U ER TR

2024 4F 7 H Electric Power Engineering Technology F43E F4H

56

DOI:10.12158/7.2096-3203.2024.04.006

P 2 e 5 T 0 2 DB RE D P B

REM, @A, Zk, FRE, 25
(Lo PUIREAHL S TR, D1 RS 610065 52. [ 1000 p 49 HL ) 24 7] 2 B A S B
T S 4500523, [ DU 1144 Fh Jy 24 R 2B BRI , DI R 610041)

i B oA XERENEREH AT ERGELTEEAT, 8 RBRERAEHA XK R4, 128 RAEFER
B3R 2F M b ) T S AP, T, R — AR TS RS R BAT e R XN B AF B2 FRY
TN & RAREMALEE 7k, Bk, LS RMAEREMAEFER LR, AT ERMBUELSFHAMLE R
A B TS AR I B kG, BB TR R A EAT, B AR S IR Bk xE & R BT A il
BBl XA T 6 KRB E 7 R, JBIM5 ALEREY, P BT ok 7T oA 2R T e s M oA X OB R 434t
7, BIFHTFHT & RAEALAT 69 Bt b W T Sk, A8 X 4 R T A AT AL TR Bo bk o) 69 S B B R

S TSE M 2 & Rk A Sk R A Be sk p ) 5 KT 4h

HFE 43S TM732 X RS A

0 5

BAIHL T R e b oA BT IR A B T LR
R, Hoh 3 A AOGAR DL B A 1, o i
W& X AT A EREE ), & b T o0 A 2OGAR T 2 1
B LRI A B T R KB A A SRR %
R T SRR AT O — R R R
R, AT 0 A SO R i b e T AR TR
ATEEVES ARG LI B, 2017 4EOK, 3
I AE U5 IO A% EC 1) 2 B 5 B TR X 28
23 KRB B AR Al (4 A , AT 3T RE IR T i L
1 1) 3 SRR () 0 A i A D 25 R HORMER,
FEARAERC H R 2341 O IRA RO MR Fir e T, anfar
AL & XAt RE B8 R C L, A el 5 XA R 0
HA 0T 1 2 55 1k 5 v AT 36 Pk Bl ik 1 BF 9 1
ME R

HAij, CAFXTBCHR M & XA RE A58, STk
[10]4& ) —Fh & DX AT 45 3 IR 2R 5 T vk K b il i
FEEME , A ST T & DX AT R 5 06 A0 4 45 R
733 SCHERL 1L BT PR & 8 33 I s 2R &
X B TR T I EAR AR Y & X 2 JT B far D[R] 42 1l
S, AT LI SO TIE B AR R 1Y T8 90, B AP 04 /97 £
JFEBI A P S 58 1B RS T . UL EpERm
T B R IE B 1 SR, 7E & AR R Y C B
THABHEAN X 12 ] FEXRER 6 X2 H
PRt T RRE R GE W PR 0o A i Al B, S22 T
TSR L & DX AR Ak A e 2R 48 LU 2%
WA B H:2024-01-12; 44 =) B 47 :2024-03-08
KR a AR ARAFAET R A (52177103)

il

X E %S :2096-3203 (2024 ) 04-0056-11

RECE AN AR GEG BT 5 SCERL 13 T TR R
1 XA SURE RESE A I RO R, F TS A BB HE A I
FIET AL R e & X 20 O IRIEA BT
PA_EBTFEAE 6 DX ik BE 14 10 AL E B 07 10 #E AT T 912
R IR BEBC B A9 28 TF P IS 200 B M)
MR TR Ak BE BB B L B PR BT T R, SCHR
[ 14 ] A BE 2 A= i JRL ST e 4 A XUB 2543 AT A
JEXS A RE PR 2 i A D A AT 5 SRR 15 ] 2 15
RS (1 RO RE R B AR 4, il il RE R A 7
JHBCFEL SR 8] P X ) D L, S B A 1 e 6
KA 5 SCHRL 16 ] i Hh—Ffit e 87 £ & 7 75 SR Wi o7 1)
B v O TR Bl B 28 ' o 2 i DIC A T B D 35 Gk
(17 IR RUZ A IC BT, )22 FE LA i i 4
SRS HCHL L2 T AR, R R EOL AR IR
BATHAS o LSRN B 25 18, 75 B A6k fiE
P B AR BARRENS AR I M 2 D i s, (IR
P Bttt RE X FRL ) AT SE R A2 o 7 TC R 1Y AT
PEVERS OWTFE b, SCBRL 18 T 57 1 26 T IR BEHIL 11
Ay e R AR BRI S A AL Tk, XHR A o A Uk L &R
GEBEAT Al SE R PRAl; SCHR T 19 148 Hh—Fhod T T R
)-1247 P B A F ) T SR A O ik, SEBE TR
Pe L A [R] B 2 4 B A AR P Al 5 SR [ 20 ] 4 i
A BEH a2 5 4R o B A R D) 45 i (] 45
ST T R T RS S, AT S BR Y E 4 i 2k
A FL P P SRR A PP A 5 SCR L 21 ] % JE R 5
TR C A ) FAL S, i 1] S (AR
55 R AR W RUZ TEZRRR 5 SCRR [ 22 ] B % BLA A 5
FEL R ) ] SR PP R B, 2t — o T O AR Y 110
A IR R I R SRR T vk 5 SCRIRE 23 ] TR T



