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Digital Twin Method for Security—Constrained Economic Dispatch of Power Systems
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[Abstract] The digital twin method for security—constrained economic dispatch of power systems achieves
“data—driven, virtual—real interaction, and dynamic optimization” by constructing a high—precision digital
mapping of the physical power grid. This method integrates multi—source data and high—precision modeling,
accurately quantifies the uncertainty of new energy output and security constraints, and combines improved
model predictive control and reinforcement learning algorithms to enhance the economy and real—time
performance of dispatch schemes. Practice shows that it can reduce wind and solar curtailment rates, decrease

equipment operation and maintenance costs, and significantly improve power grid operation efficiency and

security levels.

[Key words] power system; security constraint; economic dispatch; digital twin method

ElE

Bt B ) R G VO, R L LR BRI S RIS
AT TR G FERE PR ™ IR Bkl . 2 R R E 55
JOGE 3 PR S e bk ST RE ISV 4, (EBAT T EAT A AR
AERIEA L WK SR LR AR B AERRE
T A A A R P R UL AR, SR S T S 2 R A,
MR L SR S P W] AR S 22 F AR B R X R 1
B, BONIRTE IR BEAL KT IR R R B 42

1 BFEERFHYE EHESRIE T

L 1B 2R E RS 5 B RGEE MR B

(D58 X Brapdimd e R 40, IR BaEA8 H
5k MAMER ARG LB ASGRGE R RS e E
AR B G IBAT B, SRR STHUG I B R S RO RS HERR SR,
852 FARFTAR R M 44 5 38 15 SR SR S S KBl e 55 2
D) 35 R S 5 O B A A B8 R SRS, T B SRR SR
R SRR, (2) A RGIHE PRI LR —2%
I L, FAEAER S i IS AT RS B AL, PRIF P45 2 PR

B7; e AT AR, R R SR R I OCT F S AT ML, yia 4
NSRRI =22 HAsIhIA, 7505 T gk o T Sk
LU SR RRIRTE 95 2 70 H br, SO0 H AR B AT

1. 2 AHE B Tt

(DP3EZE: WIEARHE . k. Ao, RS sebr M
W, LS S SR B S U R B R KBTS . R
P 55, N W BN ) EE P 1 S AT RS, MR S A
VR PR S SR BEAER R . (2) SRR W EE B RUE 2R A
RUPE, A& TGRS XIS MR AR R A, 3
TPy 32 A S I L 5 3 R G B A A D, SCREHL
TBATIRASHEIL WAy 5 0 B 7 RS TR . (3) Hudls )2
A Z IR R AR A 5L G EATS . BEMEERER
P AP ST HE . R S 2 R A, i B
Yoo Bedfe. AhA SIS TG R BB G EEAR L
AR i A FE, AR AL SRR, (R P TR . (4) B
B BB AL RETT R BRG] E, BT RMEENS RS
Kt 2 b A A, R A et Ak SR AR R T % . A R

206 Copyright © This work is licensed under a Commons Attribution-Non Commercial 4.0 International License.



Engineering Technology Development

TAEBARERE
H6EeN 12 HefA 1.062025 F
EHFA: W TS (ISSND: 2737-4505(P) / 2737-4513(0)

RV SRR RE, MR T R L E R
HRBAEF RN .

1. 3R AP

(1) B BT H 7 B AS B s Tk A8 BT BB IR T J1 2 R Rk
Wi ELA S AT 5 9 Sk, G AT HE kXU R AN e
FXHH R, M RS R . S M AT E AR, AR
WS T 7 A R S . (2) LRSS RIE SR B
MRS BB T B AL RSN R, T LEhES
3T 2 A L AR IR, SIS 2B . R IR R AR 2%
IR A RS HE AL, B RO I e Al . () TR
REREEENPE: 2 RERAR S G M LR80T &
O, G0 ARTFE CRAIE TR BE R SRS BE I AT R, B AR A i Ak S
AL ZETF BAR TS ALEE, T 2 Seis VA FE IS TR R, R AE SR
Hb P PR A% O PR AR o

2 BARGHFEEMUERE

2. 12 W HI37 8 A i

(1) REE AR AR ENL, BRSO Bk #,
BEF HU RN s R B R A B R R R S AU
0 0 % PR TS L L UL PR B A A LR, o 5 A i R R )
FEADURE « LIRS & S5 OGRS M B 4% LT AR I L | HE Y
PR SHE 25 1] PR S, PRI A TE S 2 L R iig AT A e .
Q) PR SHAL: EX 7T, MRt fs 58
SFE MRS TR AR S MRS
BN A SRR, B AR SHIE. I
R WSR3 BRI, Bh SRS HER L I BT A R e v, IR
S R AEEAL B A KU B R G R . (3) RGP, &F
A HATTAHUS X0 B AREDR, R E a6 R RS 5 5 AE
DyARMGF R . o R R S IR RE . s g
SLEPRA, RS B A SRBERR A BRI RS s R, Eid
B AL b SEEL AR AR A K HL R B B AT RS RS AE s, 52
BTGRP RALRSE.

