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ARTICLE INFO ABSTRACT
Keywords: Burdens of increasing penetration of electric vehicles (EVs) on distribution systems have attracted wide attention
Demand response to the research of EV charging coordination. Nevertheless, existing coordination lacks the joint consideration of

Particle swarm optimization

Temporal-spatial feature

Mixed-integer second-order cone programming
Electric vehicle aggregator

the temporal-spatial flexibility of EVs, which could reduce load fluctuations when meeting the EV charging
demands. Moreover, a thorough investigation is required for the coordination of the benefits to the distribution
system operator (DSO), EV aggregator (EVA), and EVs. In this paper, a novel EV charging scheme considering the
temporal-spatial features of EVs is proposed, achieving the coordination of DSO, EVA, and EVs in two steps. First,
a mixed-integer second-order cone programming (MISOCP)-based EV charging schedule is developed for DSO.
Second, the temporal-spatial features of EVs are exploited by EVA to track the charging schedule. Specifically, a
dynamic charging price mechanism based on active power margin is proposed for public charging facilities and a
specific load regulation is designed for private charging facilities. On this basis, the modified adaptive multi-
objective particle swarm optimization (AMOPSO) algorithm is proposed, including adaptive flight parameter
adjustment and termination mechanisms. Case studies demonstrate the proposed strategy can attenuate load
variance and raise EVA revenue. Further, the impact analysis of penalty price and the price elasticity of elec-
tricity demand can provide references for stable distribution network operation, higher EVA revenue, and
charging cost reduction.

coordination is investigated in [9] to foster the safe and economical
operation of the distribution network. However, with the increasing
penetration of EVs, it is difficult for the DSO to centrally coordinate all
EVs under a feasible solution [10]. Hence, an EVA is introduced as an
intermediary between the DSO and EVs for EV charging coordination
[11]. Additionally, reducing charging costs [12] and preserving EV
owners’ privacy [13,14] are crucial to incentivizing owners’ participa-
tion. Therefore, a large-scale EV charging coordination scheme must
reflect the composite interests of DSO, EVA, and EV owners. Neverthe-
less, extant research lacks a comprehensive framework that simulta-
neously addresses these three parties’ interests. For example, reference
[15] utilizes EV charging to regulate load curtailments, which bolsters
the security of the power system operation. However, the reduction in
charging costs for EV owners is not reflected. Additionally, the EV
owner’s interests are involved in [16] while the EVA revenue is not
considered, which makes the charging scheduling inconsistent with
actual results. An optimal approach in [17] employs EV charging ac-
tivities to offer flexibility for the distribution network, which only

1. Introduction

Low-carbon development has become a significant challenge glob-
ally, with over 70 countries committed to achieving net-zero emissions
by 2050 [1]. Consequently, the critical role of transportation energy
electrification in this transition has heightened scholarly concerns about
electric vehicles (EVs) [2,3]. Despite the benefits of emission reduction,
the high penetration of EVs has caused problems in the electrical power
system, including elevated peak loads [4] and power instrument over-
loads [5]. Under these circumstances, an effective EV charging strategy,
capable of attenuating peak loads and smoothing the network load
curve, is substantially appealing to the system operator [6-8]. There-
fore, it is essential to investigate EV charging to improve the stability
and operational efficiency of the distribution network.

Existing EV charging coordination research has predominantly
incorporated three parties, namely the distribution system operator
(DS0), EV aggregator (EVA), and EV owners. Grid-friendly EV charging
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Abstract—Under therequirement of environmental protection,
eectric vehicles (EVs) are becoming widely used and connected
to the power grid on a large scale. Meanwhile, the disorderly EV
charging behavior will cause a plethora of challenges for the
power system. In other words, the capacity planning of the power
grid cannot meet the charging demand of EVs on a large scale,
especially for the penetration of fast chargers. In this paper, an
orderly charging strategy is proposed based on the transformer
power margin. Specifically, a targeted charging pricing
mechanism is designed to guide the charging behavior of fast and
sow chargers based on the difference in charging power.
Moreover, the Monte Carlo simulation is adopted to obtain the
randomness of EV owners' travel behavior. Finally, the proposed
EV charging optimization scheme s solved by the particle swarm
optimization method. The case study shows that the proposed
orderly charging strategy can effectively alleviate the
transformer burden, which provides references for EV charging
orderly.

