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ABSTRACT: Under the "carbon peak and carbon neutrality"
strategic goal, China will build a renewable-dominant power
system. The moment of inertia and frequency regulating
capacity of the renewable-dominant power system are reduced,
and the fault disturbance power is increased, which threatens
the transient frequency stability. In order to meet the
requirements of transient frequency stability, it is necessary to
explore new frequency regulation control methods. The current
frequency regulation control methods and the analysis models
they rely on are difficult to apply to renewable-dominant power
systems. In order to better understand the transient frequency
stability problem of renewable-dominant power systems and
prepare frequency regulation countermeasures, this paper
summarizes and prospects the research status of transient
frequency stability analysis and frequency regulation control
methods. First, the existing transient frequency analysis models
are summarized. Then, the research status of frequency
regulation control methods is sorted out from the system and
plant levels, and the applicable characteristics of different
frequency regulation control methods are summarized from the
analysis basis. Finally, the characteristic changes of transient
frequency stability analysis and frequency regulation control of
renewable-dominant power systems and their effects are
summarized, and the possible future development ideas are

prospected.
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Fig.1 Research framework of this paper
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Under the “double carbon” strategic goal, China
will build a renewable-dominant power system. The
moment of inertia and frequency regulating capacity of
the renewable-dominant power system is reduced, and
the fault disturbance power is increased, which threatens
the transient frequency stability. In order to better
understand the transient frequency stability problem of
renewable-dominant and prepare

this  paper
summarized and prospected the research status of

power systems

frequency regulation countermeasures,
transient frequency stability analysis and frequency
regulation control methods.

Firstly, the existing transient frequency analysis
models are summarized. Affected by the substantial
increase in state quantities, the contradiction between the
accuracy of the time-domain simulation model and the
solution speed has intensified, and it is still suitable for
offline use in a renewable-dominated power system. The
network-node analysis model wusing centralized
information is limited due to the difficulty of obtaining
global information in real time. The network-node
analysis model using decentralized information has more
application prospects, but the current development is
insufficient, and there is a lack of unified standards, so it
is difficult to provide index references for frequency
regulation control at the system level. The aggregation
equivalent model faces the problem of aggregation
accuracy and assumption failure due to the heterogeneity
of frequency regulation resources ("frequency regulation
resource heterogeneity" refers to the gradual emergence
with  different

characteristics) and the distribution characteristics of

of frequency regulation resources
frequency nodes. If the black-box model can overcome
its own theoretical and technical problems with the
development of technology, it can be better applied to
renewable-dominated power systems.

Then the research status of frequency regulation
control methods is sorted out from the system and plant
levels, and the applicable characteristics of different

frequency regulation control methods are summarized

S2

from the analysis basis. Step control, virtual inertia
control, droop control and comprehensive inertia control
can be implemented in a decentralized manner based on
local information, which is scalable and generally more
practical; when analyzing the frequency stability of large
power grids, they are generally aggregated and analyzed
using the aggregation model. It provides valuable
reference indicators for system-level frequency
regulation control decision-making. However, its effect
on improving the frequency stability of the system is
closely related to the accuracy of the aggregation
analysis model, and its effectiveness can be improved
from the perspective of improving its accuracy. The
plant-station frequency regulation control method based
on the network-node analysis model using centralized
information is less practical due to its dependence on
global information and lack of ability to provide system
indicators. The station frequency regulation control
method based on network-node analysis models using
decentralized information temporarily lacks the ability to
provide reference indicators for system-level control, but
it has strong scalability and great application potential.
The frequency stability analysis of systems under
coordinated and optimal frequency regulation control is
either based on an aggregation model, or a network-node
model using aggregated information, with similar
characteristics to those described above.

Finally, the characteristic changes of transient
frequency stability analysis and frequency regulation
control of renewable-dominant power systems and their
effects

development ideas are prospected. The aggregation

are summarized, and the possible future

equivalent analysis of heterogeneous frequency

the of
model-driven and data-driven combination, and the

regulation resources from perspective
research on modular decentralized autonomous control
based on the idea of invariant sets considering the
frequency space-time distribution, may become two

research directions in the future.



