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Table 1 Profit of VPP transaction under
different undertake mechanism
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Table 2 Amount of network fee under

different allocation mechanism
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among different strategies
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Day-ahead stochastic game and real-time adaptive time scale
optimization method for multiple virtual power plants
GE Xiaolin,CAO Xudan, LI Yiling
(College of Electrical Engineering,Shanghai University of Electric Power,Shanghai 200090, China)

Abstract: In order to solve the problems of multiple information risks and limited scheduling flexibility in
the operation performance of virtual power plant(VPP),a day-ahead stochastic game and the real-time adaptive
time scale optimization method for multiple VPPs considering network constraints is proposed. In order to
cope with various risks faced by the VPP in the day-ahead operation,the risk utility model is established by
comprehensively considering the probability distribution and the adjustment level of the random prediction
information in VPPs,and the risk level of all components in the VPP and the whole VPP are quantitatively
characterized during all time periods. Considering the cross-regional characteristics, the network-related con-
straints and the dynamic coupling constraints between the transmission fee and the bidding price are con-
structed,, more feasible day-ahead VPP power energy transaction model is established. In view of the update
and fluctuation of real-time forecast information, considering the game between the scheduling deviation
reduction rate and the comprehensive cost increase rate,a real-time adaptive time scale optimization model
is established. The simulative results show that the proposed model can effectively adapt to various uncertain
operation scenarios,and improve the power curve tracking ability while ensuring economy.

Key words:virtual power plants;demand response;cooperative game;multi-time scale;coordination optimization
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Table C1  Time-of-use power price

BB VPP 5EMA SN/ (kWh)Y] B PCC BRI AN /[0 (kW h)] A2 PCC KRBT 4 /[0 (kW h) ]
1—8 0.17 0.09 0.34

911 0.49 0.24 0.68

12—16 0.83 0.13 0.96

17—19 0.49 0.4 0.68

20—22 0.83 0.24 0.96

2324 0.17 0.09 0.34

# C2 VPP AEEZITRIE

W E Xt

Table C2 Comparison of profit before and after VPP cooperation

AMA U 3 43 L A 5L/ 7t
VPP Ui 35

GIEBITHT AIEBITE

VPP, 9 353.766 10 284.079
VPP, 11426.601 12 769.807
VPP, 8 013.454 9 097.582
VPP, 20 652.19 21 998.049
Sy g 49 446.011 54 149.517
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Table C3  Analysis of basis of real-time scheduling strategy

EIELUNE!
et [04:00, 04:15) [04:15, 04:30) [04:30, 04:45) [04:45, 05:00]
Ho w4 FERE O i ERE 4Eb
WA BE A/ TG 20.01 1477 1502 29.08 36.63 11.90 12.98
A E S5 w22/ % 454 891 621 806 658 845 7.93
(TR ZE /N - AR N %) >0 2 S %5
oy B R Sk KN Ho S

T 2k PR I BRI (8] 73 B

* C4 AEATHEERETHRERETNIEIRE

Table C4 Final deviation evaluation index value under different adjustment time scaled

. fbRi
izt N
AR I ] )L SERihRE iR
RMSE 169.631 170.643 165.998
MAE 127.672 129.111 122.715
MAPE 0.090 2 0.091 5 0.0855

e RPPTE AN IR A TR IRZE (root mean squared error,
RMSE). “FH#4i%}i% % (mean absolute error, MAE). “FH4i%f

H4riR2 (mean absolute percentage error, MAPE).
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