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Abstract: China's energy resource endowment is characterized by relatively abundant coal, limited oil, and scarce natural gas. Developing
the deep coal rock gas industry is a strategic initiative to ensure the national energy security under the current resource context. Based on the
strategic breakthroughs and exploration and development practices of deep coal rock gas in the Daning-Jixian block of the Ordos Basin, this
paper systematically reviews the evolution of the shallow coalbed methane and deep coal rock gas industry, presents the accumulation theories
and key technologies in deep coal rock gas development, and proposes the resource potential and revolutionary implications of deep coal rock
gas. The following results are obtained. First, China's coalbed methane and coal rock gas industry has experienced five stages: preliminary
exploration; technology introduction and trial development; pilot testing and critical technological advancement; commercial production and
large-scale development of shallow coalbed methane; and exploration breakthrough and beneficial development of deep coal rock gas. Second,
deep coal rock gas refers to natural gas occurring in coal that serves as reservoir rock, below the depth limits of coal mining economically and
technically. The theories of deep coal rock gas accumulation have been innovatively established beyond the traditional insights on shallow
coalbed methane which is believed to be with adsorbed gas in dominance, peak gas content at a specific depth, poor development of pore-
fracture system in deep strata, low reservoir fracturability, and prolonged production by slow water drainage for pressure reduction. Third,
breakthroughs in key technologies include an integrated geology—engineering approach to target selection, a "five-in-one" optimized well pattern
design, optimal and fast horizontal well drilling, fracture network (volumetric) stimulation, and full-lifecycle gas production techniques. These
advancements create a series of exploration and development technologles for deep coal rock gas, which have increased the average estimated
ultimate recovery (EUR) per well from 5 594x10* m’ to 6 000x10* m’. Fourth, deep coal rock gas is widely distributed across multiple basins
within China, forming extensive continuous accumulation zones with a 51gn1ﬁcant potential of large-scale development. In conclusion, the deep
coal rock gas revolution is fundamentally a technological revolution. It 1s far beyond traditional insights on coalbed methane, and achieved
the transformation of the coalbed methane industry from investment-driven growth to innovation-driven development through innovative
theories and key technologies, and from technological innovation to industrial innovation. Moreover, it has promoted the transformation of coal
into diversified clean energy, leading and driving the breakthroughs in deep coal rock gas theories, technological innovations and industrial
development.

Keywords: Deep coalbed methane; Coalbed methane; Accumulation mechanism; Key technology; Development technology;
Technological innovation; Coal rock gas revolution
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