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Abstract

Undoubted the main cause of air pollution in the world are fossil fuels and better way for reduction it is using of
renewable energy. The main aim of this article is calculation of Statistical analysis of solar radiation by Angstrom-
Prescott (A-P) method for Abadan and Ahvaz cities. In this paper at first the data of solar radiation were received
from the Meteorological organization. Then by the Angstrom-Prescott (A-P) method, solar radiation for two cities
calculated also the amount of radiation per month, the maximum amount of possible radiation monthly, constant
equation coefficients, solar radiation on a flat surface and for a specified area and radiating out from the Sun's
atmosphere measured. In this research, the average amount of solar radiation annually was obtained 8.42 hours a day
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for the Abadan city and 8.28 hour Ahvaz city. Moreover, constant equation coefficients were obtained as 0.30 and
0.49 for Abadan also 0.31 and 0.47 for Ahvaz city obtained. This paper shown that south of Iran especially
Khuzestan province has a good potential in solar radiation and suitable for investment in solar fields. Copyright ©
IJRETR, all rights reserved.

Keywords: renewable energy, solar energy, estimate, sun radiation, Khuzestan province.

Introduction

Energy is an essential factor for development and economic growth in each country [1].The growth of the using of
fossil fuels and global warming is main cause of trends towards the sustainable energy by the way the researchers
decided use of sustainable energy resources [2, 3]. Renewable energy sources are clean, many environmental and
economical benefits in contrast to conventional energy sources by the way in recent year study and using of
renewable energy has more in the world and day to day increasingly.[4,5]. Today investigation on the renewable
energy is a program policy of different countries and increasing [6-8]. The fig 1 shows EPIA scenarios for global
annual new installed PV capacity, 2000 To 2015, as it obvious during 2000s and 2009s there are a slow increase
while between 2010s to 2015s trends of global annual new installed PV capacity there are rapid growth and it shows
importance of renewable energy.

50

40

30
GW

20

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

EPIA Moderate EPIA Policy-Driven

Fig 1: EPIA scenarios for global annual new installed PV capacity, 2000 To 2015[9].
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Nowadays Concentrate of Solar Power technology and using it is growing fast in all of the world [10]. The fig 1.
Shows the schematic example of a solar Photovoltaic system [11].
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Fig 1. Schematic example of a solar Photovoltaic system [11]

In the recent year, using of the solar energy in increasing in the world [11]. Research work on the solar energy such
as estimation of solar energy and hybrid by different researcher before done [13-16]. Photovoltaic power generation
is one of the best and suitable sources for producing renewable energy. Fig 2 Shows the estimated renewable energy
share of global electricity production, end-2014 as it clear in fig 2 the share of fossil fuels and nuclear energy is
77.2% for electric production while share of renewable energy in order to electric production is very low than
mentioned energies also among the renewable energy that generate electricity, share of PV system for electric
generation is 0.9% that is trivial [17].
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Fig. 2. Estimated Renewable Energy Share of
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Solar energy is a very large, inexhaustible source of energy, and well known among other kind of important
renewable energy source for the future in many countries [18, 19]. At present performance of the Solar photovoltaic
(PV) in the world has proved and this technology can provide a part of energy generation [20]. From the point of
research in Iran country ali sabziparvar (et al) analysis and estimated global solar radiation in central arid deserts of
Iran done that shows importance of solar energy [21].

Geography of the study area:

Abadan is a one of the cities in Khuzestan Province, Latitude 30 22 N degrees longitude 48 15 E degrees latitude
and at an altitude of 6.6 meters above sea level. This city is considered as one of the known Oil and Gas spots in
Iran moreover is famous Port in Iran .Abadan have a warm climate The population of Abadan is 217,988 (2011
census). Ahvaz is one of the biggest city in Iran and capital of Khuzestan province also one of Iran’s metropolises.
This city is located in the central region of Ahvaz County, with Latitude 31 20 N degrees longitude 48 40 E degrees
latitude and at an altitude of 22.5 meters above sea. 51% of oil produced by National Iranian South Oil Company is
currently produced in this city and it also houses some of largest Iranian companies .The population of Ahvaz is
1,112,021(2011 census) [22, 23]. The fig 3 shows the position of the Khuzestan province on the map of Iran. As it
is clear the Abadan and Ahvaz cities are in the south of Iran.
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Fig. 3. Iran map the Abadan and Ahvaz cities is the site studied in the current study [24]

Results and Discussion

Solar analysis:

For obtain the amount of solar radiation there is a given methods that it called Angstrom- Prescott (1940) according

this equation we have [25, 26]:

