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* At present, wave 0-30 cents per kWh. Coal and
wind are 5 to 10 cents per kWh.

®* Wave power is about 20-30 years behind wind, but it is predicted that wave
power can catch up quickly.
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® US Electricity v
® 4143 TWh/year
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® Integration

® Lower Levelized Cost of Energy

®* Time domain modeling



Time Domain Formulation and Analysis (Nonlinear) — Relatively moderate simulation time/More detailed analysis possible
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Frequency Domain Parameters » Time Domain
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MATLAB/SIMULINK, gl Poweroutput | |

Wave Modeling and Simulation > OrcaFlex) ‘
y > RAO (Response
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PTO Model (Linearized/Nonlinear)

* MATLAB /Simulink

®* Heave only






Fluid Forces on Structure
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HYDRODYNAMICS
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Fos(t) = pgAz(t) Fpto (t) = BZ(t)

E,(t) = —K,,z(t) Fy (t) = BiossZ (1)




SIMULINK MODEL
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EXCITATION IMPULSE RESPONSE
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EXCITATION FORCE

Rate Transition3
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REGULAR WAVE OUTPUT

™oy

NN N DN N
WY AR AVAS AW AV AWAV AV AR
RVAVAVAVAVAVAVAVAYES
"V VYV VVVVYVY

NWAWAWAWAWAWAWAW AW AN
AVAVAVIAVIAVIAVIAVIAVIAVIAW
[V V[ Y[V Y

| —— Pag = 065w |
[ T ——
L ADAANAADNADNADNADNANANAAR
ARV ANAVAVAVANAVAVAVAVAVAVAVAVAVAY N

AAVARVA'RVATRVARA'R'ATRVARVARYRTEN

-lll\-lll\-

NN N N N DN T

’A\'!!\IWA\-FA\IVIA\IYA\'IA\I!IA\II!\IFAI
hE{RVAVAVAVAVERYRYEYE
V.V V. V V V V V. VYV

PTO Force

AV VT T
T A Y Y O L O L O L O (R O (R
ANV IRNIANIENIENIRNIREIRN IR
RVIRVIRVISVIRVISVISVIRVIATIaE

Pawy = 59416.4W

I AN AN AN A N AN e e
HllIIIII'lllllllllll'llllllllllIIIIIII

AR AR

Introduction of system nonlinearities can identify significant power loss

not modeled in the frequency domain simulations.




IRREGULAR WAVE OUTPUT g
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Similar nonlinearities could be added to the relative displacement and mooring.






