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NREL Marine Energy R&D: Techno-economics

Techno-economic analysis evaluates the economic and technical performance
through:

— Benchmarking/baselining

— Comparative studies of emerging technology to some existing
commercial or reference benchmark

— Power performance modeling

— System cost-estimating

— Levelized cost of energy analysis

— Tool Creation

— Customized analysis for end users
https://www.nrel.gov/water/economic-analysis.html

NREL | 3


https://www.nrel.gov/water/economic-analysis.html

System Advisor Model (SAM)

* The System Advisor Model (SAM) is a free, publicly available
modeling software designed to evaluate system design,
performance, and project economics for a suite of renewable
energy technologies.

* SAM’s marine energy module offers multiple simulation options
for wave and tidal energy systems:

— Power performance modeling to estimate AEP
— Levelized cost of energy calculator
— Financial cash flow model
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Modeling Marine Energy Systems

Resource Data

Device Specifications LCOE

Array Layout

Annual Energy Production
System Losses

System Costs Capacity Factor

Financial Parameters
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Levelized Cost of Energy (LCOE)

na— CAPEX * FCR + OPEX
B AEP

* CAPEX: Capital expenditures

* FCR: Fixed-charge rate

* OPEX: Operational expenditures
* AEP: Annual energy production

NREL | 6



Fixed-Charge Rate

FCR as baked in assumptions!

_ t=6__ MACRS;
D=1X Zt:l (1+r)t*(1+i)t r Real discount rate (i.e. real WACC)
i Inflation rate .025
T Composite federal-state tax rate .396
r 1-D V(0 R Y Depreciation schedule MACRS 5-Year Property
FCR 1 X 1—1 Present value of depreciation tax shield  .309
1 (1 + T')N Project economic life 20 Years

FCR Fixed charge rate .108
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Cost Breakdown Structure

CBS # |~ |Level |-T|Category

1

1.1

Capital Expenditures [CapEx)

CapEx

|~ | Description v

All installed costs incurred prior to commercial operations date (COD). CAPEX components include marine energy converter, balance of systemn,
and financing.

Marine Energy Converter (MEC)

Converts kinetic energy from water into three phase alternating current (AC) electrical energy.

Structural Assembly

Primary energy capture [e.g. float paddle, turbine, flap, etc.) and supporting structural components.

Power Take-Off System (PTO)

Power Take-Off System is comprised of a drivetrain [converts the energy captured by the device into mechanical power), agenerator [converts
hanical power into electrical power), short term storage, and power electronics.

" dation, and Sub

All el fthe marine energy converter i and/or f

Balance of System (BOS)

Dewelopment

"

All activities from project i to financial close, where financial close is the date when project and financing agreements have been
signad and all the required conditions have been met.

il d management activities from fi l close through ial operation date (COD).

Electrical Infrastructure

All electrical infrastructure to collect power from generators and deliver to the grid.

Plant Commissioning

Cost i d by owner or prime contractor to test and ission the integrated power plant.

Site Access, Port & Staging

Activiti 1d physical aspects of t. Elements needed to support the delivery, storage, handling, and deployment of marine energy
converter (MEC) components.

Assembly & Installation

A bly and installation activiti d d at the staging port and at the project site. Assume financial costs related to warranties,
contractor insurance, Selling, General & Administrative (SG&A), profit margin, etc., are loaded in day rates for vessals, labor, and equipment.

Other Infrastructure

Other capital i s made by the project company prior to commercial operation date (COD).

Financial Costs

Praject Contingancy Budget

Liquid financial instrument set up to respond to "known unknown" costs that arise during construction, d include

manuf: d |part of supply contract pricing.

Insurance During Construction

Insurance pnliciashald by owner during construction period, can include construction all risk, marine cargo, commercial ganeral liability,

work 1, eanvi rental site liability, pollution liability, etc. Does not include insurance held by contractors.

Carrying Costs During Construction (Construction Financing Costs) Carrying charges of expenditures on equipment and servicesincurred before commercial operation date (COD).

