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Abstract— To meet the ever increasing electricity demand in 

the urban area, roof-top solar PV offers a feasible and 

alternative solution along with conventional power supply 

from the electricity grid. Geographic Information Systems 

can be used as a significantly useful tool for potential 

rooftop distribution mapping. This paper aims at mapping 

potential roof-top are available in PEC University of 

Technology Chandigarh and evaluating the possible 

electricity supply from such installations. In this work, 

ArcGIS software has been used to compile and analyze the 

geographic data for potential bright roof-top area. This type 

of study will encourage the entrepreneurship in the field of 

rooftop solar home system in the urban areas of a country.                                                
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I. INTRODUCTION 

Solar radiation is a key factor determining electricity 

produced by photovoltaic (PV) systems. Electricity is one of 

the mostly used forms of energy which is consumed in 

various residential as well as in industrial applications. 

Fossil fuels have the major share in providing the large 

amount of electricity demand which requires burning of a 

huge quantity of fossil fuels across the globe. This fossil fuel 

usage is also one of the main reasons for the greenhouse gas 

emission resulting global warming. Renewable energy 

resources provide an alternative solution by replacing 

hydrocarbon based fossil fuels [1]. These resources are also 

often termed as green energy since these don't cause 

greenhouse gas emission. Among renewable energy 

resources, solar photovoltaic energy conversion is one of the 

most promising one to meet the energy demand. Solar 

photovoltaic modules can be integrated on the roof-top of 

buildings in urban areas to harvest energy efficiently. The 

Indian Government has launched the Jawaharlal Nehru 

National Solar Mission, which aims to achieve a total 

installed capacity of 20 GW for grid-connected solar power 

by 2022 [2]. However, given the fact that India has an 

estimated 78.87 million urban households and 167.83 

million rural households (according to 2011 census), roof-

top photovoltaic systems hold a great promise. Thus there is 

a need to explore and demonstrate the potential for rooftop 

photovoltaic systems, at least in some major cities in India 

with good solar irradiance like Jaipur, Jodhpur, Mumbai, 

Ahmadabad, Nagpur etc. The focus is mainly on 

large centralized solar power stations. A roof-top solar 

photovoltaic system consists of one or more solar panels, 

installed on rooftops of residential, commercial or 

Institutional buildings, thus enabling direct conversion of 

solar energy to electricity. This system can either be grid-

connected or stand-alone. The installation of PV systems in 

connection with buildings has important benefits. No 

additional areas are necessary because the solar generator 

can be mounted in or on existing parts of a building such as 

a roof or facade. The flat roofs are especially suitable for the 

installation of solar generators. With landscape scales, 

topography is a key factor that determines the spatial 

variability of radiation. Variation in orientation (slope and 

aspect), elevation, and shadows cast by topographic features 

all affect the solar radiation’s amount received at different 

locations. This spatial variability also changes with time, 

day and year. Therefore, Geographical Information System 

(GIS) tools are required and essential for such analyses. The 

solar radiation analysis tools, in the ESRI ArcGIS Spatial 

Analyst extension enables to map and analyze the effects of 

the sun over a geographic area for specific time periods [3]. 

II. CONSTRAINTS AFFECTING SOLAR PV POTENTIAL 

For the implementation of PV plant depends on three main 

factors: Technical, Economical and Environmental. These 

factors depend on the geographical location, biophysical 

attributes and socio-economic infrastructure of the region 

under study. Fig. 1 shows the classification of the factors 

and constraints affecting the land suitability for PV plant in 

PEC University of Technology Chandigarh. The solar 

radiation is considered the fundamental and decisive factor 

in this land suitability analysis; the higher Solar radiation the 

more suitable is the land. Land use  is also considered as an 

important factor because it is not possible to construct large 

PV plant on populated, reserved and sensitive areas. Due to 

fluctuations in environmental conditions, temperature 

change and hence irradiance level changes and is measured 

in watt per meter square. 

 
Fig. 1: Constraints affecting land suitability PV farms 

Temperatures play another major factor in 

determining the solar cell efficiency. The cell voltage 

reduces by 2.2 millivolt per degree rise of temperature. This 

result is experimentally proved. Here the temperature is act 

as negative factor affecting solar PV performance [4]. The 

performance of photovoltaic (PV) modules and systems is 
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affected by the orientation and tilt angle. As these 

parameters determine the amount of solar radiation received 

by the surface of a PV module in a particular region. 

