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A simulation model for forecasting solar radiation Nasarawa (Latitude of 8° 31' 45" N,
Longitude of 7° 43' 27" E) was developed using emogily established Angstrom equation. The
parameters measured were solar radiation inte@ityn®) and hours of bright sunshine from
06.00 H to 18.00 H daily for the months of Januaripecember 2013. The regression constants
‘a’ and ‘b’ were obtained to be 0.01 and 0.75 retipely. The performance of ‘a’ and ‘b’ were
tested using Root mean square error (RMSE), Nomexlioot mean square error (NRMSE) and
Nash-Sutcliffe coefficient (E).The developed engalimodel for estimating solar radiation for

Nasarawa wad,, = H, [0.01 +0.75 (%)]With a coefficient of correlation of 0.79. After

establishing this model as being accurate for fsteg solar radiation in Nasarawa, a program
in Visual basic .NET was written to this effect amdoftware was compiled using the program.
This software titled “NasRadd” can be used with foence on windows based systems to

predict solar radiation in Nasarawa.
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INTRODUCTION

The rate at which energy is emitted from the Swagsivalent to the energy coming from a
furnace at a temperature of about 6,000 K. If waeldtdarvest the energy coming from just
101,171 m (10 hectares) of the surface of the Sun, we whalce enough to supply the current
energy demand of the world [1].

However, there are three important reasons whyctimsot be done. First, the earth is displaced
from the Sun, and since the Sun’s energy spreatdikeulight from a candle, only a small
fraction of the energy leaving an area of the ®athes an equal area on the earth. Secondly, the
earth rotates about its polar axis, so that anliecidn device located on the earth’s surface can
receive the Sun’s radiant energy for only about-loaé of each day. The third and least
predictable factor is the condition of the thin Isled atmosphere that surrounds the earth’s
surface. At best, the earth’s atmosphere accowntarfother 30 percent reduction in the Sun’s
energy.



The rate at which solar energy reaches a unita@rése earth is called thedlar irradiance" or
“insolation". The units of measure for irradiance are Watts smgrare meter (W/f Solar
radiation is simply the integration or summationsofar irradiance over a time period. The
designer of solar energy collection systems is mitaested in knowing how much solar energy
has fallen on a collector over a period of timehsas a day, week or year. This summation is
called solar radiation or irradiation. The units of measure for solar radiation are Joyler
square meter (J/Mnbut often Watt-hours per square meter (WA)/ame used [1]

The limited coverage of radiation measuring netwpdad number of solar radiation measuring
stations cannot describe the necessary variabNigewv models and improvements on existing
modeling techniques are continually offered in ortke improve estimates of solar radiation
values with the use of more readily available metiegical variables [2]. These include;

estimation of global solar radiation using Angstrtype models (linear-type) [3, 4], estimation

of global solar radiation using higher order catieins [5], and estimation of global solar
radiation based on ambient temperature [6].

The Angstrom linear type modelis the most widelgegted and used numerical method of
determining the monthly average daily global saladiation in a location. The regression

constants of this equation ‘a’ and ‘b’ are specifica particular location. Constants ‘a’ and ‘b’

refer to the fractions of the extraterrestrial edidin that is diffused (scattered) and direct (bheam
respectively. The determination of these constantbles the determination of the global solar
radiation for the location whose solar radiatiofoimation is required [7].

Therefore, this study is targeted towards develppire model of the Angstrom-Page equation
from measured, computed and simulated parametessdban the regression constants of
Nasarawa to determine solar radiation for thedatte

Nasarawa is located in Nasarawa State at latiti@ 81' 45" N and longitude of 7° 43' 27" E.
The town is characterized by a tropical sub-huntichate with two distinct seasons. The wet
season begins around May and ends in October andrthseason is between November and
April. Most of the rain falls between May and Sepber, with the wettest month being July and
August. Here, the rain comes with thunder stormbigh intensity especially at the beginning
and at theend of the rainy season. Temperaturegemerally high at day time especially
between the month of March and April. [8].

MATERIALS AND METHODS

The location for taking readings was carefully sidd in Nasarawa town so that there was no
obstructions of wind and no sunshine obstructidme §round was leveled horizontally with a
plumb line. A metal cabinet of 1.32 meters heighswarranged. The position for each measuring
device was marked on the top surface of this cabM®aystar DS-05A solar meter was used to
measure solar radiation on hourly basis from JantembDecember of 2013. The meter is digital
and has an accuracy of + 3% (0 — 1200 /m natural sunlight. The sunshine duration is the
sum of all the period during the day when the disetar radiation measured is equal to or above
120 W/nf (Ejeh, 2008). This was noted daily for the pemddhis work.

The maximum and minimum temperatures recorded dadye measured by suspending the
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thermometer at a height of 1.80 meters above thengr level. Readings of these were taken at
18:00 hour daily from January®'12013 to December $12013. A portable Thompson and
Company digital hygrometer was placed in its positbeside the solarimeter and used for the
corresponding relative humidity readings.

