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ABSTRACT: The problem of climate warming caused by
energy shortage and excessive consumption of fossil fuels has
become a major challenge to the current social and economic
development. As a mandatory market means, the carbon market
helps the carbon emission reduction of the whole society.
However, the lack of linkages between the electricity market
and the carbon market makes it difficult to promote effective
synergy between them. This paper proposes a clearing model of
the electricity and carbon coupling market considering the
dynamic carbon trading supply and demand curve and analyzes
the mechanism of the locational marginal prices. First, from the
perspective of the carbon market commodities and prices
controlled by the power trading center and considering the total
emission limits at the developing stages of the carbon market, a
dynamic carbon trading curve based on the principle of supply
and demand is formulated proactively. Then an electricity
market clearing model that considers the carbon costs is
established with the participation of multi-energy generators
and the mechanism of the locational marginal prices is
analyzed to reflect the impact of the carbon constraints on the
locational marginal prices. By analyzing the composition of the
locational marginal prices and the changes of the carbon price,
the case study illustrates the necessity of introducing a dynamic
carbon trading supply and demand curve. At the same time, the
impacts of the carbon market at different developing stages,

with different objective functions and different output
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characteristics of renewable energy on the clearing results are

analyzed.
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Table 1 Cost data of G1-G5

HLAL HLA KA a(t/MWH/(m*/MW?)  b(t/MW)/(m*>/MW)
Gl S 0.0007 0.2449
G2 S 0.0010 0.2656
G3 S 0.2998 107.0115
G4 S 0.0008 0.1952
G5 i 0.0008 0.2286

K2 Hl4E G1—G5 MHAEHIR
Table 2 Performance data of G1-G5

ML PG min/ MW PG max/ MW €(tCO,/(MW-h))
Gl 120 600 0.525
G2 22 110 0.900
G3 20 100 0.300
G4 104 520 0.875
G5 40 200 0.875
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Fig. 6 Composition of CETS-LCMP of node 4 considering
the dynamic carbon trading supply and demand curve
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Fig.7 Schematic diagram of MGC and MCC composition
of nodes 1 and 4 at typical times
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Fig. 8 Relationship between trading CEA/CCER and
carbon price
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Table 3 Relevant parameters of carbon market at
different development stages

R EL BREEBERTE TS it e
(tCO/(MW-h))
AU 0.70 90
] 0.65 70
JE i 0.60 50

st — K 24h 347 T3 i ARAE S50 5
THEARIEGER PIM S T RGN HE TR &
wiimn. By G 3 AARKREN B, 501
BB LS A 4 ) CETS-LCMP fOARAL AR e, 2
Kl 9 s

M9 FTLUE H, TERRTT AR RITET,
METEAS SFHARREI, BT S8, Kl
YRR AN BEAE X A H S 2 4R i B ik i 40/CCER
B0 B ) 5 L R AN SRR LA, I HL T B B A
FOREIZDH R, KR Bk —2 s,
Tk 13 3% R W AR 34BN 69.57 Ji/t, HHIA
92.98 JG/t, JaiN 105.04 Jt/t. HIt, CETS-LCMP
A SR AR B Ha i, R U R
F, A M e e 5 A S R AT T R IR BUE 2 1) 4

vEVE LB
TETEREVE

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

250 : : — :
- ?;{/%
I o
~ i .

i Bt/h
A SABRAN A — A
HiICETS- —&— I fCETS- --<- JG#ACETS-
LCMP LCMP LCMP
&9 HBHIATARELZEME THHRNFTS 48
CETS-LCMP

Fig. 9 Carbon price and CETS-LCMP of node 4 under
different development stages of the carbon market
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Table 4 Number of times that carbon price appear in

different intervals under different development stages of
the carbon market
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Fig. 10 Comparison diagram of CETS-LCMP of node 2
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Fig. 11 Comparison diagram of CETS-LCMP of node 2
and node 3 under scheme 2
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Climate warming caused by energy shortage and
excessive consumption of fossil fuels has become a major
challenge to the current social and economic development.
As a mandatory market means, the carbon market helps
the whole society reduce carbon emissions. However, due
to the lack of linkages between electricity market and
carbon market, it is difficult to promote effective synergy
between them.

This paper proposes a dynamic carbon trading curve
based on the principle of supply and demand from the
perspective of the power trading center to control the flow
of the commodities and prices in the carbon market. The
clearing model of the electricity market is constructed by
extending the optimization model into a Lagrangian
function to construct the decomposition model of
locational marginal price to give a clear component form
of each component of CETS-LCMP. Finally, an example
is constructed to verify the feasibility and effectiveness of
the method proposed in this paper.

In this paper, an improved PJM 5-node system is
used for testing and analysis. Fig. 1

composition of CETS-LCMP of node 4 considering the

shows the

dynamic carbon trading curve and Fig. 2 shows the
relationship between trading CEA/CCER and carbon price.
It can be seen that the value of CETS-LCMP depends on
marginal units and policies at different stages of the
development of the carbon market. The demand for CEA
in the carbon market has a positive relationship with
carbon prices and the supply of CEA/CCER has an
inverse relationship with carbon prices.

In addition, this paper also conducts a sensitivity
analysis and finds that at different development stages of

the carbon market, the carbon prices will gradually
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increase and the overall CETS-LCMP will increase

accordingly, which will further encourage power
generation enterprises to save energy and reduce emission
through technological improvement or use more clean
energy. What’s more, after considering the dynamic
carbon trading curve, a certain balance can be achieved
between carbon emissions and the total cost of the system,
which has higher market efficiency and promotes the
effective synergy between the electricity market and

carbon market.
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Fig.1 Composition of CETS-LCMP of node 4 considering

the dynamic carbon trading supply and demand curve
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Fig.2 Relationship between trading CEA/CCER and carbon price
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