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Capacity Optimization Configuration of Wind Storage Systems Considering State of Charge and Battery Life
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Hefei 230000, Anhui , China)

Abstract: As the penetration rate of new energy in the power system continues to increase, the large-scale grid
connection of wind power is one of the important factors affecting the stable frequency operation of the power
system. Configuring energy storage can provide transient frequency support for the system, improve wind power
fluctuations, and enhance the stability of wind power generation. Firstly, by considering the primary frequency
regulation requirements of wind farms and starting from the operating status of batteries, a state of charge (SOC)
control strategy taking into account charge coefficient and discharge states was proposed, and a battery service life
model was established. On this basis, with the overall goal of minimum sum of annual comprehensive costs of wind
storage systems, a power and capacity optimization configuration model for energy storage systems was
constructed that taken into account the state of charge and battery life. Secondly, the ant lion algorithm was used to
solve the optimization results, and the effect of complex cost, battery life, and charge status on the optimization
result was analyzed. Finally, the effectiveness of the results through simulation was validated.
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Fig.1  Structural diagram of combined wind storage power system
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Fig.3  Fan pitch angle control characteristic curves
R R VR A PR 2, KUPILIE 24 >R P Al 72
AR A 1 R 3 2 b I — B K L R X
H o I 22 8 FH I A (8N
Py (2) = yPyy (1) (5)
T 2 Py ()9 ¢ 15 220 RO R DR 6L, B85 ISR
(B A 3 0 LG5 P (0) 0 0 1 22 S B 2
HRAE
WCHATLZE T RIS, KA EA T 28 L A
Py (t)= Py(t) (6)
2 Py () g KU 37 0 B 20 R L3 %
BT I A
Py (1)=(1=y)Pyu(t) (7)

2 W SOC & R B AR
Aoy FEL DR 7850 P T4 38 L L 9 SR TACREUIR S, R
CERUES TN RSN S BN SN Y 2 i LT i)

FeAR BE IUETE N[0, 1], S ii/b v i
20

[ AN TAE R 2 T A, 7 X SOC #E47 X 3840 43,
SRUNE AW GIRIE S NN Ty O =B I ) =
RERCE DR A SOC ML OC R, I RE SRS ff 18
B, SOC AL E
2.1 SOCHX#ER

SOC X H b i B A9 29 o 3= B3 o 0 A
) R RRAESEIEL ., H 431 SOC 43 X BL AL 4 [&] 4
Fim

A
soc

1
Socm7 """"""
SOCt/f ___________

soc,,

socy,
Socm\ ___________
N

0

\

4 SOCHIX AR
Fig.4  SOC partition model

SOCH I FRRAr 518 Soc,,.,SOC,,,,.;SOC i3
FEHL R AL A4 518 SOC,.,, S0C 5 S0C
3 BB X K [ SO, SOC,, );SOC Hy B i
X 3 [SOC.. SOC,, ); i ik SOC 1 TE 5 X 35 g
[socy.s0¢,,); soc i Wi 3 7o X Bk
(soc,.s0cy]. soc w it o K BN
(80C,,.80C,..]. JfRIENRE R GE % 255 1T , b
Gt BE A, HE W B A A, I,
WHE SOCHKRSHEN 1, /NS HH K 0.05,
ATE W TAE S5 2= 1R,

R1 SOCBH
Tab.1  SOC parameters
ZH Hufe i Hufe
soc,,.. 1 S0cCy, 0.2
S0Cy, 0.95 S0Cy, 0.1
soc,, 0.85 soc,,, 0.05

22 SOCTEFETHFRIP
fHHE RS SOCHUE R BT X A AR 1k, &
5 T8 A HIRAS T R AR 2 AL, DATTTIA B s
Tl BE R SRR TR . SRS = R

Sy S W]

A1) = ! (3)
SOC... - SOC(1)
soc., - soc,,
Ao A(e) 2 o B 200 BB FE ik D 2R S B2 R AL
SOC, . ity X [a] B KAE B & i IME T 2 —

