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CalWave’s Timeline

POWER
RATING

COMPANY
HIGHLIGHTS

1:50 scale

cyclotronroad

-
i

= A
rreeeer

BERKELEY LAB

Prototype

1:20 scale;
US patent

WAVE ENERGY PRIZE

2017-2018 2019 -2021

Design Construction & Deployment

Open Ocean Pilot

Pilot unit Pilot unit
(remote power) (remote power)

o U.S. DEPARTMENT OF

e
)
v

o
=€
)

£

{\ AUTODESK.

@ ¢
o

CALWAVE

Commercialization

Utility scale
architecture

U.S. DEPARTMENT OF

ENERGY

HIGHTIDE

FOUNDATIOM

GreentownLabs



.Z.....:.._._::

.Z,:..._.......I
,y,"p--..-._—\\

2011

2009

2005






More than half of all global emissions
are now covered by a form of net-zero target

January 2020
34% with at least a net-zero discussion

December 2020
54% with at least a net-zero discussion

46%

Government
stated position 32%

66%

Under
discussion

No target

At the beginning of 2020, one-third of
global emissions were covered by
some form of net-zero target

Most of that total was only ‘under discussion’ —
having been raised by governments as a policy
target.

By the end of 2020, more than half of
global emissions were covered

The amount of emissions covered by a final,
legislated target and in legislative process both
doubled, while the amount covered by a stated
government position increased four times.

China, the EU, Japan and South

Korea are all part of the ‘net-zero club’
However, these bold ambitions are still lacking in
policy specifics in many cases.



California targets

100%
renewables
by 2045.

But how ?




Integrating renewable energy is an ongoing concern
in high-penetration markets like Chile

Average wind and solar hourly generation and daily average power price, Diego de Almagro

MW
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Source: CNE, Coordinador Electrico Nacional, BloombergNEF. Note: Node is Diego de Almagro.

$/MWh

$100

$80

$60

$40

$20

Wind and solar generation has grown
from near-zero in 2013 to meeting 15%
of Chile’s power demand in 2020

Chile’s wind and solar fleet generated well over
one terawatt-hour of power in 2020.

Infrastructure upgrades have been
essential to integrating renewables
Chile has completed a number of major
transmission upgrades, integrated its two main
power grids, and introduced a flexibility strategy
as well.

These upgrades have dramatically
reduced curtailment, and kept power
prices from falling to zero

Average curtailment in 2020 stayed below 2%,
and power prices stayed about $40 per
megawatt-hour even during peak generation.

38 March 2, 2021

BloombergNEF



From 40 - 50%

renewables only, requires

10 GW
Storage

For 100%

Renewables, cost are

$2.5 Trillion

for battery storage at current cost

https://www.technologyreview.com/s/611683/the-25-trillion-reason-we-cant-rely-on-batteries-to-clean-up-the-grid/

MIT
Technology
Review

Costs rise sharply as renewables penetration climbs

se00 ¢




N : CALWAVE
Motivation & Opportunity

. Operating Power System

Ta’u L* Part of a larger synchronous AC power system

** Contains 3 synchronous AC power systems
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DOE Wind Vision Study : https://www.energy.gov/eere/wind/wind-vision .
DOE Sunshot Vision Study: https://www.energy.gov/eere/solar/sunshot-vision-study Syste m S Ize ( GW)




\
100% renewables \'\
requires diversification \

1. Solar 2. Wind
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o ' ' Offshore Wind
y, s 0.65-3.50 GtCO,e
International Shipping
0.75-1.5 GtCO.e Dietary Shifts
The Ocean as - 0.3-1.06 GtCO,e

I a Solution to
Climate Change

Five Opportunities for Action

Mangroves

Domestic Shipping 0.18-0.29 GtCO,e it Lr W
0.15-0.3 GtCOe

i

é Aquaculture ] ¢
-5

0.02-0.04 GtCO.e

Seaweed
Farming
0.05-0.29 GtCO,e

A o 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
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N : CALWAVE
Motivation & Opportunity

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

Bliact ehiizslons Infrastr_ucture & 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 3.7/112/1110
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
e i o 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

Six Ocean Energy Resources

NN Y

LSS RS
Ocean Energy Worldwide Theoretical Power

Technology Potential [tWh/year]
Wave Power 29,500
Tidal Power 1,200

Marine Current Power 50,000

Ocean Thermal Power 44,000

Salinity Gradient Power 1,650

Source:
Renewable energy policy network for the 21st century: RENEWABLES 2012 GLOBAL STATUS REPORT, 2012.
Ocean Energy Systems: An International Vision for Ocean Energy, 2012.