57 fif A S5 T MR S TR B XA RE DAL O

HAL PR RS REREAR SC A AN B 2 1, 42t E S
RGBSR, DL E I FE A ol 56 1 B2
ST, R RE DT e B e LA S fRLJC k Afei 4
Pk EEE . SCHRE 24 13t Je e s Rl Sk 50
AT, AL SR RE R RSN 2 RIEAGS
T A L AT SR AR R e o 1 B A1 A R SR Ak g
(L ik 7 2 BT A P 2k B ML) T 6 5 SCHIR[ 25 ] 48
H— b5 8 S 20 A 3K H IR IE R 1) T R P 7T AL
TRk, 75 R 22 B LA AT JE M Y £ BE L AL T
BRI SR T CHE 1) 58 BE A SR AT IL A TR R . LA
LRI ST AR S 2 (HIREE T
T EBC L M & XA SEPRE I o

BEXS LA 5 XA REHC B 7 ik A 2, SO i
5 XA BE S BOOBT RE IR NS — P i 5 B IR & BT Ik
ARG XAEREILILBCE T k. BB, £ TR
X fHREZE DR L DU AL 45 R 2E AT HL I ] S PR AU B
IR A U PR AT SEME 2 4R FE R AR 0 BT 5 X
SERENC &7 VF 00 s B, 55 T 2B A ith I
& X fHREf Rl 75 5, i 5 XA E S B
REPRASCA E  Ai OB IR A il 30 H
UEIZ T3 VR A S5 e S OB, Sy 310 B RE U B i
EAHRERCE H G5 I SRR

1 HFRBpET

LB AR RE A B AL 2 B AR, (e Ak 7 2 6
REBC B ZE TR IEAE b 5 o P B 58 R Ik etk
AR B T IR T AR S 5 R R B PEA, 45 31 Hit g ]
FEVERRR
1.1 AXfEREREHEREEX S

TEFCHL R A it BE AT DA A [R) FL TR 55 4%, %
RAEAF AL E . LI B3k [ 2 HOG AR I A R
B, B X% AE S C BT B IR 3T 2 (it R B 5
Fo BRI TEG G XA AR A3 8
Mo Gt XARREME 4R AR G X, T
SR MR I S AP B X AR RE IR A
F i ARERE ARG I LI | A M RE AR A KT T
By, AR TH 5 DAY L RE SR R AL R0 22 4x 0 00T AR
SR BB A i A R

G & X AR B AR, & XAk RE ST
REPSRL 2 ey 2 AT OB AR AL B 9% 7 52, i B a i v
BIF MRS, LA R BIEA T, &
DX A B AN 32 v I 38 2, 30 o R 44 v 1) 24 5 £ E
FERHL IS , A G AR A L X 5 X R B 4R T RTH
PRy et , S HEL 7 Bk N R D RS £ T F o A
5 XAERETT H 58 a5 55 , BUR Al AR X i) ot

IR IBCEL A RE LU BOR ZERARAT A L A OEARIT A
i, DUERE A AR O A ORI H 16 1, S AT
il AR B 9 25 TR B
1.2 ARfEREFEMUEFRE

N PEA LB B XA RE Y 22 DF A, o
X HEREA LA 2 DR AL, (10 AL 75 51 i i
Fr A AR 2 Tr P HE AR o
1.2.1  HArek%k

BBE & XA RE Y 22 U 1 H b ok £ 155 ik RE 4F
PR A RE AT 24128 4E A | il BE 75 il 45 A
A R i) HEL PR A RE R A4, LR SRR A

min Cpeg = Cop) + € + CF - RS (1)

s Cos B XAERET H ARSI A ; C.) fififE
PIREBNA ;s € I REAE IS YA s O fiti e
FRATBUREIAS s Ry S BEAEAA AE 1 1B )RR L fiE 1)

(1) AR BRNAS

St BE L B0 B0 A 1 20 A0 A5 il R BRUA
FAtReis e A

—

el =

2z
=
K. s

ESS ESS ESS
Cim‘ = C(‘ﬂl] + Cnp (2)
ESS _ ESS Ppgs ESS Epss
Cin =Bss(1 + /\OP) 2 (P7c, B + E7e,™™)
iefyss
(3)

r(1+r)"es
Bess = (l-l-r)—T’“—l (4)
s G WA RAS VT A 5 Brss I RE LA
ARG A, NIBLESEGE RO R Qs h
TEREAR IR RR A i | o 430 At RE A E 2
SN A S REAIE 25 bk BT BUAS ;s P LB Gy
R R A RE R UE DA BE A s r AT L
A Tss AHREBLTT IMTISAERR
(2) fHBEFAF AT ALAS o
filf REZF fil 104G 5 ik BE 19 F8 I 1 L IE T ]
I, AR RE AL T 550 v A i Fi AR 2SRRI, o G
SNV B 22 I 2 fin b H 75 i 8 0, R 74 i 46
FEREL A, HEATRAL
A, O0<E(r) <05
ne = (5)
A, 05 <E(1) <1
s E(e) 1 s i ARAHRE ¢ I BIAY AT AR s A
Ay ASTR] a7 PR A IS 11 77 i 45 R ZR 48
fift REZAF A P AE AR T A 30 -