Software for solar radiation for Nasarawa was tteweloped. The program was written using
Microsoft Visual studio .NET 2013. The main inpuiere the date whose solar irradiation value
is to be estimated and latitude of Nasarawa towre femaining calculations were done using
the Angstrom equations. After necessary debuggihg, program was later compiled into
software for installation purposes.

The estimation of monthly average of daily globalhs radiation on horizontal surface was made
employing the Angstrom-Prescott Regression Equafidasu 2012). The analysis of this
equation was carried out using the following staidd tools at 10 % significant level.

Correlation coefficient (r)

Coefficient of determination {y

Root mean square error (RMSE)

Normalized root mean square error (NRMSE)
Nash-Sutcliffe coefficient (E)

PO T®

The Angstrom- Prescott regression equation is gagen

Hp n
0 () ?
Or

Hy, = Hy [a +b (%)] @
Where

Hy = % (wssingsing + cospcosdsinws) (3)

d, =1+ 0.033cos %] )

_ . (2m]
§ = 0.409sin (££ - 1.39) ©)
w = cos~L(—tangtans) (©)
24wg

N=—=" "

Where

H,, = monthly mean of the daily global radiation ohatizontal surface (MJ/f
Ho = extraterrestrial solar radiation on the 15timointh (MJ/nd)
n = number of monthly mean of the daily hours ofjbtisunshine
N = the maximum daily hours of sunshine (or day tehg
‘a’ and ‘b’ = regression coefficients
Gsc = solar constant = 0.0820 (MJtmin)
, = inverse relative distance earth — sun
6 = solar declination (rad)
@ = latitude of the place (rad)
ws = sunset hour angle (rad)
J = day number from January 1st
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| =

= fraction of maximum possible numbers of brightshine hours

H . . - .
H—m = atmospheric transmission coefficient, commomigwn as clearness index
0

RESULTS AND DISCUSSION
Climatological Data of Nasarawa

In order to utilize solar energy for useful andi@éint applications, knowledge of the
localweather parameters is important.

TABLE 1: SUMMARY OF THE MEASURED SOLAR RADIATION ( H)
PARAMETERS FROM JANUARY TO DECEMBER 2013 FOR
NASARAWA NIGERIA

Month Hm (W/m?)
January 281.9
February 242.29
March 281.2
April 288.64
May 264.38
June 258.83
July 169.96
August 164.95
September 172.3
October 208.62
November 236.83
December 299.74
Mean 239.14

Source: Data collected



Table 1 shows the measured solar radiation fomtbaths of January to December for
Nasarawa with the mean being 239.14 W/ithe highest global solar radiation value of
288.64 W/Mi was observed in April while the lowest value of4%% Wi/nf was in
August.

TABLE 2.  MONTHLY TOTAL AND MONTHLY AVERAGE HOURS OF
BRIGHT SUNSHINE PER DAY FOR NASARAWA

Month szﬁé?wlir?glgghrs Day %ﬁgth (n) Range
(hrs)

January 298 9.61 175.93
February 269 9.25 167.61
March 274 9.79 218.07
April 297 9.9 239.54
May 284 9.47 341.84
June 245 9.09 202.84
July 183 6.71 91.23

August 200 6.67 105.69
September 207 6.9 186.69
October 269 8.68 116.30
November 227 9.9 96.53

December 259 9.96 101.30
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Fig. 1: Monthly Total and Monthly Average Hours of Bright Sunshine per Day for
Nasarawa

The sunshine data is one of the best parametetitoage the available solar radiation for
a particular place. The numbers of monthly meanthefdaily hours of bright sunshine
for periods of January to December 2013 are predemmt Table 2.Figurelshows the
diagrammatical representation of the same data.

Measurement of solar radiation of Nasarawa showatla total bright sunshine hour of
3,012 from January to December 2013 was recordeé.rmaximum of 297 hours were
recorded for the month of April, whereas a minimairi83 hours were recorded for the
month of July. The reason for these values is apfdtched from the fact that July to
October is the wettest period of the rainy seaswh Recember to June is generally
classified as thedry season.

The movement of the earth around the sun is swattthle sun is in the North hemisphere
in the months of April.This brings the earth closerthe sun in this period [11], [12].
This could be responsible for these observatioriso,AJuly to October recorded the
lowest values of solar radiation in Nasarawa. Tdw &olar radiation here is directly
attributed to this season being the peak of theyraeason. December to June had good
solar radiation distribution and April being theageof the dry season, harmattan has
completely gone and wet season is about to begin.