Ocean Surface Currents - Resource
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Figure 6.3 | Surface ocean currents, showing warm (red) and cold (blue) systems.



Wave Energy Global Ressource
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Wave energy potential in the US
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2020 was a record year for offshore wind financings

Offshore wind capacity financed by year

GW
16 15.2

Project finance

Balance sheet
12

9.6
8.8
8 77
6.8
4.2

4 32

2019 2.0

I I 1.0
0 =

2010 2015 2020

Year of financial close

Source: BloombergNEF

Dogger Bank B

Greater London

Dogger Bank C

Dogger Bank A

2020 was a record year for offshore

wind capacity financed

More than 15 gigawatts was financed, up more
than 50% from 2019, the previous record, and 15
times the volume in 2012.

Most new capacity was project financed
More than 10 gigawatts of capacity was project
financed. From 2013 through 2017, most capacity
was financed on corporate balance sheets.

A single financing, the 2.4 gigawatt

Dogger Bank development zone,

dominated the second half of 2020

The 2.4 gigawatt project is the largest offshore
wind project in the world, and the largest financing
to date for the sector, at $8 billion.

29 March 2, 2021

BloombergNEF



US LCOE of offshore wind

Range of LCOE Due
to Spatial Variations == Cost Reduction Scenario (fixed bottom)
=== Cost Reduction Scenario (floating)
LCOE Range
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Figure 3. Levelized cost of energy for potential offshore wind projects from 2015 to 2030 over the
U.S. technical resource area

Source: Beiter et al. (2016)

Note: Fixed-bottom and floating scenarios are represented by exponential curve fits through the modeled LCOE values in 2015,
2022, and 2027.
https://www.nrel.gov/docs/fy180sti/70907.pdf




U.S. Lease and Call Areas L
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US offshore wind pipeline ~>25 GW, mostly US east coast

Virginia
Rhode Island
Ohio
North Carolina | 8,934 MW 25,464 MW
New York
New Jersey
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1 Maryland
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Project Status Classification
U.S. Offshore Wind Project Pipeline by Project Status as of June 2018




Most Offshore Wind Deployment Has Been on

Fixed-bottom Support Structures

Leading Offshore
Wind Countries
(Installed Capacity)

United Kingdom 8508 MW
Germany 7441 MW 7 1
China 6007 MW - a

Denmark 1925 MW I

Belgium 1556 MW
Netherlands 1136 MW
Sweden 196 MW .

I 27,208 MW Installed 82 MW Installed




50 | Past & Present Wind Turbine sizes

15 MW
Adapted from UCS https://www.ucsusa.org/clean-energy/renewable-

energy/how-wind-energy-works

240
10 MW
200 174 m
160 Airbus 380 -
f
120 80m
1,800Kw

Rotor Diameter (m)
Wind Turbine (Kw)

Future
Wind Turbines

Offshore Turbines

1980 -1990  1990-1995  1995-2000  2000-2005  2005-2010 2005 2010 2020 2030



Floating offshore wind

BARGE SEMI-SUBMERSIBLE ARTICULATED MULTI-SPAR SPAR TENSION-LEG PLATFORM (TLP)






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

| 4 e Power (kilowatts)
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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

(VA
EVALUATION
AREAS

Evaluation Areas - The key areas

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




TRL Status of ocean energy - 2015 (outdated)

R&D Prototype Demonstration Pre-Commercial Industrial Roll-Out

Continuous Development and Innovation

7Ti(|al

fream
Continuous Development and Innovation

Tidal
Range

Continuous Development and Innovation

Continuous Development and Innovation

Salinity
Gradient

Continuous Development and Innovation




2020 statistics

Tidal energy hits

TIDAL SJ:TlHEAM 8 6 5 1

WAVE EI‘-IT.EHGY 7 kW




Tidal Energy - Commercial projects
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Active demonstrations
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TIDAL STREAM

WAVE ENERGY

Ocean e

10%0

’ These deployments will
drive down the cost.

Cost reduction drivers will be
the same as other renewables.

2.9 GW

can be deployed globally
by 2030.

92% of this (2.6 GW)
will be in European waters.

nergy can provide

Europe's current electricity needs by 20so.

Cost of energy - €/MWh ===

That’s enough to power

94 million households per year.

