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Abstract: Direct air capture (DAC) technology, a representative negative carbon emission solution, stands as a
pivotal technology for achieving carbon neutrality. However, it still confronts challenges of high costs and energy
consumption. The synergistic integration of DAC with carbon utilization technologies, namely transforming
captured CO; into high-value products, can enhance carbon reduction efficiency while lowering lifecycle costs,
rendering it a critical component in the carbon neutrality roadmap. This paper systematically reviews the
classification and underlying principles of DAC, summarizes recent advancements and challenges in its
integration with photovoltaic, electrochemical, and thermal CO, conversion technologies, and concludes with an
outlook on the future development and applications of deep coupled DAC and carbon utilization.
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