AR BmR Ak B HHAR RS

T Pl B 1 R P ok SRy 02 09X A i Bl )

HE

FHAY ) A% FE TR W AT — 1R
R AR . B BT, R E A S &
GRBEABEBEAE AT EAEBEL
HEATHE B0 Fe 4B ME L R W
Pk ER AR BE-—FHEATHNR
AT E B R S k. G s, A
J 1 B AR e 52 BB ) A A B S AR 64 @k
SRR, AR BN THY R
Tt i & % A TR, MR W AT 465D
Fl B RRAERAER, RE , RELXTH
HHEOGMATE TR R # T RA®E
R RE ATZEREEREER
GAEATRE A EHR AT ANBITY R
& k. i@ T s+ & # 49 IEEELIS e
IEEE1354 % & % % S 4) 47 57, %
R AL 6 R W AT 4 R AR AL
HR PRI R,
KA

B H o = S Bk A R P AT AR
Rl B REE

hE 4 ES TM711
XHERPRAERD A

Wi BH# 2024-03-11
BENDE =y R b R E
(YNKJXM20222463)
EEE

EBE, B 0, R TR, B 55 1)
o 1 2 G K A g A £ . adminhust @
163.com

Sk GRIFER) 5, 15 82, 7
] R H ) RGBT . peizhangl 66@ qq.com

1 P ERTRMARIEAT =m i JHE
il AL BRI, 650000

2 JbEiAE KA B T AR, dE AT, 100044

3 REER2E B AN ESFER TRE¥%E,
KA, 300072

H MR THRG %

0 5§

ML ARG Rl AR BRI LG A 4R i, X R G R PR T
T IR R 2 A P R 8 22 R B TR o 3l R R A U
AR GE A REARE 2, fith AE 670 £ R 40 A ] 2 Y L. 11 55 e ED & 19 ( 2030
AP RRIA AT 315 52 ) WA B 20K B A R B RE TR + A E ™ R0 1y it
— AR Z REE AL, SR OB RE IR G BEC EL AERE R AL

PRI G278 o 05 A 7y i IR ) DI AR TR BE AT T R RS, A 1 —
ZIURER IR R i 0 A FE [ RS e A AR A AR IR R, SR A U5 R0 i
AL PR TR Py A v A 368 SR AR D ik RN T3 R it Oy
TSGR 1-2 K ZR G £ TR A S OB | 08 oK e 2
CPLEX #EAT5Kfife. SCHR 6 ) FH AT Z B SAGH FE 1) 43 A 2 A i 5 1 52
BT e RIS A 0 A SCRRL 7 K 0 10 1 i 1 ) 0 AR ZR e AR DAy
IRA] RAFS R, 45 A RS MU Sk TR iR A5 s ] 5 pR SR s ], i
FTHRESR AR F DR AL S B AR il e e, HL RS T H bR 22 nl i
FROTR 0 , X B0 A S B 1R A P AN A, SCRIR 8 ] 1 PR ABLIR Bk
XL 75 IR AT AV PRk AR 128 FH 29 T 22 B 18 BE [R] REDR A
R T ARG BIRCR. SCHR[ 9 ] B2 A O R S st (e R E T TR & R4
FIBA TR A2 T BE IR, REAE B iRl FEE A SSOR BE . SRR 10 ) 2R
LRG BEPLBLY A2 T 25 Mg 5 505 1 TR & B RE Tk ok i & KU
BERUL 2R 22 B i BEASE R, SCRR [ 11 ] 2330 A TR T B 25 5 e 4 i
P S PR AR R AR AP — RSP AR S SR A T8 2 R S 3 32
AER SCHR [ 12 )R 2 23 A R ] 5 4 5k SR gt 2% P DR 10 i i ) 32
SHECHL DAL BE. SCHR [ 13 ] 98 BE R I 32 31 58 4 > Tk i 3 A
FE T T AR IR IR I F) ) S, 205 | A DR 1 R, 5 R R 12
BEAUHEA TR Afp. SCHR[ 14 ) 3T A0 -4 M BEE A4 i IR I r = ML SR R
AT BEASEIRY | P B M A S8 e 1 P O SR 0T PR BT IR A P RE . B SC
FR— e LA R Geas A7 M IR R DL 2H 45 O B, TR A £ 8 251 P11 Z T A
i, 25 TR 2 1] H EAME AN B ] 058 000 i it D10 A 2R O 1) 200 2%
LR AFAEARRURRIC SRl B 2 1 TR RS S 2 5t — PR S
ML B 221 A BEESR AR AW R, DL AR
JECRRIEAR , MELLIK B HIESK.



