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Abstract

The over-exploitation of non-renewable resources for energy demands is a serious issue. Convergence towards renewable resources
such as solar energy is need of the day. Solar energy is the cleanest form of energy available on Earth. The objective of this
research is to extract the building rooftop from the satellite images using a k-means clustering algorithm to identify the usable
area for solar potential assessment. The scenes of WorldView-3 and Google Earth are segmented into nine parts and the
algorithm implemented in Matlab is applied to the individual parts for better utilization of computing resources. This approach
has been applied to the parts of northern states of India for solar potential assessment in a fast and accurate manner. The
Global Horizontal Irradiance (GHI) data obtained from the database of National Renewable Energy Laboratory (NREL),
United States have been used in the solar potential assessment. For the validation purpose, the above-mentioned algorithm has
been compared with the digitization in QGIS software. The results obtained from the above-mentioned algorithm developed
have extracted 85% to 90% of the features in the satellite image. The developed algorithm has given best results with the
WorldView-3 (high-resolution image) than the other coarser resolution scenes. The developed approach is helpful in evaluating
the feasibility of the large areas for solar potential assessment. This methodology is useful for the implementation of different
government’s solar energy generation schemes for rural and hilly areas. It helped in estimating the solar potential of the large
hilly area for electricity generation. This approach is useful for a larger area as it computes the usable area by dividing the
scenes into smaller parts and applies the algorithm individually to each part of the scene. Keywords: k-means clustering, GHI,

rooftop, solar potential, Google Earth, WorldView-3
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Abstract

The over-exploitation of non-renewable resources for energy demands is a serious issue.
Convergence towards renewable resources such as solar energy is need of the day. Solar
energy is the cleanest form of energy available on Earth. The objective of this research is to
extract the building rooftop from the satellite images using a k-means clustering algorithm to
identify the usable area for solar potential assessment. The scenes of WorldView-3 and
Google Earth are segmented into nine parts and the algorithm implemented in Matlab is
applied to the individual parts for better utilization of computing resources. This approach has
been applied to the parts of northern states of India for solar potential assessment in a fast and
accurate manner. The Global Horizontal Irradiance (GHI) data obtained from the database of
National Renewable Energy Laboratory (NREL), United States have been used in the solar
potential assessment. For the validation purpose, the above-mentioned algorithm has been
compared with the digitization in QGIS software. The results obtained from the above-
mentioned algorithm developed have extracted 85% to 90% of the features in the satellite
image. The developed algorithm has given best results with the WorldView-3 (high-
resolution image) than the other coarser resolution scenes. The developed approach is helpful
in evaluating the feasibility of the large areas for solar potential assessment. This
methodology is useful for the implementation of different government’s solar energy
generation schemes for rural and hilly areas. It helped in estimating the solar potential of the
large hilly area for electricity generation. This approach is useful for a larger area as it
computes the usable area by dividing the scenes into smaller parts and applies the algorithm
individually to each part of the scene.
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Objectives

Unavailability of electricity for agricultural purposes is a major problem in the rural areas of
India.

The study has been performed to cater this problem by evaluating the feasibility of solar
energy for the farmers at an optimum tilt angle.

In this research work, the solar potential of the Salhapur village has been assessed for the
sustainable development of this village.
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Our study finds an optimum tilt angle to get the maximum quantum of the solar energy
falling on the Solar Photovoltaic (SPV).

Geo big data and cloud computing have been used in assessing and digitizing the required
area of interest.

The Global Horizontal Irradiance (GHI), data have been downloaded from the website of the
National Renewable Energy Laboratory (NREL), United States.

Study Area

The study area selected for this study is Salhapur village located in Haridwar district of
Uttarakhand, India (Fig. 1).

77°49'30"E 77°50'0"E 77°50'30"E

Salhapur N

29°49'30"N
20°49'30"N

| Legend

Salhapur Salhapur
IR RGB
| - Red: Band_1
- Green: Band_2
Zz
z ; =3
5 - Blue: Band_3 'gr’
[ o
3 " >
& 0 15 3 6 N
‘ I T <
77°49'30"E 77°500°E 77°50'30'E

Fig. 1 Study area selected for this study



The Salhapur has been selected for this study since it is located near the hilly terrain. The
occupation of most of the families living here is agriculture. Therefore solar energy can help
them in agricultural needs i.e. well pump for irrigation and their daily needs.

Methodology

A methodology has been proposed to quickly estimate the solar potential of the location (Fig.
2). This methodology can be applied to any location such as building’s rooftop, barren land,
water bodies, etc. This methodology has been divided into two phases.
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Fig.2 Proposed methodology applied in this research work

The first phase deals with the estimation of the usable area for SPV installation and the
second phase deals with the calculation of the tilted GHI at that location. In the first phase, an
approach has been devised to extract the rooftops of the buildings using a semi-automatic
approach. In this approach, the study area has been segmented into smaller parts. K-means
clustering algorithm has been applied to each segmented part to extract the rooftop
information. This rooftop information has been used to estimate the usable area for SPV
installations.



The second phase deals with the energy requirements and solar potential assessment. The
energy requirements have been calculated using India Census data 2011, socioeconomic
information, and energy consumption per capita. The solar potential has been calculated
using tilted GHI. This tilted GHI has been calculated using an algorithm implemented in the
Perl programming language. To process this large set of values, the processing of these
values have been performed using cloud computing. Finally, the feasibility of the solar
potential assessment has been made using energy requirements and predicted solar potential.

Results

The values of annual tilted GHI and assessed solar potential using average tilted GHI data
from 2002-2008 at Salhapur village are 6.97 kWh/m2/day and 165 MWHh respectively.

The averaged solar potential assessed of the 15 years i.e. from 2000 to 2014 is 148 GWh.

Fig.3 Google Earth image of the house in a Salhapur village



Fig.4 Rooftop extracted using semi-automatic rooftop extraction algorithm
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Fig.5 Rooftops of the Salhapur for Solar Potential Assessment



It has been found from this study that enough solar potential is available to feed the
requirements of all the households in the Salhapur village.

Conclusions

The proposed methodology i.e. semi-automatic feature extraction to assess solar potential has
been implemented of the study area and solar potential assessment has been carried out.

The implemented semi-automated approached saved a lot of time in extracted usable rooftop
area for solar potential assessment.

This is the pilot study conducted in this village. The proposed methodology in this study can
be replicated at other locations such as hilly terrain, remote and rural areas, etc.

This methodology is useful for the government bodies in policy making and subsidies for
solar plants at the country level.
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