)



WE 5 BAT IR S fe b B A0y UG 2 S RALELE

B A AR 20255F H 554 F 4

SOC.,,, k AH N 4 DX 18] P9 X6 7 6 W KA B35 4 /s
{E;SOC (1) Ay ¢ B} 2 FEL A RE R G219 SOC

SR R B sk, X (8) R BI AT XK
PRI, T LA FEAIG A (1) , BB A A A5 T S 1 il ST ik
HLI)%,

XFSOCE=HIFM AN T

DA#ERER G SOCEEAEIEF XN, A ()=
1, IEH T .

2) i 8 2R B8 1 SOC B AH A T A il X 38 Al ik
XS PN, 7 E R SRR B . R e R (8)
HEAT JR B, E T Py (1), 2% SOC FEAK 1)
I

3 HE R GE 1Y SOC HUAH AF it 5t X 3 Al ik
Fo IR, L DR SRR B, 7 4 IR (8) i
TR HEM IR Py (0), AR SOC T )%

R il KLU, i i R B e FL I

Py(t)=A(1)Py(1)m, (9)
o LB AERE FE AR s Py (1) A ¢ 15 220 2
Je it RE FE R F D)%
fifi e 2R G0 i LI -

Py(2) = A(t) Py(2) I, (10)
A m Ry A RE L AR

ittt R AT, PL()> 0 i B R GE R
ik, Py (2)> 0,

3 kAR Ak R e AR A

2 IR EE IR FE (depth of discharge) Fl
RS I Lt Y R 2R 2 R T I B
R BRIV I L T A I ST ik FE A vl 6l 1 743 i 1) K
=2 it

T 5T SUE U R U 2 50 B A, 0 TR Bk
B Y 0 R BB T S A L A ST H YA B
BRI TR B e RN

D,
D al= )

N3=Nr(D—r)"‘e (11)

A 2D, D, 7359 S B HL TR JEE 50 7 T H TR
JE 5 N, N, 050 O 552 BRAJE 008 FH R H5ORN 50 706 3
R EG «,, MG BB
A S8 AR B S B, X () R
A 77 A F TR L, S5 TR R L itk
AR e RS

H, R AR S oz A7 2 A7 B RLUA
BEALIE B S0 A FE TR A e, B S B i B0 mP i F TR

JEA S — ANZ R, e, T RO B BL
R R B AT TR AT, d e (1), AT B

N, D,
Knor):ﬁa:(ﬁ)le

D,

5’ (12)

-, (1 -

fitt BE 77 i Jo) IO P 800 T R B TR A TS F
i E AR AXh
E.=N,D,E, (13)
KB, W RE R A 5
(] B, 7E KA P, S5 B i e, H e 4 55
E LR T A RO HL B E
365 N(d) 365 N(d)

E = ZZKE = S K Pidty  (14)

N (d) S BRI AF PN At R FEL b 365 o R P R Y

BOEG Py oSS d R n A HCH B BE AR Do

Ko R 5 d KBS n A0 B BE RO HT 38 2R 50 Ar
R d RS n AT B B i 48 3 (R IR 1]

e, PR LA R P T FH AT BRI 7 i ) 30 P

FE THL TR B AT Y R i S — AR N AR RO A

FETCR IR ST ) S . A
, _E__ NDE,

E 365 N(d)
n nA pn
2 KD()DPBAtB
d=1n=1

Ay A A4 ac
4 W AE R SRAACAE R

4.1 HIrE\EH

K HE 37 it B AL BC B 0 B AR AE T 2 —
P — U IR A SR FE Al L, BB A% S BV TC & FEL I
PR BE BRI BEPE o Z56 A B/ BUA

(15)

mnC=C,+C,+C, +C, (16)
K C, NI AS ; C, s AT 4 A ; C,,
RS IRSAS 5 €, R UBE TR R AT A
DR NAS «
C,=K,P, + K.E, (17)
K Ky, Ky 73 900 Sy 57 D) 38 A R BRL A HY, o
BUAS

