U ER TR

2024 4F9 H

Electric Power Engineering Technology

A3 ESH 170

DOI:10.12158/§.2096-3203.2024.05.017

A REAR T HL B T L SUZ AL fl a1 o g

T, B, EEA
(1. Bt TR FBE ) TRRAE, TTJ5 Rt 2111675
2. AU R CRTBEIR L) R G4 [ S B0 %) , bt 102206)

#H ZELHAFHATHRBEEROTR T, CHAEAEEGERERARA., ATRJHABLBEITEHF
e, PR BN TR B AR A USERALRE T k. B A, Mo XAk A FAE AR IEATAER AR
W, 3E F T R AT FIBATRARARA EE AR B, ARB A BFRARADATER SR, MEX BEERR
BT G B A E R BSERERACEEARA, LR, 3ANAEA L FRGBHAEFEABERFHL, K ZA
Y% TR B RRIEATAE R AT b, KU, s Ak Al b 413 35 4 AR R 5 T A & W 3 74 kb AR AT R AR
BaHr . e, FOI RO, 3 F A5 R 0 BN KT AR 2 3 A 5 A B SEMLR Ar B AT AR B A BRARAR A, B2 04 4k R IR 5

W M Fo b B A AR ARAL R AR, ) A BB AT R A

K : L F Ak oA Xbb ot s 3l 5 A 03k & R R B M BRI WAL

HESES TM73 AR SRS A

0 3l

UTAER , 42 RO B 6 AR AR B T 1 AR
BB LR B AR, A HESB BB IR B 3l 1R 4 L e
] A S A BT RE PR VA G 7 ORI G G . AR, R
L BIVAGE 1 TG T 70 HEL 2 0T 7 H 0l 48 T R0 £ AR X 38
WL P 1) 22 42 ] 2B AT AR AR AR R S E i A
BN E IR G 7 6 i SR T A
AR RS B, SEIAT A 5 RSO .

TR SN 2 5 se OB po A 22 07 i,
E NS E T ATF R T ASCHESE ., SCR[2-4 ) 56T
WA Sy AT BIEE T ISR P SR RSt
T RTINS AE T, (L IF R A L A 4 2 5 L A
JEHATIRA AT 5 SCHR[S5-6 ] 17 1 DA SUSUA d5 /)
iy BARBY L BR AR T ok 2 B bR Ak o B A5
Y H A2 L At RE 7E 70 H 0 R A R A g 5 Sk [ 7-
8 ]I X L Bl 23 58 4 AR it BB 7 F il 1) 2 4T AR
el @5 T 25 Hal . B NI R, (HA S
JE T AR R TEPER/ N AR I FEL A [ A Y
NS E TR

SERECS T2 N ] T HL ) R Ge R e iR A L P A
RETE 7 0 30 P-4 T SR i B 45 37 5 e
BV 70 HL i vp O T BB 2R 4 AT 0 A L B A R
B Mt R 1 52 e, PR AL H AT R M S BLAIR B iB
PR s 2T . AERERE R A ORI ), B R
JEAT AT 5 15 9% AN e L FH P I s 5 i 7 il A
WA B HA:2024-02-20 ;#4121 B 47:2024-05-11
E AR E LG € SAFL TR KB B (BE2020688)

