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Abstract: In the context of the increasingly severe global climate warming, exploring and implementing effective
carbon reduction strategies has become an urgent priority to address this global challenge. Syngas fermentation, as a
green low-carbon technology that reduces greenhouse gas emissions, recycles industrial waste gas, and produces
renewable fuels and chemicals, plays an important role in global climate mitigation and the transition to a circular
economy. Industrial strains are considered the "chips" of fermentation, and in the process of transforming and
implementing syngas fermentation technology, the development of new equipment and new processes is equally

important. Firstly, this article reviews the research progress on important equipment in the fields of strain development
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and industrial application of syngas fermentation. It summarizes the latest advancements in high-throughput cultivation
and screening of anaerobic microorganisms in syngas atmosphere. The application of this technology will accelerate
the optimization and iteration of industrial strains for syngas fermentation, providing better-performing industrial
strains for commercial application. Then, the review outlines the research progress of various types of reactors
currently used for syngas fermentation, including stirred tank reactors, bubble column reactors, gas-lift reactors, trickle
bed reactors, and hollow fiber membrane reactors, and discusses the potential and challenges of each type of reactor in
industrial production. Among these reactors, the gas-lift reactor, due to its low energy consumption, simple structure,
and good economic benefits, has been widely used in the commercial application of syngas fermentation. Secondly, the
review summarizes the development and challenges faced by the integrated syngas fermentation technology, including
raw gas purification, gas fermentation, and product separation and extraction processes. After an in-depth discussion of
the development trajectory of commercialization projects for syngas fermentation, the review points out that the
promotion of syngas fermentation not only require technological breakthroughs but also meticulous engineering

management, forward-looking commercial planning, and strong policy support, all of which are core to advancing the

technology from the laboratory to the market.
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Fig.1 Clostridia biofoundry (cBioFab) for fully automated, high throughput strain engineering

(Figure is reproduced from reference [43])
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(The schematic diagram of reactor is reproduced from reference [51])
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(The schematic diagram of reactor is reproduced from reference [67])
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(d) Horizontal rotating packed bed biofilm reactor (h-RPBR)
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Fig. 4 Different reactor types

(The schematic diagram (a) and (b) of reactor is reproduced from reference [67], the schematic diagram (c) and (d) of reactor is reproduced from

references [65] and [66], respectively)
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