EHAE-CHANE] KooHORE

2023411 H

BB

Water Resources and Power

Vol. 41 No. 11
Nov. 202 3

DOI:10. 20040/ j. cnki. 1000-7709. 2023. 20230750

ZENEBRAEHNBEEEERKNEMN
mAMER AL E

RXE L ERAETEBEL AR AT B R A

(1. EREMARAFEFSH, $1d6 ®IX 430077;
2. R BHE RS a0 BASHE T TARS; b. EARSKH TR, #dt i 430074)

WE: RABYR I T AEAFSEELRERNALETHNELZRHA, ML LA THEERBRXETEALR,
BARLFFHEATL T, AT ERBTREH R AU @Y R MARAT MDY KRG, RSB DT
HR MBI AR, AT AR R, AP, BRI B R A fe S B R R R R My KB AT
HEBETHEOBEEHNAOBZEL LR R E RS AHRACHERER, RE 55 B A L LT &
(SM) | A 5 ik (IP) BE B AL I 3k (SA) L G SR kAL ik (BWO) A B A 2 (ABO KBAEA A XK M A B
MAKZ 15 min RRABERED,.FREELAEBFREAGHARLTE, REXLEEM AH FATHER K
fRrikmit, HAZRET . BAL ) ZAANB AR BEBERL R L, BAXFRALE XA EEAT
AP A K KM AR R ERGOFIE, M A SRR AR A RN R, AR R
FORERFTERAERE. THAELLSGESR S AR fed ) TR R TR LI,

XER: FZELLEXRER; 2 RER; RABEES; 2 LRPERAHAKAL; BTEBESEH,; A5k B

VW X R

FESES: TM73 XEktRERL: A

1 35l

i

HL I e R HL R ) (TSSO 2 4R AL FE N—1
LM TP PR B ) RGEARZNT M
B K B i R0 B - . TSC 358 3 20 5E g f
TSC 5 56 46y — A 2 83 i J7 & L ook 3 AR
ELTEHBERBAILN—1 HEZ 2SN REK
T (4 PR A ) 58 3t DA BRI Ok L9 kT o IR R
() Ge i AL Bk B A NSGA-TT B K |l Y 22
Gy A S R RE SRS O AR SR R BRI 1L
BELSR Az AR ) BB A B R B R Bt BE . 1R
Ge AL A B 1 WA S B e SRR 5 SR ARUE L (HX SR
) B R g . R R SR I P A R ARk
SRR B Z W VRS SR EE R ATRE L H AT
PEARG B . AR Bl R I MR AS TR 1, vl
P 53 J22 43 X3 A R L IO 2 J i e 9% e 340

g N=p- R
BELAH:
fEEE A
BIRIEE:

2023-06-10,1&E B H#F: 2023-07-20

XEHS: 1000-7709(2023)11-0217-05

WA ST HE T 43 XIS AT A9 4 i J 52 2% R I e K
A F B g TR A i 3 A4 - O L I PN LR
R 2 BRI A (B HORE T 52 HL R e 2
S50 HLALITHLTT 3 28 K SF L B A 2 22 Ff R
SR S R A TR A U R LA 1
SR s i HC AT RE W I o oA 3 RN BE R B4 0k 3l A
TRUE BRI A0 IR 52 A 3T Al 4 I B g R it vy
RESIN T N BIR RGeS . OFFRIRE R
R R ) AR 2 ) 3 A AN 40 TR AT B X R
AR 2 I oy 7 A W TR T O A A R 2 B R
67 A ) Bl 25 A A ) LT o] A 114 DB TR R 4% o 2
SRAL X % DR A BR A . O H I HL AL B 4 55
A O AR 280 ] AL, Xk b, AR A i T 1T R o
R e R S 2 R I o3 X3 A7 A A 8 TR — 0 DX R
P B I KRR K A B LA AT R i
T B R 22 AR 2 SRR R e T R 2 R T B
KA BE S PR ALY, 73 591 08 545 SO AL 5 1 o

