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Abstract

This paper proposes a Cournot model that can be used to analyze the strategic behaviors of generation companies which try
to maximize their profits in an imperfectly competitive electricity and carbon markets. The proposed model consists of two
parts. First, the strategic behaviors of generation companies are modeled based on the Cournot theory. Second, the market
operation is modeled based on the assumption that the market operator tries to maximize the total social welfare in consid—
eration of environmental welfare. To find the Nash equilibrium of the proposed model, the two-level optimization technique is
used. The proposed method has been applied to an illustrative example of oligopolistic markets. We found that the proposed
method has strong potential to analyze the influence of the strategic biddings of the generation companies and the impact of
renewable generator on markets where the competitiveness of the markets is not fully developed.
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Fig. 1. Social welfare in the carbon market
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4. MM Mol X|e] A& 24 11E= P — Cy(qy) 27)
5= Pr% (28)
oF AN AWE me] AYAFL HHARE Aol
%&ﬂ?Sﬂﬂ%&f%%%iwﬁ%ﬂ:iﬁ%f@ﬂ%‘ thak, Azl A] o] 9= Bhiu]Eeo] o] & 0w (o]
of R Sl AAYNIAT DD F AT B no gagpmmgae agHA 0n A02 AL,
8, o121 d AR E A=A eanEdA gl olglat AAAANIRA T} EAE= ALl ABAF| e
ofws YL vHEA vato] AekE AL olEHd  page ge pu
B Aus AN G ofn] & elzl vheh o] 444 b '
AUAE JriHoz sHAaE sk sl v v co
of Amul A9 uAEhA ebAnh o] Zrbeies Mazx 11,(q;) = II7 (g;) + 11} (g;), i=1,2,3,N(29)
SAANE SR A g o Max SW=S5Wgp+ SWe (30)
o5 2 R idE ol st.d=q, +q+q3+qy (31
O =2y +bady 26) 19 Aol Wek e TehE <FE 4>o) vhebdl wpsh 2t
2 ol Wl my Z by 247 1.03 5022 7PYskith #oll ur
ehd vk} o] 7} MASAES AAPNIAR Y T

N

4

3, AR o] A

7) ];], i]— 71—0 A]Oi J:L;t‘ﬂ_%_] 2=

B 4 MMYOUX|IZF HHAE R HE

121782 W=

_1

Atk

Aol A 2] 5]

A AlEo| O|x= 98 BEA

Table 4. Impact of Renewable Energy on Market Equilibrium

Generation . . Electricity| Carbon |Electricity| Carbon | Total Total
Amount [MV;/'h] K Price Price Profits | Profits | Profits | Welfare
[MWh] IMWhT | fo vrwnd [ roamwn | 1] 51 | I8l [$]

Without | Gl 107.76 12.24 120 4927 260 5187

Renewable| G2 93.80 6.20 100 71.9 21.2 4514 132 4646 17728
Energy | 3 79.57 0.43 30 3399 9 3908
Gl 109.7 10.3 120 4629 172 4802
With oo | 955 45 100 4254 76 4330

Renewalbe 68.6 16.8 18470
Energy G3 31.1 -1.0 20 3678 -18 3661
Gn 27.3 27.3 0 137 458 595
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