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Control strategy of a battery energy storage system considering SOC in primary
frequency regulation of power grid

LIU Yingpeit, TIAN Shijie?, LIANG Haiping?, XIE Yan?, HUO Qidi?, TANG Xiaojun®
(1. School of Electrical and Electronic Engineering, North China Electric Power University, Baoding 071003, China;
2. State Key Laboratory of Grid Security and Energy Conservation, China Electric Power Research Institute, Beijing 100192, China)

Abstract: The battery energy storage system (BESS) has been widely used in power grids with the advantages of high
control accuracy and fast response speed. In order to use the advantages of BESS in primary frequency regulation (PFR)
of a power grid, this paper proposes an integrated control strategy based on state of charge (SOC) and frequency deviation.
First, the droop coefficient and the virtual inertia coefficient based on SOC are designed to improve battery cycle life.
Then the weighting coefficients based on frequency deviation are introduced to combine the droop output with the virtual
inertial output. When the frequency deviation is small, the weighting coefficient of the virtual inertia output is increased to
stabilize the frequency. When the frequency deviation is large, the weighting coefficient of the droop control is increased
to quickly adjust the frequency deviation. When the frequency deviation exceeds a certain limit, BESS performs
frequency support during fault ride-through. In addition, when the system is in good condition and the SOC is low or high,
the SOC recovery is performed. Secondly, an evaluation index of BESS participating in the PFR of the power grid is
proposed to quantitatively evaluate the frequency regulation performance and the SOC maintenance performance of this
strategy. Finally, a simulation model of BESS is built in PSCAD/EMTDC, and the frequency regulation and the SOC
maintenance performance of this strategy are verified by simulation under step load and random load disturbance,
transient short-circuit fault and intermittent output of PV conditions. The simulation results indicate that this strategy can
improve the frequency regulation performance and maintain the SOC within a reasonable range. The results can provide a
reference for equipment manufacturers of BESS to design control and protection parameters reasonably, and have
practical significance for improving BESS's grid-connected performance.
This work is supported by the National Natural Science Foundation of China (No. 51607069).
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0.052 2 Hz, Ek¥EHE{N 0.007 8 Hz/s, A Bk
B, SR R SRAE KiE. 8 KIERT,
R PE R N B R EUEE S EUR I S
B RARWZEIRE N 0.056 2 Hz, BRIKHEFE N
0.010 8 Hz/s; K& K&E M VLI, i KIFHR %
ME{E A 0.053 6 Hz, ELIEIHEFE A 0.009 3 Hz/s,

HHE 6 ATLLE H: BESS RHE K. & K&
E M 754330 326 s BHAIR TRV, EEFR
FHE 52 N 1 R B AR5 G Ry i 7 i, 24
HLE AR 5% il k T ARG B 2E B 4 BESS B
ZAT, MARGMEMHAT ks, MRS
W& AR K AR, — U 7B SOC 98/ i ek
N, ST R AR E R — B AR,
TERBIE G =4, A FIE H G fe A e
1E T RE e NI TR AR S

H P 7 K3 2 AT LA HH: 300 s (R A i 450 )
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BESS X H A S5 m& I SOC {2 Mg {5 A 0.264 8, #E
HE AN, SOC 4ERFRCR LS RAE K . &
K&E M LI SOC i Z i {E 43 15 0.416 2.0.416 8,
FERL B, SOC 4EFriRi 2, A5Gk
H b i 7 3o U iR AR A B SRR K VAR
SOC fZEE )9 0.294 4, SOC 4EHF R A LT
4.2 MENLGAEIREI IR

TEH M I 300 s BEML S, Ffitsh
ek aniEl 8 Fiom. 0 N4, SOC 4l in
Kl 9. 1 10 Fiom o S35l SR VRN PR i3k 3 Firor.
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0.052 8 Hz, #iiH w2 /7 ¥MRE N 0.011 2 Hz, 4
B RIE, SR R 25 T BESS SRHAIA IR
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728 0.014 4 Hz, Bi% A ZE 5 HAR1E 0.003 0 Hz,
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Fig. 8 Curve of load disturbance
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Table 3 Evaluation index of control strategy under
random load disturbance

i) SR Afy JHz Afmg/HZ  AQsocpv  AQsocrms
Tk RE 0.052 8 0.0112 — —
5E K% 0.024 1 0.005 2 0.010 6 0.003 7
2K 0.024 1 0.005 2 0.010 6 0.003 7
EK&E ML 00213 0.004 6 0.0108 0.003 9
AT 0.014 4 0.0030 0.0143 0.004 7

AR EN AR, AR s R E Kk, &
K VLS, BT U TR R R EUH R S 80 R T
&, PIRIER 2N 0.024 1 Hz, S ZE T

MBS 0.005 2 Hz; RHE K&E M VAR, S
B 758 0.021 3 Hz, iR wZE T AAR{E N 0.004 6 Hz.

FHP 10 & 3K 3 T LAUE H: 300 s BENL S fr it sh
TR, BESS KHIE K ik, 48 KL T R H0MH
i 53 SOC W E A, SOC 424 0.010 6.
SOC fwZ=J7 HIMRE I 0.003 7, SOC ZEHF R F 4L
If; SRHE K&E M LI SOC 1§45 %4 0.010 8+
SOC i 2 J7 YR v 0.003 9; K FH A S5 g I SOC
23754 0.014 3. SOC 1 Z 5 ¥HR1E N 0.004 7,
SOC 4R S AT EMZE R, EAEXIE N,
4.3 BRFRTMEREREEPE LR

4 s I HL I fidg R I X A R A = e e,
FREERTE] 0.5's, REVE P 5 Q. L T R4 . SOC
WA 11, B 12 Fis. Sl g Em 45
FRUNZE 4 FioR o

P 11 3R A nfLAE 4 B EE i g I
RUR AR VR R R, ORI K, R AL
0.5 s Ja#iERR, SURIFIEIKE . H A TR A
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ME{E 579 0.292 1 Hz, AU 223574 0.320 5 Hz;
KHE K&E M kB i KA w2 18 H N
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Table 4 Evaluation index of control strategy under
transient short-circuit fault
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Table 5 Evaluation index of control strategy under

AL SOC ERFRUA

3) AT IE SRS AERT R AT B . BEHL ST P
2y Wi PR g B SO AR TR R sl T T
SFEAREUD, RPRCR Y, H SOC 4EfFFfE 2
DXTa] A, WD BESS B BL& A ™ FK itz fr

intermittent output of PV
P HEn Afn/Hz Afy JIHz AQsocliong
p il 0.2169 03779 —
K2 0.1459 0.199 9 02322
2K % 0.1459 0.2135 0.1821
T K&E M % 0.145 4 0.190 6 0.2250
NS i 0.145 4 0.208 2 0.1012

M 13 R 5 WUEH: 1s R RGH R
30 MW G T Zh 3R, 4 Pzl Smg N iR e Puid A,
120 s JG AR RE0IRKR 30 MW A3 I Th, SRtk
MK, AR — B A E AR EAERUE(E 50 Hz, H
HHOCAif BEHE A IS 5 KA Z2 MR 0.216 9 Hz,
BRI 258 0.377 9 Hz, AR B ™ &,
ROR 7 BESS K E K LI S KA 22 IR e
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YRR B RAR w ZENRAE A 0.145 9 Hz, AlRIER 2
4 0.2135Hz; RHE K&E M VLI it K% 2
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AR I e KA ZE MR AE A 0.145 4 Hz, A3
23259 0.208 2 Hz, AR R 5 HoAth 5 A0
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T 5, A B R AR )45 SOC HUE M s
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