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Abstract

With the accelerated global transition toward low-carbon energy structures and mounting pres-
sures on food security, offshore wind power has rapidly emerged as a key direction for sustainable
marine resource utilization. It plays a positive role in replacing fossil fuels and mitigating climate
change. However, during construction and operation, offshore wind farms may exert complex and
far-reaching impacts on marine ecosystems—particularly marine life—through noise disturbance,
habitat alteration, and increased human activity. Concurrently, while the expansion of aquaculture
into deep and distant waters holds promising prospects, it still faces numerous challenges in envi-
ronmental risk control and intelligent management. Therefore, guided by the national strategies of
“Maritime Power” and “Securing Food from the Ocean”, exploring integrated models of deep-sea
aquaculture based on offshore wind power holds significant importance for enhancing the effi-
ciency of marine space utilization and achieving sustainable development. This paper first reviews
the multi dimensional ecological impacts of offshore wind power on marine organisms, especially
the effects of wind power facilities on habitats, species diversity and fish behaviour, and discusses
the applications of multimodal fusion technology in aquaculture, with a focus on how these technol-
ogies can be used to monitor the ecological impacts of offshore wind power projects. Innovatively,
this study integrates the coordinated development of offshore wind power and aquaculture. By
adopting multimodal fusion technology, it not only provides new perspectives for ecological impact
assessment but also promotes intelligent and refined management of aquaculture. Such technolog-
ical integration enables more effective coordinated development of offshore wind power and aqua-
culture, facilitates the construction of an “energy ecology aquaculture” integrated system, and sum-
marizes the key implementation pathways for establishing this integrated system.
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Figure 1. Structural integration mode [19]
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Figure 2. Multimodal data fusion monitoring platform [53]
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