2)iBATHEP A
C, = (KKPB + KVEB)F (18)
Fe r(1 +Yr)' (19)
(1+r) -1

AP K O A DR AR B AT HE P AN s K A
B A AR I AT YR AR s F O BE R G
21



B A AR 20255F 55K F 4l

TEP,F BRI EF WA G0 R A4 S HALEE

HPTELE,
3) KUHL ) 7 RUBRUAR -
C, = Ky D[ Pyys(t)x At] (20)
2P Ky R RGP BT 5 Prs (0) g ¢ BFZ0 XU 2
SR

X TS SR B4 B 58 KU, B R A7
SETERRRE IS5 TR rh , DU S 4 R ]
4) KAHTRATAS 2 AETT A «
C,, = KyoAt D[Py (1) = Py (1) = Py(1)] (21)
2 Ky AU TRATAS I AR T R B
4.2 HREHE
455 WL S R R b A BRI s A TR , AT 453
AR P RA R )
0< Py(t)< Py (22)
s Py XL I 0 e LA o
fift R 1935 47 29 R 32 202 R T PRIt Aif B PR Bt
AL FRR. B, b AERE RS TR

EBmingEB(t)SEB (23)
n AP, (1)
EB(t):EO - AIE[AIPR(t)nc +L] (24>
t=1 d
A+, <1
A el0,1] (25)
A, e[0,1]
E (t)-FE,; .
PB(t)S min[PB’ B( ) Bmin nd]
A (26)
E(t)-F
max[—PB,M]gpu(t)

A X n,

Kk, A AERERY LT R £, f g BB
WIHRAFRERE B A, AL 2300 R Bt A BE Y 7 ik L
RS AL T IEH W 78 X, A BUER 1,4,
HUE R 0, 7 T 1E 5 (A5 DCERET A BUE R 0,4,
HUE A 1,
4.3 EiEKE

WOURAA S Mirjalili 2015 453 —Fh 3k
WO BE AT R 0 e & R Re SR U
92 30 ek DL SO F A e S A SR AT R AN B
A5 R R S S BN AR AR SR A S IO A
B = AN AR 3 IR I B T AT AR R
s e A1 Aot A 4 e B A i o

SO 3 Py R A SEUARL R ST 4 ) T 1) £ 25 1)
R S ST P RT AT i 308 5 A UL SO A A e S Yy
AT SE BT AT AT 48 R R T, 6T 3 L
H RIS AL RIS 32 SR, 3 e AR W7 %At

22

VR it (0 57 R A0 DL AR 1) B i, e e 45 4
[") RAE ) 4 Jed B AT i o U 83 7 ik e BB 2 ) 2
B IPDE EB T RAF M RR , AT 3 M ) 4
Jri 8 ZRBE ) AR IS SR | BE RS 4K B AR 3T
1L

