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Introduction
Over the past years, the large scale generation and consumption of electricity have proved to produce over 66% percent of the greenhouse gas emissions that result from human activities all over the world. Also, in the current 21st century, energy remains to be an ever-basic requirement for development and, therefore, the need always to pursue it every way possible. Consequently, it calls for the introduction of adequate measures to counter these effects of our activities. The emancipation that many people have made most to move towards those sources with low carbon emissions progressively. Through this step, alleviation of some burdens on the environment is more feasible since people will now be embracing a world with a sustainable energy future.
Evidently, the best way to go about this decarbonizing challenge is by introducing those renewables with the ability to replenish themselves. These renewable sources can be significantly useful through decreased costs of transportation, localizing the generation of energy as well reducing the variability of the prices of energy (Kouhestani, Byrne, Johnson, Spencer, Hazendonk, & Brown, 2019). Upon realizing the potential of these renewable sources, many parts of the world have recognized them as their primary sources of energy. With this step, some of these parts have heavily invested in solar PV development due to their cost parity and advanced competitiveness. Consequently, the government has seen the worth of this solar PV and has developed it since (Wiginton, Nguyen, & Pearce, 2014). Also, there has been a substantial increase in the installation of these solar PVs on the rooftops of buildings.
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. Over the recent past, upon realizing the benefits of these renewable sources, many cities have since opted to transition to these sources fully.
With the significant number transitioning to 100% renewable power by the use of solar PV, it is significantly vital for a city to be aware of the solar potential of the rooftops in the city as well as other essential factors. The information that the cities to transition to the renewable should try as much as possible to obtain is the rooftop spaces available and are fit to allow the installation of PV (Kouhestani, 2019). Also, these cities should consider some of the technical barriers that can affect the diffusion of these PVs. To ensure that there is an energy mix that is sustainable in the cities, a considerable level of research is necessary on the renewable energy generators to run city-wide (Suomalainen et al., 2017). This paper presents a research proposal on analyzing the technical as well as the economic aspects of rooftop potential in Southampton, United Kingdom.


Literature Review
Several studies have, for many years, dedicated toward this field of technical and economic aspects of rooftop solar potentials of different cities (Wiginton et al., 2014). Considering the technical aspects, it is often necessary to identify the various areas to tackle the harnessing of solar power using photovoltaic means (Song & Choi, 2015). The first technical aspect is the technical potential of the roofs. Being located at the top of the building, they are readily useful in harvesting solar energy and then use it to generate electricity.
To measure the exact potential of rooftops to harness solar power is not always something easy. Various parts of the world have estimated the rooftop solar potential for urban environments (Suomalainen et al., 2017). Similarly, diverse estimation methods 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.
However, with all these methods measuring rooftop potential, it is equally important to look at another technical aspect of identifying the roof surfaces suitable for installing the photovoltaic, especially in urban environments. Three common methods used 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. 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). 
Methods that are GIS-based are considered to be the most efficient and practical methods of estimating the area of rooftop that is useable. 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. Gagnon et al.  (2016) made use of the data from GIS methods, LiDAR data, and modeling of the generation of PV to come up with the most suitable rooftops for harnessing solar energy for power.





