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Project nformation

e The DTOcean project pioneered a new, open-source collaborative development model Project Principal Investigator(s)
for wave and tidal array design tools that considers the entire ocean energy farm
throughout its lifecycle. Jesse Roberts

* The software helps to find optimal array designs that minimize the levelized cost of
energy (LCOE) and identify cost drivers, allowing the industry to capably progress
towards economic viability.

. DTOcean was an international collaboration between 18 European institutions and
Sandia National Labs (SNL) in the United States.

. DTOcean was funded under the Seventh Framework Programme (FP7) which bundles
all research-related European Union (EU) initiatives together under a common umbrella. .

Sandia funding provided by the US DOE. Bill McShane

WPTO Lead

Project Objective & Impact

Objective: Automate the design of an MHK array Project Partners/Subs
Major outcomes: Data Only Greater - Mat Topper

1) The development of state-of-the-art design tools for arrays of
ocean energy devices.

2) Athorough qualitative assessment of EU MHK research and
research organizations.

3) An improved path forward for MHK array design tools and

Project Duration

European collaboration * FY14
4) Direct transfer of the DTOcean software tool to the US MHK * FY19
industry
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Alignment with the Program Rl

Marine and Hydrokinetics (MHK)
Program Strategic Approaches

Data Sharing and Analysis

Foundational Technology-
and Specific

Crosscutting Design and
R&D Validation

Reducing
Barriers to
Testing
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Alignment with the MHK Program ENERGY | 5o Sfiaeno &

DTOcean is a first of a kind whole
plant MHK array optimization code
that incorporates device positions,

Foundational and Crosscutting R&D

* Improve MHK resource assessments

and characterizations needed to device installation, cable routing,
optimize devices and arrays_, and mooring type’ and maintenance
understand extreme conditions schedule with communication

between each stage.
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Alignment with the MHK Program ENERGY | 5o Sfiaeno &

Data Sharing and Analysis  Expertise from the diverse set of
fields associated with the 18

* Leverage expertise, technology, data, partners institutions have been

methods, and lessons from the _ _
international MHK community and captured and integrated into the

other offshore scientific and industrial DTOcean code.

sectors « Additionally, reasonable
benchmarks for many project costs
have been stored in the default
DTOcean database allowing users
to quickly get started with
reasonable assumptions for an
ocean energy array simulation.
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" . o « The DTOcean design process ensures
Technology-Specific Design and Validation that necessary and important design

stages are considered by the developer.
* Improve methods for safe and cost *  Previous ocean energy array design tools
efficient installation, grid integration, only considered small portions of the
operations, monitoring, maintenance, overall array design with no direct and
and decommissioning of MHK simple method to communicate with
technologies other tools or analytic methods that
- Evaluate current and potential future consider other portions of the design
needs for MHK-specific I0&M Process.
infrastructure (vessels, port facilities, * The revolutionary design of DTOcean
etc.) and possible approaches to remedies this issue with a formal design
bridge gaps process which communicates between

the many diverse stages of ocean energy
array design.

« The DTOcean database allows for the
specification of multiple ports and device
types for installation and will
automatically choose the most cost-
effective option considering static and
variable costs due to weather, labor, fuel,
and vessel charges.
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FY17 FY18 FY19 Total Project Budget
(Q1 & Q2 Only) FY17-FY19 Q1 & Q2 (October 2016 — March 2019)
Costed Costed Costed Total Costed Total Authorized
$55K $44K $23K $122K $148K*

*All funds within this peer review time frame were carryover
from FY16.

- There was no new BA in FY17, FY18, or FY19.
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The software uses 3 thematic assessments:

( Themes ] ~ RESULTS |

o A
? ( GLOBAL TOOL )

ECONOMIES / \

RELIABILITY
INDICATORS

ENVIRONMENTAL
RATING

& /

Minimizes LCOE and provides insight into environmental acceptability
and identifies/ranks reliability concerns for array components
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Approach

Evaluate wave and tidal scenarios and improve software:
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End-User Engagement and
Dissemination Strategy

Sandia
National
Laboratories

MarineEnergy.biz

ALY A

HOME

SECTORS  NEWS BY TOFIC REGIOMAL NEWS  EVENTS

Data Only Greater Releases New Version of
DTOcean

SANDIA REPORT

SAND2018-11136
Unlimited Release
Printed October 2018

Comprehensive Evaluation of the
DTOcean Toolset

Mathew B.R. Topper', Sterling S. Olson?, Ann R. Dallman®, Jesse D. Roberts®
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Renewable and Sustainable Energy Reviews 112 (2019) 263-279 £

Contents lists available at ScienceDirect

Renewable and Sustainable Energy Rev

journal homepage: www.elsevier.com/locate/rser

Reducing variability in the cost of energy of ocean energy arrays

Mathew B.R. Topper™”, Vincenzo Navab'c, Adam J. Collind, David Bould®, Francesco Ferrif,
Sterling S. Olson®, Ann R. Dallman®, Jesse D. Roberts?, Pablo Ruiz-Minguela®, Henry F. Jeffrey®

