Open-Cycle OTEC (OC-OTEC)

WARM 0 COLD SEAWATER
SEAWATER IN  yacUum @ W RETURN TO SEA
PUMP VACUUM PUMP

l@ T @ ‘[ ATMOSPHERE
DESALINATED DESALINATED DISSOLVED GAS

WATER WATER
VACUUM CHAMBER|  VAPOR VAPOR
FLASH » CONDENSER >
EVAPORATOR @ @ DESALINATED
WATER @
l @ TURBOGENERATOR T @
WARM SEAWATER COLD
RETURN TO SEA SEAWATER IN

- Surface (Warm) seawater iIs flash-evaporated in a vacuum
chamber — resulting low-pressure steam drives turbine-generator
(electricity);

- Cold seawater condenses steam (desalinated water) downstream
of turbine;

- Mixed seawater returned below photic layer

250 kW OC-OTEC Experimental Plant: Vega ¥l 19931998

Closed-Cycle OTEC (CC-OTEC)
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- Warm (surface) seawater and Cold (deep) seawater used
to vaporize and condense a working fluid, such as
anhydrous ammonia, which drives a turbine-generator in a
closed loop producing kWh (electricity)

- Mixed seawater returned below
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What we learned:

« 365/24 production of electricity & desalinated water determined

 Because Ocean is a great “battery” —» Baseload/Dispatchable
Electricity (unlike all other renewables)

 Cost-Competitive scenarios identified » Economy of Scale such
that 2 100 MW plant in USA & 210 MW in SIDS

 To proceed MUST build/operate a pre-commercial plant ~5 MW

« Potential environmental impact: return of spent seawater below
the photic zone. Numerical models — return plume equilibrium is
below photic layer (1% surface light intensity ~120m in Hawalii)

First Generation OTEC Plants (2009 estimates)
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Past, Present & Future:
OTEC Challenges

 Financing relatively high capital investments
that must be balanced by the expected but
vet to be demonstrated low operational
costs;

= We lack operational & environmental records
regquired to proceed iNnto commercialization
—

WNeed pre-commercial pflant adeqguately sized
f — 5 MW) and operated in situ > T year;

depth;

OTEC Resource:.

* Technical resource, expressed as electricity generated with
OTEC plant, can be estimated from the Theoretical thermal
resource: AT between surface waters and water from 1000 m

« 98 Nations with adequate OTEC resource within their EEZ (200

nautical miles);

 Annual production (GWh) with 100 MW OTEC plants located in
the OTEC-Region estimated (Nihous, University of Hawai’i)
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~ Technical Resource: 100 MW OTEC Plant Annual Electricity Generation
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Baseline: 877 GWh/year @ AT=20 °C

Future:
Potential World-Wide Market

How do we prepare for the post-fossil-fuels era™
Petroleum Fuels

NMatural Gas
Coal

=< 50 Years
= 120 years

=< 100 years

= Will need “Patient-Financing”™ for commercialization of
Renewable Energy Technologies

« $300M - STS0M funding for OTEC Industry

over 5 - 15 years —

potential world market in Trillions by end of
Century (71,000 plants at 100 MW each ~ $1,000
Billion investment wvs. 250,000 Plants sustainable)

http://ninmrec.hnei.hawaii.edu/
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