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ARTICLE INFO: ABSTRACT

Keywords: This study analyzes the variability of solar radiation and its effect on photovoltaic (PV)
Nguru, energy generation over Nguru, Nigeria, using 31 years of data (1990-2020) of global solar
Photovoltaic outpult, radiation, sunshine duration, and temperature obtained from the Nigerian Meteorological
Solar radiation, Agency (NIMET). Empirical sunshine - and temperature - based models were applied and
Statistical metrics validated against the measured global solar radiation values using statistical metrics such as

Mean Bias Error (MBE), Root Mean Square Error (RMSE), and Mean Percentage Error
(MPE). Results show that the mean annual solar radiation was 23.89 MJm-2day?, with
maximum and minimum values of 25.15 MJm2day* (2010) and 22.99 MJm2day? (1991).
The monthly mean PV energy output was 3129.27 kWh, peaking in October (3607.20 kWh)
and reaching its lowest in August (2677.83 kWh). The Correlation Analysis (CA) revealed a
good positive relationship between the measured global solar radiation and PV output with
0.75 (CA = 75%). Seasonal analysis indicated higher average solar radiation values in the
rainy season (24.65 MJm2day™) compared to the dry season (22.81 MJm-2day™), attributed to
reduced dust and aerosols. Among the tested models, the Garcia (1994) temperature-based
model (H3) performed best (R2 2 75.2%) with the lowest error metrics, and p-value of 0.0045
making it the most suitable for Nguru. The t-test (p-value) for all the adopted sunshine and
temperature based models are significant at 95% (p < 0.05) confidence level, except for the
Chen et al. (2004) temperature based model which has p-value of 0.1136. The findings
confirm Nguru’s strong solar energy potential, providing valuable insights for optimizing
renewable energy development in the Sahelian region of Nigeria.
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INTRODUCTION

Solar radiation is the primary energy source that
powers photovoltaic (PV) systems, making its
study fundamental to solar energy research. PV
technology directly converts solar irradiance into
electricity using semiconductor materials. The
efficiency of this process depends on the
guantity and quality of solar radiation reaching
the Earth’s surface, which varies across time and
space. As global energy demand continues to
rise alongside concerns over fossil fuel depletion
and climate change, assessing solar radiation for
PV energy generation has become a critical area
of scientific inquiry. This energy drives virtually
all life systems on earth and the earth’s climate
and weather, such as wind and air movements in
the atmosphere and ocean currents in the
hydrosphere (Reddy et al., 2013). The sun also
powers the rainfall cycles that fill the rivers from
which we extract hydroelectricity (Mehdizadeh
et al., 2016). Petroleum is made up of fossil
remains of plants and animals that collected
energy from the sun thousands of years ago
(Oluchi et al.,, 2024). Amadi et al. (2020)
analysed the variability in solar radiation at Port
Harcourt and Calabar. They used monthly mean
solar radiation data for fifteen years between

(2000-2014) obtained from Nigeria
Meteorological ~Agency (NIMET). They
employed clearness index parameter for

characterizing the spatial variability of solar
radiation for Calabar and Port Harcourt and the
statistics was tested using the Kolmogorov-
Smirnov method. Their results showed that the
auto-correlation coefficient was varying from
0.30 to 0.47 for both Calabar and Port Harcourt
respectively. In another study, Mamman et al.
(2024) assessed solar radiation models and
measurement techniques for Nasarawa state
Nigeria using pyranometer on nine 12 V, 5 W
polycrystalline solar panels. They took daily
measurement between 12:00 PM and 3:00 PM
and employed Angstrdm-Prescott model to
estimate solar radiation, yielding regression
constants ‘a’ and ‘b’ as 0.53 and 0.052
respectively. Their results showed that the
highest radiation value was recorded in April
having 29.86 MJ/m? and the lowest in August
having 16.68 MJ/m?. The findings indicated a
significant solar radiation potential  for
harnessing solar energy in Nasarawa state, with
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consistently high atmospheric transmission
coefficients or clearness index throughout the
year.

