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Figure 1 Relationship between development and utilization of offshore renewable energy and the SDGs
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Figure 2 Framework of offshore renewable energy development and utilization based on energy geography
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Figure 3 Summary of development approaches for offshore renewable energy
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Figure 4 Spatial flows of material, energy, and value in development and utilization of offshore renewable energy from a five-dimensional perspective
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Abstract: Offshore renewable energy boasts abundant potential and exhibits characteristics of

synergistic development. However, it also faces challenges such as complex environmental

conditions, low reliability, and spatial competition. Moreover, its interdisciplinary theoretical
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foundations have not yet been fully understood, and a systematic understanding of sustainable
development pathways is lacking. From the perspective of energy geography, a research framework
encompassing five dimensions—potential, technology, industry, space, and governance is
developed. Through multidimensional integration and cross-domain analysis, the study
systematically reviews the research progress in the development and utilization of offshore
renewable energy, including potential assessment, technological development, industrial synergy,
spatial evaluation, and impact governance. The review indicates that: (1) Offshore renewable
energy is still in its early stage, characterized by “diverse energy types with great potential but
technological imbalance, and abundant application scenarios but insufficient integration”.
Specifically, offshore wind power technology is mature and dominates development. Energy
industry development approaches are diverse with various integration scenarios, while single-mode
development still prevails in the short term. Development and utilization offer significant
environmental benefits, but may lead to risk transfer. (2) Scientific research, technological
development, and industrial integration practices lag far behind the actual needs of offshore
resources development and utilization. This is manifested in large discrepancies in assessment
results due to different evaluation scales for energy potential, and inconsistent evaluation criteria
within the same scale. Immature technological development and poor economic viability of
industrial integration hinder efficient development and utilization of marine resources. Spatial
assessments focus primarily on planar site selection and optimization, with limited research on
three-dimensional marine utilization and the integration of energy and industrial production. The
ecological impact mechanisms of development and utilization remain unclear. (3) To promote
coordinated development across the five dimensions, offshore renewable energy development
should focus on unifying potential assessment standards, enhancing techno-economic efficiency,
promoting industrial integration, optimizing spatial utilization, and improving the governance
framework. These efforts will support the efficient use of marine resources and the high-quality
development of the marine economy. This review provides a comprehensive framework for
understanding and advancing offshore renewable energy development, offering valuable insights
for policymakers, researchers, and industry stakeholders.

Key words: offshore renewable energy; energy geography; five-dimensional framework;

development and utilization; multi-energy complementarity; review

hitp://www.resci.net



