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. . CALWAVE
Motivation & Opportunity

( . Operating Power System

Ta’'u * Part of a larger synchronous AC power system
** Contains 3 synchronous AC power systems
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DOE 2050 Projections
35% Wind (404 GwW)
19% PV (632 GW)
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Offshore Wind

0.65-3.50 GtCO,e
International Shipping
0.75-1.5 GtCO.e Dietary Shifts

0.3-1.06 GtCO,e

The Ocean as
I a Solution to
Climate Change

Five Opportunities for Action
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0.05-0.29 GtCO.e

0.02-0.04 GtCO,e

g Ocean Energy
economy in 2030: . 0.11-1.90 GtCO,e

Opportunities and challenges

Wild Capture Fisheries Seabed Storage of Carbon
0.08-0.14 GtCO.e 0.5-2.0 GtCO.e




. . CALWAVE
Motivation & Opportunity

Emissions of selected electricity supply technologies in gCo2eq/kWh.
Source: IPPC, 2018.

Direct emissions Infrastr_uctur? & supply l:ifecytle emissions
Options chain emissions (incl. albedo effect)
Min/Median/Max Min/Median/Max
Currently Commercially Available Technologies
Geothermal 0 45 6.0/38/79
Hydropower 0 19 1.0/24/2200
Nuclear 0 18 3.7/112/110
Concentrated Solar Power 0 29 8.8/27/63
Solar PV—rooftop 0 42 26/41/60
Solar PV—utility 0 66 18/48/180
Wind onshore 0 15 7.0/11/56
Wind offshore 0 17 8.0/12/35
Pre-commercial Technologies
CCS—Coal—Oxyfuel 14/76/110 17 100/160/200
CCS—Coal—PC 95/120/140 28 190/220/250
CCS—Coal—IGCC 100/120/150 9.9 170/200/230
—(ac__ i 30/57/98 89
Ocean 0 17 5.6/17/28



https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_annex-iii.pdf#page=7

Wave energy potential in the US
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Wave power is stable and abundant

Wind and solar are volatile.

Daily variability of renewables
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U.S. Lease and Call Areas L
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Beginning of Wind Power




Main functions of a wind turbine

Main function 1: Main function 2:
High Annual Energy Production Device Load Management/Shut down

Typical wind turbine power output
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Main functions of a WEC

Main function 1: Main function 2:
High Annual Energy Production Device Load Management/Shut down
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Secondary functions of a marine energy system
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Evaluation Areas - The key areas

in which to measure the success of
technology, in order to demonstrate
progress and achieved performance




TRL Status of ocean energy - 2015 (outdated)

Prototype Demonstration Pre-Commercial Industrial Roll-Out

Continuous Development and Innovation

Tidal
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2020 statistics

Tidal energy hits @% Global total
6@ GWh

@ 2020 INSTALLATIO CUMULATIVE INSTALLA

TIDAL STREAM 865 kW 38 3 MW

% 2020 INSTALLATIO

WAVE ENERGY 70@ kW




Tidal Energy - Commercial projects
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Active demonstrations
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US Wave Energy Prize — 92 teams
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Py M
Calwave awarded

out of 92 teams!




CALWAVE
Scripps Ocean Pilot Q2/2021
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CalWave lined up for PacWave — 20MW test site

Location: Oregon
Depth: 60-80 m
Capacity: 20 utility-scale WECs

PacWave

http://[pacwaveenergy.org/
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http://pacwaveenergy.org/
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Outlook: Utility scale wind and wave farm layout
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Ideal layout of combined offshore wind and wave
farm - wave shelters wind and reduces total
CAPEX and OPEX for both!
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Wind turbine CAPEX
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- Comparable manufacturing requirements —
A tower manufacture can produce a wave converter hull

Source:
https://www.sciencedirect.com/science/article/pii/S1364032108001299



Lifecycle of an
Offshore Wind
Floating

Offshore Wind Project Total Lifetime Expenditures
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Figure 2. Wind system cost breakdown structure: CapEx levels 1 to 3
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Figure 3. Wind system cost breakdown structure: OpEx levels 1 to 3
Source: NREL
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Offshore hydrogen
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