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Optimal charging locations for electric vehicles

	On-road vehicles are known as a major contributor to energy crisis and environmental issues. Due to the efficient energy consumption and zero tailpipe emission, electric vehicles (EVs) has emerged as an effective solution to ease the petroleum dependence and reduce air pollution. However, the mass adoption of EVs is still low because of its limited driving range, long charging time and users’ range anxiety. Besides recent advances in battery and charging technology, sufficient charging infrastructures are critical to drive EVs’ uptake in this early stage. 

Recently, many studies focus on solving charging location problems to maximize the captured flows of EVs or minimize the infrastructures’ investments. Nevertheless, the increasing number of EVs’ in traffic networks poses another challenge by changing the traffic routing pattern and sometimes leading to even more congestion due to EVs’ charging nature. Therefore, it is imperative to establish charging infrastructures in the manner that not only satisfies the charging demand but also minimizes both travel time and the charging infrastructures’ installation cost (i.e. the system cost). 

[bookmark: _GoBack]With these concerns, this paper attempts to address the problem of identifying simultaneously the optimal location and number of charging stations in the network considering the multiple recharging and route choice behaviours of travellers. The problem is formulated as a bi-level optimization programme in which upper level aims to minimize the system cost while lower level captures re-routing behaviour of travellers by applying the user equilibrium. We further utilized the cross-entropy method embedded Frank-Wolfe algorithm to solve the model with different levels of EV penetrations. Numerical studies are performed to demonstrate the fast convergence and robustness of the proposed framework. This paper develops a novel methodology which is tested at this stage on toy-networks. The case studies will be involved in future research directions.
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