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Abstract 
India is the seventh largest country in the world, blessed with adequate solar radiation, therefore 

to setting up a Photovoltaic power plant is a lucrative option. In actual field conditions the performance of 
the PV modules vary significantly from its Standard Test Condition (STC) due to large change in 
environmental conditions. It is very important to study the exact meteorological parameters for different 
locations in India before installation of a Photovoltaic power plant. In this paper, the long-term 
meteorological parameters for the seventy considered locations in India from National Aeronautics and 
Space Administration (NASA) renewable energy resource website (Surface Meteorology and Solar 
Energy) are collected and analyzed in order to select an ideal location for installation of PV power plant. 
This paper helps the investors, Ministry of New and Renewable Energy (MNRE), Electricity Authority and 
Planning Commission to select proper locations for installation of PV power plant. 
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1. Introduction 
The Technological dependency of the modern world on fossil fuels and the ways in 

which these fuels have gradually degraded the earth’s environment is pretty alarming [1, 2]. In 
this present generation, climate is receiving extraordinary awareness because, human activity 
on earth for the last hundred years is considerably diverse which resulted rapid changes in the 
environmental conditions [3]. 

Energy demand of India is increasing day by day to supplement its ambitious economic 
growth. Affordable and sustainable energy is one of the primary requirements for economic 
growth, improving the quality of life and increasing the opportunities of development [4]. 
Currently, India suffers from a major shortage of electrical power generation [5]. Indian 
electricity sector had an installed capacity of 245.39 GW up to end of April, 2014, [6, 7] i.e. 
world’s 4th largest [8]. India generated 855 TWh of electricity during 2011-12, expected demand 
by 2016-17 will be 1392 TWh and by 2021-22 it will be 1915 TWh [9]. Technology is a key factor 
of future energy policy for the country. Suitable technological choices are vital for both supply 
and demand sides.  

To meet this huge energy demand and to provide a clean environment for the future 
generation renewable energy should be given preference in India [10]. Among the various 
renewable energy resources, India is enriched with ample potential of solar energy generation 
due to its geographical location near Tropic of Cancer [11]. In India nearly 58% areas are 
receiving annual average Global insolation more than 5 kWh/m2/day [12]. Considering the long 
run effect of pollutants from fossil fuels on human health and environment [13], electricity 
generation from PV module is an alternative cost effective solution [11].  

A lot of work has been done on analysis of the environmental factors that influence the 
performance of PV module [14-18]. The performance of PV module is mainly influenced by solar 
insolation and ambient temperature [19, 20]. On the other hand, the performance of PV module 
is indirectly influenced by other several parameters such as solar radiation incident angle, 
sunshine duration, humidity, dust [21] etc. It is important to study all aforesaid meteorological 
parameters to know the actual performance of PV modules in field condition [22].  

In SWERA project, Martins et al. prepared solar energy resource map of Brazil utilising 
satellite irradiation model and NREL irradiation data [23]. The potential of harnessing solar 
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radiation in different regions of Iran was studied by Besarati et al. and solar radiation maps were 
also generated [24]. Yeo and Yee used energy geographical information system (E-GIS) 
database (DB) and an artificial neural network (ANN) to determine location potential model for 
urban energy supply plants [22]. Polo et al. estimated daily global horizontal and direct normal 
irradiation for six locations in India covering the years from 2000 till 2007 [25]. For viability 
analysis of PV power plants in Egypt long-term meteorological parameters for 29 considered 
sites were analyzed by Shimy [26]. Four meteorological parameters are analyzed in viability 
study of Solar PV plants in Egypt but insolation clearness index and solar insolation in equator 
pointed surface that is tilted at latitude angle were not considered in this paper [26]. Sharma and 
Tiwari evaluated the technical performance of 2.32 kWp stand-alone PV array systems for 
climatic condition of New Delhi considering insolation, temperature and sunshine hours [247 
Other meteorological parameters except solar radiation were not analyzed in [22, 23, 24, 26] 
and only six locations of India were considered in [25]. Precise information on the performance 
of different Photovoltaic technologies in actual field conditions is essential for right product 
selection and accurate estimation of their electricity production [28, 29]. 
 