S E 2 :2096-3203(2024)05-0170-11

BRI PSR ) A ARk, B LS4
TE LT AR G4 U T ) %S, G2 A e el Tl [
AR RESE BT MU I 35 = A1) 3R 38 28 R T 9 4K
Mo HLBIIRTE I L ol i AL SR A RE A R T SR il 7T
P BT AN E P G R AT R D BE TR Y
HARTHAIHAR . LAl B, AR A TR T — &
PR T I AR RE A IR A ST R ol I & T as AT
WF9E e SCHRL 20 | 3 FE AR5 o A XA 4 v 2R E %
GERL , AELBIE T % 52 S e 2l 5/ vy A el 47, %ok T
HRTZIUE REIEA B 5 AR KR
BIRAE s SCRRL 21 ] 48 Hh 3G = fif RE B A5 7 A DT A1,
WP A AR RE L A S, (EIF R IR A I
Z 5 ERE T AT AT A AR s SCHR[ 22-23 ] 455
ARTTIRERES BT, PRIIE T REZ 1T /Y
Wt , 1025 IR B0 B — R 55 A [R] i BE DL AR 7
AHEAT X L 5 SCRR [ 24-25 T TS 36 2 A RE A2 Tl
R BC BRI, FEEAIR T AV P g BT AR . A
SRR X A i e D0 1O BE IE B AT
HIFART Ak REAE T 380 5 1k i 1 L SR e e
uti FR A 5 SCHIRL 26 JIR ABIESE 1 R SlR 48 BE R
IR H U2 22 , 3 5l AR SRR E 1, (ELR BT 9 fi RE X
R GERIGNE R FF 7 R

£k LA, A i BEAH S I SCRR 1 207 5 T4
Hoe— P BRI AT BEAT 20 M, S A AN [R] £ BE A
XS EE o BEAMEBLA WS A, i BE K 22 5
P Ml el DR A X AT 6 28 P 5 A T 1
DX, 5 R B G A R S A 7 2 5 A A 5L
o BT LRI, SO AL IEA s TR



171 AL AR JCEARRERETR SR S s RUZ LA Is A T e

HLEIIR TE R I AR AR RE AR T . = A A A
(1) MU 37 70 L il AR BB AR M4 12
17 A fee A T2 ) H AR LR s AT A fe /)
N TRt HAsr 3= AR REXUZ ALY 5 (2) 4
XA RE I LR BT S am AT AT 23 5 Al
(X EEAIFSE , UEIA T 3L 2 AR RERE R A U 5 (3) AR
36 70 R 3 2R G AR 1) FL A LR R A S A ML AR,
THEMABTE , (RUEHL S T o 28571817 o

1 BIREFTRIBESITIER

1.1 RGgLEH

MRS L SRR OB LA P e
PR SR R, L Bl S R il R R A5 42 7 1) P Bl
P TSRS O L B I R S
SO FE L RS AR 3 2 2R T T R 3 B G A R
CHBREFER T . AR TR A A 1
JIPA e o £ B /NG ER (A S 71N WA o N e =
MW2H AR S LR AE TR, Herf PFC Oy
DR B IE L e o 1] Hh 7 L ol SR P L TR 25
400 V' ) LI T8 HLAE ) 8 L /I TR RA K e AR P sk
FoaL

() ZE i M

T e T e TR

LA WooOethE% 0 AL O
............... vy | S 380 V/10 kV
| fEe - 650 ey

b Ny /7 4

e 5 - o VNS i

: |acoc]  [pepc| 1 [pepcllacpe

S o s I

fffffff L T [ e
[acpc]  [acpc] i [acic] |ac/nc]
....... IR I e A I
fun Gup - gw | s o
N i ' N
G0 g gmnl | |6 w0

— PR --- (5 RS
1 BEREFBIEER
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Fig.2 Planning-operation two-layer optimization structure
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Table 3 Optimization results of scene 2
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Table 4 Optimization results of scene 3
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Table 5 Optimization results of scene 4

- o g HL e/ N RN .
sesast N s BT T
1 4 458 33249 5491.9
2 5 966 2 754.1 7 641.0
3 10 253 1 667.1 8 564.8
jESan 20 677 7746.1 21 697.6

W32 5 53 4 XL AT A5, 76 I i A I
SRR A L2 53 S R I
AW B R TR AT AT 1,2 5 3 Sl s T
LA B R A s MR 5.2 A Ak 235 SR AT, e
A ILZAERE G T T B RS R B &= 3 TR
56.1%F1 60.0% , i & 98 /N T 5 f RE FUA . MUE {4
KFE A5 3,5 4 3 > Fe Al L T F,
TBET.7% , SER BT ESA TR 7.6%

