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Two-stage stochastic optimization of a green—hydrogen—coupled coal-to—
methanol system under economic - carbon emission trade—offs

LIU Yujie, ZHENG Junjie, ZHANG Yuting, ZHOU Wenjin, ZHAO Zhitong, ZHANG Wei
(College of Chemistry and Chemical Engineering, Taiyuan University of Technology, Taiyuan 030024, Shanxi, China)

Abstract: Coal-to—methanol (CTM) processes are major contributors to carbon emissions in the coal chemical
industry. Injecting green hydrogen into the synthesis stage to replace gray hydrogen derived from the water—gas shift
process is a key pathway for deep decarbonization. However, an inherent contradiction exists between the stochastic
fluctuations of wind and solar power and the rigid demand for steady-state continuous feeding in chemical
production. Currently, a quantitative optimization framework to balance the economic viability and carbon reduction
of the green—hydrogen—coupled coal-to—methanol (GH-CTM) system is still lacking. In this context, a two—stage
stochastic optimization model for the GH-CTM system was developed. A data—driven method was employed to
determine typical weekly scenarios, and surrogate models for key variables in the CTM process were established to
simultaneously optimize the capacity configuration of green hydrogen equipment and the hourly operational
scheduling of the system. Case studies indicate that, for a plant with an annual methanol production capacity of

982.5 kt, the economically optimal solution does not integrate green hydrogen, yielding an annualized net profit of
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CNY 744 million and a direct CO» emission intensity of 0.79 t CO2/t MeOH. The system begins to integrate green

hydrogen when the direct CO 2 emission intensity limit is tightened to 0.70 t CO 2/t MeOH. Furthermore, under

improved market and technical conditions—such as increased methanol prices and decreased investment costs for

wind, solar, and electrolyzer equipment—the GH-CTM system demonstrates significant potential for achieving both

economic efficiency and deep carbon emission reduction.

Keywords: wind and solar power fluctuations; green—hydrogen—coupled coal-to—methanol; two—stage stochastic

optimization; data—driven modeling; carbon emission constraints
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Table 3 Typical week weight and distribution table
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