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ABSTRACT: Now days, Geospatial Technology have become an important segment for evaluation and deployment of solar renewable energy systems, 
demanding close attention to issues of functionality, sustainability and usability. Whilst some research has begun to examine the functionality of 
Modelling & Assessment of systems but little attention has been paid. The work influences Solar Energy Modelling for Photovoltaic (PV) potential 
assessment for local energy management. An accurate assessment of projects requires a spatial analysis of resources, which can be most easily 
completed within a Geographic Information System (GIS). Methodology explains how the general Geospatial tools are used to identify and quantify 
these potential, constraints of these projects to   enhance their efficiency. The methodology section of this paper offers insight to work the done and the 
ways in which other researchers can use GIS in the field of Solar Energy. When it comes to sound energy management, conservation is always top 
priority. At the Regional Peel, we recognize the reducing energy use helps to save money, decrease the need for additional power generation and best 
of all — it helps to protect our environment. This paper describes for solar energy assessment modelling using GIS and its application to the regional 
scale. It also explains the value of GIS for renewable energy resources problems and suggests the use of the tool for energy supply‐ demand matching. 
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1. INTRODUCTION 
Solar energy is an abundant source of renewable & viable 
energy having an enormous potential to reduce greenhouse 
gases foot print. Solar Energy or power explicitly refers to 
the conversion of sunlight into electricity by photovoltaic’s 
(PV), concentrating solar thermal devices or by various 
experimental technologies. Quantifying and modelling of 
broadband solar radiation is important for the evaluation 
and deployment of solar energy systems. Solar energy 
technologies comprise various applications like architecture 
and urban planning, agriculture and horticulture, Solar 
thermal and Electricity. Solar energy is used to provide 
electricity to homes, businesses, schools, universities and 
space vehicles. Furthermore its use is growing at a rate of 
25 per cent a year due to traditional energy price rise.The 
society of the 21st century is often called information 
society. A large number of decisions in our daily life made 
by governmental, non-governmental organizations and by 
individuals are based on geospatial information. 
Nevertheless, especially in developing countries, we can 
observe a lack of spatial information. A well-known adagio 
is ‘Geography matters’ and it is certainly true, however 
when it come to the need to have methods and techniques 
available to deal with increasingly availability of data 
required everywhere, being north or south. All locations will 
find huge amounts of data which often are inherently ill-
defined, and lacking methods to cope with the questions 
asked. Addressing these issues requires strategies and 
tools that enable a multi perspective, collaborative 
approach- bringing wide-ranging expertise to deal with 
complex, disparate geo-data sources.  
 

1.1 Geospatial Technology 
Geospatial Technology or Geo-Informatics is a hi tech 
branch of Geo science which deals with the information 
technology to improve the organization and access of 
geoinformation to geographers, geologists and engineers. 
By applying collected data and developing complex models 
based upon these data, geoinformatics can be used to 
advance both geoinformatics and engineering to deal with 
many of the problems of these sciences. Geoinformatics 
technology includes geographic information systems, spatial 
decision support systems, global positioning systems 

(GPS), image processing and remote sensing. Geo 
Informatics uses geo-computation for analysing geo 
information, which includes tools include: 

 An object-relational database (ORD) or object-
relational database management system 

 Object-relational mapping (or O/RM) 
 Geostatistics 

 
A Geospatial Technology also familiarises GIS as a 
technological tool to capture, manage and help the all forms 
of geographic reference data analysis to facilitate informed 
decision making. It integrates and presents the 
geographical data as per specific project requirements. GIS 
is also a supportive tool for renewable energy assessment, 
which is currently used as decision support tool in regional 
renewable energy management. With our nation’s 
increasing use of technology, expanding industrialization 
and urbanization towards our demands for goods and 
services, we’re increasing our demand for electricity. As a 
result, our fossil fuel consumption is increasing and our 
natural resources are deteriorating. Transitioning to a more 
sustainable use of our resources and development may 
require tapping into renewable energy for electricity 
generation, which can include wind, solar, hydro, and 
bioenergy. It also reduces our fossil fuel demand and could 
increase our energy independence and security. For such 
reasons, the implementation of these projects is becoming 
more common and attractive in energy policies. In many 
cases, of economically feasible project with minimal land 
use impacts, encompasses the threat of public acceptability. 
Incorporating the analytical assessment modelling tools of 
the GIS for renewable energy projects for local and regional 
decision makers to enable more informed decisions and 
increased integration of renewable energy technologies to 
our electric grid. Hydroelectric energy resources 
management was the first Renewable Energy to take 
advantage of GIS capabilities. Biomass energy is also 
integrated in land use and Agricultural Resources 
Management. Some methods to assess Wind and Solar 
Resources have been developed and applied in different 
countries and with the availability of geological and 
hydrologic maps lead to the use of GIS in geothermal 
resources as well. GIS mapping continues to play a critical 
role in renewable energy planning. It’s ability gives project 
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planners to identify optimal sites for renewable energy 
production and assists project planners towards probable 
future complications to provide valuable service to the 
renewable energy industry.  
 

