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Abstract - Increasing use of various kinds of energy
sources in rural as well as in urban areas highlights the
necessity of using the more solar energy for sustainable use
of precious natural resources and their management. The
major electrical energy utilization in the region of Udaipur
are for domestic lighting but a significant amount of energy
is also utilized for pumping of water for irrigation and other
on-farm activities. Knowledge of solar radiation over time
plays very important role in planning, design, installation,
operation and maintenance of solar energy harvesting
units/ systems. In Udaipur region, where the solar energy is
in abundance throughout the year, installation of such
systems may prove to be very cost effective and energy
efficient, if designed, with the help of precise and accurately
fitted models predicting the values of solar radiations over
time. In the present study the past data of thirty-two years
(1983-2014) were used. The data of maximum, minimum
and average values of total global and diffused solar
radiation over time were assumed as the time series
consisting of finite numbers of equally spaced data points.
The periodic variations in the radiations were assumed to
be the superposition of several sinusoidal harmonics. In this
context, the Fourier Series Transformation has been fitted to
the data of solar radiations available in Udaipur region. The
models, thus developed, have been tested for the variance
test analysis. The predicted values were compared with the
historical values obtained from subtraction of respective
predicted values of historical data series and were found
random around zero mean. The models developed may well
be adopted for prediction of solar radiations in Udaipur
region. Similar models can also be made for different
regions for utilization in generation of data and the spatial
comparisons. The developed Fourier transformation models
can also be employed for the prediction of such values which
could be efficiently used for the optimisation of design
parameters and thus, the cost effectiveness while designing
solar radiation harnessing units such as solar photovoltaic
array for successful electric generation in the region, solar
cookers, dryers, solar ponds etc.
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1. INTRODUCTION

Food and water would be among the top few challenges
before the world in the second quarter of the 21st century.
The world population may grow beyond 9 billion by the year
2050. Studies have indicated that the production of food in
the world would increase by 50% by 2030 and 100% by
2050 from its current levels to feed the growing population
(Kaledhonkar et al, 2013; Waghaye et al, 2018).
Continuously increasing use of energy in rural as well as in
urban areas highlights the necessity of using the solar
energy. The energy utilization activities in Udaipur region
are mainly for domestic activities in lighting in the rural
dwellings. Besides this, a significant amount of energy is
also needed for pumping water for irrigation and other
on-farm activities including post- harvest operations
(Kishore et al, 2016; Saxena et al, 2017). A major challenge
before the country particularly in the agricultural sector
has been to convert it into a commercial proposition by
reducing the cost of cultivation by improved input use
efficiency and by higher returns to the farmers through
quality production (Saxena and Gupta, 2004; Saxena and
Gupta, 2006 a & b; Saxena et al.,, 2013; Saxena et al,, 2015).
Although the available land and water resources has been
decreased over time. On the other hand, the cultivated
land has reduced to 0.12 ha in 2015 from 0.31 in 1961
(Pandey et al, 2010; Saxena et al., 2018). The agricultural
sector consumes about 83% of the total water used, is the
most lavish user of the resource (Bajpai and Saxena,
2017). The availability of water was above 5300 m3 in
1951 which got reduced to 1588 m3 in 2010, and likely to
be lesser than 1500 m3 in the year 2025 (Saxena et al,
2019). On-farm water management, therefore, should
receive greater importance to save water in this sector and
thus, more dependency on the use of alternative resources
like that of solar radiations. The region faces bright
sunshine for more than nine months in a year. Keeping
this in view the availability of solar energy in terms of
global and diffused solar radiations assures to be the only
and freely available energy source for the ever increasing
need.

Knowledge of solar radiation is must over time and space
in design, planning, operation and installation of solar
energy operated units in rural and urban sectors. Optimal
size of solar photovoltaic solar array, flat plate collector or
the other solar energy harnessing units may well be
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suggested to greater cost effectiveness if one possesses the
idea of availability of solar radiation over time for a region.
The potential of solar energy may be judged by studying the
availability of global and diffused solar radiations and
clearness index. The accurate predictions of the solar
radiations for a region on monthly basis using various
models and transformations may be of some use for such
purposes. The Fourier transformation of radiations over the
year fits to a fairly good extent that the predicted values
through this transformation may well be adopted for
computation of design value of solar radiation. In this
context, the data of maximum, minimum and average values
of total global and diffused solar radiations have been
analyzed to develop the Fourier transformation model
which may be used to predict the values of radiations for
months from January to December. The observed and
predicted monthly values have also been compared to
strengthen the validity of the developed models.

