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Fig.1 Wiring diagram of test system
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Table 1 Branch parameters of IEEE 9-bus

system with wind farm

XS B R AL Bhl R LR/ (MV-A)
1 1 4 00576 130
2 3 6 00586 140
3 2 8 0.0625 160
4 5 6  0.1700 100
5 4 5 0.0920 100
6 6 7 01008 100
7 7 8 00720 100
8 8 9 01610 70
9 9 4 0.0850 100
10 10 8  0.0920 100
11 11 8  0.0920 100

R2IEEE9 TR RESZRAENASH
Table 2 Generator parameters of IEEE 9-bus system

fYL AYE EELEW, AR/ (50

i

Cﬁ

<

oMW FR/MW (MW -min™) ag b cc
1 125 50 2.5 0.1100 5.0 150
2 150 60 3 0.0850 1.2 600
3 135 54 2.7 0.1225 1.0 335
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Table 3 Data of nodal injection uncertainty
for IEEE 9-bus system with wind farm

RS HIY) /MW iD= HIY /MW
5 [87.75,92.25] 10 [60,80]
7 [97.5,102.5] 11 [60,80]
9 [121.875,128.125]
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R THE £7.875 MW Y TE §% £ FH 45 & ;SED
SIOPF 5 25 5% Sy 1 fap it 20 56 4> i 1A 30 1 P ] g

ARAH X A Bl B P RDIR S | 24 f A 5 0 (e 2 R
B 7.875 MW (3% B, 7E 551 % 0 22 4 0.035 Hz MY 5%

R4 case 9 BUIRRER

Table 4 Results of active power decision for case9

S8 ED SED IOPF  SIOPF
Py G, 8656 8656  96.05  93.86
W G, 13438 13438 12530  127.40
G; 9406 9406  93.65  93.74
pdbaldi Zl 7 ;)75 g 7 2(3)75 8
7 /MW : ‘ :
Gs 0 0 0 0
FHER L0 o s o
wE/MwW 7 : :
Gs 0 0 0 0
LB Afe 0 0.035 0 0.035
W% /Hz  Af° 0 -0.035 0 -0.035
BRI MEE 1.085 1.047 1 1
AR /($+h™)  5636.55 5216.03 565349 5226.04

PR RSB IR | IS Sk 8 2R S WL ) de K e %
FHAER N +7237MW, 7] 0L AT d it K )
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SED PR a5 3 T S AL i 20 0 | 2o 483 i
o3 89, e RS BE 1 2% 450 1.085 Fi1 1.047 ,
% R N D R A M B ARG | H LA 55 R A
B ORGR A I, Xt TOPF A1 SIOPF AJ
A5 R AN LA e s A il B D,
4.12 AR BN

ZIEAGE T AR IZGHEN, WE 1 H casel0
JI7R 4 P 8 N A PSR 45 a3k 5 s,

ILHE ED F1 IOPF 85 25 51 o 25 HLZH B3 A 1) —
K BIAE 28 FA 25 f2 38 2 T B[] DX ) SR o/ i de R fE BRI
IE A 26 MW TS JC 3251 J2 171 £y 55 U REL 301 1) e K
Bl 8 R S A T A B b D) B A SR XU
Mg ik E] 27.875 MW B # VIBR 1.875 MW 1 ffi iy |
FEM, 2P sk F]-27.875 MW B, 7 5 1.875 MW 19



® ® 0 8 & iR B

%365

RS casel0 BNARKRER

Table 5 Results of active power decision for casel0

2R ED SED IOPF  SIOPF

DREL, G 83.60  83.60 9952  101.29
MW Gy 9140 9140 7548 7371
L& G, 12.5 12.5 12.5 12.5
K /MW Gy 13.5 9.45 13.5 9.45

LR I G, 12.5 12.5 12.5 12.5
A /MW Gs 13.5 9.45 13.5 9.45

S Afr 0 0.04 0 0.04
W% /He  Afe 0 -0.04 0 -0.04
W 1.875 0 1.875 0
M/ MW '
W, 0 0 0 0
D 0 0 0 0
nask D1 0 0 0 0
MW :
D,  1.875 0 1.875 0
RRIEHMER 122 1213 1 1
WA /($h) 4789.07 4242.84 484795 431558