1.2 Renewable Energy 
The choice among different renewable energy technologies 
provides an energy services based on the analysis of the 
best linkage within local renewable energy sources (RES), 
technical aspects of each renewable energy technology 
including the specific characteristic of the Energy Demand. 
Most variables related to distribution of linked space and 
time have geography as their organizing principle. Many 
sustainability linked variables (if extrapolated) have 
geography as their primary driver such as:  

 sources of renewable energy (solar, wind, biomass, 
tides, geothermal etc.),  

 logistics (timing and pattern of resource availability 
and consumption),  

 Climate change (rainfall, floods, drought, etc.) 
 
1.2.1 Why Solar Energy 

 The amount of sunlight that hits the earth’s surface 
in one hour is enough to power the entire world for 
one year. 

 Solar PV costs have declined dramatically due to 
widespread adoption, economies of scale and 
technology advances.  

 

 
 

Figure 2: World Solar Energy Potential Map 
 

1.2.2 Solar Energy Breakdown 

 
 
Figure 3: Solar Energy Budget 

 

1.2.3 Spectral curve 

 
 
Figure 4: Spectral Bandwidth of Solar Energy 
 

1.3 Modelling 
A scientific activity wishes to make a particular part or 
feature of the world easier to understand, define, quantify, 
visualize, or simulate. It requires selecting and identifying 
relevant aspects of a situation in the real world to use 
different models for different aims, like a conceptual 
models for better understand, operational models 
to operationalize, mathematical models to quantify, 
and graphical models to visualize the subject. It is an 
essential and inseparable part of scientific activity, and 
many scientific disciplines have their own ideas about 
specific types of modelling. There are also an increasing 
attention to modelling in fields such as philosophy of 
science, systems theory, and knowledge visualization. 
There is growing collection of methods, techniques and 
meta-theory about all kinds of specialized scientific 
modelling. 
 
1.3.1 Why Modelling and Types of Models 
Modeling facilitates the fundamental and quantitative way to 
understand and analyses the complex systems and 
phenomena. It is often used in place of experiments when 
experiments are too large, too expensive, too dangerous, or 
too time consuming. These are complement to theory and 
Experiments, and often integrate them. These are becoming 
popular in the field of Computations, Earth and Space 
System Modeling. There are various types of model which 
are being used for different purposes but generally we refer 
to following types of models: 
 Deterministic/Mathematical Model 

       (Model in which outcomes are precisely determined 
through known relationships without any room for 
random variation and allows to make predications of y 
based on x. For example y=2+3x-0.4x

2 
). 

 Stochastic/Probabilistic Model 
(Use ranges of values for variables in the form of 
probability distributions.) 

 
 
 
 
 
 
 
  



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 3, ISSUE 6, JUNE 2014      ISSN 2277-8616 

56 
IJSTR©2014 
www.ijstr.org 

1.4 Modelling Framework 
 

 
 

Figure 5: Schematic for Modeling Framework 

 

1.5 Aims & Objectives 
The aim of this effort series is to carry out operational 
research to develop model for ascertaining scope of solar 
energy modeling for managing energy associated issues 
using spatial analysis. It is also intended to identify the 
prospects of geospatial technology to provide expertise, 
advice and quality assurance for decision making to 
enhance analysis aspects. The current work will focuses 
towards the global and local energy utilities of communities, 
individuals and organizations engaged in the geospatial 
aspects of the planning, delivery, operations, reliability and 
ongoing management of electric, gas, oil and water services 
throughout the world in the domain of GIS framework. This 
facilitates information exchange and collaboration between 
agencies and industry. The set of objectives in order to 
meet these goals are: 

 To model and estimate the incoming solar 
radiation. 

