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Suppression of Strategic Capacity Withholding by Capacity Payment
in a Competitive Generation Market

{Kwang-Ho Lee)

Abstract ~ In a cost based pool market, the generation capacity can be used as strategic bids by generation companies
(Gencos) with the cost functions open to the market. Competition using strategic capacities is modeled by Cournot and
Periect Competiton (PC) model, and transformed into two by two payoff matrix ‘game with Gencos’ decision variables
of Cournot and PC model. The payoff matrices vary when capacity payments are given to Gencos in accordance with
their capacity bids. Nash Equilibrium (NE) in the matrices also moves with capacity price changes. In order to maximize
social welfare of the market, NE should locate in a certain position of the payoff matrices, which corresponds to a PC
NE. A concept of a critical capacity price is proposed and calculated in this paper that is defined as a minimum capacity
price leading to PC NE. The critical capacity price is verified to work as a tool for suppressing a strategic capacity

withholding in simulations of a test system.
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Fig. 1 Strategic Capacity Bids and Dispatched Power

AF A YIYE A I, Doz FE3IIS
o, ML J&EFo] T3] & FUo2A FAAYS] 21
E 4134 8o FHI, JREFo] 4RBFA dHAHr
Z2 2 TolA F2A4 8-S a8 ZolA(g=d’), 7
Zr1& £ Cournot #¥JelH} o] Fo]

al K
£HaTE 23R F& wo)] dAAe A g3
3] do] Cournot #EAENR ¢ 2 Y&E& A HoH11l
AT $FeFE ZYIE Bdo] e o5 I 1¥
19 by A o] YFgko] hah §FFo] xEH o
AA o5& F7H5A A waA d@AEFE FE F
Qo] wAFle] WAALY AFL ¢ 2 HEA FAHE AL
ofUth EF FTo|5L YREH

gre wer

ojm 3 g7t A IAME ¥ 19 F WedAE
A= C1EE HHo|ELS TAHIL &F)5E F7HA717
M e TR §FYEE Aa'=¢) 22 TTHAA
T q=q °lBZ Y& et

o] % ZEldg}, wlgbrd LAAE ¢

Ay
Hddgae 28 FIAdFelAE o= =9 &%)
AR AgdAeR g "o Aoy o5
Ty, BRGNP o] 5L n olE dE ANHE T

o 2t

Jot

Ty =T T, 3
={p, g, Ag,)} +{v-qy}
Ty =Ty T 70 4)

={p, -q,— Ag, )} +{v-q,}

ZuE MHAZM 2o

10
o

Hety SE3 AN

Trans. KIEE. Vol. 56, No. 7, JULY, 2007

$3332 A8 BAHE ¢, <q, 9 WA A2 F25
NAAAL p, >p, o BA Uk webq Ao
o] wHAF oo §BoE ol5g dn 23
& wadel ¥e Aoz o5g AA BTk %
Jopael o] oS3 s Aol oSS
2 %g A9 ot

5 QoA §F)S vlEeH YBEAe] Ay
A § ABZ (g, >q,) §FISE AyRAFA o Ach
3 §97HHe] FAASS ARAFAAY §Fe|So| o
A Frhstel WHAE AuREe dds @ Agd
Folde #¥e FUAY BHEA ATl Y 2
Aozt AT §H7tAel Frhew AT AHaTo 4%
37 WEd AU SRHAL uAsA gk B AT
e gARAA BT AdAFE Adss] A% Hao
$314L YAl(critical) § B A0\ s o BA
@,

4, wE g HaAN MY A Y

41 dEAY 23

&=

CBP Ao $#Zado] =98 Zfol ddAs Hod
FMet FIAFW) & T g A9 Hed o
2 By7z A Agste] 209 A g
B9 % BF(Payoff) WP tE 29 28 29
2x29] PF=Z THA.

