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Abstract

Driven by the goals of carbon peaking and carbon neutrality, the shipping and logistics industry faces
mounting pressure to reduce emissions, with digital technology offering a new breakthrough for its
low-carbon transformation. From the perspective of management science and engineering and engi-
neering management, this paper systematically reviews the current carbon emission status and
green development trends of the shipping and logistics sector, and constructs a three-tier enabling
analytical framework of “data monitoring—intelligent optimization—collaborative governance” and
its engineering implementation framework, to elucidate the mechanisms through which technolo-
gies such as big data, the Internet of Things, artificial intelligence and digital twins facilitate carbon
accounting, energy consumption optimization and port-shipping collaboration, as well as their engi-
neering integration mechanisms. On this basis, adopting theories of organizational behavior and in-
stitutional economics, it further explores the conflicts of interest, lack of trust and institutional bar-
riers behind major bottlenecks including data silos, shallow technology application, absence of
standards and ineffective collaboration, and their constraints on engineering implementation. From
the three dimensions of technology management, operations management and policy management,
this paper proposes engineering management pathways for low-carbon transformation enabled by
digitalization: lightweight deployment, low-carbon algorithm iteration, technology integration and
engineering deployment at the technology level; digital carbon management systems and cross-en-
terprise emission reduction performance contracts at the operationslevel; and improved accounting
standards, optimized subsidy mechanisms and collaborative regulatory frameworks at the policy
level. The research provides management decision-making references and engineering practice so-
lutions for the green transformation of the shipping industry and enriches the management theory
and engineering management research on digital technology enabling low-carbon transformation of
traditional industries.
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