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Table 4 Load shedding amount and recovery cost under
different adjustable robust parameters
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Two stage adaptive robust resilience enhancement strategy for distribution
network with high penetration of renewable energy

WU Jiayu', YANG Qimingz, DING Ranran', JI Chenlin’, LI Dongsen4, LI Feng5
(1. State Grid Shanghai Urban Electric Power Supply Company, Shanghai 200080, China; 2. State Grid Shanghai Pudong

Electric Power Supply Company, Shanghai 200122, China; 3. State Grid Wuxi Power Supply Company, Wuxi 214061, China;
4. China Energy Engineering Group Jiangsu Power Design Institute Co., Ltd., Nanjing 211102, China; 5. School of Electrical

and Automation Engineering, Nanjing Normal University, Nanjing 210046, China)
Abstract: A two-stage adaptive robust optimization model for power restoration in distribution networks with high penetration
of renewable energy under extreme disasters is proposed in this paper. Uncertainty sets and adjustable robust parameters are
employed to depict the uncertainty of renewable energy output and load demand. In the pre-disaster stage, unit commitment
strategy and dispatch strategy of controllable generators are obtained to guarantee the reasonable distribution of power flow. In
the post-disaster stage, network reconfiguration, emergency resources dispatch, adjustment strategy of controllable generators
and load shedding are employed to perform fault recovery on the distribution network. The column and constraint generation
algorithm (C&CGQG) is used to decompose the model into the main problem and subproblem. The dual theory and the big M
method are employed to dualize and linearize the subproblem. The optimal recovery strategy can be obtained by alternating
iterations between the main problem and the transformed subproblem. Case studies conducted on the improved PG&E 69-node
system indicate that the proposed model is able to balance the robustness and economy under extreme disaster scenarios.
Keywords: distribution network with high penetration of renewable energy; adaptive robust optimization; network reconfi-

guration; real-time emergency resources dispatch; renewable energy uncertainty; load demand uncertainty
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Virtual capacitance cooperative allocation control strategy considering
multiple factors in DC microgrid

MENG Jianhui', ZHOU Zixin', WANG Hui', GU Likang’
(1. North China Electric Power University (State Key Laboratory of Alternate Electrical Power System with Renewable
Energy Sources), Baoding 071003, China; 2. State Grid Shandong Electric Power Company Binzhou Power
Supply Company, Binzhou 256600, China)

Abstract: The virtual capacitor control strategy is applied to the converters at each port of DC microgrid to simulate the charge-
discharge characteristics of capacitors, which provides an effective solution to solve the inertia problem of the system and
improve the voltage quality. Aiming at the cooperative allocation problem of virtual capacitance control in parallel operation of
multiple energy storage units, a cooperative allocation strategy of multiple energy storage units based on virtual capacitance
control to give full play to the inertial support capability of each energy storage unit is proposed in this paper. The total value of
the adjustable virtual capacitance is obtained according to the change rate of DC voltage and the state of charge. The entropy
method and scoring matrix are used to comprehensively evaluate the indicators such as the state of charge of the battery and the
adjustable capacity of the energy storage converter. The allocation coefficient is obtained according to the final evaluation
score, so as to distribute the total virtual capacitance cooperatively. Finally, a hardware-in-the-loop simulation test platform is
built to verify the proposed strategy. The results show that the energy storage units allocate virtual capacitors reasonably
according to the inertia capacity, which avoids the energy storage converter from prematurely exiting due to excessive output
power, and enhances the inertia level and safe and stable operation capability of the system.

Keywords: DC microgrid; virtual capacitance; cooperative control; multi-index comprehensive evaluation; entropy method;

evaluation matrix
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