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Abstract: Direct air carbon capture (DAC) technology reached the stage of commercial deployment, yet its large-scale application
still faced challenges of high energy consumption and resource-environmental impacts. An exergy-based life cycle assessment
(EXLCA) framework for DAC systems was established, with their performance being evaluated across energy, resource, and
environmental dimensions. It was shown that under grid-electricity and natural gas energy supply scenarios, the system’s life cycle
energy consumption was 10.22GJ/tCO,, with thermal energy demand for capture, CO, compression, and oxygen production through
air separation being identifiedas the dominant energy-intensive processes, which accounted for 62.72%, 13.41%, and 8.98%,
respectively. The cumulative exergy consumption over the life cycle was 9.19GJ/t CO,, with electricity and thermal energy
contributing 39.98% and 58.93% to total exergy consumption, while material-related exergy was accounted for only 1.09%, which
was negligible. In terms of environmental benefits, a life cycle carbon removal efficiency of 47.50% was achieved by the system,
with thermal energy and electricity consumption contributing 53.18% and 33.43% to total carbon emissions. Carbon removal
efficiency could be increased to 88.60% by transitioning to biomass and wind power as energy sources. Furthermore, 80kg of water
and 1465(m>-a) per ton of CO, removed were required by the system, highlighting the need for careful resource management in
large-scale deployment.

Key words: direct air carbon capture; negative emission; thermodynamics; exergy analysis; life cycle assessment
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Fig.1 Schematic diagram of DAC system by absorption method
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