The Sahelian region of Nigeria presents both
opportunities and challenges for energy
generation, particularly in the context of
renewable resources like solar power. Nguru,
located in Yobe State, is often highlighted for its
potential in photovoltaic (PV) electricity
generation due to its geographical and climatic
conditions. However, despite the growing
interest in solar energy, research specifically
addressing the unique characteristics and
challenges of PV electricity generation in Nguru
is limited. To advance the discourse on
renewable energy in Nigeria, more targeted
research is required focusing on Nguru's specific
context. Addressing these gaps could facilitate
the development of tailored PV solutions,
contribute to local energy independence, and
drive socio-economic development in the
Sahelian region. Two sunshine based models,
Angstrom  (1924) - Prescott (1940) and
Ampratwam and Dorvlo (1999); and two
temperature based model, Garcia (1994) and
Chen et al. (2004) were used in this study. These
four models were found to be suitable for
estimating global solar radiation across the globe
which justified their usage in this study.

This study focused on how the fluctuations in
the amount of solar radiation and temperature
affect photovoltaic electricity output over
Nguru. The purpose of this study are to (i)
Investigate the monthly, seasonal and annual
variability of the meteorological parameters of
global solar radiation (GSR), mean temperature
and sunshine hour for Nguru, Nigeria (ii)
Estimate electricity generation from
photovoltaic (PV) for the location under study
(iii) Investigate the impact of solar radiation and
temperature variability on energy generation in
Nguru (iv) Estimate and validate two sunshine
and temperature based models (v) Compare the
estimated sunshine and temperature based
models with the measured in terms of their
impact on energy generation.

2. METHODOLOGY

2.1 Data collection

Meteorological parameters of solar radiation,
sunshine hour, maximum and minimum
temperature was obtained from the Nigerian
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Meteorological Agency (NIMET) for Nguru values related to PV energy generation
during the period of thirty-one years (1990- parameters.
2020). The Gunn Bellani solar radiation data The monthly average daily extraterrestrial
was converted to MJm?Zday’ An SR- radiation on a horizontal surface (H,) was
72M565HLPro monocrystalline PERC, 21.9 % calculated for days given the average of each
efficiency and 2.58 m* solar panel datasheet month using the equation (Garba et al., 2016,
from Sunrise Energy was used in referencing the Akpootu et al., 2019a,b,c,d).

24 360n . 2Mws . .
H, = (¥) I, [1 + 0.033 cos (ﬁ)] [cosqa cosd sinw; + ( 260 )smq::- X sind @
where, I, is the solar constant (1367 W/m?), n declination. The angle of declination and sunrise
is the number days, w, is the sunrise angle, ¢ is angle are obtained using the following equations
the latitude of the site and & is the angle of (Clomiyesan et al., 2021; Akpootu et al., 2022).

. 284+n

§ = 23.455sin [360 (Z")| )
w; = cos (—tan¢tand) (3)

For a given month, the daily maximum possible sunshine duration (5,) in hours is related to the e,
through the equation (Akpootu and Iliyasu 2015a,b; Akpootu and Abdullahi, 2022):

2
So = 1 We (4)

2.2 Solar Radiation Models
The Prescott (1940) sunshine based model which is a modified Angstrém (1924) model is given by:

H 5

r=a+b (q—) (5)
The Ampratwam and Dorvlo (1999) sunshine based model is given by

H )

H—OZ(I‘I‘EJIH(E) (6)
The Garcia (1994) temperature based model is given by

H AT

w =0 () ™

The Chen et al. (2004) temperature based model is given by

H

= atbnaT (8)

where, H is the daily global solar radiation on a determined through regression analysis using
horizontal surface (MJm2day™), H, is the daily Minitab software.

extraterrestrial radiation (MIJm2day™?), AT is the 2.3 Photovoltaic (PV) Power Output Models
change in temperature (°C), S is the day length PV Power Output Model