HFER 24 22 240 2024,16(6) .838-845

Journal of Nanjing University of Information Science & Technology,2024,16(6) :838-845 839

BRI E ) 2R B8 RIS 1 3G N i AR B 1 2
AR AT 55 0 S 2, % R G150
ORI 3BT 088 2 1 T B g A K. H i e SR Y
K R AVEHE ) R A5 5 i HLTH SR R R
[vi) 2 S ORI | 24 T b 07 9 A A RO i ) &R
GEAHA T T S A T, A6 FR AR KA
2 v TS R 1 R R G 9 U S A AR A B R
SR O T RS I v A s i) B AT — i T R
SR s 1) e 0 f) ) 23 JiE Ak, A EAT R SR A
BRI ST IR AT PR g7

PRI 2R B AR e L ) R e B — BB . S
B 19T 48 T L B50H0 e 1 < v Do) — 5K JR” 2 5AE B
ZURAR U 1 R SRR L3 SCRT 20-21 ] B0k T it
AEARLERHAL B T RGP 35 . SCik
[22] 48 H 3 TS50 HE B2 100 R RASE B U5 B IBC 1Y) —
RAEHA ST BAE S, B0 UE T LATO 5 Ok ol B
AR T . SOk [ 23 ) A TR R R B
PRI AT EL 0 4 F fL T BE AR AL, T4k 3 T R TR
07 1) 363k B 28 B TR A B F I P 158 0 k. i
WFFE R R T 5 AR 7 A B R MUAR 3 G2 40 Hr
SHitg b B R

AR SCH T 1) AL Ay 357 84 R, ) 2R G R 5 10 4 g
figrUIml 5 R B 7 ik B R G P i B | AT IR Y 6 S
PEVR AT PRI 2 b BT TR B 2 P 3 B &2
VR 2 Bt S U ) £ i D ) 1 P 9 JE A
R CRAET BRSSO TR ik, S
FHUAR 22 G A A ] 5w DR oR e fe S, 1 ek
) IEEE118 Fl IEEE1354 5 £ BB 5 0E T A SCr
WG RENSAT O A R G i 28 B, s 380 5 1) oy
IR H PR B .

1 BEEERE

L1 EHEENTS

PV RCHE P — T S B0 B A SR O & (g
B oA Al R R4 4k 3R B0 8O0 12 B0 28 vh T
A O 22 T B T AR, v, TR R SR,
7 A T MR 3 R SR | 7 SR 22 1) 4 S B
RE . VEVBIE PEAR S 238 1 s =2 18] 14 G IR, ]
M RS 3 v A5 B0 A B9 1 5. PR e Y I =
Kt n] o3 D ¥ F L AR LA 0 L
o 2258 N BB 4 N R B 22 i) ) 32 4 5 2R 2 it
PR 120 5 B0 5 AN T I 1 55 22 i) 48 32 ) 5 Bl
PEAT— LR G RS Z A S BOC R K ds

J2E LT R ) AR R A7 5 2 BT, AR B bk
B TR Z IA) B SR i EL PR R R T R
WL 2 3K W 2% B 45 M e a4 07 3K, 5 TS BT
FrAETIIR], n] i e R AR 2 G T A dl A BELAG THAY

1.2 BHEEBENEERE

CIM/E AU 2 [ 5 v, A7 BR 2 ) 2 ) Y — Tl i
RHL ) RGEBR RLIE Y CIM/E ALK i ) R B¢
gy R XA | )2 R LR AR 25 KRR A
TERUBAREE ¥ CIM/E X4 28 d R g T, %
WG 2R AR R 30 PR B8 P v v BIL L S AR v
S BRI A A 1 S B e SO O i P 2k B L R R
i T S 22 0 T SO PSR AR L Y T5
SRR LR Gedh 40, IR, FF 26 T ) S ki 2 &
HLBIL  BAfT | R S5 B A B0 OB BT 6 T T 4
RS R 300 AT R R0 2R 8 R ORI B BT
Bl PR [ 5CR BRI F MY SCIBR A, CIM/E AR L I fi
IR B A S5 51 G 67 4 2K A 5 0 T TR A
bR B E bR TR A R IR e i e i
JEAER AR R AR RIS ALY IO AR 05 324t
R ARSI 5 L TR A AR IR TV Y DG K.

O 285 1 N5 AL T L] P S 500 ke A Ay P S A
3 (Schema ) , JE B I ECHE P2 WS s Ft vy ) ARG 4L
JE7RHL ) RGEAE A [ 4R F AL, 105 B 7R
NERGAERS A b 75 1E. 72 Schema Y, R HLAIL
fifthe AT AT 1Y 5 S 28 AR BUS 9 it
Z2 B 21 £ A 5 R A Time 15 80P # 45 4 v
LR EE LAE Line 10, & I 220 9 7T 98115 £ 4
K& ML 0 4% £ 22 7E Time_connect 1 1.
L) R G AR BOR AN 1 B,

TNTEL 1 Frz ) T RO R A (] i 22 i a2 A 7
BRI, SC T MRS A7 i 22 5K A ELOCIR R
B — TRAH H OCHRR " A FE 72 K v I Y I 25 %
P AR S B« — sk op ST PR B A A
T B, $R TR A BRAICR.

