F205E 28
2006 F 2 A

Vol.26 No.2
Feb.2006 (P

HL 7 T 2 00 391 W 505 B F B e 1 g 1

IR RRF R E R BREAS
(W XF BAFEFR, W KA 610005)

® 0 & % kS

Electric Power Automation Equipment

WE, RET MDA T AR LD ENFT ik AR A BRRAF LS & FRARKL A B
AFRRE AR TERAF XY R NIBITRZEGRARFRLY R, A A EEXEAX %R
W A, TRBIFASEMER G RES . —F @ BB )T T RS RAEBAT R
ABE TS VD RILA 6 — 3R H) B3 L BT R AR AME R R G R A, B — & 3 — A
R EF BT £ A RIA 6 — I E N BT RA KR e 5 M &5 8 H)

I FF NI R T A TR E L B AR
Fo Ty WAL D Wy By A e 2R M

IEEE-30 ¥ % & % B 01 B3k 7 22300 B AL ik

K, BATH, RAKA, HEFEZRARE, BEHNELD A

RESES. F1239; TM73

0 5%

TCU M A58 £ B M 2 TN 588
W TCTAR AL 7 i A B TC D A HLER . S T
DAk 553 58 38 G D) %) ek 2 22 B8 A ) I 45 ) o ik
B R TG D A AR 4 R AR G sk Y, e
BURFIE & 20X T 25 I 2 55 e b, AEH 1Tl 3%
T, 2R E AT 0 TC T 25 v BTk, SCRk[3-4)
T T A S A R JE I Ay i SCRik [5- 6]
PE T E T T A R e A ) A AR B T T Ak
Tk, A —FA D T A LA 2 H s
TCIRAC T 2%, LA B XA ) TG TR A 3% 4
P, RV DL G B 2 B 2% (R PR IE R S8 1Y & 2 Fa i Tk
AL I e R R Bl S T — b el ik i P A
A 2 AR TR AR I 0 SR g | L TR R
BT PR RS 5 R T A PR D B T B A ST e A
548 CPU B[],

T 0 JC ) M T B T i PR AR B S 1 JE
Dy Seut B g e -84 2 (0 i T G 2 Y b e 28 W
i TC Ty 0 SR FEAN B R T IS DI SE PR A SCHiR
[OVHE T M4k X s ) TE T i (H HL R = 1A
W TET) A B, il SCHR[ 10 148 1 T 50— #h
AU P 5 ) TG 2 %E M MLEE {H H g — A2 B T ) 2
FHAC R e = BRI ARHE A SCHR H A 19 350 1 JC T A A
ML SCHR[ 3109 & & otk A — . —J7 i R P5
A% 08 AR 7 F2 A 0 AR R 3T T R i IS Ty
g B b 25 A A T AR T ) 1 4 9T AR
AT HL LA 2 5 55 4 LUAN 2 TR U s A7 A (A
Ji— B il F A i X B AT AR R ) S — T T
7% %L ) T 00 30 R ORI R A R Y

W FE HEI.2005-05-29; & E HEI.2005-11-29
E€TH.B R 973 X 5 855 B (2004CB217905)

XERFRIRAD . A

XEHS. 1006-6047(2006)02-0011-05

e A PEITT T JC )45 A DR — A A
My Ik I BAT Y)Y A8 &y I AT 34T FE MK B
AU AR TR B 2 A ) TC T3 5y 1 IR B 43
TR, S50, TR | T Jo o i 48
B IR 55 (57 R HG 3b 3el 2 W 0 R A e e 3T
T IC) Y L LN S T BB AT AR R AN RN A
B R AT PS4 4R A0 43 85 1 ke 1 L BOSRE | LA S
DI A% g Gk 24T T 7 BT MBI E R
T JT % 940 1) I 2y P A iR SR AT XU T 3%, — 7 I
G HAMETC A ; 5 —J7 i, i 2 AT N,