The PV output was obtained using Maduabuchi

or sunshine duration (h), S, is the peak dail
unshine duration (h), S, is the peak daily and Eke (2021).

sunshine duration (h), a and b are the empirical
coefficients specific to the location which was

P=GxXAXn )
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where, P is the PV power output (W), G is the solar irradiance (kW/m?), A is the area of the PV array (m?)
and n is the PV efficiency (%).

n= nstc[l + T(Tc _Tstc)] (10)
where, 1. Is the reference PV efficiency, 1 is datashegt from Sunrise Energy as the
the temperature coefficient of power (%/°C), T. referencing values related to PV energy

generation parameters.

is the cell temperature (°C), and. Tsi. is the 2.4 Total Energy Model

reference temperature (25 °C). This study used The total energy model employed was based on
an SR-72M565HLPro monocrystalline PERC, Maduabuchi and Eke (2021) using

21.9 % efficiency and 2.58 m? solar panel

E=Pxt (11)

where E is the total energy output (kWh) and t is generally use the Pearson correlation coefficient,
the time duration (h) which measures the strength and direction of the
2.5 Statistical analysis linear relationship between two continuous
2.5.1 Correlation Analysis (CA) variables (Hogg et al., 2012).

To perform a correlation analysis between
global solar radiation and power output, you
n(¥xy)-(Lx)(Xy)

N =

(12)

where:

r = Pearson correlation coefficient, n = number of paired data points, x = values of global solar radiation,
y = values of power output and )’ = summation notation. Minitab software can also be used to compute
the values of the correlation analysis.

2.5.2 Standard deviation and coefficient of variation

The solar radiation variability was assessed using standard deviation and coefficient of variation (CV) as
given by Palmer et al. (2017).

a = J% E?rzl(Hobs - Hest) (13)

where N is the number of observations used, and ¢ is the standard deviation.
cv =-2-x 100 (14)

ast
2.5.3 Seasonal energy yield comparison
The seasonal variation in a solar energy output was analyzed using the equation below as given by Ogolo
(2010a).

AE = BdryBwet oy 100 (15)

wed
where AE is the percentage change in energy output, Ewe: and Eqry are energy yields in rainy and dry
seasons respectively.
2.5.4 Model validation and accuracy assessment
The accuracy of the models used in the analysis was validated using performance metrics as given by
Akpootu et al. (2019a); Akpootu et al. (2023).
Mean Bias Error (MBE):

MBE = [21 {Hesj:r_Hobs]'] (16)
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Root Mean Square Error (RMSE):

n _ Z
RMSE = J 21 {Hes;r Hops) ]

Mean Percentage Error (MPE):

H_ p—H
n{obs” " est
Zl( Hobs ’(mﬂ)

MPE =

N
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17)

(18)

The t-test was calculated using the equation (Bevington, 1969).
1

[ (n—-1)(MBE)? ]2
"~ |(RMSE)Z—(MBE)?

The locations was statistically tested at the
(1 — a) confidence levels of significance of
959% and 99%. For the critical t-value, i.e., at o
level of significance and degree of freedom, the

calculated t-value must be less than the critical
3. RESULTS AND DISCUSSION

(19)

value (t piticar = 2.20, df = 11,p < 0.05)
for 95% and
(teriticar = 3-12,df = 11,p < 0.01) for
99%.
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Figure 1: Annual mean variation of global solar radiation for Nguru

Figure 1 illustrates the annual solar radiation
variability for the period of 31 years between
1990 to 2020 for Nguru. The result revealed that
the average solar radiation value for the years
under study is 23.8850 MJm2day?, the
maximum value of 25.1520 MJm2day?! was

100

observed in 2010 and the minimum value of
22.9980 MJm?day™ in 1991. The result further
reveal that there is fluctuation in the variation of

global solar radiation for the studied period as
this is expected.
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Figure 2: Annual mean variation of sunshine hours for Nguru