2 EMfEEE R E

2.1 BHAMURAEZER

TENLAE T RS W E R LT, B AL I8
5 PR At AN 7] AR B 22 55 R 4, AL R AT ik
— A A SCR G LB AT A A, s LA
) BN BRZTHR LA AR RSB 2 C B L o T AP Al
AR U AIB AT A F N AR AR DA Y. B i



TR, AR T IEIRCHE 2 A a5 A U5 A i P[] 1 PA 90 BE TR 0k

840 WANG Zhenyi,et al.Intra-day scheduling computing of coordinated generation-grid-load-storage based on graph database and graph computing.

U LA il
iyt iyt iyt
omrupgeh  |emittisas || ontiys
o T GUETHCR || o 2R B || o ATt
o TR o LRHBLHD (| @ KB
- IR ||
o AR

L1
o BT
o BT
o BT O SR

Time_connect

K1 i RGP R
Fig. 1  Graph data model of power system

JERIRI A2 B A S A R B, AR 4% 28 B DR
A HIEAE.
2.1.1 BAF&REK

H DAL T8 BE 15 70 52 B 2 S 400 P 2% Aol o) o 5
BEIR A A A R R M.

T Neoal
minf= z ( z Cnoa],i<Pmal,i,z) +
t=1 =1
Ngss Npp,

2 Cossi(Pesss) + 2 Cu(APL)), (1)

SR ¢ WML T Ok ELIA B, A 24,1
Hyr B 4 5 N, S KL €y (%)
JCHUBLAL @ 19 % WA BB P, R KL i 7
] B ¢ 004 30t (85 Ny M B B R 40 BB
Coesi( %) MRERERSE i 1009 P IRA B P, o
R RN LB (95 D I 5V, S T i35
B Co () SR R 1 A R K AP, R
SFe 0 1 AV 9D 076 24 o 7L M U 9

HL A PRECANT
Neoal,BID
Ccoal,i = /21 Ccoal,i,l X Pcoal,i,t,l’ (2)
Cr:ss,i = C(:h,i X Prah,i,t * Cdch,i X Pdch,i,r , (3)
NpL,BID
ZCPleAPLzl (4)

KA Voo ﬁméﬂéﬁ%\é& Crotis HHLAL i TEE 1
é}&aﬁiﬂﬁﬁﬁ P ,/ﬁmzﬁlmﬁum L4y
BERIA S B €, tRRE § BOFEHURA P,
fihE i TERS %) 0 2SRRI C,, , NIKRE | AR
JRA P, JIERE § TR 2] 0 WEAE 1 BERRC LR
N H ATV TS BB €y L, TS B0 4

FEER LA BE DAY s AP, VT IR A i AR
Z ¢ WS 1oy B A i o fE.

2.1.2 #REH

1) )3V 2 o)

SIS TER BE T A2 T I8 BE B B v & H A
HAL A DI D 23857 1. 720 W 2R 495 I 45, 1) 381 i 24 R
.

z Pdemand.i,t = 2 P(‘oal,i,l + 2 PESS,i,L - z APLJ.I'
i=1 i=1 i=1 i=1

(5)
S Ny BB RGP U § 2R 2 1
SR K.

2) K HLALEFT 4

BB SR AR TR B R e it
0,1k (6) R

Pcual,i,min = Pcual,i,l = Pcual,i,max' (6>
R P Py AYB KB T

BEFN LB
FHAT I B 4 K i AL H g 3 1o e T8 e 249 R
AL, (7)) B
_Rdown,ul'sp 1'¢_P al,i, (1=1) » (7)
Poiii = P (tl)\R
K. P, ﬁk%ﬂ@tﬁtﬁﬂ%ﬁmﬁﬁﬁ

R B BLAL i 2 2] ¢ 0 11 F R
Ry, ot 7 CHUHLAL § ZERSZ) ¢ 11 1 MRS B,
BLALEY Hh ) AL TRk / BN R, 3,
JCHLBLELAT B 1 1 2 IR (8) BT«
Pcnal,i,l,min = onal,i,l,t = Pvnal,i,l,max' (8)
I Py i P PN R HUBLAL i ZEBLALS
B oAb BLAL ) B RN L R K (P, =

. P BBt 05 0 5 5 B 1 30 6

Z*ﬂ, W1 T Bt J1 ks Peoaliji+1 = Peoal,iyl ’MI Pcoal,i,l,t
<Pt it HTJ‘9Pcual,i,l+l,t = 0 fHS, TCH B AT
LY, AT G o3 Bt g TR B

