43 % FE1 W
158 2023E1HSH

Gi SR A N = 4
Proceedings of the CSEE

Vol.43 No.1 Jan.5, 2023
©2023 Chin.Soc.for Elec.Eng.

DOI: 10.13334/j.0258-8013.pcsee.220025 CES: 0258-8013 (2023) 01-0158-11 HE4SHES: TM 73; TM 91 STHEIARIRAD: A

BB N RGP iEEN A NGRS RE
WML BEE, AR, ML R BEE

(1. BHRZGBRKRALEEREZLEHEFARRTEFETCEERFEMNAE), 7T HEEX 100084;
2. BREIARaa] Ldnds, RT HIKE 100053)

Functions of Energy Storage in Renewable Energy Dominated Power Systems:

Review and Prospect
XIE Xiaorong', MA Ningjia', LIU Wei', ZHAO Wei*, XU Peng’, LI Haozhi'

(1. State Key Lab of Control & Simulation of Power Systems & Generation Equipment (Department of

Electrical Engineering, Tsinghua University), Haidian District, Beijing 100084, China;

2. North China Branch of State Grid Corporation of China, Xicheng District, Beijing 100053, China)

ABSTRACT: New-type power system, characterized by high
penetration of renewable energy and power electronic
equipment, is undergoing rapid development. Its significantly
changed dynamic behavior and operating characteristics are
bringing serious concerns to the balance of power and energy
in different time scales. Energy storage is of great potential to
improve operating performance and to balance power and
energy in broad time scales. This paper first reviews the
challenges in achieving multi-time-scale balance of power and
energy in a new-type power system. Next, the key technical
features of different energy storage technologies are
summarized and their potential applications are explored. Then,
the status quo of research on energy storage’s functions is
investigated. Finally, a multi-objective coordinated control
scheme is proposed to achieve prospective and comprehensive
functions of energy storage. Hopefully, the scheme can balance
power and energy well in different time scales, and make
energy storage the key to addressing the various challenges

faced by a new-type power system.
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Table 1 Comparative analysis between traditional power systems and new-type power systems
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Table 2 Classification and technical characteristics of different energy storages
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Fig. 1 Power, capacity and response time of

different energy storages
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Fig. 2 Conceptual model for multi-purpose coordinated control of energy storage in new-type power systems
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The new-type power system, characterized by high
penetration of renewable energy and power electronic
equipment, is undergoing rapid development. Its
significantly changed dynamic behavior and operating
characteristics are bringing serious concerns to the
balance of power and energy in different time scales.
Energy storage is of great potential to improve operating
performance and to balance power and energy in
broad time scales. In this paper, the functions of energy
storage in new-type power systems are reviewed and
prospected.

Comparing with the traditional power system, the
new-type power system has serious challenges in the
operational stability in short time scales as well as
reliability in long time scales. There is an urgent demand
to propose technologies and equipment that can regulate
power and energy in a wide time scale to ensure the
stability and efficiency of new-type power systems.

However, it is difficult for a single energy storage
technology to meet the conditions of rapid charging and
discharging, large-capacity storage, continuous charging

and discharging, high reliability, and low cost. Therefore,
it is proposed to comprehensively utilize the functions of
multiple energy storage technologies to meet the
multi-time-scale balance of power and energy in new-type
power systems. From the perspective of engineering
application, current energy storages are rarely used in the
control of very short-term stability and long-term reactive
power. And functions of energy storages in engineering
applications are relatively single, which rarely consider
the needs of multi-time-scale balance.

In this paper, a conceptual model is proposed for
multi-purpose coordinated control of energy storage in
new-type power systems, as shown in Fig. 1. The
scheme realizes the multi-objective stability control and
optimal scheduling functions of energy storages by
situational awareness, coordinating line/non-
line frequency power, and power-energy control varying
from several milliseconds to several days. Hopefully,
the scheme can balance power and energy well in different
time scales, and make energy storage the key to
addressing various challenges of new-type power systems.
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Fig. 1 Conceptual model for multi-purpose coordinated control of energy storage in new-type power systems
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