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ABSTRACT

Four temperature-based models have been used to analyze global solar radiation for Nsukka. The statistical
parameters used for the analysis were the root mean sgquare error (RMSE), the modeling efficiency (ME) and the
Coefficient of residual mass (CRM). The analysis of the models shows that the Allen and the Annandela et al.,
models are adequate for estimating global solar radiation in Nsukka. This implies that the values of the estimated
global solar radiation obtained from these models can be used for designing solar systems and for research
purposes for Nsukka.
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INTRODUCTION

Knowledge of the global solar radiation is of fundantal importance for all solar energy conversigstems. The
solar radiation data is not easily available fagrgMocation in many countries. Also many countdasnot afford to
pay for the cost of measuring equipment and thienigaes involved [1]. Solar radiation data is vesgential for
locations used in sitting solar energy utilities éptimal design and performance of such instadigstems. Where
solar radiation data is absent, a regression asalgs be used to correlate solar radiation witieoteteorological
data like sunshine duration, relative humidity, gstgre, temperature, etc. in places where solaatradi data is
available [2]. The resulting correlation can them dpplied to similar locations with same meteormalgand
geographical characteristics. Many temperatureasedels have been used to estimate global salatien [3-
10]. The objective of this study is to analyze sderaperature-based models for estimating globalrsadiation at
Nsukka.

MATERIALS AND METHODS

The global solar radiation, temperature, presslative humidity data were obtained from the Cerfor Basic
Space Science (CBSS) for Nsukka located at Lati@u8®N\ and Longitude 7.4°E at an altitude of 4884lmve sea
level [11]. From the data the monthly mean daillasoadiation, the root mean square error (RMSg), rhodeling
efficiency (ME) and the coefficient of residual ma&RM) were calculated. The calculated monthly médaily

solar radiation was compared with the estimatedaesfrom the models used by determining the RMSE,avid

CRM [10-11].
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Model Description
Extraterrestrial solar radiation can be obtained asction of latitude or calculated using Eqn.[(12]:

H, = 24x3600|$[1+ OOB%OS@jX(CowCOSO_Sinw"‘ ESinqosinb_j 1)
T 365 180

whereH, is the monthly mean daily extraterrestrial radiat{MJm?), I is the solar constant (1367Winn is the
mean day of each mon#, is the latitude of the locatiod,is the declination angle given as

B

0 = 2345sin 360M , (2)
365

and & is the sunset hour angle for a typical day given as

w= cos*(- tangtand) 3)

Hargreaves and Samani Model
Hargreaves and Samani [13] estimated global saldiation from the difference in the maximum and imum
temperature using

H, =K (T, -T

max min

)0.5 H, (@)

whereH, is the solar radiation (MJAd™), He is the extraterrestrial radiation (MJoh'), Ty iS the maximum
temperature (°C)Tn is the minimum temperature (°C) akdis the empirical coefficient which is recommended
be 0.16 for interior regions and 0.19 for coastgions [14].

Annandela Model

A correction factor forKrlwas introduced [15] to account for the effectsaafuced atmospheric thickness on solar
radiation. The correction is given by

K!=(1+0.000027 M )K, 5)

where Kr1 is the corrected; andM is the altitude (m) [10, 16].

Allen Model
Allen [17] estimatedK; as a function of elevation to account for the @ffef elevation on the volumetric heat
capacity of the atmosphere by using

P 05
K, =K, | — 6
r ra(PJ (6)

(o]

wherekK,, is the empirical coefficient having a value of Dfbr the interior regions and 0.20 for the coastgions,
P is the mean atmospheric pressure at the site,Pgrid the mean atmospheric pressure at sea levelhwkic
101.3kPa.

Samani Model
Samani [18] developed the empirical relationshipveenK; and the difference between air temperature extseme
using
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K, =0.0018%T, - T, ) —0.043%T _ -T, . )+0.4023 7)

max min

According to Samani [10], equation (5) can be aaptd locations between latitudes 7°N and 50°N.

Bristow — Campbell Model
Bristow and Campbell [19] introduced another metfadestimating solar radiation from air temperatusing

H.=SHq (8)

whereHg is the estimated solar radiatidd, is the extraterrestrial solar radiatidh,s the daily total atmospheric
transmittance which is expressed as

S = Sl - exd- AaT¢)| (©)
Simax —ath (10)

wherea andb are expressed as Angstrom coefficients or detexdnas a function of latitude,and elevationh [20]
which give more accurate results:

a=-3517x10°L - 1492x10°h + 0.3263 (11)

b= 5042x10*L + 4845x10°h + 0.4644, (12)

pis a function of mean monthly temperature whicbxpressed as
B = 0036exp~ 0154AT) (13)
cis a constant value of 2.4.