Ocean Energy

Europe

C Higher yield | Optimised array design | Decreased cut-in speeds

Higher availability | Greater capacity factors

Technology performance
Improved operations

®

Faster + more efficient installation | Retrieval + maintenance
Increased reliance on predictive + remote maintenance

Faster + more efficient decommissioning

Lower capital costs (currently up to 60% of energy costs) via:

Access to cheaper equity and debt — from 12% return on investment
to <3% interest rates | Original Equipment Manufacturer warranties | Insurance coverag
Economies of scale: capital expenditure

(e.g. cabling, licensing costs, maintenance facilities)

Economies of scale: operating costs (maintenance teams, administration)

Exponentially higher yield with larger machines

Lower finance costs

Dedicated supply chains + supporting infrastructure
Competition among suppliers | Mass production | Standardisation

5 Off-the-shelf components with guarantees | Greater competition among suppliers
Economies of scale:

Larger machines
and projects
Industry volume:

Mass production and
standardisation

More capacity deployed —’
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State of the Science Report

ENVIRONMENTAL EFFECTS OF MARINE RENEWABLE ENERGY
DEVELOPMENT ARDUND THE WORLD

o

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Ballelle Since 1965

2016 Annex IV State of the
Science Report

ENVIRONMENTAL EFFECTS OF
MARINE ENERGY
DEVELOPMENT AROUND THE
WORLD

H OCEAN
- , ENERGY
- SYSTEM
An IEATs- hnology Initi

Energy Efficiency &
Renewable Energy

”J ENERGY



Perceived Risks of MRE Development

Collision risk: tidal, current, offshore wind

Underwater noise

Electromagnetic fields (EMFSs)

Physical changes/energy removal

Changes in habitats/artificial reefs

Entanglement (ecological risk, fishing gear)

T

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Ballelle Since 1965

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

W Increased sharing of existing information

m Improved modeling of interaction
W Monitoring data needed to verify findings

m Mew research needed



Entanglement and Debris

T

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Ballelle Since 1965

» Mooring line entanglement of marine mammals, sea turtles

» Also hanging up lost fishing gear

100%
80%
60%
40%
20%

0%

100%
80%
60%
40%
20%

0%

B Increased sharing of existing information
m Improved modeling of interaction
B Monitoring data needed to verify findings

m MNew research needed

40
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Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Ballelle Since 1965

@ Humpback Whales and Floating Offshore Wind Farms ©




Pacific Northwest
AAAAAAAAAAAAAAAAAA

Humpbacks rarely dive deeper
than 120 meters to feed

March 7, 2021
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In 2015, DOE announdﬁeir search for the hext generatioh
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Calwave awarded

out of 92 teams!




Wave Technology
Status Quo

Q;I No survivability.

(E\/.I;I Low efficiency.




CalWave

. Power Technologies

Effective
Shut
Down




CALWAVE
Scripps Ocean Pilot Q2/2021

Demo unit suitable for blue economy applications (e.g. SAAB AUV)

Project partners:

e U.S. DEPARTMENT OF

SCRIPPS s
OCEANOGRAPHY

Sandia
'I'l National
Laboratories

tiNREL
[ § |}

siN?L RENEWABLE ENERGY LABORATORY
Berkele

UNIVERSITY OF CALIFORNIA

DNV-GL

Power and Data



CALWAVE

Our Digital Twin allows Advanced Optimization

\ I, Statlon
0230

s Device design and optimization via experimentally validated approaches

Experimental Validation

Q

~ (Validated) Digital Twin————
Replicate real-world site-specific

offshore conditions in a controlled
environment

e [ e
File Edit View Display Diagram  Simulation Anatysis Code Tooks Helg

=-8 HE-=2-40p = ®-: » @ -
[ o mcme. e |

@ .

o f—o{ = |

= TR

=]

Drivetrain Optimization
Hardware in the Loop

Hardware in the Loop
Run #102
IWS1 - PTO1 - Adv.CTRL

Ressy 0% ForStepDiscrete

Continuously runs in parallel to
deployment operation

Fed by sensor and metocean data
from deployed device offshore
Allows for advanced controls
development & assessment
Allows for Neuronal Network
training without in field risks




CALWAVE
Drivetrain on test bench with digital twin

Performance testing |

e w— — h =

Drivetrain Optimization - Hardware in the Loop

I -

Ocean actuation !

f ==

-
,

(Validated) Digital Twin
& advanced controls

Ocean
simulation

NI il

Drivetrain testing




CalWave lined up for PacWave — 20MW test site

Location: Oregon
PacWave
Capacity: 20 utility-scale WECs

Operations & Storage
) [l

- ‘-'am:',s;.,c.:::‘ 2021 Legislation Updates:

*  $137M annually over Fiscal
Years 2021-2025 for marine
energy, DOE WPTO included

in recent stimulus bill
sh: ocr: ‘;‘:; ?ll)l:r?e'(xl)‘l,:::n‘: ities

http://pacwaveenergy.org/

Newport
.

