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Fig.2 Reliability index results of coupled system with
different SOC threshold values
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Table 2 Optimal planning results of different scenarios
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(MW-h-a)  (MW-h-a™) (MW-h-a™) (h-a™) %t/ JE A A g o WA /Tt S
1 1049.1 859.6 869.3 2.6164 1 8 26 57 91 285.2116 4984.4
2 1151.9 898.7 912.2 2.6941 1 11 31 61 103 316.0282 5351.3
3 294.4 2294.4 23979 24618 2 14 85 89 188 664.8989 7249.1
4 363.7 2593.6 25973 2.5486 2 17 92 99 208 705.0877 7819.6
5 1212.4 698.5 731.9 2.3943 1 0 15 27 42 206.7471 4161.0
6 1464.8 706.2 797.8 24891 1 0 16 30 46 213.9858 4891.5
7 384.6 2351.6 2461.9 2.2384 1 0 63 66 132 411.2310 6484.1
8 406.5 2564.8 25973 2.2946 1 2 66 71 137 440.0363 6841.9
9 1494.7 449.9 453.2 2.1367 1 0 13 22 35 188.9267 3398.4
10 1684.9 521.3 529.1 2.2935 1 0 15 26 41 198.3669 3891.1
11 467.5 1397.1 1399.5 2.0029 1 0 49 60 109 331.9993 5719.8
12 531.6 1506.6 1508.7 2.0493 1 0 57 67 124 360.8056 6019.2
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Table 3 Optimal planning results of three extended scenarios
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1479.2 613.4 638.2 2.9618 1 27 19 12 58 338.763 3 5947.7
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Collaborative optimization planning of electric vehicle charging
infrastructure for reliability improvement
MENG Jinpeng',XIANG Yue',GU Chenghong®, CHEN Shijie',LIU Junyong'
(1. College of Electrical Engineering,Sichuan University, Chengdu 610065, China;
2. Department of Electronic and Electrical Engineering, University of Bath,Bath BA2 7AY,UK)
Abstract:In order to realize the scientific configuration of charging infrastructure under the large-scale deve-
lopment trend of EVs(Electric Vehicles),an optimal planning method of charging infrastructure collaborative
service is proposed for the “EV-road-grid” coupled system. Based on the analysis of charging demand,an
EV cluster control strategy is proposed to simulate the control mode for reliability loss consumption under
the condition of insufficient power supply. Based on quasi-sequential Monte Carlo simulation method and
considering users’ preference for charging power,a collaborative service model of multi-type charging infras-
tructures within the station is designed. Aiming at the charging infrastructure planning problem, a new
multi-objective optimal planning model is proposed, which is oriented to the collaborative improvement of
power grid’s operation reliability and EVs’ travel reliability,and the influence of investment cost and user
satisfaction is considered. The feasibility and validity of the proposed method are verified by the simulation
and analysis of the “EV-road-grid” coupled system under various scenarios and objects.
Key words: electric vehicles;reliability ; quasi-sequential Monte Carlo simulation ; charging infrastructure plan-

ning; multi-type charging infrastructures
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Decentralized optimization of ordered charging and discharging for charging-storage
station considering spatial-temporal access randomness of electric vehicles
CHENG Shan',WEI Zhaobin',ZHAO Zikai',WANG Yeqiao',ZHAO Mengyu’

(1. Hubei Provincial Collaborative Innovation Center for New Energy Microgrid,

China Three Gorges University, Yichang 443002, China;

2. Xuchang Power Supply Company of State Grid Henan Electric Power Co.,Ltd.,Xuchang 461000, China)
Abstract: Aiming at the spatial-temporal access randomness of EVs(Electric Vehicles),a decentralized opti-
mization scheduling method of ordered charging and discharging for CSS (Charging-Storage Station) based
on ILDRM (Improved Lagrange Dual Relaxation Method) is proposed. Firstly, according to the trip chain
and Markov decision theory, the spatial-temporal access model of EVs considering the randomness of the
travel paths and the energy consumption model per unit mileage of EVs under different temperatures and
traffic conditions are established. Secondly, considering the charging and discharging constraints of EVs and
the operation constraints of CSS and distribution, the optimization mathematical model of CSS side is estab-
lished with the objective function of maximizing the revenue of CSS. Then,based on ILDRM,a decentralized
optimization solving method is proposed. Finally, taking a typical urban road topology as an example, the
revenue of each CSS,load curve and computational efficiency under different travel paths,temperatures, traffic
conditions and scheduling strategies are compared and analyzed. The results show that, considering various
environmental factors comprehensively,the proposed method makes the scheduling results of CSS more com-
prehensive and practical ,and the computational efficiency is greatly improved.

Key words:electric vehicles;trip chain;charging-storage station; Markov decision theory;decentralized optimi-

zation;ordered charging and discharging
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Table Al Classification of EV charging modes
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Fig.B2 Schematic diagram of planning area

& Bl BT R 5BMNT RS R %R
Table B1 Corresponding node numbers between electrical network and
transportation network
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Fig.B3 Curve of daily load demand
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Fig.B4 Curve of daily charging load
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Table B2 Parameters of coupled system
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Table B3 Charging preference of different types of EVs
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Fig.C1 Distribution of fault location under initial condition
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Table C1 Setting of typical scenarios

ZE SOC HIfE 5, /% RENEBER %  REBEE%
1 40 10 15
2 40 10 25
3 40 20 15
4 40 20 25
5 60 10 15
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8 60 20 25
9 80 10 15
10 80 10 25
11 80 20 15
12 80 20 25
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Fig.C3 Location of fault distribution after planning
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Fig.C5 Optimal planning results of power grid reliability
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Fig.C6 Optimal planning results of EV travel reliability
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Fig.C9 Reliability results of different proportion of private EVs
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