F43%5 F3H
2023 F 3 A

& 0 8 %% it %

Electric Power Automation Equipment

Vol.43 No.3
Mar. 2023

PRUHLIARE R A S TSP BRI oy ARG
HL 7 fidf HE o 2H 4 il e

w® 7‘3‘}1'2,%,??5”,%
<1 Rl HRF Wi

ERE PR R NG R A
LRE N RGBERE LS E, T KL 071003;

Ll HKFE TEHSH XS MM EL LT, T £2 071003;
3. T AREMA RIS B AR AR P, T R 7N 510600)

FEE A T AR R SRR T R A2 P b A A R ARA F 09 B, 3R 3R T KA G AR AL 6G B okt 4

born

H g A }ﬂmijréﬁ%ﬂ"fiz\ji%/ﬁﬁi T k0 iR H ) Bk AT B AR R S 2, B W 3R ROR W AL 5 R

W, 3 BL & 64 W, fk 3

MAER B R Y A BAFRIRIA K0 5

\ﬁ%&ﬁlﬁ%&ﬁz%%%&ﬁzﬁﬁ*%\ﬁ3k@w%ﬁ.%Eﬁ% B 5
#%K%Tﬁ%n@iﬁﬁﬁ%%mﬁﬁwiﬁp¢
Em%ﬁﬂ&ﬁ%&ki&ﬁ%ﬁﬂbﬁmk

,FEAR T B T B W ML 20 60 B, B A i BT Y

TEh A, 5

B W, b TR R B ﬁﬁﬁ%ifﬁk%&éﬂ | P b i 3T e o B 35 A A TR e B h B B A
FW ML W T 3 A A5 A W R L BT R TR R A AR RAIA T I8 A L B

P 3% 45 ) ook 55 A ds b Rk kAT 45 A xd b, 45 R R BT 3R 45 ) SRwk A8 A R R A2 B AR A 4 AR AL Lﬂ%

AR 0G4 ) A

KB R AE AR R G A B 20 R 4B ROl SRIE R AT R 5 4 k) SRk

FE S ES : TM614;TM73 MR SRS A DOI: 10.16081/j.epae.202209016

0 518 5 T SR W (0 A BEHEAT T AHOCHIFSY . SCik (64240 1
B3 2021 4 i [ 9 KUk B L B FT XU B TR A RE 2R e ORI b 2 1 D7 vk AR

1K 3.28x10° kW, Al FLHE K 179 T 1) # 2 LA B i
PR TR BT R ) RGeS B AR, XU &L 23 A
SRR AR H 2, IXUHD, [T Bl B
e BT BOCHE AR Aff B 2 81 32 A ) R R TR
ML RGN R R E B ATk TR B PR
HLL i BE 2 45 (battery energy storage system, BESS)
HL 28 DA FE TR AR, 2 Bl B DX R R B 9 )
RV NGiNi e/

e X BRI B TR A R rh AR G2 BESS 452
11 SR W 51 Pl XU F B B R FE TR, P e BESS R
AR S B H g A5 08 B TR 22 ) A B 3 Al 223X
FE BRI S BET XTI RE TR i B B S A

HL B TC 2 s AT, A2 FE O i B2 5 3 BESS HY

FEATIAEI R . % T BESS 1Y & 5 % A FA BRAE
PR OB, W07 S e R A7 i 451 6 LA SEE R AR A A
#ALS

T AR BESS B 73 A i€ , V1 2 0 58 8 AU

W B #3:2022-03-31; f& 2 H #7:2022-08-17

FE 2k AR H #9:2022-09-19

BEEWAB:BE A AAFEETAA (52077078) ; B E £
EATE TR A (2018YFE0122200)

Project supported by the National Natural Science Foundation
of China(52077078) and the National Key Research and
Development Program of China(2018YFE0122200)

B RE RGOS BT S 48, b e T BESS i 78
A SRR 7 108 /NI AL A3 AT T RUH i s D) R 0
AR AR 7R A XU I POAR I L L i T
BESS fif Hi Bk 25 (state of charge, SOC) (14725 Ak W& {1,
E—E R FIERK T BESS (1 F v, SCHk[8 142
H T —Fh 2% 58I MR E R BESS St 431 05 12
18 1 72 1l SOC B BESS i 3 i #E . SR 1M 51648
() BESS ¥ il W& AL, b3 Jr ATyt 2 i A FEL b B
IG5 5N, B AT BESS Z A iR (1 KRR A PR
MARA L5, 2 2k /> BESS B i 5 #E , I
TR AT RE D b ST S SR . I, A S
FHR T E AU BESS 506 BESS 4324 2 /1> Hi WL 2H (1Y)
fp ok B . SCRIR [ 9 15T X AU BESS BT T 2 il SR s
5 BESS A e, Hdi A T 58 i R A 22 TR 0 4 2 )
e, ZEK T A, {5 BESS B SR R B 4 £
SCHRL 10 1FF BESS %l 4324 78 B AU 2 4 F b 4L, A
i BESS Ty 5 908 715 48 4 B 22 2 1> vt 2 v i b B T
(A I o7 B8, DD T BESS [ A A i RE , {H BESS A9
il SR W R A A o i S Sk [ 10 ] B A LIS, Sk
L1L]fRT A T AUBESS o458 il S5 W 188 2 A5 78 3 0 42 1
XX BESS 19 78 5B DR oE A7 98 45, 98070 T BESS 19
AR REL . SCHR [ 12-13 JEF X 78 o R 2 4 fL 3t
20, AR R R BE TR A B3 TS FEL A b sl AR H T
TCHIAEL, A T BESS Bt . L7 il SR s 4t



