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Table 2 Comparison of scheduling costs for five schemes
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Hydrogen Credit Market Mechanism Design for Enhancing Carbon Reduction Values in Multi-port
Integrated Energy Systems

XIE Yingbiao', HOU Hui"*, YANG Jiajia*, WANG Zhuo"*, DONG Zha()yang’l, YU Li'
(1. School of Automation, Wuhan University of Technology, Wuhan 430070, China;
2. Department of Electrical Engineering and Automation, Aalto University, Espoo 02150, Finland;
3. College of Science and Engineering, James Cook University, Townsville 4811, Australia;
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Abstract: As a critical carrier for the low-carbon transition, the development of hydrogen energy requires not only technological
breakthroughs but also robust support from market mechanisms. To address the challenges of the lack of accounting rules for
hydrogen-enabled carbon reduction and inadequate market coordination mechanisms, this paper proposes a hydrogen credit market
mechanism to enhance the carbon reduction value of hydrogen energy. First, a hydrogen credit certification system based on
equivalent carbon emission reduction is established from the perspective of the full life cycle of hydrogen energy, enabling accurate
accounting of hydrogen decarbonization equivalents. Second, a hydrogen credit market mechanism is designed based on offsetting,
trading and settlement. The offsetting mechanism allows hydrogen credits to be converted into carbon allowances, expanding
compliance pathways in the carbon market. The trading mechanism realizes cross-regional transactions through a peer-to-peer
mode, facilitating the circulation of carbon reduction data and mutual recognition of value. The settlement mechanism entrusts
regulators to settle surplus hydrogen credits and realize the monetization of environmental benefits via subsidies. Third, mobile
hydrogen storage resources such as hydrogen-fueled ships are used as hubs for the conversion of hydrogen credit value. Combined
with the energy-transportation coupling characteristics, a cooperative game model for a multi-port integrated energy system is
constructed, and the alternating direction method of multipliers is adopted for distributed solution, which effectively protects the
privacy of carbon reduction data. Finally, simulation results based on three ports verify that the proposed market mechanism can
effectively achieve the environmental and economic synergy of hydrogen energy.
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