Normally the region that lies in the northern hemisphere the 

panel installed on these building should be facing south or 

facing the equator and for southern hemisphere facing the 

north tilt from horizontal at an angle approximately equal to 

the site latitude[5]. so that maximum irradiance captured. 

Sometimes there is a thick layer of dust accumulated on the 

surface of PV panels. It significantly affects the performance 

of PV module. When selecting the roof area for the 

photovoltaic array, efforts should always be made to avoid 

shading or areas known for accumulation of substances that 

will result in cell shading. Shading is another very important 

factor that drastically affects the performance of PV module 

[22]. 

III. GEOGRAPHIC INFORMATION SYSTEMS (GIS) FOR 

MAPPING 

This paper uses the ArcGIS for determination of the 

tremendous potential of solar resource; extensive research is 

being carried out by researchers from different disciplines. 

Use of Geographic Information System (GIS) offers 

advantage for planning for performing efficient operation 

and control of the system of any place. It is a computer-

based tool for mapping and analysing phenomena existing 

and happening on earth surface. In short, a GIS can be 

defined as a computer system capable of assembling, 

storing, manipulating, and displaying geographically 

referenced information. GIS store and process data in two 

different formats, vector and raster [10,11]. In vector format, 

the view is presented as a mosaic of interconnected lines and 

points those can represent any position and boundaries of 

locations. In vector data models, the data are represented by 

lines (arcs), polygon, points and intersection points. The 

raster format has appeared by aerial and satellite image 

technology, where geographical objects are represented as 

grid-cell structures, known as pixels. The GIS process is 

shown below it relates the real world with the computer 

based programme and helps in decision making. 

 
Fig. 2: GIS process 

IV. METHODOLOGY 

A. Study Area 

The selected region is PEC Chandigarh  situated in the north 

of India and is one of the most suitable city for solar 

potential extraction. Chandigarh is the planned city of India 

which is mostly urbanized. The rooftop of the buildings is 

better from the point of view of solar PV utilization. The 

rooftop are evenly distributed and flat.  

The campus of PEC Chandigarh is spread over 

166.4 acre. The college campus extends over an area of 146 

acres of the land situated close to the beautiful Shivalik hills. 

The campus is divided into various functional zones like 

hostels, Main College Building, Administration Block, 

Residential Complex for staff and faculty and a shopping 

Centre. 

Working with ArcGIS the pre-requisite for this is 

toposheet of the study area using satellite images here image 

is taken by Google earth along with this the co-ordinate 

points are also taken for georeferencing the image with the 

base map. Digitization is another important element of 

ArcGIS to be considered with this tool the desired area is 

digitized. The renewable energy potentials are mainly 

calculated from renewable energy resource maps, available 

meteorological data and other geographic information 

including land cover, land use and topographical maps. As a 

final result, a resource potential assessment for different 

general Renewable energy resources is calculated. 

 
Fig. 3: Flowchart of methodology adopted 

B. Google Earth Imagery 

 
Fig. 4: Sample Satellite Image for rooftop PV potential 

Estimation 
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Satellite imagery for this analysis is obtained from Google 

Earth. Google Earth  uses two satellites for providing the 

Satellite imagery, IKONOS and GE-1. The imagery for PEC 

Chandigarh is shown below which is provided by Google 

earth. Fig.4 is a sample image which shows a part of the 

PEC Chandigarh campus with the roofs demarcated.it is 

located in north part of India  

C. Georeferencing 

To georeference means to associate something 

with locations in physical space. The term is commonly 

used in the geographic information systems field to describe 

the process of associating a physical map or raster image of 

a map with spatial locations. This satellite image is 

georeferenced with the map of Chandigarh city. Though the 

minimum number of control points needed for this 

transformation type is 3, to ensure greater accuracy, we have 

taken 4 control points for this image.  

D. Digitization  

Digitizing is the process by which coordinates from a map, 

image, or other sources of data are converted into a digital 

format in a GIS. This process becomes necessary when 

available data is collected in formats that cannot be 

immediately integrated with other GIS data. The process of 

converting the geographic features on an analog map into 

digital format using a digitizing tablet, or digitizer, or by 

tools in ArcGIS software which is connected to a computer. 

