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Multi-Stage Generation Allocation Game Considering Ramp-rate Constraints
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(Yong—Gi Park - Jong-Bae Park - Jae Hyung Roh - Hyeong—Jung Kim - Ju-Seong Kim)

Abstract - This paper studies a novel method to find the profit-maximizing Nash Equilibriums in allocating generation
quantities with consideration of ramp-rates under competitive market environment. Each GenCo in a market participates
in a game to maximize its profit through competitions and play a game with bidding strategies. In order to find the
Nash equilibriums it is necessary to search the feasible combinations of GenCos’ strategies which satisfy every
participant’s profit and no one wants various constraints. During the procedure to find Nash equilibriums, the payoff
matrix can be simplified as eliminating the dominated strategies. in each time interval. Because of the ramp-rate,
generator’s physically or technically limits to increase or decrease outputs in its range, it can restrict the number of
bidding strategies of each generator at the next stage. So in this paper, we found the Nash Equilibriums for multi-stage
generation allocation game considering the ramp-rate limits of generators. In the case studies, we analyzed the generation
allocation game for a 12-hour multi-stage and compared it with the results of dynamic economic dispatch. Both of the
two cases were considered generator's ramp-rate effects.

Key Words : Generation allocation game, Game theory, Competitive market, Ramp rate, Profit maximization
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Fig. 1 Procedure Sequentially Searching Nash Equilibriums
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Table 1 Units Input Data
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I 3 L T&oll cHEh AlZichE Al ZIHAE[S/MW]
Table 3 Market Price at each time for Nash Equilibriums
Time 1h 2h 3h 4h Sh 6h 7h 8h 9h 10h 11h 12h
Nash 01 9.79 9.63 9.48 9.67 9.63 9.71 9.71 9.48 9.71 9.67 9.79 9.63

Nash 02 9.33 9.44 9.79 9.67 9.63 9.71 9.71 9.48 9.73 9.70 9.79 9.67

Nash 03 9.79 9.63 9.79 9.67 9.63 9.71 9.71 9.48 9.71 9.67 9.79 9.63

Nash 04 9.79 9.63 9.79 9.67 9.63 9.71 9.71 9.79 9.71 9.67 9.79 9.63

Nash 05 9.33 9.44 9.64 9.70 9.67 9.73 9.73 9.79 9.73 9.70 9.79 9.67

Nash 06 9.79 9.63 9.48 9.67 9.51 9.58 9.73 9.79 9.73 9.70 9.79 9.67

Nash 07 9.64 9.67 9.79 9.70 9.67 9.73 9.73 9.79 9.73 9.70 9.79 9.67

Nash 08 9.33 9.44 9.79 9.67 9.51 9.58 9.73 9.79 9.73 9.70 9.79 9.67

Nash 09 9.79 9.63 9.79 9.67 9.63 9.71 9.71 9.79 9.42 9.67 9.79 9.63

Nash 10 9.79 9.63 9.48 9.67 9.63 9.71 9.71 9.79 9.42 9.67 9.79 9.63

Nash 11 9.33 9.44 9.79 9.67 9.63 9.71 9.71 9.48 9.71 9.67 9.79 9.63

Nash 12 9.33 9.44 9.79 9.67 9.63 9.71 9.71 9.79 9.42 9.70 9.79 9.67

Nash 13 9.79 9.63 9.48 9.70 9.67 9.73 9.73 9.79 9.73 9.70 9.79 9.67

Nash 14 9.33 9.44 9.79 9.67 9.63 9.71 9.71 9.79 9.71 9.67 9.79 9.63

Nash 15 9.79 9.63 9.79 9.67 9.63 9.71 9.71 9.79 9.42 9.70 9.79 9.67

Nash 16 9.79 9.63 9.48 9.67 9.63 9.71 9.71 9.48 9.73 9.70 9.79 9.67

Nash 17 9.79 9.63 9.79 9.67 9.51 9.58 9.73 9.79 9.73 9.70 9.79 9.67

Nash 18 9.79 9.63 9.48 9.67 9.63 9.71 9.71 9.79 9.42 9.70 9.79 9.67

Nash 19 9.79 9.63 9.79 9.67 9.63 9.71 9.71 9.48 9.73 9.70 9.79 9.67

Nash 20 9.33 9.44 9.79 9.67 9.63 9.71 9.71 9.79 9.42 9.67 9.79 9.63

E: 3 4 ZH Yoy LI F ol [$/MW]
Table 4 Profit for each Nash Equilibrium [$/MW]
Nash No. 01 02 03 04 05 06 07 08 09 10
G1 2,886 3,089 2,994 3,102 3,453 3,338 3,820 3,273 2,994 2,887
Profit G2 3,884 3,472 4,027 4,170 3,257 3,470 3,370 3,322 4,040 3,897
Sum 6,771 6,561 7,021 7,271 6,710 6,308 7,190 6,595 7,034 6,784
Nash No. 11 12 13 14 15 16 17 18 19 20
G1 2,886 3,089 2,994 3,102 3,453 3,338 3,820 3,273 2,994 2,887
Profit G2 3,884 3472 4,027 4,170 3,257 3,470 3,370 3,322 4,040 3,897
Sum 6,771 6,561 7,021 7,271 6,710 6,808 7,190 6,595 7,034 6,784
g+ 5 WY ZHUUES s SHFESHE X o cfst Znt

Table 5 The results of economic dispatch considering the ramp-rate

Hime 29 A A7} A dd g MW Cost [$/MW] Profit [$/MW]
(MW] [$/MWh] Gl G2 Gl G2 Gl G2
1h 800 9.27 433.2 366.8 3,923.9 3,240.6 93.1 161.0
2h 860 9.38 466.4 393.6 4,233.8 3,490.1 139.8 200.5
3h 900 9.45 488.6 411.4 4,442.4 3,658.0 172.9 228.4
4h 920 9.48 499.7 420.3 4547.3 3,742.5 190.0 242.8
5h 910 9.46 494.1 4159 4,494.8 3,700.2 181.4 2355
6h 830 9.33 449.8 380.2 4,078.4 3,365.0 116.0 180.4
7h 880 9.41 4775 402.5 43379 3,573.9 156.1 214.3
8h 900 9.45 488.6 411.4 4,442 .4 3,658.0 172.9 2284
Sh 880 9.41 4775 402.5 4,337.9 3,573.9 156.1 214.3
10h 870 9.39 472.0 398.0 4,285.8 3,532.0 1479 207.4
11h 850 9.36 460.9 389.1 4,181.9 3,448.3 131.8 193.7
12h 860 9.38 466.4 393.6 4,233.8 3,490.1 139.8 200.5
Sum 51,540.3 42 472.6 1,797.8 2,507.2
Total 94,012.9 4,305.1
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Table 6 Comparison of the Result between the Game and

Dynamic ED
T S4[6/h] | FP1&[$/A] | FelF[$/h]
11th W+1a3 100,770.5 94,206.8 6,558.3
Dynamic ED 98,3184 94,0129 4,305.1
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