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Optimal bidding models of power plants considering

transmission congestion
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Abstract: In order to achieve optimal bidding strategy of power plants in electricity market, the authors
build optimal bidding model by predicting the bidding coefficients of competitors, and the optimal bidding
coefficient without considering transmission capacity is achieved. Based on the bidding coefficients, the
market clearing model is built, and the expected market clearing price is achieved. According to the
expected values, the authors calculate the power flow. When forecasting the transmission congestion, this
paper presents an optimal bidding model taking transmission congestion into account. Based on sensitivity
analysis, the output regulation of power plants with minimum cost of eliminating congestion is achieved.
Simulation results demonstrate that the proposed method can help power plants achieve the optimal profit.
Key words: power plants; bidding model; transmission network calculations; transmission congestion;

sensitivity analysis

Bl FL i e A A AT S B U B A LA R [ N AR SR R 2 — o SCHR LD X s g
A 28 B 45 K L 2 ) e R SR 1 TR AL TR R Zaik . F AT 0 K 2w SE AN SR Y
BTG T R AR MR R C R OPRBCRE AR Z . RIKAT LA 3 A DT : (1)

BAG B H: 2009-07-20

AR B EHRK ARG BRI H (50777067)

A B A5k e (1980-) o, HR K2 PRI 1 W5 A EZ Rl i3 b 1 TR S5 AL B AR J5 im 75T
(E-mail) zhangq411@163. com,

http://gks.cqu.edu.cn



1462

TR X ¥

R XA oy b RPN L oy (U 2D S I S BT ol
SRR 58 445 EF B R L ) e A TE s . X
BRL2-4 e 58 25 BAIE T R T# S MR a9 07 ik
e T S B9 AR A 2 A s DT AR A A v 2 WY B G 5
Wrokmg . SCERLS-8 JIEAN o8 {5 B4 MF T R B
T35 3 A A0 DL 38 1 3R 45 6 10 O 1 X R 8
SeUT R AT SE . SCHRLO I7E L BE Aty b, 3 #7141
LA | R A T AR R ) A LI R L A
FAHLHLAL B 52 A0 SR R AL & S o SR . (2) 3 T
FRIBWTT . SCERL10-12 3R FH A R840 M v 38
W55 I U Z 18 RN R AR A R B ] S
8 23E A 2% IR BE R O ) S S T R 2RO A
ARG ML G 0 A i HLAL ST O A R SR i 5 3k . AT
o e fE s A s . (30 B T R iy ik
B TT 55 B AL P A B I 45 45 1 o 1F 5 58 A
M e ARG U B R o R Ok
REGPHERZ N B2 — B i T &I L% &
P 3R 22 HLAZ 2% R 22 JOSC kR A2 4 i v BHL 2 1
N — BRI A PE AT W5 B —AESE g R b &
W 1 A R FEL2E AR ELAE BE LB BT L B R BHL
ZEBDF TR BN 2 MR B2 AT,
RS G - /N e S B T 7 A A O TR YA
B SCERCLT IR I8 iR T i r B 2 ik 3 43 1
T VR R AEL B AT 1 40 0 1 ] 45 3 BH 2 4 B0 F
KA A LT o A R, T L A SO R R AL
MR R R 3 AT — BRAEA 2 E
ST ST T HAJE 38 T 3 9 H AR AL AH B9 5 i &R
RO T S T S AR THER T 0 Y
BE s RO MGE R TS M R S R SE AN
B, SR B S8 58 4 0 T3 M 1 e v 28wl S R AL
R T O i L BEL ) BN L B 25 0 i e B 2E S
S LN T ST M SR Y R AR R AR BB ZE S O T K
HLA AR A 5 i R KK

1 THHF

AR SCUA B — W iy 1 g as B RO R 7 I
AT 2T CRB A R 52 4 i 4 B — g 3K 3
LR 22385 Aol o LI 28 5 SR b st e i Tl
Ui is S AR RGN IR s AT, BT %
Loy Hisfe. 2R A mBEAT B S HIN 48
A>3 Gy ) B iy mI Ak e AR o (B T 3 U SR
S v AL AR AR o B Ry R o R B — T 3K 3 (R [
28 Al AR Al U A 2R 4 0 Ay D S 2 HE AR A K A
K o m WA R G — T Y A5 5