£ 38 AR A R BB A BT I R AR AR A G B4 L it 202 s S @

17 BESS #F A (8 FH 75 4, SR i #E £ 4T BESS 2341
ik A 2 e XU e sl e | el A5 43 2 430 AR Rl it PR T
P Ty 283 55 1 2 7 i L, AT DL BESS #5 il
FREMEAN A FitE— 25838

Sy TR A] R ML IE K BESS (7RI 4 (i ] 754, i 4
SCHR[ 12-13 1% BESS 43 2/~ M 20 A I JE g, AR
SCHEFR U A A LAY E 3T T BESS 24 2 i1
WM. BT, PR T I T MG R AR 2 R (improved
beetle antennae search, IBAS) A HEF% ] (swing door
trend, SDT) 32 3% (fa] #% &y IBAS-SDT 8.3 ) , H- i
IBAS-SDT 553 X U HEL 5 BR Dy 28 B 4 R A7 4k B DL 428
IRUX H A s vk, 51 BESS A B X7 2
JiC & 1Y BESS %0 7324 2 4~ Ha 28 (st 28 1 AT re e 2
2), L 2 41 53 34 FE L AR A XL HEL A
552 X FEL T 6 22 ) 1l 2 2 4 T P b 20 11 25
FE LA E DL FR It s B Sh VR R BUR  A eAk B bR
RWCH 2 2 T 3SR A 25 5 AR L FE WD LR B
Z S SOC B B By ZI) X6 v 3t BT R4 7 40 20, AR i 1) 2%
PRI TT 8 A RN el SR RS A S 4 1 R Lt BT
B TR A8 4, I35 T 02 D3R4 i 5 B 2 F
M 2H 2 H e BT A SRR AT 15 2 A, i X
DA FEL 37 R B O R TR A T4 L, 45 SR R B AR SC T 4
70 TR A R A AR R, L HAt i i SRS A L
AR ST B T SR X T R I AR A U RE RO TR AT,
Ak — 4K BESS A4 3 A1 FH 754 o

1 =HRES T

AR ST R BESS 4321 42 i) 56 W 114 97 i 1] D, B
A B AL, HIAR G R T HGR T .

DFEHURE S P R H IBAS-SDT ik &
ARG m A & E, JF HARPE A0 E 8, R H SDT &
X 24 h i XURE Dy SRR 6 F A7 A B D4R EOXL R
LR

2)BESS WP 25 43 B

(1) HE I 251 0 il . BESS 70 b HL it 4 1
FIE AL 2, 53 0 TR EE DRI 64 P, F P .
Hrp, P, F P, 75 75 G 70 F RE S XT M 45 1F T
BT K RS P, 5 BRI EL TR P22 8] 1) i 2 5
P, FIEBETHR P, 5 R B B P 2 18] B R 25 5 P,
FFEE A SRR ORI, HAR UL 3.1 795, f T 2R
LD 3R A AR 5, 1T Py P A R R, B P, U
IR P, R SRR, 3ok A K P,
) IO A 58 v A A P DU A0 sl R L P,
) U8 S0 W AR X /0N, P, B4 U8 B0 W JRE R XK e 2 1Y)
15 ELEE AR 73X —i8 5. o TARIE R Gl R i
AR e AR LA 1 D) SRIE T e A P, 1Y U Bl Y R
B2 L2 1 A 5, TKS BESS IR A = 0 L 44
FLB e 2.

