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Static voltage stability constrained multi-objective reactive power planning based on complementary
interior point method
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Abstract: A new interior point method based on the theory of nonlinear complementary is applied successfully to solve the problem of
reactive power planning constrained static voltage stability. The KKT conditions in interior point method is transformed into the
equation constraint using complementary relaxation conditions and the equation is solved by Newton's method. The voltage stability
constraints are expressed in a way which the voltage stability margin is no less than the allowed minimum number. Introducing two
sets of variables and flow equations, the voltage stability margin can be explicitly presented by load power in a normal state and the
critical state. In the model, reactive power reserve of the system is increased to one of the objectives, which can strengthen the
system static and dynamic voltage stability margin. Tests in the IEEE 14 and 118-node system show that the algorithm possesses good
accuracy and convergence.
This work is supported by National Natural Science Foundation of China (NSFC) (No.50777021).

Key words: voltage stability; reactive power optimization; nonlinear complementary problem; interior point method

L

e

T TMTL SCHRBRIRIG: A 1674-3415(2010)23-0049-06

g ) E R R Bk, DRI o A Ren

0 5l X RS R E R B AR . ARSI

BUHE R, KEE, KA
HLRE, A3 L RRUE i) BB S R L. WFHTER
WY, AT N AL R . AR SETETh
AL ULTC ghfE LR R AT GR 7 2 18] = B
RS, B DT SR 2 WS IR TE D) SRR S AN

HEEWH: BRAAFFLELME (50777021); BERELN
E AT A (20081360)

PRI ] L DL AR g8 A 40 2 1 B 5 3 e i H
bR AR AL FE KT B, il R AR AT R
M R RGP I ARE ALK
(RImpi, ALGERITE LA R G B . (HAE TR PR
T RGO R R R IR TS0 T, RGelr
AN HIE I AR R s 890 T R AN A 5
PRI, A 0 RS R AR ) A TS D R &5 ok
Wt 324, Sy L85 I 7K mimtse,



-50- R R LB EL

B T R A T8 SR, Sk 74 T
CLR FELATLIRI JE T fith 2 S D L) RS L R AR e 4
JEE LRI, JRA T EBIEE R, IEW T AR
B . SCHR[8IHR HY T — Rk T2 PR BV R X2
ORI, 56 DL AR e oA H AR eR R H — ANk
T, RIEK S HEERE RREDIMERE, L
TIAAE N H AR SR ILAB =, 451 T IEEE
30 VI RGN EE R o SCHRIOT LA HL Hs B e M 5 454
2 £ AR 0 F R U by L T — AN TR s A e
TRRER, Bedm i ) REMAREARIE, (HE %51k
K REIBATINA B -
ASCUASCHR[10-11,14] 4 260, A B Fo A8 e 4
JE (R 5 TE D g AR g i R B SR AR A, T
T AR E M LRI TE AL 2 H b R BB,
IR THRIEE T BANEIR I N S vsk g, 4T
IEEE 14, 118 9 s RS H A 45 FFF AT T 047 o

1 HEREARLTIIAKIRE

HL s R 4 SRS Dl R AE A% G 1 I D Bl 25
fitll L5 [ 0E SRS E A, BE TR P2 4557 B8 1 )
e BIFECRTF HE ) AR G 1 L IS RS 7K ) 2
fiti L, A RGBT MBI TR, 2
GRS RTERSE . ASCRAES R ARZ AR
RUKAA,  HE LU BT AMEE L Sl 52 B G
BUT S Johgr Ao S AR E OS2 . AR EERH] T OE
ARG A AR . IR IRS R R IR AL T iE
ITHAFTHPRAS, I PR EIRAE T A — e
B, BUEFARGESH —E I A RS 0L T
FPRAS, B BRI ARSI IEFARSRAL
THARGEIHTIZAT AL s FCIRERAL T H )
RGN ARSI — € R E M EERPIRE, $
PAASIRASIBRSL SR, ] IS 4 M2 A ) 2 AR
Hs fe AR AR A L R A, B A BRERIE T 2417 H) G
DB R BE L T RGEEEK, MR RIEE RGN
ATIE I A PR A T RS M I ) 2 4
1847, IEAUE UE K AR E AR R TC D AR A