H n
—=ath () &)

In above formula H is the monthly average daily global solar radiation on a horizontal surface at a given location ,
HO is the monthly mean daily extraterrestrial radiation on a horizontal surface in the absence of the atmosphere, n is
the monthly mean daily number of hours of observed sunshine, N is the monthly mean value of the day length at a
given location, also two coefficient ‘a’ and ‘b’ are remarkable that for evaluate of them we can Using of the below
equation [27-29]:
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a=-0.110 + 0.235 cos ¢» + 0.323 (n/ N D) 2
b =1.449 - 0.553 cos ¢ - 0.694 (n/ NO) (3)
a and b are the regression coefficient also HO can be obtained: [30,31]

HO = m[lw.o%cos%]] (cos(¢) cos( §) sin(w) + :;1;5 sin( &) sin(§)) (4)

The above equation can be used to calculate HO that is the extraterrestrial radiation for the location, also in above
equation GSC is the solar constant and it is equal 1367 W ™ “, | § the solar declination, &5 is the mean sunrise

hour angle for the given month:[32] The solar declination (5) and the mean sunrise hour angle (xS) can be
calculated by the following equations (22) and (24):

To calculate the amount & there is a formula: [33]

§ = 23.455in(360 ") (5)

wS=cos ™ (-tan@tan &) (6)
For obtain the monthly average of the maximum possible daily can be used of following formula: [34]
No= - cos™ " (tan@tan &) @

Table 1 shows the values of the constant coefficients, the sun radiation on a flat surface and in a certain area, the
radiating out from the atmosphere, the average daily solar radiation, and the daily highest possible radiation.

Table 1. Calculated monthly mean of global solar radiation and input parameters of monthly mean average of global
solar radiation for Abadan and Ahvaz

Month Cities WS ') average solar Isc(Solar
radiation in Constant
month

in J/s-m2)
Jan Abadan 77.13 -20.91 200.1 1367
Ahvaz 76.61 -20.91 188 1367
Feb Abadan 82.29 -12.95 178.3 1367
Ahvaz 82.42 -12.95 173.6 1367
Mar Abadan 88.59 241 248 1367
Ahvaz 88.53 -2.41 238.2 1367
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Apr Abadan 95.54 9.41 2311 1367
Ahvaz 95.76 9.41 235.7 1367
May Abadan 101.43 18.79 272.8 1367
Ahvaz 101.89 18.79 271.7 1367
Jun Abadan 104.37 23.08 316.6 1367
Ahvaz 104.95 23.08 3222 1367
Jul Abadan 103.04 21.18 314.4 1367
Ahvaz 103.57 21.18 320.3 1367
Aug Abadan 98.01 13.45 323.1 1367
Ahvaz 98.33 13.45 326.1 1367
Sep Abadan 91.29 2.21 299.4 1367
Ahvaz 91.34 221 305.5 1367
Oct Abadan 84.34 -9.59 266.7 1367
Ahvaz 84.12 -9.59 2653 1367
Nov Abadan 78.48 -18.91 2268 1367
Ahvaz 78.02 -18.91 222.3 1367
Dec Abadan 75.65 -23.04 2122 1367
Ahvaz 75.06 -23.04 195.7 1367

Table 2 shows amounts obtained from the regression coefficient, sun’s radiation on a flat surface, Extraterrestrial
radiation daily on a horizontal surface, average of daily sun’s radiation and maximum probably Daily sun’s radiation
for Abadan and Ahvaz city.
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Table 2. Monthly sun solar and a and b coefficient regression, monthly average solar radiation, monthly average

daily radiation on a horizontal surface, extraterrestrial radiation for the location of Abadan and Ahvaz.

