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Table 3 Fitness function values of generation companies
and electric power sellers

o Weai/ Tt
MR Gy Gy Gy Gy 5 Sy S;
1 9.66 3.48 20.02 8.20 18.96 11.76 3.68
2 1490 10.80 12.02 16.30 1.96 14.55 10.76
3 9.81 322 750 690 -8.24 -7.84 12.88
4 5.00 1040 6.71 7.07 6.874 12.75 9.15
5 7.77  9.69 390 7.38 11.76 10.35 6.53
6 9.50 6.54 9.20 7.35 8.86 8.42 1045
7 9.15 587 588 357 10.23 10.22 7.93
8 9.18 7.70 6.11 1040 7.96 685 7.55
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795 486 7.21 11.00 9.88 13.44 8.24
10 6.30 11.80 6.54 7.58 824 847 9.30
EHE 8.922 7.436 8.509 8.575 7.648 8.897 8.647
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Table 4 Fitness function values of big consumers

248 ” % L/Aﬁm -
1 28.4 0 0
2 36.5 34.1 31.6
3 36.7 31.7 0
4 17.8 0 31.1
5 26.9 0 16.6
6 19.6 28.7 22.7
7 0 8.59 18.5
8 26.3 30.8 20.8
9 19.5 16.3 18.2
10 24.0 22.2 20.5

FIME 23.57 17.24 18.00
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Table 5 Perceived ranges of uncertain parameters for
generation companies
LEA JERHAIERL/[ T8+ (kW-h) ']
Lite Py Peg Pc, Pcy,
1 [0.432,0.491] [0.429,0.483] [0.422,0.485] [0.436,0.501]
2 [0.443,0.468] [0.428,0.457] [0.442,0.464] [0.440,0.459]
3 [0.421,0.450] [0.418,0.457] [0.422,0.452] [0.412,0.458]
4 [0.402,0.439] 0.408,0.441] [0.408,0.444] [0.407,0.439]
5 [0.412,0.429] [0.404,0.432] [0.404,0.429] [0.405,0.431]
6 [0.390,0.414] [0.395,0.415] [0.396,0.413] [0.394,0.418 ]
7 [ ]
8 [ ]
9 [ ]
[ ]

[0.388,0.416] [0.392,0.417

[
10 [0.402,0.417] [0.395,0.416
[0.401,0.415] [0.405,0.420
I
I

]
]
[0.404,0.4187 [0.394,0.415
[0.402,0.422 ]
10 [0.392,0.414 ]
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Table 6 Perceived ranges of uncertain parameters for

0.403,0.417
0.395,0.415

[0.403,0.419] [0.405,0.418
[0.390,0.418

[ Y B

0.393,0.420

electric power sellers

TSR/ [ 6 (kW -h) ']

SR Ps, Ps, Ps,
1 [0.445,0.512] [0.435,0.492] [0.445,0.494]
2 [0.450,0.457] [0.451,0.458] [0.450,0.456]
3 [0.414,0.448] [0.424,0.451] [0.424,0.452]
4 [0.403,0.428] [0.409,0.433] [0.419,0.435]
5 [0.400,0.426] [0.402,0.424] [0.408,0.427]
6 [0.396,0.420] [0.395,0.420] [0.393,0.416]
7 [0.393,0.421] [0.392,0.418] [0.390,0.421]
8 [0.394,0.414] [0.396,0.421] [0.395,0.416]
9 [0.401,0.420] [0.401,0.413] [0.399,0.417]
10 [0.403,0.423] [0.411,0.428] [0.402,0.420]
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Table 7 Perceived ranges of uncertain parameters of

big consumers

AR/ [ T8 (kW h) ']

[LEiicr

Pr, P, Pig
1 [0.427,0.537] [0.418,0.511] [0.437,0.483]
2 [0.453,0.461] [0.448,0.529] [0.450,0.462]
3 [0.432,0.455] [0.414,0.459] [0.434,0.449]
4 [0.405,0.441] [0.412,0.440] [0.408,0.438]
5 [0.407,0.428] [0.405,0.433] [0.406,0.422]
6 [0.390,0.415] [0.395,0.422] [0.393,0.417]
7 [0.392,0.418] [0.390,0.416] [0.390,0.416]
8 [0.404,0.418] [0.393,0.415] [0.390,0.412]
9 [0.402,0.416] [0.409,0.424] [0.405,0.423]
10 [0.401,0.417] [0.403,0.420] [0.401,0.417]
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Fig.5 Comparison of benefits among generation companies and
electric power sellers under two situations
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Fig.6 Comparison of costs among big consumers under
two situations
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Non-cooperative competition game model of multiple subjects in electricity market
based on Berge-NS equilibrium
MA Tiannan',DU Ying',GOU Quanfeng' ,PENG Lilin>, WANG Chao' ,HE Puyu'
(1. State Grid Sichuan Economic Research Institute,Chengdu 610041, China;
2. Sichuan Power Exchange Center Co.,Ltd.,Chengdu 610041, China)

Abstract : The release of retail side promotes the multi-directional choices of electricity market subjects and enhances
the fierce competition among multiple subjects at the same time. However,the external factors of the market are un-
certain, so each market subject needs to study the competitive relationships and develop the bidding strategies among
multiple subjects in the game with uncertainties , which is of great significance for promoting the development of elec-
tricity market. On the basis of clarifying the demands of electricity market subjects,the market decision-making mo-
dels of generation companies, electric power sellers and big consumers are constructed respectively. The processes
and steps of the non-cooperative competition game among multiple electricity market subjects are generated
according to Berge-NS equilibrium model. The dynamic adjustment of market bidding strategies and the market equi-
librium are solved by using KH ( Krill Herd) optimization algorithm. The established competition game model and its
solving algorithm are verified by the example simulation and relative results show that, with the deepening of gaming
process and the accumulation of market information, the bidding strategies among electricity market subjects will
gradually reach an equilibrium state,so as to achieve the win-win situation and coordinated development of all elec-
tricity market subjects. In addition,the feasibility and validity of KH optimization algorithm in solving the
competition problem among multiple electricity market subjects are verified.

Key words: electricity market; competition game ; non-cooperative game ; electricity reform; uncertainties ; Berge-NS

equilibrium ; krill herd optimization algorithm ;models
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