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Original Research Article
A SIMULATION MODEL FOR ESTIMATING SOLAR RADIATION O F NASARAWA,
NASARAWA STATE — NIGERIA

Abstract

A simulation model to forecast solar radiation afddrawa (Latitude of 8° 31' 45" N, Longitude
of 7° 43' 27" E) was developed using empirical ldlsghed Angstrom equation. The parameters
measured were solar radiation intensity (W/mnd hours of bright sunshine from 06.00 H to
18.00 H daily for the months of January to Decen#8&r3. The regression constants ‘a’ and ‘b’
were obtained to be 0.01 and 0.75 respectively.pEmformance of ‘a’ and ‘b’ were tested using
Root mean square error (RMSE), Normalized root megumare error (NRMSE) and Nash-
Sutcliffe coefficient (E).The developed empiricabdel for determining the solar radiation for

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

establishing this model as being accurate for fstieg solar radiation of Nasarawa, a program
in Visual basic .NET was written to this effect amdoftware was compiled from this program.
This software titled “Nas Radd” can be used witmfaence on windows based systems to

predict the solar radiation of Nasarawa.

KEYWORDS: Solar Radiation, Sunshine Hours, Smulation, visual basicand Nasarawa,
Nigeria

INTRODUCTION

The rate at which this energy is emitted is eqentto the energy coming from a furnace at a
temperature of about 6,000 K. If we could harvlsténergy coming from just 101,17 0
hectares) of the surface of the sun, we would lesmaerigh to supply the current energy demand
of the world [1].

However, there are three important reasons whyctms ot 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 sacthes an equal area on the earth. Second, the
earth rotates about its polar axis, so that anigciobn device located on the earth’s surface can
receive the sun’s radiant energy for only about-lo&é of each day. The third and least
predictable factor is the condition of the thin Itled 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@réze earth is called thedlar irradiance" or
"insolation". The units of measure for irradiance are watts ggprare 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
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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 jpyer
square meter (J/but 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 variabNigew models and improvements on existing
modeling techniques are continually offered whittend to 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 is the most widely acceptnd 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. Constant ‘a’ and ‘b’
refer to the fraction of the extraterrestrial raidia that is diffused (scattered), and fractiorthod
extraterrestrial radiation that is direct (beangpextively. The determination of these constants
will enable the determination of the global sokadiation for that location whose solar radiation
information is required [7].

Therefore, this study is targeted towards develppine model of the Angstrom-Page equation
from the measured, computed and simulated pararbetsed on the regression constants of
Nasarawa for determining solar radiation for Nasara\Nigeria.

Nasarawa is located in Nasarawa state at latith@3 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 end of the rainy season. Temperatures areajnieigh at day time especially between the
month of March and April. [8].

Visual Basic .NET (VB .NET)

VB .NET is a programming language designed to eraaplications that work with Microsoft's
new .NET Framework. The .NET platform in turn aiatsaddressing many of the limitations of
"classic” COM, Microsoft's Component Object Modethich provided one approach toward
application and component interoperability. In cast to VB, with its reliance on COM, VB
.NET offers a number of new features and advantdge's take a look at some of these [9].
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METHODS AND PROCEDURES
The Angstrom- Prescott regression equation is gagen

E=a+b (3) (1)
Or

Hp = Ho|a+b (%) )
Where

Hy = w (wssingsind + cos@pcosdsinwg) 3)
d, = 1+0.033cos —] )
§ = 0.409sin (% - 1.39) (5)
ws = cos~(—tangtans) (6)
N = 29 (7)

T

Where
H,, = monthly mean of the daily global radiation ohaizontal surface (MJ/fh
Ho = extraterrestrial solar radiation on the 15timminth (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 (MJ/min)
dr = inverse relative distance earth — sun
6 = solar declination (rad)
@ = latitude of the place (rad)
w, = sunset hour angle (rad)
J = day number from January 1st

% = fraction of maximum possible numbers of brightshine hours
i—’" = atmospheric transmission coefficient, commompwn as clearness index
0
[10](NRM & E Department, 1998).

Ra is expressed in the above equation in MJ /m2/tag corresponding equivalent

The latitudep, expressed in radians is positive for the Northexmisphere and negative for the
Southern hemisphere.

The conversion from decimal degrees to radians/engoy:
Radians = % (decimaldegrees) (8)

Developing the Nasarawa solar radiation software

The program was written using Microsoft Visual sStudNET 2013. The main inputs were date
and latitude of Nasarawa or town having similaas@arameter. The day number is calculated
based on either the year is a normal year or ayeap This is decided by judging if the date
year is dividable by four (4) or not. Thereaftére remaining calculations are done based on the
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Angstrom equations.