24

Cir =365 Cy(1) (6)
t=1

~ 6,(t) 0<E(t) 0.5
G (1) = {52(t) 0.5 <E(r) <1 (7)



& AH) ALK 58

Bl(t)zclichl(PESri(t) +PiE,b;Es(t))Al (8)

5,(¢1) = Clil’e)‘Z(PESj;(t> + PLEZZ(t) ) At (9)

e Cu(0) i RE ¢ I B 1 43 i 451 #6 A

8,(1)  8,(1) AN [FI 4y HL AR A ] F) 77 iy 5 4G 2 7T 5

Crie A A B B FT B H A A AR FE LA P

PERCE) YRR 80 ALK RE ¢ B B TS B T
Av A RE 70 R P 8] 18] i o

AR M (7)) 5o
(1 -L())M<E(t) <05+ (1 -L(e))M

(10)

-(1-L(t))M+05<E(1) <
1+ (1 =L(t))M (11)

8(1) = (1 =L(1))M < Cy (1) <
8, (1) + (1 -Li(¢))M (12)

8,(1) = (1 = Ly(t) )M < Cy (1) <
8,(1) + (1 - Ly(t))M (13)
Li(t) +Ly(1)=1 (14)

A Li(e) Ly(2) g 0-1 72845 M —4> 2RI
B4 L(t) =108,0<E (t)<05HC,(t)=
8,(t); =z, L(t) =18, 0.5<E (t) <1 H
Ci(1) =8,(1)

(3) fitrRE ] H IR IO BE A WA 4k o

& XA g S0 T I 90 OB AR PR 2
A AR R F e, 0 FL D 2 R A TR o
HL AR, TERGE 1 O AR & HE AN A2 1% P HEL A7 £ e 0 B B
i REAIRIE Pl o 1) s A, K A 1) P B RS ik 2 F XY
RHAEIW R -

l?dEi5 = 365 2 /\Poalpf‘flsi‘s(l) ( 15)
=1

e A ARG
1.2.2 & AF
(1) HCHL R Zh A2
i FEL PR A ] i T e 36 v 2 L ik ) 2 R
PR FPBR S -
Py=rli= Y (P, +P) (16)

vew())

Qr%’% 2 (@ + Q) (17)

vew())
U =U; = 2(r,Py +x,Q,) + (15 +x,) 1}

(18)

(UI)* =P, +Q; (19)

Ao A B Y R AR S e 7 AR
BT R Py Qg 3 B9 A i il 9 A 1A T
TCH s Py, L Q3 5 88 I s v A
FTCHINZE ry w0 g B RBH BT
I, MRS i ERHTRIRE; o () 51 87 AR HE

ANTETT 5 BIART S BE AR BRSSP L Q) 4
BRI DRI E AT, U, | U, 53908
TS A R R A
WE A IEATIR P, ik A0k
P =P' + P 4 piS _ pt (20)
Ao PP O i RS M S A ThEh R P
H s A R Ty PE O A T
i far o
(2) WA HEEAH,
BN S H R 0 Bl AN BRAE
Ut < U, < UM (21)
Ao UM UM A s R R
(3) LSRR,
T A L 2 6 L A PR
< (22)
Ao 1™ RS 5 IR E
(4) FEREREE LY

0<P™ <P (23)
0<E™ < B (24)

Arh P L B G2  RE SR VP24 1 B o 3¢
SHUER R 6, WBUE RS BUE AR
TN P

(5) fEAE AR 2R

SanERS < E (1) < SWCEPS (26)

A So L San 49 B 4 HUR S 1L R R
AR

(6) FHAERTHUIRASIELHELR

[
E(t)=E(t=1) + [n,P(1) = —P5.(1) | At

M dis
(27)
K ma « na SRR TE HRACE
(7) fififeh 1290,
0<P(1) <U,(t)PF® (28)
0 < PRL(1) < Uy ()Pr™ (29)
U,(t) + U, (1) <1 (30)

A Uy (1) L Uy (1) D9 0-1 283, S5 A ¢ I B
fERETE IR
1.3 ARAERERE X Al S AR M A IE

Pic v P £ R A B O, 23 A OB 5 65 X il g
S5 A AT U AT AR P SR M R, D T
HL R GER I ], FEAR T L R G B 2k 1Y
TS5 98, A e 1A R F R A B AT Y fE
71, BC L Ry Al S A ] ARG — E R LAY P o fEIK



