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Introduction
With the increasing need for emissions-free energy sources, nations, environmental activists as well as individuals are quickly adopting solar as their basic source of energy. Though simple outwardly, harnessing enough solar energy is a very skill-demanding activity and not anyone can do it. Due to this, many researchers have embarked on studying various factors that come to play when harnessing solar energy for use. The researchers have mainly concerned themselves with studying various technical as well as economic aspects for rooftop potential in various places all over the world using various approaches.
Mostly, harnessing solar energy is best when done on rooftops of buildings due to their strategic position. As a result, solar harnessing has been done individually and also in large scale ways like in institutions, cities or even in big power-intensive hotels. However, with all these, the principle has been utilizing these rooftops by placing photovoltaic cells on them so as to harness the solar energy from the sun. As a result of this, rooftop, particularly its potential, remains to be an important area of interest for many researchers over the past years. The reason behind the interest is that, to determine the rooftop solar potential of an area, it is important consider its economic as well as the technical aspects to ensure sustainability after implementation.
[bookmark: _GoBack]Many researchers have tried to analyze these technical as well as economic aspects for rooftop potential in various cities all over the world. However, most of the researchers have been employing various methods of collecting data which cannot be wholly classified as correct. One of the method that is commonly used is the multi-criteria approach. In this method, the photovoltaic electric potential of the roof in any city is estimated by use of the GIS systems and light detection and ranging (LiDAR) data. However, the process of finally getting the exact data is not as simple as that of using these methods. The reason is that the methods are full of challenges as well as their time consuming nature. One of the challenge is that, with these methods, it is hard to get the rooftop potential of a roof under a canopy of trees. Due to this, it necessitates the need to have a fast and efficient method that can give accurate results and is never affected by obstruction from trees’ canopies or any nearby obstacles. This paper presents a proposal on estimating the rooftop potential of the Southampton town using a data-driven approach to get the economic and technical viability of introducing solar energy in the town.
Literature Review
Several studies have, for many years, been dedicated towards analyzing the technical and economic aspects of rooftop solar potentials of different cities using various approaches (Wiginton et al., 2014). Currently, many cities all over the world host over 50% of the world's population. (Suomalainen, Wang, & Sharp, 2017). Being a significant contributor to global warming by over 70% of carbon IV oxide emissions resulting from human activities, these cities have a large energy demand going to about 65%. Due to this enormous demand for energy, these cities need renewable energy to guarantee a sustainable energy supply. However, according to Wiginton et al. (2014), it is important that several steps be taken into consideration before implementing solar as the main source of energy in any urban area. The factors that are very critical and should always be considered are like economical as well as the technical feasibility of the implementation of the solar energy. In technical aspects, we consider how to estimate the rooftop photovoltaic potential of buildings in the city the implementation is to take place. 
To measure the exact potential of rooftops to harness solar power is not always something easy (Kouhestani et al., 2018). Various parts of the world have estimated the rooftop solar potential for urban environments to ensure that the energy supply is economically viable (Suomalainen et al., 2017). Similarly, diverse estimation methods and approaches were used to gauge the rooftop potential of buildings in urban areas considering certain factors. These factors are like the study region size, the present data, as well as the expected data (Wiginton et al., 2014). Other studies use the relationship between roof areas, building density as well as population density to come up with the rooftop potential of these regions (Kouhestani et al., 2018).
Various common methods used by many studies are constant-value methods, the GIS-based method, and selecting manually (Wiginton et al., 2014). When using the method of constant value, a certain percentage of the total roof area is assumed to be useable for placing the solar panels as Kouhestani et al. (2018) says. The process is simple and does not involve many computations, although it does not account for rooftop complexities and nearby objects like canopies from trees (Suomalainen et al., 2017). Manual selection, on the other hand, is exact though time-consuming in determining the rooftop area (Lee, Iyengar, Feng, Shenoy, & Maji 2019). 
