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Project Overview -

DTOcean: Optimal Design Tools for Ocean Energy

Goal: Automate wave and tidal device array design to

accelerate decision making process for project development.
» Reduce time and costs for whole system evaluation
» Optimize LCOE to improve investment decisions

Barrier: Arrays systems are composed of many
interdependent subsystems all of which affect Farm LCOE.

Challenge: Whole system LCOE optimization
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Program Strategic Priorities

Increase MHK deployment in opportune markets
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Project Strategic Alignment

Increase MHK deployment in opportune markets

The Impact
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* Enable array LCOE reductions

* |dentify “whole-system” cost drivers

« |dentification of enabling technologies to:
* reduce deployment and O&M costs, and
* increase array performance.

* Increase investor confidence

« Rapid comparison of design alternatives
« Reduce project investment risks

The Products

Public, open-source, array design software tool
* Manuals, tutorials, guidance
Software evaluation and training for US industry



Technical Approach

Whole System Software
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* Modular architecture
* Fast-running
* Intuitive GUI
* Open-source (Python)
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“Whole system” approach enables
evaluation of interdependencies
and LCOE optimization
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Technical Approach

Thematic Assessment

The software uses 3 thematic assessments:
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RATING

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

System-Wide Optimization

Cost Breakdown

J CAPEX Cost Breakdown
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/ Optimize costs and identify cost drivers



Accomplishments and Progress
Software Development _

 Completed Beta-Version of DTOcean Software

= Final version for public December, 2016 (estimated)
 Completed 54 deliverables

= Sandia co-authored over 20 deliverables

= Lead author for D4.2: Critical inputs for foundation design
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Freely available, open-source software and initial industry training
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Accomplishments and Progress _
Software Development

e Fast running CEC wake tool
= |nterpolated database of over 600 CFD model runs
* Algorithms for hydrodynamic array layout optimization
= Configuration and lease area constrained
* Verified and validated software modules
Enables fast running optimal array design to reduce LCOE

Ct=0.7, Tl = 0.046 1200

1000 -

800 -

600 -

400

200 -

LR T T L L T

0-

%

=500 0 500 1000

9 | Water Program Technologies Office eere.energy.gov



Project Plan & Schedule

« Software Development: October, 2013 — October, 2016
— Collaborative development with EU partners
— Includes code development, validation, release, and global outreach

— Large team and technical challenges led to software delays
* Minimized time for software evaluation in FY16

« US Software Evaluation: November 2016 — June, 2017

— Consider both wave and tidal arrays

* US Industry Outreach: June, 2017 — September, 2017

— Webinar to summarize software evaluation and tool demonstration

Accelerate adoption and transfer to US industry
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Project Budget

Budget History

FY2014 FY2015 FY2016
DOE Cost-share DOE Cost-share DOE Cost-share

$250K - $250K - $250K
 ~10:1 funding ration (European to US)

« ~$100,000 carried over into FY17

All Sandia milestones met on time and on budget

11 | Water Program Technologies Office eere.energy.gov



Research Integration & Collaboration
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Communications and Technology Transfer:

 Comprehensive project website (www.dtocean.eu)
o Project description, reports, publications, events, manuals, tutorials...

« Strategic advisory board included industry developers (built into software)
 Workshops: All Energy Glasgow (2015); Renewables UK Marketplace (2016)
* Video tutorials (8) and html/pdf software manuals and guidance

* Publications: 16 conference papers, 4 journal articles

« Website: 20,354 website visits & 10,711 document downloads

International team with intent on legacy through open-source development
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Next Steps and Future Research -

FY17/Current research:

« Deliver DTOcean software, manuals, tutorials, guidance
= Strategic Energy Technology Information System (SETIS) website
by European Commission

« US Software evaluation
1 wave, 1 tidal site

« US Industry outreach
« Summary of software evaluation (Webinar)
« Web based software demonstration/training

Proposed future research: N/A
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