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Table 3 Cost comparison of the six
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Table 4 Comparison of voltage deviation, loss,
and cost results for case 2
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3 0.983~1.012 1.421 32.06
4 0.966~1.035 2.592 41.35
5 0.978~1.029 1.959 38.39
6 0.969~1.022 1.573 36.56
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Optimization control strategy for active distribution areas with E-SOP considering
energy storage characteristics

YU Weixu', WEI Yewen'?, YUAN Peng’, ZHANG Sijia', ZHOU Zhipeng', ZHANG Jie'

(1. College of Electrical Engineering and New Energy, China Three Gorges University, Yichang 443002, China; 2. Hubei
Provincial Engineering Research Center of Intelligent Energy Technology (China Three Gorges University), Yichang 443002,
China; 3. College of Innovation and Entrepreneurship, China Three Gorges University, Yichang 443002, China)
Abstract: To address issues such as reverse power flow, voltage fluctuations, and insufficient power supply capacity resulting
from the increased penetration of distributed generation in distribution networks, an optimized control strategy for active
distribution substations incorporating a three-terminal intelligent soft open point (E-SOP) for energy storage is proposed.
Firstly, the topology of E-SOP is thoroughly analyzed, and a corresponding mathematical model is established to lay the
foundation for subsequent optimization control. Secondly, a site selection and planning model for the E-SOP based on voltage-
power sensitivity is proposed to determine its optimal installation location. On this basis, a multi-objective optimization model
is developed, aiming to minimize comprehensive costs and voltage deviations, to configure the capacity of the E-SOP. This
model is transformed into a second-order cone programming model using conic relaxation techniques and solved iteratively
through a particle swarm optimization algorithm. Finally, simulations on an IEEE 33-node flexible interconnected system
validate the effectiveness of the proposed strategy, and further simulations on an IEEE 69-node system confirm its applicability
and superiority. The results indicate that, compared to traditional systems without E-SOP interconnection, the proposed strategy
reduces voltage deviation by 2.24%, daily average system losses by 50.41%, and overall costs by 21.74%, making it suitable for

distribution systems of various scales.
Keywords: energy storage characteristics; three-terminal intelligent soft open point (E-SOP); active distribution substation;

voltage-power sensitivity; site selection and planning; second-order cone programming model
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