2 HFER

2.1 K bR g F Mt LR
HAETFHA R A N A EM

AL HENREAFAMA 1 SR, i
AR AR 70 A S0 0 A A H 2 R AT R B A T
O A A X XU B i 4 25 DR 3R W 5 B R
B o TS WU SR T v 2 ) B A B RCR 2 e
B S A L2 A B AR eR K
P,:a;+ﬁi<PGzo (D
Pimin < Poi < Poimaxo (2)
K. pi WA DR A FITEA I 10 P o B4
'ﬁl\wﬁ ﬂ:‘u ,81’ ig%]?&{ﬁ%\ﬁ’P(}i.minﬂ P(;,‘.m;.xéi}’%'Jﬂ‘j*ﬂ
HANH I E TR,
K HLAL A 7 A ok R X (3D BT 7R U eR
BN N
C(P) = e = Putt e+ Phe (B

A e ai BB S & ILAL AR 7 AR BRI B Y A OC
B M B o AR FHLALAE P A Z (6] 1)
KEN:
_a _ B
k= —F =, (€]
Be

P R S ks SRR B2 HE 0 DR AL &
TEUR TP A B ). R 2R R ks
W) K W 2 ) R SR P AR A B AT A E

H, g 8] B 58 B vt WA 4% HL 2 D G IR
Jei » KR A T 1) 2R G 6747 R T 67 4o 75 2R X A% 11 38t
PR LA H 9% T /N Ry bR 2 HE T 37 Hh s B

:ar+ﬂi'PGio (5)

N
ZP(;, = Pp, (6)
i=1

KPP, HRG M. Po R &R S BT
BRI (2 iR
i s i (RS D s Py 16 R RR
J R R O % e A
m+§:%
A:—fﬁ?ég (7
2
2.2 G ARFEFAF ML LA G WA
AR SR R T iy L BEL ZE X6 & HE 2 F S A SR e 1)
SR Ry T SR A L BB & AN R 7 DT s R
O 2 T0 A5 21 38 o 0 F 4t R A THE . W& o
o) A AREE S (DO BT 7 3 13 B 4% R LA A
w7
P

A—a; /1—/601 /1 A
_ i Qic — % (8)
Bi kB ki P

é/l P <Pgi min Hd"/ﬁ‘\ P :0,4%12%2%1%%}%
o=
L2

iJ;I]EEPjEIFB/%;%,I PGi>PGi<,maxHTj‘7é\P PGiA,max’El])i%
A ML BB D T O A A R R A R AR B

http://gks.cqu.edu.cn



% 12 KOk, F R PE 6 K B 5] AR ST A A 1463
S B 22 05 R R A A R ML Y S . R DO FR ) ERNATHE N .

U FEAN T RS e T & M A R B S R RC: =—k; « B « AP,

RIA] LA A 39 FrR B A4k ) RC, =—Fk; + 8. + AP%, an

Q; =A+ Py —C.(Ps), (€D)
i 2 b 3R 24 SR A A L T R A TG i R A R 2 R
Fp ] | LI R .
2.3 HEMEM K B KT NAEA
HR 3R 7 16 45 B A9 A HL 28 ) B A0 5 SR iE
MR 512 BRI 2 52 24 et i HL 2 B 2 ARG R A . 2
51 S A e BELZE S HL T 28 oy 5 R R A 2 AT B
FER I ABWUR B TR L BIVR SE & HL 2 W) R H S D Y
PR APG DU BRBE 28 . A SCLABH 2E 9% =/ Ry
FIbp A7 B2 3. PHZE R IR R A A wl i
e B Wy HL 9 P 5 I 24 SRR BE I Y T R 9 T 2 2 . il
BHL 4 BB ] 378 O

max

N
minF = minZ(/\/ « Py —A-Py) =
=

N
min > [3" « (Ps +AP;) —A+ Pi]. (10
=1

s. t.
N
D IAPG =0, (1D
i=1
ALmin <‘4AP <ALmnxo (12)
P(,}min_P(}gAP(igp(}max_P(}o (13

Ao, FONBHZES A"l & 2\ T R S B
THHH . Po LA DI T A B0 5 ] &5 AP 2l
HLA A DG s A B 5 ] &5 AP N e« DL A
Ty Z2 () P B A 5 P F1 P 70 31 A WL A T ) 2R
o R BRAEL A S5 /0N BRAEL 41 A 19 8 18] 4 5 AL R AL
53 0 Sy S it R R s 1) e K PR A R 5 /)N PR A 2H 1 371
] 6 5 A Ay SR B A ) SR R I 5 A SO T BT
T ) R ARy ot B R U AR R

2R LN ] TR 2] B e 2 PR R AR i H BH %€
IR XS 2. 2 3515 3 1t R BGHAT B IR LAk TS B
KIFNNE . BB & B A @ 058 0 B A] DL 5K
D P

max 2, = A"+ (Ps + AP) -

Ci.(Pg +APg) + RC,, (@KD)
s. t.

