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Wind Speed, Air Intermittent nature of electricity supply in Nigeria is not only affecting
temperature social-economic sector, also educational sector. It affects activities such

amplitude, global

1Y as lecture presentation, laboratory practical etc. Also, the inconsistency
solar radiation,

in the cost of fuel is making it difficult to conduct some laboratory

Samani  model, . - S . .
Weibull practical in some Nigerian Universities. This work analyzed the wind and
distribution solar data of Aliko Dangote University of Science and Technology

(ADUSTECH), Wudil (formerly known as Kano University of Science and
Technology, Wudil (KUST-Wudil)), to assess their potentials in
Article History: — complementing the electricity supply from National grid. The methods
Received: July 7, 2023 employed are Weibull probability distribution and Samani Model for
Reviewed: Aug. 22,2023 Wwind and solar assessment, respectively. Data from Nigerian
Accepted: Sept. 5, 2023 Meteorological Agency (NIMET) for three years (2018 to 2020) is used in
Published: Dec. 28, the study. The wind power density obtained based on Weibull distribution
2023 parameters is 308.06 W/m? in March and 465.94 W/m? in November, with
minimal error of 0.09 on a scale of RMSE. In the Samani model it is
observed that an estimated solar radiation of about 10.5 MJ/m?/day in
March and about 27 MJ/m?day in July. According to National
Renewable Energy Laboratory (NREL) the site is above class 3 for wind
power generation, thus recommended for hybrid system to complement
the supply from national grid and to complement each other.

1. INTRODUCTION

The intermittency of electricity supply in
Nigeria is heating development of lot of sectors,

that in the absence of supply from the national
grid the renewable energy supply can take over.

including education sector. This makes it
necessary to introduce renewable energy
resources, to complement the meager electricity
supply from national grid. Aliko Dangote
University of Science and Technology
(ADUSTECH), Wudil in particular is suffering
from the same problem, which may lead to
skipping of student practical/experiments. To
curtail this issue there is need for providing
alternative electricity supply as a back-up, so

On the other hand, the variation of wind speed
and lack of energy storage facility in the area
requires investigation on the available
renewable energy resources. This is only
possible through comparison on the potentials
of the available renewable energy resources
(wind and solar). This would give a reliable
information on which among the two sources
can give the needed electricity supply.
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Research  works were conducted and
implemented in different locations and the
results have aided in choosing the most reliable
source of renewable energy for such locations.
Among the recent ones is [1], in which wind,
solar, biogas and battery were hybridized to
complement main grid supply. The system is
successful in operation thereby eliminating
power outages. In [2] wind and solar were
integrated with main grid for optimal energy
dispatch and locational marginal market price.
A renewable energy resources system
incorporation  with  storage  system s
implemented in [3] to serve as distributed
generation to the system. Some researchers,
such as [4], [5] [6] and [7] predicted the
availability of the wind energy for future usage.
Their work showed significant result and

recommends for the wuse of Artificial
Intelligence approaches in solar energy
prediction. Despite the research works

presented in the literature, there is little concern
on application of renewable energy resources in
academic activities, and no study on the
feasibility studies of the resources in
ADUSTECH-WUDIL, in particular.

The main purpose of this research is to
investigate the feasibility of assessing RES
potentials of Wudil town, in West-eastern
region of Kano state for development of either
wind power generation (using wind turbine) or
solar  power generation  (using  solar
Photovoltaic (PV)). It will employ statistical
methods to find a suitable renewable energy
resource that can serve the electronics
laboratory in the faculty of Engineering of the
University.

2. STUDY AREA AND DATA USED

Study Area: Wudil is located in the south-
eastern part of Kano State. As a nodal town it is
situated around river Wudil, which enhances
the flow of wind and may possibly provide the
needed wind energy. The town is located
between latitude 11N and 8.2127 N and
longitude 8 E and 5 E of the Greenwich
meridian with land mass of about 459km?, it is

surrounded by Gaya local government to the
east, Warawa local government to the West and
North and Garko and Albasu local government
to the South [8].

