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ABSTRACT: With the gradual increase in the penetration rate
of renewable energy sources such as wind and solar and power
electronic equipment such as multi-converters in the
distribution system (“double high”), power distribution system
faces many problems and challenges. New problems such as
low inertia and weak damping caused by the uncertainty and
volatility of high proportion of renewable energy output and
high proportion power electronic equipment embedding
together bring new challenges to the safe operation of power
distribution system. This paper summarizes the problems faced
by the distribution system under the new situation, analyzes the
mechanism of these new problems, and discusses the existing
solutions based on the influence of “double high”
characteristics on the distribution system in different spatial
and temporal scale. Finally, the development of a “double
high” distribution system is prospected.

KEY WORDS: “double high” power distribution system;
renewable energies, power electronics; uncertainty; spatial and
temporal scale
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Fig. 1 Overall framework of “double-high” distribution systems
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Fig. 2 Classification of tlmespace featuresfor “double-high” distribution systems
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Fig. 3 Mechanism, analysis and compensation of challenges posed by " double-high" feature of distribution systems
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Fig.5 System inertia support classification
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proportion of renewable energy accessin the
power distribution system
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With the increasing penetration of renewable
energy sources, such as wind and solar photovoltaic, as
well as power electronic devices like converters,
distribution systems with "double high" characteristics
are facing numerous issues and challenges. The
uncertainty and variability of high-proportion
renewable energy output, along with the presence of a
large number of power electronic devices in control
loops, introduce new problems such as low inertia and
weak damping. These factors pose significant
challenges to the safe operation of distribution systems.
This paper begins by examining the impact of "double
high" characteristics on distribution systems across
different spatial and temporal scales, summarizing the
challenges faced by distribution systems under the new
circumstances. It analyzes the underlying mechanisms
behind these emerging issues and explores existing
solutions. Finally, the paper attempts to provide an
outlook on the future development of "double high"
distribution systems.

The overall framework of "double-high" distribution
systems is shown in Fig. 1. Research on high-proportion
renewable energy integration primarily focuses on the

increased system uncertainty resulting from the
large-scale integration of renewable sources such as
wind and solar power. This research is often centered
on methods to reduce uncertainty through control,
optimization, planning, and forecasting, with afocus on
the steady-state processes of the system. In contrast,
research on high-proportion power electronic devices
emphasizes the changes in system inertia and damping
caused by the large-scale integration of these devices.
Current studies mainly address issues such as voltage
stability, power angle stability, frequency stability,
transmission capability, and absorption capability,
concentrating on the transient processes of the system.

This paper explores the origins, manifestations,
and solutions of "double high" issues, with a focus on
their spatial and temporal scales. It summarizes the
problems and mechanisms associated with "double
high" distribution systems, reviews phenomena such as
low inertia and weak damping, and addresses aspects of
system control and optimization. The paper provides an
overview of current mainstream solutions and outlines
future research directions and areas for further research
in "double high" distribution systems.
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