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Table 1 Control schemes of third defense lines
for low frequency containing energy storages
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quantity and frequency index

(a) Jral T R a

¥ Pt/ CW UE ST 170 VYN
X owreeCiso wew L f,  fo U
1 0 9.262 49.67 48.77 50.00 1.867
2 14.0849(2) 0 49.93 49.23 50.00 1.467
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A control strategy for the low frequency third defense line of power grid

containing the electrochemical energy storage
SUN Chengbin', LI Zhaowei'*, LI Bijun',ZHOU Yan’, ZHOU Ting’ , XUE Feng'
(1. NARI Group (State Grid Electric Power Research Institute) Co.,Ltd.,Nanjing 211106, China;
2. School of Electrical and Electronic Engineering, North China Electric Power University,
Beijing 102206, China;3. State Grid Jiangsu Electric Power Co.,Ltd.,Nanjing 210024, China)

Abstract; In response to the increasingly prominent problem of frequency security and stability of the power grid, the rapid
response characteristics and the ability of two-way power adjustment of electrochemical energy storage are incorporated into the
third defense line for frequency security based on on-site signal response to deal with low frequency caused by high power
shortage. Firstly,the functional positioning of electrochemical energy storage in the third defense line for low frequency security
is analyzed. A frequency response model of the third defense line for frequency security contained electrochemical energy
storage is proposed based on the equivalent model of a single machine with load. The necessity and prerequisites of sub-round
actions of electrochemical energy storage are analyzed. And a calculation method for the critical capacity of sub-round actions is
proposed. Furthermore ,the formulation method of the corrective control strategy is studied. The frequency recovery effect and
control cost are used as comprehensive indicators. A weighted optimization model is formed to tune the control volume of each
round , considering the operation mode and failure scenarios. Finally, it is verified by the actual power grid analysis that the
proposed corrective control strategy has better frequency control effect and adaptability, which is helpful to expand the
application scenarios of electrochemical energy storage in the power grid.

Keywords : electrochemical energy storage; low frequency third defense line; corrective control; transient frequency safety;

steady-state frequency
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