Uniform format to categorize cost for Marine Energy devices

Organized by category with levels from 1-6

Higher level numbers have higher level of detail

Aids in uniform comparative analysis and can be used to collect consistent data




ME SAM: Wave Resource

* Resource: Humboldt |
Bay in Eureka, California =_

* SAM has multiple site
locations in the library

e User may upload
resource joint
probability distribution

e User can search and
download wave
resource data
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ME SAM: Wave Energy Converter

* Device: US Department of T ;
Energy’s Reference Model 3 === = =5==———5=7 = = =%

(RM3)
e SAM has Reference Model

power matrices that a user

may select
e User can upload their own
g =

power matrix
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ME SAM: Array Layout

* 100-unit array (10 x 10)
* 600 meter spacing

----------

e Distance to shore: 5000 e ETEETREEE

Wl el 0w 200!
..........
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l I le ers Caive rpctam contads WN  |e s s 0 0 s s 0 s e
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* Water depth: 50 meters i R

arwigy predecian

* Floating foundation
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ME SAM: WEC Plant Losses

SAM IO 22

* 95% availability —

Lesses axiocisied with teractions of devices dus 13 3pacing.

* 2% transmission losses = | —————
* Note: SAM does not | e

e siiSency of e secricad for The ey mch e
Inter-cevice cating, mzort cesing, astemtions, and seshone FeraTRECe Up %0 g
rearcossection

estimate wake losses and e
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should be accounted for .
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ME SAM: System Costs

SAM 2021122

e v @Ml untitied

Manne Wave, LCOE Caloulatar Devices Costs (Capital)y

Wirew lluscurce
The capital cost on the Fnancia Parameters page is the sum of the total cost on the Device, BOS, and Financia Captal Costs pages. On
Wave Energy Converter this page, erver Hemized capital costs for the device in § or §/kW, check Override Cost Structure 10 enter the total device capkal cost as a
Actay ungle ysue, or choose Use Modeled Vakue to have SAM automatically calouate the device cost. See Meip for details.
Losses
Capital Coai! Davice Device costs = Struntural assembly costs « Power take-off system costs + Mooring, foundation, and substructure costs
Capital Coyty: D05
Capital Costs: Financlal Input option  Modewd value User nput Catagory cost
O&M Coats

Structurel assembly Use Moduled Valuw |$) B nisecreand $138.679,074
Francal Parameters

Power take-off system Use Moceled Value [8) $da, 014,120 $44,014127

ing, on, and Sub Use Modeled Value 15) @ $52547m) $52,543,71)

Total device costa  $280 248 610

Owerrida cost structure
@ Srructural Assemnbiy Cast Brwakdowe

@ Pomer Takn-ofl System Cost Besakdown

@ Moarng. Foundstion, and Subistructure Cost Bregbdown

e Selected SAM’s modeled value for all costs

* All costs may be customized by the user
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ME SAM: Financial Parameters

* Used the default
fixed-charge rate of
10.8%

* Financial parameters
may be customized by
the user

Marine Wave, LCOE Celculstor
Wave Rescurce

Wave Energy Conmvertor

Arrawy

Losses

Cagpital Costs: Davice

Captal Coms: BOS

Caprtal Coste: Financial

O&M Couts

Financisl Parametens

SAM 200022

LCOE Calculator

The fieed-charge rate method of calcutating the levelzed cost of enecgy simp time jons and s appropeate for
market-level analysis such as for the NREL Annual Technology Baseling, or for very prefiminary project andlysis. The cash flow method
of SAW's other Tinencal mades is Mo sullable for mare detaled projct anslysis. Ses Ml for dutsis.

