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Dual-timescale Active and Reactive Power Coordinated Optimization for Active Distribution Network

Based on Data-driven and Physical Model

ZHANG Jian', CUI Mingjian®, YAO Xiaoyi®, HE Yigang'
(1. School of Electrical and Automation Engineering, Hefei University of Technology, Hefei 230009, China;
2. School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China;
3. Bengbu Electric Power Supply Company of State Grid Anhui Electric Power Company, Bengbu 233000, China;
4. School of Electrical and Automation, Wuhan University, Wuhan 430072, China)

Abstract: When a high proportion of intermittent distributed generators (DGs) and electric vehicles are connected to the distribution
network, it is easy to cause frequent, fast and dramatic fluctuations in power and voltage. This paper combines both the data-driven
and physical modeling approaches to propose a coordinated optimal strategy for dual-timescale active and reactive power in
distribution networks. For the short-timescale (minute or second) power fluctuations, a second-order cone programming (SOCP)
model and a quadratic programming model are constructed for balanced and unbalanced distribution networks, respectively, with
static var compensator (SVC) and reactive power of DG as decision variables and network loss minimization as the objective
function, taking into account physical constraints. For the long-timescale (hour scale) optimization, the Markov decision process
(MDP) is constructed with the tap ratio of on-load transformer changers (OLTCs), the tap position of switchable capacitors reactors
(SCRs), and the charging/discharging power of energy storage systems (ESSs) as the actions, network loss as the cost, taking into
account the crossing penalty of bus voltage. To overcome dimension curses in continuous-discrete action space, this paper uses a
relaxation-prediction-correction based deep deterministic policy gradient (DDPG) reinforcement learning algorithm. The
effectiveness of the proposed method is verified by IEEE 33-bus and IEEE 123-bus distribution systems.
This work is supported by National Natural Science Foundation of China (No. 52207130).

Key words: active distribution network; distributed generator (DG); deep reinforcement learning; second-order cone programming

(SOCP); quadratic programming (QP)
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