Anchoring infrastructure not shown

@ Paclwave



http://pacwaveenergy.org/
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PMEle I . Distance from Shore for Primary Market Activities
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Utility scale wind and wave farm layout

Offshore
Substation

Turbine PRLGLLL L gt ;
4 . |
Total Cost — Turbine Cost T Wave Energy

Converters
= large of project Tubinecost

Assembly & Z )
development costs are imstalaion_ ~ ‘ ,'\
mutual Balance o System - - g

52%
—

Operations
Control Center

|
— et
Cable to
Shore

\Development —

Electrical \_Engineering & =,
Infrastructure _—— Management ——

. Site Access, Staging, Substructure & .
Source- NREL, &Port Foundation Undersea Substation

https://www.nrel.gov/docs/fy150sti/63267.



Ideal layout of combined offshore wind and wave
farm - wave shelters wind and reduces total
CAPEX and OPEX for both!

Power electronics

interface step-up

transformer
- @ $ @ I 11 kV
XM1 kV Bus A

11 kV

Power electronics
step-up

terf
transformer
- @ $ @ I 11 kv
XM11kV
Power electronics
interface step-up

transformer
X/M11 kV I

Power electronics
interface up
m

step-
transformer
X1 kV I




Wind turbine CAPEX

- 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

Turbine Financial Costs

Project
Contingency
Budget

Operations a

Nacelle Module Ve Maintenanc
Infrastructure

Tower Module I Carrying
Installation rges During|
Construction
Stagin,
L Commissioning

Figure 2. Wind system cost breakdown structure: CapEx levels 1to 3

Rotor Module

Offshore Wind Project Total Lifetime Expenditures

Operations Maintenance

Scheduled
Maintenance -
reements
Unscheduled fe
Maintenance

and Costs of Doing Operation,
Management, and

B
Geparal Admipictratio . Level 2
O e

Figure 3. Wind system cost breakdown structure: OpEx levels 1 to 3
Source: NREL

Wave farm
similar CAPEX

Wave farm
similar OPEX




Offshore hyroen
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CALWAVE

for ESG Report:

www.calwave.energy
Marcus@calwave.energy



Business Model — Power & Data &S a Se

* Remote power and data as a service — 24/7-365
* Lease and sale options

xNode Specs Value
Continuous power 1-5 kW

Storage 15 - 50 kWh
Sensors baseline Weather, radar, light, video
Sensors flexible Sonar, CO2, others

x150 Specs Value
Power rating 100 kW (scalable 600kW)

Capacity factor ~60%

Visual and Survival Fully submerged

’///.—-—

- /‘»‘J




Islands and disaster relief
[10-250 kW]

INITIAL MARKET ENTRANCE

Offshore drones

[1-10 kW]
foonse —
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: ]
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Digital Twin
In cloud

Submerges in
storms

charging
and data

\_ export




Hyd roN ode

Power Technolognes
— - Water from RO
‘ ' /_{ System ]

"’?aIWave*’

Light Weight,
Inflatable Hull

Power and
Communications




European Wave Energy Test Sites (>300 MW capacity permitted)

Smart Bay

WaveHub
SEM-REV "

BIMEP

Iberian
|

Aqucadora

PLOCAN

w

Substation operates at
kv

Export to Local
Distribution Network

200m Cable /
inHOD Ducts @
2*
33KV 6 Core Cable
Dry Mate

—~ Connectors




Performance of a wave power farm

CalWave output profile (lowest average & peak ~50-60% of capacity)

Average Wave Power [MWh]
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Shellfish/
Algae

Finfish

But it is no longer a concept

& * Built in China, deployed in Norway
* Diameter: 110 m
® + Height: 67 m
# . \/olume: 245,000 m3
3 » Salmon: > 6,000 metric tons
* More on order for Norway and




POWG r OffS h ore Autonomous Ocean

Underwater ol observation
Vehicle = @

f o ——4
Antarctic Circumnavigation 2019 L \
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Recharge -&\ MRE Device
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Technology

Battery-Powered Ships Next Up in Battle
to Tackle Emissions

By Masumi Suga
August 6, 2019, 3:05 AM PDT