LR LA POOL 1 3745 X R B Al L & HLHL AT R
ZX 2% IR 5 0 G2 ST G T A S R E A BEAE

1 Hepi

1.1 EHRHERE
TER I RGe D T H £ BAE A ILTE % 42/
SV 2 E b, — i, NEF AR, TN A
Ty vy RE 4 1% B SR RN s 2 A D AR B
R AR A DI 3K A 2 To U 1 AT 55 2 — | e )
FA 25 A D38 A1 4% s i TEl i T
A By 1 W) 3K JAS AN P2 AT LA 2200 1 PR 3R DR T e
RTC T B 08 W 3K A 2 H B ) — &35 oK, )
—J7 PR BE R G0 & A REE T S — bl X
%, XA FHOCAR I AL 1 2 A 9 HORORAIE , 5 BTk
AT 7 22 4 2 o8 1 A 0 R 3k T ) £ A1 Ak
KA B AR A Ty TE T W KA R e, 2
AR,
BRI H LB A A 2 H BB 1 AR AT — Ik R
AL, iR
Cpei(Poi) =ap Pé+bp; Poi+cp, (1)
SCHR [ 11 ]340 370 B 1 2% s AL Y S Zh AR 4
B, AR & B ML JC D) 38 A7 A 3 ol 0 AR A



® € 0 6 & L % & 826 %
AL AR, R BER M i R T e — AR L vk 1)
S B ML IR AN S5 5 TR T R G S Sk i) 5 RE ik Min  f(x)
A5G T  BA LR R LA A S T st. h(x)=0 (12)
WA E M R RN LR, R TEHIES gsglx)sg
A AN G | AT UA A & LG #3817 A 4] AN AT (u,v)eR™, 4B (12) 51k Ky
TEFEAN TC TR AN BEARA IR R BRI 20, v ik hy Min  f(x)
C()(,(Q() =ayg; Q(, +b() Q(,+C() (2) st. h(x)=0
BT L 2R 2 7 L A | S AT A g(x)-v-g=0 (13)
A L2 RO 2 R b g(x)+u-g=0
Cei(Qci) =me; Q; 3) (u,v)=0
PR, SR D0 A i T R Rk, X h(x)=[h(x),hy(2), - h,(x)]" FEFR
a. Hireask, YyER T g (x) =[g,(x),8,(2), - ,g,(x) ] AR

Min _;CPGi(PGi)+_§; COGi(QGi)"'_% Cei(Qci) (4)
DL Al B bR B 290 o 55 AR S5 U 3
b. %R — IR,

P(;—P +Z[e(G€ B]f)+f(ij+Bj€,)J (5)

%FQﬁE[fWe =Bf)—eG;f +Be;)] (6)

c. NEXAR — 817 R ERAR, AEALY
R E BRI D JC I T AR A R

W LR
R LA T i 29 R
P in < P < Pii s (7)
FgREHLICT R Ty 2R
Qi min < Q< Qi s (8)
FERAAR T ) 2R
QCi,min <Qu<0¢ 9)
% R L 2 R
| Py | S Py (10)
F T AR IR (E 2R
Ulin<e? +fi2<Ui%max (11)

PLEX (D)~ ESEW S LW cap, by,
cpi HIBHLA DR R R B agi, b giye oo X me, 53
51l Sk 2 LRI A FEL 25 4 TG ) H R BRB R B P
Qc: WRHBHLAY) U I1,0. HHEERTIH
T3 sNg,Ne HARGEH I L LR R 2R BN I &R
GE T sSB P R A P DU QT A
MITCTI 7500 AT R TR AT se,, £, R AL
() L R SE TR AU B 5 G, By AR B i, j A5 A4 4 vh
HIAH L TC 2R 5 P s Poimin AR G A DI HE T Y
B U  Qcimans Qi FAR AL i LI 109 E R
@Qa,ﬂamﬁ%ﬁ%i%QMﬁ%LfW&m,
Py HEHE i, j IR N EBR U, Ur i
A R R,

