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Abstract: This paper aims to study the techno-economic feasibility of rooftop photovoltaic (PV) solar energy systems over
gas stations in New York State (NYS). This study provides an estimation of the potential total electricity generation from solar
systems. Real data of four case studies in four different geographical regions (Manhattan, Hamilton, Syracuse, and Niagara) in
NYS are collected. The feasibility study of grid-tied systems is conducted. The National Renewable Energy Laboratory's
(NREL) System Advisor Model (SAM) software is used to compute annual energy production for each PV system. The results
show that all four gas stations are economically feasible, which is a positive indicator of adopting solar energy in the four
regions. The four selective gas stations can produce 135,207 kWh, 144,183 kWh, 109,660 kWh, 157,321 kWh, respectively
per year. The average energy production of the four stations (11,383 kWh) is higher than the average demand (8,149 kWh) per
month. It is found that the four gas stations can provide fully self-power for eight months (from March to September) and more
than 60% for other months. The payback period ranges between 6.1 and 7.2 years without incentives. The results show that
solar systems can save $24,048, $25,101, $20,748, and $26,645 per year, respectively, for these four cases. The studied systems
are feasible and will yield tangible financial benefits.
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1. Introduction
Solar energy is one of the fastest-growing energy sources in the world according to the International Energy Agency
(IEA) report (Araújo et al., 2019). NYS aims to produce 50% of the total energy through renewable sources by 2030 and reduce
greenhouse gases (GHG) emissions by 40% (NYS of Opportunity, 2018). NYS has a target of generating 3,000 megawatts
(MW) of PV solar energy by 2023. In 2017, a total of 972 MW was installed in NYS and another 1,119 MW in the process
(EIA, 2018). In 2018, NYS committed $1.4 billion to the development of 26 renewable projects authorized by the NYS Energy
Research and Development Authority (NYSERDA), 22 of which were solar farms. Different criteria have been considered
including geospatial, political, and socio-economic characteristics of clean energy adopters when policymakers review and
approve a new clean energy project (Araújo et al., 2019; IRENA, 2018).
Solar energy has been utilized to power commercial buildings, residential buildings, and electric vehicles (EVs). For
example, solar energy has been powering hospitals, schools, factories, prisons, hotels, and apartments (Good et al., 2019).
Recent research efforts have studied parking lots with solar systems to generate electricity for electric vehicles (EVs) (Nunes
et al., 2016; Sun et al., 2018).
Alghoul et al. carried out an economic feasibility study of solar energy integration in gas stations (Alghoul, et al.,
2018). Among several petroleum companies, Petronas was selected for the study in Malaysia in Alghoul’s work. Their
simulation showed potential electricity generation of 136 GWh/year across Malaysia. They also reported that the generated
solar power was applicable to charge EVs. However, this idea is not practical because it will require a significant change in
customer behaviors (it is difficult for a driver to wait hours just for charging an EV). Instead, it could be better to reserve the
generated power for self-use or to feedback into the power grid. French oil company Total confirmed to install a total of 200
MW of solar panels across 5,000 stations. The United Arab Emirates announced in 2017 to install solar panels over the roof of
new gas stations (SNT, 2018).
Human behaviors play an important role in the propagation of renewable energy (Araújo et al., 2019). Studies have
shown that the immediate surroundings of an installed solar system have a higher probability of installation as well (Graziano
& Gillingham, 2014). As a result, installing solar modules over the roof of gas stations will lead to several co-benefits, such as
encouraging neighbors to go green, decentralizing grid load, utilizing unused roof area, and reducing pollutants.
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