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INTRODUCTION 

Urban Population growth is rapidly increasing in India 

and after china India has second largest populated 

country in the world. In 2019 approximately 4% growth 

in power generation against 8% in electricity. With the 

increasing population, energy consumption growth rate 

will be 4.2% by the year 2035 (Mishra et al., 2020) 

In India electricity generating from the coal 74.0%, hy-

dro 9.3%, natural gas 4.6%, wind 3.3%, bioenergy and 

waste 3.0%, nuclear 2.5%, solar 1.7%, oil 1.6% (IEA). 

Therefore, to ensure energy security sustainably, it is 

crucial to escalating investments in alternative sustaina-

ble, clean, and pollution-free energy (Mann et al., 

2015). To reduce the dependency on coal, government 

focused on sustainable source of energy. Mostly devel-

oped and developing countries generating electricity 

with renewable sources such as bio-energy, geother-

mal and solar energy in the recent years. In the year 

2019, 26% of global electricity generated from renewa-

ble resources (Firozjaei et al., 2019).  

Jawaharlal Nehru National Solar Mission (JNNSM) had 

an initial target of 20 GW by 2022 and then increased 

this target up to 28.18 GW in March 2019 (Ministry of 

New and Renewable Energy, 2019). For the year 2021

–22 the target has been fixed for 6.5% of renewable 

energy consumption (Central Electricity Authority, 

2019). As a developing nation, India has honoured its 

commitment towards consciousness for reducing the 

country’s carbon footprint with Karnataka, Rajasthan, 
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Andhra Pradesh, Tamil Nadu, and Gujarat are the lead-

ing solar energy-producing states. About 92% of solar 

energy in India is produced at utility-scale sites while 

only 8% is contributed by solar rooftop. The area utility 

data for solar power identifies rooftop as future potential 

sites to install new solar power plants (Kapoor et al., 

2014). 

Residential buildings energy consumptions is one of the 

key aspect for the energy management of urban areas 

(Mattoni et al., 2015), considering the primary energy 

consumption (PEC) and the renewable energy fraction 

(Noussan and Nastasi , 2018). Among renewables, 

solar energy is commonly the first energy source used 

in buildings to improve their energy sustainability and to 

reduce their consumptions of fossil fuels. 

Singh and Banerjee (2015) estimated the roof top pho-

tovoltaic potential for Mumbai city using the available 

Land Use data.  Comparison with sample daily load 

profiles shows that large scale deployment of Rooftop 

Solar Photovoltaic Systems can provide 12.8–20% of 

the average daily demand and 31–60% of the morning 

peak demand for different months, even with median 

conversion efficiency panels. Brito et al., (2019) also 

estimated urban solar energy potential by using LiDAR 

data and 3D models from 2D geometries was created in 

CityEngine. Nelson, and Grubesic,(2020) also found 

PVGIS, NERL and UAV data are used for the estima-

tion of solar energy irradiance. Cheng et al., (2020) cal-

culated solar energy potential for 10 cities and found 

annual solar irradiation ranges from 41.39 to 

772.94 TWh, with an electric capacity of 6.21–

115.94 TWh. 

In recent years, due to an emphasis on alternative en-

ergy sources, the assessment of solar energy potential 

has become an intensive area of research. Geographic 

Information System (GIS) has become an important 

and powerful tool to analyse regional renewable energy 

potential. Many researchers have specifically used GIS 

in the study of rooftop solar PV potential. A case study 

was carried out by Meenakshi et al., (2019) to estimate 

the solar energy potential on roof top of Government 

buildings in Karnal city using the geo spatial tech-

niques. It was estimated that an amount of 264782.7 kg 

of Carbon dioxide (CO2) is emitted during the produc-

tion of 267457.2 kWh electricity by the coal based pow-

er plant, and suggested to implement the installation of 

Solar PV systems on the digitized roof tops, so as to 

reduce the release of CO2. 

Need of the hour to Undertake the Study 

The Government of India has identified about 98 cities 

in the country to mitigate the increasing resources con-

strained urban areas under Smart Cities Mission to de-

velop the infrastructure facilities with the help of infor-

mation and communication technology. These Smart 

Cities have been encouraged to meet about 10‐15% of 

respective energy demand from renewable energy re-

sources, wherein solar energy can contribute signifi-

cantly (Sharma et al., 2018).   

