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Fig.1 Demand response model considering

user uncertainty
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Distributionally robust optimization model of virtual power plant
considering user participation uncertainty

LIU Xin',LI Yang',SHI Yunpeng',SHEN Yunwei’
(1. School of Electrical Engineering,Southeast University, Nanjing 210096, China;

2. College of Electrical Engineering,Shanghai University of Electric Power,Shanghai 200090, China)
Abstract: The demand response behavior of flexible resources is subject to a great deal of uncertainty
and difference under different operating states and incentive levels. The accuracy of the demand response
optimization scheme needs to be further improved. Aiming at this problem,a distributionally robust optimiza-
tion method of demand response considering the user participation uncertainty in virtual power plant is pro-
posed. Considering the response characteristics of three types of flexible resources of interruptible, transfe-
rable and growable, the refined demand response model including user response characteristic parameters is
constructed. Then, the multi-objective optimization model that promotes the maximization of multi-party inte-
rests is constructed with the sub-objectives of improving the economy, grid friendliness and user comfort of
virtual power plant. Furthermore,based on the data-driven distributionally robust method,the probability dis-
tribution fuzzy set of random parameters in the refined response model is constructed. The two-stage distri-
butionally robust optimization model of virtual power plant is proposed, and the strong duality theory is
used to solve the model. Simulative results of case study show that the proposed model can improve the
accuracy of demand response and the economic benefits of virtual power plant.

Key words:demand response;uncertainty ; virtual power plant;distributionally robust optimization ; multi-objec-

tive optimization
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Table Al Related parameters of IL users
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1 200 500 20% 1.2 (8-17)
2 300 500 20% 18 (8-22)
3 350 700 30% 0.8 (18-22;2-8)
4 300 500 20% 1.4 (0-24)
5 400 700 20% 2.4 (6-17;20-24)
FxA2TL BFRHEXSH
Table A2 Related parameters of TL users
. i 82 A X 3 i 2 )1 [X 453 A WA RV g LA K B N s L] LN
s G S (MW - D Y G - (MW - ) Y Al RIL™ [ (MW + h) M i B i B
Ve
1 300 500 10% 1.2 12 (8-15) (12-17)
2 300 600 20% 1.4 14 (12-19) (7-12)
3 200 500 20% 18 12 (18-24; 0-6) (18-24; 0-6)
4 400 600 10% 0.6 12 (14-20) (6-14)
5 300 700 30% 2.8 14 (16-24) (10-16; 0-6)
& A3 GR BiFHAXSH
Table A3 Related parameters of GR resources
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e DG (MW - h) ] e E - (MW - b Y KRR P (MW -« h) It B
1 300 600 20% 1.2 (8-17)
2 300 600 20% 9 (0-24)
® ALES RGBS H
Table A4 Parameters of ES system
WiE 2wl HBFE R B o | KR FOTH
RKIIZEIMW S™ /% S™ /%
(MW - h) [t (MW - h) ™1 W R 1
2 0.5 300 10 20 90 0.95
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Table A5 Time-of-use electricity prices for users side
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Table A6 Multi-objective parameters and partial values
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Fig.C1 Demand response under Case 3-5
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