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Power system scheduling optimization of virtual power plant
connected to distribution network
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2. Shenzhen Energy Sales Co. , Ltd. ,Shenzhen 518000, Guangdong, China )

Abstract: To address the problems of strong output fluctuation of distributed energy resources, complex load—side response characteristics,
insufficient supply—demand matching accuracy, and high operating cost after virtual power plants are connected to distribution networks, a
scheduling optimization method for power systems with virtual power plant integration into distribution networks is proposed. First,
mathematical models of wind turbines, photovoltaic generation units, energy storage devices, and demand response loads are established to
characterize the operational characteristics and energy coupling relationships among source, load, and storage resources within the virtual
power plant. Then, with the objective of minimizing the comprehensive operating cost of the system, an optimization objective function is
constructed, including the internal operating cost of virtual power plant resources, the transaction cost between the virtual power plant and
the distribution network, the penalty cost of wind and photovoltaic curtailment, and the compensation cost of load shedding. Meanwhile,
the scheduling optimization model is formulated in combination with output limits of distributed generation units, ramping constraints, and
energy storage operation constraints. On this basis, the virtual power plant is regarded as an agent and the distribution network as the
environment, and a reinforcement learning-based scheduling framework including state space, action space, and reward function is
established to realize dynamic updating and adaptive optimization of scheduling strategies. In the experiment, a distribution network system
with a total installed capacity of 100 MW and a virtual power plant access capacity of 25 MW is selected, and simulation tests are carried out
in the MATLAB environment. Comparative analysis is conducted on system output, load matching, and renewable curtailment before and
after scheduling. The results show that the proposed method can effectively coordinate the operation of wind power, photovoltaic power,
energy storage, and controllable loads, significantly reduce renewable energy curtailment, improve supply-demand balance during peak load
periods, and enhance the economy, flexibility, and stability of distribution network operation.

Keywords: reinforcement learning; virtual power plant; distribution network; scheduling optimization; demand response; energy storage
control; renewable energy accommodation
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Fig. 1 Scheduling framework of virtual power plant
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Tab. 1 Parameters of the distribution network system
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Fig.2 Output and load curves before scheduling
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Fig. 3 Comparison of wind and photovoltaic curtailment results
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