59 fif A S5 T MR S TR B XA RE DAL O

REFF SRR MR 6 X G B S 1 L
A 1 e BB 700 3l 40 2
1A P R e

0 (< IR R 1 U el T B T
BB S5 B B 3 59 A R T 5, P
P BB 2 R T A 2 4 B B R B
EEALUF 2 RS (1) Fileh % A b b
e R MR 25 P AR A TR o LI
ML ARSI GO 32 1. (2) il I e
I GBS A A R A 2,
R 085 L T 32 5 s R A e T i
T I S L U e T e B AR
G HRTHAR S 5 A B T K5 F I L, T B
H Fe i HE T3 T PR R T 5 T

BB A1 SR (R A A F 8 23] i
R, TP B B o i EhL 2R B 3 I 57 75 0
o AR 3
1.4 R A X FE AL B F AT ST A

LT KRR 25 B 220 P O 25 5, % i )
ST ATRERE A B TS AT
LAl WIS

(1) SRR AT, Atk e B
SRR FE 10 BT, 6 38 1 6T PR D5 4515 £ 45 40
£ B RS

T(a+B) (I a-1 7oA

ﬂnznwrwﬁ%) (-7 o
S 1R MR B 1 e TR 0 B
() WITHEREG o . B HBRER.

LR [ 75 45 10 5 0 45 0 £ o
i 1 O IR 1 b SR % Fhk o
5 Py SRS 1 106 2 7T FIA BB AL T

1
Pow— I<I
Py = { I, (32)

Pooye I >1

e P, pve NGRS R BIUE fi HH 5 1, N HE
JCHEGRJE

(2) BBEICrERE . JUPFAFAE 2 FRRAS IR
ABATARAS N GEBIRZS , 20 591 ol 1T~ 249 TG ke s bk ]
Tyirre BOVIIEUBEAB ST ] Ty 2R 1L BEHLAH
FEIC R WG B b 55 12 S 1], 2 &2 n) 4%
FUTCAFARZSBE [B] A2 AL A 3 51, BIICPF AR AR 25 5 [
FPA1, RO Fis 1T FAEAE 1SS B IRAS . ARG C A
YRR A RME SR w78 2 RS ). R
MRFNIEF B TPIR S SRR 1 H R, B
SR p AUR M ERAR S Fe e 3 IE W s 4IRS 1 B

o —RICH R TR ] Ty DLl 48 52 1 1]
Tre MR NFEHI A 2
T == Typeln 74
{TTTR == Tyreln 7,
e 7oy WAELO, 1] Z MBS A Y BERLER .
(3) Ey/R A R R S FEAAE R
i id K-means 5828557005 —4F A 17 fif B4 0EA 7
R EN 12 A WA G RFAE . C HL ) G e P R e
R LR, P T 2R AT SR AR R R R
AE G LEA [F] RIS 0 Z TR ) e e
142 AlREPEVEAS 5 ik
H T C A ) L DR e A3 A1 OB AR A RE S5 i
FRRFEARH B A B, D e TP B 58 R ik ik
PEATEC R ) T FEPE A EAL . SCH RIS B XK
REZCHEHI G 5 Hh T H X e A7 g o - 5014 455 L P (1]
ARARAE BL, PA] I 6 T 28 98 1 24 45 v, 455 52 ) (] 45 A
(system average interruption duration index,SAIDI) 3§

RUER R, TR T N
Y N,

Ryyp = "T (34)
it:qj Rsum ﬁ%%%i@{%%f%éiﬁﬂ‘rﬂjﬁ‘?ﬁ%, Nn, j"]“
ENES n IR SRR EBU T P FREE s Ny ol
—AENEER B P B 5 r, 4R 0
FOFFLEIS 8] 3 N, O 15 L B UCRR

2 ETHSHBEREINEXMERILER

Hy 28 TP U0 A R e, ) ] 1 DA TR LR 22 48
WG, B IE R ISR ) B S A RIX
MBI, R4 i 25 15 (technique for order pre-
ference by similarity to ideal solution, TOPSIS) #47
G BN ST 4595 5 D R R K
HERBZAE B . 5 AP BER AT .

(1) Zdfs b m Ak 3

LA IO R bR S HE AL, ke 1 o,

1 HERED

(33)

Table 1 Indicator types
F5 kit Bz
1 fBREA T /N
2 FL, ) T /Nl
3 JCIRMHIE AR RORH
4 EEi /N
5 HL IR RS A N
6 HL IR 3l /N

SRR T IR



2 HEHEAR 60

2 ‘Pl,O—l ‘

Kpy=1-—"—— (35)

T Npy

DOWAD

Ko Koy GRS I 4 A8 AT, 28775 B H I 34 44
JCARBIRE ST, i FE AR (B K, R 43 A 0GR
JIEE R R P, o Ry o B i SRR A
DT @ A E Ui 32 M R A T AR B TR B AR
P (1) gt BB EOGR s AT J15 Ny 51
AT HOCIR EE G T R PR AL

(2) BdEbruEfeabs .,

280 ieck <2 ST T8 6 1= N bt N [ 7/ B
SURTRD, A T T8 B A TR] 2 44 1 52 0, 3 75 B % 1 1)
PR BRI T RR UL A B BRAIEAS [R] H6 AR 72 25 50T
il HAS— S0 A

(3) mMhiff S5 msb mitH.