(2) Mg 2 TR PR . T P, S
TRAR I B0 R AR A R AR | e A 2 2 A Bl B
2 (A BE 2 B, W0 T 25 P b 2 2 %) R it BT R
A Z . AT 2D RO R SRR
4 14 W T s 7411 8 S B I 7 | S 3
21 Wb 22 A B K 23, 3 L) sh VR s 2 A
b BARAMBE 34 HL It R Y 25 1

3) HL I BRI Bh A Jr L o 7R Ui st 220 K H St o
JC SOC sk BR sk 2] , AR 4l L 2. 9 SOC HE Fy K- FL vt
BATCRIG345 L AR L T A

4) L ZH T H b BT T R E T PR A B A . AR
it P, 0t B ST K5 B L LA 1 P A% T BT
(R DSR4 AR P, IT45 A BUZ D3R4y B Jy 12
B o LTt 2 2 TP 4% Tt SR T R DR T 4R A I
JITAG RS B T AE T B AT AR S T AT IR
S B A B DXURE I

ST 5, A SCIT 45 ) 5% s 30 ok 9 /> H it P
JCHY SHAE R B U /L BESS B 75 i 4 4 LA AE K H: )
AAH A o

2 ETFIBAS-SDTE ZH X B HEIRE

2.1 SDTHEZERMEREIE

SDT B3k F 1990 49 1 ik #2411, BA 40 L
T R ZE TR SRR A 7 X HE TG I S A N 25 40 S A5
BT AR S SDT SA 1k 1Y Ji BE Kz Sz B A 8
BB

JE4E A i E B E T SDT 3k vk S8
B FEHEE S E RO, R4 e (Had R E (.
Gy FECBE R EAR R 25 5 2 BRI/ N, AR LLRE
REAR IR 2 Had /NG E A SRR ESE L, A7 7E K
ItafE R . SR EE Ty B2,
2.2 SDTHER B

K 47548 & (beetle antennae search, BAS) 2k
T 2017 w4 o, DAL A 48 2R A8 ) o L WA SI0E  p
RS2 T & PR IE B RUMLSCR 2 W
SEAT Y BAS Bk A SRR B R A A2 A 2
FA) X8 IV PR B LA e g A R ), I8 46 2 T e
. 7 BASHE LM SR, PR S K
T2 R R, MR/ L KA TR R AR S
FE AT B R 25 K A s RO A U /N 25
KXt BAS B LA TR0 UE B IBAS B3, AT ARIE
PR R A R AT B AR £ A, 38 BB 1 XU
PEEPOR I T 2 T IBAS-SDT 5.1,

EfEM A 2P BRI

AR KA IE—k, (D) R

> rand(k, 1)
p=—"" 7

" rand(k, 1) ||

Arh :57*7354:5/‘]@11@7?@%%;randﬂ?%ﬂ@ﬁ;k

(1)



56) ® 0 & % L %

%43 %

R A 4R
W2 M KA A e, = (2) s .
Jxl,,;x"—dli/z (2)
lx, ,=x,+db/2

Aren,, 2000 5 n YGEAUN KA1 78 A 200
B xR n UGERRT I R A B d R 22 AT
I Z ] R

AP 3 MR I R eSS I A ) ORI

R T AR IR SR A A 15 22 [T JS AT
FE b Rl D TR AT B SR e 4 158 25 K 46 LU 1
BAS R 1% 3 17 B2 R A f,, = (3) s .

fizo fira, f)

1 - 2
fe Sy @
f>=N,/IN,
Kb fiofy R IA— A0S B R4 1R 25 R 46 L
oo, N REL, Gat Z 0GR g, BUE 535 1.25,
5.00; N, NFEAS B P, o AS TR0 HR 4 i % it 44 B
ST A AU SR s A A T R A (S ¢ B2 B D)
P, o8 e B 20 SEBR XU T 235 N, R SR EROTT A5 XU
B
R4 HORAAE, W= (4) R .
x,,=x”_1+,unljsign(fh(xm)—f“(xlvn)) (4)
K s sign HAFS BRE w, R 5 n UGEARIRTY F 3
B, Ht A AR (5) s .
1+e”
K ac WS BUA 8 1.90.0.25,
2.3 REB#EHBIZE
FRR BRI WAL & E e AR PRt E 18, R
FH 2.1 755 H Y SDT 355372 6 XU FE 52 s D 28 55040 iR 1 7 A
PR, FEAR B B8 43 B30T B B 21 %) i H gk i o E
ATERNMEARAE, B AT 245 KU 35

3 ETRXEBE#ESER BESSES A ik

3.1 RMANRETIESHIRE

T SR A B UL R AR SO R L
iNGERIV S0 PR e R R N aapi)s £ 7Y R SR
FAIT RSP B IT

HG, R A BEE P, S PRKE TR P Z ]
14 it 22 12 P, AN BE 0] P55 XU #E 35 Py 22 TR] £ O
et Pyo SR, BT Py 5 P AFTERT S MR 1
B, G 2R b H b 53 R Py, RPN N D) 2%
7 A T R b 2 A R X R RN, 3B BESS F i
PAFEE . Dy 1 ke G P L T 4 SR TIOR RB AR X ol AR
SCAE S SCRR DS TR TR & il E 28 S8 RE S0 i k5