Another method that is slowly gaining use is GIS-based. These are known for their efficiency and practicality in estimating the area of rooftop that is useable for harnessing solar heat. The advantage of these methods is in their application to more massive sets of data as opposed to the process of selecting manually (Suomalainen et al., 2017). Other methods using the Digital Elevation Model (DEM) make use of irradiation on the rooftop or the number of hours with daylight in a year to come up with the correct areas of roofs that are useable (Wiginton et al., 2014). These DEMs are mostly obtained from the LiDAR data, and this makes them be considered as the most accurate way of knowing the exact rooftop potential. However, relying LiDAR data automatically renders the method expensive since collecting the data requires flying drones or airplanes which has an aerial LIDAR sensor for mapping.

Methodology 
 In analyzing the technical and economic aspects of rooftop potential in Southampton, the UK, the research will use a data driven approach. The method is also popularly known as DeepRoof.
3.1 The Data-Driven Approach.
The procedure of this approach will use the images of the Southampton town from the satellite to give the solar potential of the roofs in the area. The most important observation that will be made in these images is the structure and the size of the roofs. Using the same satellite images of the Southampton town, the data-driven approach will also show the nearby structures such as buildings or trees canopies that can prevent the roof from being seen. These obstructing structures can be seen and their overall impact on the solar rays from the sun be known. The data driven approach will use this information to find the solar potential of the plane segments of the roof (Lee et al., 2019). The approach will use three very important steps.
	The first step in the approach will be terrain segmentation. This step will determine the plane segments of the roof, the planar roofs and nearby structures orientation in an image from the satellite. The purpose of this extraction of plane roof segments will be to know the locations of the rooftops in the Southampton town where the installation of the solar panels can be done. Also, the step will go further to show the buildings and trees in the town which will show the areas that can be affected by shadows form the trees and buildings and hence render the place unsuitable for installation of solar panels. This procedure will use Feature Pyramid Network (FPN) for the purpose of identifying the nearby structures and the plane segments of the roof to finally come up with an outline matrix (Lee et al., 2019).
	The next step in the approach will be to estimate the topology. This step will choose the outline matrix from the many matrices from FPN tool that has all the plane segments of the roof of the intended buildings. This step will determine the pitch and the height of the building to ensure identification of the roof segments (Lee et al., 2019). The step will utilize OpenStreetMap to get the outline of all the structures and buildings in a certain area in Southampton town.
 Finally, it will be the solar potential analysis. This step will compute the roofs’ solar potential as well as the area available for solar panels’ installation (Lee et al., 2019). The step will accomplish this by coming up with the quantity of solar irradiance for every planar roof surface. This step will involve the candidate buildings and it will be done at different times in a day for a year taking into consideration the shade coming from the close objects. For tilted roofs, various formulas will be used in calculating the solar irradiance (Lee et al., 2019). It is important to note that the amount of solar irradiated is dependent on the angle that the sun strikes the roof with and is maximum when the sun is normal to the solar panel surface.  This step will also go further to estimate the number and the size of solar panels that will be used on the roof.
3.2 Economic Analysis
This research will go an extra step to provide an economic analysis to determine whether installing the solar PV in the Southampton town is economically attractive. The analysis will be done to know the fraction of solar PV electricity generation that is economically viable for the Southampton. The economic analysis that this research will use is the Net present value (NPV) (Kouhestani et al., 2018). The purpose of the analysis is to assess whether the project on solar rooftop in Southampton town is profitable or not. The Net Present Value (NPV) according to Kouhestani et al. (2018) uses the formula; 
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The formula will be useful in comparing the value of the current inflows of cash and the present cash outflows. The parameters of the formula will be the interest rate, annual degradation of the system, price of electricity, and cost of operation (Kouhestani et al., 2018). If the cost of electricity at the moment is higher than the cost of the solar PV systems then implementing the system is economically viable.
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where:

TVECF = Today’s value of the expected cash flows
TVIC = Today’s value of invested cash