 To delineate the feasible zones of solar energy. 
 To assist decision makers for societal applications 

of solar energy. 
 

2. DATA AND METHODS 
In the past, theoreticians have tended to deploy hierarchical 
models for estimation and investigation in spatial processes. 
The underlying stochastic processes inherent in these 
methods of spatial analysis deals with analysis, modeling 
and estimation procedures to take account of geographical 
(spatial) relationships. 
 

2.1 Study Ares 
The study area for this research has been selected at 
Central University of Karnataka (CUK) Campus in 

Karnataka s t a t e .  I t  has 621 acres of land at 

Kadaganchi Suntanur villages and lies on the 
Gulbarga- Waghdhari Inter-State Highway in Aland 
taluka. The Geographical extend is confined roughly 
within 17ᵒ41’ N and 17ᵒ44’ N latitudes and 76ᵒ65’ E 
and 76ᵒ68’ E longitudes and lies in the North-Western 
part of the Gulbarga City. 
 

 
 

Figure 5: Location of Study Area 
 

2.2 Datasets Used 
 Satellite Imagery 
 Topographic Information.  
 Survey of India Toposheet.  
 DEM Data. 
 Ancillary  data for validation  
 India Meteorological Department weather  Data 

 

2.3 Applications used 
 ArcGIS 10.x (especially Solar Analyst) 
 NREL Geospatial Toolkit 
 Homer Analysis Tool 
 Energy Plus 8.0 
 PV Studio 5.0 

 

2.4 Methodology 
 
2.4.1 Solar Radiation Modelling Outline 

 
 

Figure 7: Solar Radiation Modelling Framework 
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2.4.2 Area Solar Radiation Model Creation  
 

 
 

Figure 8: Model Building for Area Solar Radiation 
 

These builds a toolbox to calculate solar radiation within a 
given area in terms of Wh/m

2
.This setup deals for assessing 

the amount of solar radiation at a patch of area under 
different restrictive bearings and set ups.  

 
2.4.3 Point Solar Radiation  
 

 
 

Figure 9: Model Building for Point Solar Radiation 
 

This phase introduces the modelling framework to assess 
the amount of solar radiation available at particular point or 
location. These model also creates a toolbox to calculate 
the solar radiation at different points with different set of 
constraints. 
 

2.5 Solar Energy Assessment Modelling Within GIS 
 Enables to map and analyze the effect of the sun 

over a geographic area for specific time periods. 
 It accounts for atmospheric effects, site latitude and 

elevation, steepness (slope) and compass direction 
(aspect), daily and seasonal shifts of the sun angle, 

and effects of shadows cast by surrounding 
topography.  

 The resultant outputs can be easily integrated with 
other geographic information system (GIS) data 
and can help to model physical and biological 
processes as they are affected by the sun. 

 

2.2 Solar Radiation Analysis  
The solar radiation analysis tools calculate insolation across 
a Landscape or for specific locations, based on methods 
from the Hemispherical view shed algorithm developed by 
Rich et al. (Rich 1990,Rich et al. 1994), as further 
developed by Fu and Rich (2000, 2002). The total amount 
of radiation calculated for a particular location or area is 
given as global radiation. The calculation of direct, diffuse, 
and global insolation are repeated for each feature location 
or every location on the topographic surface producing 
insolation maps for an entire geographic area. 
 
 Global radiation calculation 

 
Global radiation (Globaltot) is calculated as the sum of direct 
(Dirtot) and diffuse (Diftot) radiation of all sunmap and 
skymap 
    
sectors, respectively.   Globaltot = Dirtot + Diftot   

 

With respect to the above-mentioned environment, a 
working model for the study has been designed and shown 
to develop a GIS based solar energy management.  
 

 
Figure 6: Layout of Solar Energy Modelling Framework 
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2.3 Spatial Pattern Analysis: Mapping Trends and 
Clusters 
These tools can helps us to summarize and evaluate 
geographic distributions, identify statistically significant 
spatial outliers and clusters (hot spots), to assess broad 
geographic patterns and trends over time. These resources 
helps to find patterns and relationships in the data, 
facilitating discussion, contributing to research, and decision 
making. 
 