Keywords-pricing strategy; electric vehicle; user behavior;
Monte Carlo simulation; particle swarm optimization

I. INTRODUCTION

Nowadays, eectric vehicles (EVs) are attracting
considerable interest due to environmental concerns and the
global commitment to reducing carbon emissions [1]. However,
the widespread adoption of EV's has inadvertently brought a
plethora of challenges for the existing power system [2].
Specifically, a large number of EVs connected to the
distribution network will lead to load peaks, which will burden
the existing power infrastructure. For example, the surging
electricity demand, coupled with disorderly EV charging
behavior, may lead to transformer overloads [3]. Therefore, it is
essential to investigate an orderly EV charging strategy to
mitigate the burden on the power system.

Recent developments in orderly EV charging strategy have
mainly focused on improving the stable operation of the
electric power system, increasing revenues for EV aggregator
(EVA), and reducing the charging costs of EV owners [4-7].
On the one hand, improving revenues for EVA is beneficia in
motivating them to participate in maintaining the stable
operation of the grid. On the other hand, decreasing the
charging costs for EV owners will encourage them to take part
in the charging optimization scheme. Therefore, the major
objective of the EV orderly charging strategy revolves around
these three in recent years. For example, reference [5] uses an
optimized time-of-use pricing method to achieve EV charging

979-8-3503-0937-9/23/$31.00 ©2023 |EEE 1030
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orderly, which effectively reduces the peak load and enhances
the dability and efficiency of power system operation.
Reference [6] formulates the objective function for maximizing
the comprehensive benefits of EVA to guide EV charging
orderly. Reference [7] focuses on minimizing the charging
costs for EV owners while improving the safety and economy
of the grid operation.

However, previous work has failed to take into account the
differences between the fast charging mode and the slow
charging mode for EV's. For instance, reference [8] proposes an
EV charging optimization scheme for DC fast charging stations
based on the Genetic Algorithm and Dynamic Programming
method, which fails to achieve the coordination optimization
for slow charging stations. Orderly EV charging strategies in
[5,6] only involve the slow charging mode, which fails to
involve the fast charging mode in real applications. Generaly,
EV charging can choose one from both fast charging mode and
sow charging mode in regiona distribution network.
Specificaly, the charging power rate of the EV fast charging
mode is about 3-20 times higher than that of the dow charging
mode [9]. In other words, the fast charging mode imposes more
load-carrying pressure on the power system than the slow
charging mode. Meanwhile, the charging behavior and travel
characteristics of EV owners are usualy uncertain [10], which
may reduce user satisfaction and acceptance of EV charging
optimization strategy [11]. Besides, these uncertainties will also
lead to unpredictable fluctuations of loads and affect the
efficiency of the proposed EV charging orderly strategy,
especially during peak hours [12]. Hence, it is necessary to
formulate a targeted EV charging orderly strategy to guide the
fast and slow charging EV's while considering the uncertainties
in EV charging behavior.

Therefore, this paper proposed an orderly charging strategy
for EV's considering uncertainties of user behavior. The Monte
Carlo simulation method is adopted to obtain the disorderly
charging load and simulate uncertainties of EV owners. Firstly,
an effective EV charging optimization scheme is designed,
which includes fast charging piles and slow charging piles.
Secondly, a charging pricing method based on the active power
margin of the transformer is proposed for EVA. Specificaly,
the charging price is different in fast and dow charging piles
according to charging power rates. Thirdly, EV owners will
decide on whether to participate in the charging optimization
scheme or not to reduce their charging costs while mesting
travel demands. Finally, the charging time of EVs participating

Authorized licensed use limited to: Zhejiang University. Downloaded on March 18,2024 at 03:47:58 UTC from IEEE Xplore. Restrictions apply.
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