AU ST B 2 15 T 45 1 B [RAR 2 ; SED AT SIOPF
TR 25 ML R 2R GE R A 25 R +0.04 Hz Y5 B9 A 3
PrRlBE 1 A5 2R AN T 2 R4 T U] 1 17 2l 5 X
HL L SE IR AR T R A R ERIRAS . %P EE ED A IOPF
SED Al SIOPF R %1, ED Fll SED B 45 F ¥y Bl 1
WAL A AR O % R M T R i AR
WAL e o5 % R VR R G AR AT Br R, Xt
Lt TOPF 1 SIOPF ] A1, J& # H 4ai  Jo i 5 | A A Dok
0L RERS T K R G A Sh U EIRE 1 A S T AE A
JE e (] 22 b 2% R T R NI R T AR A TR A RO,
AT AE R B ) A far 5 XU A T O
42 SXEBHRIEEE 118 TR RSEE G
HE—2 ok H & K B IEEE 118 19 55 R 557 4
(casel24) , WU 375 91 N 372 4% 2 B DL R R T 2 504 L
#6.7,IEEE 118 R4 118 4c1F4k (19 5 LML |
99 i fiy LA K 186 2% Hin it S 21 A, LR iE = 0L
SCHR[30], 4 FPr S8 ek 45 B0 B3k 8 Fiw
M 8 AT {4/ ED AN P IA] 3 B o 5 2
BT 3 AR ok O O S B E A B 112,
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Table 6 Branch parameters of wind farm for casel24

SCEESE EaAL R

HELEBR/(MV-A)

187 119 1 0.0288 272.5
188 120 19 0.0104 272.5
189 121 56 0.0181 272.5
190 122 73 0.0157 272.5
191 123 112 0.0229 272.5
192 124 116 0.0378 272.5

F 7 casel24 RINEHHE
Table 7 Data of wind power for casel24

WigS KR/ MW || s KR/ MW
119 [60,80] 122 [90,110]
120 [60,80] 123 [110,130]
121 [40,60] 124 [110,130]

R 8 casel24 BUNRKLER

Table 8 Results of active power decision for casel24

B2 ED SED 10PF SIOPF
LM/ MW 172975 45.343 172.975  45.343
TH&H /MW 172975 45.343 172.975  45.343

4w 22 / Hz 0 +£0.04 0 +£0.04
FE R/ MW 0 0 0 0
Y17 fif i / MW 0 0 0 0
R LR ER 1593 1.368 1 1
WA/ ($-h) 317776 272737 325515 2746.11

115,140} , e K2 350 512 1.593 1 1.368 ; 4~ 3¢
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Synergetic interval optimal active power flow of power system operation
SUN Donglei, HAN Xueshan,ZHANG Bo
(Key Laboratory of Power System Intelligent Dispatch and Control of Ministry of Education,
Shandong University, Ji’nan 250061, China)

Abstract: A model of synergetic interval optimal active power flow of power system operation is proposed
to deal with the uncertain operating conditions,which fully uses the frequency regulation effect to exploit
the system capability of operational synergy for accommodating the uncertainties of power system operation
at the decision level and effectively considers the process of unit reserve response for determining the
reserve demander to realize the friendly interface between dispatch and control. The uncertainty variables
and status variables in the model are described as the random variables obeying the interval distribution
and treated in the affine form. Based on the strong duality theory,the complementary constraints are applied
to extract the dominant constraints for reducing the solution size to convert the model into a deterministic
non-linear programming problem and solve it on GAMS platform. Case analysis verifies its effectiveness in
uncertainty accommodation and efficiency in solution calculation for large-scale power system.
Key words: electric power systems; optimal power flow; operational synergy; interval uncertainty; com-

plementation
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