Data Collection: Data comprised of daily solar
irradiance, wind speed and temperature,
obtained from Nigerian Meteorological Agency
(NIMET) for a period of three years (2018 to
2020) is used. The data undergone cleaning to
remove outliers.

3. WIND ENERGY

ASSESSMENT OF WUDIL
As reported in [9], wind energy potential can be
assessed using Weibull distribution function
[10] in which wind speed is the required
parameter to determine average wind speed and
standard deviation. This method has been
applied and produce good results in many
research works, such as [9][11][12] and [13].
The model is proved to be effective even in
uncertain environment [14].

POTENTIAL

3.1 Average wind speed and standard
deviation

To evaluate the wind potential of Wudil, there
is need to determine the average wind speed
and standard deviation of the wind recorded
over time. As mentioned earlier, wind speed is
used to calculate the monthly average wind
speed (Vm) and standard deviation (o),
considering equations (1) and (2) [10].

1 N
v, —W(;\Aj (1)

L R
UZ{N—_lg(Vi—Vm) } 2

where Vi, is the average wind speed in m/s; o is
the standard deviation of the observed data
in m/s; Vi is the monthly wind speed in m/s
for month i; N is the number of wind speed
data in a particular month.
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3.2 Weibull parameters

Weibull distribution function [15] is a statistical
algorithm used to describe wind speed variation
in the study area. Two parameters of interest are
shape parameter, k and scale parameter, c,
which are used to determine the probability
density function [16] of the wind speed, as
shown in equation (3).

f(v) = %G] 7 expli—(%] } @3)

where v is the average wind speed, with help of
the variance of the wind speed the shape and
scale parameters can be obtained using
equations (4) and (5)

k= (%j  for 1<k <10), (4)

andc=—+1 M (5)

F(1+1) S
k

From the above relations, the average speed Va
is given by [6]

Vv, = cl“(1+1jm.
k)s

Note that the gamma function can be expressed
as

I'(x)= Tt“ exp(-—t)dt (6)

The performance of the Weibull distribution
function can be evaluated using Root Means
Square Error (RMSE), as expressed in equation
(7). The variation in accuracy of the Weibull
methods is obtained by comparison with data
obtained from the study area via NIM ET.

RMSE = \/%ZN:(yi -x) )

i=1

Where y; is the i wind speed data and x; is the
corresponding Weibull computed data.

3.3 Determination of vertical height of the
wind speed

Value of wind speed depends on the vertical
hight, the higher the head the faster the speed.
Therefore, determination of the estimated wind
turbine hight that can give the required wind
speed is necessary. Therefore, from equation (8)
[11]

h®
v,=| 21|V (8)
%)

where v; is the corresponding speed at height,
h: and v, is estimated wind speed using
extrapolation at particular head, h.. The surface
roughness coefficient, « is given by [17]

_[0.37-0.088In[v,]]
1—0.088In{h1}
10

This parameter depends on the season of the
year, time of the day and height at which the
speed is measured. In some literature it is
referred as wind shear factor.

(24

3.4 Estimation of wind power density

The mean wind speed is used to determine the
wind power (in Watt) available at the research
area. It is calculated by considering the size of
the wind turbine blade. Using equation (7) [15],
the wind power density is given by

P,(v) =%pAv,: ©)

where p is the standard air density (a function

of altitude, air pressure and temperature)
selected as 1.225kg/m? as recommended in [9],
A is the swept area in m?. According to Weibull
probability density function, the wind power
density can be determined using the following
relation [7].
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P(v) = %pcﬁ" (1+ Ej (10)

4. SOLAR ENERGY ASSESSMENT OF
WUDIL

Pokhrel et al [18] reported that it is necessary to
estimate solar energy in the proposed
installation area before engaging into the
project. The commonly used methods in
estimating solar energy availability are
empirical and soft computing techniques [19].
The model presented in this work is based on
the air temperature. The important parameters
required for assessing the solar energy are:

i.  Airtemperature amplitude
ii.  Extra-terrestrial solar radiation
iii.  Declamation angle
iv.  Solar hour angle
v.  Latitude and
vi.  Day of the year

4.1 Extra-terrestrial global solar radiation
The average extra-terrestrial global solar
radiation per day is calculated using equation

(11) [9]

H, =221, (A)x(B) 1y
T
Where A=|1+0.033 cos(360N j and
365

B =| cosgcososin a)+2—”sin osing
360

and Il is the solar constant given as
1.367kW/m? ; ¢ is the latitude of the location

in degrees; ¢ is the solar declination angle in
degrees; @ is the sunset hour angle also in
degrees, and N is day of the year, starting with
1 for January 1% and 365 for December 31%.
The solar declination angle can be determined
from equation (12) [20].