(5)

=

2L BT L L D R H TR A P, AP, (AR
bEy 1

DA P, 5P, RS A W P, F1 P, BT
NN

P,m. P,<0

Pglz{ w7 b1 (6)
Py/my P,>0
P,n, P,<0

szz{ T b2 (7)
Pymy Pp,>0

i, o, 20 L AT Y TS AR
2)#5 P, 5 P, RS AR W P, R P, TR
/(1]
(DFF P, >0.P,<0H|P,|>|P,| N4
{PgI:(Phl-i-PhZ)/nd
P,=0
(2)# P, >0.P,<0 H| P, |<| Py, | WA
P,=0
{PgZ:(Pl;l+Pl;2)n(:
(3)#7 P,,<0.P,>0 HL| P, |>| P, |, A :
Pglz(Pbl+Pl)2 )77(-
o
()4 P, <0.P,>0 B[P, [<| Py | WA
P,=0
{szz(Pm+Pb2)/77d
3.2 BESSHEMBES LT
32,1 WAL EH B
AL TR 84 P, L F =N, N, ]
(N, 200 Ay FE Tt BT 400 5 ) 26 1) B B4, SR MW)
T 1B P % 500k 7 EGRE AT 90 9% , U H S 2 1 A 25
NN, IFK BESS BT AR A AT B4 B 2H 2,
322 WAL ARE R T AL
N T k2 BEAR TR A R, A S — 20
2405 R 3A- ML . L, B b 21 48 Se i K
FEHL A R 23 O Sl me R H D) R it 22
VESR a5 o LA—J 01 oA Hi it 20 2 v A F L B
M BIAER BT F /0 Ry B AR SRR, N7 3 A L M R 2
A E PR, =X (12) Bi7R .

r
min F:sz,L
=1

N21+N22+N23=Ng2
Ny Ny, szeN*

AP 1O PR BT 48 4 B s V., R o 5 20 R b 2 2
H R BT B SRR B A5 IV, N, N oy 5390 D H
MR 21 | R 22 . A L A 23 23 IC BT A R i BT A
BN, it 2 2 Fh H PR OT A SR N O IE R
WS

N BT ANZE 1R, FEOH Py P

(8)

(9)

(10)

(11)

(12)
s.t.



£ 38 AR A R BB A BT I R AR AR A G B4 L it 202 s S 57

P 0 7300 O HUTBAR 21 FEL T 22 | LA 23 A HRR
FERCAL T S e I B, P o B A

®1 N, WIHERE
Table 1 Calculation method of N, ,

R A N
o Ph2<Pg23max Ny
(Ifhz>0) Pg23nmx<Ph2ng23max+Pg22max Ny + Ny,
Pb2>Pg23mux+Pg22mux Nyst Ny + Ny,
o PhZ?szlmax Ny
(Pb2<0) Pngmax+Pg22maxSP})2<Pg2]max Ny + Ny
Pb2<Pg21max+Pg22max Ny + Ny + Ny

3.3 BESSHEMSBTHZHES A

56 1 BESS WHF 25 1 73 BL 2 5, PRI AR I 21 fo
F It 55T SOC 8 FR B 2] , AR 8 SOC 4 H Jitb 25T %) 43
S E AT RN . B 0T X A F b BT R T [
%S W5 BT A L BT SOC THFHES , 4R i Hi it 20
L2 A N B HE 57 T v ] 49 L st S 5T X0 53 45 H
T ZH 1, K 3 4 F it BT R A3 25 FRL A 25 SRS L EE R
X LYt 2H 2 Hp ) H b PR T8 BE SOC TP HES , &5 A
2 1 L b BT AR B, R ECHE P SE T IV, 1 R
JCAE N R AR 21, HEF v E) (0 N, A H R IT AR
L Tt 7% 22, HE T 55 5 A0 NV, A L T B T A N i
%23,
3.4 HithiE 1 FEMEBETHINRSE

P, g Rt 1 P A E b BT . B
FITHY i RSB A P, SEHLIE P, <0, 5
HL A Py >0, FELHILA 1 A H b PR ) ) 2R 45 T 5 6
.