Figure 2 illustrates the annual variability of the
sunshine duration for the period of 31 years
between 1990 to 2020 for Nguru. The result

years under investigation is 8.3513 hours, it has
maximum sunshine hours of 9.0167 hours in the
year 2012 and minimum sunshine hours of

illustrates that the average sunshine hours for the 7.6167  hours in the year  1996.
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Figure 3: Annual mean variation of temperature for Nguru

Figure 3 illustrates the annual mean temperature
variation for the period of 31 years between
1990 to 2020 for Nguru. The result revealed that
the average mean temperature value is 27.8363
°C, the maximum mean temperature of the years

occurred as 28.7708 °C in 1997 and minimum
mean temperature occurred as 26.6750 °C in
2002.

101



D. O. Akpootu et al.

N
~

ISSN: 2811-2881

‘Ta-‘ 26 e -
= -
‘?‘E / 1-\
= 25 Ve N \
= - -
= - \
2 24 / / \,
[} N
b= - . N\
& / \
5 23 = -
w
& 22 )
=}
214 =
u
20 T T T T T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Months of the year
Figure 4: Monthly mean variation of global solar radiation for Nguru

Figure 4 illustrates the monthly and seasonal
variability of the measured solar radiation for the
period of 31 years between 1990 to 2020 for
Nguru. The result illustrates that the monthly
average measured solar radiation value obtained
is 23.8850 MIm?Zday?, with maximum
measured solar radiation value of 26.5414 MJm"
2dayt in April and reached its minimum value of
20.5594 MJm2day in December, the maximum
solar radiation occurred in the rainy season
while the minimum occurred during the dry
season. The result indicated that the location has
high value of solar radiation with less fluctuation
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during the rainy season due to the clear sky than
the dry season. The average global solar
radiation during the dry (November to March)
and rainy season (April to October) was
observed to be 22.8095 MJm2day™ and 24.6533
MJm2day? respectively. Thus indicates that
high value of global solar radiation are found
during the rainy season than in the dry season,
this could be attributed to the fact that during the
dry season there is a presence of high amount of
dust and aerosol in the atmosphere which
generally reduce the temperature and incoming
solar radiation in the studied location.
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Figure 5: Monthly mean variation of sunshine hour for Nguru

Figure 5 illustrates the monthly and seasonal
variability of the measured sunshine hour for the
period of 31 years between 1990 to 2020 for
Nguru. The result shows that the monthly
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average measured sunshine hour was found to be
8.3513 hours, with maximum sunshine hours of
9.0839 hours in October and minimum sunshine
hour of 7.3677 hours which occurred in the
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month of March. Thus indicates more
fluctuations with high sunshine hours in the
rainy season and slightly more stable with low
sunshine hours in the dry season. The average

value of sunshine hours during the dry and rainy
34

32

30
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season were observed to be 8.3606 hours and
8.3447 hours respectively which indicates that
the sunshine hours are slightly high during the
dry season than in the rainy season.
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Figure 6: Monthly variation of mean temperature for Nguru

Figure 6 depicts the monthly and seasonal
variability of the measured mean temperature for
the period of 31 years between 1990 to 2020 for
Nguru. The result shows that the monthly
average mean temperature value obtained is
27.8383 °C, with maximum mean temperature

value of 32.5758 °C in May and minimum mean
temperature value of 22.0661 °C occurred in the
month of January. Thus indicates more stable

with high temperature in the rainy season and
significant fluctuations with low temperature
occurred in the dry season. The average value of
mean temperature during the dry and rainy
season were observed to be 24.8455 °C and
29.9760 °C respectively which indicates that the
mean temperature is high during the rainy
season than in the dry season.
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Figure 7: Comparison of the estimated sunshine based models and measured global solar radiation for