PGi.min < PGi + AP(;I' < PGi.max’

ai i+ (Po + APg) < Anaxo (1%

TS A A T 57 B I 0 5 1 A H 2 ) B R 1 B 5

RC, M IE KA KW w] @ BH & g o

M7 1 2R B B o 2, /N

RC, = AP « Q' — (B +a, » Ps; +a, » AP;))

RC, = APy « [\ — (0, 4+, « Po; + 8 « AP ],
(16)

3 HERAE
BRI 1 TR,

| 5 B o FARAC SLAR M R i
i

SRIGART R A AR KA RN, HhikE
B R R AL R B ke B A AL BIIME P

bRz g

A ICLR B T B
Y

KA BB R A R, 12N R BB IEE

gk

Al FxAiA

T IESR AR 7 R i R A e RO B K L A ] i
e Bl 5 2 kA ml i AR R RS LA
Lot 3 2 FNs R A m ) P i BUIE .
IR 5 AR L ) BE S B b A B R SRS
A5 TS B 2K ZE AT AR LB R S
oA L B o AR L TR BT 5 | A IR
R FRE U L5 245 R BRI Sy BT SR e 0 A o o T 2 A fE
A LA S A BB DU 7 SRR A 1 BHLFE I Y A LS W]
{14 f5c It 38 O S TR0, DT A5 31 e L 28 D i Y A A 4T
ARE A .

4 HB 57

PLTEEE-14 5 85 9 28 S i) %o 4 3Cr 428 7 3% if
GRUE- YT
4.1 ZLiHk

PLTEEE-14 45 80 R 5828 i) % 36 3C i 48 07 vk
RSN . RESHILCE12], RiERGET 5
BEBIDHEET 5 MMM ERAR, RGE D
F B RAHIE Y S LA SR 1 R, 7
S o7 P B AR D sk R CH o B0 55D SR 2K
7R NG 53 BT 07 8O W2 S WAL 288

http://gks.cqu.edu.cn



1464 T R K FFR % 32 A&
%1 IEEE-14 ¥ 5 R % & & I % B WA G R A AL S A IR A SRS AN 3R 5 TR .
%ty LA A 7 8 Poinin Poronen BFIE K5 S R A B AUt A Ao A T A
| : /MW /MW 555 K H B A1 4140 5 s
IS H Cie @ic P TR biva .
= P(;,/MW Q/%E
1 0 3.00  0.275 15 90 1 8] k a; B
2 0 5.25  0.105 20 100 2 1 1.27 3.8100 0.349 3 48.085 6 528.563 9
3 0 3.00 0.175 20 100 3 2 1.56  8.1900 0.1638 75.787 0 862.084 2
4 0 5.000.150 20 120 6 3 1.38  4.1400 0.2415 68.1735 793.453 1
5 0 400 0.150 15 100 8 4 1.38  6.9000 0.207 0 66.2025 704,309 9
e B R i BB N T8/ hs ar B BN R 36 IG/ (MW« h) ;s Bi 5 1.41 5.6400 0.2115 70.751 3 799.317 6

BB 36/ (MW? « h)

4.2 WFEZR

4.2.1 REERMEEZTY RTGHGALR
Rl % A s Bl J R 48 B far P =

329 MW, Jf H & 4t 17 fif 34 R X A JE Pk . A 3

TSN AN TR A BT R L w B S

BERU AT SR MR . TFEA 3] 5 Ak HL A A B A i

RIEINZR 2 s,

A2 R onE] e AR R (B AL R A AR E T R

RH, IR AN SR
/ANNETI a; Bi

Ps /MW  Q/%7C

.16 3.4800 0.3190 48.2081
.41 7.4025 0.148 0 77.378 6
.27 3.8100 0.2222 67.709 3
.27 6.3500 0.1905 65.660 9
.30 5.2000 0.1950 70.0431

