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Equivalent inertia estimation of electric power system considering virtual

inertia of wind power

LUO Pingping, CHEN lJie

(School of Electrical Power Engineering, Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: Large-scale wind power integration weakens the inertia level of the electric power system and brings
challenges to the frequency stability of the electric power system. It is urgent to accurately estimate the inertia level of
the system to ensure its safe operation. Therefore, an equivalent inertia estimation method of an electric power system
considering the virtual inertia of wind power is proposed. Firstly, the inertia response of the synchronous generator and
wind turbine is analyzed, and the principle of system equivalent inertia estimation is explained. Secondly, the Box-
Jenkins model is used to dynamically model the power generation device. Based on the active-frequency disturbance
data at the connecting bus of the unit, the bias compensation recursive least squares algorithm with forgetting factors is
used to identify the parameters in the model. On this basis, the inertia constants contained in the model parameters are
extracted, and the equivalent inertia of the system is calculated. Finally, a simulation analysis is conducted using
examples to verify the effectiveness of the proposed method. The simulation results show that the proposed method can
accurately estimate the equivalent inertia of the system under different disturbance types and different wind power
penetration rates.
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Figure 1 Principle of wind power virtual inertia control
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Figure 6 System equivalent inertia under small

disturbance scenario



E5a PN % Eild 2025 4F 7 H

5.2
501 .

N X
4.8F |, ~

4601 by

RO /s

4.4 \

42 Tl

4.0

s} 5] /s

T KHEHIBFTEAFARE
Figure 7 System equivalent inertia under large

disturbance scenario

A4 M FOLIEE i B A B AR R AR XU T S R G A
R A 5 IR A A R AT, HRUHE B B R, A
A R

W7 Rl LLE Y, T e XUH R 40015 B Y H
N ARG ER B FEE S 3B B, Wi By
B MR B sh iy, R e 0 R AR Ak, R
Bl T iy B 200 (%) A 232 A8 AR df/de R, KU HIL 4L
FOLAE £ g N B0 AR, XU BIL 2 G R 0L A A T
%Twﬂﬁﬂwﬁwfuﬂ%ﬂﬂﬁ$,Uﬁﬁjﬁﬂﬂﬂﬁ

A4 1ET e N7, ) R G B AR, R G0 A AU B
K o MRS B B : AE 8] 20 HILZH R XU H B A Y A8
M) 0 T, 2R 498 000 2% 728 Ak 0 B Ok 22, XL HAL AL 2 4 Rt 1Y
SRS s A NS T IDEE 7 = R S T A N < e
By Bt : RGEIR E AR As AT, AU U015 o 4 o R AR
ANBAE, F G0 5 AU 5 i [6) 20 L2 4@ It 15 0 1e] 3
SEOIER

DL XUHL 38 3% 22 13.50 %0 R B, % o AN [R] 46 3l
SO RGFR A S M E LS R K 8
Fr7s o 440 X1 1% 22 (mean relative error, MRE)

5.0 T T T
— K B B e A
—o— /N B B SR A A
o 481 TN RRF RS
g NS R G e A
% I
jﬁ‘: 4.6/ .
‘ﬁ\?—z‘ -~ T -
4.4
4.2 -
0 1 2 3 4 5
15 18] /s
B8 RREHLF T A%FHR T AL F L0
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