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Abstract: Natural gas is a strategic resource crucial for safeguarding national energy security and promoting the low-
carbon energy transition, while the evolution of technological systems serves as the core driving force underpinning
the high-quality development of the natural gas industry. As the birthplace and heartland of China’s natural gas
industry, the Sichuan Basin—with a history of natural gas extraction spanning over 2 000 years and serving as a core
area for the construction of national oil and gas production bases—provides a typical sample for investigating the
technological evolution of natural gas from a historical perspective. This paper systematically reviews the
characteristics of six stages of natural gas technology in the Sichuan Basin, from ancient discovery and utilization to
modern leapfrog development. The study reveals that the technological evolution of natural gas in the Sichuan Basin is
not a linear superposition of individual technologies, but rather manifests as a continuous coupling process of “era
demands and engineering challenges—pivotal technological breakthroughs—synergistic upgrading of technological
systems—organizational guarantees for large—scale industrialization.” This technological evolution is primarily co-
driven by two categories of factors: the basin’s complex geological conditions and resource endowment constitute the
endogenous constraints, while national energy strategies and market demand provide a strong external pull. In the
face of future energy security and complex geological conditions, it is essential to adhere to an independent
innovation path that takes pivotal technological breakthroughs as the core, synergistic upgrading of supporting
technologies as the support, and large-scale industrialized organization as the guarantee, so as to provide a historical
basis and mechanistic reference for the efficient exploitation and sustainable development of China’s natural gas
industry.
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Fig. 1 Composite stratigraphic column of vertical gas-bearing sequences and representative gas fields in the Sichuan Basin
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Fig. 2 Schematic diagram of the six-stage technological evolution of the natural gas industry in the Sichuan Basin
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Fig. 3 Driving mechanisms of natural gas technology evolution in the Sichuan Basin
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