Features on a paper map are traced with a digitizer puck, a 

device similar to a mouse, and the x,y coordinates of these 

features are automatically recorded and stored as spatial 

data. 

The Google Earth imagery is processed in ArcGIS 

and raster image is digitizing in the form of polygon. These 

polygon shows the rooftop of the interested area where one 

wants to install the solar PV panel. This paper considers the 

ten rooftop for analysis purpose. For one of ten rooftops 

solar potential is calculated. 

 
Fig. 5: Digitized map of study area in ArcGIS 

E. Solar Radiation Map 

The special analyst tool of ArcGIS is used to generate the 

solar radiation map of the study area, this tool can work only 

with the gereferenced image, which shows the area that is 

more suitable for the solar PV installation. 

 
Fig .6: solar radiation map of study area 

In the above solar map the area which is shown by 

light green color has maximum radiation level and is more 

suitable for installation of PV module and orange color 

show the minimum radiation and least suitable for 

installation.   GIS technology offers to calculate the solar 

potential by calculating the solar radiation level. For this 

solar radiation in Kwh/m
2
, efficiency of solar panel, 

performance factor and available area are used which gives 

solar potential in KWh/year. 

V. RESULTS 

A. Calculating PV Potential on Building Rooftops: 

Many web-based GIS solar tools use simplified formulas to 

assess PV potential. The Equation for estimating PV 

potential is given below. 

E=365 Pk rpHh,i…………………………………………………..(1) 

Where Pk (kW) is the peak power installed, rp is 

the system performance ratio and Hh,i is the monthly average 

or yearly average value of daily global irradiation on the 

horizontal or inclined surface. This equation was chosen for 

this evaluation as it incorporates both the peak power rating 

for the panel type and a system performance ratio . The peak 

power rating is a reflection of the efficiency of the PV 

technology under consideration [13]. 

Each available model has a specific peak power 

rating under standard test conditions (STC). Standard test 

conditions reference model output at 1000 W/m2 solar 

irradiance and 25
o
C PV module temperature [21]. Variables 

like wiring, transformers, or inverters all affect panel output. 

This is typically accounted for by a derating factor, which 

can also be referred to as the conversion coefficient or 

performance ratio. The typical performance ratio for mono- 

or polycrystalline silicon panels of 0.75. The average and 

total PV output potential for the sample set rooftops were 

calculated by applying the average incoming solar radiation 

determined by the Area Solar Radiation tool to the formula 

given above [13].  

When coupled with the total rooftop area equation 

(1) provides a means to determine the total capacity (kW) 

and annual energy output (kWh) potential for the study area.  

Solar potential calculation for IT BLOCK of PEC campus is 

given below: 

- Total incoming solar radiation=1531.19 kw/m
2
/yr. 

- Performance ratio= 0.75 

https://en.wikipedia.org/wiki/Locations
https://en.wikipedia.org/wiki/Physical_space
https://en.wikipedia.org/wiki/Geographic_information_system
https://en.wikipedia.org/wiki/Raster_graphics
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- Peak power installed= 30 KW 

- E=35297.55 KWh/yr. 

 
Table 1: Calculated PV Potential of each Rooftops 

Total PV potential of each rooftop was calculated 

by the rooftops area and incoming solar radiation obtained 

in ArcGIS software as shown in above table. 

 
Table 2: No. of PV panel ideally and practically. 

For the ideal modelling of PV panel installation on the 

rooftops it is desired to install the module over the complete 

roof area. If this was done then no of panel on each rooftops 

will increase and hence output power will also increases. 

VI. CONCLUSION 

The GIS integrates the technologies for acquisition and 

processing of the spatially distributed data. The   solar 

analyst tool in GIS makes it possible to calculate solar 

radiation. The incoming solar radiation and area of rooftops 

were the two major components to estimate the technical 

potential of solar resource. The points of maximum and 

minimum radiation could be point out easily using GIS 

platform. Consecutively it helps in decision making 

regarding the best location of solar PV plant. So GIS is the 

powerful tool in engineering specially calculating solar 

resource technical potential and helps to great extent in 

decision making. 
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