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Fig.1 Structure of IES
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Fig.2 Architecture of IES master-slave game
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Table 1 Time-of-day purchase and sale price of electricity
B EMIg L4/ EME 1/
Dt (kW-h) "7 [E- (kW-h) ]
00:00—08:00., 0352 0362
22:00—24:00 : )
08:00—11:00. 0.5 0.626
14:00—18:00 : :
11:00—14:00 0.616 0.737
18:00—22:00 : :

®2 SHBERMN

Table 2 Time-of-day purchase and sale price of heat

B EMI#/ EME # 4/
OG- (kW-h)"'] [JC- (kW-h)™']
00:00—06:00. 0.600 0.720
19:00—24:00 : :
06:00—19:00 0.522 0.642
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Table 3 Time-of-day purchase price of gas

A=y

i B éﬂﬁgw
00:00—06:00, 22:00—24:00 0.400
06:00—09:00, 14:00—18:00 0.520
09:00—14:00, 18:00—22:00 0.630

x4 BAEESY

Table 4 Coupling equipment parameters
B HE et = PN/ (237
By LKW L& IZ/kW

GT 600 0.35 160
GB 800 0.85 120
WHB 1000 0.82 200

x5 fEEEIRESY

Table 5 Energy storage equipment parameters

e WUERR/ FUNE AR LI FETR/ FORSEHE

KM (kW-h)  ZE (kW-h)  (kW-h)  ZhERAW
EES 500 0.95 475 50 300
HES 500 0.95 475 50 300
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Table 6 Carbon trading parameters

28 Hfl
Spiae! (KW-h) 1.080
Sarian/ (KW-h) 0.390
Saiae/ (KW-h) 0.200
O ariae/ (kW-h) 0.728
O grian! (KW-h) 0.367
O iag/ (kW) 0.360

e/(Jt-kg ") 0.250

w/kg 2 000

v 0.250
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Table 7 Comparison of EM cost

results for each scenario LR AT

e EMHAR g L e S 2R e 27
L& Lh&a A W g A
1 432326 2743345 1889282 0 421737
2 8279.86 26761.09 1848123 0 0
3 8368.66 26633.93 18265.27 0 0
4 732873 2593729 1761494 249415 3487.77

*8 HIFHET ES HARLERITLL

Table 8 Comparison of ES cost

results for each scenario AT TG

Ys ESHARGE HREINE  WRERA  BRESH AR

1 7079.62 18 892.82 11813.20 0
2 3139.97 18481.23 11011.47 4329.74
3 7 188.39 18265.27 11 076.88 0
4 6026.19 1761494 10259.78 1328.97

9 BHET LARERERITLL

Table 9 Comparison of LA cost

results for each scenario LR AT

Yt LARfRIGE MU WREIIARS RIS S AR

1 9 059.67 36493.12  27433.45 0
2 9218.68 35979.77 26 761.09 0
3 4 837.28 35877.48 26 633.93 4 406.27
4 7 905.82 35008.29 25937.29 1165.18

#£10 £IFET IES BRAE R
Table 10 Comparison of total cost results for
each scenario
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etk /ot ENGTH AR /T HE
1 20462.55 16030.57  4217.37 3.27
2 20638.51 1534121  4329.74 3.35
3 20394.33  15483.15  4406.27 3.42
4 21260.74 13747.55  3487.77 2.71
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Table 11 Comparison of simulation experiment results
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Low-carbon economic dispatch of an integrated energy system considering
carbon trading cost-sharing among multiple principals
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Abstract: In response to the difficulties in carbon trading cost-sharing and the insufficient motivation for emission reduction in
the integrated energy system under the dual-carbon targets, a low-carbon economic scheduling strategy based on a multi-
principal carbon trading cost-sharing mechanism is proposed. Firstly, a multi-principal carbon trading cost-sharing model is
designed, considering the flexible adjustment and response mechanisms on both the source and load sides. Secondly, a master-
slave game low-carbon economic dispatch model is constructed, with the energy seller as the leader and the energy supplier and
load aggregator as followers. The leader formulates dynamic time-sharing carbon prices to guide the energy supplier in
optimizing equipment output strategies and the load aggregator in adjusting energy consumption strategies. Finally, several
scenarios are compared and analyzed through simulation experiments. Results demonstrate that, compared with the average of
three mechanisms where a single subject bears the carbon trading cost, the proposed multi-principal carbon trading cost sharing
mechanism increases the system's overall total benefit by 3.71%, reduces total costs by 11.97%, cuts carbon trading costs by
21.06%, and decreases total carbon emissions by 19%. This model effectively realizes the sharing of carbon trading costs
among multiple subjects, promotes cooperation in emission reduction among all parties, and achieves a win-win situation in

economic and environmental benefits.
Keywords: integrated energy system; multiple principals; master-slave game; carbon trading cost-sharing; dynamic time-of-day

carbon price; low-carbon economic dispatch
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