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RESEARCH ON ACTIVE-REACTIVE COORDINATED
OPTIMIZATION OF ACTIVE DISTRIBUTION NETWORKS
BASED ON SHARED ENERGY STORAGE

ABSTRACT

"Dual carbon" promotes the development of renewable energy, but it
brings new opportunities and challenges to the optimization of active
distribution networks. The core of active distribution network optimization
lies in how to efficiently integrate and manage large amounts of unstable
renewable energy to ensure its safe and stable grid connection. However,
due to the randomness of renewable energy and its lack of competitiveness
in terms of cost, it is difficult to simultaneously ensure the quality of
electrical energy and maximize the penetration rate of renewable energy.
Energy storage is widely used in distribution networks because it provides
fast response, peak shaving, valley filling, improves electric energy quality,
enhances the compatibility of renewable energy grid connection, and
enhances grid stability and reliability. Shared energy storage, as an
innovative model, harnesses the potential of energy storage in a more
efficient and economical way. In this context, it becomes extremely
important to propose energy sharing strategies scientifically and
reasonably. Therefore, based on the concept of shared energy storage, this

paper proposes strategies for active power sharing optimization, reactive
\Y)
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power sharing optimization, and active-reactive coordinated optimization,
aiming to simultaneously consider the dispatching cost of active
distribution networks, electrical energy quality, active power losses, and
other objectives, while improving the level of renewable energy
consumption. The details are as follows:

(1) Research on active optimization of active distribution networks
based on shared energy storage. Considering that the active power loss of
the active distribution network mainly comes from the resistance loss
between branches, in the radiating operating state, energy storage in the
active distribution network exists with low utilization or insufficient
capacity in different scenarios due to its fixed capacity limitations. To meet
the power balance of subsequent nodes and solve the problem of increased
active power loss in upstream branches, a proactive sharing optimization
strategy based on shared energy storage is proposed based on the concept
of shared energy storage. To verify the effectiveness of the proposed
strategy, an active optimization scheduling model for the active
distribution network containing "wind-solar-gas-storage" is established,
with the objective function of minimizing the total active power loss. An
improved equilibrium optimization algorithm based on the integrated
forward-backward method is used for analysis and solution. A comparison
is made with traditional energy storage scenarios and traditional

equilibrium optimization algorithm scenarios to analyze the total active

\
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power loss, active power loss of each branch, renewable energy integration,
and shared energy storage output in different scenarios, thereby validating
the effectiveness of the proposed active power sharing optimization
strategy and solution algorithm.

(2) Research on reactive optimization of active distribution networks
based on shared energy storage. Building upon the research on active
power sharing optimization based on shared energy storage, a reactive
power sharing optimization strategy based on shared energy storage is
proposed. To validate the effectiveness of the proposed strategy, an active
distribution network reactive power optimization scheduling model
containing "wind-solar-gas-storage" is established. The model aims to
minimize voltage deviation and utilizes an integrated forward-backward
method combined with a lightning connection process algorithm for
analysis and solution. A comparison is made with traditional energy
storage scenarios to analyze voltage deviation, active power loss of each
branch, renewable energy integration, and shared energy storage output in
different scenarios, thereby validating the effectiveness of the proposed
reactive power sharing optimization strategy.

(3) Research on coordinated active-reactive power optimization of
active distribution networks based on shared energy storage. After
separately validating the effectiveness of active power sharing

optimization and reactive power sharing optimization strategies and

\
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considering their advantages, a further proposal is made for a coordinated
optimization strategy based on shared energy storage for both active and
reactive power. A scheduling model for coordinated optimization of active
and reactive power in active distribution networks containing "wind-solar-
gas-storage" is established. The model aims to minimize scheduling costs,
active power loss, and voltage deviation, utilizing an improved NSGA-II
algorithm integrated with the forward-backward method for optimization.
The effectiveness of the algorithm is evaluated using Hypervolume. A
comparison is made with traditional energy storage scenarios and
traditional NSGA-II algorithm scenarios to analyze scheduling costs,
voltage deviation, total active power loss, active power loss of each branch,
and renewable energy integration in different scenarios, thereby validating
the effectiveness of the proposed coordinated optimization strategy for

active and reactive power and its solution algorithm.

Jie Wang (Control Science and Engineering)

Supervised by Prof. Yuan Ge

KEY WORDS: shared energy storage, active distribution network,
active-reactive coordinated optimization, forward-backward iteration

method, equilibrium optimization algorithm, NSGA-II algorithm
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