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Research on Siting, Sizing, and Operation Control of Soft Open

Point in Active Distribution Networks

ABSTRACT

At the 75th United Nations General Assembly, China clarified its
"dual-carbon" strategic goals of achieving carbon peaking and carbon
neutrality. This commitment wunderscores China’s significant
responsibility in global climate governance, highlights its role as a
responsible major nation, and serves as a crucial driver for domestic
energy structure transformation, industrial upgrading, and green low-
carbon development. With the advancement of the "dual-carbon" strategy,
distribution networks are evolving toward high-proportion renewable
energy integration and intelligent operation. However, challenges such as
the uncontrollable output of wind and photovoltaic power, increased
system losses, and growing difficulties in voltage and frequency
regulation have emerged. As a flexible interconnection device in active
distribution networks, the Soft Open Point (SOP) enables efficient control
of power system operation through precise regulation of power
transmission at converter terminals. It demonstrates significant
advantages in optimizing power flow distribution, improving power
supply reliability, and enhancing renewable energy accommodation. This
paper focuses on the siting and capacity determination of SOPs in active
distribution networks, investigating operational optimization and fault
recovery in distribution networks under large-scale integration of

Distributed Generation (DG) and Electric Vehicle (EV). The main
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research contributions are as follows:

(1) Research on SOP Siting and Sizing in Active Distribution
Networks. The application of SOP aims to address the grid impacts
caused by the uncertainty of wind and photovoltaic power output, making
accurate modeling of generation scenarios crucial. To mitigate the effects
of intermittent DG on distribution networks, this study proposes a GAN-
based SOP planning method for active distribution networks. Generative
Adversarial Networks (GAN) are employed to generate wind and
photovoltaic output scenarios. Through SOP implementation, flexible
interconnection between different feeders in the distribution network i1s
achieved, which reduces voltage fluctuations and enhances efficient
accommodation of renewable energy sources.

(2) Research on SOP-based Operational Optimization of Active
Distribution Networks. To address the exacerbated source-load power
imbalance and voltage fluctuations caused by large-scale integration of
electric vehicles (EVs) and distributed generation (DG) in distribution
networks, this study develops an operational optimization model for
active distribution networks considering EV charging loads by leveraging
the power regulation capability of Soft Open Points (SOPs). Aiming to
reduce SOP construction costs and enhance the utilization of conventional
voltage regulation devices, a coordinated control strategy between SOPs
and multiple voltage regulation equipment is proposed. Through real-time
adjustment of active and reactive power, the system achieves rapid
response to voltage fluctuations and power losses induced by source-load
power variations.

(3) Research on SOP-based Fault Recovery in Active Distribution
Networks. Post-fault service restoration is crucial for enhancing the self-
healing capability of active distribution networks. Conventional methods
employing tie switches through network reconfiguration may severely
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depress nodal voltages and limit restoration scope. This study proposes an
innovative approach by exploiting the power transfer and voltage support
capabilities of Soft Open Points (SOPs). Through systematic analysis of
SOP-based fault handling strategies and critical influencing factors, we
develop a multi-objective optimization model that simultaneously
maximizes load restoration ratio and minimizes power losses. The
proposed methodology provides an economically viable, secure, and
efficient solution for rapid network recovery under fault conditions,
effectively addressing the voltage-quality degradation inherent in

traditional restoration approaches.

Hao Wang(Electronic Engineering)

Supervised by Prof.Yuan Ge

KEY WORDS: Soft Open Point, Siting and Sizing, Operational

Optimization, Fault Recovery, Active Distribution Network
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