1) P, =0 A 2853 Be SR g

FEL L2 1 S A L BT Y T L RH TR
0, RP T A L il 34 40 1 PR IR AS o

2) FEHLR A A TR 43 T SR

P, <O, B 1 THETRBRE. &
P <SP, <0, TR 1 /b it B2 T Y S A s, H
T A AL 1 SOC Fe IR 1> HL L B G 7 L 5
2P, <SP, <Py W B2 1 SOC f IRy 2 4>
F b BT AR T 8 o 0 ik e e s DAL R L &
SRS I W el R R T < G

3) LR A Y T SR A3 P SR

P, >ORF, A 1 TAE TR ARE . &
0<P, <Py, WA AL 1 SOC i /9 14> H it
BT 345 Py <P, <2P,0 W H HLHEAE 17 SOC
T e 1 2 7 HL b BT BB TSR 8 43 i R 5 DA
DEHE, E R AL | TP T I ST I I
3.5 HH2 FEMBEITHINESE
3.5.1 W EM AR AL B 3 E 4R

HE4E P, 19 I B 540 7 H b 2 2 1) T AR RS IR

E 3™ HL AR R SR, AR 4l Fi b 7% 1 K 7 i
L) 5 S ShVRITUT X) P, 54T L2 TR A L, 5 B
A HL R A DR E T R A

1) 70 HURAS 1 Ty R 43 B S s

M P,<ON, Hb gl 2 TAET s BURA , LA AR
It FL b A 1 SOC 1 2 FL BRI S < Lt 7% 21—
% 22— HLHLRE 23

P, 2Py, B HUMLUFE 21 AR HH 4 88 A 3 5 2
R 4 MR H b A A AR R AR U S P, 7 FL Tt AR
21 [ F JZ2 D # B 5 H it 7 22 AL L% 23 AN Sl fE
DAYE /D 70 i R A e A U B

B P it P s SP o <Py, I 2 L MLFE 21 7 2
DU KSR D) RAa AT, i % 21 rp e i SR T 9 1)
IR A R f K e ML D) 3 5 A 22 7R A 1)
FRIEH, Iz TR T 7 i 00 A A I D ) S R A kg
RIZHAE AR 22 19 T 2 TR B s b AR 23 A
-

M P L<P i+ P e I+ HEL LA 21 FI1HA, 77 22
B DL K e D 3aa 17, 45 Ut S s i D R 1 4R
AR B R T L )R B R 23 AR TR A T R 225,
Ff e R Yl 5 o 430 AR e AT D) R AT L A 23 TR R
Bl I ¢ B) B2 M T

2) R FELR A A T S8R 3 T SR

M P,>0 0, A 2 TAETFHURIRES , LR
I L b A7 7 SOC 1 a2 FL BRI A < H it 7 23— Ha
R 22— R 21,

PSP I 2 BT 23 7RCHH 42 AR A I 19 2
R 4 IR F b A A AR R AR U S P, 7 L T AR
23 (9T 2 A B 5 B AR 22 R b % 21 AN s
DAY/ 70 i RS B e U

M P s <P 2 <P st P IF 2 UL 23 55 22
DU KA D638 17, B0 b i 23 v i it BT ) T
ST A R E R D)% s B b A 22 AR A )
FRIER, I 48 TR by 75 i 453 A A D S B e 4 T
PRI AR 22 19 N2 DRI b AR 21 A
E) (=

BPL>P oy P o W LB 23 T HA L5 22
BV K T B 17, 454 B it BT 19 Ty 3R
64 Ry B R R TR 5 LY AR 21 7R HH ) 4y Ty R 2
B, F e IECH it 7 A 4R S AR D D) R A7 F b AR 21 1)
CERLA=ATRe ) B <0 N T

S e HCRAS SRR TN H b 2 2 A HL
A P SR BRI 1) 23 53 O SR s, Bt S C 3% C1 TR .
352 WHLZH2 89T B FE oK%

R 4l E b 26 2 v 3 4 itk A AP ) ) R 9 Y
A DL B Bt 57 v Bt BT R BRI T 4 SR
B 34 FEL A v REL S B G R D EE R T 48 4, S8 AR
HLYth e 2 19 N 2 TR



58 ® 0 & % L %

%43 %

1) R 1t 7 i 0 R B A

LA el 7 1 1 ] B2 JR1 0T P ) 2 i 40 FE L A M1
A F b X AL b A it B0 Y FE TR O R
50 I R diAE L it A e

infLmdt
L, .=Ae A (AS, )05 ](ifi,t (13)
L0 =P it/ Py;
AS;=P . Ai/C,,
2P s m Ay YA v B R BTN B L, O LR
FHER A FL T PR OT Y 2 S R R IR A D R AR
WUE R 2712851, ,, R M0 Th 5 S HL I ST Y 5T
AR s RO UM H, B 8.314 1 / (mol -K) 5
T, R il B A SCR A 2 298 K5 AS, by Lt % 45
LB FITHY SOCAE IR 5 P, Py 2090 1 6 %)
P Y% AR 1 F L B TC 20 G Y FE TR T R UE AT
LT A i BE R RN RN s €, Ao 4> FiL It BT
M KA