Capital andt Operating Costs
Systam capozity  F580000 yw
Capitsd cost 4022008220 g

Fond cperaing cost (areusd|  BAT15050.00 5

Varlable cpenting cost 0 sawn
Fnancal Assumptions
© Enter tued charge 1ot Calculate foond charge rate
Fiand chargm rate (real) nacs Anslyss pericd yours Fieed chaege rate (FCRY Q00
Infistion rate iywer FLR = CRE - PEF - CFF (nae beicw|
Irterral rate of returm (nomiral) I Sefyesr
Project term debt U % of capital cost
Neminal dabl iternest rate ! Sifyear
[Hection tax ratn L Siiyeer
Depraciston schecule g % of caprtal cost
Annual cost during constrection g % of copital cost
Nominal construction incerest rate 15 sifyesc
Helerence Valuns
Cagital recovery facior (CRF) Capital cost (CC) AL7I05822 1
Beninct Anancing facier |PIF) Fooed operating cost (FOC) 560101080 ¢
Construction fimancing factor (CFF) Variabis operating cost (VOC) R ]
LCOE = (FCR - £C «+ FOC | [ Anrusd Enargy + VOC WACT (for reference onfy) 0000
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ME SAM: Baseline Results

* AEP: 59,434 MWh
* Capacity Factor: 24%

"l lmeine-turboldt v FacWaveSoutn v WIS v

Aoy A 1Ny ROGUON N a8 AN 158 48 W
. Arniage powet par devioe T3 W [ 295, 2 3 AW 54 1w
. . Lasses Syvhem capacty 28 520 W ooe of sywten coad 3 o B LA YAy
. Cantal Couts: Donvdon Capacty lacier % reie cast 0, W SAW De SN
Captal Coats: BOS Larvwitond cazt of avergy  (2.13 6EW | Q&M coxd ot 30 %Wy 03 SN

Captal Conte: Fnarcis

kW QMM Conix "
Franonl Pararanss

* System Capacity: 28.6
MW
* LCOE: S0.83/kWh

* Note: LCOE is higher than
the original reference
model report

Rt awe ST T
- - - "
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LCOE $/kwh

e

LCOE Contribution

ME SAM: Site Location Case Comparison

WETS Humboldt Bay | PacWave
. okl Avtowtly (Kaneohe, Oahu, | (Eureka, CA) South
B Power Take-off Systam
B Foundation, Mocring, & Sub-structure Hl) (Newport, OR)
B Development
n ‘E‘ram::nnc Managament
: :':;f;‘:;’;:;’l':;”““‘”' Levelized Cost of Energy [yWZWIV) $0.83 /kWh $0.65 /kWh
B Ste Access, Fort, & Staging
N - Annual Energy 39,844,224 kWh 59,434,320 75,937,816
~ i aaat Production kWh kWh
Oplx
Capacity Factor 15.9% 23.7% 30.3%
Capital Expenditures $14,238 /kW $14,238 /kW $14,238 /kW
Operational $190 /kW/yr $190 /kW/yr $190 /kW/yr
Expenditures
Fixed Charge Rate 10.8% 10.8% 10.8%

Baseion-Humdolgdt PacWaveSounr
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ME SAM: Tidal Energy Modeling

* SAM’s tidal module has
similar methodology and
workflow to the wave energy
module

e Requires a power curve for
the tidal device

* Requires tidal resource
histogram for the site
location

e Tidal resource data library

g
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SAM Summary

e Use SAM for a fast and standardized techno-economic
assessments

 Standardized reporting

* Custom macros

* Hybrid system modeling

* Regular updates typically in November each year
Download SAM here:
https://sam.nrel.gov/download.html
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Q&A

www.nrel.gov

elena.baca@nrel.gov

This work was authored in part by the National Renewable Energy Laboratory, operated by Alliance for Sustainable
Energy, LLC, for the U.S. Department of Energy (DOE) under Contract No. DE-AC36-08G028308. Funding provided
by the US Department of Energy Water Power Technologies Office. The views expressed in the article do not
necessarily represent the views of the DOE or the U.S. Government. The U.S. Government retains and the publisher,
by accepting the article for publication, acknowledges that the U.S. Government retains a nonexclusive, paid-up,

irrevocable, worldwide license to publish or reproduce the published form of this work, or allow others to do so, for
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