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Abstract: To address the dual challenges of climate warming and energy supply constraints, this study proposes an economic optimal

dispatch method that considers seasonal carbon emissions, aiming to reduce carbon emission intensity and enhance clean energy

utilization.Firstly, a collaborative operation model for the integrated electricity—heat—gas—carbon energy system is established.Secondly,

considering the seasonal variations in system carbon emissions, a carbon emission allowance allocation mechanism and corresponding

seasonal carbon trading rules are designed.Finally, a three-layer coupled low—carbon economic optimal dispatch model comprising the

energy layer, carbon flow layer, and regulation layer is constructed.Simulation results demonstrate that this method effectively reduces

system carbon emissions and operational costs.The introduction of a reward—penalty coefficient and stepped carbon price strengthens the

carbon emission reduction constraint effect, confirming its synergistic optimization capability for low—carbon economic performance.

Key words: integrated energy system; seasonal carbon trading mechanismj stepped carbon price; low—carbon optimal dispatch
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Table 2 |IES core parameters

B B e HLfE
IR HL B i MW 35 I KA /MW 20
SR =N =4
BB MW 2 EER AT NS Y g
MWh
AR KA 5 P Sofmei KA =/ 10
MWh MWh
Meur_p 0.78 Meur_n 0.3
N2 0.75 Nes 0.95
P/[1CO,- (kWh)™']  0.0943 | ¢ /tCO,-(kWh)™']  0.595x10™*
P P
. -1 3 min_CHP" min_EB
P/1CO, - (kWh)™'] 0.389%10 Pro /MW 0
Pmux_CIIP/MW 15 Pmax_EB/MW 10
Pmax,PZC/MW 12 Pmax,lrans/MW 25
G and MW 20 d i NCO,* (KWh)™] 0.21
d,,/1CO,+ (kWh)™'| 0405 | d,,/tCO,* (kWh)™'] 0.70

®3 [ESEEEBITHARY

Table 3 |ES equipment operating costs coefficients

J6/(kWh)
B JRAS R EL 4l A ZREL
PV 0.2 WT 0.2
CHP 1.5 EB 0.8
P2G 23 E,. 0.03
E.. 0.01 E, 0.01

&4 SEEBEMN

Table 4 time—of-use electricity pricing  JG/(kWh)

A Bt ks

4 1:00—7:00; 23: 00—24: 00 0.28
S 8: 00—10: 00; 14: 00—16: 00 0.55
W 11: 00—13: 00; 17: 00—22: 00 0.88

x5 SESM

Table 5 time—of-use gas pricing Jt/m’
B M
4+ 1:00—6:00; 23: 00—24:00 232
F 13:00—16:00; 7:00 2.67
I 8: 00—12: 00;15: 00—22: 00 3.48
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