2) e R FEHHL D 3243 e S

SN GRS WV PR e R P e p A
ZRAFRIHTAR T, B T o B B T AR 4R A O HiAR
RFETHHBINF,
3.6 BMHBTHEMMINERRATIES

F b B T AR BB A3 T () D R R R AR L 45 H
Xf D ARAE A FEAT A R, AR AT il 2 I T 2
M

DIIRAR,

TEHLE P IC s T FE b, A R A R AT
CINGGERTUC TR S AP B S Lo

)))))

P, = ' | (14)
S|P PSP

K Py, o0 e 2SS G A4S BT Y T R TR
P, B L BT Y B TT R I R

2)SOCIBfTIH

HERRAL B SOCXT T LM ARz 1T B 2
AR R R 12 B e B B v B L it T
B SOCH”, izt (15) fiR .

J"hphivzdt
+

i,t—1 C )
S..= ! (15)

fPhi.,dt X
i,1—1+ ndcui ﬁkEE‘
A S, S A A =125 A L PR T Y
SOC,
TEIBATRE R b, b s A b S s s i
DAREAR A i 400 6 , SR FH 5, 505 AR i P Tt

S

TEfY) SOC R HFTH ST, BT 2
0 Si‘l—l>Smax,', Siv[_l<Smini

oo 16
bt Py SuiniSSL1SS e

2 S, S 731 R 565 0 AN HLIE .58 SOC 1Y I
TRRS

4 EHRESSH

41 FESHEE

A S BT 2R H X Py AL S R
100 MW 1) R HL 3737 S F 5 % 4, LG 4% 1% 2 5 1
BESS ML 10 MW /20 MW -h. HiAth A1 562500
B SR C 3 C2. 3R HUZ AU 2 G0 BR B 5 K 24 h 1y
FETHR), FH DA 35 A SC R 442 1] SR s A8 250k
42 HERHW
42.1 Rl A Hag 4R IR 4

IBAS-SDT 5.7 1 5 A0 5 45 I B i B i 48 R 45
R 1 (a) s . i BRI 2 kAR BGE # 16
B, R4 % O AR B H e ML 5 X4k AR EGA 3
31, 4R m A% B 29 4 2.296 , FAF T A A , % 10 038
R R 0.673, JE4E iR 2 K 1, K45tk
0.236, TEHAE EAE T 2K ISDT 553 2 HXU L i 34
B, A5 R E 1(b) Fis , JEHREE 340 S a3k
P i

T T R R
O = N W kW

2‘0 3‘0 4IO 50
B
(a) FEORHEAH R £ B fe

240 480 720 960 1200 1440
[ [E] / min
« WAL S
(b) XA EHEdE A
E1 IBAS-SDTHEREEREEL
Fig.1 Wind power trend extracted by
IBAS-SDT algorithm

J T ik B IE IBAS-SDT 450 v H HU XU H, i #4
B A RO B PR Es SR 5 SDT 37k 8 B 28 X 2%
(convolutional neural network, CNN)"7 [t Hicgh 53t
Xt . M SDT 3% . CNN . IBAS-SDT 572 41 Ht
XU FE A e 4 158 22 30 O 1.421.,1.325,1.000 MW,
A WA SCIEETT A IBAS-SDT 5572 BE 1% A8 250 b 12 XL
LIy EE N



£ 38 &

5 U B D FE 0 45 oA E R F M 0L ®

422 BESS#y4ER

B 2 b A DRI 18 4 P, P, S
RUWE 2, mERE, P, A F[-2,2] MW B %L
P 5 U oA 94.93 %, PRI R b 4H 1 0 25 R 43 e 4
K2 MW /4 MW -h, ¥ 43 75 5 8 MW / 16 MW +h
SYPL HL bl 2, OB 2 A F b PR R A 2 b A 1
SN ML B TR A b g 2, AN, BT IR 5 iR AT
L P, W EEE SN T [-10,10] MW N, P, 2
PR S A 3 5 U BN B /N R R P, S U B A
A P BNIR R AR R

3
z z
= =
N0 N
= =
_ -3
0 360 720 1080 1440 1000 1030 1060
fisfa] / min fisf ] / min
(a) HLThAL 1
20 10
Z 10 E
= =
~ 0 N 0
= -10 X -5
~20 -10
0 360 720 10801440 1000 1030 1060
fisfa] / min fisf ] / min
(b) HLjh4l 2