L) R G0 IEHE I AT RS 1) i SRS O 95
A EE L ERC R LY | KR iRt D W AR LD
It 65 R 4 S 0 A (107 30 SRAIAN R
g BT NS R 48 2 I A R I E S R AR E
MJE o FEASCWFFE Y, SR 2270 s A s n i 75 5K,
ABE AT Ay G S S AR D A4 R LUR Uy X
B, B2 OREF A5 T Y R DR IO

S =S8N+ S, -2 5H) (D

L, 7ElS AL, A

SiL:SiN+ﬂi(zSiL_ZSJI'\I):S!'N-'_'B"(SL_SN) (2
Jed, je,

Hodr: g, WA A RS S, RN i Ak
P ARAE DN SN RS 43 3l 3R 7 IE RS
FIEG FARZS IS 11 5 AR ST AR AE D s SN N Bl
B AT MAEI R Z A, g s R, w]
um%:ﬂ:%w (3)

1.1 BfreR$y
— R A G2 JE DRI B W 3 RN 27 5 B0 ey
YE R Hbrea g, BT AL eI & T AE A
NRG IR e — AT, A Sk
WE A2 Hbrk$, B SR RGG M.
T &R ASHEREHERRENZ H

Frefi g, B
min f = f + f 4

Az S == G Sy * Qe — Q) TR IHE AL
T 4 T SR
S =B YRS+ 30008y (5)

Hrp: B HBIERRA BN Go/MWh); ¢ N
AW HIAE B K U A /NI 8, Y M BE A A
MW BN NIEHARES N ARG LA PFE b
ZAH); R IAMER A H s ¢ T
AJ BE M Hb S A M H 2R B 1E R B 25 A
K (Ju/MVar); Q. WIFZBMBRRAERE (FrL
fl); S, HHAETIE (MVA),

R () AEH: S =aR +Y(00)
i=1
minf = B+ (% 00) - ¥ Qg —0er) (6
i-1 O a

ielg

:/H;I:F‘y azB.Tmax'Y
1.2 FXAR

M TAENR T i R G IRYEFFIZAT, I ARES I
it i 2 ARG T FE, ALY 1 2 (A R
FEIEH 2 ARG S A RS N i s Fe o

X WRARSE, IEWISITIRE N T i
N

R =B~V YV (G) cos) + B) sing)) = 0

(i=1,2,,n) (7

05 =~ Oty + 0, =V, 2V} (G sin )Y — B cos6) = 0
j=1



e, 5

(i=12,--,n) (8)
et IR T B A -
PP =V Y VHG) cosl; + By singy) =0
Jj=1

(i=12,---,n) (9

Qéi - QLLDi + Qc1 - ViLZV/L(G,;_ sin auL - Bi/F cosgffL) =0

i=12,---,n) (10)

A B ON AR R /L i RN D e D)
) B, NIEFIRES T AL g v .9
AR R TRE R A A BAR N SRR IER
W&, LERIRIRE.
1.3 2HAZTEW ETRAZERAR

O < Oci < O iel, (1D

Tovin ST < Toso iel, (12>
b O, N i WRIIEYAMER )y TR i 67
JR# s A M AR min, max 23 ER R e TERCK
fH.
1.4 EEBTRETHARERYR

QGiminSQ(IjiSQGimax iEJG (13)
Pslackmin < I)SII;ICk < I)s]ackmax ( 14)
I/;minSViNSI/imax i:1,2,"',n (15)

Hodr,  slack 2 VAT Ridw' o
1.5 IERBTRETHAERAR
Ocimin < 061 < O
Pw <PL<P,
1.6 BEREREAR
X (2 T H A M B ()5 T 43, eI A
RSN 25 B Ar R A Dy 26 B35 A2 TR 29 R4 K
A

ied, (16)
i€l (17>

spec
IM‘%ﬂ,SN ieJ, (18)

SF=SN+

2 BIEHS
HTE SR T R T B R 2 SRR AS D R A

i
min  f(x,,x,,x;) (19
s.t. g(x,,x,,x,)=0 (20)
X oin <X <X 21
X, 2 X, (22)