After necessary debugging, the program was latenpded into software for installation
purposes.

Analysis Procedures

The estimation of monthly average of daily globalas radiation on horizontal surface was
made, employing the Angstrom- Prescott Regressguaton.

The analysis of this equation was made using theWng statistical tools: -
a. Correlation coefficient (r)
b. Coefficient of determination {x
c. Significant level at 10%
d. Root mean square error (RMSE)
e. Normalized root mean square error (NRMSE)
f. Nash-Sutcliffe coefficient (E)

RESULTS AND DISCUSSION
Climatological Data of Nasarawa

In order to utilize solar Energy for useful andi@ént applications, knowledge of the weather
parameters of that locale is important.

TABLE 1: SUMMARY OF THE MEASURED SOLAR RADIATION ( Hy)
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
143
144 Source: Data collected
145
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149
150 Fig. 1. Summary of the Measured Solar Radiation Pameters from January to
151 December for Nasarawa



152 Table 1 shows the measured solar radiation fomtbaths of January to December for

153 Nasarawa with the mean being 239.14 W/ithe highest global solar radiation value of
154 288.64 W/Mi was observed in April while the lowest value of4%% Wi/nf was in
155 August.
156
157 TABLE 2: MONTHLY TOTAL AND MONTHLY AVERAGE HOURS OF
158 BRIGHT SUNSHINE PER DAY FOR NASARAWA
Month szﬁéilir?élgghrs Day Eﬁgth (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
159
160
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Fig. 2: Monthly Total and Monthly Average Hours of Bright Sunshine per Day for
Nasarawa

The sunshine data is one of the best parametetitoate the available solar radiation for
a particular place. The numbers of monthly meanthefdaily hours of bright sunshine
for periods of January to December 2013 were ptedein Table 2 figure 2 shows 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 aotfétch from the fact that July to
October is the wettest period of the rainy seaswh Recember to June is generally
classified as dry season.

All or parts of the following reasons could haveebeesponsible for these observed
values at these periods of the year: -

I. The movement of the earth around the sun is suahttte sun is in the North
hemisphere in the months of April this brings tlzatle closer to the sun in this
period [11], [12].

il. July to October recorded the lowest values of s@dration in Nasarawa, the low
solar radiation here is directly attributed to teeason being the wettest period of

7



182 the rainy season. While December to June had golad adiation distribution and

183 April being the peak of the dry season, hamattasm ¢@anpletely gone and wet
184 season is about to begin.

185

186 TABLE3: SUMMARY OF THE MEASURED AND CALCULATED SOL AR

187 RADIATION PARAMETERS FROM JANUARY TO DECEMBER 2013
189 FOR NASARAWA NIGERIA
Totz;l X
Bright T n
Month sy iy sunshine s (r9 - % N i)
(hrs)
January 2819 37808 298 961 1156 075 083 8359
February 24229 40095 269 925 1171 054 071 .9839
March 2812 42875 274 981 1195 065 082  264.16
April 28864 4356 297 987 1218 0.66 081 26511
May 26438 430.29 284 945 1239 061 076  246.38
June 258.83 42172 245 914 1246 061  0.69 23208
July 169.96 42467 183 671 1244 040 054 17195
August 16495 43014 200 674 1225 039 055  BI7.9
September 1723 42769 207 697 1203 040 058 .0099
October ~ 208.62 4093 269 868 118 051 074  225.93
November 236.83 38264 227  9.87 116 046 063 8BI5.
December 299.74 367.91 259 996 1151 068 073 .3339
Mean  239.14 41148 884 1199 056 07 22864

189

190 From the above analysis, the model constants a&rd’ ‘b’ were 0.01 and 0.75 respectively. The
191  model equation developed is as stated below: -

Hpn = Ho [0.01+0.75 (%)]
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The Pearson Correlation Coefficient (r) is 0.88effloient of Determination € is 0.9384,
RMSE, NRMSE and E of the determined equation &/6%, 0.04% and 0.66 respectively make
is possible to use this model with confidence &dpt solar radiation of Nasarawa.

The highest and lowest global solar radiation valog 288.64 W/rh and 164.95 W/mwere
respectively observed in April and August of 204 Niasarawa Nigeria.

Sky Conditions of Nasarawa

It is to be noted that the variation of cloudinessrimarily responsible for the day to day
variation of the daily total radiation during thén@le month [13]. The average clearness index
Kt over the years is shown in Fig. 3. The index hasiramum 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.