— A, - TR
H2 BtANNEESES RIS R

Fig.2 Power regulation signals and response

results of battery groups

SR I R A P, X B Tt 41 2 (1 P 3 25 e 1R AT P
K, & I MATLAB ¢ F H () CPLEX T H A3 3K fiff 5K
(12), AT A3 R[] 43 Bo 45 5 T F b 28 2 9 S /E B,
W s CE C1 s . Y2 2 ZhE R B i
g3 BE 25 FEL L 21 L RV 22 FEL Y R 23 1 HE i
TCNE R 3.3 .2, X N Y A A BC 4 SR il ol
3MW /6MW-h.3MW /6MW-h.2 MW /4 MW-h,
4.2.3 BESS#iZ4T4 R 5T

FEL Y2 2 HP 3 7 FEL Y 110 T 3R 1 i 4 R
ERANE 3PN . EATATL, 34 H b R A0 SR 78 5L
FE, IR W R BCR 0, B8 3IE T HL i 4H 2 v 3 H R
Z BV AN AE F0 5 BB B % i ] A8

21> H 2 % T 3 g 28 SR AN 2 TR o fl R
AL U2 S Fh 2 R AR S TR [ B R HE A
HOBRER . 5340, 9 HL b 2 A9 SE PR 78 R D3R X6 p ik
RN 0, 3K B UE T A SCH 24> H b 2 AN A7 7F FE L
FL BE X WL N . BESS (19 21 90 75 15 4 K i J 2%
SOLEH SR C I €20 HERIRTAN, B T &8 43 22 Ty )]
T8 A 1k BESS 1Y £ K 7 HL D R R il 4, BESS
LA T X TR TS A B HERR RS . BESS

5 3
Z 0 Z
= =

N -5 ~ 0
= - 10 =

—15 -3

0 360 720 10801440 1000 1030 1060
fisfE] / min fisf ] / min
(a) Hh#% 21

3 3
= =
= =

~N 0 ~ 0
= =

. -3

0 360 720 1080 1440 1000 1030 1060
fisfa] / min fisfa] / min
(b) HLIhAE 22

15 2
Z 10 Z
= =

N 5 ~ 0
= 0 =

-5

-2
1000 1030 1060
M 1] / min

0 360 720 1080 1440
M 1] / min
(c) HME 23
— YRR, - - - MRS
B3 BRI RETE S RmE SR
Fig.3 Power regulation signals and response

results of battery clusters

B AT 4% B BT Y SOC AR A1 1 LR 51 € /& €3
424 R owIRIFE R &R RN

KT 2RI AR SCHE T r P o w1 AU
PR VR B TR 5 58 (AR SO 82 WAl o 5 L
il 3R R EAT LA BR INAGRE R e my 8 (&
0) \BESS K &G 1) 3T SOC — B RN A2 1T 7
Z(ITE 1) 4 BESS 73k 75 HL AR FL 40 R FH
BRI EBIT TR (TE2) . 4T EMIEM
D LA RN &l 4 B

T TR b A AR SC O R ) R BRI, SR S
BRL 18 | A BRERBSCR VT 8 bn T, AT VP, H T3
N

1 T
=]1-— X
T31T2¢1m% (17)
Pw,z+Pb,t_Ps,l
b= (18)

s b, ¢ B 210 XU 2R G0 R B2 R 0] 1 D % Al
F5 P, P3N ¢ 15 2] BESS FY i 7 25 5 | 2 R
LR

T3 Ah AR IR R T A HL 3 0T s AT B AR DGR
FE B 1 min 110 min Ff P 2 28748 Ak 3R IR vCBUVE A
PRERRCR TR FE bR o 4 Fh 7 22 00 AUA% R B SR T



% L H B

%43 %

70
z =z
= =
~N ~N 50
= =
30 -
360 720 1080 1440 840 880 920
fisfa] / min fisfa] / min
(a) HEO
70
z z
= =
N ~N 50
R =
30
360 720 1080 1440 840 880 920
fisf ] / min fisfa] / min
(b) %1
z
=
~
ﬁ&
=
360 720 1080 1440 840 880 920
fisfE] / min fisfE] / min
(c) 2
z
=
~
ﬁ&
=
360 720 1080 1440 840 880 920
fisfa] / min fisfa] / min
(d) A%

----------- FRRRBIIR, — BRI, - %
B4 4F 7RI M f LT L

Fig4 Comparison of grid-connected power

curves among four schemes

WAL 2 s, HRATHLER T IrZ 050, A
BESS J& HAt 77 %8 T ik RE 12 BE 50 v 1 e e 02 9 2
T, R B I AR AR AR, BAS SO 7Rl
FR DRI ITF LT B8 T 5 A5 %
— BB ERERRICR

R2 AMARMREREIRIEMER

Table 2 Evaluation results of wind-BESS

tracking effect for four schemes
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Grouping control strategy of battery energy storage for reducing
life loss under wind power tracking scheduling plan
YU Yang'?,CHEN Dongyang"*,WU Yuwei'>, WANG Boxiao'*,MI Zenggiang'~*,CAl Xinlei’, DONG Kai’
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Baoding 071003, China;
2. Hebei Key Laboratory of Distributed Energy Storage and Micro Grid,
North China Electric Power University, Baoding 071003, China;

