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Pacific

Northwest  Background

* Puerto Rico Is uniguely positioned for exploiting marine energy to meet their
100% renewable energy goal by 2050 and enhance their coastal resilience

 US DOE, Water Power Technologies Office (WPTO) funded the study of
marine energy resource characterization and assessment
= Wave
* Tidal stream
= Ocean Current
= Ocean thermal energy conversion (OTEC)
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Leveraging existing and public model outputs

TTTE

Tidal Stream
= ADvanced CIRCulation (ADCIRC)
= High resolution — 30 to 100 m along Puerto Rico coastlines
= One month simulation

Ocean Current

= American Seas (AmSeas) regional Navy Coastal Ocean Model (NCOM)
» Resolution 1/30°

MODEL PROPERTIES FOR AMSEAS AND HYCOM

= 8 years simulation (2014-2021) NeoM oo
AmSeas
GOFS 3.0 GOFS 3.1
: OTEC Record length 2014 -2021 2008 -2018 2014 -2021
= HYDbrid Coordinate Ocean Model (HYCOM)  Horizontal resolution 1/30° 1/12° 1/12°
: Number of vertical
= Resolution 1/12° levels 40 33 40

= 14 years simulation (2008 — 2021)
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* Large model domain with high
resolution in Puerto Rico

 Model validation with NOAA tide
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Tidal Stream Resource Assessment

Probability of exceeding speeds of 30 cm/s
P(v>30 cm/s)

Tidal hotspots in Western Puerto Rico
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 Sea surface current data from
AmSeas

Average ocean current power density
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MODEL PROPERTIES FOR AMSEAS AND HYCOM

HYCOM HYCOM

AmMSeas | =5ps30  GOFS3.1
Record length 2014 -2021 2008 -2018 2014 —2021
Horizontal resolution 1/30° 1/12° 1/12°
Number of vertical 40 33 40

levels

Probability of exceeding speeds of 30 cm/s
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Southern Tourmaline Reef
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« 3D temperature data from HYCOM

* Model validation — average difference in temperature between HYCOM and
Argo floats at (left) 600 m and (right) 1,000 m water depth

HYCOM
Depth: 600m Depth: 1000m
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w—— EEZ | KW/ (m3/s)
 Criteria: minimal thermal gradient of 21°N - i L
20°C between the warm sea surface and
cold-water intake depth 20°N - L

« OTEC Power Density:
P _ pwCpETg(AT)?(1-PL)

Q 8(273+SST) 18°N

- 775

- 800
19°N

- - 825

850
= 2 =the thermal power,

= ¢ =the deep seawater flowrate,

* p w=the average density of water,

= ( p=the specific heat of water,

£ 7¢ = the turbo generator efficiency,
Z/ = the losses due to pumping, and 68°W 66°W 64°W

A7 = the temperature differential between sea OTEC power density at 1000m depth
surface and cold-water intake based on average values of SST and AT
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Spring Summer Fall Winter
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Pacific

Northwest  Depth with AT = 20 °C

Spring Summer Fall Winter
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OTEC Power Density North Shore South Shore
(a) North: 18°47'14"N, 66°28'48"W (b) South: 17°37'3"N, 66°28'48"W
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 Tidal stream and ocean current hot spots are identified near the western
coast of the main island

 OTEC Is the most promising marine energy source for electricity
generation, especially in the southern coastal water of Puerto Rico
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Thank you

zhaoqing.yang@pnnl.gov
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