Nguru

Figure 7 illustrates the monthly variability of the
measured and estimated solar radiation using
sunshine based models for the period of 31 years

between 1990 to 2020 for Nguru. The result
illustrates that the estimated global solar
radiation  (Angstrdm-Prescott model H1)
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underestimated the measured global solar March to April and October to November and
radiation from the months of March to April and overestimated in the months January, June to
October to November, furthermore September and December with approximately
overestimated the measured global solar equal values in the months of February and May.
radiation in the months of January, June to The result further revealed that the measured
September and December with approximately global solar radiation overestimated both the
equal in the months of February and May. Also estimated global solar radiation during the dry
the estimated global solar radiation (Ampratwam season and underestimated them during the rainy
and Dorvlo model H2) underestimated the season except for the months of April, October
measured global solar radiation from the months and November
|+ Hmeasurea — ®  Garcia Model —a— Chen et al Model|
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Figure 8: Comparison of the estimated temperature based models and measured global solar radiation for

Nguru
Figure 8 illustrates the monthly variability of the September, October and November with almost
measured and estimated solar radiation using no deflections in the months of March, April and
temperature based models for the period of 31 May. The estimated global solar radiation (Chen
years between 1990 to 2020 for Nguru. The et al model H4) overestimated the measured
result illustrates that the estimated global solar global solar radiation in the months of January,
radiation (Garcia model H3) overestimated the February, March, April, May, June, July, August
measured global solar radiation in the month of and December and underestimated in the months
January, February, June, July, August and of September, October and November.
December and underestimated in the months of
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Figure 9: Monthly mean variation of total energy output for Nguru
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Figure 9 illustrates the graph of monthly
total energy output during the studied period
for Nguru. The monthly average total energy
output obtained is 3129.2669 kWh, the
highest total energy output occurred in the
month of October with the value of
3607.1997 kWh as the solar irradiance and

ISSN: 2811-2881

sunshine hours increased to 7.0281 kwm™
and 9.0839 hours respectively while the
minimum output is 2677.8350 kWh in
August as the solar irradiance and sunshine
hours decreases to 6.2975 kWm™ and
7.5258 hours respectively.
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Figure 10: Comparison of the total energy output (TEO) with other estimated TEO based on sunshine

and temperature based models for Nguru

Figure 10 illustrates the monthly total energy
output and other estimated total energy output
for Nguru. The result illustrates that the
estimated total energy output sunshine based
model 1 (TEOSBM1) underestimated the
measured total energy output (TEO) in the
months from March to May, October and
November, furthermore overestimated the
measured total energy output (TEO) in the
months from June to September, January,
February and December. Also the estimated total
energy output sunshine based model 2
(TEOSBM2) underestimated the measured total
energy output (TEO) in the months of February,
March, April, May, October and November and
overestimated in the months of January, June,
July, August, September and December. Thus
indicates that the  overestimation and
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underestimation between the measured and
estimated total energy output is considered to be
minor in most of the months. Furthermore, the
result illustrates that the estimated total energy
output temperature based model 1 (TEOTBM1)
overestimated the measured total energy output
(TEO) in the months of January, February,
March, May, June, July, August and December
and underestimated in the months of September,
October and November with no deviation in the
month of April. The estimated total energy
output temperature based model 2 (TEOTBM2)
overestimated the measured total energy output
(TEO) in the months of January, February,
March, April, May, June, July August and
December and underestimated in the months of
September, October and November.
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Figure 11: Comparison of the total energy output with global solar radiation for Nguru

Figure 11 depicts the impact of monthly solar
radiation variability on energy generation of the
year for Nguru. From the result obtained, as the
solar radiation generally increase from the
months of January until it reaches its maximum
value of 26.5414 MJm2day™ in April, monthly
energy generation also increased with slightly
drops in the month of March due to high
presence of aerosols. The solar radiation started
to decrease in the months from May to August,

where energy generation also decreases until it
reaches it minimum value of 2677.8350 kWh in
the month of August. Moreover, as the total
energy output increased to its peak value of
3607.1997 kWh in the month of October, the
radiation is also high. Thus indicates that as
solar radiation increases, total energy output also
increase and vice versa except for the month
having high aerosols, clear sky and high
sunshine hours.
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Figure 12: Comparison of the total energy output with mean temperature for Nguru

