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Abstract The paper presents a detailed analysis of global solar radiation received
during the year 2016 at a site in Northeast India. The variation of the solar resource
is estimated by performing a statistical analysis on the monthly, daily and hourly
basis. The frequency distribution of the hourly global solar radiation for each month
is also presented. Using similar statistical analysis, the clearness index of the site
is also estimated. The results show a high intensity of global horizontal radiation.
During the study period, the average daily global solar radiation at Silchar is found
to be 4231.5 W/m?. The frequency distribution study shows that about 50% of times
the hourly received global solar energy is more than 400 W/m?. With an average
clearness index of 0.54 and with 84% of partly clear and clear days during the
year, the region gives an opportunity to trap the solar energy by application of solar
conversion devices.
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1 Introduction

In the Paris climate conference (COP21), India has pledged to generate 40% of its
ever-growing energy demands through renewable energy sources by 2030 [1]. The
national program such as Jawaharlal Nehru National Solar Mission (JNNSM) with
the commitment of generating 175 GW solar power by 2022 shows the attempt to
combat global warming and climate change as well as improve the energy scenario
of the rural region. The Northeast region of India is lagging behind the other regions
in terms of per capita consumption. According to the Central Energy Authority
report (CAE) 2016%*, the average per capita consumption in northeast region is 300
units per person per year which is well below the national average of 900 units per
person per year. The disparity in terms of development and low access to electricity
is evident from the above data. Slow development in this region is also due to its
difficult terrain. In such a scenario, decentralized solar energy systems can play a
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vital role in improving energy access to this region. In order to design an optimum
solar energy system, a thorough study of its solar resource is prerequisite. The solar
potential assessment studies can be found in many literature where the study mainly
focused on the data prediction of solar radiation data using empirical relations [2, 3].
The prospect of setting up solar conversion technologies was analysed in the various
districts of Karnataka using remote sensing techniques, GIS and meteorological data
from IMD Pune. From the study it was concluded that the coastal regions receive
sufficient solar irradiation to set up solar conversion systems [4, 5]. With the help
of Artificial Neural Network (ANN), the solar potential of Himachal Pradesh was
analysed and it was reported that the state receives an annual global solar radiation
between 3.59 and 5.38kWh/m?/day, which indicates a potential scope for solar power
generation [6]. In Ref. [7] the solar potential of coastal area of India is estimated. A
statistical comparison of solar potential at two sites in Cyprus with different climatic
condition has been studied [8, 9].

The present study estimates the monthly averaged daily and hourly variation of
radiation intensities along with frequency distribution, which is important for design
of a system. Variation is shown by computing the mean daily and hourly radiation
for each month. It is also important to understand the sky condition of the region to
understand the seasonal variation in the solar energy output. In order to categorise
the sky condition, clearness index is also computed. The study is based on the GHI
measured at the Regional Test Centre-cum-Technological Back-up Unit for Solar
Thermal Devices (Solar RTC), NIT Silchar.

2 Details of Study Location and GHI Measurements

The study is performed at the Cachar district of Assam in Northeast India. It is located
at Latitude: 24.8333° N, Longitude: 92.7789° E and its elevation is 25 m above sea
level. According to the census 2011, the population of 17.37 lakh settled in 3786
sq. km area. It has a tropical climate and monsoon begins from June and lasts till
September. The average annual temperature is 24.9 °C.

Study shows that India receives high solar insolation and the average solar radia-
tion received ranges from 4-7 kWh/day [2, 10]. But due infrastructural gap in north-
east region, studies using the real time data are not much reported. Therefore, in this
study, the GHI data for the site is measured at the Solar RTC using pyranometer. At
first, the Pyranometer is placed at a horizontal surface on the roof of the production
engineering departmental building of NIT Silchar as shown in Fig. 1. The placement
of the instrument is done in open space to avoid any shading. It collects the global
horizontal radiation which is the combination of beam and diffuse radiation. In order
to collect the diffuse radiation, a shading ring is fixed to the instrument which blocks
the path of beam radiation. The measuring instrument is connected to a data logger
from where data is downloaded and stored to a personal computer from time to time.
The Datalogger takes the data at an interval of 1 min.