The main focus of this study was to assess solar ener-

gy potential and electricity generation capacity in Kar-

nal city by using the satellite data and geospatial tech-

nology. 

MATERIALS AND METHODS 

Study area 

The Karnal city area situated in between 29°36'32.031 

to 29°41'8.947" N latitude and 76°58'14.516" to 

7659'19.176" E longitude with a geographical area of 

90.40 km2 and comprises of 20 administrative wards 

(Fig. 1). The Karnal city is a warm city, least topograph-

ic variability and has a high potential for PV energy 

generation. The city receives an average temperature 

ranges (38.8 °C) high to (7.5 °C) minimum, (CLIMATE-

DATA.org) and the city is suitable for PV installations 

due to the least topographic variability.  

Data use and methodology 

The base map of Karnal city area with ward boundary 

was obtained from Municipal Corporation, Karnal, was 

digitised and given a proper projection system. In the 

present investigation, Sentinel-2 Satellite data (2019)  

having spatial resolution of 10 m were used for map-

ping the built-up areas after following the standard Geo 

referencing protocols using the ArcGIS 10.1 version. 

Apart from the Sentinel-2 data, World View-II satellite 

data, having a spatial resolution of 0.5 m, were also 

used to extract the roads, vacant land, railway lines, 

canals etc., so as to eliminate the unwanted areas from 

the built up land.  ALOS PALSAR DEM with 12.5 m 

resolution for the year 2019 used as an input for the 

estimation of GHI  in the study area. ALOS PALSAR 

DEM used as input file and this is freely available at the 

USGS Earth Explorer portal. 

 Basically, the methodology involves the interpreting 

the satellite data for the building footprints, followed by 

the calculation of GHI, the Geographic and Technical 

solar PV potential for Karnal city.   The detailed process 

of methodology involved as described below: 

Spatio -temporal variation in global solar radiation 

The Ministry of New and Renewable Energy (MNRE) 

has been estimated in Indian 5000 trillion kWh of annu-

al solar energy incident. Approximate 56% of the total 

Indian land area receives more than 5 kWh/m2/day an-

nual global radiations (Mahtta et al., 2014). The present 

study focused on assessment of solar energy potential 

on rooftop in urban area and to achieve this target esti-

mates the monthly variation in GHI received in Karnal 

city. 

For the estimation of the GHI, the Solar Radiation tool 
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set in ArcGIS software is used.  This tool takes care of 

slope, elevation, orientation and atmospheric transmis-

sion as the most relevant inputs. The DEM of ALOS 

PALSAR, having all these parameters and was used as 

input raster, with a 200 sky size value as a default val-

ue (Kausika and Sark, 2021).   

Calculation of the geographical potential area for 

solar (G)  

Physical potential of rooftop area was calculated from 

the Sentinel 2 (resolution 10m) satellite data by super-

vised classification in ERDAS IMAGINE software. Built-

up area was extracted by supervised classification. 

Rooftop area was estimated from the built-up area with 

the help of high resolution World View-II satellite data. 

Roads, Parks and vacant plot in urban area were re-

moved.  

Rooftop area calculated from the remote sensing may 

not always suitable for the installation of the PV panel. 

Some invariable factors like chimney, stairway and wa-

ter tank on rooftop and shaded area not received direct 

solar radiation. Geographical potential area was esti-

mated by using the following equation (Mishra et al., 

2020). 

           Eq.1 

Where 

G= Geographical potential area 

A= Total rooftop area (m2) 

I = Average solar radiation kWh/m2/day 

H= Average sunshine hours is 8 in a day in study area. 

(https://www.worlddata.info/asia/india/climate-

haryana.php) 

Calculation of the technical energy output potential 

(E)  

Estimated electricity generation potential from the in-

stalled solar PV system is term as technical potential of 

the rooftop area. The equation used to calculate the 

estimated energy generation potential from PV system 

in the study area. This equation has been used by 

many other researchers also (Mahtta et al., 2014; Gas-

tli and Charabi, 2010). 