Figure 12 illustrates the impact of monthly mean
temperature variability on energy generation for
Nguru. The result illustrates that in most months
the energy generation correspond to the
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temperature except in the month of March where
the energy generation slightly decreased as the
temperature generally increase. The maximum
energy output occurred in the month of October
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due to clear sky and massively dropped between
the months of July and August due to the
presence of cloud cover as radiation increases
the energy output also increase and vice versa.
GSR =11.344 - 0.0688 SSH + 0.47114 Tmean
Equation (20) shows the regression equation
between the Global Solar Radiation (GSR) with
the meteorological parameters of Sunshine hours
Table 1: Test of Multicollinearity

ISSN: 2811-2881

Regression Analysis: Global Solar Radiation
versus Sunshine hours, Temperature
The regression equation is

(20)
(SSH) and Mean Temperature (Tmean). The result
shows modest correlation with coefficient of
determination of 74.7%

Predictor Coef SE Coef T P VIF
Constant 11.344 5.868 1.93 0.085

Sunshine hours -0.0688 0.6012 -0.11 0.911 1.01

Temperature 0.47114  0.09208 5.12 0.001 1.01

Table 1 shows the test for multicollinearity,
based on the rule of thumb, for multicollinearity
to be suspected, the Variance Inflation Factor
(VIF) values must be above 5 or 10 (James et
al., 2017). In this case, the values for Sunshine
hours and Temperature are all below the
threshold.

Correlations: Sunshine hours, Temperature
Pearson correlation of Sunshine hours and
Temperature = -0.100

P-Value = 0.758

Correlation coefficients values close to 1 or -1
indicate  strong  multicollinearity  between
variables. Thus, the correlation results did not
H s

= 0321+0517 (q—)

a o

= 0812 +0.357In (qi)

Hi: = 0.514 + 0.137 (‘;‘—T)
H

= 0.218 + 0.174In AT

(2]

show any case of multicollinearity as indicated,
the variables does not have correlation above the
threshold of 0.7 (Richard, 2017). The p-value of
0.758 which is greater than 0.05, indicates no
multicollinearity. Therefore, the data set can be
used for multiple regression analysis since there
is no multicollinearity as indicated from the
results of VIF and correlation coefficient.

The following sunshine (21a and 21b) and
temperature (22a and 22b) based models are
recommended for estimating global solar
radiation for Nguru if global solar radiation is
not available.

(21a)
(21b)
(22a)
(22b)

Correlations: Measured global solar radiation, Power Output

Pearson correlation of Hieasured and Power output = 0.750

P-Value = 0.005

The correlation analysis revealed a good positive relationship between the measured solar radiation and

PV output with 0.75.
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Table 2: Correlation between estimated solar radiation and power output for Nguru

CAS;
0.709

CAS;
0.717

CAT,
0.629

CAT:
0.714

Table 3. Coefficient of variation for Nguru

CV, CV, CVs CV,
22483 1.0725 0.1757  4.4902
Table 4. Seasonal energy yield for Nguru
SV Sv1 SV2 SV3 Sv4
7.8005 10.1061 10.0907 5.9796  6.3265

Table 5. Tested performance of each model for Nguru

Models R? MBE RMSE MPE t
Hi 0.5126  -0.012 1.0722 -0.1488 0.0384
Ha 0.5114 0.0059 1.0733 -0.2206 0.0183
Hs 0.7515 -0.0010 0.7164 -0.1099 0.0045
Ha 0.7503 -0.0248 0.7246  0.0545 0.1136

Table 6. Ranking of the estimated models based on the statistical test for Nguru

Models R? MBE RMSE MPE t Total
Hi 4 2 3 2 3 14
Ha 3 4 4 3 2 16
Hs 1 1 1 1 1 5
Ha 2 3 2 4 4 15

Table 2 illustrates the correlation between the
solar radiation and energy output for Nguru. The
results indicated that all parameters have good
and positive correlation as the solar radiation
generally increase, power output increases
proportionally. The estimated global solar
radiation based on sunshine and temperature
based models with the PV oitput provides a
good CA that ranged between 0.629 and 0.717.