Data Analysis

The estimated solar radiation values using the isodere compared with the observed values. The muedn
square error (RMSE), modeling efficiency (ME) arakfficient of residual mass (CRM) were indicatosedi in
analyzing the accuracy of the estimated valuesymedt

n

Z(H ei Ho,i )%
RMSE == «100 (14)

ME — =1 Y - i=1 Y ’ (15)
Z(Ho,i - |:0)2
i=1
iHo,i _iHe
CRM == =1 (16)
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whereH, is the estimated valuél,; are the observed values afglis the average of the observed values raigl
the number of observations. The RMSE expresseeliceptages is used to compare the models and \alges
indicate better performance. The ME gives a uniizzavhen the estimated and observed values ard. atplaes
close to zero indicate poor performance and negatalues show that the estimated values are wbee the
observed values. When the CRM value is zero, itnmgerfect estimation. A positive CRM value indégsan
under-estimation of the observed value while a tregiaalue indicates over-estimation of the obsérvalue [20,
21].

RESULTS AND DISCUSSION
The modeled and measured/observed monthly valudedfolar radiation in Nsukka [11] are presentedable 1

and the results obtained from the models thatadls observed solar radiation to the estimateal satliation are
summarized in Table 2.

Table 1: Estimated and Observed Radiation for Nsuk&

Estimated Radiation (MJm?d?) o 51
Month Samani | Bristow-Campbell | Annandela| Allen Observed Radiation (MJm"d")
Jan 25.77 25.6505 21.99854 22.37174 17.59494
Feb 23.4334] 26.44175 22.3718p  22.8124 25.88425
Mar 28.7636 28.63026 24.55404 25.00[72 26.56939
Apr 22.5371 26.47802 22.37266 22.79p4 26.4672
May 23.0838 26.90553 22.7343] 23.16[79 26.16805
Jun 19.1254 23.77308 20.72444 21.1881 22.5648
Jul 18.1507 21.78584 19.7342 20.1593 19.21104
Aug 18.1009 19.51161 19.12842 19.55p3 18.21647
Sept 18.9042) 22.94559 20.5672B 21.0p3 18.91872
Oct 20.3538 25.09904 21.35611 21.8293 21.1457
Nov 21.0217 24.7276 20.89387 21.30p3 20.99808
Dec 26.0334 25.12914 21.6422% 19.002 17.09327
Average | 22.1065 24.7565 21.5065 21.68p8 21.736

From Table 1, the Allen model gives the best edtonafor solar radiation values in Nsukka followeg the
Annandela model. The modeled and measured/obseneathly values of the solar radiation in Nsukka][ate
shown in Figs 1 — 4.
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Fig.1: Comparison of Samani Model and Observed Saldadiation

Fig. 1 shows a lot of disparities between the Sammardel and the observed solar radiation in Nsuddecially at
the beginning and at the end of the year.
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Fig.2: Comparison of Bristow-Campbell Model and Obsrved Solar
Radiation

Fig. 2 also shows some disparities between thaédvi€ampbell model and the observed solar radiatiddsukka
at the beginning and at the end of the year.
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Fig.3: Comparison of Annandela Model and Observed®@ar
Radiation

Fig. 3 shows a lot of similarities between the Amhaa model and the observed solar radiation inkkéswith
minor disparities.
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Fig.4: Comparison of Allen Model and Observed SolaRadiation

Fig. 4 shows a very close relationship and the bestlarity between the Allen model and the obsdrgelar
radiation in Nsukka. The results obtained from thedels that relate the observed solar radiatioheoestimated
solar radiation [11] are summarized in Table 2.
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Table 2: Summary of the Models Analyzed

Model RSME ME CRM
Samar 18.599" | -0.3112; | -0.0170!
Bristow-Campbel | 18.310¢ | -0.2708: | -0.1389¢
Annandela 12.7597 0.382912 0.0105p8
Allen 11.1511| 0.528694 0.002448

From Table 2, the analysis shows that the Allen @hfi7] gives the best estimation because its RM&He is the
lowest, its ME is close to unity and its CRM is eppmately zero. The Annandela et al. model [15]egi good
values from the RMSE, ME and CRM results. The Samauel [16] shows poor performance from the RMSE,
ME and CRM values. The Bristow-Campbell model [§8les very poor values for estimating solar radiatin
Nsukka as compared with the other models.

CONCLUSION

Four temperature-based global solar radiation fsdu#ve been analyzed for Nsukka. The analysif®intodels
shows that the Allen and the Annandelal. models are adequate for estimating global sodiatian in Nsukka.
This is because the observed data closely agretts the estimated data. This implies that the valokeshe
estimated global solar radiation obtained from ¢h@edels can be used for designing solar systechfoamesearch
purposes in Nsukka.
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