AW/ R = O NS WA 7 R o R AT
IR 22 bR B 2o RA s AR AR, RS
KAWRGINPAE A H v, 3205k B0 H %k,
% Karush-Kuhn-Tucker M 544 1] 15 KKT 7 F%E,

& BETHAMA AN 2 B ARTRS RASE A AL DK -51-
FHAE SR AR <
Wy W, Wi 7Vg; Ax, A
Wy Wy, Wi _Vg{z Ax, _ f (23)
Wi Wi, Wi, Vg, || A% T Eno0
-Vg, -Vg., -Vg. 0 Ay -L,

K (23) PRI RBGEBE A RREEH, KRR A#
BIETTRES (23), RT3 R A7 B A0 E AR & 1 1
W Ax,, Ax,, Ax,, Ay, As,, As,, As,, Ay,
Ay s Ay, o BARMIHES I FE WOCHR[15].

TEARLe MR RO AR P s, d RO g 22 FHAD
2B R Cgap ) FIARAK e W T A0 Ak ok R i 2 255X
FIAZE X LWL

3 EipMEE

3.1 EAHEE

ALt AN IR I B R IR IR — AN A
Fx20, f(x)=0,x"*f(x)=0 , R f(x) 2 x FIREL
T P T S A A B = Sl A (5 2 1 SO T | N4
o(x, f(x) =0, FFHZEMN T x>0, /(x)>0,x"* f(x)=0o

HAR MR X x>0, 7(0) 200" * f(x) =0 F 4L
HARZE TR SR A, IXAE IR T T AL
i)

A gl N H O AR & o ok
Fischer-Burmeister pi% (B FB EA%0), & XUWT;
pa,b)y=a+b—-a*+b* , HEMN T a>0b>0,a*b=0.

B AW TS, o(a,b) 1EATAT R0 2
Lipschitz 4. B3 5(a,b)=(0, 0)4F, o(a,b) 15 H:Al
s (A0 . @ (a,b) EELEVTH, X T2t
W RREL, SR AR B AT RSk

SINBNE 7, B2 000 T R A i 7

a>0,b>0,ab=pu< pla,p)=a+b—~a>+b* +2u =0

24)
LG E— (25)

Oa \/az +b*+2u
D) )2 (26)

ob \/a2 +b*+2u
@*(a,b) 75 1 >0 N HA7 42 JA 1) Lipschiz 20,
SCHR (17138 B W) 7 0 TAE = &£ >0, iR

lota,b)||, <&, MAH:

b 7

—e<a-g<ph L TH_
af +[b]+
FEN AT KKT JRE, A5 HAMA A4
N AR B AN PR KL
L =SYe —pe =0



-52- R RN EL

Al

SYe = pe, < p(s;,y) =5+, _\lszz +y +2u =0 (28)
L =SY.e —ue=0

OS5, 7)) =8, + Y, —A/Se+ Y2 +2u=0

XL, =S.Ye +ue =0 HTIAER », <0,
DLH B AR O(,,9,) =8, — YV, —S.+ ¥ +2u =0

B EIREEM RS B AN TR KKT 7
RN JT R, SR F AR sk i HLE AT 1), 433
TR R SR 50 (23) A
3.2 WK

N T RIAEEATT ) BB, TR A e
BRSO AR AL S5 H AR B EAE R ARTT 1) LR BERESE
M, B REA v, (1) = T 0,07 0,0 9,0)
Je— W KKT J5fd. 1R2 SCHERER LT T 280 ok bR 2500k
b, Befl R H AR BREH 2 R B, IF HAR AL S,
PR TR —FF o AR FH 1280 o bR 2

(29)

. =(L,,L, L) (30)
KAFE @, (v)=0 F 2T 3K Jo 25 WAL AL 7] et
miny, () o

ASCR A AE R I M8 R 77k Armijo R
D515 FHEL T2 M8 RO VEAE SE bt P o A 2K
B osk HC B N IE 8% om, W OE U
v, +amAya™ < max v, (v) - oa" v, (") o
I=min5,k} =01, a=095.

