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Abstract : Methaneis the second-largest greenhouse gas after carbon dioxide, and the natural gas industry
is one of its primary anthropogenic emission sources. To effectively address climate change and
promote the high-quality and sustainable development of the natural gas industry, this study
systematically investigates methane emission mechanisms and control pathways across the
entire natural gas supply chain. This study identifies typical methane emission sources caused by
processes and equipment at each stage of the natural gas industry chain and elucidates their
underlying mechanisms. The findings reveal two distinct types of emission sources: “segment-
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specific” and “cross-segment pervasive”. Following the “three scopes” framework, the study
analyzes methane emission pathways, demonstrating that emissions from the five main industry
chain processes fall under Scope 1 (direct emissions), while emissions from outsourced activities
belong to Scope 2 (indirect emissions). Furthermore, methane emission patterns are categorized
into three types: process venting, equipment leaks, and flare combustion. Notably, with the
exception of equipment leaks, the other patterns are present across all direct emission
processes. By integrating the results of emission source identification, pathway analysis, and
pattern classification, this research establishes a comprehensive methane emission mechanism
framework for the natural gas industry. Building upon this systematic understanding of emission
mechanisms, the study proposes diversified methane control pathways spanning four
dimensions: research, policy, corporate implementation and international collaboration.

Key Words : natural gas; methane; emission mechanism; control pathway
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Fig.1 Methane emission processes and major equipment in the natural gas industry
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Fig.3 Types of methane emission patterns involved in the natural gas industry processes
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