N TE 114k o o Ak 1 1753 B v 328 i B AR
BRI R . TERUGTHE T A
S ATE IR B AN N S e e, /MR R B
i T B L T8 b 4 F i 25 8 R 4R, 76 Al 1
HATE T R

(4) TOPSIS $F43i144

TR SRR & 5 B U4 b 5 St 45 HR A
RIRRICEE B

D= [ 3 (00 =B 36)

e D (B) | dy (B d CR) 50 50N AESS K
UEACH Y R 1 AR AR AR B AR AR A A0 R ER LS
5 w DIRAR A B 0 R LR 0 RIS w0 R g
VR INSS 48

amxm:x/igiww>—dmww>V (37)

Rt D, (k) dy () SIS kA,
i 2 SR R R K i L 56 a0
SRS .

AT 8§ RN S A A

D (B)
S = by O

o S.CR) WS b UG AR 41 ) TOPSIS 474
e

(5) &K fEAEEL

AT SLUCHO T 7B R
SESMR T RIS N, U RS 45 200 B
R 41

P 0 1 B D STV, U 5

LAY, G B AR P I T R T 20 ok UL
FIRHREX 2555 T AT EEPER 4R T

be af

R=——-_— (39)

ESS
The

PR Oy @ B AR REJa Al S8 M 45 Bn 2035 20 HE
rho s Y AAAERE BEEEHT S T SRR bR A

3 ARfERMHEETE

TR TR AT SRR R 5 XA RE DAL e B 7
L0 3 AR B AR AL 1 7R, b N O
SUSE K s B

i L BB 7
e | ke E P
E A ! i
K s || [ AUER b |
§ o e g
: e ||| T

o) || | [ SRR |
] P ) || ﬁi%Mﬁ#ﬁﬁﬁzgl
i AT AR | [ERKHRRE 5
! EREE AR, | || (RGeS E

; it || :
: ' [ v 0 ;
: TR RA LB/ E] |1 1] Vb o i, :
; ATEORRAEE %[ | [ B e b g b ;

R m A5 2T A
A A SHRER B R E T R
RG] SR AR

---------------------------------

TOPSISALHE 22 4k B $5 A5k 25 19
R S R 27b S ]

!
FRAR A T 2V fh 2 R
T B e B 22 12

DA (SRR R

!
X B EE A RE 220 T R I A 5t
Pic 35 435 SR e - i AR A 2k

AR B o T A SR 5 i LA 45 1)
R O AERE DR IE LR

E1 MRUBEERTRE
Fig.1 Optimization configuration process



61 fif A S5 T MR S TR B XA RE DAL O

(1) GTFERIRITE . LOGRA R & X ik
REM TR L S F bR R, 157 5 XA RE A i
AL TR, LA 2 & XA RE Y Zh R A4
TR I T RERE I T IEAR T o

(2) AIFEPERRPRITE . BT D0 IR o B Kt
A 3 A ORI A Y 35 T o IR ] R 0 Ay
AREFABBT TR JR 7 A R PO I e 72,
(EIAQ e b S VRS FIW S S R 7R S i La
VAL R AT SE P 15 B2 SR AT SRR AR .

(3) T TOPSIS Wf#REREHEE . L35 5 IE
ZUPPEM AT SEVE UL HE AR, X A1 B B X A
RERSCR VAT 250 5 PP Al , KRG PP 235 2R 308 B 1
REZCRETT ko SRR MR Il 42 37 57 i (o i 20 2
TR B E A5, U5 A A RE D) o i i R AUy
A MR, P45 G A ) M XA, ) A 5 M 5K | TS it [E
BITE B 2 oA SUAB RE+OLART B BT 58, S B nl
ST FH T,

4 BHISH
4.1 HHISHIH

T IEEE 33 9 G B B R GEEAT 541 3,
R AR SR AT RSO WL SRR [ 21 ], 4
LERIINTEL 2 PR

19 20 21 22

12/ 3 4 5 6 .8 91011 1 13141516 17 18

26| 27 28 29 30 31 32 33

23| 24 25 -7

B 2 |EEE 33 %5 SiRfh s
Fig.2 |EEE 33-node topology

& XAHBE A A TH S 8N4k 2 s, Hrh
JRKRE R A 56 FET LR 0 R A LT SRR 2 0
AN 2023 A 1T H OGRS @ AR, 4t
REZAZ L - 5 M R P b B 2 225 2 ATl e Sk
Al R RR AR R I, A A £ 455 A DG BRE VHlAA
N Iz i85 A

x2 fEBEXEFESH
Table 2 Economic parameters of energy storage

e HufH
R A/ [ I8 (kW -h) '] 0.394 9
SARA LB/ (SE- W) 1.098
lREAS TR 23840/ (I8 - W) 0.15
A A/ [ JC- (Weh) ™' ] 0.5
Hotb A/ [ G- (W-h)™'] 0.695