3.3 By

N R SR SR AT B L PR AR 1R TG D&l )
o, A PR

(D) ¥Itath: BIANRGESHSAEAL R -
FRRAE; AN JRAR R B AR B, T RIE
0SS YV 20 5y, <05 258 A 1 N I A 1
Be(5~100) 5 BEIEMR KB k=0, Kk K
K=100; EHWSHELL & =10°, Fle =107,

(2) MR :

gap = Z(ylisli = VuiSu) t z(ywiswi) ’ % gap <& Hﬁ%
i=1 i=1

KN ZE <&, » W AU, S5doti. &0
(3) IWHHEBERSH: pu=gap/2m +m,)B o
(4) WHEAEIETT M) Ax, Ay
(5) HAERRTERAHAE R DK, RIK step=

my

a

(6) 1B IE AR BN AL 5

-xl-(k+1) _xl_(k) -Axl-(k)
X, X, Ax,
X X Ax
} =7 +step } 3D
s, s, As,
s s, As,
_sW _ _sW . _Asw .
(k+1) (k) ()
y Ay
A
‘¢ | + step Vi (32)
y » Ay,
Yy Yy Ay,

BHk=k+1, HRPE (2),
4 HIGER

N T B AR ST B M R AR E AV IR
DRI ] Sk A 350k, % TEEE 14 #1118 1Y
HARG AT T . = ADRGENSHIR b
ZLAHRR, FEHEDRAR 100 MVA, A AERI
SIORG 2 Oy Ab B2 18] B gap <107 H. fi K ¥ R i 22
<107, KT g =10 « AFETH MM H LT
M CiESY9S, 7 Visual C++6.0 FR5E%01%. T
HHLA PentiumIV 2.0G, WA 256 M.

X (6) o FI C BB HLW R
C, =0.23x10°(JG/MVar) , B =0.6x10°(JG/MWh),
r =3600(h/4E) , Y=10(4F) , H Uk 1§
a=B-r, -Y=0216x10°0JC/MW),

M T RS RAEMNEEE T, NN RG
EREPRP T RIAT AL, W3R 1 Pios.

F 1 R RFHERERE
Tab.1 Basic data of test systems

WAL K AR TEOME ORE g
RELR ) ) o ]

B REE BE il B 55

IEEE14 5 15
14 20 3 4 2 10

EX

IEEE118 #¥

) 118 179 8 10 36 72

41 14T ERS

7t IEEE14 1 pi R&erh, a3, 9, 11, 13
CREIFRE RS, L1 T, AT AR g
(1) 7258 LR 45 1 i T DR 28 P I L 1 2 A 31 L A
0.95-1.05. 0.9-1.1.

VBT A3, 4, 10, 11, 12, 13 [I5A4GH4
KMgig. e iiemEn 02 1, REHH
HL S 88 2 I G D & A 0763, IGISE, BEW A2 T
RGEERA—CMELIT, Legsrisfr. B&
GAEIR VRS BT IEHRE, Wl TR



HERAS, & FETHAMA R Z H AR & b RS 29 R TE Dk -53-

FTIEAITEI T, RGERHEIETE ARG, xRS
()2 4B AT RANRI K 7 1H 3 2 25 H1 T 14 715 50
U OL, EIEHIRAS T A7, 8 UREAL, &b
s RANVAET) 2. TEEE 14 75 5T KM ] BUR1E]
T ZERAR I 1o EIEANITTRR, o A%
NARGATEARME AL, WIS AT WA TR, A
2 1A) UM 5 AL A 2 B9 K e 28d JLIKIEAR
M2 ] IGURH i KT AL i 2 A R B o XA R R S
J b — ARG e M TR R . A
P RIAN S AR EEAH E oK, P T LR g
WSl AR5 12t R i 2 A MEE ) Bt J L [ I
BT E, B ZEAZ [ I 2 55 AL ARONA S LYy
WAL, RIRMEE R BEAE R O 22 ) LT A2 [R) 20 B
HAasm—8t.
R2 AR RAZRBNENE AN, XIEA.
RS, HKEAREE. AIALERSRS
RERBEREREEE
Tab.2 Active power and reactive power of generators, total
apparent power of loads, capacity of capacitor banks, ratio of

adjustable transformers, number of iterations after optimization
and bus voltage in 14-bus system