2. FOURIER TRANSFORMATION

The Fourier transformation in its general and
simplest form may be expressed as follows.

N/Z
Ry =4, +Z Ak cos—+Bk s'nzn—kt) (D

where, R: is monthly solar radiation at time(month) t,
kwh/m?/day, P is periodicity of data (12 in present study), N
is total number of equally spaced data points, t is time factor,
t=1,2,3....N, k is number of harmonics, 1 < k < p/2 and A4,
Ax and By are the Fourier coefficients and half range
amplitudes of k harmonic which are given by
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The numbers of significant harmonics (m) of original
historic series were determined by variance test analysis
(Box and Jenkins, 1976). For further analysis the periodic
means (m,;) were computed and expressed in the Fourier
transformation form as follows.
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Thus the numbers of significant harmonics obtained were
computed for these harmonics only. The computed values of
R: i.e, R were subtracted from the observed series of solar
radiation. The residual components, thus left, were analysed
for the presence of randomness.

The periodic variations are the functions of solar
radiations with time and may be expressed as a
superposition of several sinusoidal variations (harmonics).
Every individual harmonics have separate phase angle,
amplitude and their contribution towards the total explained
variance.

3. RESULTS AND DISCUSSION

The data of solar radiations for thirty two years (1983-2014)
were collected from the Meteorological Observatory and
Renewable Energy Centre, College of Technology and
Agricultural Engineering, Udaipur, Rajasthan. The mean
daily values were transformed into mean monthly values
representing daily averages for that month. These values
were assumed to be the time series consisting of a finite
numbers (twelve in the study) for equally spaced data points
for each maximum, minimum and average values of global
and diffused solar radiations. Thus, the months starting from
January to December were designated by the numbers 1 to
12 successively.

The arithmetic mean of monthly maximum, monthly
minimum and monthly average global and diffused solar
radiations are more than the annual mean values for four
months in a year. Similarly, the maximum values of global
and diffused solar radiations were found to be more than
observed values for six months in a year for global and
diffused solar radiations. The values of the mean and the
standard deviation (population) for observed series are
given in Table 1. Rathore and Vijay (1989) also suggested
that the solar radiations available in Udaipur region having a
clearness index with mean at 0.666 may be found in good
harnessing range.
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Table -1: Statistical parameters of observed, predicted
and residual series

Table -2: Fourier coefficients and other parameters for
each harmonic for different radiation series

