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ABSTRACT

This study utilized monthly average daily valuegllobal solar radiation and sunshine hour for IBiaraba State,
North-Eastern Nigeria to assess the applicabilifysolar energy utilization for this area. The claass index K
values indicate the clear sky in the months of Baby to July and October to December for Ibi (IatBN). The
result obtained shows the variation of direct aiffude component of solar radiation in summer amatey months.
In this area the diffuse radiations is maximum dgrthe month of July and August and minimum duttiegmonths
of November, December and January. The regressiostants “a” and “b” for the location were also callated
to 0.31 and 0.50 respectively. From the studiés# been found that with the exception of monsammtha August
and September, solar energy can be utilized througthe year in Ibi.
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INTRODUCTION

The light we see when the break is what calleddiffase solar radiation. But for us to see the cisolar radiation
we have to look into the sky which is not comfoltaltslobal solar radiation is the combination afgé two.

Global solar radiation data are necessary at varsteps of the design, simulation, engineers, algui@al scientists
and performance evaluation of any project involvieglar energy. Solar radiation provides the eneiagy
photosynthesis and transpiration of crops and ésajfrthe meteorological factors determining potntields. Crop
growth models, which have been developed since 1860s, have been regarded as important tools of
interdisciplinary research and have since been usedl number of areas such as the assessment iotilage
potential of a given region in the field of crogeld forecasting or as a climate change impact asssd tool.

Detailed information about the availability of solediation on horizontal surface is essential thoeg optimum
design and study of solar energy conversion systéone recently global solar radiation has beingl®d due to its
importance in providing energy for Earth’s climasigstem[2]. In some places where radiation measemésrare
scanty, theoretical forecast of the available d¢disenergy can be used to predict these measursrftent standard
weather parameters that are extensively measunete(aperature, relative humidity, effective sumghiduration
and cloudiness) [9]. Several models for estimatiregdiffuse component based on the pioneer work4]of8] and
developed by [7].Besides these, many other reseerdiave reported the estimation of Global anduSéfsolar
radiation employing various climatological parametg],[11]; [10]. Solar radiation estimation have beemeldor
the first time for Hyderabad Sindh, to utilize so&nergy for useful purpose, Prior to estimationnrid energy
potential has also been reported [2]; [3] perforstineation of solar radiation with input parametéos the
estimation of monthly average daily global soladiation at Hyderabad, from this it was observed tmshine
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duration is above 70 percent throughout the Yedh the exception of July-August where here in Niget not
true.

MATERIALSAND METHODS

STUDY AREA
Ibi of Taraba State, Nigeria is located Geograghyic8.11°N latitude and 9.4% longitude.

DATA COLLECTION

The following parameters were collected from thehves of Nigerian meteorological Agency, NatioMébather
Forecasting and Climate Research Centre Abujaherperiod of ten years, from two thousand and ontwb
thousand and ten (2001-2010).

1)The daily global solar radiation.
2)Sunshine hour

DATA ANALYSIS
The solar radiation outside the atmosphere incidenta horizontal surface (Extraterrestrial Radration a
horizontal Surface) is given by the following exgsi®on.

360d
365

24x3600
H, = TISC 1+ 0.033cos (

, o (2T
)] [cosd’cosz? sinwg + smfbsm(S( 360 )] (D

Ho is the extraterrestrial insolation on horizontatface wheregl is the solar constants having the recommended
value of 1367Wr,[12] ® the latitude the solar declination, ws is the sunset hour afige

2
Smax = E Wg (2)

With S,ax being the daylength [13].
In equation (1)

The declination angle is calculated as [14]:

5 = 2345 si 360(284 + d) 3

= 23.45sin 365 3)
And the sunshine hour angle as [13].

coswg = —tandtand 4

The Global Radiation At Horizontal Surface:
The monthly global solar radiation Hlfalling on a horizontal surface at particular loea is given as below[15]

