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Analysis on Unit-Commitment Game in Oligopoly Structure
of the Electricity Market

(Kwang-Ho Lee)

Abstract-The electric marketplace is in the midst of major changes designed to promote competition. No longer
vertically integrated with guaranteed customers and suppliers, electric generators and distributors will have to compete
to sell and buy electricity. Unit commitment (UC) in such a competitive environment is not the same as the traditional
one anymore. The objective of UC is not to minimize production cost as before but to find the solution that produces a
maximum profit for a generation firm. This paper presents a bi-level formulation that decomposes the UC game into a
generation—decision game (first level game) and a state(on/off)-decision game (second level game). Derivation that the
first-level game has a pure Cournot Nash equilibrium(NE) helps to solve the second-level game. In case of having a
mixed NE in the second-level game, this paper chooses a pure strategy having maximum probability in the mixed
strategy in order to obviate the probabilistic on/off state which may be infeasible. Simulation results shows that
proposed method gives the adequate UC solutions corresponding to a NE.

Key Words : Unit Commitment, Dynamic Programming, Game Theory, Nash Equilibrium, Mixed Strategy
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m 05/104[04]05|06]04]|05]04
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Table 3 Equilibrium Strategies of the 1st level games

7154 T8 t=1) (A3, o5} FY(=2) (AHH, °|5)
a1 a2 by bjiQar Qaz| Ma |Ub1 Quzl Mo Jdat Qa2| Ma |Qo1 w2| T
00 100 o 0|60 0{5910§ 0 O 0|60 0] 7470
00 01flo o 0| 0122/8623f 0 0O 0| 0164 |13491
00 11flo o 0{4387|83fF 0 0 0|60 119 {14171
10 00/8 0(8037| 00 ofs o |10277] 0 © 0
10 108 0[5637|60 0[3510] 80 0| 8357| 60 0 | 5550
10 018 04435 090{4331 ] 80 0 | 5993| 0134 8721
10 118 04237[2075]4202 ) 8O 6 | 5588 53 63 18951
01 00 0127|9041] 0 © of 0172 (14206| 0 © 0
01 10l 0102|5616|60 028600 0 148|10366| 60 0 | 3918
01 01f) 0 914381 086{3399] 0125 7274 0 117 6448
01 11| 0 87|3964[2075|3%6] 0120] 6695| 42 87 | 6715
11 007168 924| 0 0 008010815523 0 © 0
11 10|[5160{581 |60 0256880 84|11293| 60 0 | 3534
11 0104260 | 4752 0813431 f73 69| 8227| 0 110 | 5665
11 113660 |4065 (007 |3488)71 67| 7630] 37 84 | 5860

B39 A &7bA Aol s AHEY, t=194 33 H
7 U11Y we] Ade F2540] p=170-05Q °)1 Fle]
Ao A7) 497t AAFoR 2T 38 W9 Cournot
WHZE dge ded Rolth xr]e) @A 01010
22 t=lolM e Fa, Fo 5 ZAGAY #+49%F A=A ‘0100
< Addgd. g =149 23AY9e YA o
vlsh vp g8 13AYe Ao s|FuEe] ¥
& ® 49 o] A 404 AL 1111'E £27)
Al A Ga® Guol F7HR 715 (cold start)dH = RAol2=
olwe] 71 Eu]-§el 2z 350/0.028 E39)Ae o|SolA W
A%E Vel

x 4 =12 Mol £& ol5dd
Table 4 Cumulative Payoffs at t=1

vl \ U} 00 10 01 11
00 0/0 0/5910 | 0/822 | 0/86099
10 7686/ 0 | 5286/3510 | 4085/4381 | 3886/4202
01 9041/ 0 | 5616/2860 | 4381/3899 | 3964/3865
11 9274/ 0 | 5531/2567 | 4402/3430 | 3715/3433
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Table 5 Payoffs of the 2nd games at t=2

B4 00 10 01 11
00 || 5238/-9999] 5238/-9999 | 5238/17574 | 5238/17650
10 1113275/-9999 | 10875/-9999 | B673/18332 | 9475/13153
01 |14279/-9999 | 10854/-9999 | 9619/12850 | 9202/12817
11 | 14862/-9999 | 11119/-9999 | B890/1238L | 930%/123%4

AgAL t=12149 ‘110I'S Addste A
G2We AAANZIEZ 7]FHE&2 g FHol5L 4402+
5588=9990°] 2 Frve Gue 7IEAFIERZ o[52 3430+8951
-0.02=12381¢} =t} A Fyot 008 MEde B &7
Ael 0, t=191A ‘007, t=2o1A ‘11I'E Agsle HAolmz
Gre9l HAVFAZ Aol duidet. gebA g9 7EH
£& Zgol Hu o5& FFUt dd Ryt '10& A9E
HE e olFE o5 557 "t

t=29] EALE ‘101149 23 AYL H59 & RFy
FHL Aoz o[FoAn ol WHTHL EFHFS
2 Aadd. FoF 08 ‘1S A48 ggo] 4 0.013,
0987013 Fy7} ‘0I'F ‘11'S A4 &L 42 0352, 0648
olt}, £ AP = 528N AT vl 2 o= &
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Table 6 Solutions of competitive UC problem

t=1 | t=2 | t=3 | t=4 | t=5 | t=6 | t=7 | t=8
71§/l §f 1111 | 1111 | 1111 | 1001 | 1001 | 1011 | 1001 | 1101

qu || 362 | 706 | 616 | 797 | 40.1 | 80.0 | 79.7 | 576
| qaz || 60.0 | 67.3 | 60.6 0 0 0 0] 60.0
g |qu| 2003701274 0 0 [392] 0 0
awz || 75.0 | 836 | 77.8 | 750 | 75.0 | 849 | 75.0 | 909
>3 | n, || 3715 |11344] 17173 ] 20610 | 21482 | 26186 | 29623 | 34769
o] 5| m, [ 3433 | 9293 [13600|16352|17476 | 23720 | 26473 | 30130

A 7H2 | 74.40 [ 86.61 | 79.01 | 72.67 | 50.95 | 83.34 | 72.67 | 76.57
F 8739 |[191.19]258.49|227.47(154.67|115.09|204.14|154.67,208.57
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Fig. 4 Expected profits of Fb and Fa at Equilibrium
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