Observed Computed Residual o
Solar . . . “ 2 ) o T4 97T o
. Series Series Series SI= g 28 a8 Ead
Radiation = © J= < 0 £ = g £ &
. Std Std Std SE A Bk = o &8 588
Series Mean Mean Mean Si= = v O a5 Eo R
Dev. Dev. Dev. S & g 28 A5 545
Mean Global 5.76 1.01 576 1.01 0.00 0.07 -
Maximum 708 132 7.08 131 000 0.16 Mean Global Radiation
Global 1 -1.13 0.40 1.20 -19.49 70.30 70.30
Minimum 166 112 466 095 0.00 0.58 2 -027  -053 060 6315 1753 8783
Global 3 -0.21 0.16 0.26 -36.38 3.37 91.20
Mean 198 091 198 091 0.00 0.08 4 0.09 0.03 0.09 16.26 044 91.64
Diffused 5 000 -001 002 -89.45 002 9166
Maximum 360 1.04 360 1.03 0.00 0.16 6 0.02 0.00 0.02 0.00 001 9167
Diffused : —
Minimum  0.68 036 068 031 000 0.18 Maximum Global Radiation
Diffused 1 -169 023 170 -766 8284 8284
The F . ffici A 4B ) 1 Table 2 2 -0.44 -0.18 0.48 22.28 6.49 89.34
e Fourier coefficients, Ax and By, are given in Table 2 up i )
to N/2 = 6 harmonics for different series. Table 2 also 3 0.18 0.03 0.19 782 098 90.32
includes the amplitude, phase angle in degrees and the 4 -0.14 -0.10 017 35.68 089 9115
percent explained variance with cumulative values for each 5 -0.06 0.01 0.06 -7.53 0.11 91.26
harmonic for all series of radiations (average, maximum and 6 -0.17 0.00 0.17 0.00 081  92.07
minimum values of global and diffused solar radiation Minimum Global Radiation
series). The data given with the table shows that the series 5 =
consisting of mean and maximum values of global and 1 -0.4 0.38 059 -4069 1382 1382
diffused radiation explains more than 90 per cent variance 2 048 -1.00 111 6419 4897 62380
by the first three harmonics cumulatively. Hence, from the 3 -0.03 0.32 032 -84.86 400 66.80
prediction point of view the first three harmonics were 4 -0.51 0.25 056 -2610 1274 7954
considered in spite of the fact that the series of the minimum 5 050  -017 053 -1845 1130 90.84
values of radiations could have more than 90 per cent of the 6 0.20 0.00 0.20 0.00 165 9249
variance in the 5t and 6t harmonics (Saxena et al.,, 2008). : : : : : :
This was made a criterion to keep the similarity in the Mean Diffused Radiation
prediction models and the non-significant contribution 1 -1.18  -0.16 1.19 7.71 8474  84.74
made by the amplitudes from the fourth to sixth harmonics. 2 0.06 0.28 029 7885 488 89.62
Tl?u.s, the Fourier models for average, maximum .and 3 0.14 -0.06 015 -23.04 138 91.00
minimum values of global and diffused solar radiations
respectively are given below. 4 -0.08 -0.01 0.08 8.89 0.39 91.38
ot ot 5 002 005 005 -6729 017 9156
Rec @nean gtovany = 576 —1.23 Cos (357) + 0399 Sin (%) - 6 006 000 006 000 022 9178
4mt 4mt
0.27 Cos ( ) +0.53Sin ( ) ) Maximum Diffused Radiation
0.21 Cos (6’") + 0.15Sin (61’?) 1 136 004 136 -179 8541 8541
2 015 0.12 019 -39.92 172  87.13
2mt 2mt
Rec grax giovany = 7.08 = 169 Cos ( 4”)t+ 0235in (3) - 3 023 000 023 -0.84 240 8952
0.4 Cos (¥) - 0.188in () - 4 .06 009 001 -5842 051 90.03
0.18 Cos (6’”) + 0.025Sin (6’”) (10) 5 007 014 016 6380 113 9116
6 -0.15 0.00 0.15 0.00 1.01 9217
Rec quin gtobary = 1.66 — 0.45 Cos (22) + 0.38 Sin (221) —
At prrt Minimum Diffused Radiation
0.48 Cos (m) 0.996Sin (7) ~ 1 039 010 041 -1358 6443 6443
0.03 Cos ( ) — 0315 Sin( ) (11) 2 0.01  -0.06 0.06 -78.61 1.57  66.00
2 3 -0.04  -0.04 0.05  47.49 115  67.15
Rec (ean aif fuseay = 1.98 — 118 Cos (22) + 0.16 Sin (2) -
0,56 Cos (4,”) + 0285in (4,”) f 4 019 005 020 -1577 1513 82.28
L2 12 12 5 011  -0.02 011 -1034 498 87.26
0.14 COS( ) — 0.06 Sm( ) (12) 6 -0.15 0.00 0.15 0.00 881  96.07
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2mt . 2mt
Rec (Max aiffusea) = 3-60 — 1.36 Cos (22) +0.04Sin (£7) -
4Tt 4Tt

0.15 Cos () + 0.125in (22) +

0.23 Cos (61—’?) + 0.003 Sin (61—”;) (13)
Rec (i aif puseay = 0-68 — 0.39 Cos (23) + 0.09 Sin (221) +

0.013 Cos (%) — 0.062 Sin (%) -

0.037 Cos (%) — 0.04Sin (%) (14)

The observed values of historical monthly average values
and the corresponding computed values using equations 9
to 11 for mean, maximum and minimum values of global
radiations for t = 1,2,3,...12 have shown in Fig.1.
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Fig -1: Historical and generated values of mean, maximum
and minimum values of global radiation

Similarly, Fig.2 shows the observed and the computed values
of mean, maximum and minimum values diffused radiations
using equations 12 to 14. Fig.1 and 2 also reflect that the
computed values using above models are thoroughly close to
the observed historical data.
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Fig -2: Historical and generated values of mean, maximum
and minimum values of diffused radiation

The computed values of radiations (Eq9 to 14) were
compared and subtracted from observed values to get the
residual component. The arithmetic mean and the standard
deviation for both computed and residual series were
worked out and are presented in Table 1. The closeness of
the mean and the standard deviation of the observed and
computed values is clearly visualised. The mean and the
standard deviation of the residual component reflect that all
the values are randomised with mean equals or very nearly
equals to zero with a standard deviation less than 0.5821
among all the data sets. Thus, the residual component may
be neglected as suggested by Kottagoda (1980).

