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Marine Energy and the Blue Economy:
From Ocean-Wave Dynamics and Control

to Community-Centric Applications

Abstract:

The ocean covers more than 70% of the Earth’s surface and contains
vast, largely untapped renewable energy resources, including ocean
waves, tidal currents, and offshore wind. Among these, ocean waves
offer high energy density and significant potential for sustainable power
generation, yet wave-energy technology remains at an early stage of
development. The irregular, bidirectional, low-speed, and time-varying
nature of waves creates fundamental challenges in hydrodynamics,
power takeoff, mechanical design, and control. This seminar will
present our research on advancing marine energy from fundamental
dynamics and control to prototype development, laboratory and field
testing, and real-world applications. I will discuss a mechanical motion
rectification mechanism that converts bidirectional wave motion into
unidirectional rotation and introduce a control co-design framework
that simultaneously considers hydrodynamics, wave-structure
interaction, power takeoff, mechanical design, and control to optimize
overall wave-to-wire performance. I will also highlight emerging
approaches for tidal and hybrid marine-energy systems and
applications in the Blue Economy, including offshore aquaculture,
seawater desalination, marine communications, and environmental
monitoring. Beyond device-level engineering, I will discuss a
community-centric research framework integrating techno-economic-
socio-environmental assessment, community engagement, and system-
level engineering co-design. The seminar will conclude with a vision for
advancing marine energy through multidisciplinary collaboration and
academia-industry-community partnerships.
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