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measuring devices as well as huge capital investment
involved in procuring the instrument [11, 12].

This has led to the emergence of many theoretical models
with the major aim of estimating the amount of global SR on
various surfaces, especially for those areas with differing
climatic variables. Sunshine duration, ambient temperatures,
humidity, cloud cover and wind speed are some of the
variables that are normally considered [12 - 19]. Other notable
studies include those of Jamil and Akhtar [3] and Guillou et al
[20]. Jamil and Akhtar [3] conducted a global and diffuse SR
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I.  INTRODUCTION

N earth, surfaces where solar radiation (SR) are
harnessed are mostly tilted for maximum capture of
However, more of the
measurements of the solar radiation done are reported for
horizontal surfaces. Solar radiation data (SRD) on tilted
surfaces are still lacking [1]. Adequate control of energy
projects demand fitting SR data that are collected from

incoming solar radiation.

specific solar energy systems [2 - 4].

For the design and evaluation of solar-based energy
conversion systems, there should be an all-inclusive SRD that
can cater for both active and passive solar energy uses [5-10].
In addition, there are reports of unavailability of SRD in most

developing countries. This has been traced to paucity of SR
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comparison in India. In particular, the case of a typical
subtropical climatic region between Aligarh and the
neighboring capital city of New Delhi was undertaken. The
average annual global radiation of Aligarh was given as 22.12
MJ/m? per day, while the average annual diffuse radiation was
7.92 MJ/m? per day. The result indicates that good solar
energy and energy utilization potentials exist in the area.
Guillou et al [20] investigated the accuracy of two commonly
used clear sky models based on wet season in South Africa
and compared it with experimental data using Fluent
software. The average global irradiance for the fair weather
condition and measured data correlated appreciably well.

There exist some model dedicated to computing global and
diffuse irradiance on horizontal surface [21]. A vast majority
of researchers have labored on isotropic models, used for
elucidating diffuse radiation on tilted surfaces from their
horizontal counterparts [2, 12, 18]. The commonest of
isotropic models that can be used when short term data, such
as the instantaneous horizontal beam radiation are not
available, is due to Liu and Jordan [12, 22]

Among the other isotropic models which have relevance
here are the Badescu Model [23] and Koronakis Model [24].
There are ample literatures [13, 15, 25, 26] geared at
development of enabling techniques that can be employed in
SR estimation in Nigeria. None of the studies explored the
suitability of using isotropic models as an alternative to
measured SR data in Nsukka, Nigeria. Nsukka is a
municipality which is located at 6°51'N 7°23'E. As presented
in Mbah [27], while SRD on horizontal surfaces are
ubiquitous, the necessity of a viable alternative to full scale
experimentation, in SRD acquisition for tilted surfaces in
Nsukka cannot be over emphasized. Three isotropic sky
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models have been selected in this paper to address the
concern.

II.  SOLAR RADIATION ON TILTED SURFACES

As presented in Literature [28], for determination of the
constituents of total solar radiation on a tilted surface (l+):

Iy =l + 14+ 11, 1)

where:

I ,= the beam radiation

I7 4 = diffuse radiation

I, = the ground reflected radiation

Description of the selected isotropic models

1. Liu & Jordan Model [28]: Here the total solar radiation
is given as

I =1 pRo+ 1y (lJrCZOSﬂj_thg (1—(3205,3) @)

2. Badescu Model [23]: The total solar radiation is given as

Iy =1sRy + 1 [3+0252ﬂj+|hp9 (1_C;Sﬂj ®)

3. Koronakis Model [24]: The total solar radiation is given as

e =1ipR + g (M;Sﬂ)“‘lhpg (1_0205/)7) (4)

where Iy is the hourly beam SR on a horizontal surface, I 4
is the hourly diffuse SR on a horizontal surface, pq is the
ground reflectance, R, is the geometric ratio and Iy, is the
hourly global SR on a horizontal surface.

