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Estimation of hourly solar radiation on an incline
south facing surface in Port Harcourt city, Nigeria

Ainah Priye Kenneth, Afa Tarilanyo John

Abstract — The paper presents a simple method for estimating hourly solar radiation on an incline south facing surface. The method used is the Duffie
and Beckman approach for estimating hourly solar radiation on an incline surface using some climatic data in Port Harcourt city, Nigeria. The key climatic
data used are latitude, declination and clear index. The results show enormous potential of solar radiation from sunrise to sunset per day in the city. For
the estimated days, December showcases highest radiation with lowest in June and if it is utilized for energy, it will reduce carbon dioxide (CO,) level in

the city.
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1 INTRODUCTION

lobal warming has raised issues and interest concerning
Gthe rising CO: emission globally by conventional plants

and systems. These interests are geared towards
alternative sources of energy such as solar and wind energy
that are environmentally friendly. Solar energy reaching the
earth each year is approximately 10000 times the world energy
consumption. It is a huge resource, renewable, clean and safe,
available in all regions of the world, which today raise new
hopes to answer energy crisis and climatic issues [1]. Solar
energy reaching the earth in tropical zones is about 1kW/m2
giving approximately 5 to 10 kWh/m2 per day. In countries
within 3200km of the equator, uses of such energy can be
economically significant [2]. The study of the available solar
radiation on a particular location is essential for the
application of devices that use solar energy. Solar radiation
estimation is also a key for the design and determination of
the amount of energy produce by solar energy devices. The
crucial role played by information on solar radiation
parameters in its exploitation necessitates the need to develop
ways of estimating the incident solar radiation for the benefits
of the region of the world like Africa, where such routine
measurement is lacking despite the abundance of solar energy
in the region [3]. Due to this fact, researchers have come up
with different approaches in determining the amount of solar
radiation reaching the earth atmosphere and surface. A self
calibrating method using air tempertaure based equation was
used for predicting daily and monthly radiation in [4] and
regression coefficients of Angstrom type correlation is used for
estimating solar radiation in [5,6] while in [7] a multiple linear
regression models was developed to estimate the monthly
average daily global solar radiation in Onne, Nigeria.
Port-Harcourt city is located at the southern part of Nigeria is
the second most industrialized city in the country. Due to its
position, there is daily influx of people and cars which has
lead to increasing daily energy demand in the city. Most of the
companies in the city are either exploring or burning of fossil
fuel for energy or for production and this has resulted to

application by renewable energy devices so as to reduce the
level of CO: emission and also play some part in the reducing
dependency on conventional electricity generation in the city
and the possible reduction in the increasing demand for
energy. The simple approach used in this paper is the duffie
and Beckman method in [8].

2 METHODOLOGY

The data used for the estimation include declination, clear
index = 0.65, ground reflectivity= 0.6, location (lat = 4.43N,
long 7.05E), n = day number of the year.
Declination, o

5 =123.45 sin (360(284+n/365) (1)

Sunset hour angle (Ws)

This is the solar hour angle corresponding to the

time when the sun set and the day length are 2 W.
Cos Ws = -tandtand. (2)
Daylight hours (N)

N=2W:/15 3)
N = 2/15%cos™!(—tandtans)

Then sunrise hour = 12.00(noon)-N/2
Sunset hour = 12.00(noon)+N/2

Solar hour angle is now given by w = 15(12-t) degree,

where t is solar time (24 Hrs format) from sunrise to

constant increase of CO: emission in the city. sunset.
This paper is aimed at the estimation of hourly solar radiation
of tilt (45°) south facing surface in the city, for possible
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Incident angle (0) and solar zenith angle (0-)

starting from sunrise hour to sunset hour

CosO=sindsindcosf-sindcosPpsinfcosy+cosdcospcospcosw

+cososinDsinfcosw+cosdsinPsinysinw (4)
Cos 0z = sindsinp+cosdcosPpcosw (5)

Calculation of Beam radiation (R») on the tilted
plane and horizontal plane is given by

Ro= Cos6/ Cos 6 (6)
Calculation of Global solar radiation (Go)

Go= Gsc[1+0.033c0s(360/365n)] Cos O (7)

Gse = 1367W/m?