Gy Go W M
W Cournot’ EeEElt
M Eaeel2 A

a7 2 SYYUR Mot 24yy

Fig. 2 Payoff Matrix of Capacity Bid Strategy

g 7 Azt MME dEstE % 2
< gAY FFAE olzn (WW)E AdHstd &3
239l AAZAM Cournot THAE =&} o] o=
EFagol TFHY] wEol WATE 340 & 2
=g

q\ [2mg+m;  my  \ b —b +o 5
G - m,  2my+m, by — b, +

2

Cournot ¥ &) 2(2)e} & AL oj5d AW}
Zol £FaF ol TFHU7 WEol A BA 7 F

(
tdezA P ddge] FEE & 5 Aok B3



BREGHRNE 56% 7% 2007% 78
Aol P2 wol WS §YHAY waFe ¢ 4 3
259 AU 2e0 WM MWAAE B3
#5n e He §3UHE

JB:XL

& AY§3e QB SELER
$olv #HZHE Coumnotst #AZY] EXFelE Wok
EFFALNA Gle A 8¢ Ystez Ay dde

A3 G2 AFH §2YBL AuaA Wk gad AR
egAst G2o) A8 2AL 77 4 (6), (NH 2ol et
g,

o

aB—Clq,)

=by—mo(g+qs) = (b +myg,) =0 (6)
aq,

a{rg,—Cilg)+va}
2q,

= ?ﬂqﬁp—(bﬁm]ql)*w: 0o N
q1

A )

My my +m, by — b,

)N Be AL&AS 8 (Benefi)o2AH $a85S
sl ALY, T 4@ 46O% DE FUstel A
& AeseA THFUINAY WTE e dEdt oY)
my/ iy = mem,/(my+m,) 0] 3L & H%]EHZOHHQI g
= Ze Ao frEy

)1

42 dEA e UHTH
A G AARAAE FAdsy] g s AT H
A7 A MM) Ze7F Hojok 3tk weg™
AHE Ade Hd7dS FFH )& (Best Response)

oz FHACHI2. gt MMe] FHA S
qAE G27F Mg A9E o Gl W BHuEs M

Aol fFEst Glo] M& AHeid o G2& W B
AEsh= Aol faior 3o}

o,

N

bRy
e

jgig
Kl

oz Hez g

£ 0ok o
B g N oy
p'L
e

{m (W, M) < m, (MM)} AND =, (M, W) < m, (M M)} (9)

M,
BFER
& afof i},
oo} g,

(m, (W, W) < 7w, (M, W)} OR {my (W, W) = m,(W,M)} (10)
$FolS wHo|FoE FAHE 2x 2 YPo| (9%
A0S 2F B2 o MM §28 NHTde =

A e},

4.3 A 214 AN

a¥ 20049 BEYBL §374A 2 wAv)e) Hoyud
Sl mol wAdG wed Q9 (10)9) WE ong
£3714 2 HogFo| uweh g L£drtHe] v o

1202

rr

HNAZEe] (WW)olAl gk 7de] £& w= $3g
F7reteq WHATES MME o8} = 3
7HAC disiA HORA g FolgsER
(WW)ll A (MM)E o] 3o},

delo Hoigdg el qallM HATH] MME o0&
He Hao £371AE B AFAA QA (Critical) £}
Zolgt Bavh 2(9)9 A WA 524 2Q4M n (WM
S m(MM)2 §F71A wel =279 diavt gEk ey
T gkl ZolA e &AL 4,08 %ﬂ HA 25
Z29 dis) T4 nEg wo g

°
*—1(10)01]/‘1«] A HWH FEAANE Ze ”o“—l.ﬁi e A
al

01

Ve = Taz (’Ylm; Yoms min (71w; Yow )) (11)

L7\ AEAEF] AN §Fo|So] F7e7 u
)

£ YASYAL ol Dok Wz $HE Do)
£45 £& $371H0l LA AdATN Foag
%) 2r)e AEHA BAT BA B

AEFHAL N FFARHEL 2AZ AN
$32FRE G dsolq 2h8Fe 4Y AL A
& Zolth AHAYA

YA e WEHvsg

5 AT @AREITFE g B 1% 2o s
9o FRPeR HHHT, $ANRe ke ueisx o
o Hejat v HupdagSe v ¥ 13 go] Erh
= 1 gt 7| u|.REMj|_ _/'\_ool-/\
Table 1 Demand Function and Generators’ Data
P+ Fe b, m; | Hde A
GOl BB a4 b +m,q 10 | 025 120
G2l BHAbjE et b, +myg, 5 0.45 120
e by—mylg +q) | 100 | 05 -
SZF2Fo] TR &L AHAAY SAZAAH Cournot
ERolM e YATE Az AT 25 olgste A
o2 i 29 2o
x 2 BE2F 9% el gy Ho