444.950 5
738.657 7
672.613 1
586.603 3
672.775 4

[ S
— = = =

I T TE M A=18. 858 4 FEIT/ (MW « h),
Zoit HO A A B 14 H B A
W) 1 Y O A R B B A 3 R .
A3 K4 KA AR S

i B AR AR R TR
ki .
B&S /MW RE/MW /MW
14 7—8 —70.0430 50  —20.0430

O B BELZE 98] BE H 0 A R r 28 W) HEAT
PR PR RS 45 A F T B R 0 3R 4
IR

PRI S P L E YR i
&l &l aid) aid) &l
Al pE2 RE3 RE4 RS

P
W51.4OO 6 84.2855 72.307 3 71.006 6 50.000 0

Q
~.504.413 9 860.216 1 763.137 0 678.501 7 606.548 4
/FTC

4.2.2 FREMLEEHRTGGALER
A7 A HL A T AE AR M I FOTI0 21 26 2k AT e L
BHIE. D T e KAL B 5 19 R . 6 98 3 8 AR &

PEE T 3 B M A=20. 603 9 2555/ (MW - h),
2ok WA FE DL R O T 4R 14 15
REESRE T S R S R s T ]
F6IR .

%6 K% 144 15 AR MARRE

e EARNG AR BRI B
B&S  W/MW  RE/MW /MW

14 7—8 —70.7510 50 —20. 751
15 7—9  66.6600 65 1. 66

N TH BRBELZE » 98 B2 o0 Xk A A o wl AT
PR RS & R A Ry R LA n 5k 7
s .

AT BE O RERGE N R ERAE
4N K 4! KH

R P ER S K

-4

AT S

Pg;
¢ 38.6253 100.000 0 59.034 7 81.339 9 50.000 0

/MW

_541.3359 819.000 0 785.253 6 752.501 5 682.125 0

/FET0

A AR G5 AT AL 224 0 £ B e 2 T i & AR
HLPHLZERT . Z ARl S B IEH S MMM A, Bk
O FIF DA LLE s i T d B ZE 52, & A
A 1.3 BRI Bl U R i & HL A F] 2,405 1Y
FREAS T HBUHANE ., BRGOMEBOTLUEL, 5
i A AN 25 P A v 2 SRR AT H A, R A 2 R
AT Hofth & A R SR AR SCHR 1 O AR 20 Y
S AR R BCIEATHRAN BT BT A 20 0 R0 L & TR T
HL 28 1 29 B A e AR R AN R BT WA . 3 i B AR
SCHRE 1 7 1 e e B S B2 ) 11 S5 RS A SR AR A
FF K 28 /] S e KAL) B AR
5 % &

WFGE T i F BHLZE X K fEL 2 ) 1) e A 5 0 56 s 1)
SR K RS R SEAN KBS A3k 3 L kAT 1 B A
ANEEE BT IR T AR X 4 N AL
AR R B Ak T N7 T AR B 3
5O B SR 5 ST B e TR R s

http://gks.cqu.edu.cn



% 12 K

o 5 R B PR G R o 8] AR ST M AR R

1465

Al S MR T B SE A 0 TR 0 R L B SE AN
R AT T e BE 2E K A SR Lk
A 2 R A A 2R R0 A A v 2 W) 8 e AR A R
AT A R BH 2 A R e B
FEJ5 K LN wIR A SR 1) TR R R R 15 2 B ZE S 00 T
R A AR RGO R fJ5 . L IEEE-14 19 5 &
G 1) 150 B i e BEL 26 00 R R 2% ) TE A SR 1 R
UEWASRIPUAS ST ¥ A5 2 dre D041 A 28 ROdE AT e A1 1k
AESE B A L 2w R e R AR F AR

[ 1] GOUNTIS V P, BAKIRTZIS A G. Bidding strategies
for electricity producers in a competitive electricity
marketplace[J]. IEEE Transactions on Power Systems,
2004,19(1) :30-36.

[ 2] NGUYEN D H, WONG K P. Natural

equilibrium and multiple equilibria of competitive power

dynamic

markets[ J]. IEE Proceedings: Generation, Transmission
and Distribution, 2002, 149(2):133-138.

[ 3] WEN F S, DAVID A K. Optimal bidding strategies for
competitive generators and large consumers [J]. Electrical
Power & Energy Systems, 2001, 23(1): 37-43.

[4] WEN F S, DAVID A K.

strategies in energy and spinning reserve markets for

Coordination of bidding

competitive suppliers using a genetic algorithm [C]/
Proceedings of IEEE PES 2000 Summer Meeting, July
16-20, 2000, Seattles, WA, USA. [s. L ]: IEEE,
2000:2174-2179.

