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A bi-level trading decision-making method for the carbon-electricity coupling market with
multi-agent participation in transmission and distribution networks

MA Jiatong, ZHANG Rufeng, FU Linbo, CHEN Houhe
(School of Electrical Engineering, Northeast Electric Power University, Jilin 132012, China)

Abstract: The introduction of the carbon market has changed the power generation cost of traditional fossil fuel units,
thereby affecting bidding behavior in the electricity market. At the same time, different market players are involved in the
transmission and distribution network, and it is necessary to study the market trading method of that network in the
carbon-electricity market. This paper proposes a carbon-electricity coupling market trading decision-making method
based on transmission and distribution coordination. First, a trading framework for the carbon-electricity coupling market
considering the coordinated operation of transmission and distribution networks is proposed. Secondly, a two-layer trading
model of the carbon-electricity coupling market based on multi-agent transaction based on transmission and distribution
coordination is constructed. The upper models are the carbon-electricity collaborative trading decision-making models of
each distribution market and power generators, and the lower models are the clearing models of the transmission and
carbon markets. This quantifies the relationship between carbon quota and power generation. Then, the Karush-Kuhn-
Tucker (KKT) condition, the duality principle and the Big-M method are used to transform the bi-level model of each
trading agent into a single-layer mathematical model with equilibrium constraints (MPEC), and all MPECs constitute an
equilibrium problem with equilibrium constraints (EPEC) model, which is analyzed by the diagonalization method. Finally,
case analysis is carried out based on the T6-D7-D9 and T30-D33 systems. The results show that the proposed method can
effectively promote the reduction of carbon emissions, reduce the total operating cost and improve social welfare in the
power industry.
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Fig. 1 Structural relationship of carbon-electricity market coupling
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Fig. 3 T6-D7-D9 system structure diagram
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Table 1 Gas turbine parameters in the 7-node

distribution network

St K H A/ iR/ WA

B HEMW  (EIL/MW) (t/MWh) T &5/t
Cl 1.6 63 0.495 11.85
2 13 68 0.482 9.63




-20- W) R GRP bk

®2 9 NREEMARSRINSH
Table 2 Gas turbine parameters in the 9-node

distribution network

MR KRR/ JRARY TSR/ YIUETHR
ML MW (FETT/MW) (t/MWh) BCA/
C1 1.3 65 0.432 9.95
2 1.7 70 0.413 13.02
c3 12 62 0.476 9.19
*T3 KEBSH
Table 3 Generator parameters
. R/ 2%~ TRHER WIUET
RHLTE v -
MW (FIL/MW) (/MWh) e/t
Gl 250 19 0.895 3232.23
G2 130 25 0.775 1129.54
G3 115 37 0.425 468.28
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Fig. 4 Data of individual grid loads and distributed

power sources
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Table 4 Bidding strategy for each market participant in period 9
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7 5 R HL 39 2.9 46 2.9 32 21.48
9 7 BT FL I 39 3.21 46 321 32 32.16
RWR 1 39 250 46 250 32 593.24
R 2 39 130 46 130 32 -436.24
R LR 3 39 115 46 115 32 -134.64
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Table 5 Trading results of each scenario
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Table 6 Trading results for each scenario (organize transactions on an annual basis)
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Fig. 12 Structure diagram of T30D33 system
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