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Energy storage peak and frequency modulation cooperative control strategy based on multi-time-scale
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Abstract: Energy Storage (ES) participates in the control of a single scenario (peak regulation or frequency modulation)
of the power grid, and the utilization rate is low. A peak-FM working area division method and cooperative control
strategy based on ES State of Charge (SoC) are proposed. This strategy can realize ES switching between peak
modulation and frequency modulation control, and then improve the utilization rate. Then, to further improve the effect of
ES peak modulation, a variable power peak modulation strategy and integrated frequency modulation control strategy
combining virtual inertia and droop control are proposed respectively in a single peak modulation scene. From here a
cooperative control strategy of peak and frequency modulation is proposed. Finally, a simulation example shows that
compared with monotone peak control and single frequency modulation control, the utilization rate of ES is improved by
16.25% and 37.29% respectively based on multi-timescale cooperative control strategy. This shows the feasibility of the
method and strategy.
This work is supported by the National Key Research and Development Program of China (No. 2017'YFB0903400).
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Fig. 1 Schematic diagram of ES peak regulation
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Fig. 3 SoC work area division under collaborative control
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Fig. 5 Charging and discharging strategy flow chart of
energy storage variable power

H ARG R TP
1) FARIETAT P G2 IIE(E Prac 545

'fﬁ Pmino
2) B ES MHUE T Po SHUE AR Enn 1R
4 ES ) SoC WRHIAHE] ES H 3T I 25 Ene HLH)
AHIIELE P, = P I LLRERHO/NE K AP T
B, BIGLER, =P, —k- AP 550 IR N
et JATLAB MR R, st
S =[ (P — Rl 1)

RSB Se A A B En AHEEI, T 5 M
2% Py, FrHIEZRE Se/hT A E En LR
Bk=k+1, BHIEL P AN, BHE S¢ 5 En
HHEZE . ES 25 1437 5048 T 5 78 T H 2RI B 0
71, Q)R

Pbess-x = PI - Px (2)

3) MAIAHABLP =P, » LABE /NS
KAP [ LR3h, MR P, = P, —k - AP 5 fiufa i £&
I N 35 by, IEA IR = (3) T

S, =" (P -P)dt 3)

VIR E Sq ST E Bl MR, AL
Py BBl Wi, # S¢/MT En W4kSHE A LR
AR, HE S5 SH%. ES Z 5y 538
D2 TR TR g M H 77, (@) Frs
Pest =R —R 4)

LIRS ERNE ES 25K AR
I8 FEL SRS PRI S AE VR FE S SR I ()
2.2 BESTSHI SR

RE LR A% 6] 203 R SRR SR AR 2 BURR
R, BN JCV AR AT AR 50 26 A 22 A 23 T PR ) ] R
T R FOLTERE A 42 ) A R et A 5 g 22 AR A0 38 o TR B
BT WM RE S AR SRR, R
A g, HEAFRWE 6 Fs.

K |«

| A["(.\')h

Ms+ D

A

R

T~ 3]
6 ES ZEITHIRE
Fig. 6 ES integrated control model

A 6 nlH, MPREHEIELE AR, HOES
H A ((B) FTw .



BKH, &

HET 22 N 1) RUPE ek B R 04 R A0 0 (47 1) SRS - 97 -

AP(s) = —(Kpg + KgS)G(s)AF(s) )
A, Kir fl Kpr 733 A T PERD R S 450 220
TESEATEHI RIS T, RER A (6) .
AF(5) = AR ()
Ms + D + K G(s) + (Ko + KizS)B(s)
A, Ko NALGHLA AR EL
P 7 35 7 07 AR e ] 15 2R G ] U AR A 22 A5 40
REREIRmE, HEN=7)Iw.

(6)

df, = lims[sAF(s)] = __AR
s M + K @)
. AP,

Af, =lim[sAF ()] = ——————
s D+ Kg +Kpg

H = (7) PN, 8 R R s ] S 10 s o
GO, — I IR ARSI w22, 71
AT USTR i 22 AR . A% A 25 A0 T AL B
B, RFH R FOUB I 2 o SRS o A 22 A T VK R
BB, SRADESL T . B 7 AR B
LA AT | g i P ]

Bl 7 Hr, FE -t BN, A2 AF -df /dt >0,
AWM ZEA FFEE K&, B TAZEN T,
T ER R ABE F h SRNS o 7 ta~ta I BRPN, AR
T ZEH NS, E#TR 0 5k, JBTIEWE
T DU Af -df /dt<<O, i F A6 SR
WSS, FrUATEZ 00 R T i

A

Af
A I
. | e
Y] SE— RSN N — oo ee
i I 1
0 I — 1 >
nl Ll fl tyl 4
. | I | I
g ] S—— R S R
AL
i L 1
> >
Bl EIE SV

7 GRESNERIEHI RS R IR E
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control strategy
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Fig. 9 Flow chart of collaborative control strategy
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Table 4 Frequency modulation index of each strategy under
continuous disturbance

S R Rsoc KEAHLHARBIE RS
Tt 0.036 9 — 600
ST 42 1) 0.0321 0.0377 945
PO A 4 i) 0.0365  7.958x10* 266
s 0.0317 0.043 1042

*5 TIEXERE 2k

Table 5 Time distribution table of working area

i B TAEX
00:00—01: 30 TAAIX
01:45—06: 00 AKX
06:15—09: 30 TAAIX
09:45—12:45 Fil[ g [X
13:00—23:45 TAAIX

*x6 FEIILIEHRT ES FIAZE
Table 6 ES utilization rate under different working scenarios
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Fig. 21 Output curve of ES under the coordinated control of
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Table 7 Initial and final values of SoC in the FM region

B RALELE 4
00:00—01:30 0.15 0.149
06:15—09: 30 0.857 0.856
13:00—23:45 0.148 0.146
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Table 8 Monotone peak control and collaborative

control peak regulation indexes

M ARIELZ S B4 i L e [ 0
Pma/MW 206.322 186.316 183.114
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Table 9 Frequency modulation index of single frequency
modulation control and collaborative control
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