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on non-dominated sorting differential evolution algorithm
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Table 3 Optimal planning scheme for different wind speed correlation coefficients

. A - GARY  GBE LRk LB BHER,
HRAE e aw MRAHY R WG % RBRE RBRE  (Lh)
1-5,2-4,3-24(3),4-9,6-10(2),7-8,9-11,
0 2X250 10-11,10-12,11-13,11-14,14-16,15-16, 25078 0.0417 0.6901 0.0909 921.13
15-24,16-17,17-18,20-23
1-5,2-4,3-9,3-24(3),6-10(2),7-8,9-11,
0.1 2X250 10-11,10-12,11-13,11-14,14-16,15-16, 25560 0.0419 0.6974 0.0894 919.65
15-24,16-17,17-18,20-23
1-5,2-4,3-9,3-24(3),6-10(2),7-8,8-9,
0.5 2X250 9-11,10-11,10-12,11-13,14-16(2), 28827 0.0480 0.7137 0.0766 897.37
15-16,15-24,16-17,17-18,20-23
1-5,2-4,3-9,3-24(3),6-10(2),7-8,
0.9 2X250 8-9(2),9-11,10-11,10-12,11-13, 34019 0.0586 0.7563 0.0749 868.33

14-16(2),15-24(2),16-17,17-18,20-23




07] ® 0 8 & iR B

£35%

TI AR E 2236 K W T B I sl et K 4R I 1 £ 3
FH MM, R 3 P I K ORI
A 5 22 5000 1 T B4 0 T S A /0N B 3 R 2 R
FL, 37 5 2 85004 18 g sk /0N | i BH XU 3 4 56 2R B0k
o, AUHL 37 o e () 38 K s/ 1 e Ak B | A
LI KRR = /N R ARG I B 4Ry
AR 2% . IWIABE R OR A, KU 2 A &5 A Y
—HB 5 H RLRR R, [ AT CO, B B[] HE | TR
RGMRHERCE N 150629 t/h, 1% 1—4 J8HE 4535
9 585.16 t/h.586.64 t /h .608.92 t /h .637.96 t / h,
R4 ok AT WL PRI R 25, % I XU FR AH G P ) Bl
F SR EE R i 35 | XU 3 1 HE AR R 3G T, c o, 1Y
BT I ) HE A I AL | 5 R 5 i X ER A DG A
Fb2E (A0 K, DI R AR SCPE T A R85 DR 25 fel B Kl
J5 FE R T R RS A AT T T SR B
422 EHNEXEBENEEFEMAKAR

W — 25 B A AR Rk T IR R X
750 kV =3 0 AR ) KO- 4 L R R ) H e
AR A r 7 AT UE T % X S R
TR L AEAEBOR 2014 4F  FLRI PUBTE 15 A s PRy
AU H P AR 26 (J0Q) .27 (QW) .29 (DH) (44 (HMB)
T T A S R WL 553510 2692 MW
5548 MW 5470 MW 4500 MW, >R & F 1IE &40 1
) A SR AR AR O e T fr B IR 2 M L 750 kV £k
AN N 258 T U0 / km, FFYTHE LR I fe K ] RCh
3, TR EERC R 200, i KRB ECH 1000 K,

AR 4 Fh o S B 58 XL 3740 S 1 X T fL K9
FLRI A R2 R 21— 4 43 2 45 XU H 356 i ok AN
A FGAH S A e s A et | A o6 R B
%4 0.[0,02].[04,0.6].[0.8,0.95], HH %3
FEIX A [0.4,0.6 1B AH ¢ R B M G SEPRIG O 4%
MRS 4, BN TTE N-1 1T
BIARR A, AUEH 5E 1—3 A [R5
SR (R R 2 JRCH b A G R B4R v B SRR

Tt — B B LR T AR I 0 A3 A H ) B 3
RTFEREN | H ) B b A P Ok i 2% 5 PR I
e A I B 5 26 3 0 IOE R I SR A Ak SR 2 R P 2
L 6, XU HDL i BT 3T 28 5 D00 B 127 S XL IEL 750 kV 2 %
P AREERE B | T 5 4 R XU S MR AR S E L, R T
7 Xof JR EEL S L A iR 9 Bl M ARIE 2R S8R 2k B A L &
N-1 TEOUE ARSIy, AUE J 1 BT P90 B — A5 i |
AL 72 3 I S BN T 16.2594 1270, H M4
LERIIE /DT 44— 45(HMB-JIM) Y 1 &£ ¥ T
44— 46 (HMB-JJH )2 £k % | 10 38 JiR i v 45 & 45 71
HLIE B T T 0 5 f 1) 4% 5 ) PRAIE T R i XL
LR A % 45 JRUREL i i ) 500 AH DG 1 | {6l JXUFE 3 i
W BB s R T — B BN R R R R
ASK Fe /NSRRI AG AR /0N | L D) B AR A Al R A 2

