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Onshore OTEC Plant

» Relatively simple technology only viable in tropical regions

* Generates energy from temperature differential between warm
surface water and the deep cold water below (~20 C)

* No large-scale OTEC systems have been successfully deployed,
but nearshore and onshore plants are under development

« Small, onshore systems can supply power, desalinated water,
and sea water air conditioning (SWAC)

 Large, floating offshore plants could provide baseload power

/

 Potential for additional services and products with OTEC
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Northwest QTEC in the United States

» Little engagement in
OTEC development in
US for about a decade

» Renewed focus and
legislation in 2020

= Funding so far has been
small:

v SBIRs & STTRs

v/ Small projects at US | ) e o g
DOE national - N ‘ RS - -
laboratories T o (& - g

NORTH /
i,

PACIFIC s T e
ocean Tl UNITED STATES'

NORTH
PACIFIC
OCEAN

NORTH
ATLANTIC =

...............

Tt dn e

SOUTH
PACIFIC

SOUTHERN OCEAN




~7 Examining feasibility of OTEC in US waters
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» Reaching out to experts around the world

* Examining barriers to development

» Use cases to examine feasibility (Puerto Rico, St. Croix, Hawaii, Guam)
* Resource assessment in Puerto Rico and Hawaii

* Coupled with aquaculture and grid stabilization in Guam

« OTEC end uses: power, disaster recovery, freshwater
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* Islands in eastern Caribbean
Sea

Legend

* Close to Puerto Rico trench = = e

(ROV) Dives Will Take Place

deep ocean water close to
Islands

* Adequate temperature
differential year round

Spring Summer Fall Winter
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- 10MW OTEC plant

« Backup power grid, disaster
recovery emergency services
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 Also aquaculture
* Puerto Yabucoa nearest port

* 4, 7km to cold water pipe
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 PNNL, Makai, & Ocean ERA * Tradeoffs for multiple uses
 Located off Kona, HI at Natural » Specific environmental effects
Energy Laboratory of Hawaii = New plume model
Authority (NELHA)

« Community needs/values
 Technical feasibility of OTEC

platform to provide:
= Power

= SWAC and district cooling
= Desalination

= Deep water for aquaculture et

= Critical mineral extraction
= Efuels (ammonia/hydrogen)
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» Existing plant at NELHA on Hawaii
« Power for nearby installations, SWAC

* Port of Kawaihae 37 km north

f
% Hamalel—
&
+ *Kapaa
NITHAU z A\, & ~
Puuwal® % Kefha—“Aihue &
2 KAUAI &
G > Halepta sLale
,\5’5’ Waialua™

Wahiaw: ' ane.ohe @
i '\Kallua‘\bo

o Manas, P MOLOKAI
O8RU Kaunakakai

LANAI Lahaia ', Kahuluj
Lanal City* duky 7 Hana
RedHill +
10023 feet MAUI“\E\
P /q C KAHOOLAWE : o o
)
/ /C \d\"\“ Upolu Pt
/ A “Hawi
C \ . Honokaa
Walmea,—
o )
: C NLauna K ea + ‘
/ £ 4 13796 feet <Hilo
A Mountain View,/"\ Cape
a \ 4/ —r’ +Mauna Loa/ Pahoa | K umukahi
SRS, £ 13677/t
= \ Pahala ’/
17 -
oy
et S T o

KaLae




RARTARL L TR

Pacific

Northwest Resource Characterization Model Domain

Grid
= 360 m ~ 4.5 km horizontal resolution
= 2 ~ 48 vertical layers

Bathymetry
= ETOPO 2022

Target period

= Aug 1 2015 to Dec 31 2019 — 1825
days

Forcing
= CFS V2

Initial and boundary conditions
= CMEMS & FES 2014

Computational resources
= 2 node / 72 cores (Eagle)
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 Discharge of cold water at surface
* Entrainment of water with biota
 Discharge of chemicals

* Interference with migration routes
* Entanglement in mooring lines

* Reef effect on fish

 Settling of benthic organisms, potential
non-native species introduction

* Changes in nearshore waters due to
temperature, circulation changes

Each effect will
depend on the
scale and

location of the
OTEC plant
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Potential Environmental Effects of OTEC
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» Discharge location
« Longitude: -156.1415423

S - Latitude: 19.735094
w4~~,2%/1j, o
 Discharge depth
* 70m
i " .
= . (i N i « Discharge temperature
Target point @ S8 Vs 3,.. « 10°C
a5 - Discharge rate
o * Exp.1: 400 m?/s
e « Exp.2: 800 m%/s

« Exp.3: 1600 m°/s
« Exp.4: 3200 m3/s

Target period
e Jan 2015 to Jan 2016 (one year)

August 6, 2024
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Cold water plume model at different discharge rates

Discharge rate: 400 m*/s  Discharge rate: 800 m®/s Discharge rate: 1600 m3/s  Discharge rate: 3200 m®/s

Water depth (m)
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Increased cold-water plumes (e.g., blue area) with the higher discharge rates
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August 6, 2024
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Ocean Thermal Energy Conversion: Multi-Use Platform ]
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* Technology is well tested, baseload power

» Optimization continues for efficiency, survivability
= Heat exchangers
= New materials and designs for pipes
= Hardening for typhoon/hurricane resistance

 Capital costs very high (100s millions USD)

« O&M costs expected to be low (compared to other
offshore renewables)

« Potential environmental effects understood, can be
mitigated
= Cold water return
= Entrainment (minimal)
= Land-based footprint

* Training community members as operators
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Thank You!

Andrea Copping

andrea.coppin nnl.gov
Pacific Northwest National Laboratory
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