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Abstract: Options are important financial instruments for generators developing strategic bidding and evading market risk. At
present, investigation on options mainly focuses on its pricing and risk aversion behavior, yet there are a few literatures to investigate

its effect on equilibrium of electricity markets. A two-stage Cournot equilibrium model considering physical options is developed and

analytical formulas for market equilibrium are presented in this paper. The results show that the existence of physical options

accelerates market competition and mitigates market power abuse of generators. In order to retain higher payoff, generators are

interested in holding high volatility of spot price.
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Fig 1. Two-stage Cournot model with options

contracts and backward induction method
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Tab.1 Comparison among Cournot equilibrium and equilibria of markets with forward contracts and physical options

AHEL A HE2 LB A B3 o # &
KHEE  A4E kX Rug  AHE K L Y # A
/ (MWh) /MWh) /$ /MWh) / (MWh) /8 /$ + (MWh) ™! /$+ (MWh) ™! /3
Cournot 57.69 0 1730.77 48. 08 0 1201. 92 45. 00 5841.35
&L 73.08 36.54 1388.46 53.85 26.92  753.85 34,00 6330. 77
66. 14 23.84 1405.98 56.44  23.95 917. 59 36. 26 17. 50 6230. 40
YRR 63. 32 18.39 1410.72 57.30 22.31 990. 15 37.28 20. 00 6183. 29
59. 17 11.35 1382.40 59.36 21.88 1090.12 38.36 29, 50 6125. 43
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Tab.2 Comparing equilibrium results of one or all generators to sign options
B K KL K HF2 HE B e o
RCEHT KHE  ERRE 28 K& FAEE & w A
/$+(MWh) "' qMWh)  / (MWh) $ /MWh)  / (MWh) /3 /$ « (MWh) ™! /3
82. 46 36.92 1933. 33 35.91 0 662. 47 38. 45 6238. 98
17. 50 46. 67 0 1122.92 70. 52 33.54 1344. 16 39. 06 6037. 87
66. 14 23.84 1405. 98 56. 44 23.95 917. 59 ' 36. 26 6230. 40
80. 02 33.15 1917. 03 37.37 0 708. 36 38.95 6208. 46
20. 00 47. 55 0 1150. 59 69. 38 31.75 1331. 83 39, 20 6037. 26
63. 32 18.39 1410. 72 57.30 22.31 990. 15 37.98 6183. 29
77.21 28. 86 1890. 61 39. 16 0 763. 20 39, 49 6174. 72
22.50
48. 89 0 1181.33 68.10 29. 84 1305. 20 39. 16 6045. 12
59. 17 11.35 1382. 40 59. 36 21.88 1090, 12 38.36 6125. 43
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Fig.3 Expected generator’s payoff for varying strike price
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