 
2. Research Method 

NASA Surface Meteorology and Solar Energy database [30] is the key source of solar 
energy and meteorological data used in this paper. The global availability of these data on a 
1°×1° grid with the same temporal, spatial resolution and same definition across all 
geographical regions makes this method globally applicable. The data is generated using the 
NASA Goddard Earth Observing System - Version 4 (GEOS-4). The solar energy data is 
generated using the Pinker/Laszlo shortwave algorithm. Cloud data is taken from the 
International Satellite Cloud Climatology Project DX dataset (ISCCP) [30].  

 
 

 
 

Figure 1. Map of India Locating the Selected Sites 
 
 
The mainland of India extends between 8°4' to 37°6' (N) North Latitude and 68°7' to 

97°25' (E) East Longitudes. India is divided into 6 zones i.e. Northern, Eastern, North-Eastern, 
Southern, Western and Middle zone. Total 70 locations are selected from these zones. 
Insolation on horizontal surface, insolation incident on an equator-pointed surface that is tilted at 
latitude angle, insolation clearness index, daylight hours, air temperature and relative humidity 
data are collected for the analysis. The long-term values and the long-term monthly averaged 
values of the above mentioned parameters are obtained using the long-term site averages and 
monthly mean values for all the considered sites. Insolation on horizontal surface is the amount 
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of electromagnetic energy (solar radiation) incident on the surface of the earth and expressed in 
kWh/m2/day. Insolation clearness index is a dimensionless parameter and is defined as fraction 
of insolation at the top of the atmosphere which reaches the surface of the earth. Insolation on 
tilted surfaces is calculated from the monthly average insolation on a horizontal surface and 
expressed in kWh/m2/day. In this paper the tilt angle of the surface is equal to the latitude angle 
of the considered location. Relative humidity is the ratio of actual partial pressure of water 
vapour to the partial pressure at saturation, expressed in percent. Day light hour is the time 
between sunrise and sunset. 

The Tropic of Cancer 23°30' N divides India almost into two halves named as Upper 
and Lower India. For graphical representation of the above mentioned meteorological 
parameters, 35 locations in each part of India are considered. Most of the selected sites in India 
are shown in Figure 1. Analysis of meteorological parameters to select suitable site for 
installation of PV power plant in India are presented in consequent part of this paper. 
 
 
3. Results and Analysis 

In The long-term averaged insolation incident on a horizontal surface (MWh/m2/year) 
and insolation incident on an equator-pointed surface that is tilted at latitude angle for each of 
the 35 locations in Upper India and 35 locations in lower India are shown in Figure 2-5, 
respectively.  

 
 

 
 

Figure 2. The Long-term Averaged Insolation Incident on a Horizontal Surface over Various 
Sites in Upper India 

 
 

 
 

Figure 3. The Long-term Averaged Insolation Incident on a Horizontal Surface over 
Various Sites in Lower India 

 
 
Based on Figure 2 and 3, the global solar radiation is geographically dependent such 

that it varies from a minimum value of 1.43 MWh/m2/year at Dibrugarh (Assam) to a maximum 
value of 2.16 MWh/m2/year at Mumbai (Maharashtra). It is clear from Figure 2 & 3, the amount 
of solar radiation is higher in west and south part and lower in north – eastern part of India with 
an average global solar radiation of 5.03kW/m2/day over the entire region (only 70 locations are 
considered). India can be considered as one of the best regions for solar energy related 
projects. In Mumbai, Jammu and Haridwar average daily global insolation varies respectively 
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from 5.09-7.37kWh/m2/day, 3.15-7.47kWh/m2/day and 3.64-7.59kWh/m2/day. Among these 70 
locations maximum and minimum annual average insolation on horizontal surface is found in 
Mumbai and Itanagar as 5.93kWh/m2/day and 3.92kWh/m2/day respectively. The seasonal 
pattern of the solar radiations matches with the electrical load pattern in India. 

 
 

 
 

Figure 4. Monthly Averaged Insolation Incident on an Equator-Pointed Latitude Angle 
Tilted Surface over Various Sites in Upper India 

 
 

 
 

Figure 5. Monthly Averaged Insolation Incident on an Equator-Pointed Latitude Angle 
Tilted Surface over Various Sites in Lower India 

 
 

The long-term daily average insolation incident on an equator-pointed surface that is 
tilted at latitude angle (kWh/m2/day) over the considered 35 sites in Upper India, 35 sites in 
lower India are shown in Figure 4 and 5. Maximum annual averaged titled insolation is 
6.27kWh/m2/day in Mumbai, where as minimum is 4.21kWh/m2/day in Itanagar. Maximum value 
of insolation incident on equator facing surface that is tilted at latitude angle is found 
7.46kWh/m2/day in the month of March at Mumbai and minimum 3.34kWh/m2/day in the month 
of August at Navi Mumbai. 