@=a+b( S ) (5)
HO Smax

where H is the monthly average daily global solar radiatialling on a horizontal surface at a particulaedtion,
Ho the monthly mean daily radiation on a horizontaface in the absence of atmosphere, S the montaan daily
number of observed sunshine hours,,$he monthly mean value of day length at a paricldcation and “a”, “b”
the climatologically determined regression constante determined as follows:

S
a= —0.110 + 0.235cos® + 0.323 ( ) (6)
Smax
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b = 1.449 — 0.553cos® — 0.694( ) %)

Smax

In equation (5) S/g. is often called the percentage of possible sueshdur [5].

= _9
Kr =3 ®

Where K represents clearness index

Prediction of Diffuse Solar Radiation (Hg)

The diffuse solar radiationdtan be estimated by an empirical formula whichrelates the diffuse solar radiation
component K to the daily total radiation H. The following celation equations were widely used and was
developed by[16],[17].

H

—2-1.00 - 1.13K; 9)

Hg

H

H—"‘ =1.390 — 4.027K; + 5.531(K;)? — 3.108(K;)? (10)
g

Where H is the monthly mean of the daily Diffuse solarigdidn and H is the daily total solar radiation and s
the clearness index, [13].

Table 1. Solar Radiation for Ibi

Sunshine Day length, | Percentage Sunshing H Ho D
Months | |\ S houn| Smax (houn | HourSemax | (MamEday) | vaniday) | KT | (Mamiday) | D/ | DHo
Jan. 7.9 1235 0.64 18.4 3226 | 057 657 0.49 | 0.20
Feb. 75 12.16 0.62 21.8 34.65 | 063 611 0.28 | 0.18
Mar. 65 11.93 0.55 22.8 36.93 | 062] 641 0.28 | 0.17
Apr. 8.7 11.72 0.74 24.7 3785 | 065  7.38 0.34 | 0.19
May 75 1157 0.65 23.6 3731 | 063  6.61 0.28 | 0.18
Jun. 6.7 1153 0.58 21.2 3668 | 063 641 0.28 | 0.18
Jul, 43 11.64 0.37 196 3681 | 058| 661 0.28 | 0.18
Aug. 53 11.85 0.45 20.4 3740 | 055  7.35 0.36 | 0.19
Sep. 6.8 12.07 0.56 203 3700 | 055] 731 0.36 | 0.19
Oct 6.8 12.08 0.55 211 3520 | 060] 566 0.25 | 0.16
Nov. 85 12.43 0.68 21.0 32.73 | 064 567 0.27 | 0.17
Dec. 6.4 12.44 0.52 184 3136 | 050] 571 0.31 | 0.18

Table (1) represents solar radiation parametersbiorThe first column gives the sunshine duratiesorded by
sunshine recorder, while fourth column is the messglobal radiation recorded with the help of Pyraeter and
the remaining are evaluated data obtained witthéhe of the above equations.

The monthly mean solar radiation data for Ibi ishewn in table 1. The sunshine duration of Ibgesfrom 55%
to 75%, throughout a year. Using these parametersegression constants ‘a’ and ‘b’ were evaluabeple “0.31”

and “0.50" respectively. The values of,HK; and H, for Ibi of the North-Eastern Nigeria Were alsoirastted by

Liu and Jordan and Page methods as no stationgeridireports diffuse solar radiations. From thieudated result
it appears that the contribution of diffuse soktiation is very low throughout the year in IbioFrthe observation
of clearness index and ratio of diffuse to globalconcluded that the presence of clouds is verg ®ven in
monsoon months. This is the favorable conditiorsflar energy utilization.
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Fig.1.Variation of §SnaxandHyHo (the clearnessindex) for Ibi, Nigeria
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Fig. 2. Aplot of the monthly variation of Global and Estraterial radiation for |bi, Nigeria
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Fig. 3. Behaviour of the cloudnessindex Kt,D/Hg and D/H, during ayear for 1bi, Nigeria
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Fig. 4. Showsthevariation of direct and diffuse radiation with monthsfor Ibi, Nigeria
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DISCUSSION

Solar energy is one of the most important altemeaéinergy sources. For designing any solar enesgice, solar
energy parameters and components have important3olar energy offers us clean and sustainableygrier the
future. Due to energy demand of the North Eastdgefi in these days, correct predictions and usolgr energy
models have big importance. It was aim at to supplyect models calculation in this study for usgugar energy
truly.

