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Real-time charging optimization for large-scale electric vehicles based on short term forecast
information and long term value function approximation
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(1. Electric Dispatch and Control Center, Guangdong Power Grid Co., Ltd., Guangzhou 510060, China;
2. College of Electric Power, South China University of Technology, Guangzhou 510640, China)

Abstract: This paper proposes a hierarchical framework for the real-time dispatch of Active Distribution Networks (ADN)
with high penetration of Electric Vehicles (EVs) and renewable energy, based on near term forecast information and long
term value function approximation. To solve the curse of dimensionality after large-scale EVs access, in the upper layer,
an equivalent EV cluster model is developed; while in the lower layer, the power allocation algorithm considering the
diverse characteristics of EVs is proposed to make specific strategies for each EV while tracking the upper layer
instruction. To handle the stochastic EV charging behaviors, maximum output of renewable energy and real-time price,
the near term forecast information of those stochastic factors are considered in the proposed method. Further, value
function approximations are adopted to evaluate the value function of the system after the near term decision, by which
way the real-time dispatches of EV clusters, renewable energy, and electricity purchase can be given stage by stage.
Simulation cases verify the effectiveness and the robustness of the proposed model in the real-time coordinated dispatch
of ADN with high penetration of EVs.
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Fig. 1 Architecture diagram of the optimization model
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Table 2 Parameters of different scenarios

P1 P2 P3 P4
Wi S1 S2 S3 S4
W2 S5 S6 S7 S8
W3 S9 S10 S11 S12

W4 S13 S14 S15 S16

* 3 BHEZERRIAR TR TEEME
Table 3 Imbalance cost of different algorithms

in different scenarios

ARICHVE MPC ADP SRR
S1 -3552 3172 -3 401 -4132
S2 -3749 -3310 -3 349 -4116
S3 -3 836 -3416 -3 641 -4 249
S4 -3702 -3519 -3 497 -4 201
S5 6240 6521 6401 5349
S6 5632 6038 5880 4891
S7 4819 5055 4955 4323
S8 5334 5586 5670 4806
S9 19965 20 505 20287 19 337
S10 18 040 18 545 18 365 17 580
S11 16 120 16 441 16 585 15 820
S12 18 092 18 368 18 345 17 542
S13 6871 7217 7378 6215
S14 6251 6 401 6421 5481
S15 5372 5571 5560 4823
S16 6121 6208 6418 5619

7.4 R[ETFRMESIE R E T B R3S e

AN T) PR FRUI A 1) e BEHOS v R85 R A — 5%
Wi, 3 4 h B e AR U i i BOE 4, T 5
P AR S PR A A e 22 . PIe Lok, T
M HIN BB, SRR TSRS R, ABAE bR
DI RIS FRINE I BRI (3~5), 14
TR SN BOK A TR T SR, (HBEAE TI
DNz T o B o, Ak sl 18 n S o e B e i
F 4 FETMHEHIRE TR ESERSEIEERENRE
Table 4 Deviation of calculated result and and theoretical

optimal value of different predictive control periods

3 4 5 8 10
S1 14.04% 13.62% 13.56% 15.26% 18.67%
S2 8.91% 8.76% 8.64% 9.41% 9.65%
S3 9.72% 9.54% 9.48% 10.27% 10.56%
S4 11.88% 11.64% 11.47% 11.89% 12.01%
S5 16.66% 16.51% 16.39% 16.89% 16.90%
S6 15.15% 15.01% 14.89% 15.35% 15.42%
S7 11.47% 11.39% 11.32% 11.67% 11.89%
S8 10.99% 10.89% 10.78% 11.08% 11.20%

S9 3.25% 3.01% 2.93% 3.18% 3.26%
S10 2.62% 2.49% 2.52% 2.73% 2.88%
S11 1.89% 1.88% 1.92% 1.95% 2.11%
S12 3.14% 3.12% 3.10% 3.18% 3.22%

S13 10.56% 10.52% 10.48% 10.64% 10.68%
S14 14.05% 14.01% 13.89% 14.15% 14.21%
S15 11.39% 11.28% 11.09% 11.59% 12.20%

S16 8.93% 8.81% 8.62% 8.91% 8.99%
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