3) fHAEIZF TR

I FR G2 75 P TC " P MU i I L, A B 1 A IR
B (9) Frs:

SE,i,(HI) = SE,i,t + [nch,ipch,i,t

P, .
_ dch,z,tj At (9)

Nach,i
K. Sy, AGERE i TEAS 2 ¢ (RESE )., Mg 2301
RffRE § BT HLSCR AR,
R I A i B I P FH 5 , I FE Y Y



HFER 24 22 240 2024,16(6) .838-845

Journal of Nanjing University of Information Science & Technology,2024,16(6) :838-845 841

Al 42 e S BRYE A
NS e < Sg, S 0,8 (10)
Sy AAHRE L KA 50y 0y 53900
LYt AR VP A R BT BR E 3] Ak 433l 0. 2.,0. 8.
it RE ST LA T A IR N 2 R PR

E,i,max"®

ngchilgpchimax’
” ” (11)
0 = Pdch,i,t = Pdch,i,max'
P Pt T HRARRE § B9 SRVF FEIL

HL ) 2 (3) AT, fiff B ) B e re e P o 2 n 2
FEIA AR RIRIE SR P, X Py = O B2

4) AR A AR

SR Pl 780 67 ey, 2 1 P AH G Pt BB SR A b
FH P e 8 38 FE A5, 152 0l 1 67 g e oz B Sy
15 min ~ 2 h. AL B M 7Eas A 7 i v ik 2 HE 17
i >R _E BRI .

Plown SPL, <SP (12)
P P 28R AT RS AT SRR R &
T-BR.

AR G for 7632 4 71k R Hp g S A T R A 43
BOMTRE ) LR

APL,i,l,min S APL,i,l,t S APL,i,l,max' (13)
K AP i AP S8 AT RS B AR
WRE B L W RE ) P BRI BB P, =
> AP, BT i T kAT R G 4 B

fig J1 Z Al

5) kiR 25

FURAELR 22 A AT, HoA% iy D) 38 AN 1 5 28
PR BRAE .
min S Pl,t < Pl,max' (14)
2 P P SRS LB T RN E R
P, R | TR 2 ¢ 0

N
WA L AW P, = D F, (P, +
i=1

PESS,i,t - Pdcmand,i,t + APL,i,):) 7;H\:FP ’F%m$§§%ﬁ\%ﬁ
W, ol
APZ Xmi - Xni
Fl—i = APGJ = X, (15)

s Fo O RS AT BB BN IME AP, D SO LA )
WA s AP, AT A LA T R
m Ml n 73 2 S LB R X, X, 2
PUEED S m AT i I n 4T i 910CK a0, ST
HLPL.

2.2 ETEBRITENEEREH L

BT R A PR AR 3 A S
A ] SR A R ] 5 A T A 8 R S . DR VR £
H PR BB ROR R B AN R

1) 76 BB 22 0 SCRE B 1) 00 st 30, A 35 4 4
00 B PR T00 6 DA A 2, 9 SCTOL R
R

2) T L R G R MBS IR E5 0 i 2k
AT

3) X L7 2R G0 v U D e s 9 R R AT AR O
ST TG % 240 TR 5 D i i £ R AR

4) RAFHEAKERY Fi) T 50 153 25 R i AT
AP AR 2 80 T A R R 10

5) AT AELERS PR 0, VUL R o 1) sk B £ 1% 42
SR TR 2) A T BRI O, 0
GRAE S

RS AR A 2 FioR.

STttt T Tt T T T T T 1 |_ _____________ -+_|

! Vi RER)-@elE |

! T K F‘ﬁ‘m !

: s o |
e ||| e L
¥ : AN JEPE, Bl Schema : : *E*EI\(())_@)@J@ : ZE
1! ! U K HLALESTANG | g
e vl RS O—(DeIEE |
N oesdEs AR ||| fEesst sk 1R
! L AR (12 —(13) g | |

: Y || AT T |

I ﬁ”}i*ﬁﬂ\ ﬂﬁi\ [ * I

! A B e :

! V| R R AR e |
| HfiEt(14—(15) |
; SEFEIAG T | | b et |
V| W SRAFEREEI | | sk !
r ! |
| ke i |
5 TAELBGRIRY > | !
| - |

P2 DT DA I BE AR B A e A
Fig. 2 Processes of solving the optimal scheduling

model for generation-grid-load-storage

DA VR RE SR A 1) P 1 i el ST A o 9 2 [
VAL I AR TR FE A T B R T
TR FH DR B IR 1 PRt Al 5 2 o 1)1, 1A 24



TR, AR T IEIRCHE 2 A a5 A U5 A i P[] 1 PA 90 BE TR 0k

842 WANG Zhenyi,et al.Intra-day scheduling computing of coordinated generation-grid-load-storage based on graph database and graph computing.