The total daily extraterrestrial radiation on a
horizontal plane Ho is given by integrating the above
equation from sunrise to sunset. Hence Ho = Go*

time, time in every one hour [5].

Calculation of Solar radiation at earth surface with
use of clear index K:

Clear index Ki = H/Ho (8)
Calculation of diffuse (Ha) and beam (Hy) radiation

When the solar hour angle is less than 81.4° and K.

lies in between 0.3 and 0.8

Ha/H =1.391-3.56K: +4.189Kr2-2.137K# and when solar hour
angle is greater than 81.4 and K: lies in between 0.3

and 0.8 we use this equation

Ha/H =1.311-3.022K:+ +3.427K12-1.821K+3

Therefore the average beam radiation
Hv =H - Ha (9)

Calculation of solar radiation on an inclined

surface (Hr)

Hr = HwRe + Ha(1+cosp/2)+Hp(1-cosp/2) (10)
Where ¢ is given as ground reflectivity which
varies from 0.3 to 0.8

3 HOURLY ESTIMATED RESULTS

From the above equation (1) — (10), the hourly solar radiation
and the application of the climatic datas, the results where
estimated for different days of each month of 2011 as shown in
figure 1 - figure 12.
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Figure 1
Solarradiation (Kw/m2) at 16th Feb 2011
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Figure 2
Solar radiation (Kw/m2) at 14th Mar 2011
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Figure 3
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solarradiation (Wm2) at 20th may 2011
958

Solar radiation (W/m2) at 15th August 2011
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Figure 5 Figure 8
Solarradiation (W/m2) at 20th June 2011 Solar radiation (W/mz2) at 15th Sept.
1148.12
1200 -
1000 : :
Daily total 1000 ?Ba‘;l:_:,:‘;t;;w ’
T . m
500 (6411.93 W/m2)
80O +
600
600
400 400 T 2870
200 200 - I I
0 NI e e S R NS N S S R SR S SRS BN B B S e S e R m pa e p
123456 7 8 91011121314151617 1192021222324
12 3 456 7 8 9101112131415161718192021222324
Figure 9
Figure 6

Solar radiation(W/m2) at 15th July 2011
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Solar radiation (W/m2) at 17th Nov, 2011
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Figure 11
Solarradiation (W/m2) at 17th, Dec 2011
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Figure 12

4 DISCUSSION
Nigeria which is situated at the tropical zone of Africa has

two seasons namely dry and rainy. The dry season stretches
from October - march while the rainy season is from April -
September. The estimated hourly solar radiation results of Port
- Harcourt city reveals that the dry season shows more solar
radiation potential with December having highest radiation
while the rainy season has lesser radiation with June having the
lowest solar radiation. Each estimated day of the dry season
shows radiation on incline south facing surface from 6AM to
6PM about 12 solar hours while the rainy season has lesser
radiation due to the amount of clouds which reduce the
penetration of this radiation. The solar hours for the rainy
season are also less as shown in the estimated results which
reveal the intensity of radiation from 7AM to 5PM. If the
estimated days of each month of the 2011 are assumed to be the
monthly average, then the trend of solar radiation in the city
across the year is as shown in figure 13.

ASSUMED MONTHLY AVERAGE SOLAR RADIATION (W /m2)
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Figure 13

5. CONCLUSION

The estimated results show good potential of solar radiation in
the city and why the government should invest heavily in
solar energy so as to reduce dependence on conventional
systems and CO, emission level in the city. Government can
also provide fund for solar energy researchers and scientist
with the view of establishing a solar energy industry and also
provide incentives for users of solar energy devices which will
increase the number of users in the city.
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