42 BRBEMELERSH
4.2.1 TFREVFTES ARG XA RENCE

hT LR RN R 2 B AE bR s,
TOPSIS X U5 rf 45715 s e An s LA T3 4%, 7
AT RSy S, I RS T 25 S, T S B
=R T ARSI R IE P, AR IAE E,,. B
TS WA AR, W 3 PR,

R3 ITREAFHEMATEENMEERUSITER

Table 3 Energy storage site selection statistical
results considering economy and reliability

Ri= S ave S, Ny, P../kW E_./(kW-h)
6 0.660  0.133 281 215 474
3 0.622  0.137 155 188 424
2 0.539  0.132 81 174 376
24 0.411 0.125 45 192 435
25 0.382  0.129 38 196 443

HIEE 3 AR, (1) 2358 e i HAR, W m
6 LB P B fE R, RIS B IR S &
DEIERE, 1 6 ECEAERERES W L 2 Y 5 T I
R, IR A 6 & AR RERR A 2015 455 (2)
Tl 24 PP T5 2 /N AR AR T R 24
Tt BE S X 25 MR PR BOGE HOR BONEE , A 5y =2 SN
BES A0S

CRE VAR AL 6 LACHERE, St 2R
MERETIR AR BB SR R E T B R
AR B AR X 3 A5 Dl oA T AU A
T RE DDA S A i B B R X RO 25 0 A
XA T AERE I DR S A R B AT S,
155 TR S A e i 2k 2 RN ] 3 4 TR

4.0
35t
3.0}

o5t

G20t

B 151
1.0t
0.5}

0

i RE ) R G Hodn
X EOES A A

02 04 06 08 10
T REDIFR/MW

B3 fEhEEFESHEHLE

Fig.3 Energy storage power histogram and fitting curve

AL 38 50 B 2 oA 3T DURS A 405 15
B F i S AR B M 2k, 00 A RE D R S
HIN BB LR 5. R 28 0. 90
HIEBERC B 45 50 0.468 MW/1.410 MW -h, JL &
izt REIC B 7 S REWE I 2 90% HL M AN [F] 37 357 Y
oK o BEIHE BRI AR 4 23 A OB R TIH 244 IR
fIRT 15% .2 h i Lo il e el AL B it RE 2 7 BOR 22



2 HEHEAR 62

1.4
1.2
1.0
%308
¥ 0.6

0.4

0.2

m— i R A B R A
MHOUES &

05 10 15 20 25 3.0
fEREZR /(MW -« h)
B4 fEeSEEFESMUEHE

Fig.4 Energy storage capacity histogram
and fitting curve

R ATLAARTS 3 120 kW % 53 A OGAR IF: 19 7 45, B
JEARARMY T AEBE AT S B AR O 3 120 kW [ 73 A
otk

b

05 1.0 15 20 25 30
EREDI /MW

() FEREDDE KT oA £k

05 10 15 20 25 30
A2 B/(MW « h)
(b) filfifiEgE & Bl A i 4%

ES5 ftBRELARRMAMHL

Fig.5 The energy storage configuration results
by the cumulative distribution curve

422 GROGHAREHEEETHEHT

SGAR A A5 BE ik B 1) 28 5 1 00 2005 LA AR AIE A
RENNRS i RE DL A IO BB . 76 5 DX Al BE s e BT g
PRI SEARAR Y 22 1) R 3 25 50 98 AR AT LA
R AR e R PRAUEBE BT A R

2023 4 11 H SGRAHR SR 3t © e =
1.098 Ju/W, {H 35 il i S KO ik (4 AN I R A%
FERH B RSB T ORI Al 2w T
KA 55 B o [ s L FL i i E 2R 8 14 B 1 SR I
AR T, SR A T BT A6 i KBk JF: k0 4
i, AR — > 2 ol 55 B AR A ORI B B X K

o BRI
LR IR AT IE R Al SRR & X AR RE I B 2h

Rk 0.468 MW/1.410 MW-h 3 h fi{EER 5,
ZEAER 2 e AR TR A XA
XA REAC B 5 S A 175.51 J G, fifREFERE b
JGAR K FIAS JE 14 P R g e o BT, 472 SRR vl A1 Y
PHE T PO, X R TR P, B e 4F T AR TS 19.94 T3 T, 8 A7 i
JEL I AAN RESE B (R

I D R T A R oA i A A i,
MEBAEREDT H 2 5r P8 22 . HiZIE T &l A
FeARAE A 3 120 kW [ EARIH: A K ftRE ST
HEIRRGE P RIRA Ny 0.573 Jo/W, SeR 4L A
A AR R G IR Al 2 sl 55 B8R 2 1 o0/ W YL
s 6], AT AR BT Ak B 1 B AR 58 42 T LARIOBAR
Al 23 ll 55 9% Y 2 ) 23 18] BT 4 a5, S AR Aol Al
i % A] AR B IE
4.2.3  GXECAHATRETERGEBOR 20

TEAT & & XAKRERT, A M SATDI 2 11.04
h/Cas ) o O PPARTIC B RE X FL 0 Al S8 1P RS20
VEIRCA TR 7 5 T Ak BB e v I AT S M A B A B
KA R o R/ME R FIE R, AL TT 22 R BUHES
Bl S AT AR, gk 4 FiR.