3. CONCLUSIONS

On the basis of the above study the following conclusions
may be drawn.

1. The general trend of variation of solar radiation is same
for global and diffused radiations for mean, maximum
and minimum values. In most of the months the
availability of solar radiations in Udaipur region is
within the good harnessing range.

2. The monthly average values of solar radiations may
well be represented by the Fourier series deterministic
models.

3. The developed Fourier transformation models may be
employed for the prediction of such values which could
be efficiently used for the optimisation of design
parameters and thus, the cost effectiveness while
designing solar radiation harnessing units such as solar
cookers, dryers, solar ponds, and solar photovoltaic
array for successful electric generation in the region.

ACKNOWLEDGEMENT

The authors are thankful to the Director, ICAR-Central Soil
Salinity Research Institute, Karnal, India and for granting
the study leave to the first author, as well to the Director,
ICAR-Central Institute of Agricultural Engineering, Bhopal,
India for other necessary permissions and the facilities.

REFERENCES

[1] Abhishek M. Waghaye, C.K. Saxena, Satyendra Kumar,
A. Pathan, R. Abhishek, “Multiple linear modelling of
electrical conductivity at a subsurface drainage site in
Haryana using EM technique”, International Journal of
Chemical Studies, Vol. 6, 2018, pp. 1953-1960.

[21 Arpna Bajpai, C.K. Saxena, “Temporal variability of
hydraulic performance in drip irrigated banana field”.
Research on Crops, Vol.18, 2017, pp. 66-71.

[31 CK. Saxena, Arpna, Bajpai, A.K. Nayak, S.K, Pyasi,
Ramadhar Singh, S.K. Gupta, “ Hydraulic performance
of litchi and banana under drip irrigation. In: Goyal
M.R., Panigrahi, Balram, Panda S.N.. (eds.), Micro
irrigation Scheduling and Practices, under the Book
Series, “Innovations and Challenges in Micro
Irrigation- Volume 7”. (ISBN 13: 978-1-77188-552-2)

© 2020,IRJET | ImpactFactor value: 7.529

ISO 9001:2008 Certified Journal | Page6614



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 07 Issue: 05 | May 2020

www.irjet.net

p-ISSN: 2395-0072

4

[5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Apple Academic Press, Inc. Waretown, NJ 08758 USA,
2017, pp. 99-116.

C.K. Saxena, Avdhesh Chandra, and Virendra Kumar,
“Modelling Solar Radiation for Natural Resource
Management in Udaipur Region” In: S.N. Prasad, R.K.
Singh, Ashok Kumar, A.K. Parandiyal, Shakir Ali, B.K.
Sethy, V.N. Sharda (Eds). Natural Resource
Management for Sustainable Development in Western
India. Allied Publishers Private Limited, New Delhi.

2008, pp. 42-45.

C.K. Saxena, K.V.Ramana Rao, A.K. Nayak, “Evaluation
and testing of machine installed subsurface drip
laterals”, International Journal of Chemical Studies,
Vol. 7(3), 2019, pp.1966-1971.

C.K. Saxena, Ramadhar Singh, S. K. Pyasi, Ajay Kumar
Mekale,“Evaluation of Movement of Wetting Front
under Surface Point Source of Drip Irrigation in
Vertisols”, Journal of Agricultural Engineering, Vol. 55,
2018, pp. 61-67.

C.K. Saxena, S.K. Gupta, “Drip Irrigation for water
conservation and saline / sodic environments in India:
A review”, In: Natural Resources Engineering and
Management and Agro-Environmental Engineering.
Proceedings of International Conference on Emerging
Technologies in Agricultural and Food Engineering
(etae 2004) held at Indian Institute of Technology,
Kharagpur, India in December 14-17, 2004. Anamaya
Publishers, New Delhi, 110 030, India. 2004, pp. 234-
241.

