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Why ocean wave energy?

* Enormous resource
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Why ocean wave energy?
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Wave energy te? AUSTRALIA

* Enormous resource

« Wave power (deep water)

P = %TEHE (in W/m)
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Wave energy

* Enormous resource

« Wave power (deep water)
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Wave energy te? AUSTRALIA

« Temporal variability matters!



Wave energy

» Coefficient of variation

Cornett 2008 ISOPE
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Wave energy converters WECs A& AUSTRALIA

« Oscillating bodies

CETO 6 Concept Design

Carnegie Clean Energy



Wave energy converters WECs A& AUSTRALIA

« Oscillating bodies

CETO 6 Concept Design




Wave energy converters WECs A& AUSTRALIA

« Oscillating bodies

energy CETO 6 Concept Design . , energy
capture conversion

wave-structure power take-off

Interaction




Hydrodynamic design of WECs

surge

« Strong interaction — what shape, size, position, motion?

Hals Todalshaug 2016 in Handbook of Ocean Wave Energy (Chapter 6)



Hydrodynamic design of WECs

« Small low-draft heaving body

Hals Todalshaug 2016 in Handbook of Ocean Wave Energy (Chapter 6)



Hydrodynamic design of WECs

surge

« Small low-draft heaving body

P

Wavestar CorPower

reacting against itself



Hydrodynamic design of WECs

surge

« Surface-piercing flap and piston

K

Hals Todalshaug 2016 in Handbook of Ocean Wave Energy (Chapter 6)



Hydrodynamic design of WECs

surge

« Surface-piercing flap and piston



neave

Hydrodynamic design of WECs

surge

_ _ pitch”
« Large articulated bodies
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Hals Todalshaug 2016 in Handbook of Ocean Wave Energy (Chapter 6)




Hydrodynamic design of WECs

surge

« Large articulated bodies




Hydrodynamic design of WECs & AUSTRALIA

. . A
(m+m)Z+ (B+b.)Z+ (K + pgA,)Z = F_,.cos(wt) ¢

« Strong wave-WEC interaction (large excitation / efficient wavemaker)

« Optimal WEC motion for wave energy capture:
1. Tune natural frequency to match waves (resonance)
- depends on inertia and stiffness properties
- adjust power take-off stiffness K
2. Alter damping to maximise power absorption
- adjust power take-off damping B

‘AN NN



. . WESTERN
Understanding full WEC dynamics &% AUSTRALIA

* Design focus on productive mode(s) of motion.

« BUT other modes of motion matter
- Important for the overall dynamics
- can be excited parametrically (dynamic instability)

‘AN NN



Dynamic instabilities in WECs

* same mechanism as parametric roll of

 Increased fatigue loads
« decreased power performance

 need efficient advanced models
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Orszaghova et al. 2019 and 2020 Proceedings of the Royal Society A ; Kurniawan et al 2019 Ships and Offshore Structures
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« WEC economics:
-mild/moderate sea states = income
- maximise energy capture and conversion efficiency
-severe sea States = cost
- minimise motions and loads

* Violent wave-WEC interactions need experiments and sophisticated
(computationally demanding) models



Survivability of WECs and extreme responses & AUSTRALIA

Rafiee et al. 2016 AWTEC
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Survivability of WECs and extreme respo response
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Potential markets and |latest developments &% AUSTRALIA

Marine aquaculture - Blue Economy CRC

« Desalination

« QOcean observation and navigation

« Automated / unmanned / remotely operated vehicles
» Offshore data centers

Wave Energy Developments 2021 Ocean Energy Systems, International Energy Agency ; Powering the Blue Economy 2019 US Department of Energy
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« Wave energy resource and its potential.

* Hydrodynamic principles of energy capture.

« Current research topics and future markets/opportunities for WECs.
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» Special thanks to A/Prof Scott Draper and Profs Paul Taylor and Rodney Eatock Taylor
» Australian Research Council (Linkage Project 150100598)

 Wave Energy Research Centre, jointly funded by the University of Western Australia and the Western
Australian Government, via the Department of Primary Industries and Regional Development (DPIRD)

» Carnegie Clean Energy Ltd
« CorPower Ocean AB
« UWA Research Impact Grant

* European Union Horizon 2020 Framework Programme (H2020) (grant number 731084)