              Eq.2 

Where 

E= Energy (kWh) 

r = solar panel efficiency (range between 15 and 18% 

default value used = 15%, (Charfi et al., 2018; Gholami 

et al., 2018) 

PR = Performance ratio it ranges between 0.5 and 0.9 

(default value used = 0.75) 

 ȠTH = Temperature and irradiance losses (default 

value used = 0.9) (Bergamasco and Asinari , 2011)  

RESULTS 

Distribution of solar radiation  

Monthly and seasonal variation in solar radiation was 

calculated to estimate the solar energy potential in 

smart city Karnal is given in figure 2. A close perusal of 

this  figure revealed that, the maximum radiation oc-

 Fig. 1. Location map of study area with ward boundary.  
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curred in June and July months of the 2019 and while 

the minimum radiation occurs in December month. It 

was observed that the range of the solar radiation dur-

ing 2019 was found to be 24-177 kWh/m2. 

The solar insolation was observed as per the Indian 

seasons in Indian context, i.e., winter season 

(December to February), summer (March to May), 

monsoon (June to August) and post-monsoon 

(September to November) and shown as fig. 3.  Fur-

ther, it was observed that, maximum radiation was 

found during the monsoon season. During the winter 

season very less radiation reached to the surface be-

cause of high smog in the atmosphere.  

Estimation of geographical potential 

An attempt was made to map the ward-wise rooftop 

area of the study area (Fig. 4).  The actual built-up area 

was calculated after eliminating the road network, riv-

erbed area, and other features such as parks, stairs-

cases and this feature eliminating work were done on 

the high-resolution world view-II satellite data. Table 1 

depicts the identified urban and industrial areas.  It was 

estimated that an area of 40.5 km2 (45% of TGA) was 

found to be under the built-up land category while an 

area of 3.33 km2 identified under Industrial and 37.2km2 

identified was under Urban. The ward numbers 1, 4, 

5,6, 11, 18 and 20 were under the mixed category, 

which comprised both urban and industrial, while the 

rest of the wards were purely urban and devoid of any 

industrial units.  

During the ground truth verification it was observed that 

all the built-up rooftop area was not available for panel 

installation, because of the fact that it was being utilized 

for other purposes such as construction of water tank, 

stairs-cases, room, chimneys etc. apart from the pa-

rameter of shadow, so that (12.2 km2) 30% area of total 

built-up are considered as an available area for solar 

Fig. 3. Seasonal variation in solar insolation in the Karnal city.  

Fig. 2. Monthly variation in solar insolation in Karnal city 

(GHI). 
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panel installation. With the help of the remotely sensed 

data, and the DEM, we have calculated the average 

solar insolation for Karnal city and found to be 3.5 kWh/

m2/day, out of which the minimum was found to be 0.79 

kWh/m2/day, while the maximum was found to be 5.9 

kWh/m2/day.  

Karnal city had high energy demands because this is 

developing city of Haryana State. Utilization of the roof-

top area for generating electricity by PV system can 

reduce the burden on energy generated from fossil fuel. 

Extra energy produced in the study area  can also be 

economically fed to the grid to maintain buffer energy 

pool, to be utilized during power shortage. 

Estimation of technical potential 

The Solar panel efficiency (15%), Performance ratio or 

the Conversion efficiency (75%) and temperature and 

irradiance losses (0.9) are non-variable factors, where-

as the rooftop area and GHI of in the study area are the 

variable factors. As the study area is very small, and 

topographically being flat in nature, the variations in the 

GHI is found to be very negligible, so that solar energy 

generation potential is directly proportional to area of 

rooftop. 

Seasonal (average) variation in potential of generating 

solar energy was shown in Table 2 and Fig.5. We have 

taken 30% of built-up area in the study area amounting 

to be 12.16 km2 eliminating the areas under parks, 

stairs-cases, road network, river bed area etc. 

It was estimated that the urban area has energy gener-

ation potential of 5393.3 MWh (92%) and while the In-

dustrial area had 481 MWh (8%) potential. Further, a 

close perusal of table 4 had revealed that during, the 

(seasonal) energy generation capacity in urban area 

was found to be 268.4 MWh (winter), and for summer 

Fig. 4. Urban and Industrial built up areas of Karnal city as viewed by WV-II. 