0.8 ~

0.6 -

0.4 -

Hm/Ho

0.2 -

0 T T T T T T T T T T T 1
JAN FEB  MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
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Fig. 3: Sky condition (Ky) of Nasarawa
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Fig. 4: Comparison of Clearness Index to Relative ishine duration of
Nasarawa in 2013

Comparative Analysis of MeasuredH,,, (Measured) and PredictedH,,, (Calculated)
Solar Radiation Using the Determined Model

Statistical tests conducted to ascertain the degfreecuracy for the measured (Hm) and
the predicted (Hcal) solar radiation in table 3aniéd from the developed model
equation.

Figure 5 that is the graphical representation a theasured and calculated solar
radiation also confirms the strong agreement baiwhe measured and predicted solar
radiation of Nasarawa.
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Fig. 5: Comparative Analysis of Measured,,, (Measured) and PredictedH,,,
(Calculated) Solar Radiation Using the Determined Mdel

The Nas Rad software

Since there is strong agreement between measudegradicted values of the solar radiation of
Nasarawa, the program was then written and subsdygseftware was developed. The program
interface of the software is as shown in plate welo
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THE PROGRAM INTERFACE

b= 1
o=l Mass Rad - EM;&

s = S
=== i = S

Date: 12/15/2013 @G-
Town Radian: 0.1489

MName of Town:
Compute

Results

Date selected =12/15/2013 2:2953 PM
Montly Average sola Radiation(mj/m™2) = 31.2853679532896
Montly Average sola Radiationfw/m™2) = 362 099166126038

Relative sunshing relation (n/N) = 0.366077212630252
Clearness index = (.987094248436732

From the interface the monthly average solar ramias given in MJ/riif and W/n?Y, 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.
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.

12
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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 4+ 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 20 Niasarawa Nigeria.

From this study, the prospects of application dfidient 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. Thlisalso confirmed from the high clearness
index (Kr) throughout the year.

REFERENCES

1. Wiliam B. S. and Michael G. Power from the Sun. riesed from
http://www.powerfromthesun.net/Book/chapterO3/ceepd.html on 11 - 01 —
2012

2. A. K. Katiyar and C. K. Pandey. A Review of Solaadtation Models—Part Dournal
of Renewable Energy. Volume 2013, Article ID 168048, 11 pages. Retrv
from http://www.hindawi.com/journals/jre/2013/16@&J4n 16th January, 2015.

3.  Angstrom, A. Solar and Terrestrial Radiation. QRJ.Meteorol. Soc., 50: 121 — 125.
(1924)/

4. Isikwue, B. C. Amah, A. N. and Agada, P. O. Emgiti®odel for Estimation of Global
Solar Radiation in Makurdi, Nigeria. @jal Journal of Science Frontier
Research Physics and Space Science, vol. 12, no. 1, pp 59-61. (2012)

5. J. K. Page. The estimation of monthly mean valdesady total short wave radiation
on-vertical and inclined surfaces from sun shineorgs for latitudes 408—
400S, in Proceedings of the United Nations ConferemeeNew Sources of
Energy, vol. 98, no. 4, pp. 378-390, (1961)

6. Ododo, J. C., Suleiman, A. T., Andan, J., Yugud,M4, Ogbu, F. A. The Importtance
of maximum air temperature in the paramerzatiosadér radiation in Nigeria.
Renewable Energy, 6(1995). 751-63

7. Burari, W. F. and Sambo, S.A. Model for the Pradittof Global Solar Radiation for
Bauchi using meteorological data. Renewable Energy 9, no. 1&2, pp 30-33.
(2001)

8. National Resources Management & Environmental (NRME) Department. Crop
evapotranspiration — guidelines for computing cvegter requirements. FAO
Irrigation  and Drainage papers. Version 56. Re#tiev from
(www.onlinenigeria.com/links/nasarawaadv.asp?bl@&z=on 11/04/2014.

9. Roman, S., Petrusha, R. and Lomax, P. VB .NET Laggun a Nutshell. O'Reilly.
ISBN: 0-596-00092-8. Pp. 33 — 41(2001)

13



287
288
289
290
291
292
293
294
295
296
297

298
299
300
301
302

10. National Resources Management & Environmental (NRHE) Department. Crop
evaporatranspiration — guidelines for computingoonater requirement$AO
Irrigation and Drainage Papers. Version 56. Retrieved from
(www.onlinenigeria.com/links/nasarawaadv.asps bl8&zon 11/04/2014

11. ltodo, I. N., and A. U. Fulani. Development of asp@e solar dryer with an air pre-
heater unitProceedings Nigerian Institution of Agricultural Engineers. (2004)

12. Ejeh A. C. A Model for Determining Solar Radiatiofor Makurdi, Nigeria.
Unpublished M. Eng. Thesis submitted to the MeataniEngineering
Department, University of Agriculture, Makurdi. (@8)

14