Solar Resource Assessment Using GHI Measurements ... 1255

Fig. 1 Data measurement set up in the roof of production engineering departmental building of
NIT Silchar

3 Uncertainty Analysis

While determining any measured data from various instruments, the knowledge of
uncertainty associated with it is very much essential. The uncertainty in measurement
usually depicts the ranges of values, in which the measured or true value lies within
a certain stated probability. Uncertainties can be classified as Type A and Type B
categories. The uncertainty evaluated in terms of the standard deviation of repeated
measurements under similar conditions is known as Type A uncertainty and Type B
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uncertainty is evaluated on the basis of the uncertainty of the values obtained from
the calibration certificates of the equipment. In the present work, a Pyranometer is
used for the measurement of solar irradiation and the methodology to obtain the
uncertainties associated with it is described below:

Type A uncertainty:

Let G1, G2, G3... Gn be the ‘n’ number of solar irradiation considered for mea-
suring the uncertainty of solar irradiation.

The average value of all the solar irradiation is evaluated as:

n

|
X:;ZG,- (1)

i=1

Deviation of the measured values from the mean values can be obtained as:
Standard deviation is calculated as

d=(Gi—X)dr=(G,—X)*,ds = (G5 — X)*...
dy, = (G, — X)*

1
n—1

Y (G - %) 6)
i=1

Therefore, Type A uncertainty is given as

s = —= 3)

Jn

Type B uncertainty:

The standard deviation is given by, where is the expanded uncertainty of the
Pyranometer at 95% confidence level with a coverage factor = 1.96.

Hence, Type B uncertainty is calculated as

up =+/(0")? “)

Therefore, the combined uncertainty can be calculated as:

e =/ (a)?* + (up)? S

Expanded uncertainty is given by:

ugp =k x u, (6)
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The pyranometer used in the present work is calibrated at 95% confidence level
with an expanded uncertainty of + 0.0354 W/m?. Therefore, using Egs. (1)=(6), the
uncertainty measurement of solar irradiation is found to be & 0.90 W/m?.

4 Result and Discussion

4.1 Variation of Solar Radiation

Solar radiation mainly comprises of the beam (received at the earth’s surface without
change of direction) and diffuse radiation (after being subjected to scattering in the
atmosphere) and the summation is known as the global solar radiation. Figure 2
shows the monthly variation of various components of the global radiation and a
comparison is done by including the extra-terrestrial radiation as well.

The highest monthly average daily global radiation is found to be 5.45 kWh/m?
in the month of March. It can be observed from Fig. 2 that the solar output potential
shows a decreasing trend from April. This decrease is due to the onset of monsoon
season. The solar output potential again increases from the month of September and
again there is decrease during the month of November and December as the sunshine
hour decreases due to onset of winter season. During the year 2016, the monthly
average daily accumulated global solar radiation is found to be 4231.5 W/m?. The
minimum monthly averaged daily accumulate solar energy occurs in the month of
December with 3159.3 W/m?. Table 1 provides the result of statistical analysis of
hourly global radiation of an average day of each month which was performed in
Microsoft excel. The results show that the maximum radiation intensity occurs in
the month of March and October. The maximum mean is observed in the month of
March with 427 W/m? and minimum mean value is 316 W/m?2, which is observed
in the month of December. The median for most of the month is above 350 W/m?
with only exception of two months. A lower coefficient of variance (CV) is desirable
for giving more optimized design of solar devices. Although in case of this region
the value of CV is observed on a higher side, with some over sizing the problem of
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higher CV can be mitigated. Skewness and Kurtosis value is generally used to define
the type of frequency distribution.

4.2 Hourly Variation of Solar Radiation

The monthly averaged hourly variation of global solar radiation for each month is
shown in the Fig. 3. For most of the month, extraction of solar energy will be better
during 09:00-16:00 h as the radiation intensities are higher than 200 W/m?. The max-
imum radiation intensity is available during 11:00—14:00 h for each month averaging
approximately 600 W/m?. To know the total amount of solar energy received during
an average day of each month, a cumulative mean hourly global solar radiation is
computed and is represented in Fig. 4. The Fig. 4 shows that the energy accumulated
in an average day for the month of March to November is above 4000 W/m? and in
the remaining months the accumulated energy is between 3000 and 4000 W/m?. The
reason for less accumulation of energy is due to the less sunshine hour available as
the region experience its peak winter.

In Table 2, the maximum hourly global solar radiation received during the whole
study period is represented. The peak radiation intensity is observed during the month
of July with a value of 1028 W/m? between 11:00 and 12:00 h. As pointed out in Fig. 4,
the peak hour of maximum radiation intensity extraction is from 11:00 to 14:00 h.
In order to have more knowledge about the amount of energy accumulated during
each time interval, the data measured were accumulated for each hour for all the
months. Figure 5 represents the monthly accumulated hourly solar radiation, for the
entire study period. It can be observed that the maximum energy of 21212.84 W/m?

