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An integrated thermal power-energy storage system for improving primary
frequency regulation performance of thermal power units
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Abstract: A construction method for an integrated thermal power-energy storage system is proposed. Also a coordinated
frequency control strategy is designed to improve the primary frequency control performance of the thermal power unit.
In severe active power disturbance scenarios, the rapid response capability of energy storage devices is leveraged to
enhance the response rate of the thermal power unit during primary frequency regulation, and improve system frequency
drop depth. In normal load fluctuation scenarios, the energy storage device responds to the high-frequency component to
suppress frequent actions of primary frequency regulation of the thermal power unit. This paper proposes an energy
recovery control strategy for energy storage in which sufficient energy from thermal power is released to recover the state
of charge of energy storage to prevent its excessive charging/discharging. Case studies demonstrate that the proposed
method can effectively enhance the primary frequency control performance of thermal power units while maintaining the
state of charge of energy storage during operation.
This work is supported by the National Natural Science Foundation of China (No. U22B20101).
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for thermal power units
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Fig. 2 Frequency difference signal probability density distribution

curve of different load fluctuation amplitudes
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Table 1 Standard deviation of the system frequency deviation

signal and the probability of being in the dead zone

a oF P/%
0.6 3.49x107* 94.13
0.8 4.65x107 84.38
1.0 5.82x107* 74.34
1.2 6.98x107* 65.55
1.4 8.14x107* 58.23
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Fig. 3 Structure of thermal power-energy storage system
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Fig. 4 Control block diagram of response speed of

thermal power-energy storage system
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Fig. 14 Frequency deviation curves of different power

grids under event disturbance
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Fig. 15 Variation curves of frequency modulation output of

different power networks under event disturbance
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Fig. 17 Variation curve of output power of different
systems under load fluctuation
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Fig. 18 Variation modulation signal of output power thermal

power unit under load fluctuation
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Table 4 Action times and time ratio of thermal power

units in different time lengths

K LA K it G ) K LA
I T 1 S /s KHLH) ENAEIN 8] KHB)  BERITE
TR 5 /% TR i /%
200 29 30.04 17 18.15
600 84 29.21 49 17.04
1200 176 30.08 98 18.79
2000 265 28.26 144 17.41
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