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Research on tiered pathways and technological integration for low-carbon
hydrogen transformation in chemical industries under dual carbon goals:

grey-blue-green transition
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(1.School of Economics and Management, Southwest Petroleum University, Chengdu 610500, China; 2.Natural
Gas Economics and Technology Center, PetroChina Southwest Oil & Gasfield Company, Chengdu 610051, China;
3.School of Management Engineering, Chengdu Technological University, Chengdu 611730, China)

Abstract : Against the backdrop of China’s dual carbon goals, hydrogen energy has emerged as a critical enabler for
deep emissions reductions in the chemical industry. However, factors such as cost, technological maturity, and system
compatibility make a one-step low-carbon transition for industrial hydrogen challenging.This paper examines the current
state of hydrogen utilization in China’s chemical sector, systematically analyzes the technical characteristics and
applicable scenarios of grey, blue, and green hydrogen in chemical applications, and outlines a phased implementation
pathway for the low-carbon transformation of industrial hydrogen use.The study concludes that short-term efforts should
prioritize enhancing grey hydrogen utilization efficiency and promoting blue hydrogen demonstration projects, achieving
emissions reductions through carbon capture, utilization, and storage ( CCUS) technologies. Mid-term strategies require
strengthening engineering integration between renewable hydrogen production and chemical processes, scaling up green
hydrogen applications in ammonia synthesis, methanol synthesis, and refining/petrochemicals. Long-term goals should
focus on comprehensive low-carbon transformation of the chemical hydrogen system through system integration and multi-
energy coordination. This paper further analyzes the key technological and engineering constraints facing hydrogen
utilization transformation in chemical processes across different phases and proposes corresponding development
recommendations , which can provide a reference for the low-carbon transition of hydrogen utilization in China’s chemical
industry.

Key words : hydrogen for chemical industry; low-carbon transition; grey hydrogen-blue hydrogen-green hydrogen;
hydrogen energy
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