= : )

2 700 - & Jan

= * A A @ Feb

5 . N, s TNy A March

et @ 8 ¥ April

— 600 - & » 4 May

= % /4 . = "-! b June

2 = \ +— July

v -

v 500 — @ / v . *- Aug

g ’ T L i ® - Sept

=] J/m - \'\‘ +*— Oct

o] a - R @— Nov

= (E 400 - P [ ] L |- Dec |

T E : s

52 XN -

E = 300 4 XA L IR Wk N\

- o/ . b |

5] > - \

20 i Y L] T

e w- & /F B AL S \

g o m e\

= 100 - ; = . a ‘

= m

=

=]

= 0 I B N N e s e e e e e B A B e e
[ 7 3 9 10 11 12 13 14 15 16 17 I8 19

Hours (h)

Fig. 3 Variation of monthly averaged hourly global radiation at Silchar
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Fig. 4 Cumulative monthly averaged hourly global solar radiation at Silchar

is accumulated in the month of October between 10:00 to 11:00 h. But the average
accumulation of energy is better from 11:00 to 13:00 h with a value of more than
17700 W/m? (Fig. 5).

4.3 Frequency Distribution of Hourly Global Solar Radiation

Table 3 shows the percentage frequency distribution of the hourly global radiation for
each month. The knowledge of frequency distribution is highly required for setting
up of solar energy systems. It can be observed that approximately 70% of the study
period observed more than 200 W/m? global solar radiation intensities. October is
most resourceful month as the radiation levels are above 500 W/m? for more than
40% of the time.

4.4 Clearness Index and Its Frequency Distribution

Clearness index (K) is the ratio of daily global radiation to the daily extraterrestrial
radiation. It is used to categorize the sky condition. Sky condition is mainly catego-
rized into cloudy days (K; < 0.35), partly cloudy days (0.35 < K, < 0.65), and clear
days (0.65 < K,), according to the value of clearness index [8, 9]. Table 4 represents
the frequency distribution in % for each month for the entire study period. During the
period of study, most of the days are having a good clearness index with a value of
more than 0.50. But during the monsoon season (May—September), there is a drop in
the clearness index due to cloudy condition of the sky. The average clearness index
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Fig. 5 Accumulated hourly global solar radiation

for each month is graphically represented in Fig. 6. It is observed that the average
clearness index of the region is 0.54 for the year. The clearness index is acceptable
as it is close to 0.65 but the average is lower due to very bad sky condition during
the monsoon months which is evident from the Fig. 6.

5 Conclusion

This paper presents a detailed analysis of solar potential of Cachar District by mea-
suring the solar data at the Solar RTC Silchar, NIT Silchar. The region of study
has a good solar potential with a monthly average accumulated global radiation of
4231.5 W/m?. The maximum global solar radiation is available during the months
of March and October. The system installed in this type of region may require little
oversizing as the statistical analysis shows that value of CV is little higher. The study
of hourly variation of global solar energy shows that during 9:00-16:00 h most of
the month receives more than 200 W/m? and the maximum solar energy is received
during 11:00-13:00. In the entire study period, the accumulated daily solar radia-
tion is more than 4000 W/m? except in the winter months (December, January and
February) which also between 3000 and 4000 W/m?. This indicates that the solar
energy available for all the months are uniform which is desirable for system design.
The maximum energy is accumulated during 10:00—11:00 h in the month of October
and the accumulation of energy is maximum during 11:00-13:00 h for entire year.
Frequency distribution study reveals that the almost 60% of the total study period
received more than 300 W/m?. This indicates a good opportunity for extraction of
solar energy. 40—50% of the time the hourly global solar radiation is above 500 W/m?.
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Fig. 6 Monthly variation of w3 075
. XY
clearness index for an S %
average day at Silchar g é 0.65
=055
=98
g % 0.45
S 035

1 2 3 4 5 6 7 8 9 10 11 12
Month

The sky condition of the region is categorized by computing clearness index. It has
been observed that there is extremely low amount of cloudy days. The region is dom-
inated with partly cloudy days but the clearness index during these days are close
to 0.65 for most of the days. Almost 30% of the days during the studied period has
been found to be clear day. Therefore, the region may require oversizing of system
but with a good storage system, the oversizing can be reduced, thereby increasing
the reliability of the plant.
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