C.K. Saxena, S.K. Gupta, “Effect of soil pH on the
establishment of litchi (Litchi chinensis Sonn.) plants
in an alkali environment”’, Indian journal of
Agricultural Sciences, Vol. 76, 2006 a, pp. 547-549.

CK. Saxena, S.K. Gupta, “Uniformity of water
application under drip irrigation in litchi plantation
and impact of pH on its growth in partially reclaimed
alkali soil”, Journal of Agricultural Engineering, Vol.
43,2006 b, pp. 1-9.

C.K. Saxena, S.K. Gupta, Purohit, R.C., Bhakar, S.R. “Salt
water dynamics under point source of drip irrigation”,
Indian Journal of Agricultural Research, Vol. 19, 2015,
pp- 101-113.

C.K. Saxena, S.K. Gupta, R.C. Purohit, S.R. Bhakar, B.
Upadhyay, “Performance of Okra under Drip Irrigation
with  Saline Water”, Journal of Agricultural
Engineering, Vol. 50, 2013, pp. 72-

G.E.P. Box, G.M. Jenkins, “Time series analysis,
forecasting and control”. Holden Day, San Francisco,
C.A., 1976.

M.]. Kaledhonkar, S.K. Gupta, C.K. Saxena, D.P. Sharma,
Ashwani Kumar, “Emerging Issues due to Adoption of
Submersible Pump Technology in Marginal Quality
Areas of Haryana”, Journal of Agricultural Engineering,
Vol. 50 (4), 2013, pp. 58-64.

N.S. Rathore, and V.K. Vijay, “Potential and
applicability of solar energy in the context of Udaipur
region”. Proceedings of the Silver Jublee Convention of
the ISAE held at CTAE, Raj. Agril. University, Udaipur
campus. Paper No.ENERGY/ 89 12,1989, pp.74 78.

RS. Pandey, L. Batra, A. Qadar, C.K. Saxena, S.K
Gupta, P.K. Joshi, G.B. Singh, “Emitters and filters
performance for sewage water reuse with drip

[17] T.N.

irrigation”, Journal of Soil Salinity and Water Quality,
Vol. 2(2), 2010, pp. 91-94.

[16] Ravi Kishore, V.K. Gahlot, C.K. Saxena, “Pressure

Compensated Micro  Sprinklers: A  Review”.
International Journal of Engineering Research and
Technology, Vol. 5, 2016, pp. 237-242.

Kottagoda, Stochastic water resources
technology. Machmillian Press Ltd., Hongkong, 1980.

BIOGRAPHIES

Dr. C.K. Saxena is a Senior Scientist, in
the Division of Irrigation and
Drainage Engineering, ICAR-Central
Institute of Agricultural Engineering,
Bhopal, MP, India. He has obtained
his Ph.D. in 2014. Dr Saxena has
worked in Rajasthan Agricultural

University, Bikaner and Orissa
University of Agriculture and
Technology, Bhubaneswar as

teaching faculty during 1989 - 2001.
Later, he joined as Scientist at the
ICAR-Central Soil Salinity Research
Institute, Karnal, Haryana and
worked there during 2002 - 2009.
Dr. Saxena has guided three M.Tech.
students for their thesis work. He is
the life member of five scientific
societies, and written 5 books and
more than 50 research articles or
chapters in scientific journals, books
or proceedings.

Prof. V.K. Vijay is actively engaged in
research and worked for more than
40 sponsored  research  and
consultancy projects and has about
150 publications in journals and
conferences, 7 books to his credit.
Prof. Vijay has developed and
patented a technology on Biogas
Enrichment and  bottling for
Vehicular Application and
transferred it to the industries and
field. He is fellow of Indian Society of
Agricultural Engineers and
Institution of Engineers (India) and
Life Member of National Academy of
Science in India, Indian Society of
Technical Education, Solar Energy
Society of India and other scientific
and professional societies/ bodies.
He is the Indian coordinator of
Sustainable Energy and Environment
Forum (SEE Forum) working in Asia
with head quarter in Japan, General
Secretary of Biogas Forum (India).

ISO 9001:2008 Certified Journal |

© 2020, IRJET |

Impact Factor value: 7.529

Page 6615



