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Congestion-balanced and Welfare-maximized
Charging Strategies for Electric Vehicles

Qiang Tang, Kezhi Wang, Kun Yang, Senior Member, IEEE,, Yuan-sheng Luo

Abstraet—With the increase of the number of electric vehicles
(EVs), it is of vital importance to develop the efficient and
effective charging scheduling schemes for all the EVs. In this
paper, we aim to maximize the social welfare of all the EVs,
charging stations (CSs) and power plant (PP), by taking into
account the changing demand of each EV, the changing price,
the capacity and the congestion balance between different CSs.
To this end, two efficient i il ie., C it
Charging Strategy (CCS) and Distributed Charging Strategy
(DCS) are proposed. CCS has a slightly better performance
than the DCS, as it takes all the information and make the
decision in the central control unit. On the other hand, DCS
dose not require the private information from EVs and can
make decentralized decision. Extensive simulation are conducted
to verify the effectiveness of the proposed algorithms, in terms of
the pe: ion balance and ing ¢ ity

Index Terms—Social Welfare Maximization, Congestion Bal-
ance, Charging Strategy, Electric Vehicle.

1. INTRODUCTION

‘With the increase of greenhouse effect, many countries have
set policies and developed several projects to improve the
penetration of EVs in their daily lives. In the past ten years,
the global stock of battery electric vehicles (BEVs) has passed
more than 5 million, with the growth rate 63% from the previ-
ous year [1]. It is foreseen that the number of EVs will break
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Unbalanced charging problem

Unbalanced service time of charging stations: In general,
the CSs with the heavy charging load cost more time for
charging all the queued EVs compared to the CSs with
less charging load.

‘Wasting of resources: Unbalanced service time causes
some CSs overloaded and others underutilized in the long
term, which wastes the charging resources for all the EVs.
Additional investment: Unbalanced charging load among
CSs may result in the administrative department to build
more CSs or expand the capacity of existing CSs to avoid
congestion.
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