In this research a 10 years period was assumed sufficient to eliminate the possible effects duehanges in
atmospheric transparency as a result of changas ollution. The values are low during June t@tSmber but
high during October to February are shown in Figdéferent values of the clearness index at déférstations
may be as a result of different atmospheric costehtvater vapour and aerosols.

CONCLUSION

The result obtained indicates that the solar enatiljgation has bright prospects in this area. Esémated values
of global and diffuse radiation can very efficigntie used to compensate for energy deficits. F@restimation of
diffuse radiation lieu and Jordan and page metheste in good agreement. The global and diffuser saldiation
was carried out using sunshine hour data.

The result obtained shows the variation of dired diffuse component of solar radiation in summed ainter
months. In this area the diffuse radiations is mmaxn during the month of July and August and mininauming
the months of November, December and January. Thalioess index K values indicate the clear sky in the
month of February to July and October to Deceniberbi. From the studies it has been found thathwhe
exception of monsoon months August and Septemlter apergy can be utilized throughout the yeahig &rea.

Hence the relationship below can be used in priedidhe availability of solar radiation in Ibi ofafaba State,
North Eastern Nigeria.

H9—031+050( S
H, “UAS

o max

)

Acknowledgement
We are pleased to acknowledge the Nigerian Meticdbghgency, Abuja office for providing solar ratian data
for this work.

REFERENCES

[1] Abdullah, Y. A. G. and Farugh, G. MEnergy Conversion and Managemet88, 28(1): 63-67

[2] Ahmad, F. and Intikhab, U., Pakistarurkish J. Physic2004, 28:301-307.

[3] Ahmed, A. M. Ahmad, F. and Akhtar, M. WRakistan.Journal of Basic and Applied Scien@889, 5(2):73-78.
[4] Angstrom, A. and Roy, Q. JQ.J.R. Met. Sad 924, 50: 121-126.

[5] Black, J. N, Bonython, C. W. and Prescett, J@QJ.R Metero. S0d954, 80: 231-235.

[6] Chandal, S. S., Agarwal, R. K., Pandey, A. Bour. of Solar Energy Engineering005, 127: 417-420.

[7] Klien, S. A.,Solar Energy1977, 9: 325.

[8] Liu B. Y. H and Jardan R. CSolar Energy 1960, 4(3): 1.

[9] Santamouris, M, Mihalakakou, G, Psiloglou Bteias G, and Asimakopoulos, Dgurnal of Climate, 1999,
12:305-311.

[10] Togral, I. T. and Hasan, Togritenewable Energy2002,25: 55

[11] Udo, S, Turkish Journal of Physic002, 26: 229.

[12] Frolich, C. and Brusca, R.W: Solar Physit@31 74, 209.

[13] Duffie, J.A & Beckman, W.A. John Willey, Nework, U.S.A. 21994 234 — 367.

[12] Frolich, C. and Brusca, R.V8olar Physics1981 74, 209.

[14] Cooper, P.ISolar Energy1969, 12, 333.

[15] Prescott, J.ATrans. R.Soc.Sci. Australi®40, 64, 114 — 125.

[16] Page, J. K. Proceedings of UN-Conference ow Seurces of Energy. I:4 paper s/9864 378.

[17] Liu B. Y. H. & Jordan, R. CTrans. ASHRAHR961 67, 55.

148
Pelagia Research Library