 
 

 
 

Figure 6. Monthly Averaged Insolation Clearness Index (0 to 1.0) over Various Sites in 
Upper India 
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Figure 7.Monthly Averaged Insolation Clearness Index (0 to 1.0) over Various Sites in 
Lower India 

 
 
Insolation clearness index is defined as the fraction of insolation at the top of the 

atmosphere which reaches the surface of the earth. It is a dimensionless parameter. The long-
term daily average insolation clearness index in selected sites of upper India and lower India are 
shown in Figure 6 and 7 respectively. Higher clearness index indicates good amount of solar 
radiation reaches to the atmosphere of the earth. Annual average insolation clearness index is 
maximum 0.62 at Mumbai, Jammu and Chandigarh and minimum 0.45 at Itanagar and 
Dibrugarh of Assam. Considering monthly insolation clearness index for 70 locations maximum 
0.73 is found in the month of November at Shimla and minimum (0.32) is in Shilong during the 
month of July. It indicates during the month of November at Shimla most of the radiation from 
the outer atmosphere reaches to the earth. 

 
 

 
 

Figure 8. Monthly Averaged Daylight hours (hours) over Various Sites in Upper India 
 
 

 
 

Figure 9. Monthly Averaged Daylight Hours (hours) over Various Sites in lower India 
 
 

Time between sunrise and sunset is considered as daylight hours. Daylight hours over 
the considered 35 sites in each half of India are shown in Figure 8 and 9 respectively.  

It is clear from Figure 8 and 9 that the daylight hours are insignificantly dependent on 
the geographical locations and at least 10 hrs of daylight hours exist over India. From seasonal 
point of view shown in Figure 13, the daylight hours is longer in summer months (maximum in 
June) and shorter in winter months (minimum in December) for all the considered sites. 
Maximum daylight hours of 14.4hrs occur at June and a minimum of 9.9hrs occurs at 
December. But unexpectedly both the maximum and minimum daylight hours among 70 
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locations is observed in Srinagar during different months of the year. Annual average value of 
daylight hours is maximum 12.15hrs in Srinagar and minimum 12.07hrs in Kozhikode (Calicut) 
of Kerala. 

In order to check the environmental settlement in India with the essential standard 
operating conditions for PV modules a study of the long-term monthly averaged air temperature 
and the long-term monthly averaged relative humidity is carried out with relevant data obtained 
from NASA renewable energy resource website (Surface Meteorology and Solar Energy) [30]. 
The long-term annual averaged air temperature at 10 m above the surface of the earth (°C) and 
relative humidity (%) are shown in Figure 10-13, respectively. 

 
 

 
 

Figure 10. The Long-term Monthly Averaged Air Temperature at 10 m above the Surface of the 
Earth (°C) for Sites in Upper India 

 
 

 
 

Figure 11. The Long-term Monthly Averaged Air Temperature at 10 m above the Surface of the 
Earth (°C) for Sites in lower India 

 
 

Temperature is an important parameter that affects the output of PV modules. The 
average air temperature over India increases from north to south. Average air temperature over 
the entire region (only 70 locations are considered) is 23.77°C which is within the range of 
Standard operating condition of PV modules. A maximum air temperature of 34.4°C occurs in 
May at Nagpur and a minimum of -6.74°C occurs in December at Srinagar among 70 locations. 
Annual average value of air temperature at 10m above the surface is maximum 28.2°C in Surat 
and minimum 5.39°C in Srinagar.  