[ R R A R w4 b d B 0T H (5214DK220008)
Mg SCHF (1991-) , 58 L+ W58 7 In) R Hl f1 R 48 V8 ¥ 38 47 , E-mail : chenwenzhe_sgcc@126. com. cn
B (19735 , 2, 1 RS 5L L B 58 5 T Dy R VR R0 LT T R ) R GO ME IO 5 O AR B L LR



. 218 o Koo g

2023 4F

(B Al TR 1 Nk RS R U RE LA SR
RRAPLIR T0 B | P fi P T s e R A 4 Bl o i
PRI A M e
2 HEEERKENEAXHEBERESN

A E 7%
21 BETEX

Sk T A R B PN BEORG AH  E) RLEE PN S B
F, TSP L P R 1R R A2 % R R T A T Y
—EER HAR A W 75 S HARE W&
DAL B BL T X AR 2 H AR B 45 43 XY 7
o ¢ R R 220 9 B A7 BE 49 B K R R R AR R
H 52 9 P 28 T 9 B 4% 2k 3% fl TR e IR & e T
I 2y 258 8 FALZE 9 1F G0 5E 37 4 FH o 76 6 L Fl T 2
AR T AR A H N A K 15 min
(e KL RE T
22 MRUBAEEIAE
221 HIrRE

7 H AR R 2252 HME B4 T S5 K Ak g
J1F FE5E L B H AR NN E LA &
I R H AR SRk B AR NS IR
FIMLA & it R R KA H AR R, AT 3R R

maxF = > AP, (DO
1

K, AP, FHARE MA@ A 7 X AR E AL
AP AL HE R KR E s m R H AR W
BT AL B R XA
222 HHEKMN

(DIPRFAFLHR, ARG 5P, HARE M AN
JITATH AL K H o | U IR 4% 4R 1 32 L
AR Akt 22 5 A A AR A i 22 FIAH A5, TR O

i(APiJrAP[)(«,,):ﬁ)AL, 2)
i=1 i=1

R, AP e, R4 K G AT B DX I I
Y 28 98 SR L E T I T DRI 2 2 19
P LR AL, R 0 U LR

(2) M BLBLALBER 0 B 4 200, 16K % 1
K DML 92 % 57 9 00 0 5 R b S
A5 i e LA TF L7 38 4 0B 200 2 e, o1 2 7 e
R A8 3 BUBL 2L S T 45 1 B

Nuwe < AP, < Py (3)

R Nawe M3 HUBLALTE S 505 15 P
HUBLAEL %% 1F 4 11

B UBLAL 6L K o AT

(3 WV I 6 240,901 I 0 0 25 5% 1
TR I (R O W A 4% D

— VBT TAT A B TR R BORE OR FHZ R X A e K R
B[R] — W7 1 A 52 A0 A . B e — T A G
M ¢ i M, %4 A B . 45 2R R o A A
ST NN iy j g (m =12+ M, RN
%) B ABLAL & XTWTIE g B9 RELE S, ., N

M
g
dEPz j M,
~ gm? gm g
Sm S LA
4)

Ko dP, ;R m R D) AR dP,
AUk WAL DA By 5 K m X
Tl g B9 s A HE MRS 0 AT 5 5 AU B O R
A TRV R RE A RS AT R R B
(VA SIvE 8

] B2 T WA T D 236 il 2 DA T 9 24 TR

Jpq - Zsi.qAP, - 2 :SI)(‘.iAPI)C.I —L < qu;\x
i=1 i=1
<

quin < Pq - Zsi.qAPi - ESDC,I‘APDC.I‘ —L
i=1 i=1

(5

0[S DL

L 7; Sy (6)