I1l. METHODOLOGY

Method and Equipment

The experiment was carried out at the National Center for
Energy Research and Development (NCERD) located inside
University of Nigeria, Nsukka, Nigeria. The setup is as shown
in Plate 1. The data were collected using two KIMO
Instruments SAM 20 solarimeters with spectral response of
400-1000 nm and rated sensitivity of 100 mV for 1000 W/m>.
One of the solarimeters was placed on a platform tilted at 15°
facing south while the other was kept on a horizontal
platform. The data were recorded at 10 minutes interval each
day from 9.00 am to 5.00 pm from October 2016 to March
2017 covering the period of harmattan dry season in Nigeria.
Scilab computational software, version 5.5.2 was used to
determine the performance of each model.
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Models Performance Evaluation Using Statistical Test

In order to compare the experimental data and the
predictions of the models, four widely used statistical
parameters were used namely: Mean Bias Error (MBE), Root
Mean Square Error (RMSE) Mean Absolute Percentage Error
(MAPE) and t-statistics (t-stat).
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Fig 1: Experimental setup for measuring data

Mean Bias Error (MBE) provides information on long-term
performance of the models.

MBE =13>"" (H,—H,) 5)

Root Mean Square Error (RMSE) provides information on
short term performance of the models.

RMSE =337 (H, —H,,) ®)

Mean Absolute Percentage Error (MAPE) is a measure of
prediction accuracy.

MAPE =1%"" —p x100 @)
T-statistics (t-stat) is given as:
(n —1) MBE?
t= 5 5 (8)
RMSE“ — MBE

where n is the number of data, Hyi and Hy,; are the i predicted
value and measured value.

IV. RESULTS AND DISCUSSION
The graphs below (Figures 2 - 4) show a comparison
between each estimated data obtained from the theoretical
models and the measured data. Of the three models, at first
look, the Koronakis model, with R? value of 0.9882, appears
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to fit the experimental data more than those of the other two
models. This assertion can further be studied by considering
the data presented in Table 1.

Table 1 presents the values of the statistical performance
indices obtained from the analysis. It can be seen that
Koronakis model fits the experimental results most when
viewed from the fact that it has the highest value of
coefficient of determination. This index actually shows how
closely the experimental results fit the line of best fit. On this
basis, the Koronakis model with 98.82% offers a better fit
than the Liu & Jordan model with a corresponding value of
98.06% but the correlative coefficient R* was done on short
term period. The RMSE shows how much error is incurred in
the experimentation. The smaller the value of the index, the
bettr the model’s performance. A look at the error data shows
that the Koronakis model has higher absolute value in MBE
and lower RMSE than Liu & Jordan whereas the Liu & Jordan
has lower absolute value of MBE and higher RMSE.

On the basis of the above, Koronakis model seems to give a
better estimation of the SRD for tilted surfaces for the
considered location. However, these deductions must be
quoted with great care. According to [29] and [30], the most
reliable assessment tool for evaluation and comparison of
such models is the t-stat test along with the MBE and RMSE.
The t-stat indicator allows models to be compared and at the
same indicate whether or not a model estimate is
statistically significant at a particular confidence level [29].

Table 1: The result of statistical analysis for different isotropic

models
S/N  Models MBE RMSE MAPE t-stat R?
1 Liu & -0.0127  0.0261 2.42 3.3947  0.9806

Jordan
2 Badescu -0.0189 0.0233 3.61 8.4504 0.988

3 Koronakis -0.0148  0.0200 2.82 6.6966 0.9882

The smaller the value of t-stat the better the performance of
the model. The t-stat has a formula combination of MBE and
RMSE and was used to determine the performance of the
models. Among the three models considered, the Liu &
Jordan model has the least values of MBE and t-stat of -
0.0127Wh/m? and 3.3947 respectively. Hence, the Liu and
Jordan model will be the most suitable for estimating SRD in
the studied location, based on the overall combination of the
error measuring parameters.
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Fig. 2 Measured solar radiation on tilted surface versus Liu &
Jordan model.
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Fig. 3 Measured solar radiation on tilted surface versus Badescu
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ig. 4 Measured solar radiation on tilted surface versus Koronakis
model.
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V. CONCLUSION

The paper studied the behavior of three different isotropic
models formulated for determination of solar radiation in
tilted surfaces. The work compared results from the
theoretical models with measured data on solar radiation
specifics in a solar system located in Nsukka, Nigeria. Based
on the statistical error indices, the Liu and Jordan model
manifested significant superiority over the other models
tested. It recorded the least MBE as well as the least t-stat
values. These impose more confidence on the result hence the
recommendation for estimating the global solar radiation in
tilted surfaces at Nsukka, Nigeria.
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