b PSS L R A A E DA TR RE T AT &
G DR A A A OB R N O, O B 4n DAk
PR AR A

3 ETEHEMNERITE

TS REAS i AL SR H RS STR SRBR AR
IR A B TR, O HRA R 5 | SO 1 5L
P HrRE s BT AT Loy BREAS T IR RO
P 2 2 AT R B RO T RO 4R
HEEA T R TSR B S N, R LR AT
11 B I AT B R R 8 B TP (7 R A O
PEHEAT 202 HE PP B0 1 J2 0 1 5 T AR Tk
FPRARAJZ 1Y R ELIR — 2 i3 T3
M AST AT AFFATHEA T2

P A AT T SRR B AR R A8 AT AR X A
R R A THEICP AN, REN—D YL
W) F =AY IR SRR, A R
AT RUME R A B DL R ORI BRPIR S T — S
AR IR LG BRI B, TR R S AR RS B AT
[ 19 77 1) SRR 326 £ B, HEAT JUT I, R 34 2R
a5 BRI HA Y A, X B85 BT N —
A F AR Y i PRI rp 4419 A5 AR 4
{189 /0 BT SR AL N 1) Al T LA D I 1
TRIHTI RS R

1) BITAT 9 R AL T3 BROIR 2, #0101 4% 18 1ot
K HITH B

2) XHE B AT R AT S SRR SRS
BCE RPN ARSI T R BRARZ Y sk
FIHABY A% 3 B B, A5 WA PR T 32719 A 3
5 T3 AN B S BROIRAS AR S L B IH R

3)EAE L HEA T AR 45
R

BT TR A A 0 R R Y RO AT
B 5B IE T RE SR AR SR o A T 3 A A R
TSR PR B HRII AL B A K, & 2 —E
AT AR T SO AT AR 3R o0
AR IEJ7 REIE B PR A DRI RO
TRELAH A B IE | AP AQ WS HIIBr 45 | BT 5 6
LRRYA RIS HAfl B2 TR G, 58 42 AT DL TR I #E 47
LIRS

LT VR A ) A9 A T T s i TR IR
LU

1) BRI R UG AL, 5 T I SO AT 8, 3

AP, = (Pg, = Py,) - 2 -ViVj(GijSineij *
’ ’ JEL

Bjcos,;) i =1,2,--+,n, (16)
AQ, = (QG,i - Q[),i) - ZjEiViVj( GL;,'COSGU -
B;sing,) ,i =1,2,-,n. (17)

2) T MIFATEE it AP AQ B 75 AT
ST IE &, SREVH ISR, TG 4).
3) ARHRRELR- S0 e Pl T T SR e %, o
GlE=2:
4) HHEAE T i B A9 AV,
dAP OAP
AP | 00 9V |[Af
[Ao}‘ 9AQ  9AQ {Af}
0 v
5) BT AT B A, IF
HEATA R 2) AR EAR,
T TR W 1 D03 AL 8 i % e 7
i L RGBT ER BT S 7547 A0 2 K T R
S R 90 T R 4 < 8 4 2, 0 P R B
TRt (14) 385 1 2 ok 4 P | B985 0 AT £
AR A, 0P 2 B,

4 EHI5H

R T B UE T A VR ) far i D R AL H Y
VR BE RS R PE BE , A SCEE B IEEE 118 Fl IEEE1354 77
MRGANERBEA, FFHE Z G0 P i i mT I8 676 A
FUERE T A B A A R TR0 UE 43 M IEEE 118 15 45
ARG E 54 G EBAL 10 AR e 7 A
fERENLIC, REEMEDI A 100 MW IEEE1354 R4
% 247 BRI R 20 A4S FTE S fgg Al 16 4>
RESLTC, RGHEMETIF 100 MW.

FIIH Tigergraph # 37 EI¥LHE 2, IEEE118 17 &L
T ARG E R P HR 118 4> BUS 75 45 .24 4 Time
95 171 2% Line 124} 4 104 2% Time_connect i1 ;
IEEE1354 5 s fiL ) R GE IR th 43 4 1354 4> BUS
F5 45,24 > Time 17 85, .3 420 4% Line 1L & 32 496
2% Time_connect 3. HHp  AHi%E BUS 5 55 2 [0 &S AEAE
Wi 2% Line 31, BN 4% Line i1 £ 8% 7 n)J@ MERO (G BAS
—5, R 1 -1 203K Line T IE 5 ), HiAy
PRS2 AT R A B AR TR

FIH GSQL1EF 4ns H N B2 7, R Rk
SRAGARVEATORACSK %, 2 5 0 0 1T O A A 56 A
P R 2 B 0 9 2 7 sk R O A 18 B SRk A 3 i

(18)