BARHHEL R

AR 1 1R WS X 42 I 8] JE 4 e HE XL 3
BITEHE P,

HBR2 BT R SE, 3 ASREUR AR G
Bl B A EWIG SOC,

BRI MR S E . T WO PR AR SR 1
SR WO RN BSOS i | i Rk ARk B

R A ARYEA SCHR M A A R I 0 (15) 845G
B WAL HRA(17)~(20) , M EE AR I 50E
TR A% P FE

IR SN Py, By FZEA A Z 81 6 &R
SR AT IR SRR AR A R A5 1R AR Y
A MBI 2 1k 3R 0] 5 380 1 S PG i 5 5 00, T
B4 RS EAL

5 HAB| 5t

TR B AR SCHR A e A R A AR S
TR R A B R UL O T H I XL
L3 S BRis A 78R Sk A LI IR A5 i e 3, 1 XL
H1L 37 ML 25 30 MW, SEREZTH 3 H XU &
L DR E AT S o B, AL S REL 6 i o FF i
EAHIC ) R G SEL, it BE L Tt R 1R Wl R L
th, P Tt P 85 PR R R R 1 A TR TR T 1)
A6 P R B0 R 800, HL it 78 i L RS0R J2 0.8, I8
LHEEGROR N 0.64 M REWI IR A7 At RE 1 £, BB
] 0.5E,, U5 BB o, Fla, 53901 49 0.19 F1 1,69, 5%
FE ] B B 1] 8 1 min, JE 1 24 b, B0AS H A5 iR 2L
PALSENZE 2 FIt7R o I AR SCFT 3R 1 Bl AR 2
T AT TE A R A R AT O A TG A i
PowerFactory #: 37 IEEE39 75 55 2 4t 1Y )5 E. 5 44
SR IE BA T B2 i ik ) IE A T

F2 HEEMBASY

Tab.2  Related cost parameters

A SR HH AL HE
FHRE BN TR A AR 5 000 N R AR IS T YR AR 20
Ky/(7G - kW) K /[J5-(kW-h-a)™"]
A RE LA A 3500 IAUHL b o AR .
Ky/[JG - (kW+h )] K /[JG-(kW-h)™] ’
AN DPRAEIET T AR VEATUIR 55 AN 4B LA
KJUE (W) 1Ok sEawen) T 12




MBI, F R ER SRR ESY R A AR SRR E

B A AR 20255F H 554 F 4

1 1 1 1 1 1 1
200 400 600 800 1000 1200 1400
5} 8] /min

FS 22 on AR XU 30 MW SRS 1 H g i 2%
Fig.5 Typical daily output curve of a 30 MW

"

wind farm in Anhui province

iy

1 1 1 1
200 400 600 800 1000 1200 1400
5} E)/min

Ko LHuE MK 24 h S8 fl
Fig.6 24 h frequency variation of a

0.2

L

—-0.1+

ARk Hz
=

-0.2

wind farm in Anhui province
51 MAE—XAMMENFTEEK
e 2 AUt 2 5 H o — YR G 4 2 3%
e R 10% B9 500 , AT LAAS 2 ia 17 AR Ffig g
BB B TR P, B B, 2 A 1 56 R e 7 fi
7, R R 255 A e /N o B2 14 i U 45
HARER R 2 R E RS2 B T 5
FE o MU EIERECH 300, WURECH M 50, i
AL PR B AT 225 AT AR A 2 T %
3.6 MW, 45 75 1 10 MW - h, 4 fi% BE e & 55k —
SE RS, JAS 25 B 25 itk T 8 2 2 A T v e R B
T T 3 S T4 A I B AR A7 [ 22 306 A
M ATHE AR . KAk RS S 5 HTE
i fui A Ak 2 an P 8 BT/ o

(x10°)

(x10°%) 7.28
7.61
7.27
7.5
7.26
7.4f
R 7.25
7.3f
s 7.24
= 72F
: 7.23
& 7.22
I%/z - B
30
P 30 72
PUMWATSGTT0 L 2w

E7 lAE P, ME xR
Fig.7 Relationship between cost and P, and E,

,,..""'E/anfiﬁzeLj i 9 5.7 £

-------

ST R SR AR

1
20:00  24:00

1 1
12:00 16:00

I %
8 Wit 2 5 i o il 2k
Fig.8 Load curves before and after wind storage participation
5.2 EtFHEaEERSS
AN TA) Y A A TS A R AR 3 R
®3 AEBMEGITEERSH

Tab.3  Analysis of life calculation results for different batteries

4 1 1
00:00 04:00 08:00

FFHEAL Y fa
2 6 10 12
P /MW 2.9 3.2 3.6 3.6
E, /(MW +h) 6.0 6.8 10 10

BT AT I 810.5 745.6 720.7 712.3

HRAE 2 3 FT A1, F5 A AL A B AN [, FEsRe
PR IS AT S AR 2 AH 22K, A B R T 7 i
SN, 23 Z A AT Y A 150, DT
JINFTC B IR TG 125 i A2 i, D8 ) 8] B8 5 5K, 4 T
BOAGE R G BN S BT 2 . T
SO0 B0 LA SRy AR 1 [ B 4, R SR BUs AT
JAS /), B RTA BNZ55 A fe /o AR A 45
SR IBOR M 1 SEBR B AT A A o 11.56 a i, iUA
e/ METEIBAT EA N 715.4 J7 78, HSCHR[61R%
KT 74.6 77T, VPR TE 9% LA | o 48 Fe ik
P, 28 BB 42 T SRS, A SO RE 2 e TG W 7 I A
MITERTH R AR IR 4 PR .

