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Orderly charging optimization strategy of an electric vehicle based on double objective
hierarchical optimization and TOPSIS ranking
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Abstract: The control target of the current orderly charging strategy is relatively single, and cannot meet the needs of
users in many aspects. Thus this paper proposes an orderly charging control strategy based on double objective
hierarchical optimization. First, it establishes the overall architecture of hierarchical collaborative control between master
station and energy controller. Secondly, the control of user charging cost is taken as the first level optimization objective,
and the reduction of grid load fluctuation is taken as the second level objective to complete the design of double objective
hierarchical optimization strategy. Last, it designs a real time control strategy to adjust the charging power of the charging
pile when the load exceeds the limit. At the same time, based on the characteristics of user charging behavior, it uses the
TOPSIS ranking method to determine the priority of user charging demand. This provides the basis for charging planning
and scheduling of an orderly charging strategy. In this paper, the optimization strategy for orderly charging of electric
vehicles has been put into operation in Zhengzhou and other districts. The design shows that the goal of cost savings and
peak load shifting can be achieved, verifying the practicability and effectiveness of the charging strategy.

This work is supported by the Science and Technology Project of State Grid Corporation of China “Key Techniques
Research and Demonstration Application of Virtual Energy Storage and Load Control of EV Clusters Optimization” (No.
5418-202018247A-0-0-00).
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Fig. 1 Master station and local cooperative control scenario
of orderly charging application
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Fig. 2 Overall process of orderly charging strategy
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Fig. 3 Charging power scheduling based on user
charging demand priority
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Table 1 Information of vehicles participating in orderly

charging
Py FRHZER FRAEKWh  BEARTE B R
1 ZF¥ eQ1 52.8 17:30 08:00
2 e IEVS4 49.2 18:00 08:00
3 1L IEV6 50.1 18:30 07:30
4 TTHE 1EVT 442 17:00 07:30
5 #XZE 7500 48.0 18:00 08:00
6 #RFE T300 58.0 18:30 07:45
7 %5 530LE 48.0 18:00 07:30
8 %5 530LE 51.8 15:45 07:00
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Table 2 Vehicle original attributes and original sorting
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T mREE o _
SOC/% B TEl/h i [A]/h

1 80 10.00 4.50
2 79 10.00 4.00
3 70 9.50 3.50
4 77 9.50 3.50
5 81 10.00 4.00
6 72 9.75 3.50
7 72 9.50 4.00
8 85 9.00 6.25

% 3 KA TOPSIS &M A PR M ERHF
Table 3 Priority ranking of user charging based on TOPSIS

R Jh d; d’ B TOPSIS HEF
1 15177 0.549 9 0.266 0 5
2 15740 0.450 8 0.2226 7
3 1.257 4 0.7103 0.3610 4
4 1.1019 0.7850 0.416 0 2
5 1.559 5 0.5425 0.258 1 6
6 1.4437 0.3678 0.2030 8
7 1.1257 0.729 6 0.3932 3
8 0.000 0 1.759 2 1.000 0 1
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Table 4 Price model for orderly charging Zhengzhou pilot project

R egit] i B HLA/(T/KWh)
N 18:00—22:00 0.973
i 08:00—12:00 0.862
12:00—18:00

TR 0.582
22:00—24:00

K4 00:00—08:00 0.303
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Fig. 5 Load regulation effect of orderly charging strategy
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Fig. 6 Simulation of normal charging load for different
number of electric vehicles
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Table 6 Indexes of distribution network load under normal
charging with different numbers of electric vehicles

R 4G 150 %% 250 4% 350

B fif K ERES N4
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VER 223 1% 64.01 67.28 68.76 70.05
706 EL R % 40.51 42.89 43.56 44.18

H PP 7R AR T — 30.32 30.45 30.38
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Table 7 Various indexes of distribution network load under
certain proportion of orderly charging with different
number of electric vehicles
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Fig. 7 Simulation about operation load of transformer
area in normal charging
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Fig. 8 Simulation about operation load of transformer area in
certain proportion orderly charging
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