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Reference Model Project

= Motivation:
= Marine energy renewable, low-carbon resource
= Dozens of proprietary design concepts
= QObjectives
= Design non-proprietary MEC devices for R&D
= Benchmark cost of energy
= |dentify cost reduction opportunities

= |dentify information gaps W ——
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Reference Models

= Non-Proprietary Devices

= 3 generic Current Energy N g .
Converters (CECs) Rt . R4

= 3 generic Wave Energy
Converters (WECS)
= Point Designs
= Reference resource site
= Ultilizing “today’s” technology RM3 RMS

Wave Point Oscillating Surge

= No Advanced materials, Absorber Flap
control strategies, etc.

= http://energy.sandia.qgov/rmp
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http://energy.sandia.gov/rmp

Choose a Scenario
(Reference Site)

Assess Scenario

e Y :. Feasibility
INFORMATION 1

S DEVICE )
* 2| INFORMATION

- Water Depth - Device Geometry
- Water Depth -Water Depth - Bed Morphology - Wave Spectrum (RM3) | _ Array Distribution
- Wave Spectrum (RM3) -Wave Spectrum (RM3) - Sediment Regime - Current Frequency ~Materials
- Current Frequency - Current Frequency - Local Species - Weather Windows = Failtire Matrices
- Weather Windows - Distance from Shore
- Distance from Shore
ﬁa‘;:- \ 4 v v
Operations & Maintenance Design & Analysis Environmental Manufacturing &
Strategy Module Module Compliance Module Deployment Strategy Module
- ) Hydrodynamic and Structural Cost of Device Components
Preventative & Corrective Dynamic Analysis Regulatory Drivers and Infrastructure

.
.
it n
(Se;t::‘;ttfioit ~EownHne - lm.pact = - Unit Structure Cost :
Labor cos’t)s; Environment - PCC System Cost -
. ) - Infrastructure Cost E
FoT Ext =Pn .e:I nst.allatlon Studies - Foundation/Mooring Cost :
Daona X ::rpe Environmental|| - Mitigation ) ) - Deployment Cost H
Conditl?n Condition Analysis - Post-Installation Studies - Decommissioning Cost
Analysis Analysis - Environmental Monitoring
]
Environmental 1 R R Y '—-,______________“___"__"_""_):
- Structun:al Show Stoppers?
Potential AEP Analysis NO :
y H
A Satisfies Environmental :
Actual AEP - Survivability Cost Calculation
Calculation Power YES Condition?
Calculation NO H
v e R et e oS R e e e D T N o e S S S e )’
Actual AEP ) v
0&M Cost || - .
Calculation ||« Environmental OpEx Cost Environmental CapEx Cost__ | Capital Cost
i~ Calculation
O&M Costs (OpEx) LCOE Captial Cost (CapEx) |

| calculation
NOTE: For simplicity, not all linkages between modules, (w/fee etc.)

submodules, and calculations are shown. L LCOE




LCOE Formula .

= Levelized Cost of Electricity

= Denotes “Break Even” cost assuming
minimum rate of return.

= 4 Primary Inputs
= Capital Expenditures (CapEXx) (FCRxXCapEx) + OpEx
= Year O costs LCOE = AED
= Operational Expenditures (OpEX)
= Year 1to n costs

= Average Annual Energy Production
(AEP)
= Fixed Charge Rate (FCR)

= Lumped financing term which
includes discount rate, inflation,
taxes, depreciation, and project life.

= 10.8% for all RM LCOE calculations

= Analysis Performed for 1, 10, 50 and
100 — unit arrays




LCOE Formula (CapEx Categories) L

= Development

= |nfrastructure

= Mooring/Foundation

= Device Structural Components

= Power Take Off (may be seen as Power Conversion Chain)
= Subsystem Integration & Profit Margin

» |nstallation

= Contingency

(FCRXxCapEx) + OpEx

LCOE =
AEP




LCOE Formula (OpEx Categories) ) e

= |nsurance

= Post Installation Environmental
= Marine Operations

= Shore-side Operations

= Replacement Parts

= Consumables

(FCRxCapEx) + OpEx
AEP

LCOE =




Results -

= CECs

LCOE Overview

1-unit 10-unit  50-unit  100-unit

$ 199|S 040/S 0.20(S 0.17
S 267|S 0.78/S 042|S 0.35
$ 067|S 0.24|/S 0.17|S 0.15
S 1.78/S 047|S 0.26/S 0.22

$1.50

\

CEC LCOE Estimates

RM1

mm RM2

RM4

$3.00 $6.00
$2.50 $5.00
$2.00 $4.00

$3.00

WEC LCOE Esitmates

RM3
= RM5

$1.00 $2.00 |
—VErage — gVeErage
$0.50 $1.00 ik
$- $- L

1-unit  10-unit 50-unit 100-unit 1-unit  10-unit 50-unit 100-unit




Results - CEC Breakdown

= 1-unit
= O&M & Infrastructure dominate ocean LCOE
= O&M, Development & PTO dominate river LCOE
RM1 - Tidal Current Turbine RM2 - River Current Turbine RM4 - Ocean Current Tubine
m Development W Development
wnfrastructure ® Infrastructure ® Development
W Infrastructure
= Mooring/Foundation ® Mooring/Foundation
® Mooring/Foundation
m Device Structural Components W Device Structural Components
m Device Structural Components
m Power Take Off W Power Take Off
u Power Take Off
® Subsystem Integration and ® Subsystem Integration and X
Profit Margin profit Margin u 'S]::;:*s;am ::tesratlon and
= Installation # Installation g
m Contingency u Contingency u Contingency
OpEx OpEx OpEx
= 100-unit

