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Abstract: The renewable sources of energy are of utmost importance in context of the increasing
energy demands. The sun energy available in abundance can be utilized effectively subjected to the
availability of data on solar radiation flux, which remains the major concern. Solar radiation
measurements are not economically feasible, requires maintenance and thus estimation of solar
radiation flux data for utilization of solar irradiance plays vital role. For designing of any solar power
systems, global solar radiation flux values are vital variables as solar energy generation depends on
amount of solar radiation flux. Solar radiation flux is estimated to evaluate the workability of solar
energy at Amravati, Maharashtra, India (20.9374 oN, 77.7796 oE). Solar radiation flux calculation is
carried out for one year using MATLAB.
Keywords: Solar radiation flux, sunshine hours, day length, global solar radiation, Amravati,
Maharashtra, India.
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1 Introduction: Renewable energy, mainly solar energy can be seen as an alternate source of energy
so as to reduce the stress from conventional sources of energy. The interpretation of solar radiation
thus becomes of paramount importance to estimate the value of solar energy received by horizontal
surface at different sites [1-3].
For the design and evaluation of solar power systems to be installed in particular geographical
location, pre-requisite of solar radiation flux for that location is essential. However, the parameters
required for these calculations are seldom available only a few meteorological stations owing to cost
of measurement equipment and techniques involved [2-4]. For sites where direct measurements are
not possible, solar radiation flux can be predicted with help of empirical correlations and models.
Thus innumerable inspections have been carried out to review the interrelation between sunshine
hour and solar radiation flux, based on meteorological data. Numerous methods to calculate solar
radiation flux using empirical formula viz. latitude, maximum temperature, altitude and longitude of
location [5], sunshine hours [6-8], latitude and declination angle [9], and relative humidity and
sunshine hours [10]. Many other accomplished works for estimating global and diffuse solar
radiation has also been reviewed, based on meteorological parameters [11-16].
The main aim and objective of this work is inspection of solar radiation flux for the location
Amravati, Maharashtra with help of mathematical model and the possibility of harnessing solar
energy for useful purpose. The climatic conditions are favorable for utilizing solar energy considering
the amount of available sunshine hours and the availability of solar irradiance in abundance
throughout the year.
2. Methodology: Among all the models stated, the regression equation given by ‘Angstrom’ is
widely popular and used as reference for the estimation [6].
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=c+d

(1)

here Hg is monthly average daily global solar radiation flux at a particular site falling on a horizontal
plane (kJ/m2-day), Ho is monthly average daily global solar radiation at a particular site on a
horizontal plane on a clear sky day (kJ/m2-day), is monthly average sunshine hours per day at a site
(h), is the monthly average of maximum possible sunshine hours per day at a site (h), c and d are
the regression constants. A number of analogies can be used to evaluate these constants, but
regression constants c and d for Amravati have been considered based on meteorological
measurements available for the nearest city, Nagpur as [19]: c = 0.27 and d = 0.50
From equation (1), the value of Ho is calculated using empirical formula of Duffie and Beckman [4]
as Ho =

Isc

[sin

.cos.cos + h.sin.sin]

(2)

where Isc is the solar constant,  is the latitude,  is the declination angle, h is the sunset/sunrise
hour angle,
 = 23.45 sin
h =
=

(284 + n)

(– tan.tan)
h

(3)
(4)
(5)

Prediction of diffuse solar radiation flux (Hd):
With the help of daily total radiation Ho, a correlation between daily total radiation Ho and diffuse
solar radiation Hd can be used to estimate the value of diffuse solar radiation Hd. The correlation
equation developed by Krieth is used extensively for this purpose [17-18] = 1.411 – 1.696

(6)

3. Results and discussion:
For the prediction of monthly average daily solar radiation flux at Amravati, Maharashtra, by
MATLAB program, some input parameters are required such as latitude, longitude, regression
constant, monthly mean sunshine hour and percentage of possible sunshine hour. The value of
regression constants for Nagpur (c = 0.27 and d = 0.50) are adjudged to Amravati, it being the nearest
city for which data is available. The monthly mean sunshine hours for whole year are shown in
Figure (1). With an exception for the monsoon season (June, July and August), the percentage of
possible sunshine hours is greater than 70 percent as seen in Figure (1). The values of Hg, monthly
average daily global solar radiation can be calculated by several correlations (1) – (5) as mentioned
before. The values obtained from these equations are plotted as shown in Figure (2).
As the measured values of solar radiation flux are available for the city Nagpur [18], the calculated
values diverge to some extent from these measured values. However, the measured values merely
differ from calculated values and thus can be taken as reference for the considered site.
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Mean daily duration of sunshine hours

The comparison between calculated and measured values can be observed from Figure (3). It was
noticed that the value of diffused solar radiation flux is high during the monsoon season, thus the
value of global solar radiation flux drops considerably during June, July and August i.e. monsoon
months
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Figure (1): Monthly variation of available sunshine hour for Amravati.
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Figure (2): Monthly deviations of diffused and global radiation for Amravati.
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Figure (3): Comparison of calculated and measured values of monthly average daily global radiation.
4. Conclusions: This work was done with an objective to estimate the value of solar radiation flux
on the horizontal ground at Amravati, so as to inspect the possibility of harnessing solar energy.
Angstrom equation and Liu and Jordan methods were used for calculation of monthly average global
and diffuse radiation flux. The calculated values reveal that solar radiation flux is available in
abundance at the considered site and thus solar energy can be harnessed to relieve stress from
conventional energy sources. Although the meteorological measurements are not available at
Amravati, Maharashtra, the solar radiation flux is calculated by using sunshine hour as prime
parameter and regression constants c and d available of the nearest city. The calculated data can be
used further for developing specific model for the considered location and also for other locations
having same climatic conditions. The study serves the purpose of providing the required data of solar
radiation flux for further study.
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