Fig.5 Ward wise solar energy potential in urban and indus-

trial area. 
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Ward 
 No. 

Total  area 
  

Built-up 
Area 

Built-up area 

Urban Industrial 

Total 
Area 

Available area 
for panel installation 

Total 
area 

Available area for 
panel installation 

1 12.41 4.21 4.01 1.20 0.20 0.06 

2 8.48 2.87 2.87 0.86 Nil Nil 

3 1.79 1.42 1.42 0.43 Nil Nil 

4 4.21 2.06 1.76 0.53 0.30 0.09 

5 8.63 3.87 3.22 0.97 0.65 0.20 

6 11.33 5.39 3.59 1.08 1.80 0.54 

7 1.42 1.28 1.28 0.38 Nil Nil 

8 1.99 1.39 1.39 0.42 Nil Nil 

 9 2.95 2.33 2.33 0.70 Nil Nil 

10 1.30 1.08 1.08 0.32 Nil Nil 

11 11.13 3.51 3.43 1.03 0.08 0.02 

12 2.03 1.94 1.94 0.58 Nil Nil 

13 0.71 0.68 0.68 0.20 Nil Nil 

14 0.77 0.70 0.7 0.21 Nil Nil 

15 0.44 0.42 0.42 0.13 Nil Nil 

16 2.48 1.38 1.38 0.41 Nil Nil 

17 2.81 1.43 1.43 0.43 Nil Nil 

18 3.82 1.62 1.38 0.41 0.23 0.07 

19 0.51 0.42 0.42 0.13 Nil Nil 

20 9.66 2.52 2.45 0.74 0.07 0.02 

Table 1.Total Built-up and available rooftop area for panel installation (Urban and Industrial built up area) in Karnal city 

(area in sq. kms). 

Ward 
No. 

Urban potential (MWh) Industrial potential (MWh) 

Winter Summer Monsoon 
Post 
monsoon 

Winter Summer Monsoon 
Post 
monsoon 

1 28.94 193.55 283.76 75.12 1.41 9.43 13.82 3.66 

2 20.69 138.39 202.89 53.71 Nil Nil Nil Nil 

3 10.22 68.39 100.26 26.54 Nil Nil Nil Nil 

4 12.72 85.11 124.77 33.03 2.15 14.39 21.10 5.59 

5 23.26 155.58 228.09 60.38 4.69 31.39 46.02 12.18 

6 25.92 173.39 254.19 67.29 12.95 86.63 127.01 33.62 

7 9.23 61.71 90.47 23.95 Nil Nil Nil Nil 

8 10.05 67.20 98.53 26.08 Nil Nil Nil Nil 

9 16.81 112.42 164.81 43.63 Nil Nil Nil Nil 

10 7.82 52.34 76.73 20.31 Nil Nil Nil Nil 

11 24.78 165.74 242.98 64.32 0.54 3.63 5.32 1.41 

12 13.97 93.42 136.96 36.26 Nil Nil Nil Nil 

13 4.90 32.79 48.07 12.72 Nil Nil Nil Nil 

14 5.05 33.76 49.49 13.10 Nil Nil Nil Nil 

15 3.05 20.37 29.87 7.91 Nil Nil Nil Nil 

16 9.95 66.53 97.53 25.82 Nil Nil Nil Nil 

17 10.35 69.22 101.49 26.87 Nil Nil Nil Nil 

18 9.99 66.79 97.91 25.92 1.68 11.24 16.48 4.36 

19 3.06 20.44 29.97 7.93 Nil Nil Nil Nil 

20 17.71 118.43 173.62 45.96 0.51 3.41 4.99 1.32 

Table 2. Seasonal Solar Energy potential (Urban and Industrial rooftops) in Karnal city. 
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season it was about 1756MWh followed by 2632.4 

MWh (monsoon) and 696.9MWh (post monsoon).  In 

case of industrial area the seasonal energy generation 

capacity was found to be 24 MWh (winter), 160.1 MWh 

(summer), 234.6 MWh (monsoon), 62.1MWh (post 

monsoon). 