®4 BEMAEENELER
Table 4 Results of power grid reliability improvement

%

b
[ayny

TE R R Ry R,
3 390 044 140  0.82
6 371 037 134 1.07
2 3199 033 113 0.89
24 248 043 092 023
25 242 031 0838 021

H 4 IR (1) 45 R, R, SR 4GSR
PAFE H 9 A5 3 T Bk RE X FL R ) S e Ao O e
A PR Y 3 ARAE BT H R A S AL, Y
21 R A R 23 A, HLIa R 2y SO R A
SRR AT, TS R 3 5 L A AR g
A BFIE Y A8 R AN 2 IR AE 8 B A i ROz A 4 ) bR 9
AR, BBy 3245 5 (2) i 2 56 MY
NIRRT, OO T HL I ] S P ) e R TR A
U o HAT A3 1E R, A R AGDR EXRIEAT, 3R
TR 3 AR 5T A E s T R R AT R
(3) BRI AT 24 95 51 25 T EAEREXS FL R0l SE 1
MR BOR A I A SIS e i (i3 R 845 T LR
P e e o e ORI AR E . R Y A
24 95 i 25 b A L B R S, (HL DR EL 97 A KP4



63 fif A S5 T MR S TR B XA RE DAL O

ey, fEREAS LA S8 0 A 44 LR e, R e B 3 Jes R T
(I T G
4.2.4  GIXAREEXS A HOCIRIE G e 73 B
TEANEC &5 DX A RE I, THC H D00 56 FR 30 4t T 40 %6
BhRN 92.83% . g T o3BT BC & & XA AE X T L k4
THANRE I HsZ ), TS B XA RE JS G IRt b T
AR ARATE B0, B B4 ER 55 B DGR st 11 4 5
KA K, R/ME K JIME K, AT 22 K AT
O BCGHEAA BT S A AR AR, e S R
x5 ARHMMIBMNEER
Table 5 Results of local consuming photovoltaic rate
%

L Ko Ko Kive K,
3 100 98.2 99.3 0.04
6 100 97.7 98.9 0.05
2 100 97.1 98.7 0.06
24 100 98.4 99.0 0.03
25 100 98.5 99.1 0.03

HIe 5 FIHL, &1 ML & 5 XA REJS , A e itk
TRCH M ZXOGR M TE 9 RE ), © A S8 o A
2OGRA LA A, 42 ok B LR pi ot
PR s B2, Bl PR 3016 BIR PR 3t A3 FL BB TR 9% o

2 b, B XAERE S BT RE IR A B A LT I
o (1) SE5RPECH R 2 20 A 2O BRI BE Sy (2) 52
PRBCHL R & DAY SRR 2 e m e T EE  (3) 97
RAFREAT I T 773 0], SRS  RER AL H A5 (4)
SCARAR M P BT 2 HAF LARIIE
4.3 XHHTEERESHEES T

G IR R R S 2 T & XARRE T
BT, A TOPSIS Jr k45 31 M & X Af RE % ¥t
(2GR (B e M AR e ) AR R0 ] S AR RS (O
WEERSE) LB i) & XASRERC & 7 &, Wi
HL ) £ DX At B 9 00 10 G 2 B A1k — 2R B SR B . 3
5 5 I SR T AT LS 2

T A SCHERL 24 1 i 2 H AR LRI IE 17 SUZ B
T, 25 B A RE AT 2R 48 ] FE 1 28 TR R R e 1
Gurobi T HALFEA LA ] &Y K fi 5

T3 B SCHRL 25 J g7 i T S B Wl Sk 5 &
Trveny 22 H bR i it BE AR e A0 A e A R, i P el
HE R EE R R AR TR

T2 A 5778 B XRREIEA T e HE E 2, &
T A RE I B4 R I 6 Fs .

