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Abstract

To address the challenges of mobilizing remaining oil in mature high-water-cut fields, low-perme-
ability to tight reservoirs, and fractured-vuggy reservoirs, this paper clarifies the application
boundaries between enhanced oil recovery (EOR) and enhanced gas recovery (EGR). It examines
the mechanisms and applicability of COz, hydrocarbon gas, Nz, air, and flue gas, and compares con-
tinuous gas injection, water-alternating-gas (WAG) injection, huff-and-puff, gravity-stabilized
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displacement, and foam-assisted injection. Field experience in China and other countries shows that
miscibility mainly improves microscopic displacement efficiency, whereas performance in strongly
heterogeneous reservoirs depends more on mobility control, injection-profile management, and
produced-gas recycling. Gas-injection performance is jointly governed by the systematic matching
of gas supply, reservoir conditions, well patterns, and surface facilities. The environmental benefits
of CCUS-EOR should be evaluated based on net CO: storage, life-cycle emissions, and long-term mon-
itoring results. Future priorities include reservoir-specific injection strategies, high-temperature
and high-salinity conformance-control materials, intelligent closed-loop control, source-sink clus-
ter development, and the transition from EOR to permanent COZ storage.
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Figure 1. Pore-scale illustration of oil mobilization through gas-oil mass transfer and miscibility [1]-[3]
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Figure 2. Schematic diagram of improved macroscopic sweep during gas flooding through mobility control [1] [2]
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Table 1. Introduction to main gas injection media [1]-[4] [7] [8] [15]-[19]
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Figure 3. Schematic illustration of nitrogen injection and late-stage gas and water breakthrough in the Cantarell reservoir
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Table 4. Typical gas injection scale and effects of projects
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Table 5. Economic evaluation of gas-injection EOR and CCUS-EOR projects [42] [46]-[48]
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