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ABSTRACT: [Objective] The significant anti-peak regulation characteristics of renewable energy sources like wind and
solar power lead to large-scale curtailment during low-load periods, which is detrimental to the economic and low-carbon
operation of integrated energy systems (IES). Hydrogen and ammonia, with their zero-carbon and high-energy-density
features, hold great significance for promoting the energy transition when integrated into IES. To fully leverage their
advantages in reducing emissions and enhancing economic performance, this study aims to develop an optimal scheduling
model. [Methods] This paper proposes an optimal scheduling model for an IES that incorporates dynamic co-firing of
hydrogen and ammonia, and couples power-to-gas (P2G) with carbon capture and storage (CCS). Equipment models,
including P2G, power-to-ammonia (P2A) , electric boilers, and energy storage systems, are constructed. The hydrogen
produced by P2G serves as an energy link, enabling gas turbines to co-fire hydrogen and coal-fired units to co-fire ammonia.

Furthermore, a tiered carbon trading mechanism is introduced to enhance the flexibility of carbon emission reduction.
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Targeting at minimizing the total operating cost, an analysis is made on the impact of different hydrogen/ammonia co-firing

ratios on the system’s economy and carbon emissions. [Results] Simulation results indicate that the P2G-CCS coupling

combined with a fixed 20% hydrogen/ammonia co-firing ratio minimizes the total operating cost and carbon emissions.

Adopting a dynamic co-firing ratio further reduces the total cost by 11.65% and carbon emissions by 33.63 tons.

[Conclusions] The tiered carbon trading mechanism combined with a dynamic hydrogen/ammonia co-firing strategy can

effectively enhance both the economic and low-carbon performance of the IES, providing a viable solution for its optimal

scheduling.

This work is supported by National Natural Science Foundation of China (No. 52377191).
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hydrogen; thermal power mixed with ammonia; step by step carbon trading mechanism
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Fig. 1 Structure of hydrogen ammonia coupled

integrated energy system
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Fig.3 Wind power output and electric and
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Table 3 Optimization and scheduling results for each scenario

Y BTG

WSRA TG WRACH AT TE MEFEA T TT S RURATTE  BREMERARTTE BRI TE ik

1 265.54 140.09 -10.47 19.82
2 279.48 174.17 —-14.84 19.59
3 335.78 175.98 -0.61 19.38

5.22 1.15 0 1326.30
16.44 0.98 15 1334.35
49.59 1.20 0 1723.87
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Table 4 Comparison of system optimization results under different scenarios

Yise BWADTE WA B INATTTE BREATIE SERURATTIE BREFRATTIC R ERATT T B

1 265.54 140.09 -10.47 19.82
4 363.99 243.67 -15.86 12.90
5 234.59 121.39 -9.90 23.80

5.22 1.15 0 1326.30
55.51 2.09 30 1440.31
5.12 1.20 0 1292.67

x5 AEBHIETHAHEHAERIL

Table 5 Comparison of unit output results under different scenarios

Yrste KLU JI/MW SRAEEHLE T /MW BREALEGE I/MW RS J1/MW B RK i SFE R S/ MWh Bl B2 FEHL 5/ MWh

1 1292.80 1 030.80 1178.10
4 2 073.40 1 457.60 2 369.60
5 1 465.00 775.78 886.61

1753.8 1753.8 85.97
1840.3 1565.7 179.36
1871.7 1303.1 107.73
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Table 6 Comparison of system optimization results under different carbon trading mechanisms
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