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Abstract: [Objective] To enhance the carbon reduction capability and economic performance of integrated energy
systems (IES), this study improves the traditional stepped carbon trading mechanism and introduces electricity-hydrogen
coupling units. A low-carbon economic dispatch strategy for IES is proposed, based on an improved stepped carbon
trading mechanism. [Methods] First, the power-to-gas process is divided into two stages: water electrolysis for
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hydrogen production and hydrogen methanation. Electricity-hydrogen coupling units are established by integrating
hydrogen storage tanks, methanation reactors, hydrogen fuel cells, and hydrogen-blended CHP units. This improves the
system's ability to accommodate renewable energy. Second, carbon capture facilities are introduced to achieve deep
carbon reduction, and the captured CO. from carbon capture power plants is used as a feedstock for methanation,
enabling a closed-loop CO: cycle. Then, the traditional stepped carbon trading is reformulated as a piecewise linear
function to improve computational efficiency. Finally, a low-carbon economic dispatch model for IES is constructed,
aiming to minimize the total system cost, and multi-scenario simulations are carried out. [Results] The research shows
that the introduction of the electro-hydrogen coupling unit can significantly improve the new energy absorption capacity
of the IES system, and the system can achieve structural carbon emission reduction after the introduction of carbon
capture equipment. Compared with the baseline scenario, the overall wind and light abandonment of the system is
reduced from 457.02 MW to 32.47 MW, a decrease of 92.89%, and the net carbon emission of the drive system is
significantly reduced from 1 530.05 t to 38.56 t. The improved step-by-step carbon trading avoids a large number of 0-1
variables introduced by the traditional step-by-step carbon trading model, and the solution efficiency is significantly
improved. The solution time is shortened from 16.42 s to 9.57 s. This mechanism can effectively reduce the carbon
emission of the system in the carbon price range of 20 ~ 80 yuan / t, and the total cost of the drive system is reduced
from 1.867 5 million yuan of fixed carbon price to 1.223 8 million yuan. At the same time, the standard deviation of power
fluctuation of carbon capture power and hydrogen-doped cogeneration unit is reduced from 2.75 MW and 3.15 MW to
1.46 MW and 1.74 MW, respectively, which makes the carbon price signal transmission smoother. [Conclusion] The
synergy between electricity-hydrogen coupling and carbon capture significantly improves renewable energy integration
and deep decarbonization. The improved stepped carbon trading mechanism effectively reduces emissions and
computational costs in key carbon price ranges, while ensuring smoother carbon price signals. The proposed technical
framework ultimately achieves substantial emission reductions and efficient utilization of renewable energy with
favorable economics.

Key words: electricity-hydrogen coupling; carbon capture; power-to-gas; integrated energy system;improved stepped
carbon trading
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Table 1 Time-of-use electricity and gas price table
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Figure 4 Power output curves of wind and photovoltaic

generation
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Figure 5 Power output curves of electric, thermal, and

gas loads
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