Methodology 
 As mentioned before, various methods can be useful in estimating the solar potential of a roof on any site. Any of the current methods of determining uses LIDAR data, and therefore, they can only be useful in places where we have it. However, in analyzing the technical and economic aspects of rooftop potential in Southampton, the UK, the research intends to use the DeepRoof method. The method itself is an approach that is data-driven.
3.1 The DeepRoof Method
The procedure makes use of images from the satellite to give the solar potential of the roof. Using satellite images of the Southampton town, the DeepRoof approach will be able to determine the geometry of the roof and use the publicly available data on solar irradiance and real estate to give the output as the solar potential of each roof segment that is planar (Lee et al., 2019).
	The DeepRoof method relies on the basic principle that it is possible to observe the structure and the size of a roof on an image from the satellite. These images from the satellite can show when there are structures in close proximities like buildings and trees canopies, which might obstruct either partially or entirely. Identification of these structures is beneficial in that they can be used to gauge the impact on the roof’s solar irradiance incident (Suomalainen et al., 2017). The approach will use three crucial steps. These steps are segmentation of terrain, estimating topology, and then solar potential analysis.
3.2 Modelling Urban Areas
At present, urban modeling has gained a lot of popularity though still a field with an active area of research (Song & Choi, 2015). Southampton town is characterized by natural and artificial features in the environment. As a result of this complexity in the city, the rooftops of the various buildings in the town are favorable for solar power and solar PV installation. Also, modeling of the built area of the  Southampton town will be of great help in understanding the potential of the building to harness solar energy (Wiginton et al., 2014). Also, to eliminate the problem of having trees’ canopies hindering the capturing of data, simulation can be useful. Here, the best type of simulation model that is easy to give the best results is solar insolation. The model has the ability to consider the fact that urban form is complicated and, therefore, certain aspects given the keenness they deserve (Wiginton et al., 2014). In that case, the way the model represents the three-dimensional features like obstructing objects, elevation, surface slope, and aspect end up dictating whether the simulations will be accurate or not.
	Also, in the simulation of the Southampton town using the DeepRoof method, it is vital that keep in mind the various orientations and slopes, shadings and reflections 

Research Time Plan
	
	Sept
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	April

	Identification of research Area
	
	
	
	
	
	
	
	

	Formulation of Research Questions
	
	
	
	
	
	
	
	

	Formulation of Research Strategy, Research Design, and Selection of Methods
	
	
	
	
	
	
	
	

	Writing the Research Proposal
	
	
	
	
	
	
	
	

	Negotiation of Access
	
	
	
	
	
	
	
	

	Literature Review
	
	
	
	
	
	
	
	

	Data Collection
	
	
	
	
	
	
	
	

	Data Analysis
	
	
	
	
	
	
	
	

	Written First Draft
	
	
	
	
	
	
	
	

	Written Second Draft
	
	
	
	
	
	
	
	

	Written Final Draft
	
	
	
	
	
	
	
	

	Dissertation Presentation
	
	
	
	
	
	
	
	





References 
Gagnon, P., Margolis, R., Melius, J., Phillips, C., & Elmore, R. (2016). Rooftop Solar Photovoltaic Technical Potential in the United States. A Detailed Assessment (No. NREL/TP-6A20-65298). National Renewable Energy Lab. (NREL), Golden, CO (United States).
Kouhestani, F. M., Byrne, J., Johnson, D., Spencer, L., Hazendonk, P., & Brown, B. (2019). Evaluating solar energy technical and economic potential on rooftops in an urban setting: the city of Lethbridge, Canada. International Journal of Energy and Environmental Engineering, 10(1), 13-32.
Lang, T., Ammann, D., & Girod, B. (2016). Profitability in the absence of subsidies: A techno-economic analysis of rooftop photovoltaic self-consumption in residential and commercial buildings. Renewable Energy, 87, 77-87.
Lee, S., Iyengar, S., Feng, M., Shenoy, P., & Maji, S. (2019). DeepRoof: A Data-driven Approach For Solar Potential Estimation Using Rooftop Imagery.
Song, J., & Choi, Y. (2015). Evaluation of rooftop photovoltaic electricity generation systems for establishing a green campus. Geosystem Engineering, 18(1), 51-60.
Suomalainen, A. K., Wang, V., & Sharp, B. (2016). Solar energy potential on Auckland rooftops based on LiDAR data.
Suomalainen, K., Wang, V., & Sharp, B. (2017). Rooftop solar potential based on LiDAR data: Bottom-up assessment at the neighborhood level. Renewable Energy, 111, 463-475.
Wiginton, L. K., Nguyen, H. T., & Pearce, J. M. (2014). Quantifying rooftop solar photovoltaic potential for regional renewable energy policy. Computers, Environment and Urban Systems, 34(4), 345-357.