TR RILTE
TieMRME. &

4.2 118 BHE&EY
BOE 118 11 s RS PTA T 1 s IR A S
T 8K, 76125 194 204 21, 33, 34, 35,
36\ 37, 43, 76 AL HTCINAMEARE, [RIIN UK HS
BUT 9~ FHIHL. TS Rk 3 M 2. 118 T i &R
GAEIEAR 6 IR JGHAWEL, Bl T PR i sttt .
RGAE IR FURSIN SR T IERRA, Sl T4
P INEREOL Y, REHISE ORI, X &
G AR ISAT HORARI B TT 1, B T R SR
FAE B ARE MBS N AT R, DARDN R
G g s HoA P 3R S UK AR MR O . A
SCRRUAT RO R IK T ZRGE AT G NI FR 8 R S AR
WIEDL, RVRGE TR A E M B N Sy o, R
RIS TRAGZLKBINBINE A, XIHH A, AFTIRE
MRS, FHRRRIRAE. ATERTILHRMERE
RREL
Tab.3 Active power and reactive power of generators, total
apparent power of loads, capacity of shunt capacitor banks,
ratio of adjustable transformers number of iterations after

optimization and parts of bus voltage in 118-bus system

Ak IER LR Wi G IEH Wi
TR L
F, 232959 330344 | 1.05 1.017 8
F, 04 0422546 | 7, 1.03245  0.939 441
Qs —0a31167 114338 | V) 100567  0.859 946
O, 03 0256994 | V, 1.008 67  0.874 675
N 2.505 1 333748 | Vg 101163 0.885 657

O 0313216 Vs 1.05 0.874 66
Oy 0210374 V, 0997068  0.86461
Oy 00820618 Ve 0997068  0.864 61
Ocis 0.162 005 Vy 104206 0.851103
T. ¢ 0.967 619 Vi, 103808  0.841894
T, , 1.011 64 Vi, 1.04739  0.857 224
T, , 1.029 03 Vi, 104242 0854637
EE 0.139 587 Vi, 10434 0855022
AR 13 Vi 1.024 2 0.829 969
KA

12 2.5

=

z m\ ——

== R

=7 v —=— TR

= 05gC fhi %

o ol iesisinleia!

& 4 7 10 13

AL

B 1 14 HRRFHRMEMIMEEFRAOT LTI
Fig.1 Maximum power flow mismatch and the complementary

gap change process of 14-bus system

A T s A W Wi 5+
Zm:PG,- 37.8807  47.1131 V[ 1.00085 0.816798
i=1
o 94538  16.1882 F,  1.01434 0837467
2.0 ’

S MARTHLE 265783 35.668 V, 101316 0.836071
Ocro 0.645 065 V, 104718 089325
Ocxo 0.020772 5 Vie 10751 099997
Ocn 0.148 407 Ve L1 0.981 369
Ocss 0.139 249 V,, 101108 0853449
Oczs 0.014 5348 Ve 100041 0.836222
Ocss 0.0945163 Ve 0997832 0832155
Ocss 0.049 758 8 V,, 1.04209 0.909315
Oy, 0.9 Vio  1.04234  0.988 669
Ocss 0.055842 1 Vi, 10446 0995123
O 0.526 739 Ve 101303 091247
T, ¢ 1.057 8 V., 101733 091829
T, 5 1.021 19 Ve ~ 1.06335  0.983499
Ts 5 1.01531 Vi  1.02501  0.961347
T 5 0.989 533 Voo 105304 0992814
Ty o 1.062 85 Vo, 1.05333  0.986 741
T 6 1.016 32 Viee 103649 0.960 615
Tes s 1.0389 Vi 104401 0963 532
Tyo_s1 1.095 59 Vies 10363 0982474

IEAIRHL 61 4 101775 0.966 427

<
K




-54- ® ) ERBEY B R

ARSI DL 1EF IR SRS
I TIAMAAE I R —{E, AT 2R & 1 IEHOIRASA
I AR, BB M BT W B e A s A 1, A1)
FESA ARSI UM R I, AR GE e e PE R AE
B, A CZe AT S R NCIRES, RUEE
I35 KA LRI I A AR (1
i
16
14
12

