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Joint equilibrium model for integrated energy suppliers in coupled multi-markets of
electricity-gas-carbon-green certificate

WANG Shengcai, WANG Xian, ZHANG Shaohua
(School of Mechatronic Engineering and Automation, Shanghai University, Shanghai 200444, China)

Abstract: With the ongoing low-carbon transition in the energy sector, integrated energy systems have received extensive
attention for their multi-energy complementary and potential for facilitating renewable energy consumption. To reflect the
market value of such systems, participation in electricity, gas, carbon, green certificate multi-markets competition has
become an emerging trend. As the main competitive entities bidding in these markets, the strategic behaviors of integrated
energy suppliers’ (IES) can significantly impacts on market outcomes. Therefore, a joint equilibrium model of electricity-
gas-carbon-green certificate markets with IES participation including renewable units is constructed. The model captures
the game-theoretic interactions between IESs and single-energy suppliers across four interdependent markets. The
uncertainty of renewable energy output is also taken into consideration, and a deviation penalty mechanism is introduced
to deal with bidding deviations from renewable units. The nonlinear complementarity approach is applied to solve this
joint equilibrium model. Finally, numerical examples are presented to validate the rationality and effectiveness of the
proposed model. The results show that, compared to cases without the introduction of the carbon and green certificate
markets, IESs’ participation in the electricity-gas-carbon-green certificate markets can increase profits by 6.5% and
decrease carbon emissions by 7.2%.
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CU 10 0.5 1.00 0.87 100
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WT — — — — 100
GW 8 0.06 — — 150
CU 11 0.45 0.98 0.87 100
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CGS1 12 0.5 1.02 0.85 100
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NGS1 10 0.055 — — 150
NGS2 10 0.045 — — 150
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Table 2 Market equilibrium results in different cases

1 BASE CET GCT  CET+GCT
FLAf /(35 JG/MWh) 51.30 52.36 49.35 50.22
S I3 TE/MWh) 19.41 19.43 19.36 19.43
WA /(3L TT/) — 14.59 — 14.24
S0 /(3 T5/MWh) — — 20.87 20.65
WHE L Bt 313.66 30531  300.01 291.19
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