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Background: Marine Renewable Energy

-

* Tides, Waves, Ocean Currents

« Salinity and Temperature gradients including ocean
thermal energy conversion (OTEC)

* Devices cover a range of sizes and applications

— Pictured examples courtesy of: (1) ANDRITZ Hydrotidal turbine,
(2) ORPC TidGen Power System, (3) Mocean Energy Blue
Horizon attenuator, (4) CorPower Ocean C3 point absorber, (5)
REDstack salinity gradient plant at Afsluitdijk (photo courtesy of
Van Oord), (6) Natural Energy Laboratory of Hawaii Authority
OTEC plant at Kona (photo courtesy of DOE).



Marine Energy Resources in U.S. Waters
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Tidal and riverine: kilowatts to megawatts

Bladerunner Energy




aves: milliwatts, kilowatts, megawatts

Laboratory



Methods: Marine Energy for Powering Ocean Observations

Ocean
observation

Navigation

* Provide power in off-grid and offshore locations to support a Aid
variety of ocean-based activities, including ocean
observations and navigation. ‘ MRE Devices
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* Present focus on how marine energy can provide power to
extend ocean observing missions for both fixed and mobile
platforms, including operations of AUVs. Autonomous
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What are the Main Limitations to Ocean Observations Now?

* Power availability and batteries

« Data transmission and communications and survivability

* Other limitations for ocean observations:

— Device reliability

— Cost of ship time

— Cost of cables for observatories

— Biofouling

— Hazards associated with lithium-ion batteries
— _Onboard processing

— Winter ice conditions

Photo Credits: USCG; NOAA
GLERL




Power Used by Ocean Observation Technologies

Survey results: About a quarter (26%) of sensors run on less than 1 W nearly half ( (7 8%) |
require 10-100 W, and the remaining (7%) use >100 W.
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SEATREC: thermal gradient power Vi Chso (Y. Chao@ssatrac.com)
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Oscilla Power: Triton-C

Tim Mundon (Mundon@oscillapower.com)
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Ca Iwave Marcus Lehmann (marcus@calwave.energy)
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Laboratories

Sandia .
i ; Ryan Coe (rcoe@sandia.gov) .
Pioneer WEC @ National  Sndia national Laboratores Concept design E e E

10-100W

3.3 m diameter

Team: Sandia, Woods Hole Oceanographic Inst., National Renewable Energy
Lab, Monterey Bay Aquarium, Johns Hopkins University, East Carolina
University, Evergreen Innovations

This work was supported by the Department of Energy (DOE), Office of Energy Efficiency and Renewable Energy (EERE), Wind and Water Power Technologies Office (WWPTO). Sandia National Laboratories

is a multi-mission:laboratory managed and-operated by National Technology and Engineering Solutions of Sandia, LLC., a wholly owned subsidiary of Honeywell International, Inc., for the U.S. Department
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MBARI

Wind and Solar = 50W
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Mark Chaffey (c) 2004 MBARI

AdEIF UMREGISTERED - wisn, gif-animakar, com

Andrew Hamilton (hamilton@mbari.org)

Waves = 200W-300W

Power take-off device —

Tether {length not fo scale)

Heave cone



Image Credit: Scott Jenne / NREL


https://www.nrel.gov/water/motion-platform.html

PNNL: drifting WEC buoy

6 dof WITT Energy pendulum system
 Max power > 5 watts in 0.5 m waves

« Designed for temperature
measurements in the Arctic



Kites as Current Energy Converters

Christopher Vermillion cvermill@umich.edu UNIVERSITY OF

MICHIGAN

On-board generation:
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flow

~ generator flight path

Power flow
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Rope/s unwind

Ground-based generation:

Energy expenditure

Rope/s rewind
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PNNL: Vortex Induced Vibration Testing
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PNNL: Vortex Induced Vibration Testing

Vortex Hydro: VIVACE




PNNL: Vortex Induced Vibration Testing

Vortex Hydro: VIVACE







The Future of Marine Renewable Energy

-

« Tidal power for remote communities

«  WEC powered moored observation buoys
« WEC powered drifting buoys

« WEC powered drones

« WEC powered AUV charging stations
 Thermal gradient powered profiling floats

« . Current powered AUV charging stations




-

Acknowledgements

> Funding provided by the U.S. Department of Energy Office.of Ene
Renewable Energy Water Power Technologies Office. - =

> The authors are grateful to our colleagues at the National Renewable E
Sandia National Laboratory.

THANK YOU!

Ruth.Branch@pnnl.gov




	Slide Number 1
	Background: Marine Renewable Energy
	Marine Energy Resources in U.S. Waters
	Tidal and riverine: kilowatts to megawatts 
	Waves: milliwatts, kilowatts, megawatts 
	Methods: Marine Energy for Powering Ocean Observations
	What are the Main Limitations to Ocean Observations Now?
	Power Used by Ocean Observation Technologies
	SEATREC: thermal gradient power
	Oscilla Power: Triton-C
	CalWave 
	Pioneer WEC
	MBARI
	Slide Number 14
	PNNL: drifting WEC buoy
	Kites as Current Energy Converters
	PNNL: Vortex Induced Vibration Testing
	PNNL: Vortex Induced Vibration Testing
	PNNL: Vortex Induced Vibration Testing
	The Future of Marine Renewable Energy
	Acknowledgements