B LA L350 LU Rl LA Y, o B 05 2 e i
AILZAERE IS, AT PR AR VR ) PRIE 8 58 2T 48,
FrHLEE S IE AT AR BRI, DA R I ) FE A T 2%
b [l BT L BV A T S A B Y ELRME
Fo H S i BB TC BT T 1 RS R IR s~ o
54 RENHNMEBRIBEAE

AT RGN R REIRIL = A AN 7 Fie



177 AL AR JCEARRERETR SR S s RUZ LA Is A T e

Ao BT A A H R B AT BT & A B S
Fras o, AR T L E N 5 5

= I e — R
141 H A - R A

210
i‘«f%

= &
= 706

202 Lnnnmnnn

00:00 04:00 08:00 12:00 16:00 20:00 24:00
Al
(a) 53

= IS g s —
214t RS -~ b H e

— Tt
i i

£z 1.0 | | i

= 4 i [

=T 06

R 0.2
IR
00:00 04:00 08:00 12:00 16:00 20:00 24:00
i %)
(b) 54

E7 RENIMEHN
Fig.7 Internal electricity price of the system

HIEL 7 AT R = 0 B, PO s 3 45
T B A HS s 25 R > 1 I, PN S S M A 2 4%
TR R A, AN R LR RGN IR 4558
WA e L R g I B L DR I . 1B 7 () R,
R JEF 0~ 1 22 i, Hiy i =2 il LA — 5 O ik 58
B B R LLSE A BN L ) R AR G N R R
FL L[4 Bt SCA , b A 7 DA B 32 T v T
HLUTAR R D0 , i 2200 R I 45 SR LA T T S A 3
MRGNBERIE R B 7(b) H, R AdL
AR RERE 17 BE IR B AT S g ) A il R A R R B
T3, K8 v 2l A [ i B 1) 82 4% B IR A7 i 2O L 12
P PR L A e 6 0R] H  REAR AS, PRk T A 56
1 /2 LK o

6 JE MR IR I3 5 A . AT LR
AT A R L SR RE , 4R P S URRRE T 4%
TP 58 5y A AR X 2 2R I O B v X
SERENT 0 — A T, 73 T — AR > RGEA

*x6 HBAXRZHA

Table 6 Electricity transaction costs
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Optimized operation strategy of electric vehicle charging stations in

shared energy storage mode on two layers
BIAN Haihong', LI Can', TONG Yuxuan®
(1. School of Electrical Power Engineering, Nanjing Institute of Technology , Nanjing 211167, China;
2. North China Electric Power University (State Key Laboratory of Alternate Electrical Power
System with Renewable Energy Sources) ,Beijing 102206, China)

Abstract ; Against the backdrop of rapid growth in electric vehicle holdings, there is a growing demand for the construction of
electric vehicle (EV) charging stations. To improve the charging station operation economy,an optimal scheduling method of
EV charging stations with access to shared energy storage is proposed. Firstly,the operation modes of distributed energy storage
and shared energy storage are analyzed,and the two-layer optimal scheduling model of EV charging station considering different
operation modes of energy storage is constructed by taking the lowest annual investment cost and annual operating cost of
charging station as the upper level objective function and the lowest typical daily operation cost as the lower level objective
function. Secondly,three EV charging stations with differentiation are simulated and different energy storage operation modes in
multiple scenarios are compared. Sensitivity analyses are then conducted on this basis for the effects of shared energy storage
service fees and EV discharge losses on dispatching results. Finally,the example shows that shared energy storage access has a
positive effect on reducing the operating costs of charging stations,and that reasonable pricing of the energy storage services and
the cost of EV discharge losses can reduce the operating costs of charging stations.

Keywords : shared energy storage; distributed energy storage; electric vehicle charging stations; demand-side flexibility;

investment planning; two-layer optimization
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