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Optimal allocation strategy of frequency support demand based on assessing wind
power available rotor kinetic energy
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Abstract: As the penetration of wind power in power systems continues to rise, the inertia and frequency regulation
capability provided by synchronous machines are gradually diminishing. This makes frequency support from wind power
a necessary measure to ensure the secure operation of power systems. However, due to the inherent variability of wind
power output, its frequency support capacity is time-varying. In addition, frequency support requirements differ under
various system operating conditions, making it challenging to allocate frequency support tasks for wind turbines with
different support capabilities under different scenarios. This paper proposes an optimal allocation strategy for frequency
support requirements based on the evaluation of the available rotor kinetic energy of wind power. In scenarios where wind
turbines release stored rotor kinetic energy to provide frequency support, an analytical expression for wind energy loss
during frequency support is derived first based on the wind power capture characteristics, allowing accurate quantification
of the available rotor kinetic energy. Subsequently, considering the actual power system operation conditions and system
frequency security criteria, a method is proposed to assess the overall frequency support requirement for wind power.
Finally, with the goal of minimizing wind energy loss, an optimal allocation strategy for frequency support demand
among wind turbines is proposed. Simulation results show that the proposed method significantly reduces wind energy
loss during frequency support while ensuring system frequency security.
This work is supported by the National Natural Science Foundation of China (No. U22B20101).
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under integrated inertia control
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Fig. 10 Comparison of system frequency response in Scenario 1
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Table 3 Comparison of WTGs wind energy loss in Scenario 1

e E,/MJ E o a/MI

WF1 1.3830

1 WEF2 1.2339 3.7734
WE3 1.1565
WF1 0.7068

2 WEF2 1.1855 3.8651
WF3 1.9728
WF1 1.2173

3 WE2 1.2505 3.7516
WEF3 1.2839
WF1 1.7371

4 WF2 1.7335 5.3830
WEF3 1.9124
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Table 4 WTGs frequency support power setting in Scenario 2
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Table 5 Comparison of WTGs wind energy loss in Scenario 2

75 E,./M] E . a/MJ
WF1 8.7679
1 WE2 7.5274 22.9963
WEF3 6.7010
WF1 4.0781
2 WEF2 7.1960 23.4933
WE3 12.2192
WF1 7.3271
3 WEF2 7.3215 22.6913
WF3 8.0427
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PR FS HE AP, /p.u. v, /(m/s) Table 6 WTGs frequency support power setting in Scenario 3
WFL  0.180 64 9 AR B A 5 sk AP /pu. v /(n/s)
1 FHHE WF2 0.180 64 10 iy WF1  0.180 64 9.25
WF3  0.180 64 11 1 - WF2  0.180 64 10.25
WF1 0129 12 9 WF3  0.180 64 11.25
Now=—05Hz 2 JIRAEE WF2  0.17709 10 — WFL  0.129 12 9.25
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o
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Fig. 11 Comparison of system frequency response in Scenario 2
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Table 7 Comparison of WTGs wind energy loss in Scenario 3

e E,/MJ E o a/MI
WF1 8.3732

1 WEF2 7.3150 22.2368
WE3 6.5487
WF1 3.9041

2 WEF2 6.9957 22.7682
WF3 11.8685
WF1 5.9596

3 WE2 7.6335 21.9555
WF3 8.3624
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