobaaand S. A. Aleem, Uncertainties in modern power systems. Academic Press, 2020.

[52] S. Deep, A. Sarkar, M. Ghawat, and M. K. Rajak, “Estimation of the wind energy potential for coastal locations in India using the
Weibull model,” Renewable Energy, vol. 161, pp. 319-339, Dec. 2020, doi: 10.1016/j.renene.2020.07.054.

[63] J. Wan et al., “Assessment of wind energy resources in the urat area using optimized Weibull distribution,” Sustainable Energy
Technologies and Assessments, vol. 47, Oct. 2021, doi: 10.1016/j.seta.2021.101351.

[54] P. Tiam Kapen, M. Jeutho Gouajio, and D. Yemélé, “Analysis and efficient comparison of ten numerical methods in estimating
Weibull parameters for wind energy potential: application to the city of Bafoussam, Cameroon,” Renewable Energy, vol. 159,
pp. 1188-1198, Oct. 2020, doi: 10.1016/j.renene.2020.05.185.

[55] E. Chiodo, M. Fantauzzi, and G. Mazzanti, “The compound inverse Rayleigh as an extreme wind speed distribution and its Bayes
estimation,” Energies, vol. 15, no. 3, Jan. 2022, doi: 10.3390/en15030861.

[56] D. C. Montgomery and G. C. Runger, Applied statistics and probability for engineers. New Jersey: Wiley, 2003.

[57] E. D. Reyes, A. S. Bretas, and S. Rivera, “Marginal uncertainty cost functions for solar photovoltaic, wind energy, hydro
generators, and plug-in electric vehicles,” Energies, vol. 13, no. 23, Dec. 2020, doi: 10.3390/en13236375.

[58] H. Imran, Z. Magsood, A. Ullah, and N. Z. Butt, “Effective prediction of transmission of solar irradiance through dusty solar
panels using atmospheric aerosol data for Lahore, Pakistan,” in 2019 IEEE 46th Photovoltaic Specialists Conference (PVSC), Jun.
2019, pp. 2889-2893, doi: 10.1109/PVSC40753.2019.8980728.

[59] J.C. Arevalo, F. Santos, and S. Rivera, “Uncertainty cost functions for solar photovoltaic generation, wind energy generation, and
plug-in electric vehicles: mathematical expected value and verification by Monte Carlo simulation,” International Journal of
Power and Energy Conversion, vol. 10, no. 2, 2019, doi: 10.1504/1JPEC.2019.098620.

[60] C. Bianchi, M. Overby, P. Willemsen, A. D. Smith, R. Stoll, and E. R. Pardyjak, “Quantifying effects of the built environment on
solar irradiance availability at building rooftops,” Journal of Building Performance Simulation, vol. 13, no. 2, pp. 195-208, Mar.
2020, doi: 10.1080/19401493.2019.1679259.

[61] J.J. Gristey, G. Feingold, K. S. Schmidt, and H. Chen, “Influence of acrosol embedded in shallow cumulus cloud fields on the surface
solar irradiance,” Journal of Geophysical Research: Atmospheres, vol. 127, no. 11, Jun. 2022, doi: 10.1029/2022JD036822.

[62] . J. Gristey, G. Feingold, 1. B. Glenn, K. S. Schmidt, and H. Chen, “On the relationship between shallow cumulus cloud field
properties and surface solar irradiance,” Geophysical Research Letters, vol. 47, no. 22, Nov. 2020, doi: 10.1029/2020GL090152.

[63] R. Reddy CH, D. Sudha, P. S. Varma, and V. Sankar “Forecasting of solar irradiance using probability distributions for a PV
system: a case study,” International Journal of Renewable Energy Research, 2019, doi: 10.20508/ijrer.v9i2.9216.97643.

[64] R.-H. Liang and J.-H. Liao, “A fuzzy-optimization approach for generation scheduling with wind and solar energy systems,”
IEEE Transactions on Power Systems, vol. 22, no. 4, pp. 1665-1674, Nov. 2007, doi: 10.1109/TPWRS.2007.907527.

[65] J. Sarda and K. Pandya, “Optimal active—reactive power dispatch considering stochastic behavior of wind, solar and small-hydro
generation,” in Applications of Artificial Intelligence Techniques in Engineering, 2019, pp. 255-263.

[66] S. B. Pandya and H. R. Jariwala, “A different perception of hybrid renewable energy sources integrated multi-objective optimal
power flow considering performance parameters and penetration,” Smart Science, vol. 9, no. 3, pp. 186-215, Jul. 2021, doi:
10.1080/23080477.2021.1916853.

[67] A. Islam and B. Sarkar, “Analysing flood history and simulating the nature of future floods using Gumbel method and Log-
Pearson Type III: the case of the Mayurakshi River Basin, India,” Bulletin of Geography. Physical Geography Series, vol. 19,
no. 1, pp. 43-69, Dec. 2020, doi: 10.2478/bgeo-2020-0009.

[68] M. Abdullah, N. Javaid, I. U. Khan, Z. A. Khan, A. Chand, and N. Ahmad, “Optimal power flow with uncertain renewable energy
sources using flower pollination algorithm,” in International Conference on Advanced Information Networking and Applications,
2020, pp. 95-107.

