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Ocean alkalinity enhancement as a technology of ocean negative carbon emission:

status, potential, and challenges
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Abstract: In the context of global climate change, ocean alkalinity enhancement (OAE) is receiving increasing
attention as a negative emission technology owing to its substantial carbon sequestration potential. This paper
systematically analyzes the major technical principles, classification and implementation options of OAE, and
critically examines its development bottlenecks. It argues that the transition of OAE from conceptual feasibility
to scalable deployment is subject to multiple constraints, including net carbon benefit, carbon accountability,
ecological safety, and regulatory feasibility. Accordingly, a phased development roadmap is proposed: near-
term efforts should prioritize infrastructure-coupled, point-source and measurable pathways (e.g., wastewater
alkalinity addition and shore-based alkalinization facilities) to establish replicable carbon accounting; mid-term
strategies should expand toward controlled multi-scenario coastal releases; and long-term development should
focus on scaling breakthroughs in electrochemical OAE and enhanced mineral weathering. This paper
emphasizes that governance frameworks and social acceptance must advance in parallel with technological
research and development, and that clear compliance boundaries are essential for OAE to become accountable,

tradable, and scalable.
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