Ho Hg
Month Cities a b (KJ/m2- (KJ/m2- Hg/Ho | n No n/No
day) day
Jan Abadan 0.29 0.52 21.16 10.96 0.51 6.67 10.28 0.64
Ahvaz 0.28 0.55 20.58 10.41 0.50 6.26 10.21 0.61
Feb Abadan 0.26 0.59 26.11 11.98 0.45 5.94 10.97 0.54
Ahvaz 0.25 0.61 25.60 11.44 0.44 5.78 10.93 0.52
Mar Abadan 0.31 0.49 32.24 17.79 0.55 8.26 11.81 0.69
Ahvaz 0.30 0.51 31.86 17.29 0.54 7.94 11.80 0.67
Apr Abadan 0.28 0.56 38.28 18.65 0.48 7.45 12.73 | 0.58
Ahvaz 0.28 0.56 38.10 18.88 0.49 7.60 12.76 0.59
May Abadan 0.30 0.51 42.28 22.26 0.52 8.80 13.52 0.65
Ahvaz 0.29 0.53 42.29 22.19 0.52 8.76 13.58 0.64
Jun Abadan 0.32 0.46 43.86 24.97 0.56 10.21 13.91 0.73
Ahvaz 0.33 0.46 43.97 25.70 0.58 10.39 | 13.99 |0.74
Jul Abadan 0.32 0.46 43.18 24.58 0.56 10.14 13.73 0.73
Ahvaz 0.33 0.46 43.25 25.28 0.58 10.33 | 13.80 |0.74
Aug Abadan 0.34 0.42 40.09 24.07 0.60 10.42 13.06 0.79
Ahvaz 0.34 0.41 39.99 23.99 0.59 10.51 13.11 0.80
Sep Abadan 0.34 0.42 34.72 20.88 0.60 9.65 12.17 0.79
Ahvaz 0.34 0.41 34.42 20.65 0.59 9.85 12.17 0.80
Oct Abadan 0.34 0.42 28.12 16.88 0.60 8.89 11.24 | 0.79
Ahvaz 0.33 0.44 27.65 16.18 0.58 8.56 1121 | 0.76
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Nov Abadan 0.32 0.47 22.42 12.75 0.56 7.56 1046 | 0.72
Ahvaz 0.31 0.50 21.86 12.04 0.55 7.17 10.40 0.68
Dec Abadan 0.31 0.48 19.81 10.95 0.55 7.07 10.08 0.70
Ahvaz 0.29 0.53 19.21 9.92 0.51 6.31 10.00 0.63

Fig 4 shows the average Sun's monthly radiation, as the fig clearly depicts, the largest amount of radiation was
obtained in August and the least amount of radiation in February for two cities.
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Fig. 4. Average Solar Radiation of Abadan and Ahvaz

Fig 5 shows Extraterrestrial Radiation for two cities on a flat surface the maximum occurred in June with value
43.86 and minimum occurred in December with value 19.81 for Abadan city also the maximum occurred in June
with value 43.97 and minimum occurred in December with value 19.21for Ahvaz city.
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Fig 5. Extraterrestrial Radiation on a horizontal surface of Abadan and Ahvaz.

Fig 6 shows sun radiation on a flat surface that for radiation on a flat surface the maximum occurred in June with
value 24.97 and minimum occurred in December with value 10.95 for Abadan city also the maximum occurred in
June with value 25.7 and minimum occurred in December with value 9.92for Ahvaz city.

Daily Radiation on a Horizontal Surface

30

25

20

15

10

—— Abadan

2 —=— Ahvaz

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

Fig 6. Daily radiation on a horizontal surface of Abadan and Ahvaz.
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Fig 7 shows Monthly Solar Radiation of Abadan and Ahvaz cities that the minimum solar radiation with value
178.3occurred in February and the maximum occurred in August With value 323.1and the minimum solar radiation
with value 173.6 occurred in February and the maximum occurred in August With value 326.1.
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Fig 7. Monthly Solar Radiation of Abadan and Ahvaz

Conclusion

The rapid depletion of fossil fuel resources, environment problems, population of world and energy consumption,
are vital factors to consider utilization clean energy. This article Present a Statistical analysis of solar radiation by
Angstrom-Prescott (A-P) method for Abadan and Ahvaz cities, in this research first of all the data on solar radiation
from the cities of Abadan and Ahvaz were collected from the Meteorological organization. Then the Angstrom-
Prescott (A-P) method, in order to calculate solar radiation, used. The amount of radiation per month, the maximum
amount of possible radiation monthly, constant equation coefficients, solar radiation on a flat surface and for a
specified area and radiating out from the Sun's atmosphere was determined. In this way, the average amount of solar
radiation annually was obtained 8.42 hours a day for the Abadan city and 8.28 hour Ahvaz city. Moreover, constant
equation coefficients were obtained as 0.30 and 0.49 for Abadan also 0.31 and 0.47 for Ahvaz city obtained. Also
monthly average daily radiation on a horizontal surface Ho = 31.02 and extraterrestrial radiation for the location Hg
17.03 (KJ/m2-day) for Abadan city and monthly average daily radiation on a horizontal surface Ho = 30.72 and
extraterrestrial radiation for the location Hg 16.53 (KJ/m2-day) for Ahvaz city calculated. The results indicate that
the studied area have high potential in terms of solar radiation as well as their ability to produce energy.
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