3. Electric Power Dispatching Control Center of Guangdong Power Grid Co.,Ltd., Guangzhou 510600, China)
Abstract: In order to solve the problem of high battery life loss during wind power tracking scheduling, a
grouping control strategy of battery energy storage for reducing life loss is proposed. An improved beetle
antennae search-based swing door trend algorithm is designed to obtain the optimal compression offset, and
then the wind power trend is extracted. The battery energy storage equipped by the wind farm is divided
into the battery group 1 and the battery group 2. The battery group 2 is further subdivided into three
battery clusters. Under the condition of avoiding the charging and discharging energy hedging, the power
regulation signals of two battery groups are calculated according to the wind power trend, based on which
the capacities of the two battery groups are determined and the capacities of three battery clusters are ob-
tained with the goal of minimizing the action times of battery units. The battery units are dynamically
grouped at the initial moment and the moment when the state of charge exceeds the limit,the power regula-
tion signals of battery units in the battery group 1 are determined according to the sequential starting
method of battery units,and the power regulation signals of battery units in the battery group 2 are deter-
mined based on the designed double-layer power allocation method. Then,the battery units respond to their
respective power regulation signals with meeting operation constraints. The proposed control strategy is com-
pared with other control strategies, and the simulative results show that the proposed control strategy can
reduce the life loss and prolong the remaining useful life of energy storage to a greater extent.

Key words: battery energy storage system;life loss; power allocation; wind power tracking scheduling plan;

control strategy

(E4% 45T continued from page 45)

Distribution network fault recovery method considering balance of interests between

integrated energy aggregators and power distribution company

ZHANG Xiaohui',PAN Yongchaol,ZHANG Lu',TANG Wei',LI Jia',CAI Yongxiang2
(1. College of Information and Electrical Engineering,China Agricultural University, Beijing 100083, China;
2. Electric Power Research Institute of Guizhou Power Grid Co.,Ltd.,Guiyang 550002, China)
Abstract: Integrated energy system(IES) can adjust the power purchase/sale injected to power grid through
internal flexible dispatching,and a large number of IES integration can improve the fault recovery capability
of distribution network. To address the problem that the economic requirement of IES is not fully considered
in fault recovery of distribution network,a distribution network fault recovery method that takes into account
the benefits of both integrated energy aggregator (IEA) and distribution company is proposed. The calcula-
tion and distribution models of fault power gap in distribution network are developed, which provides the
optimal distribution of power gap in distribution network within IEA among various IESs. The game strategy
between IEA and distribution company is proposed,in which load shedding,network losses and compensation
costs of IEA are comprehensively considered. Simulative results show that the proposed method provides a
better fault recovery under the premise of satisfying the interests of IEA,as well as the price compensation
mechanism between the power grid and IEA.

Key words: distribution network ;integrated energy system;fault recovery;integrated energy aggregator;game
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Table C1 Power distribution principle adopted by three battery clusters for
group 2 in different states

Ty 343 e S5
RE %1t
I % 21 HLb % 22 Lt % 23

Foo 2 P 7 iy 1 FE IR A W W E

FHARE Pt + Prazmas < Foo < Fpima S FNF IR R S e & W
Foo < Potma + P BRAEIE  BRAEFE A BRI
Fp £ Bo WE W % A BFE B
GRS Posmas <2 < Pasnas + P W HaBFERE BB IE
Foo > P + B HEaBFERE  BAREIIR  BRAREIIR

FzC2 NEBIHK BESS &#
Table C2 Parameters of wind farm and BESS

B HfH
JAHL 37 2 ML A /MW 100
HL b £ G A 2L 10
AL B A B /(MW -h) 2
RV B T R K S /T R T /MW 1/-1

Smax/Smin 0.9/0.1




12000
8 X | X | X | X X| X| XX
11500
7 - X | X | X | X| X|X|X
11000
s 6 9412 9178 9554 X | X | X | X | X | X
&
B 5 9036 8698 8646 9165 X | X | X | X | X 10500
B
=
3 4 8980 8508 8342 8459 80 X | X | X | X 10000
o~
a
£ 3 9165 8606 8309 8290) 8463 9036| X | X | X 9500
T2 9554 8924 8532 8373 8416 8696 9412 X ‘ X 9000
9433 8954 8630 8602 8759 9244
3

[=}

.. 9554 9160 8980 9036 9412
8000
0 1 2

304 s 6 7 8
L 2 1 L A T AN
B Cl ARSPEERTEMA 2 ManfER#

Fig.C1 Operation times of battery group 2 in different allocation results
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