Table 2 Nash Equilibrium Result without Capacity Payment

4 % 7H4 m T
B A 82.16 56.76 30.54 843.87 724.83
Cournot 53.12 472 49.84 1763.6 1615.2




o

52 E22F & Al U+Ty

|FREE A7 10% TEd 774 2 FUE wo ¢

A7 Counot ¥ EFHele] 78S Askste] 29 30 B
FREZ itk F89 e a/n,E A FoY &
Hw3E (WWIEEHZF WHaFEY S & 5 otk ojme FA
UAHE ¢=5550, ¢,=4912, 713 476624 SAARY Az
(£ 2 F2)RY A ZAYZ X7 2oh g2kt (MM A2
W TR E ol5AZl a7l Atk £ E S =80 2 F7HA
Ae W RygEd e 1y 49 2ok
Gi G> \'Y M
W 1928/1749 1337/1520
M 1442/970 1323/1204

3% 3 8FIH0] 40Y me 23
Fig. 3 Payoff Matix with Capacity Price +=4.0

Gy Go \i% M
W 2101/1889 1592/1913
M 1829/1180 1803/1684

a8 4 87140l 8.0¢ ufel E4dH
Fig. 4 Payoff Matix with Capacity Price 1=8.0

19 4oiAMe e viEEE (MM AEt dEEE 9
& & ook wEAd dAYy AL [ 20049 Zo
FLF(=y- g 8% 120=960°] B A o1 5&
£ AFdME S elale A4 A
TJr Cournot 9, z7H«1 “ﬂ%”m EHE??M

60 80 00 120

1700

15800

1300

1100

40 80 80 700 120
(b) m,

3 5 Dol Ao StAH olS2EXE
Fig 5 Profit Distrbution at Nash Equilibrium

A HYAIZM BIFo| osh MEY A3 AR

Trans. KIEE. Vol. 56, No. 7, JULY, 2007

1800

0
1700
1600

1500

60 80 100 120

1700
10
1500+

1300

11001 g, ! ey a,,

40 50 8I0 100 120
) =,

a8 5 HaadgolMel 3tH o|SE=x
Fig. 5 Profit Distribution at Nash Equilibrium

@A 2F (MME d93e v oSEEE uw 3
HEFe 1208 AFNE o A FEURS ¢ F Yool 22
o R4YY BAD WS AN ALT o] Hat
2 ezt

2z g, gt FUAANAY WAL 2
ourt 2 zroz &AL s Fbel A oS
o) HyHez 3 :

TS B¥ 4, 4,5 AF 29 2004 &
FEe1NA e BBAH ¢, EFFGE2ANAL FFIH g0l

2

53 M8 7HH 24

YA =49} y=8Y wo] ByPHE AMFACE riME
S37tA ] FrEtEA TEAUN MMAER vk e 4,
Z YAEFITA ()l dlE A

Regide] 2 da HfFET JARDE 439 4,
Yomr N w2 BABATE 4 G FHe] M E(Column)l
A BErtAel 423Y W m (W, M)=r, (M, M)=1351 50|22
Tm=423013, W GellA &3Z7M4e] 12734 wl #, (W, W)=
m (M, W)=23151 °|2Z ~ =1273°|th G22] AL M &
(Row)ol A& y=4.04 W o]u] my (M, W) < my (M M) ) 1S
TEE Qo 4 <4003, W oM E 4, =765Y u
T (W, W)=, (W,M)=18749 ©] "t} o]& (D)o sl
N AL L v, = maz (4.23, 4.0, min (12.73, 7.65)) =7.65 o)},

o[2l¥t AL v Hd&Fo utel 2apdd oS

I Y] o e JASEME S JeRd Aol

I8 dALENALE Hopddg el v s vehd
=3 /\1%3110141 A, HAdwAdgako]l 2 Frletd dAEH
7}2} & Qg B & o 30 2% oz YA o)t NE