2. 28NS R IR B AR

(1) 5&-F-SCADA/PMU SR B4 12 1E . #KFESCADA (Bl R4k
5T R40) S5PMU (A5 AR B0 208 B ¥ B s i a0,
HESTHERA ENL] . B BRSNS EE . B IR
WU A 72 S AL, T RO A i R A AR TR R 72, B ORI N
AR AR AR [ B S T A, SEIUBAY 5B R A Msh AR . (2)
PLES 2 I S AR RN . BIANLER S ] HVE R T AL &
BOHE R SR SR v R, BALSTM (K S I EAZ M 4%) 9451, AT F
FHFCI 250 A FA 34, B 7 50 XU B8R 5 S G B, s
IR HE, H 7 RS U T 5 [RDI  XA R S  2, lae AE 2k2 5)
SRS TR S AU, S B MRS s S, AR
IR (3

2. 3k E AT

(1) BRI 7925 BEXE A RS AR G R w18
SERCRAR I W L, SR FHKry Lov 125 ) S5 AR PR RO o 78 1 7

B Z OB A RFE RO AT SR T, G PR AL PR Y 2 P2, k>
ZEYE ST E R, SO R 5% 5 TSR 101, #7128
AR SERT AR RE Ao (2) AT AT A . MR IL G- = )
[ AR 3 A7 AT S 200, R SR R v (T A 55 (A sz it Bt

ATFERI LA DU BRI SR, &R ik AR s m)
R4 28 i A0 R, 15 Bh = v st K I ) S i SE B 2R 1T 3, 3@
T R B BT AR A AR AR B AT R

3 BARGHFEEREAREFAERLTE

3. 1% A A B AL AL

(DN-1Z &N B e A RIE: BTl RG 572t
Ao P L R PO HE RIS R 77, HEN- 122 A Ak ] =4k mp
THERLIA B A2 SR A% A o S 7 2 A AR o i AR L B — e (R
AL ZBB%. RS B HIBIT SR, W i 4 X S
TCAEIN- 1B R 4037 55 e, ST B 22 A v D) G R SR 31 B il
P B3 S LA, TR BB AL B ) 2 A Ik 3R . (2)
SER FAER E IR PBR T A ARFERC T 2R AR A I SE RS Al T
FE 2R R S H FRERIRLE L SR A AT 2 IRBN SRR, B
PFR B R PR T SRR 35 2R AR R S BRER L I A TR AR L,
B IELR B AR S5, RWUEN BR RS AT Tl M2k
1) R B PR, 6 G TR] e 25 AR S B3 B000 R R s B e 4
S o (3) s R R e LR B A RS RIS 2R AR xR Y
B 43T (1 SIEBE 477 L RE 0, AL R P R AR M B A PRI 45
A AR R B RE IR H i Bl S SR B, B TR R
FO TR RS M B, T A B A AN 78 TR B vl T 240 SR A T LR
G s, ST T LRI T, AR A RE T 28 S it 3o e e R
JEIRL T2 AR e Y

3. 2% HARAL AR

(1) BARRE: B/MEUKR BRI A . Hh R K
AR KR AR ENE R A . BB IR A BIs 4 A EALA S
15 BAR, TR WA SRR [R) PRI SR R P RS A A AR B B
TR HE R A & A k38 5 T H A TR VR BRCHETBCR 2L, e
R REAL VAT AN H bR R B, S5 R S Rk B
PRI E AL, 326 <X BRI ER . (2) LR —RY)
BT, IR A i LT 28 55 P PR gy B P 451 DR e SEE T
i, R AR BRI . R RS AR, ST S sk
A ISR 1) 22 1% 2 B0 R e PR, R il 28 B i A iR 22 4 1)
B =REHBTRLR MR LRSS SA&HAR, M
of S 1aT U 205 T R H A H e s DR T R A 3, BBk
P L4 2 A el Y1 g R T SR R 1, B S AL 2E A KR R
B SRS TFESIZIT A RE .