Bifi 5 A FE 3 A DG 2R B 1 K, Sl B R R A AR
T ] S 0 K R B (E S T 1 SRR A KON
8B 3% R T B AR R R Y S R A A I 3 b A 4R
LB BN Z A KR 2 i 1 1 4R Y A
FROFARZ LA EXF F A XU H 2 A A ik
K, U 37 b 37 R AR v IXUREL HR 7 I8 B R e
R, HL PR 9 L R Y LI B, o A i DXk

MRS 2T R F AT 3 BT Rk A — 3K,
SR RUE T T 0 sh PR B i (L RUE S 7 3 R A
FARA Hop R A 22 R K, FfE XU A Sk
E—2E B T2 4 rf XUH 37 FH 418 B £ I 45+ & A
BCAE O 4R T e AR XU R A H R T 1
FRGE CO, WHET = R AL, BIEE &% X H
AH S | B R) BCE B % T UG AT SE PR S R RN B R
b 0 1 B S el

NE 7 X AN AR AT M R AR SO ek
it NSGA-1I 1 NSGA-11 433l i 5732 5 50 ¥k, AT
HAn e 5 — I &= — AN, geil 2 Fhaik
50 YRAs B £ 20 (0 AR i Xk L ) bR 4 4
2 g UL i 2 an & 7 B

R4 AT RREIERTE

Table 4 Comparison of grid planning and indexes among four schemes

~ . GARY  OBE  LERK  LEGN B
ES S 20 B FELOST BB : .
R HI R WAL % RRE GEE (b
1-2(2),2-3,3-4,4-5,4-7,11-12(3),16-18,27-28(2),31-32,
1 32-33,32-39,33-34,33-38,43-44(2) ,44-45(2) ,45-46(2), 135.3634 0.0541 0.8213 0.0133 26457.96
46-47(2),48-49(2),55-56,55-59(2),59-60(2) ,60-61(2)
1-2(2),2-3,3-4,4-5,4-7,11-12(3),16-18,27-28(2) ,31-32,
2 32-33,32-39,33-34,33-38,43-44(2) ,44-45(2) ,45-46(2), 135.3808 0.0552 0.8265 0.0132 26119.96
46-47(2),48-49(2),55-56,55-59(2),59-60(2),60-61(2)
1-2(2),2-3,3-4,4-5,4-7,11-12(3),16-18,27-28(2) ,31-32,
3 32-33,32-39,33-34,33-38,43-44(2) ,44-45(2) ,45-46(2), 135.4097 0.0627 0.8359 0.0119 25696.45
46-47(2),48-49(2),55-56,55-59(2),59-60(2),60-61(2)
1-2(2),2-3,3-4,4-5,4-7,11-12(3),16-18,27-28(3),31-32,32-33,
4 32-39,33-34,33-38,43-44(2) ,44-45,44-46(2) ,45-46(2), 151.669 1 0.0764 0.8665 0.0104 24472.14

46-47(2),48-49(2),55-56,55-59(2),59-60(2) ,60-61(2)
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Multiple-objective power grid planning considering wind speed correlation
LIU Xue',LI Hui*,ZHOU Ming',GUO Fei?, LI Gengyin'

(1. State Key Laboratory for Alternate Electrical Power System with Renewable Energy Sources,North China Electric
Power University, Beijing 102206, China;2. State Power Economic Research Institute,Beijing 102209, China)
Abstract: The wind speed correlation among multiple wind farms may influence the power flow distribution
and the transmission network planning. The inverse Nataf transformation is adopted to build the wind speed
correlation model. Combined with the probabilistic power flow based on the cumulant method and the
chance constrained programming,an multi-objective optimization model including the wind speed correlation
is built for the planning of power grid with wind farms,which comprehensively considers three indexes:
economy,load balance and environmental effect. An improved NSGA-II algorithm is proposed to solve the
model ,which adopts the strategy of dynamic control parameter adjustment to enhance its global search
performance. The entropy-based TOPSIS(Technique for Order Performance by Similarity to Ideal Solution) is
adopted to sort the optimal solution set for obtaining the final scheme. Case study for IEEE 24-bus system
and a regional grid demonstrates the rationality of the proposed model and the effectiveness of the proposed
method. Research results show that,the wind speed correlation has important influence on the objectives and

the power grid planning scheme considering the wind speed correlation is more accurate.
Key words: wind power; cumulant method; uncertainty; multi-objective optimization; transmission network

planning
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