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Abstract; To meet the growing demand for low-carbon energy, coordinate the optimal allocation
of low-carbon technologies, and achieve system economics and low-carbon performance, this
study establishes an integrated energy system model incorporating carbon capture, green hydrogen, and
blue hydrogen storage, investigating the impact of carbon capture, hydrogen storage capacity
optimization, and multi-energy collaborative operation on total system costs and carbon emissions
through simulation analysis. A low-carbon scheduling model is developed using a tiered carbon
trading mechanism to dynamically constrain carbon emissions. Moreover, a two-tier model has
been developed to optimize hydrogen storage capacity allocation, where the upper model aims to
minimize the comprehensive lifecycle investment costs, and the lower model aims to minimize the overall

operating costs. The solution combines genetic algorithms and mixed-integer linear programming.
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Simulation results demonstrate that under the influence of carbon capture and carbon trading,

carbon emissions are reduced by 24. 3%, and total system costs decrease by 9. 5%. The

introduction of a collaborative mechanism for blue and green hydrogen significantly enhances the

system’s capacity to consume renewable energy, reducing penalty costs by 92. 7%. Furthermore,

adopting the optimized hydrogen storage capacity further reduces the total system costs by 1. 54 %

and carbon emissions by 10. 18 %. It provides new ideas for realizing multi-energy synergy to promote

energy structure transformation.

Keywords: integrated energy system; carbon capture; hydrogen storage; stepped carbon trading
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Fig. 1 1ES structure diagram for multi-capacity synergy
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09:00—11:00,15:00—17:00 0.35 0.70
12:00—14:00,18:00—23:00 0. 35 1. 35
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Table 2 Integrated energy system parameter setting
S8 BME SR BAE

€op 0.9 s 0.95

€azn 0.2 Note 0.40
€HFC.c 0.55 NTh 0.55
€HEC.h 0.35 7l 0.95
Ipy 0.16 s 0.95
I.vina 0.16 7S 0.9
Fsst 0.018 7 0.9
Jss2 0.07 s 0.8
D or 0. 04 P /kW 1500
e 0.6 P kW 500
s 1.2 e/ kW 2 000

1w 0.8 Qi / kW 1500
e 0.9 Qi / kW 1 000
Mbuy 2.8 QiiR.cn, /KW 250
MR 0.8 Pisme [ kW 300
Leas 0.202 Pig™ /kW 300

Youy 0.28 my /kW 300

s 0.9 S /kW 500

eL 0.85 Spin 0
Jiny/ TC 1500 S, 0

qu, /(KW +h+m*) 4.6 @ 0.8
Piific /kW 180 Piiec /kW 150
Hig"™ /kW 150 Irep /TG 1500
Heg / kW 1500 Hiim / kW 150
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Table 3 Comparison of scheduling results for 3 scenarios wi mL :/C"BC‘ ] :\;ﬁ;i%m
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W2 8338.47 4726.13 96. 14 " Bl i
53 740543 4 706. 86 78.90 "I QT o
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i 5% 2 1 710. 27 1 805. 91 6 734. 80 g & O e 20 2
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Fig. 5 Electric power balance curve
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Table 4 Comparison of scheduling results for 4 scenarios

BURA/ MEEMA/ S CO, BAS/

1 ¢ _ o _

gt JG A/ 76 Jt
5t 3 7 405.43 4 706. 86 78. 90 838. 27
5t 4 7 291.09 4 589,34 67.48 616. 47
H5t 5 9431.36 3884.70 618.32 3 556.85
H5t 6 7 302.57 4707.09 78.90 735. 44
b iz 4k filk HE X o A [y
H 2 . . . e . e 3
WA/JC Bii/keg  AHE/m' FE/m’
fHH3  1609.62 4176.12  100.00 100. 00
R4 2017.80 3750.80  232.54 269.55
R 5  1371.49 7483.16  162.51 152. 56
R 6  1609.30 4185.32  100.00 100. 00

MZEBT R B A BE R L 17 5 4 RSA e I A
N 7291.09 90, WEEE 3 HE SR R EE L R GEAE L
X 5 By I A 9 5 RE 3 A PR, S BUS T AR B, A
FUf o 3,185 4 WRERUAS B 1 2. 5020, FBR SR A
REAR T 14, 4700, 3% R WL AL Jm 00 6 <0 75 1 R 08
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Fig. 6 Optimized scheduling results for scenario 4
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Fig. 7 Blue-green hydrogen supply energy distribution
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