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large-scale deployment of carbon capture, utilization, and storage (CCUS) technologies. Based
on key technical indicators from nearly 5000 major industrial facilities in China’s critical sectors,
this study integrates the spatial distribution characteristics of energy infrastructures derived from
their geographic coordinates and national landform information. Building on the team’s
established global-scale CCUS facility transition optimization framework and localized facility-
level emission inventories, we develop a source-sink matching pathway optimization model that
explicitly captures technological evolution. The model provides a comprehensive cost-benefit
assessment across the full CCUS chain, covering capture, transport, and storage, and aims to
identify an optimal facility-level transformation pathway for large-scale CCUS deployment under
geological storage constraints in China. Results reveal a significant spatial mismatch between the
technical attributes of key industrial facilities and the accessibility of regional CO, storage
resources. Under technology-oriented deployment strategies, energy infrastructures with
shorter operating ages, larger capacities, and higher CO, emission intensities are typically
prioritized for CCUS retrofitting. This leads to the premature decommissioning of some facilities
that possess favorable storage potential but lack advantageous technical attributes, thereby
missing crucial opportunities for low-cost emission reduction. In contrast, the cost-targeted
strategy can achieve the same deployment targets at a lower cumulative system cost in the short
and medium term, paving the way for the transition of CCUS from demonstration to commercial
operation. Furthermore, this strategy effectively coordinates cross-sectoral CO, capture layouts
through shared transport networks, optimizing CCUS resource allocation and promoting a more
balanced deployment of CCUS technologies across major industrial sectors. The methodological
framework developed here also offers transferable insights for the spatial optimization and large-
scale deployment of other emerging low-carbon technologies such as wind, solar, and hydrogen
energy.

carbon emissions from energy infrastructure; CCUS pipeline network deployment; transition
pathway optimization; cost-benefit analysis
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Table 1 Overview of China’s energy infrastructure
for key industrial sectors in 2020
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