F4 RHBEERIRBOEGER
Tab.4  Calculation results of charging and discharging
adjustment coefficient strategy
fERET R A E/(MW-h)  TIR/MW AT A a
ATk RE 10 3.6 715.4 11.56
WL RE 10.42 3.75 745.45 11.09

RAGRRY] AR A RIS RS W
LT AH L TR D 2 5 T R R T 4.0%, 1%
J2 T 70 H AR R SRS T T KURTE A 2
I RE S I HE A . TEARBEZS & T AR 1 4.03%,
LTV 0 H L 5 iy TR UL A 80 R 1 ) B 1

AR 7 2 g B ks SoC 58
LA AY AT DLSEEE I SOC ) TARRES , an &l 9
iR ATRVE Y, SOC IR & TAETE & BRAY IX 1],

23




WA 20255 HS55K F4

TEP,F BRI EF WA G0 R A4 S HALEE

e A T 5 AT e th B
FEBCIS BRI T AR IE HE T A
0.8 AT

AR B
0.7
0.6

04 4 ALt e
XU fi% L
03F 7 LLEE RS

ook ]
0.1

soc

1 1 1 1
12:00  16:00  20:00  24:00

I 21
K19 RUHCE TS 1) SOCAZ fh ka3
Fig. 9 Trend of SOC changes before and after

0 1 1 1 1
00:00  04:00 08:00

wind storage configuration

53 RfiFTEBEBRURSH

W 10 FT 7, H 78 8 A5 8 RE R T I B4 18 150
T L R G0 A U B H SRR S 1Y 7 Bl A7 A
B, ANH B KA I R SRR B st £
AR/IN A ST I Bl FEL 1 8 s FE W A R %
X 2R A7 A — I (B R P i ) L 76 AR HILA]
YEHIR M0 AR 52 31 49.92 Ha 247, B g R
I WA, A% GeHLAL AL RE 08 WA 1E 5 7 01 38 I
8. FHIEBARSOCH!, niE 11 Frw , b
R MK E 51 49.96 Hzo KUK I IR, 2 G F 5
TETHZ 0 49.888 6, GH & 12 i . KAETF M,
R A% T AR 70 R I T T 1) T SR AT, BE S A A
i [] P Al 31 R R i AE 49.999 2 Hz, JUGE I M 5
£ TEEE39 5 &5 05 B A5 2 450 R AR b n &1 13 i
7, BENE AT S5l XUt 28 498 19 28 B 1k XU 1)
AT R, SR e O A TSR

50.01 . ‘ e
49,98}t~ b Ao e S
] 49 gsfjeminy ‘ ‘ SO RSEOOR —
8, i | ) ‘
= 49.92 - : 1
= \ /k I | |
498 ‘ ] 1
49.88 J : : '

0.100 79.917  159.930 239.950 319.970  399.990

tls
B0 AU R I RGAR
Fig.10  System frequency under load only
50.03 — . .
49.98 '
N
= 49.93
¥ L
i 49.88 - - e
49.83}-----\---f -