A close perusal of table 2 had revealed that the highest 

capacity of generation energy from solar panel during 

the monsoon and summer season and at the same 

period of year electricity demand is also high so this 

sustainable energy fill the gap in energy consumption 

and demand. In urban area highest potential found in 

Ward number 1 during complete year and in industrial 

area highest potential found in ward number 6 during 

all seasons. 

DISCUSSION 

The present research was carried to identify the poten-

tial solar of solar energy for the Karnal city (Haryana).  

The findings of the present study are with the conformal 

that of the others researchers.   

Luqman et al. (2015)  conducted a study to find out the 

solar energy potential (as an alternative source of ener-

gy) from the rooftops of residential areas in Lahore dis-

trict of Pakistan, using the satellite data and GIS tech-

niques and  potential estimated was about 39,613,072 

kWh/year. The estimated energy was found to be 9 

times than the energy demand of the society, extra en-

ergy can be used in local /national electricity transmis-

sion grid. Solar PV energy would be supplement to 

compensate energy shortfall in local area. Assouline et 

al. (2017), carried out a study to estimate the rooftop 

solar PV potential for the urban areas at the commune 

level (the smallest administrative division) in Switzer-

land using the Support Vector Machines (SVMs) and 

Geographic Information System (GIS). The rooftop so-

lar PV potential for a total 1901 out of 2477 communes 

in Switzerland was estimated. The results showed that, 

on an average, 81% of the total ground floor area of 

each building corresponds to the available roof area for 

the PV installation; the annual potential PV electricity 

production for the urban areas in Switzerland is esti-

mated to be at 17.86 TW h (assumed 17% efficiency 

and 80% performance ratio). This amount corresponds 

to 28% of Switzerland’s electricity consumption in 2015.  

Sharma et al. (2018) used the IRS LISS satellite data 

and  Very High Radiometer Resolution Radiometer  

(VHRR) data (KALPANA) in mapping the Rooftop area   

at 1:50,00 scale. They successfully estimated 10.02 

GW of grid connected rooftops PV potential with 103.51 

TWh of energy annually in the proposed 98 smart cities 

of India.  

Though the present study confirms with these findings, 

we successfully attempted to identify the potential solar 

of solar energy at ward level in a Karnal city suing Sen-

tinel 2 data, and augmented with World View-II pan-

chromatic data. CO2 Emission Reduction Carbon con-

tributes about 80% of all greenhouse gases which 

causes global warming (Lashof and Ahuja, 1990).  As 

the Carbon emissions are increasing day by day, be-

cause of the increasing demand of energy, the alter-

nate renewable energy technologies will definitely help 

to reduce Carbon emission as these technologies re-

duce less amount of CO2 than fossil fuels. The outputs  

of the study in the form of raster data (radiations out-

put)  and the vector data (building foot print)  along with 

the estimated energy values will provide a baseline 

information for future studies to be undertaken in the 

field of solar energy estimations. Thus, the data gener-

ated in the present research will help in future study for 

the potentiality of carbon sequestration and mitigation 

of climate change at regional or at micro level.  If all the 

roof areas utilized for solar PV panels installations, the 

energy generated would be huge 5.9 GWh which can 

be used for the future requirements.  

Conclusion 

Geospatial technology plays an important role in esti-

mation of solar energy potential on rooftop in the study 

area. The total geographical area of the municipal 

boundary of Karnal city was 90.4 Km2. 45% (40.5 Km2) 

of the total area covered by urban (41%) and industrial 

(4%) built-up during 2019. The total build-up area could 

not be available for solar panel installation because it 

might be utilized for water tank, stairs and other con-

struction so that 30% area of the total built-up was con-

sidered a suitable area for panel installation. On the 

available area, solar insolation lied under 0.79-5.92 

kWh/m2/day in a complete year and means solar insola-

tion is 3.5 kWh/m2/day. The total capacity of energy gener-

ation in the study area is 5.9 GWh and out of this 8% po-

tential had Industrial area and 92 % urban area energy 

generation capacity from the solar photovoltaic system. 

Maximum potential of electricity generation is in monsoon 

and summer season. This work also helped to reduce 

CO2 production in the environment because coal based 

power plant has main source CO2 emission. 
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