3. SRR AT

(1) BCFE AR T ] (MPC) HEZR: %155 HR 12 1T 1K 3h A5 )
AR, AL GMPCHIR BN B D S TR KR E . 456 %
FER AR AR SR 7 BLRE 0, TEREN AR E SR P 22 A AR TR R
RZ 0 BRI ATIRAS, 2T &S R ah & L E DK,

Copyright © This work is licensed under a Commons Attribution-Non Commercial 4.0 International License. 207



Engineering Technology Development

T AEBMARER
HOoLeE 12 efA 1.0€2025 4
EEAL BTG (ISSND: 2737-4505(P) / 2737-4513(0)

ST+ HFNHT RE VR I N 5 S AL B IE L, A RO EE 5 SR
HTEVE S 9em k. (2) S & omfe s ST B IR AL : 51 NIR
SE PSSP L (DDPG) iy S B 3 I AR AL ML, Ke 1 JEE A4 i)
PR Y By R P R R LR . PP 7 2R A A A pl B R U2
T3 T EE N, A8 RN R R 2 I AR T T
R R IE R P2 SRS, SR 2 S0 B S R B, BT RE R R
AN TR TERE . (3) ZAAL BTG B0 2 LA &
S EC A )RR A 52 2% B v 1 I, SR P s it A R X
G AW 24 SR AT 38 A 5, A1 SRR A X P52 P ) A (R JE A F) 7T
A7 X T W 22 4= 200, SR TS BR B0k 20 s S e Ak
YRR LN S R NSk @R CEbUR SR g SN IR U S (OB K L YWA A S
T A 240 SRR 77 TS, PR R A 2 7 8 1 22 Ak S Rt

4 BNRGHFEERENREERFKTTE

4. 1SRt P

(1) FRRS JEE 2P A AT P A « ) 7 78 4 P O ) R A R
RN KRBT, ORI RS S 2R E
BERIF R R ST TH A . D B HEORIE R A 5 &,
HBR R P R SN N W0 70, S BCh /il df BLAR A,
HIZ) T BARMBHE o (2) LT Hodl 224 SRR ORI Hov s
A= 8 BE A ASCADA  PMUSS 22 45 1) i S o8l A S5 36 2, il
Wi L ME TR0 S5, P G BAEBURA R . Rmid R
T e 9 2 o ke e IR, T A 0 5 AR X LA SHe st Sz g
Ve 5 2 e, RALDRI I A AN 72 3 I N T ot i B L - (3)
VR O B 2R A BB AR AT 0 R 5 MR 52 5 e 0 T
BovZm A m B i iDL R EAT B R T S R . Ak
Z ELMLAI A5 R TEALA, VR D3 B XA w0 7 AR JURE, T
FEM I T 00 B 5, M L5 S (5 AR R 9 R AU 07 3 A Al
I TR %, BB ARVE R .

4. 2R RHETTT 1)

(1) BRI AR 13 B 22 A v 2 H AR

P TR) R P 4 L S SRR BRI, IR T SRR R BAL S50
LI A FH T B N5 M A R T S AR A T P SR AR AR,
248 R PEE 77 S A RSN TR, S sl 2 R B AR B 9 5 ) 54 (2)
oy PE XL . Bha XL o, AT RS
SECF AR RS HEWR e 0, M O B I SR EE T & o
X BRI AE 53 15 BB AW, T TR R 5
SRS R, ST A B IRS 5T 5 M R s S
ko (3) HFGHT R i ) R 2R AT i BT T
FL 0 AR Gt e LD RER - i EL 81 PR ) P B0 HORR VR, T AR A
REBHEBOR . B AR S FE S G R b 81T T
DA, SIS R H AT SEAEhA R, ST AR AR
W E ) R G IE N AR I

5 HERIE

B AR BRI ARG R R LR AT LR AL T 28R
AN 2 3 SRS S S AL iR SR BRT B AR, A7 2R 1R RE
VEAHE ML, L RN A B K S T SRR S5 S B v
Al KK, HEE BT XS B3 2R E RS RORIIR
R, 2T IR — D SR TR B USRI R KT, B i
SZ fry EEAGRT REVR R N FART B ¥ ) R 4, D REIRFL LS “ 0
AR R R S B o

(5% 3Cik]

(ML FRRAWE L RRFERRANE ) ZAAE
PR AL R84 R 4 B 5 10,2023,47(08):123-125.

(20 A, 7 55, TR 7 A 6 T AR HE O R 40 BT ) &
G A5 EAEA G g [0] 8 W3 R,2022,46(11):421-422.

BIERA NS5 EHLBFFEEREHRARLS AR
B F o EE R A B B AT LI] 8 ) &6 7E,2025,(5):112-114.

(417 ta A6 28 4R, A0 MR U T 1 B ) R % 4 4 R 2 57
B gy & g k[0 ey B s k&, 114-1165.

208 Copyright © This work is licensed under a Commons Attribution-Non Commercial 4.0 International License.