= PTO, Structure, and O&M dominate LCOE

RM1 - Tidal Current Turbine

m Development

m Infrastructure

= Mooring/Foundation

m Device Structural Components

m Power Take Off

® Subsystem Integration and
Profit Margin

® Installation

m Contingency

OpEx

RM2 - River Current Turbine

W Development

M infrastructure

 Mooring/Foundation

W Device Structural Components

W Power Take Off

W Subsystem Integration and
Profit Margin

 Installation

u Contingency

OpEx

RM4 - Ocean Current Tubine

2%
® Development

o Infrastructure

® Mooring/Foundation

m Device Structural Components

® Power Take Off

® Subsystem Integration and
Profit Margin

w Installation

u Contingency

OpEx




Results - WEC Breakdown

1-unit

= O&M, Development, and Installation are LCOE drivers

RM3 - Point Absorber

m Development

mInfrastructure

® Mooring/Foundation

B Device Structural Components

= Power Take Off

m Subsystem Integration and
Profit Margin

u Installation

= Contingency

OpEx

RMS - Oscillating Surge Flap

' Development

m Infrastructure

= Mooring/Foundation

m Device Structural Components

® Power Take Off

® Subsystem Integration and
Profit Margin

= Installation

= Contingency

OpEx

RMBG - Oscillating Water Column

' Development

m Infrastructure

= Mooring/Foundation

m Device Structural Components

® Power Take Off

® Subsystem Integration and
Profit Margin

= Installation

= Contingency

OpEx

100-unit

= Structure is primary cost driver, which

Is driven by large structural mass

RM3 - Point Absorber

m Development

2%

mInfrastructure

® Mooring/Foundation

B Device Structural Components

= Power Take Off

m Subsystem Integration and
Profit Margin

u Installation

= Contingency

OpEx

RMS - Oscillating Surge Flap
' Development
2%

m Infrastructure
= Mooring/Foundation
m Device Structural Components
® Power Take Off
® Subsystem Integration and

Profit Margin
= Installation

= Contingency

OpEx

RMBG - Oscillating Water Column

' Development

m Infrastructure

= Mooring/Foundation

m Device Structural Components

® Power Take Off

® Subsystem Integration and
Profit Margin

= Installation

= Contingency

OpEx




Results — 10 MW Installed Capacity L=

= Adjusting for installed
RM1: Tidal Current Turbine

capacity e _
, O RM2: River Current Turbine
[ | CECS .l I B RM3; Wave Point Absorber WEC
*
>

= = $0.31-0.45/kWh scale

RMi: Oscllaing Water Golurmn WEG
= Varying resource
conditions impact
Installation, permitting,
capacity factors, etc.

= WECs
= = $0.98-1.53/kWh

= At 10 MW structural mass ’
IS the largest contributor
to LCOE.

LCOE ($/kWh)
o

—
I

Install Capacity (MW)




Conclusions ) S,

Current Energy Converters Wave Energy Converters

= Closer to market readiness = Farther from market readiness

o Average 100-unit array = Large reduction potential
LCOE = $0.22/kWh T el 30 U LCOE
= Largest Potential Reduction (zagg_g);/lrknv?/he Y
Pathways = Largest Potential Reduction
5 PTO Pathways
. O&M o Structure

o Mooring (floating designs)
o O&M
o Disruptive improvement in

performance through
advanced controls

o Structure
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RM Current Energy Converters )

= 3 Current Energy
Converters (CECs)

RM1 — Dual Rotor Axial

Flow Tidal Turbine RM1 RM2

Tidal Current River Current
RM2 — Dual Rotor Cross Turbine Turbine
Flow River Turbine

RM4 - 4 Rotor Axial Flow e
Ocean Turbine e s

RM4

Ocean Current
Turbine



CEC Design and Resource rh) e,

- R M 1 Tacoma Narrows:
[ | Tacoma N arI’OWS —_ P uget Image courtesy of Google Earth
Sound, WA

= 1.1 MW Rated Power
= 30% Capacity Factor

= RMZ2
= Mississippi River — Baton
Rouge, LA
- 90 kW Rated power Mississippi River: e
(] 30% CapaC|ty Factor Image courtesy of Google Earth
= RM4
= Florida Strait — Boca
Raton, FL

= 4 MW Rated Power
= 70% Capacity Factor

Florida Strait:
Image courtesy of Google Earth



RM Wave Energy Converters ) e,

W

N
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= 3 Wave Energy
Converters (WECS)
= RM3 - Point Absorber

Ng

= RMS5 - Oscillating Wave RM3 RMS
Surge Converter (OWSC) Wave Point Oscillating Surge
= RM6 — Backward Bent Aoerer o

Duct Buoy Oscillating
Water Column (BBDB)

=

RM6

Oscillating Water
Column



WEC Design and Resource rh) o,

= All WECs designed for
Humboldt Bay —
Humboldt County, CA

= RM3
= 286 kW Rated Power
= 30% Capacity Factor
= RMS
= 360 kW Rated power
= 30% Capacity Factor
= RM6

= 370 kW Rated Power
= 30% Capacity Factor

Google earth

Humboldt Bay, near Eureka,