TABLE 3:

SUMMARY OF THE MEASURED AND CALCULATED SOL AR
RADIATION PARAMETERS FROM JANUARY TO DECEMBER 2013
FOR NASARAWA NIGERIA

TOt?.]| .
Bright T
MONt i i) SUNSINE (hrs) trs % N i
(hrs)
January 2819 37808 298 961 1156 075 083 83509
February 24229 400.95 269 925 1171 054 071 .9839
March 2812 42875 274 981 1195 065 082  264.16
April 28864 4356 297 987 1218 066 081  265.11
May 26438 43029 284 945 1239 061 076  246.38
June 258.83 42172 245 914 1246 061  0.69 23208
July 160.96 42467 183 671 1244 040 054 17195
August  164.95 43014 200 674 1225 039 055 H7.9
September 172.3 42769 207 697 1203 040 058 .0099
October ~ 208.62 4093 269 868 118 051 074  225.93
November 236.83 38264 227 987 116 046 063 8BS
December 299.74 367.91 259 996 1151 0.68 073 .3339
Mean 23914 41148 251 884 1199 056 07  228.64
Std. Dev. 49.04 2352 3865 128 0353 0123 0103 30.42

From the above analysis, the model constants ard’ ‘b’ were 0.01 and 0.75 respectively. The
model equation obtained is as stated below: -

H,, = H, [0.01 +0.75 (%)]

The Pearson Correlation Coefficient (r) is 0.88effloient of Determination € is 0.9384,
RMSE, NRMSE and E of the determined equation a@€%, 0.04% and 0.66 respectively.

These indices indicate that the model can be usddanhigh degree of confidence to predict
solar radiation forNasarawa.



The highest and lowest global solar radiation valog 288.64 W/rh and 164.95 W/fmwere
respectively observed in April and August of 20b3Nasarawa. These agree with the usual
weather pattern of the location with August beimghie heart of the rainy season.

It should be noted that the variation of cloudinesgrimarily responsible for the day to day
variation of the daily total radiation during thén@le month [13]. The average clearness index
Kt over the year is shown in Fig. 3. The index hasi@mum value of 0.37 corresponding to
lowest solar radiation value of 164.95 W/im the month of August, indicating the presence of
thick clouds cover.

In the top dry season months, April, the sky isyvdear with K- of 0.66 which corresponds to
the highest value of solar radiation recorded valu288.64 W/ri which allows on the average
nearly 60 percent of the extraterrestrial radiatmneach the earth's surface.
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Fig. 2:Comparison of Clearness Index to Relative tishine duration
of Nasarawa in 2013
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Comparative Analysis of MeasuredH,,, (Measured) and PredictedH,,, (Calculated)
Solar Radiation Using the Determined Model

Statistical tests conducted to ascertain the degfr@ecuracy for the measured,{Hand
the predicted (k) solar radiation in Table 3 obtained from the deped model
equation.Figure 3shows the graphical representatiohe measured and calculated solar
radiation also confirms the strong agreement batvike measured and predicted solar
radiation of Nasarawa.There were some discrepamatgeen them with the measured
data being higher than the calculated ones duhieditst half of the year with a mean
value between 10 -15%. The reverse was observeleidater part of the year. This
implies that there is a possibility of under-préidic and over-prediction in the
computation during the respective periods. Thisldde a strength of the prediction
process.

Helneasured)
Hm [galculated)

Jan. Feb Mar  Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 3:Comparative Analysis of Measured H,, (Measured) and Predicted
H,,(Calculated) Solar Radiation Using the Determined Mdel



The Nas Rad software
Since there is strong agreement between measudegredicted values of the solar radiation of

Nasarawa, the program was then written and substdygseftware was developed. The program
interface of the software is as shown in figure 4.

e

ot Mass Rad - Eilﬂlﬁ:
|
Date: 12/15/2013 B~
Town Radian: 0.1489

MName of Town:

Nasarawa
| Compute

Results

Date selected =12/15/2013 22953 PM
Maontly Average sola Radiation(mj/m™2) = 31.2853679532896
Maonthy Average sola Radiation{w/m™2) = 362.099166126038

Relative sunshing relation (nfN) = 0.866077212630232
Clearness index = (0.987094248436732

Fig. 6: The Programme Interface of the Developeitsoe

From the interface the monthly average solar ramiais given in MJ/rif and W/n?, relative
sunshine relation and clearness index) @&te being displayed for easy reading.

Conclusion

Solar radiation of Nasarawa, Nasarawa state Nigeeee collected for a full year (2013) on
hourly basis. A model was developed from this dataredict the solar radiation of Nasarawa.
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From this model, a computer program was written softlvare that can be installed and run on
Windows based computer was created for the predicti Nasarawa radiation.

The model is developed using Angstrom page linegression equation type. The constants ‘a’
and ‘b’ are 0.01 and 0.75 respectively. The modebé&on developed is as stated below: -

H,, = H, [0.01 +0.75 (%)]

The highest and lowest global solar radiation v&log 288.64 W/rh and 164.95 W/fmwere
respectively observed in April and August of 20dNiasarawa(Nigeria).

From this study, the prospects of application difidient utilization of solar energy seems to be
very bright. The sun shines for about 3000 hoursypar and this abundance of sunshine is an
indication of clear sky condition in Nasarawa. ThEsalso confirmed from the high clearness
index (Kr) throughout the year. It is hereby recommendetlttieasoftware developed should be
updated to be capable of predicting solar radiatfon other locations.
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