2.4 Finding Cluster 
Using analysis, we can feel confident in the spatial patterns 
we see, and in the decisions that we make. Putting the data 
on a map is an important first step for finding patterns and 
understanding trends. Looking at the points on a map, we 
can find the clusters or patterns in this point data. We can 
decide where the department should allocate its resources, 
but just looking at points on a map is often not enough to 
answer questions or make decisions using this kind of point 
data. That’s where the spatial analysis tools in GIS come in. 
 

3. RESULTS AND ANALYSIS 
This section deals with archiving and recording of the 
experimental results obtained through the developed 
prototype or model. These results obtained, explains to the 
questions posed to fulfill the objectives. The prototype 
architecture being developed may be used for scientific 
research work for detecting and delineating precise 
boundaries from the input set of data for analysis to derive 
the results in graphical, pictorial or tabular format to assist 
or handle energy related adversities. Finally the perceived 
outlines are estimated and discussed. The significant 
outputs being generated are as follows: 

 Area Under Solar Radiation 
 Feasible Solar radiation regions. 
 Amount of isolation being received. 
 Points solar radiation. 
 Solar Radiation Graphics. 

 

3.1 Area Solar Radiation Toolbox 

 
 

Figure 10: Area Solar Radiation Window 

Input: Digital Elevation Model grid (X m) 
 
Output: radiation raster's (watt hours per square meter), 
duration (hours) 
 
Diffusion proportion: the proportion of global normal 
radiation flux that diffuse (0.3 generally clear sky conditions 
 
Transmittivity: the fraction of radiation that passes through 
the atmosphere (0 – no transmission, 1 – transmission;  
0.5 – generally clear sky) 
 

 
 

Figure 11: Sample Output Using Area Solar Radiation Tool 
 

The result obtained shows the spatial distribution and 
variation of solar radiation in the shown area. 
 

3.2 Point Solar Radiation Toolbox 
 

 
 

Figure 12: Point Solar Radiation Window 
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Input: Digital Elevation Model grid (X m) & Example points 
 
Output: global solar radiation on the example points 
 

 
 

 
 

Attribute Table: T0 … value of solar radiation at specific 

points in Wh/m² 
 

Figure 13: Sample Output Using Point Solar Radiation Tool 
 

4. FUTURE WORK 
To get started on the road to energy conservation, we need 
to take a look on energy saving tips which feature several 
practical, easy to implement efficiency measures.The 
emerging use of mapping to support energy decision-
making, among both communities and utilities, underscores 
the need for web-based communication of geospatial data 
for interoperable geospatial processing queries and 
responses. It also requires the construction of a "nervous 
system" that connects the diverse set of parties involved in 
energy decision-making to advance the concept of an 
"Energy Spatial Data Infrastructure" (Energy SDI) that 
would inform planning and management. The structural 
prototype module needs to be developed and tested with 
feedback for design and develop a functioning system. This 
will also aid in presenting the overall advantages of utilizing 
the concept for energy management. A pilot project needs 
to be framed or customised to respond to an assumed 
scenario. A software and database model need to be also 
developed based on the concept in prototype model. The 
major objectives of this pilot work may consists:  
 to develop a practical model from conceptual model; 
 to test the system and gain feedback for the design 

and development of a real functioning system;  

 to present the overall structure, concept and 
advantages of developing such a system;  

 and to present the advantages of utilizing the model in 
developing a support system for energy related issues.  

 

5. CONCLUSIONS 
Solar energy is an alternative source of renewable energy 
that is non- polluting and can be easily converted into 
electricity through the usage of photovoltaic (PV) systems. It 
signifies an important source of energy for the environment, 
reducing the risks for climate change by helping to mitigate 
fossil fuel emissions and dangerous greenhouse gases, in 
particular, carbon dioxide. In order to encourage the 
implementation of PV systems for alleviating the huge 
demands of the electrical grid.Solar Energy is competitive, 
economic alternative    to all form of the energy. The key to 
success is long lifetimes and require minimal maintenance. 
Creates local jobs and promotes economic   development in 
rural areas. Avoids the external environmental costs 
associated with traditional technologies. The numerous 
applications of solar energy technology includes: 

• Architecture and urban planning 
• Agriculture and horticulture 
• Solar lighting 
• Solar thermal (water heating, cooling and 

ventilation, desalination and disinfection, cooking, 
process heat) 

• Solar electricity (photovoltaic’s, concentrating solar 
power, experimental solar power) 
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