Table 3 illustrates the coefficient of variation in
solar energy output for Nguru. The result
illustrates that the CV3 (coefficient of variation
temperature based model 1) has the lowest
variation (~0.18%) which indicates perfect
stable solar energy output and CV4 (coefficient
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of variation temperature based model 2) has the
highest variation (~4.49%), the fluctuations in
the solar energy output according to all
estimated coefficient of variation is less.

Table 4 illustrates the percentage variation in
energy output between dry and rainy seasons for
Nguru. The result revealed that SV1 (seasonal
variation based on sunshine based model 1) and
SV2 (seasonal variation based on sunshine based
model 2) have significant seasonal variation of
approximately 10.11% and 10.10% respectively,
SV3 (seasonal variation based on temperature
based model 1) and SV4 (seasonal variation
based on temperature based model 2) has low
seasonal variation of approximately 6.0% and
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SV (measured seasonal variation) has moderate
changes of 7.8%. Significant drops in energy
generation occur in SV1 (seasonal variation
based on sunshine based model 1) and SV2
(seasonal variation based on sunshine based
model 2). This indicates that the temperature
based models are more appropriate in the
Sahelian region of Nigeria.

Table 5 presents the statistical error for each
empirical model used for the estimation of
global solar radiation for Nguru. Based on the
MBE, RMSE and MPE, the Garcia model (H3)
has the lowest values of -0.0010 MJm2day?,
0.7164 MJmday?! and -0.1099% respectively
with the highest coefficient of determination R?
of 75.2%, furthermore, the MBE and MPE
underestimated the measured by 0.0010 MJm-
2day? and 0.1099% respectively. Based on the
MPE, all the models fall within the acceptable
range (MPE < +10%). The t-test (p-value) are
significant at 95% and 99% confidence level,
except for the Chen et al. (2004) temperature
based model.

Table 6 illustrates the ranking of the models
based on their validation. The total ranks
obtained by the different models ranged from 5
to 16. Based on the overall results Garcia model
(H3) was found the best and most suitable for
estimating global solar radiation for Nguru as it
was ranked the lowest with 5. This is line with
the study reported by Ogolo (2010b) where he
found that the temperature based models are
most suitable for estimating global solar
radiation in the Sahelian region of Nigeria.

4. CONCLUSION

The investigation of solar radiation variability
and its impact on photovoltaic electricity
generation over Nguru revealed consistent
seasonal and inter-annual fluctuations, with
overall high solar energy potential. Results
showed that PV output is strongly influenced by
solar radiation, sunshine duration, and
temperature, increasing proportionally with
these variables. Seasonal analysis indicated that
solar radiation values were slightly higher
during the rainy season than in the dry season
due to reduced aerosol and dust concentration,
though energy output dropped in some months
due to cloud cover. The average monthly total
energy output is 3129.2669 kWh. The maximum
total energy output, 3607.1997 kWh, was
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recorded in October when sunshine hours and
solar irradiance rose to 9.0839 hours and 7.0281
kwm2, respectively. The Variance Inflation
Factor and correlation coefficients analysis
between global solar radiation, sunshine hours
and mean  temperature indicated no
multicollinearity to enable multiple regression
analysis to be proceeded. With a coefficient of
0.75 (CA = 75%), the correlation analysis (CA)
showed a strong positive association between
the measured global solar radiation and PV
output. The evaluation of empirical models
demonstrated that the Garcia temperature-based
model (H3) was the most reliable for estimating
global solar radiation in Nguru, with the lowest
errors and a coefficient of determination of
~75.2%. These findings highlight the suitability
of temperature-based models for accurate solar
forecasting in the Sahelian region. In conclusion,
Nguru possesses stable and abundant solar
resources, making it one of the favorable
locations for expanding photovoltaic energy
generation and supporting Nigeria’s shift toward
sustainable renewable energy solutions.
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