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Fig.l1 Structure of charging and battery swapping

station with photovoltaic and energy storage
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Fig.2 Three-layer planning framework of charging and

battery swapping station
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Fig.3 Schematic diagram of state transition of

electric vehicle batteries
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ping station under a summer scenario in third stage
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Table 2 Planning results and costs of different schemes
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Multi-stage planning of charging and battery swapping station with
photovoltaic and energy storage considering embedded operation
optimization and cascaded utilization of electric vehicle batteries

GE Shaoyun,SUN Rui,LIU Hong,XU Zhengyang, LI Weiyu

(Key Laboratory of Smart Grid of Ministry of Education,Tianjin University, Tianjin 300072, China)

Abstract: Aiming at the problems that the transition process of construction program,the interaction between
operation strategy and planning,the full utilization of retired electric vehicle batteries,and so on,are not fully
considered in the current planning process of electric bus charging and battery swapping station, a multi-
stage planning method of charging and battery swapping station with photovoltaic and energy storage conside-
ring embedded multi-time scale operation optimization and cascaded utilization of electric vehicle batteries
is proposed. Taking full account of different time scales,a three-layer optimization framework is constructed,
including the multi-stage capacity configuration of electric vehicle batteries and energy storage units, the
usage plan determination of equipment in each stage and the intra-day optimization operation. The optimiza-
tion mathematical model is built for capacity configuration and intra-day operation respectively,and the spe-
cific usage strategy of electric vehicle batteries for normal use, preparation retirement and cascaded utiliza-
tion until elimination is formulated. Based on the interactive relationship between planning and operation
of charging and battery swapping station, an embedded optimization solution method is proposed, and the
upper- and lower-layer optimization models are solved by using genetic algorithm with variable population
size and CPLEX solver respectively. The rationality and effectiveness of the proposed model and method
are verified by numerical simulation.

Key words: charging and battery swapping station with photovoltaic and energy storage;electric vehicle bat-

teries ;multi-stage planning;cascaded utilization;embedded operation optimization
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Table B1 Operation information of electric bus

P Bt/ & TAEHIERIER/min 55 H YL R FR/min NALIBE I [
1 1 10 20
2 1 20 30

06:00—24:00
3 1 10 20
4 1 20 30
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Table B2 Operation parameters of charging and battery swapping station
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