T B S — b LA RN 2 R o SR
Ak -T2 BEs OPF BIKf#
12 HBERNREEE

P2 B el P R R T AR R R

W xeR",
A2 (13) T hr A% B H R AT
Lx,u,v;w,y,z,y,z)=f(x)-wh(x)-
y'igx)-v-gl-z'-
[g(x)+u-gl-y 'v-z'u
i B EERMEA y=y ,z=—z MOoL, HRIE
KKT &4, LLF Jr FE AL Ao
L.=Vf(x)-Vh(x)y-Vg(x)(y+z)

L.=h(x)=0
L=8(x)-v-g=0 (14)
L=gx)+u-g=0
L,=VYe=0
1
L,=UZe=0 (15)

HEE.(v,u;y)=0,2<0,w#0, weR" X (y,z,y,
Z)eR" NG H I+ e HHALIME, (V,U,Y,Z)e
R™™ RXERE (v, y,z) X FARRE TR
A IS FFIR AR LR M o T8 PR BRI e s bERE | 51
NEEB SR o>0 15,

L =VYe-ae=0
L:=UZe-ae=0

JO7 FH A 1 SR A 2K (14) R (16) , 7T 45 B DL &
ETFE,

Lo=[V*h(x)w+V’g(x)(y+z) -

(16)

Vif(x)]Ax+Vh(x)Aw+
vg(x)(Ay+Az) (17)
—L.o=Vh(x)"Ax (18)

-L,,=vg(x)"Ax-Avy
-L.,=Vg(x)'Ax+Au
—L,,=YAv+VAy
-Ly=YAu+UAz
X (17)~(19) B2 FRAC K KKT 77 72 19 5% 2
V2h (x) FIV2g (x) A % 2CRNAS 25 5K 240 o 10 Vi 2R A0 B
H1 =X (19) 152
Av=vVg(x)"Ax+L,
Au=(-Vg(x)'Ax+L.)

(19)

(20)



F28

LR 2, o TS50 0 R 3 i 00 i ®

{Ay:—V‘lYVg(x)TAx—V‘l (YL, ,+L),)
Az=-U"'"ZVg(x)"Ax+U"' (ZL .,+Ly, )

J T B E D B R B 4 SCER (12189 ik
X QDHIRAKX (7)) ATBH EAFELA RGN AA
BRI S5 R A E T R A
H(.) Vh(x)} {Ax } :_ro(.,a)}
Vh(x)" 0 Aw h(x)
H()=[V’h(x)w+V?g(x)(y+2)-V>f(x) ]+

Vg(x)S Vgx)", S=U'Z-V'Y
o(,0)=-L,,+Vgx)[(U'(ZL,~L.o )~ (23)
V' (YL,y+ L), ) ]=Vgx)w-Vf(x)+
Vgx)[UY(ZL.,»-V'YLy—a(U'-V')e]

AN TR BRI T

a. W — A IE RGN A

b. THEEAMEE ] B K BE &2 25

c. M TR (20)~(22)RAGAE RAB IEAE

d. B i - XA K

e. & IE JF X AR 7

£ KA Sk e SO Ik m I LR b,

SR TSL A ol I R ICHE 45 K 1 PN e A e R ) i L
AR 154 CPU B Rl FT ST S i e, 7%
TR IR A T — R B A A bR i 4T OPF
SR TR ORI AT AR IR SE

2 PR G s A

T SR B AR AL 455 18] 2 BUAS AR AR BUAS 2
43, AT A% AR 4338 8 R JC D) IS AT BUAS | T ] A2 AR
AHR G H A TR UAS R, S B
BERUAS o5 A AR F R RR L T R IR T
(5 5 AR [T, Jeb A% T 9 o G DI A0 s A 2t e B
Mk Ir %8, nRikN

P,=P.+P, (24)
Arp P, JPIERHI IC T AN (I8 /Mvar-h) ;p, N TCY)