HFER 24 22 240 2024,16(6) .838-845

Journal of Nanjing University of Information Science & Technology,2024,16(6) :838-845 843

N, RGP T 05T BB AT R R, 32
SR FELAAY S, RT3k Y G Ay 2 Sl DA T A TR
i AT F R E— DRI fERER S 5 RS
JE PRUE R G L5 -1 AR e | ] 38 55 47 oAy ] )
W AR | 24 R LB 30 B RS v T AT A A )
J AR I, Al S B S 5 R G

ool = EEEMAL w T = fe
700
- 600
% 500+
T a00r
™ 300 H
200 -
100 H
0
4 8 12 16 20 24
=|#7tin)

K3 AS[R] ZILA i g

Fig. 3 Unit outputs at different time

A S LA i e R ) i i ol I 4 o )
PERE , 73 R B A OC R B 10 iE TEEE 1354 F1

IEEE118 15 5 R4, HE5 R angk 1 k.

e 1 AT, R 3 T i s B0 4 1 L
JE SR A A R A AR (14328 B ] BH S/ B A
i V22 1) 5 1 B ] /N 36 5 2R i T i 1 15
SRR (i) AR B2 HGH B 7 1T, IEEE 1354 5 fi R Gu 5
T B P22 P i 12 B A ) 4 35 56 2R B30 P 1 8
PRSI AU /D T 55% , IEEE118 3 &5 22 88 BUH 13
B RIS T 74% . [R)RE b, SR FH PR 800808 2 A A% 00 1
NG RUER T N R S €/ DL AU = 91N = N [ W= X7
r R BLZEL RN T 8 45 67 far SR B3 B AR AN B IR AT
TR MU RGBT AREES —ENEK, REIHHE
WK B R R A R IEEET18 Y
FR G VB T () A7 e ) 40 5 56 R 4 H T
FERR IS [0 T 42% , £ FHRCR W] . IEEE1354 75
MRGAE KRB T AAAE I R A T R &
B I A I A 1 FRAZ HEA TS L, B LA TR AN
NG A, RS A A B4R
RGBT TROR.

R1 TRBEETEENERBALLE

Table 1 ~ Comparison of operation cost and computational efficiency under different databases
R B AR /s WU EE I il /s S R ]/ s BATINA/ T8
I RVRIL
FIEE e SRR FIEE e CRERE FIEE e SRR FIEE e CRERE
IEEE1354 0. 028 0. 062 402.514 507. 813 0.070 0.078 3 471.30 3 471.30
IEEE118 0. 008 0. 031 12.919 27.250 0.018 0. 031 19. 06 19. 06
5 éE-L/k\' ZHOU Anping, YANG Ming, ZHAI Hefeng, et al. Distri-

o IO X6 B WL ) AR G ok BT R kR, AN SR
HH— b LT TSR IR e i D RO A G PN 3 2
B AT O BRI T 40 R 258

1) DU R340 Sy 2R 0l i) PR AR 7 05 RE S o2 3
—HH IR ) R G A LA K AR, O fE
AP BB 2 AT R, ) 3R G 23 Hudl— 1Ak
Fiilt AT RIS 2R B A7

2) TS R T B AT 35 3k 1oz 0 0 iy
i DR EL ) H IR LA TS 3R R AR ASCR.

3 ) VR fef T I 380 B R S50 I 2R St mT
TR, B RAFE T

S & 3k
References
[ 1] JAZF 40, e 25 3 K X ) 346 R o v

F 43 o 5 9 52 2 . o o, L T 2
2018,38(20) :5937-5946

butionally robust real-time dispatch considering moment
uncertainty of wind generation [ J ]. Proceedings of the
CSEE,2018,38(20) :5937-5946

[ 2] Zhong J,Li K J,Sun K Q,et al.Source-load-storage coor-
dinated optimization dispatch for distribution networks
considering source-load uncertainties [ C ]//2022 4th
Asia Energy and Electrical Engineering Symposium
(AEEES) .March 25-28,2022, Chengdu, China. IEEE,
2022.819-824

[ 3] Alsac O,Stott B.Optimal load flow with steady-state secu-
rity[ J ].IEEE Transactions on Power Apparatus and Sys-
tems, 1974 ,PAS-93(3) .745-751

[ 4] kB, #6452 AARReH ) R g 8h &
SB[ T ] MR, 2013,37(1) ;24-31
ZHANG Xiaohui, DONG Xinghua.Research on multi-ob-
jective scheduling for low-carbon power system with wind
farms[ J ].Power System Technology,2013,37(1) :24-31

[ 5] WK, XIRSE, A0, 45 5L TBOMI AR CHL 2 MR
rtEREDLAL Rt (1] B R GE A 34k, 2014,38(6)
20-25
HU Yongqiang, LIU Chenliang, ZHAO Shugiang, et al.
Optimal control of energy storage based on fuzzy correla-
ted-chance programming [ J ]. Automation of Electric



844

[6]

[8]

[10]

[11]

[12]

[14]

TR, AR T IEIRCHE 2 A a5 A U5 A i P[] 1 PA 90 BE TR 0k

WANG Zhenyi,et al.Intra-day scheduling computing of coordinated generation-grid-load-storage based on graph database and graph computing.