O =-23.45%cos {@( N +10)} (12)
365

The day angle (in radians) is given by

_27z>< N -1

365 43

(24

The sunset hour’s angle is given by equation
(11)

w=cos'[-tanStang] (14)

The temperature amplitude, Ky is determined
using equation (15)

K =-—C¢ (15)

— H, =K, xH,

In which Hc is the average horizontal surface
radiation and Ho is the extra-terrestrial radiation
of the atmosphere.

4.2 Samani air temperature amplitude
based model

Samani [21] has further improved the empirical

coefficient Ky in equation (15). With aim of

reducing the error in the estimated global solar

radiation in one year average monthly data.

Thus

min

K, = AT, -T

o) +B(T, —T.)+C
(16)

The model for the extra-terrestrial radiation is
given in equation (17)

AT =T ) +B(To —Ty ) +C
HC _ HO ( ( max mm) ( max mm) )
(Tmax _Tmin )}é
17)

Where the coefficients A, B and C are computed
by Samani based on 65 American whether
stations, according to [20]. The computed
values as adopted by [9, 20] are A = 0.00185 °C

2, B =-0.04330 °C* while C = 0.40230.

5. RESULTS AND DISCUSSIONS

5.1 Yearly average wind speed

It can be observed in figure 1 that the average
wind is not constant over the three years, 2018
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and 2019 show a little fluctuations in the
monthly wind speed whereas the variation in
2020 is higher, for example November presents
the highest wind speed of about 10.11 m/s and
lowest wind speed is in April with a value of
6.35 m/s. In 2018 the highest and lowest wind
speeds are 8.9 m/s and 7.4 m/s respectively, and
in 2019 the highest and lowest are 8.5 m/s and
7.6 m/s respectively. This shows that if the
pattern continues as shown in the figure the
wind speed will be increasing every year.
2018

B 2019
Hl 2020

Average Wind Speed (m/s)

1 2 3 4 5 6 7 8 9 10 11 12
Months

Figure 1: Average wind speed of Wudil for the
three years under investigation

5.2 Variation in average wind speed
Table 1: Average wind power density of Wudil

Generally, the average wind speed variation
over the three years is not encouraging. As
presented in figure 2, the average recorded wind
speed over the three years is in September,
April recorded the lowest average. This
corresponds to what is obtainable in Table 1, in
which the lowest average power density is in
March and highest is in September. Therefore,
the study area can produce a minimum of
308.04 W/m? average wind power density.
Even with this lower power density, the site is
good for the mentioned purpose, because the
laboratory has low power consumption
equipment. This model has shown a significant
results with average RMSE of 0.09.

9.2
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8.6 -
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8.2

8.0+

Wind Speed (m/s)
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7.6+
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Months

Figure 2: Yearly wind speed variation of Wudil

Months Vm (M/s) c (m/s) k P (w/m?) RMSE
Jan 7.36 8.08 3.76 345.04 0.07
Feb 6.08 7.95 3.69 325.57 0.07
March 7.09 7.85 3.63 308.29 0.07
April 6.90 7.66 3.61 338.80 0.07
May 7.64 8.41 3.95 419.35 0.08
June 6.07 8.01 3.73 350.56 0.07
July 7.35 8.11 3.78 353.95 0.07
Aug 7.54 8.31 3.88 385.48 0.07
Sept 8.36 9.15 4.38 633.59 0.09
Oct 8.05 8.84 4.18 465.78 0.08
Nov 8.05 8.84 4.17 465.94 0.08
Dec 7.75 8.53 4.00 409.12 0.28
Average 7.35 8.31 3.90 400.12 0.09
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5.3 Weibull performance parameters

Figure 3 shows the Weibull distribution curve.
The Weibull parameters used in developing the
function are shown in Table 1. The data used in
this work is recorded over the height of 17m.
This height is too much for the study area, and
considering the application of the work, the
power needed may not be that much. Thus,
equation (8) is used to extrapolate the wind
speed value over the height of 10m. Therefore,
these parameters are calculated based on
proposed 10m height of the wind turbine.