HI% 6 AR, J7vE A 45 30 0 i AE 0 & 45 R X
P T SEME R B SCR B/, R 2 A FEEREEHE &
FRE R IR 3843 75 TEC L ) AT S AR, X T

*6 TRMXEAESIXHHEILL
Table 6 Comparison of mainstream literature
methods and methods in the paper

CIE TS 4 S (/N
e NA THERS

Sk iR TR/ B

5 k kW-h .
BAR W OWD) g i g
HiEA 3 415 1290 2.31 160.38 96.2
HiEB 6 471 1923 3.14 236.86 99.3
%Z‘ 468 1410 2.92 175.51 99.0

AREVE A B T E A T T A 2 i LR T
A 505tk B GG T REVE VAL Sk AE s 1T i 4
etk — TRl S B A, Towk T+ 5 o I AT MR AR Y
HEBAE . SCHP 5 10 T SEPE DA 90 A £ DX Ak fiE 1
iR (UBu s i Pu i R N CIE77b o W UL T 62 1
i, SEBLE DR RE XS T H I AT HE M 2035 OR 10 7 B
OrMTe Jiik B A EI Y ik BE BC B4 R X A 1 Yl AR
PERICE AR e, (H 2 A B A R RESE BT A

MG 6 AN, SCH I AR BN 5 X A BE NG &
T7 SRR AL H T 29 R BT OR fee e, BT H
BT b, Al e — P i 5 XA i Al SE it it
G, SCHR 5 AT AR AR HL P00 X6 R FE M A SRR 8 B i
REMCE T 28, U I o B AnAS [7) DX sl e o Xof
APEEE ) SR R, AR SRR Al 2R E B
0.955% 0.85, BB R ik N E 5 X AHRERI TR LA i,
T RHR A BE L M 5 R SEBR g L. A i S
Tk HE A F E B M B X AEREIL L L E
4.4 AEBRTERMEEEREH RIS
4.4.1 U5 g N FEVER)fERENC B 0T

1. TOPSIS Ak r % 18 n] 55 PR 45 B X 254~
RIEATPAG R SRR IR T s

®7 ETFAEEMNMEEEILSEITER
Table 7 Statistical results of energy storage
site selection based on reliability
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Table 8 Statistical results of energy storage
site selection based on economy
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Analytical evaluation method of reliability considering interaction between

transmission network and flexible interconnected distribution network
SHI Mingming', LIU Ruihuang', ZHANG Chenyu', ZHU Weiping®, GE Xuefeng'
(1. State Grid Jiangsu Electric Power Co.,Ltd. Research Institute,Nanjing 211103, China;
2. State Grid Jiangsu Electric Power Co., Ltd. ,Nanjing 210024, China)

Abstract: When applying the fault enumeration method to evaluate the reliability of the whole transmission and distribution
network composed of transmission network and flexible interconnected distribution network , apart from analyzing the influence of
internal faults of the transmission network and distribution network on their respective power supply reliability, the interaction
between the transmission network and distribution network should also be considered under the fault scenario. Based on existing
independent reliability evaluation algorithms for the transmission network and distribution network, the reliability evaluation
method for the whole transmission and distribution network is proposed in this paper. The proposed method in this paper can
account for the interrelation between the operation states of the transmission network and the distribution network under the fault
condition. The node load reduction after the failure of the transmission network is refined into the optimized load cutting scheme
of the distribution network. While improving the accuracy of the reliability evaluation results of the transmission network, the
load loss of the distribution network caused by the failure of the transmission network is included in the reliability evaluation of
the distribution network. In addition,the load loss caused by internal faults of the distribution network and its influence on the
reliability of the transmission network are included in the reliability evaluation of the transmission network. For the whole
transmission and distribution network, the reliability index of the transmission and distribution network is calculated by the
analytical method based on fault enumeration. The validity of the reliability evaluation model is verified by the results of the
numerical analysis.

Keywords : reliability evaluation; flexible interconnected distribution network ; transmission network ; fault enumeration ; load

shedding ; reconfiguration under fault
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Optimization configuration of energy storage in distribution

feeders considering economy and reliability
XIE Liangbin', XIANG Yue', WANG Shigian®, LI Qiuyan®, LIU Fang’
(1. College of Electrical Engineering,Sichuan University , Chengdu 610065, China
2. State Grid Henan Electric Power Company Economic Research Institute,Zhengzhou 450052, China;
3. State Grid Sichuan Economic Research Institute ,Chengdu 610041, China)

Abstract: The capacity of distributed photovoltaic impacts the safe and reliable operation of the distribution network. Energy
storage in distribution feeders has emerged as a pivotal solution for consuming distributed photovoltaic. However, it is challenged
to balance the economic viability of energy storage investing and grid reliability. In response, a method of optimizing the
configuration of energy storage in distribution feeders based on the new model of counter configuration of the renewables from
energy storage is proposed , which takes into account both the economy and reliability aspects. Firstly, an economic model for
optimizing energy storage in distribution feeders is established. Secondly,a grid reliability simulation is performed based on the
results of the economic optimization of energy storage in distribution feeders. Finally,considering the comprehensive indexes of
economy and reliability , the different nodes are evaluated for site selection using technique for order preference by similarity to
ideal solution ( TOPSIS) ,and the energy storage configuration scheme is determined by the cumulative distribution curve. The
simulation results show that the consuming capacity of distributed photovoltaic in the distribution feeders is effectively
improved ,and better balance the economic viability of energy storage investing with grid reliability, which can be used as a
reference for the reasonable determination of ratios of the energy storage for renewables.
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