Power Systems,2014,38(6) :20-25
RN, M5, A% I A, 55 35 00 A 2 A 1 1k 1) ol H, 1)
e A SAUAC I EE TR [T ] i R GE A 8k, 2017,
41(21) :156-162

CHEN Gang, YANG Yi, YANG Xiaomei,et al.Distributed
optimization scheduling method for microgrid cluster
based on distributed Newton method [ J ]. Automation of
Electric Power Systems,2017,41(21) :156-162

Kl Wrat, Be W, 58 2 T L A A9 Tolk
DX Y5-I - i it Bk B B AT E R A AL TR [T ] v o 4
A ,2020,44( 10) :3744-3752

ZHU Tao, CHEN Jiajun, DUAN

Approximate

Qingang, et al.
dynamic  programming-based  online
algorithm for combination operation of source-network-
load-storage in the industrial park [ J ]. Power System
Technology,2020,44( 10) ;3744-3752

Yuan X H,Su A J,Yuan Y B, et al.An improved PSO for
dynamic load dispatch of generators with valve-point
effects[ J ].Energy,2009,34(1) .67-74

Li F,Morgan R, Williams D.Hybrid genetic approaches to
ramping rate constrained dynamic economic dispatch[ J].
Electric Power Systems Research,1997,43(2) :97-103
INICEE, SR AR, 2 [EIA 5 7T DX T 00 R AL A K
R KL ) RGeS A A UE R EE [T ] AL T
244 ,2009,29(4) . 41-47

SUN Yuanzhang, WU Jun, LI Guojie, et al. Dynamic eco-
nomic dispatch considering wind power penetration based
on wind speed forecasting and stochastic programming
[J].Proceedings of the CSEE,2009,29(4) :41-47

o U, 2 B A, R | A ] o vl RS A
ABEVETOLT 3T 25 5 8K I E 3B i R 5
AARACTE RE [T ], v [ g ML TR 22 41, 2015,35(7) -
1657-1665

GAO Yajing, LI Ruihuan, LIANG Haifeng, et al.Two step
optimal dispatch based on multiple scenarios technique
considering uncertainties of intermittent distributed gen-
erations and loads in the active distribution system[]J].
Proceedings of the CSEE,2015,35(7) :1657-1665
Wi, XTI , XA, S5 25 U 000 4y it W 98 1 2 3
P L RO A IR BE DT BRI 5 [ 1] 0 R G R S 4l
2022,50(1) :167-173

LUO Jinman, LIU Liyuan, LIU Piao, et al. An optimal
scheduling method for active distribution network consid-
ering source network load storage coordination[ J|.Power
System Protection and Control ,2022,50(1) ;167-173
A, TR B8R, 55 kT o R AT T e
U EL K D00 Y58 0 i A D09 90 R F S (0] HRL IR 5 3 T
75 ,2023,39(7) :134-139, 146

SHI Rong, WANG Xueyan, LU Xin,et al.A study on the
load and storage coordination control of clean energy in-
ternet source network based on improved clustering algo-
rithm[ J].Power System and Clean Energy,2023,39(7) :
134-139,146

B KNI, XA A T ICHE Nash-Q Y774 55
VIR i P ) O AR SR [0 ] ) A sl i i,
2023,43(8) :71-77,104

HUANG Hui, LI Yonggang, LIU Huazhi.Collaborative op-
timization strategy of source-grid-load-energy storage

[15]

[20]

[22]

based on improved Nash-Q equilibrium transfer algorithm
[J]. Electric Power Automation Equipment, 2023, 43
(8):71-77,104

DM, X R, 5, S5, DX D e i — PRk 45
IR ] B, 2023,26(9) :86-92

SUN Changping, LIU Ruikuo, ZHANG Wei, et al.
Integrated control and management model of regional gen-
eration, grid, load, and storage [ J |. Power Systems and
Big Data,2023,26(9) :86-92

SR IR T, A 5L T IR B A g IE v R Ak
HL R AT AR SE [ T ] BLHL AR L, 2023 (3) 1 1-5
ZHANG Zhihao, SUN Baohua, HAN Tao, et al. Research
and application of power supply range analysis of distri-
bution network based on graph database[ J ].Mechanical
and Electrical Information,2023(3) :1-5