0.8
07
0.6
05

Z 04
03
02

0.1}

10 1 12 13 14 15 16 17 18 19 20
Wind Speed (m/s)

Figure3: Weibull probability density function

A shown in Table 1, the Weibull scale
parameter has a range of 7.66 m/s to 8.84 m/s,
and the shape parameter ranges from 3.61 to
4.38. Both the scale and shape parameters
recorded a lower value in April and higher
value in September. This corresponds to the
lowest wind speed in April and highest in
September, and so also the wind power density.
The Weibull cumulative probability distribution
is shown in Figure 4. It can be observed that the
probability distribution function and the
cumulative distribution are within a good fit of
10m/s to 16 m/s.
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Figure 4: Weibull cumulative probability
distribution for wind speed

5.4 Wind power density and different
heights

Figure 5 presents the wind power density at the
measured height and proposed height. It is
clearly observed that at 17m height the power is
high, just like the wind speed, the study purpose
is to supply electronic devices. Similarly the
height of 17m is too long, thus make it
necessary to extrapolate the height to 10m. As
recommended by National Renewable Energy
Laboratory (NREL), the study area (Wudil) is
within a value above class 3 for wind power
generation.

at17m
at 10m

a @
o Q9
& o

Power Density W/m?
B

6 7 8
Months

Figure 5: Wind power density at 17m and 10m
heights

5.5 Temperature amplitude and estimated
solar radiation

Unlike the wind speed, there is no much

variation in the monthly temperature. This is
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similar for both minimum and maximum
temperatures.

364

344 — T_min

324

T(°C)
|
|

30

284

26

0 2 4 6 8 10 12
Months

Figure 6: Average Temperature, Minimum
Temperature and Maximum Temperature over
the three years.

From figure 6, the T _min is the minimum
temperature, T max is the maximum
temperature and T is the mean temperature. The
highest temperature in the all three categories
occurs around April, this is due to hot season
and dry air. The lowest temperature is from
August to December. This is due to rainy
season around the months of August to October.
The temperatures is lower from November up
to February due to winter season.

The estimated average global solar radiation is
depicted in figure 7. January and July has the
highest radiation, followed by May, June and
then November. But the lowest occurs in
March. This is the month with lowest power
density as presented in Table 1. Base on these
characteristics the investigation shows that the
site is good for both solar and wind power
generation, thus a hybrid system can suite the
power supply of the area so that wind can
complement solar in the night and vice-versa.
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Figure 7: Estimated global solar radiation

6. CONCLUSION

This work assessed Wudil metrological data to
investigate the potentials of wind and solar as
sources of renewable energy. Data form
NIMET is collected for three years, 2018 to
2020 and analysed using Weibull distribution
and Samani model. In all the three years 2020
has the highest fluctuations in wind speed with
November has the highest and April has the
lowest, but the average wind speed over the
three years shows that September has the
highest. The wind power density as observed
based on the Weibull distributions is
encouraging. The lowest recorded value is
308.06W/m? in March and the highest is from
September to December. The accuracy if the
model based on the available data produces an
RMSE of 0.09.

On the other hand, the highest temperature
occurs in April due to hot season and dry air,
and lowest from August to December due to
rainy season around the months of August to
October. The temperatures is lower from
November up to February due to Harmatan
season. The average global solar radiation as
estimated using Samani model shows the
highest in January and July, followed by May,
June and then November, but lowest in March.
This is corresponds with the month that has
lowest power density. Base on these
characteristics and according to National
Renewable Energy Laboratory, the site is good
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for both solar and wind power generation, thus
a hybrid system is recommended in the area so
that wind can complement solar in the night and
vice-versa.
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