* Data Only Greater, Maynooth, Ireland

* Tecnatia Research and Innovation, Energy and Environment Division, Derio, Spain
BCAM - Basque Centre for Applied Mathematics, Bilbao, Spain

4 University of Campania “Luigi Vamvitelli”, Aversa, CE, Ttaly

© Instirute for Energy Systems, University of Edinburgh, Edinburgh, UK

* Department of Civil Engincering, Aalbarg University, Aalborg, Denmark

# Sundia Naional Laboratories, Auquerque, United States

Data Only Greater

Pull requests Issues Marketplace Explore

DTOcean

mﬁ.‘
PToce‘a" Optimal Design Tools for Ocean Energy
- A -

={ ¥

https://dtocean.github.io/

[ Repositories 22 Packages People
Pinned repositories

O dtocean = ]

Download the DTOcean installation wizard, get help D¢

and report issues here,

¥

Latest News

2
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‘ New Journal Article ‘ New DTOcean Videos ‘ DTOcean 2 Release
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DTOcean Version 2.0 Released in March 2019

-

E DTCcean: Untitled project (E:/DTCcean/Scenarios/RM3/Simulations/Saved/RM3_10_example.dtc) = @_ P

X [ variable Detait || protr
yr
J

Assessment scope: () Module @ Glob; E About - ? R

Pipeline

ame: [Combined Bathymetry - ]

‘ Filter: |t E]

Custom size || Width 0.00 5| Height |0.00 5 (inches)

befault Save

Define simulation inputs...

| Pipeline | Simulations |

4 Scenario
> System Type Selection
4 Modules

4 Hydrodynamics
Lease Boundary DTOcean 2.0.0 (64bit WindowsPE)
Bathymetry
Cable Landing Point
MNogo Areas
Wave Spectrum
Peak factor for Wave Spectrum
Spreading Parameter for Wave Spectrum
Wave Time Series
Device Technelogy Type
Device Rated Power
Maximum Installation Water Depth
Minimum Installation Water Depth
Minimum distance between devices in x di
Minimum distance between devicesiny d
Device Heading Angle Span For free community support please go to github.com/DTOcean. For training and

B Wave Data Directory consultation services see dataonlyareater.com.

Array Rated Power
Array Orientation Thanks are given to the following people for their help with this release:

d Bathymetry

Optimal Design Tools for Ocean Energy Arrays

DTOcean is maintained by Mathew Topper @ Data Only Greater:

Depth [m]

Lease Area Boundary Padding
Minimum Q-Factor
Power Histogram Bin Width
User Option for Array Layout
User Defined Array Layout

4 Electrical Sub-Systems
Cable Corridor Bathymetry
Mo Go Areas in Cable Corridor
Device Rated Voltage (U0) =

Sterling Olson, Scott James and Francesco Ferri
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Combined Bathymetry
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CAPEX Cost Breakdown Most Likely LCOE Breakdown

Electrical Sub-Systems

Mooring and Foundations

DRY CAPEX
TO FULL LCOE

Bug image: https:/commons.wikimedia.org/wiki/User:Messer\Woland

OPEX

13 | Water Power Technologies Office


https://commons.wikimedia.org/wiki/User:MesserWoland

Technical Accomplishments

(Cont.)

U.5. DEPARTMENT OF

ENERGY

Energy Efficiency &

Renewable Energy

661000 . . . : : le=? | 25
— 085% Confidence Level
x  Data Points 112
660000 - H
_ 0.96
£ 559000 .
=) 0.80
&
£ 658000 [ -
g 0.64
T
H 657000 | . 0.48
a
656000 |- g 0.32
DIS I RIBU ION e
I 635000 -
1 1 1 1 1 D_OO
114000 116000 118000 120000 122000
Discounted OPEX [1 =10 + Euro]
! ! ! ! + OECs
4526000 ------ Deployment Area ---------cc oo i
: . : B Substation
4524000
= 4522000 |-
WAVE EXAMPLE =~}
4518000 | i ExportCable Landing : JB /
I I I I

392000 394000 396000 398000
UTM ¥ [m]
Images: https://doi.org/10.1016/j.rser.2019.05.032
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Progress Since Project
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INVESTIGATION INTOTHE = % |,
RELATIONSHIP OF LCOE TO

POWER PRODUCTION IN &, |
TIDAL ARRAYS (USING RM1)  © ] I -

0.2 A | 1 | I | [ | r
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LCOE Mode (Euro/kWh)
o
oo

E Strategy Manager

Current Strategy: Advanced Positioning

LCOE BASED DEVICE s cmeses ot
POSITION OPTIMIZATION s, | [ oo g

Multi Sensitivity

STRATEGY ADDED TO TOOL | et

® Configuration complete
Export... * Optimisation complete
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