HL i HL AT (JC / Mvar-h) , 298 1% L ois 17

)ﬂizl—‘%ilﬁ@%;pﬂ R ICUI %S LAY (U6 /Mvar+h) ,

F2BAE B X TC T AR B A B

TER TG BRI RO R A R 5 AR
JE MR MERT SR A AILEE T R AT I —
il A B AL T 5 AR [ E A (1% 48 ) 0 B
% HL ML B B8 5% AR [l 5 A 3 A B ), IR H
NG T JCH B 45 F R A Dy H A 5 B
ok, TRLIE | A% 8 W0 38 N R A AL T Tl B A
e e Z /DM AS | 72 BA B — 06 A 2
W T ICU B AT A | XA A AR TE L T T 2
PEZAN R, A B TC D) e AN ER 4 AT A Sk

p.=C(Q)/0Q, (25)

b SR A TC SO BA E /Y Q. A JC B
4 L o AR pR SR AT A5 1 A HE AL A L A A Y H
. AR AN T AR A

(21)

(22)

M — % Rk LI TE D % A DD E M IC L)
)R Z ) = AR R A DA w0 A 25 e B
TC T 5 5% B AR 13 I0] A3l Ry

Cy=Cssin o=Cp/ A Xsin ¢ (arccos @) (26)
K A=cos o W EHEHLINE & DR HNEC, F1 C,

IR AT e C N VS E i N

(JC / MW - h) F1F- 359 B0 457 W0 7 Ty 3 4% 0% i A

(JCL/MV-A-h); C, JF 2 HA7 TG O 75 i B¢

AR (I /Mvar+h) .

% 8 R HHLIC D 25 1 AR 5 A — 0 s A
B FR N R L TC D B 2 S AT AT i e an T .

p,=a(Cy/Cp, (27)
pr=(2p,) /N, (28)
Kb p, WY AR OC/ MW -h) 50, N

KL A DR o B Kk LR A T

A — i B A v T Y E

XF LA AR AT LAIT / Mvar -h 1998 203 i L 4% 5%
AR 2, BB PR R D i AR an i 1 B

iR

Je AL 2 (D AR A AL RE R AN, TG
YA (2) F(3) $2 k= 4R AN
v
P, ) AR 1A SR L1 7Y
BIEMR R (4)~(11) 1) OPF

V
| HeA5 % BLA Th Ty ) b 8 11 ) B 4 |

v
Wedfi X (24) 157 A (25)~(27) 7%
HJE T Y ik th JE D) A A
| [

| %3 (23) V5 th P A i 2 ol |
v

B 2K EH T ENRE

Fig.1 Pricing flow of two-part tariff of reactive power
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Tab.1 Reactive power optimization results under different objectives
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Tab.2 Calculative results of two-part
tariff of reactive power
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Two-part tariff method for reactive power
in initial stages of power marker
NIU Huai-ping, LIU Jun-yong, WU Ji-guang, DUANG Deng-wei
(Sichuan University ,Chengdu 610065, China)

Abstract: A method to draw up the two-part tariff of reactive power for initial electricity
market is proposed,which takes the power flow equation as the equality constraint,the operation
and security constraints as the inequality constraints,the active power energy cost and
reactive power operating cost as the objective function. The suggested interior-point nonlinear
programming algorithm is simple and has little calculation. The concept of the proposed two
-part tariff model is:the reactive power source in electricity market participates competition
with its operating cost to avoid the deficient compensation of reactive power operating cost
under existing one-part electricity pricing mode , while a price decomposition scheme of
reactive power capacity is put forward to avoid the uncertainty of reactive power
investment return under existing one-part electricity pricing mode. Thus reactive power
energy price plus capacity price forms the proposed two-part tariff of reactive power
model. The effective-ness and practicability of the proposed optimization algorithm and price
model of reactive power are verified by the calculation results of IEEE -30 bus system.
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