\_dﬁXEA ARZ {FEsl7] YElME doHez g3aF
ZﬂEﬂ daghg vhehdoh

1203



BERPERXE 56%F 78k 20074 7H

a0 100 110 1;0 130 140 150 160 170 180
eIl oS ==
a8 6 U™ 82 istol w2 A S
Fig. 6 Critical Capacity Price According to Maximum
Generating Capacity

olz13t #AZAIE AFAHXE I £FLTA

Aol 4= F Q1S Aol
6.2 =

2 dde ¥eudrd AgedA @i A 2y
4F2 a3 BAE YT TS LHEHE A
HoZ JAFozA L£FHIE T3 o5 FUsE A=
sted olE 437 % 2Ys AEsAn. AR 1z
= 9AAAY 283 Cournot B¥o] EFH= FHE 2z7)
o olF 2x2 2V B4y Aoz dEIIIY.

£FQ8Fo] g2 Hydgy G 3
At T8 S etz P g Wz
3ol £37149 sl m}a} AR A ] Aol
v £%97H4, & 4ALZE S Adedd. dA &%
< Hie EYrtA R ﬂ"ﬂﬂewil%— SOsA I E &
SFUAey A7 HuadgFe dhudEes AR
ANEHAE T8 FAsdrt o8 F d7AAE v
LFAFAEE NHstE vl o]&A r|wtez A 8" 4
< Rolrh

tlo

_& o;

°¥‘€-l-ﬂ

A

-

ES

o

[1] S=AHAN L, AFA LS 7E, hitp//www.kpx.or kr.

[2] J. H Shin and K. H. Lee, ”“Analysis on Incomplete
Information in an Electricity Market using Game
Theory,” KIEE Trans. vol. 55A, no. 5, pp. 214-219,
May. 2006.

[3]1 D. Fudenberg and J. Tirole, Game theory, MIT
Press, 1991.

1204

[41 Y. Zhang, J. Fand, F. Hu, S. Chen and Y. Ni,
"Analysis of the Network Constraints’ Effects on
Strategic Behavior in an Incomplete Information
Environment,” International Conference on, Power
System Technology, vol. 1, pp. 428-432, Oct. 2002.

[5J R. Rerrero, J. Rivera and M. Shahidehpour,
"Applications of Games with Incomplete Information
for Pricing Electricity in Deregulated Power Pools,”
IEEFE trans. on Power System, vol. 13, no. 1, pp.
184-189, Feb. 1998.

[6] P. D. Klemperer and M. A. Meyer, "Supply Function
Equilibria in  Oligopoly Under  Uncertainty,”
Econometrica, vol. 57, no. 6, pp. 1243-1277, Nov.
1989.

[7]1 S. Stoft, "Using Game Theory to Study Market
Power in Simple Networks,” IEEE Tutorial on
Game Theory in Electric Power Market, IEEE Press
TP=136-0, pp. 33-40, 1990.

[81 D. J. Kang, J. Hur, T. H. Kim, Y. H. Moon, K. D.
Lee, K. H. Chung and B. H. Kim, "The Method for
Inverse Demand Curve of Cournot Model in
Electricity Market,” KIEE Trans. vol. 54A, no. 2, pp.
70-87, Feb. 2005.

[O) H Niu and Ross Baldick, “Supply Function
Equilibrium Bidding Strategies with Fixed Forward
Contracts,” IEEE trans. on Power System, vol. 20,
no. 5, pp. 1859-1867, Nov. 2005.

of & & (F X &)
19653 124 22941, 1988 Ao &
ANFEgH £, 19909 & Y A7
S8 £(HAh. 19%5d & g A
71&8t2 EQ(F). 19953 Xda""’:rwd
d&d+9. 2001 @  ©=  Univ. of
Texas (Austin) HE 25, 1996~ o
= T A7 FEH Fag,

el : 02-709-2868
E-mail @ khlee@dku.edu