10
8

—a— kM B
—a— SR I R 22

s~

o e

)

|

() Lt v oy v Ve v gl VY QAT e

15 913172125293337414549535761
2 118 R RGN EFME B BRAI T LT T2
Fig.2 Maximum power flow mismatch and the complementary

gap change process of 30-bus system

SR RGBT KB, WS T B
PE T B2 Va N . 118 R, 35 1 Al IR
1EHRAS R FURZS AR A R A s, U 0
J& H AR BT 0, R A s AT
. B2, AP, SOl 2= fgh 2
[ET] 556185 N = WS S U N WA S ES S
WiE, St Lk R, WE ERIhETE, Xl
BGAIE T P AR5 ) A B A U AN S A R g
o

5 &g

FETLTHIRI 2% FE RS e L TR X
(1), TCIh5 H e IR SR B T R A BT TUAN [ i g O B
A ST Rs FE R RS E AR I BAR S ) TE D LRI 2
W, IR T I & A A sh & LTI =, R W
YIRASAR &, HET AT DL A 2 e R AR e M T
RFIA, TSN bRz —, et
RN A E T o JET HANEIS 1 P s i
M TAERL R ), BAT R AF st .

A SCEA) Fa] AR R 4518

1) B AELR M B ANREUIMA B s, A E AR
FASBAAT A A S5, A R iR o T AN U5
FEFHNEBIE, KA LM R )5 Armijo
RRIT, AT LR R VA SERR T S B A
A3

2) ZSRIRMEA S PRI R A RSl
FURsfabE. 75 140 118 TN ARG, HikrResir:
Peiely, —REAEIBAC 6 A A I C 4 AT m ks
BT, WSiom R

3) 2 HAsH T i ot > 1 M,
IR E ARG IS, AR T 5em R H s
SENE. HARIE RGOSR, FUENES TRIA,
S0k
[1] Venkatesh B, Sadasivam G, Khan M A. A new optimal

reactive power scheduling method for loss minimization

and voltage stability margin maximization using
successive multi-objective fuzzy LP technique[J]. IEEE

Trans on Power Systems, 2000, 15 (2) : 844-851.
[2] Vaahedi E, Tamby J, Mansour Y, et al. Large scale

voltage stability constrained optimal Var planning and

voltage stability applications using existing OPF/optimal
var planning tools[J]. IEEE Trans on Power Systems,

1999, 14 (1) : 65-74.

[3] Rosehart WD, Canizares C A, Quintana V H. Optimal
power flow incorporating voltage collapse constraints[C].
//Proceeding of IEEE Power Engineering Society
Summer Meeting. Edmonton, Alberta(Canada): 1999, 2:
820-825.

(4] £y, 7y K. FEBBEREENB I REL Hisk
DAL IR GEABIE, 1999, 23 (3) : 31-34.

[5] Rosehart WD, Canizares C A, Quintana V H. Effect of
detailed power system models in traditional and
voltage-stability-constrained optimal power-flow
problems[J]. IEEE Trans on Power Systems, 2003, 18

(1) = 27-35.

[6] Rosehart W D, Canizares C A, Quintana V H.
Multiobjective optimal power flows to evaluate voltage
security costs in power networks[J]. IEEE Trans on
Power Systems, 2003, 18 (2) : 578-587.

[7] Feng Dong, Badrul H Chowdhury, Mariesa L Crow, et
al. Improving voltage stability by reactive power reserve
management[J]. IEEE Transactions on Power Systems,
2005, 20 (1) : 338-345.

[8] Zhong-Ping Wan, Heng Fan, Shu-Fen Wang, etal. A
bilevel programming model for the reactive power
optimization[C]. // The 7th International Power
Engineering Conference, IPEC. 2005.

(9] OBEOR, YLBEAR, . skip]. ROk T IE L
TR ) 0 A A2 WU #2R0 T 5 0], W R e BB,
2005, 29 (14> : 17-22.

[10] Obadina O O, Berg G J. Var planning for power system
security[J]. IEEE Trans on Power Systems, 1989, 4 (2) :
677-686.

[11] Chattopadhyay D, Chakrabarti B B. Reactive power
planning incorporating voltage stability[J]. Int J of
Electrical Power & Energy System, 2002, 24: 185-200.

[12] Chattopadhyay D, Chakrabarti B B. Voltage stability
constrained VAR planning: model simplification using
statistical approximation[J]. Int J of Electrical Power
and Systems, 2001, 23: 349-358.