49.78 -
0.1000  9.9195

7l
|

i
| |
|
|

f
/
|
1

| | |

19.9390 29.9590 39.9780 49.9980
t/s

B 2 BRAR SOC 1 R GUHH
Fig.11 System frequency considering cost and SOC
24

50.02
49.98

E 49.94

= 49.90

49.86

4982 1 1 1 i 1
-0.100  19.914  39.292  59.943  79.957  99.900
t/s

P12 W0 AR Al
Fig.12  Frequency variation before configuration
50.000 3

50.000 0

E 49.9997

5 49.999 4

49.999 1

49.998 8 i . i |
20.100  19.907 39.914 59.921 79.928  99.900
t/s

K13 XU s AR S Al

Fig.13  Frequency variation after wind storage grid connection
6 %

ARICHEET SOC 7 P 47 1 1R Tt 7 i AR
B 7% JE A B R YL 1 73 iy FILREAS 240 51 ik g
AR AT E J5 5 , MR OIS VA5 B Ak RE T &
H A T 3 7 AN e DGR , A A RE PRI
FERCHRR S TRUE B AE T, IR BI85 A i
AN AL g et o AR SCHE 1 7 3 D AU
G2 5 — U Y it BE A 00 AL IE D7 ik R 3t
AUSE . BHIERY, &GRS
REAS A S5 o R GE ARG E I, 4R TH XU 7 14
P BEME o IR TR A HE S T BE R M AY i P 7
i o AU I B2 52 WP T S8R A R Y 4 S T R
AR, Qg i 20 IR r, Ty 50 B 1 o i B T 1 52
Wi K 2 A J St — B TR AT o

S 3Lk

(1] AREE, == WO, 55 XU LA D B £3ak
Il 1 =S A 3k, 2018,42(18) : 182-191.
ZHU Ying, GAO Yunbo,ZANG Haixiang, et al. Review of out-
put power smoothing technologies for wind turbine[J]. Automa-
tion of Electric Power Systems,2018,42 (18):182-191.

[2] XUE L,ZHAO J,JIA Y, et al. Coordinated control strategies of
PMSG-based wind turbine for smoothing power fluctuations|J].
IEEE Transactions on Power Systems,2019,34(1) :391-401.



MBI, F R ER SRR ESY R A AR SRR E

B A AR 20255F H 554 F 4

(3]

[4]

(8]

[10]

BB, AR . 2 RS AT IR 258 f ) A A 2R e A2 XU H T
5 22 10 75 Sk T AR SELD). B 5 X%, 2020, 57 (11) : 93—
100.

DAI Wuchang, WANG Lingang. Research on capacity alloca-
tion of energy storage system to compensate wind power predic-
tion error considering charge state changelJ]. Electrical Mea-
surement & Instrumentation,2020,57 (11):93-100.

B R AT, 4 B IRIBAT AR A N AT I AR
UCHL YA AE R G0 A B O L D7 kD). A ) RGO S AR
2021,49(12):16-24.

ZHAO Wei, YUAN Xilian, ZHOU Yixing, et al. Capacity con-
figuration method of a second-use battery energy storage sys-
tem considering economic optimization within service life[J].
Power System Protection and Control ,2021,49 (12):16-24.
HRE R, SR AR RE S T XU — O A A 2 O
ElI). fL T AL BB AR ,2016,35(4) :23-29,42.

MIAO Fufeng, TANG Xisheng, QI Zhiping. Capacity optimiza-
tion of energy storage participating to wind plant primary fre-
quency regulation[J]. Advanced Technology of Electrical Engi-
neering and Energy,2016,35 (4):23-29,42.

FRANE, B, sRAD K, AR R R TR I XU 37 ik Ak
FHEICECED. B R A B, 2022,46(18) :199-207.
ZHANG Xiaolian, CHEN Chong, ZHANG Yangfei, et al. Opti-
mization configuration of wind farm energy storage capacity
considering battery operation status[J]. Automation of Electric
Power Systems,2022,46 (18):199-207.

SRR SR, LTy, 55 T IR S S A i e P
AEAIL B A, 2015,35(11) :20-25.
ZHANG Xi, ZHANG Feng, GONG Naiqi, et al. BESS capacity
planning based on dynamic SOC adjustment[]J]. Electric Power
Automation Equipment,2015,35 (11):20-25.