Xfr. P, oW g AT 208 D185 P P i

o) g 15 FLRE TE T 17 25 i 9 O BRI 06D g 6 2K D R

BN RRE; S, R X xR W g 1 R

JE s Spe. AV RLTE R IX @ B9 B DG 265 2k X i AL

Il g MR L o Baer A2 A0 5 | A 30 3 1B 1k A
AR

(4) 4 () 52 L B T 52 L T E RN 23R A

AN AR TR S 4 Dy R A ik ) [] S8 AL i

N0 45 ) 7 52 U T T8 32 PR T3 S R B O

k k
[ DI(Pac +AP O = 2P <e (D
i=1 i=1

KL Pac WIS L Y AT 21T 265 AP o N
LTIR AR M D) AR 5 P WM BR S LR
TR B AR (8] 22 I W T AT S R A LR e
h R
(5) 48 0] 22 3t W 1 #S G 29 9, 44 (0] 22 I W 1
AR EEAMIE, /LR N
G(P; +AP; P, + AP, ,) <0 V; € M
(8
K, G(P;+AP; P, +AP,,) A4 8] 5 i B
M SHMEEHZRMNMEEGCR: P, +AP, B
PSS Wi j A P, + AP, W coup
PR R E S T 36 s ML Ry R W BT TR S A R Y



41 5 11

R ST 46 < 2 T TR 5 47 1) ) R oo T A2 2% O v IR o R 8t W BB D 1 U ik

+ 219 -

Wrim 44,
LL“EG-+EY” 48 [8) 28 it W 180 A f5i) 358 B 5 —
A [ B TR A A 4R R 2R i I U SR . “EG+
EY”E RSB HAF7E 7 PSR A R, Wk 1, K
1 HEE Y bR L H..
1 EG.EYEBEEHEX

Tab.1 EX and EY section coupling control requirements
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Fig. 1 Flowchart for calculating the maximum power supply
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Tab.4 Comparison of solution time of five algorithms
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Optimization Method for Maximum Power Supply Capacity of UHV Complex

Large Power Grid Considering Section Coupling Control
CHEN Wen-zhe' , HUANG Mu-tao™, LI Qun-shan', ZENG Ling-kang' .
ZHU Ke-fan', GAO Su-hua’”, CHEN Xing-bang™

(1. Central China Branch of State Grid Corporation of China, Wuhan 430077, China; 2a. School of Electrical

and Electronic Engineering; 2b. School of Civil and Hydraulic Engineering, Huazhong University
of Science and Technology, Wuhan 430074, China)

Abstract: The calculation of maximum power supply capacity is an important issue in optimal operation of UHV
complex large power grid. With the large-scale access of high-proportion renewable energy to the power grid, the problem
of power and energy balance is becoming more and more prominent. Considering the stability spinning constraint, cou-
pling section constraint and unit regulation capacity constraint, the calculation problem of maximum power supply capaci-
ty presents high-dimensional characteristics. which is difficult to model and solve. According to the limitation of trans-
mission section and the characteristics of partition operation of UHV complex large power grid, an optimal dispatching
model of maximum power supply capacity of UHV complex large power grid considering section coupling control was es-
tablished. Then, the Simplex method ( SM ), Interior Point method ( IP ), Simulated Annealing ( SA ), Beluga Whale
Optimization ( BWO ) and Artificial bee colony algorithm ( ABC ) were applied to solve the model respectively, and the
maximum power supply capacity of the large power grid in the next 15 minutes was calculated. The coordinated optimiza-
tion scheme of various types of power supply and reserve was proposed. Finally, a regional power grid was taken as an
example to verify the model and the solution method. The simulation results show that because of the large scale of the
power system and the complex coupling relationship between the sections, the heuristic intelligent optimization algorithm
has a long running time, slow convergence speed and low search accuracy. The interior point method converges rapidly,
has strong robustness, is insensitive to the selection of initial values, has better stability and computational efficiency,
which can provide effective and practical support for power supply and power balance of complex UHV power.

Key words: UHV complex large power grid; divisional grid; maximum power supply capacity; coordinated optimiza-
tion of multiple power sources and reserve capacity; cross section coupling control; interior-point method; heuristic intel-
ligent optimization algorithm