( T4 %86R continued on page 86)



-86- 20 EAEP DA

GE Ju, ZHANG Li-zi. Pareto optimality model of reserve
market including interruptible load as participants[J].
Automation of Electric Power Systems, 2006, 30 (9):
34-37.

(5] #eENE, Pk, #EH, % RTuTkidsLY

R AR R E A8k, 2007, 31 (10):
1-6.
XUE Yu-sheng, LUO Yun-hu, LI Bi-jun, et al. A review
of interruptible load participating in system reserve[J].
Automation of Electric Power Systems, 2007, 31 (10):
1-6.

(6] %izpg, B¢, Gerard LED WICH, %5, XA 57
WA 2 bl o AT PR D], B RS A AL,
2007, 31 (11): 17-21.

LUO Yun-hu, XUE Yu-sheng, Gerard LED WICH,
et al. Coordination of low price interruptible load and
high compensation interruptible load[J]. Automation of
Electric Power Systems, 2007, 31 (11): 17-21.

(7] Bk, BEmEMk, Dong Z, %, KA FSMIERIE
o], ARG AL, 2007, 31 (12): 30-35.
LUO Yun-hu, XUE Yu-sheng, DongZ, et al. Hybrid

optimization of generation capacity adequacy[J].
Automation of Electric Power Systems, 2007, 31 (12):
30-35.

(8] ¥, VLH, WUEE. KRS T A w R g

R FU[T]. AR, 2004, 29 (11): 18-22.

GUO Jin, JIANG Wei, TAN Zhong-fu. Research on

optimized power purchasing of power suppliers under

risk condition[J]. Power System Technology, 2004, 28
(11): 18-22.

(91 WARFE, SKOUMR, BT, A TR BEAE TR

R e B 11T 7 A 2 T 3 (R0 A A 23 e e L AR ], F Y
A, 2004, 28 (13): 71-74.
ZENG Ci-ling, ZHANG Bu-han, XIE Pei-yuan, et al.
Risk management based optimal allocation of generation
capacity between open access energy market and reserve
market[J]. Power System Technology, 2004, 28 (13):
71-74.

Wis B#A: 2009-11-26;
fEE B

weth (1981-) , B, LML, KNEDLHTHH
#)AF%.; E-mail: solcol2003@126.com

ALK (1971-) , %, -+, 813, T2HRF5®
HA XA WAT F W {47, wEAELHE4], fdh
BT IR,

—FK (1969-) , %, &k, HEAFIF, LT2HR
FE AR ARG, FERAEL N RATH R
B SR RXEFREARERSF.

&E HH: 2010-01-12

(L35 54 W
[13] Wan Zhong-ping, Fan Heng, Wang Shu-fen, et al. A

continued from page 54 )

bilevel programming model for the reactive power
optimization[C]. /Power Engineering Conference, 2005.
IPEC 2005.

(141 XJBIS, M. v RS i s A 2 R JE DAL
I ARG A, 2005,29 (5) :21-25.

[16] XJBA%E, FE52, MRAE. KRBTSRI A st
P REARZR LRI T VL LU (0], B RS A Bk, 2002,

26 (1) : 22-26.
[16] WANG Xian, LI Yu-zeng, ZHANG Shao-hua.
Oligopolistic  equilibrium  analysis for electricity

markets: a nonlinear complementarity approach[J]. IEEE
Transactions on Power Systems, 2006,19(3): 1348-1354.

[17] Geraldo Leite Torres, Victor Hugo Quintana. Optimal
power flow by a nonlinear complementarity method[J].
IEEE Trans on Power Systems, 2000, 15(3): 1028-1033.

Yk EHER: 2010-03-12;
EE BT

WA (1982-), ¥, AL, TEHRFI AN L%
T oAb Fm v, JE AL E M 44T ; E-mail: qushaojie123@163.com

IRK (1974-), 5, SRIEIF, TEAEEREE
1B 4T R B T AR,

XAk (1964-), B, #d%, HEASW, T2H5AF
B AW ARG BAT S 4R,

scut.edu.cn

{&E HER: 2010-05-18

E-mail: epmbliu@



