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ABSTRACT: The development of new power systems will
inevitably lead to major changes in the patterns of the power
systems. With the constantly growing renewable energy
penetration and the widespread application of power electronic
equipment, the types of energy sources and loads
accommodated in the power systems will continuously increase
in the future, and the complexity of operation and control will
also rise sharply. This paper describes a new paradigm of the
large-scale power systems divided into multi-level
smaller-scale power systems containing distributed resource
clusters. Each resource cluster has the capability of electric
power supply, consumption and exchange, and manages to
achieve power balance and autonomously optimal operation.
This paper proposes the three-layer network (energy network,
information network, value network) architecture and overall
research design of the new hierarchical cluster power systems.
At the energy network level, the technical characteristics and
patterns of the new hierarchical cluster power systems are
proposed, and China’s current relevant policy support is
introduced. At the information network level, after introducing
the problem of distributed sensing and information fusion in
the new power systems, the focus is put on the application of
swarm intelligence and cooperative control theories and
technologies (especially the frequency control problem). At the
value network level, new transaction mechanisms and business

models such as distributed resource peer-to-peer transactions
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and virtual power plants are introduced. Finally, the frontier
research directions of new power systems are discussed from
the perspective of complex system theories based on

multidisciplinary research.
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Fig. 1 Three-layer network architecture of

new power and energy systems
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Fig. 2 Research design of the new power systems based on hierarchical clusters
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Fig.3 Hierarchical clusters of the new power systems
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The integration of massive distributed resources
(highly uncertain renewable energy, multiple flexible
loads, distributed energy storage, etc.) brings challenges
to the operation and control of power systems. The
characteristics of low inertia and low short circuit
strength at the source side are prominent, and the support
ability of safety and stability is continuously weakened.
On the other hand, the dynamic characteristics of load
side are becoming more and more complex. Furthermore,
the AC/DC and multi-DC coupling at the grid side
becomes more tightly.

Therefore, in the new power systems, renewable
energy such as wind and solar power will exist
everywhere, which means that the power sources will be
distributed over the whole power systems. The
hierarchical and clustered power grid architecture is
proposed, namely "the hierarchical structure and global
coordination of the system decomposed into clusters"
and "each cluster maintains its own net power balance
and local autonomous optimization". For the sake of
clarity, this paper calls the power systems with this
structural feature as "new power system with hierarchical
clusters", and further discusses its operational and
control issues. The new power systems with hierarchical
clusters exhibit a three-layer network architecture and
are closely connected with other energy systems.

Accordingly, the operation and control of the new

power system with hierarchical clusters can be divided

into problems of three levels: physical mechanism

("energy network" level), operation & control
("information network" level) and market transaction
("value  network" level). @ They are typical

interdisciplinary problems, as shown in Fig. 1.
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Fig. 1 Three-layer network architecture of

new power and energy systems
At the energy network level, the patterns and
technical characteristics of new hierarchical cluster
power systems are proposed, and China’s current
relevant is introduced. At the

policy support

information network level, after introducing the
problem of distributed sensing and information fusion
in the new power systems, the focus is put on the
application of swarm intelligence and cooperative
control theories and technologies (especially frequency
control problem). At the value network level, new

transaction mechanisms and business models such as

distributed resource peer-to-peer transactions and
virtual power plants are introduced.
Extensive application of power electronic

equipment in new power systems has become an
inevitable trend. The digitization of "source - network -
load - storage" equipment also enables them to actively
participate in the operation of the systems, which is
suitable to be solved by using the theories and methods
of swarm intelligence and cooperative control. The
study of complex power and energy systems by using

multidisciplinary approaches is of special importance.