SRR SRR, A BT e A B Y e AU T 9
JEE P A e v it BB A DR AT, s AR 241, 2015,30(15)
53-59.

YI Lin, LOU Suhua, WU Yaowu, et al. Optimal battery capacity
based on lifetime predicationfor improving the schedulability of
the wind power|J]. Transactions of China Electrotechnical Soci-
ety,2015,30 (15):53-59.

XB , EEEEE, AR, 4 BT WO SEIE i WU B2 Rk ik
AR E AL T ] R BH AR ,2021,42(1) :431-437.
LIU Yingming, WANG Yingwei, WANG Xiaodong, et al. Opti-
mization of storage capacity allocation in wind farm cluster
based on ant lion optimization algorithm[J]. Acta Energiae So-
laris Sinica,2021,42 (1):431-437.

WL BB BREE, 45 T BRSPS R 2 TR
JX BB Y fih i 2 et B T O A L) B0 R A B4k, 2020, 44
(16):45-52.

YANG Libin, CAO Yang, WEI Wei, et al. Configuration meth-

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

od of energy storage for wind farms considering wind power un-
certainty and wind curtailment constraint[J]. Automation of
Electric Power Systems,2020,44 (16) :45-52.

XA T REHsE, SRR, 45 75 A e H IS 47 A7 i (1 KUHL 2
YN DT L RHAR , 2023,47(5) :2098-2108.
LIU Jun, GAN Qianyu,ZHANG Zeqiu, et al. Research on wind
power fluctuation suppression methods considering the operat-
ing life of energy storage batteries[J]. Power System Technolo-
gy,2023,47 (5):2098-2108.

FHILEIR , R RS R, A5 T R i AR A TR S e R
STt AL, o [ AL TR 24, 2013, 33(34) 1 91~
97, 16.

HAN Xiaojuan, CHENG Cheng, JI Tianming, et al. Capacity
optimization model of hybrid energy storage systems consider-
ing battery life [J]. Proceedings of the CSEE, 2013, 33 (34) :
91-97, 16.

MR, ROk TR BR . 25 XU AN 1 2 1y XU 0 33 e
T R 2022, 48(6) :2128-2139.

CHEN Changqing, LI Xinran, TAN Zhuangxi. Frequency modu-
lation capability of wind storage considering wind power uncer-
tainty[J]. High Voltage Engineering,2022,48 (6):2128-2139.
SCHALTZ E, KHALIGH A, RASMUSSEN PO. Influence of
battery/ultra-capacitor energy-storage sizing onbattery lifetime
in a fuel cellhybrid electric vehicle[J]. IEEE Transactions on
Vehicular Technology,2009,58 (8):3882-3891.

TRIRS HATAR, BB R, 45 . A 3G Tent TS 2 (1 UIRHE
I TEN IR R Tl K541, 2018, 50(5) : 152-159.
ZHANG Zhenxing, YANG Rennong, FANG Yuhuan, et al. Ant
lion optimization algorithm for adaptive Tent chaos search[J].
Journal of Harbin Institute of Technology,2018,50 (5) : 152—
159.

LIU X, YUE Y, HUANG X, et al. A review of wind energy out
put simulation for new power system planning[J]. Frontiers in
Energy Research,2022,10:932.

AR S N S5 P B/ I DS A R R AR D G
RIPEAL IR LR SEL)]. H e 37,2022, 52(15) : 53-60.

XU Qiongguo, ZHANG Weitao, LIU Guangwei, et al. Research
on optimal scheduling of DC microgrid considering energy stor-
age regulation characteristics|J]. Electric Drive,2022,52(15) :
53-60.

T KRR A BT AR IR IR S A AR 1 i
AGC HmsBFIE[I]. %501, 2022, 52(5) :39-46.

WANG Wei, LI Zheng, LIU Hongwei, et al. Research on AGC
strategy of hybrid energy storage auxiliary power grid based on
tabu search[J]. Electric Drive,2022,52 (5):39-46.

Wk H 41.2024-01-11
R H 91 :2024-02-20

25