Int J Elec & Comp Eng, Vol. 14, No. 4, August 2024: 3755-3767



IntJ Elec & Comp Eng ISSN: 2088-8708 O 3767

[69] X.Li, W. Wang, H. Wang, J. Wu, X. Fan, and Q. Xu, “Dynamic environmental economic dispatch of hybrid renewable energy
systems based on tradable green certificates,” Energy, vol. 193, Feb. 2020, doi: 10.1016/j.energy.2019.116699.

[70] A.l. Omar, Z. M. Ali, M. Al-Gabalawy, S. H. E. Abdel Aleem, and M. Al-Dhaifallah, “Multi-objective environmental economic
dispatch of an electricity system considering integrated natural gas units and variable renewable energy sources,” Mathematics,
vol. 8, no. 7, Jul. 2020, doi: 10.3390/math8071100.

[71] A. Miniussi, M. Marani, and G. Villarini, “Metastatistical extreme value distribution applied to floods across the continental
United States,” Advances in Water Resources, vol. 136, Feb. 2020, doi: 10.1016/j.advwatres.2019.103498.

BIOGRAPHIES OF AUTHORS

Oyinlolu Ayomidotun Odetoye g 12 received the B.Eng. degree in electrical and
electronics engineering from University of llorin, Ilorin, Nigeria, in 2019. He is a three-time
awardee of the Local Scholarship Scheme of the Petroleum Trust Development Fund (PTDF).
He has worked as a research/teaching assistant at the School of Computing and Engineering
Sciences, Babcock University, llishan-Remo, Nigeria. He is currently studying for his M.Eng.
degree at the Department of Electrical and Information Engineering, Landmark University,
Omu-Aran, Nigeria. He has authored, published, and presented articles in local and international
engineering journals and conferences. His research interests include renewable energy,
mini/microgrids, power electronics, smart grids, power system stability, power transmission
lines, power transmission planning, internet of things, battery chargers, and computational and
artificial intelligence. He can be contacted at email: odetoye.oyinlolu@Imu.edu.ng.

Paul Kehinde Olulope EJ B © has been a university lecturer since June 2002 till date at
Ekiti State University, Nigeria. He completed his Doctoral degree in power system
engineering from the University of Cape Town, South Africa. He completed his master’s
degree program (M.Eng.) in electrical and electronic engineering from the University of
Benin, Edo State, Nigeria, and his bachelor of engineering (B.Eng) at EKkiti State University in
2005 and 2002 respectively. He is a registered member of the Institute of Electrical and
Electronics Engineers (IEEE), a registered member of the Council for the Regulation of
Engineering in Nigeria (COREN), and the Nigeria Society of Engineers (NSE). His research
interest is in the application of computational intelligence to power systems and the integration
of renewable energy and distributed generation into power grids. He can be contacted at email:
paul.olulope@eksu.edu.ng.

Matthew Olabisi Olanrewaju (T sc > bagged his M.Sc. and B.Eng. degree in electrical
engineering from the prestigious Ahmadu Bello University, Zaria, Nigeria in 2009 and 2001
respectfully. He is currently on his Ph.D (electrical power and machines) with the Federal
University, Oye EKkiti., Nigeria He is also registered with the Council for the Regulation of
Engineering in Nigeria (COREN) and he is a member of the Nigerian Society of Engineers.
He has robust and extensive experience in power and renewable systems. having worked with
multinational company like Mantrac (Nigeria). He was a power systems specialist with the
telecommunication giant, Globacom Limited between. He also worked as senior engineer
(mechanical and electrical systems), data center, with Etisalat Nigeria. He thought briefly in
the Department of Electrical and Information Engineering, Landmark University, Omu-Aran,
and also as the manager, engineering, with the renewable engineering/servicing company,
Salsel Engineering Limited, before he joined Digiscape Solution Limited as Technical Lead
(engineering and projects). His research interests are in mini-grid, micro-grid, renewable
energy, mixed energy solutions, solar converters, power quality, power generation, energy
management, data analysis and artificial intelligence. He can be contacted at email:
olanrewaju.matthew@Imu.edu.ng.

Adeleke Olusola Alimi © 4 12 received his Bachelor of Engineering from Covenant
University and a master’s degree from the University of llorin. He is currently in his doctoral
studies. His research interests are in the areas of electronics simulation, communication
system and circuit analysis. He can be contacted at email: alimi.adeleke@Imu.edu.ng.

Multi-temporal assessment of wind, solar, and hydropower resources for ... (Oyinlolu Ayomidotun Odetoye)


https://orcid.org/0000-0002-0813-3903
https://scholar.google.com/citations?user=jDeZx6wAAAAJ&hl
https://www.scopus.com/authid/detail.uri?authorId=57203750409
https://orcid.org/0000-0003-2461-3226
https://scholar.google.com/citations?hl=en&user=X-xGLzkAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=36142189000
https://publons.com/researcher/5197520/paul-olulope/
https://orcid.org/0000-0002-5472-0412
https://scholar.google.com/citations?hl=en&user=xYCIRQMAAAAJ
https://publons.com/researcher/5217968/matthew-olanrewaju/
https://orcid.org/0000-0003-2908-5143
https://scholar.google.com/citations?hl=en&user=_h7N8hkAAAAJ
https://publons.com/researcher/5217883/leke-alimi/