 
 

 
 

Figure 12. The Long-term Monthly Averaged Relative Humidity (%) for Sites in Upper India 
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Figure 13. The Long-term Monthly Averaged Relative Humidity (%) for Sites in Lower India 
 
 

Humidity is a parameter that causes degradation of PV module. It is clear from Figure 
12 and 13, the long-term humidity for different sites in India matches with the Standard 
operating condition range of PV modules. Maximum annual average relative humidity among 70 
locations is 78.3% occurs in Itanagar and minimum is 43.5% in Bikaner. The relative humidity is 
higher in monsoon with average value of 79.9% in August than in spring with average value of 
43.42% in March. A maximum relative humidity of 88.1% occurs during July in Siliguri and a 
minimum of 22.4% occurs during April in Bhopal among 70 locations. Relative humidity is higher 
in North-eastern and southern part of India than other locations. 

Considered ideal range of different meteorological parameters for PV power plant 
installation concluded from various literatures, i.e. Global Horizontal Insolation (GHI), Tilted 
Insolation (TI), Insolation clearness index (Kt), Daylight hours (S), air temperature (T) greater 
than or equal to 1.8 MWh/m2/Year, 5kWh/m2/Day, 0.55, 12h, 25°C respectively and Relative 
Humidity (RH) is between 44% to 52%. Suggested locations for PV power plant installation 
depending on considered ideal range of different meteorological parameter are tabulated in 
Table 1. 

 
 

Table 1. Suggested Locations for PV Power Plant Installation Depending on Different 
Meteorological Parameters 

Location GHIa≥1.8 TIb≥5 Kt
c≥0.55 Sd≥12 Te≤25 44≤RHf≥52 

Jammu, Rohtak, Amritsar, Bathinda, Ludhiana, 
Chandigarh, Mathura, Jodhpur, Ajmer, Jaipur. 

√ √ √ √ √ √ 

Shimla, Dehradun, Haridwar, Agra, New Delhi, 
Muzaffarpur, Bikaner, Patna, Malda. 

√ √ √ √ √ × 

Kota, Udaipur, Ujjain, Bhopal, Gwalior, Indore, 
Gandhidham, Ahmedabad, Vadodara, Surat, Nagpur, 
Jhansi. 

√ √ √ √ × √ 

Mumbai, Goa, Trivandrum, Kozhikode (Calicut), 
Bijapur, Mangalore, Allahabad, Varanasi, Raipur, 
Kanpur. 

√ √ √ √ × × 

Gaya, Rourkela, Coimbatore, Bangalore. √ √ × √ √ × 
Warangal, Hyderabad, Visakhapatnam, Chennai, 
Puducherry, Navi Mumbai, Pune, Bardhaman. 

√ √ × √ × × 

Srinagar, Siliguri. × √ √ √ √ × 
Ranchi, Bokaro, Dhanbad, Aizawl, Guwahati. × √ × √ √ × 
Krishnanagar, Berhampur, Bhubaneswar. × √ × √ × × 
Itanagar, Kohima, Imphal, Agartala, Shillong, 
Dibrugarh. 

× × × √ √ × 

Kolkata. × × × √ × × 
aGHI: Averaged insolation on horizontal surface (MWh/m2/Year). 
bTI: Annual averaged insolation on equator pointed surface i.e. tilted at latitude angle 
(KWh/m2/Day). 
cKt: Annual averaged insolation clearness index. 
dS: Annual averaged daylight hours(h). 
eT: Annual averaged air temperature (°C). 
fRH: Annual averaged relative humidity (%) 
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4. Conclusion 
In this paper the long-term meteorological parameters from NASA renewable energy 

resource website (Surface Meteorology and Solar Energy) for 70 considered locations in India 
are analyzed. The data taken from NASA website is a monthly average of previous 22 years. 
Study shows that India is a country with diverse environmental conditions and has sufficient 
amount of solar radiation all over the year. Before setting up a PV power plant in a country like 
India only analysis of GHI or air temperature of that location are not sufficient but other 
meteorological parameters are equally important to analyse before selecting appropriate 
location. If the other important parameters are not within the ideal range then we can say that 
area is not ideally suited for installation of large PV power plant. The study of the collected 
meteorological parameters ensures the compatibility of India’s meteorological conditions with 
the safety operating condition range of the PV-modules. This analysis help technologist to select 
appropriate PV technology environmentally best suited for a particular location. 

This paper is an effective one for PV power plant installer along with different agencies 
like Ministry of New and Renewable Energy, Electricity Authority and Planning Commission of 
India to select appropriate location for installation of PV power plant considering various 
meteorological parameters. 
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