(5] B e mEmaE T AamEEIRENE
A Al R SR B B oT [T ). op [ B AL TR 4R . 2006,
26(17):12-17.

MA YU-CHAO, JIANG CHUAN-WEN, HOU ZHI-

JIAN, et al. Strategic bidding of the electricity
producers based on the reinforcement learning [ ] ].
Proceedings of the Chinese Society for Electrical

Engineering, 2006, 26(17):12-17.

[ 6] EmaA,skB W, 8GR o A E R J00 g & i
AR AR ], R R HOR ,2007,33(1) :45-48.
WANG LI-JIE, ZHANG BU-HAN, ZENG CI-LING.
Bidding model based on forecasting the probability of
electricity price distribution for power generation
enterprises| ] ]. High Voltage Engineering, 2007, 33 (1)
45-48.

[7] HE Y. SONG Y H. Generation bidding strategies
based on two-level optimization and bids sensitivities
[J]. IEEE Power Engineering Review, 2002, 22(2) .
44-46.

[ 8 ] GOUNTIS V P, BAKIRTZIS A G. Bidding strategies
for electricity producers in a competitive electricity

[ J]. IEEE Transactions

Systems, 2004,19(1) :356-365.

[9] LI T, SHAHIDEHPOUR M, LI Z. Risk-constrained

marketplace on Power

bidding strategy with stochastic unit commitment[]].
IEEE Transactions on Power Systems, 2007, 22 (1)
449-458.

[10] YAO B, YE P, CAI Z Y. Optimal bidding strategies
for power suppliers with transmission congestion taken
into account [ C]/ International Conference on Power
System Technology, Oct. 22-26, 2006, Chongqing,
China. [s. L. ]: IEEE, 2006 :1-8.

[11] S e S0 sl . BT ey JHENE
BN A S ms B g [T ). o E AL TR 2 4, 2006,
26(17):12-17.

MA YU-CHAO, JIANG CHUAN-WEN, HOU ZHI-

JIAN, et al. Strategic bidding of the electricity
producers based on the reinforcement learning [ ] ].
Proceedings of the Chinese Society for Electrical

Engineering,2006,26(17) ;12-17.

[12] LI T, SHAHIDEHPOUR M. Risk-constrained FTR
bidding IEEE
Transactions on Power System. , 2005, 20(2) :1014-1021.

[13] BN whf i, S8 7 . 11 S AL Ik o 48 29 i) &
LN A S s LT ). B B AR, 2008,32(11) :79-83.
HUANG DA-WEI, HAN XUE-SHAN, GUO ZHI-
ZHONG. Analysis on generation companies’ bidding
strategy taking unit ramp rate constraints into account[ J].
Power System Technology, 2008,32(11):79-83

(4R AR BB 5. HEHLAL R[5 & d
AN ETEAR RS LT]. ALATL AR 2= 4, 2008, 28(16) : 72-78.
WU JIANG, LI CHANG-SHAN, GUAN XIAO-
HONG. , et al. Unit constraints considered genco’ s
bidding strategies in hour-ahead electricity market[] ].
Proceedings of the Chinese
Engineering, 2008,28(16) :72-78

[15] LI T, SHAHIDEHPOUR M. Strategic bidding of
transmission -constrained Genco’ s with incomplete
information [ J]. IEEE
Systems, 2005, 20 (1) . 437-447.

[16 ] PENG T, TOMSOVIC K. Congestion influence on
bidding strategies in an electricity market [J]. IEEE

2003, 18 (3):

strategy in  transmission markets,

Society for Electrical

Transactions on Power

Transactions on Power Systems,
1054-1061.

(170 TH3T, SCRE 2 AR LU L 25, 31 B 0 45 B JE 52 000 1) % f, 2 )
I RAR M SRS [T ] B R4 A Fh k. 2003,27(12) :12-17
MA LI, WEN FU-SHUAN, NI YI-XIN, et al. Optimal
bidding strategies for generation companies with network
congestion taken into account[J]. Automation of Electric
Power Systems, 2003, 27(12) . 12-17.

(18] By 2%, ik 25k . b 8. 2% rE i mi BHL 26532 Wi 19 K WL 2 ) e
Pt th sems (], M H AR 2007, 31(16):12-16
TAO FEN., ZHANG BU-HAN, YANG CHAO.
Optimal bidding strategy of power Generation Company
considering transmission congestion [ J]. Power System
Technology, 2007, 31(16):12-16.

(HE KR

http://gks.cqu.edu.cn



