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Capacity allocation of hydrogen-blended natural gas integrated energy system

considering ladder carbon trading mechanism

LI Yafeng, WANG Weiqing

(Engineering Research Center of Ministry of Education for Renewable Energy Generation and Grid Connection Technology ,

Xinjiang University, Urumqi 830047, China)

Abstract: Aiming at the low-carbon emission requirements and load demand characteristics of the integrated energy
system, a comprehensive energy capacity allocation method considering the ladder carbon trading mechanism and
hydrogen-blended natural gas is proposed. First of all, in order to alleviate the output volatility of wind and solar energy, a
hydrogen energy system with hydrogen energy storage as the medium is established. Secondly, a hybrid hydrogen natural
gas integrated energy system architecture comprising hydrogen energy storage and liquefied natural gas is created under the
consideration of the substitution effect of hydrogen energy on natural gas. Then a ladder carbon trading mechanism is
introduced to constrain the carbon emissions of the system. Finally, the capacity allocation is optimized with the annual
total investment cost, including operating costs and annualized investment costs, as the objective function. The simulation
results of the numerical example verify that the proposed model and strategy can reduce carbon emissions, total annual
investment cost, and have important reference value for integreated energy allocation.
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Figure 1 Allocation framework of IES with hydrogen-

blended natural gas
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Figure 2 Wind and solar output and load demand
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Figure 3 Electricity, heat, coolmg, and hydrogen balance

analysis under scenario 4
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Figure 4 The relationship between LNG unit price
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Table 6 The impact of carbon trading mechanism on

the capacity allocation of the system

- HL AT FURRRHH CHP A HeHL
i & /kW W /kW W& /kW
4 62 945 30 180 34 570
5 64 325 36 911 18 584
6 66 608 41619 13 841
- kA R/ mIRE MR R FE4iHL
(kW «h) Iy /kW I /kW ﬁi/(m*/h)
4 150 420 10 397 4799 6 603
5 193 730 7661 4728 6 747
6 222 070 18073 4851 6 987
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Table 7 The impact of carbon trading mechanism on

annual total investment costs of the system
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AR/ TG AR/ T3 T Jiot AR /T3 o8
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6 —6.40 90.43 6 069 39077
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Table 8 IES allocation results for different carbon trading prices
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¥/(OC/0 /KW HWEIE/KW (kW -h)  HLER/KW AR/TTIC A/TIOC R/t UK/ JIo6 BOR/JIE AR/JTOT
250 62945 30 180 150 420 34570 36.64 98.25 1231 —10.96 87.18 37 832
300 60451 29 838 100 922 34 833 35.80 99.07 1212 —13.91 86.11 37 340
350 64 235 29 462 65842 34 868 33.87 100.69 1181 —17.24 85.08 37 060
400 61668 29 079 143 350 35 366 33.60 101.52 1169 —18.27 80.48 35291
450 62427 28 243 94 927 35670 32.81 102.11 1133 —18.92 77.70 34 202
R9 AR %A IESRE
Table 9 IES allocation results with different reward coefficients
i BT AR AR/ CHPIRAR WA/ WA/ BHmHE SRS HBHEfT AR
B F/kW YpE/KW o (kW e h)  HLIIE /KW Ji 7t Tt R/t A/ TIoE AR/ IO AR/ JT T
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0.4 66 212 29 840 125420 35378 35.02 101.86 1175 —10.96 84.41 36 941
0.6 63615 27128 108 706 35597 34.84 102.36 1175 —20.34 79.43 34 837
0.8 66 644 27 056 136 389 36 143 33.47 103.01 1168 —23.24 75.86 33 650
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Table 10 IES allocation results for different interval lengths
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50 62 437 29 035 120 865 35035 35.59 99.75 1206 —12.14 85.92 37 196
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