XFESC, ok DY, IR, T B A PR ek
AR O R L] R R RS AR R,
2018,16(10) :19-24

LIU Kewen, ZHANG Guofang, YUAN Chen, et al. Fast
nonlinear iterative method based on graph calculation for
power flow calculation[ J ] .Electric Power Information and
Communication Technology,2018,16(10) :19-24
CISTRT/R = S VN e 32 D AR 7/ 3¢
FETRISEL T ] AR ,2024,48(5) :1957-1966
ZHANG Xian, TANG Yachen, LI Da, et al. Carbon
emission evaluation for green power transaction[ J ].Power
System Technology,2024,48(5) :1957-1966

XU —, Fakll 29 5 i — ik E” B2 {5 B
BRG] AfEE SEEEAR,2020,18(1) :7-17
LIU Guangyi, WANG Jiye, LI Yang,et al.“One graph of
power grid” spatio-temporal information management sys-
tem[ J ]. Electric Power Information and Communication
Technology,2020,18(1) :7-17

Liu G Y,Liu K W,Shi D, et al.Graph computation and its
applications in smart grid[ C]//2017 IEEE International
Congress on Big Data ( BigData Congress ) .June 25-30,
2017, Honolulu, HI, USA.TEEE,2017.507-510

X AR, B, A ) B & RO RE
VR E B R B R [T ], B M4 R, 2021, 45(6) :
2051-2063

LIU Guangyi,DAI Renchang,LU Yi,et al.Electric power
graph computing platform and its application in energy
Internet[ J ]. Power System Technology, 2021,45(6) .
2051-2063

b, SR, S, SRR TR B DX A R B
RSB D [0 ] [ AL TR AR 4, 2022,
42(19) :7113-7126

HAN He,ZHANG Peichao,CHAI Bo,et al.Modeling and
operational  optimization methods for district heat-
electricity systems based on graph computing [ J ]. Pro-
ceedings of the CSEE,2022,42(19) :7113-7126
RN, DA, Wik, & F R M HiRA
P AR TR [T ] HL ) AR B8 A 81k, 2023,47 (18)
161-170

MA Zhigang, WEI Zhinong, CHEN Sheng, et al. Optimal
dispatch of AC/DC hybrid distribution network based on
graph computing[ J ]. Automation of Electric Power Sys-
tems,2023,47(18) :161-170



HFER 24 22 240 2024,16(6) .838-845

Journal of Nanjing University of Information Science & Technology,2024,16(6) :838-845 845
[24] fEWN, T A E, %225 3F CIM/E B NBRLEHT [T ]. GESLI R 2% 0 A B AT A2 [0 ] HL TR 52412, 2020,
HEHLRS N ,2018,27(1) :168-173 35(11) :2339-2348
CUI Li, WANG Zhanguo, WU Yi.Analysis of power grid- LIU Guangyi,DAI Renchang,LU Yi,et al.Graph compu-
model based on CIM/E[ J].Computer Systems & Appli- ting based power network analysis applications[ J ].Trans-
cations ,2018,27( 1) . 168-173 actions of China Electrotechnical Society,2020,35(11) ;
[25] X" — WA, ek, A5 L T IR S R B B BER 2339-2348

Intra-day scheduling computing of coordinated generation-grid-
load-storage based on graph database and graph computing

WANG Zhenyi' GAO Daochun' MO Xi' GE Benxing' LU Xuegang'
QIE Jingbiao> XIE Hua® ZHANG Pei*”’
1 Yunnan Electric Power Dispatching Control Center,China Southern Power Grid Company Limited , Kunming 650000, China
2 School of Electrical Engineering,Beijing Jiaotong University , Beijing 100044, China
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Abstract The new power system requires cooperative and optimized scheduling in the integration of Generation-
Grid-Load-Storage ( GGLS).At present,the scheduling automation system employs a relational database that relies
on multiple associated tables for data query and storage , making it difficult to meet the rapid computation demands.
Here ,we propose a graph-based computing method for intra-day scheduling of coordinated GGLS.Firstly, the graph
database is used to integrate the spatiotemporal data from power generation, grid ,loads, and storage.Secondly,a com-
prehensive optimization model of intra-day scheduling of coordinated GGLS is formulated, taking into account
various resources such as thermal power units, adjustable loads, and energy storage. Thirdly, a graph-based power
flow calculation approach is proposed to quickly perform system security checks.Finally,based on the security check
results, the system operating status is corrected until all operational constraints are satisfied. Through analysis of im-
proved examples on the IEEE118-node and IEEE1354-node systems, it is verified that the proposed coordinated op-
timization strategy for GGLS can improve computational efficiency.

Key words graph computing; spatiotemporal data fusion ; generation-grid-load-storage ( GGLS) coordination ;intra-

day scheduling



