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ZHAO Rui-ting, LI Ruo-bing
(School of Energy and Electrical Engineering, Qinghai University, Xining 810016, China)

[ Abstract] In order to solve the problems of wind power fluctuations and intermittency during erid integration, which affect the sta-
ble operation of the power grid, a capacity optimization configuration scheme for a flywheel-lithium battery hybrid energy storage system
was proposed. This scheme combined empirical mode decomposition (EMD) and variational mode decomposition ( VMD). Firstly,
typical daily data was obtained using the K-means algorithm, and EMD was applied to decompose the output power signal of these typi-
cal wind power daily data into grid-connected power that meets fluctuation limits and power that needs to be smoothed by the hybrid en-
ergy storage system. Then, the sparrow search algorithm was used to optimize the number of decomposition modes K and the quadratic
penalty factor o in the VMD algorithm. By decomposing the power that needs smoothing using VMD, a reasonable allocation between
lithium batteries and flywheel energy storage was achieved. Finally, considering the constraints of energy storage charging and dischar-
ging power and state of charge, an economic model was constructed with energy storage cost as the objective function. The actual power
generation data of Qiejidunqu wind farm in Gonghe County, Hainan Prefecture, Qinghai Province were simulated and calculated by
MATLAB platform. The results show that the proposed strategy not only effectively mitigates wind power fluctuations but also improves
the overall economy of the system.

[ Keywords] hybrid energy storage; empirical mode decomposition; sparrow search algorithm; variational mode decomposition; opti-

mal capacity configuration
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Fig. 1  Structure diagram of wind storage combined system
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Fig. 11 Spectrum of each IMF in VMD algorithm Fig. 12 Spectrum of each IMF in EMD algorithm
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JAEE % 5T EMD-VMD RIR S RER S AR ILEL B 8097

4.3 HESS BEAHEBEN T

& 3 MR B R R b A RE RN AR AR RE U AH 5C
SR, e RHE T SCHT IR Y H bR pR B L B HH 5 Y
— BB S AE MATLAB FR 5 BB R 2 B HESS
B B AN 2 RAR

TERfAR IR B AH [ F MR 1 ek b4 S8
fbJ5 VMD B EMD Bk Mt fb e &t i, 45
k4 pros,

Wit 4 XTI g e, RIS UG kS
() VMD 43 J7 325 0] DL FRARIR & fiff RE 1 25 2 fic
AHELESTF EMD 3 fif 75 i | B3 H i R T 6 e FAAIG
T 14.4% , CRREREUIRECE IR T 13.7% , 2R
BRERERARRENN T 27. 1% .,

TERRAR IR B AH [ F- 45 R 1 ek b BRI —
fBHE AN HESS ML ALFC & 0, iF B &S ik 5
FR o

% 5 nTLVE SRR A R T K AE ey
s IR A AERE bR A A B T SR A g
T M RE T IR T 41. 7% , REGAERED RN &
T R AERE TR T 27. 4% , MR A fE6E
M A ARF LB T —F i G T % T
25.7% M T H— R AERE TRE T 8.56% .

R3 EERFEXSH

Table 3 Relevant parameters of energy storage system

I H R i khe
PR IBA/ (G- kW) 9 300 2170
LA RNA/ (T kWh ™) 9 300 31 000
P DIREHA (J6-kW ) 2472.3 1011.7
BN RERT AR/ (OC - kWh ") 9 300 31 000
BT REFBSA (JT kW ) 620 620
PN BB AR/ (OC - kWh ") 0 111.6
BN D RIBGERAR/ (T kW ) 155 0
PN BHEYEAS/ (D6 -kWh ") 0.014 07 0.013 4
R FA/ (8- kW ) 465 108.5
PEIE 5 i 4 000 % 20 4
FRIRHL AR 0.85 0.96
SoC L TKR [0.2,0.8] [0.1,0.95]

#®4 7AFE HESS HfEAEREBELER
Table 4 Configuration results of different HESS
decomposition methods

HESS 43 5 EMD ZHRALIE VMD
AU D) MW 6.44 5.51
B AUE 25 i/ MWh 1.63 1.23
RERHUE TR/ MW 7.43 6.41
RECHE 25 i/ MWh 34.06 19.17
TRA il RE R 2 AL/ 7T 6.78 x 10 4.94 x10%

x5 fEREMHKEESER
Table 5 Energy storage optimization

configuration results

T H LEERTE khefEEE  IRAHRE
LR T A5 AE TR/ MW 9.46 — 5.51
LR Tt A5 2 5 1t/ MWh 1.60 — 1.23
RIS E TR/ MW — 8.83 6.41
TRABHIE A L/ MWh — 1.13 19.17
RAMHRERLINA/IC  6.65x10°  5.40 x10°  4.94 x 108
5 #ig

B o R I 2 B T 53R 35 s 11 ] AT, AR SC AR
H—Fh EMD FIZHE AL G 1 VMD A1 45 4 1 SF- 411
IXUHL T 2R3 Bl 0 7 e [ RE 0 A Yt R A A
() HESS 192255 AR RS | ISR A5 H fe i 9 25 i
B, WA BT, IR ESE

(1) LIFEAE 2y H bR %k, VMD S84 & 4
SSA Ak )5, M L T GA |, 2 A% i s e L S o
£E | R R T AN 286 3 XS BUE S i A
()8, A1 LA T EMD /b TS IR SIS, H 5 X
o3t E AR Ay

(2) RHASEALALE ) VMD 43 i & HESS,
FER AR B AR R SRR () 6 A A S EMD
AT Bk, AT A e A G B LA R e AR A T R
I, R HAE —CRE LS,

(3) K H HESS P L #a% 3l , A1 L T 51— fi
e, B RE AL B MZE A A AR, 2P e

2 % x #t
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