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ABSTRACT: In the context of energy transition in China, the
power system plays a critical role in constructing a clean,
low-carbon, safe and efficient modern energy system. However,
the current power system in China presents new characteristics
of uncertainty, openness, and complexity, which makes it more
vulnerable to the increasing natural disasters and possible
manmade attacks, adding great potential risks to its operation.
Focusing on the development of resilient power system in the
context of energy transition, this paper first discussed the
necessities of developing a resilient power system, from both
internal and external aspects. Then the concept of resilient
power system, including its definition, characteristics and
research areas, were elaborated in detail. Afterwards, based on
literature survey, the paper expounded on the key technologies
of resilient power system from the point of view of primary
system and cyber security, and the prospects were presented at
last for the development of resilient power system in the

context of energy transition in China.
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Tab. 1 Strategies to different power system faults
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Fig. 1 Response of a resilient power

system to extreme events
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Fig. 2 Difference of reliability, self-healing ability and

resilience in the perspective of probability
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Fig.3 Change of state for a resilient power system

responding to an extreme event
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Fig. 4 Modeling, evaluation and resilience

enhancement of resilient power system
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vulnerable component in power systems
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Fig. 6 Cyber-physical power system structure
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Tab.5 Resilience enhancement strategies for

cyber-physical power systems
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Fig. 7 Schematic diagram of the integration of resilient

power system and emerging technologies
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Urged by severe environmental problems and
exhausting fossil energy situation, many countries
including China take an energy transition road for
sustainability. Power system with inclusive renewable
energy plays a critical role in this process. However, the
exposed system is susceptible to extreme events
(hurricane, ice-storm, cyber-attack, etc.) and the energy
transition would further increase the operational risk.
Therefore, it is necessary to enhance the power system
resilience under energy transition.

This paper reviews the state-of-the-art development
on resilient power system and makes prospects for future
studies in the context of energy transition. It includes
four major parts: 1) the necessities; 2) the concept; 3) the
key technologies (literature survey); and 4) the prospects
of resilient power system.

1) The necessities: the internal requirement of
power system safety and the external prompt by energy
transition.

The current protection and control strategies of
power system are designed for normal faults mitigation,
which cannot deal with the extreme situation of
widespread blackout. Besides, the energy transition
increases the uncertainty, openness and complexity of
power system, making the system more vulnerable to
various extreme events.

2) The concept: the resilient power system is a kind
of system which has the abilities of preventing and
resisting low-probability-high-impact extreme events,
and recovering loads as soon as possible.

Resilience is different from reliability, which
focuses on the average performance of power system in a
long period. It is also different from self-healing ability
with protection and control devices, but is more
concerned about how to use flexible resources to cope
with the worst scenarios. A resilient power system should
be robust before an extreme event occurs, and redundant

S1

under the event, and can rapidly recover loads after the
event. The research areas of resilient power system can
be
enhancement strategies.

categorized into modeling, evaluation, and
3) The key technologies include those of the
primary power system and those of the secondary
system/cyber security.
The technologies of the primary power system can
be summarized as: a) maximum risk assessment and
b)

emergency response and load restoration methods of

vulnerable component identification methods;

distribution systems; c¢) modeling, evaluation and
enhancement strategies of resilient integrated energy
system; and d) design of electricity market paradigm to
improve power system resilience.

The technologies of the secondary system/cyber
security are as follows: a) resilience-oriented modeling,
evaluation and enhancement of cyber-physical power
system; b) integration of resilient power system and
emerging technologies (big data, internet of things, etc.);
and c) update of protection and control devices to
accommodate resilience enhancement measures.

4) The prospects: deal with the challenges, as well
as take the benefits from energy transition.

In one aspect, the characteristics of energy
transition should be taken into the consideration of
resilient power system studies. The uncertainty of
renewable energy, the openness of cyber-physical power
system, and the complexity of network have not yet been
fully integrated in resilience analysis.

In another aspect, the energy transition also brings
such as flexible distributed

generation/storage devices, integrated energy system,

about many chances,

and modern information and communication

technologies and platforms. In the future, their potentials
in enhancing power system resilience need to be further
exploited.



