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Survivability Session Overview

Survivability Overview: The knowledge generated by these projects will improve the survivability
characteristics of MHK systems operating in potentially harsh marine conditions, thus extending their
lifespans and ultimately leading to a reduction in the cost of MHK-derived energy.

The Challenge: The kinetics of the oceans are complex, random, and harsh. MHK devices need to survive
and thrive over the entire range of ocean conditions. However, structural overdesign reduces cost
effectiveness. Survivability strategies over a tremendous range of ocean conditions are essential for
maximizing survivability, minimizing structural overdesign (CapEx), and reducing Levelized Cost of
Energy (LCOE).

2014 Peer review and response: There were no projects in this area in 2012 — 2014.

Survivability projects were launched factoring in feedback from other portfolios. Please let us know if
we have taken Survivability projects in the most beneficial direction.

* Three industry lead projects have been undertaken, each with multiple Lab and industry partners to
quantify Survivability risks of MHK devices

* Techniques and tools can be applied to multiple device types, impacting the broader industry rather
than just a single developer

e  Publicly available numerical models, accompanied by test data for validation are in the process of or
will be published when the projects complete
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The Survivability Portfolio Aligns with Program Strategic Priorities

Technology Deployment Market Crosscutting
Maturity Barriers Development Approaches
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Marine and Hydrokinetic Survivability Technologies

Phase I[Phase Il Projects Timeline

_

Market
Development

Technology
Maturity

Deployment
Barriers

Crosscutting
® Approaches

National MHK
resource
assessments

MHK
reference
models

Cost
reduction
pathway
whitepapers

Assessment
and
evaluation
of existing
barriers

Establish
NMRECs

Develop and communication MHK Strategy

In-depth characterization of “hotspot” resources

Refine resource assessments

Analysis and communication of electric utility-scale market and non-electric early market opportunities

Advance component technologies “System Performance

Advancement” FOAs

Advance technology durability
and survivability

Wave Energy Prize

Environmental monitoring
instrumentation development

Environmental research

TETHYS environmental
research database
launch

Launch of MHK Data Repository
for technology projects data

Simultaneous pursuit of early adopter and
longer term utility-scale markets

Advanced technology integration and
full-scale demonstrations

System advancement of high
energy capture WECs

Demonstrate instrumentation and transfer
to market with “Triton”

Permitting and regulatory cost analysis

Open water test facility
development
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Marine and Hydrokinetic — Survivability Projects
Cost Reduction Opportunities-Informing Investments

Cost reduction potential between

Cost reduction opportunity

* Averaged across wave and tidal
o Wave: 63¢ per kWh
o Tidal: 33¢ per kWh

Installed Capital Cost

* Advanced Materials, innovative
manufacturing, array layout, design for
resource class, efficient installation and
permitting

Operations & Maintenance (O&M)

* Prognostic maintenance, design for
service/survivability, fdvanced coatings

Annual Energy Production

* Energy Capture/Conversion Efficiency,
Resourcgeima —
Controls

now and 2030

O&M Cost
« W: 9¢ per kWh

 T. 4¢ per kWh

Annual Energy
Production
» Wave: 30¢ per kWh
« Tidal: 21¢ per kWh
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Survivability Project Timeline Key:

. Green: Wave technologies
Blue: Current technologies
Gray: not briefed in this session

@) Improved Survivability and Lower Cost in
Submerged Wave Energy Device

M3WAVE.COM

2013 2014 2015 2016 2017 2018 2019

Numerical Modeling
D E H L S E N and Experimental
| Validation of Extreme
Conditions Response
for the Centipod WEC

Survivability

OSCILLA Enhancement of a

power Multi-Mode Point
Absorber
Energy Efficiency &
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Survivability Projects’ Generalized MHK Benifits

Improving
validation
tools /
models

Preforming
scale tank
testing
-» data

Refining
load cases

/

strategies

Quantitative knowledge to support a reduction of future MHK device:

e CapEx (reduced overdesign) and OpEx (improved O&M)

e Levelized Cost of Energy (LCOE) (increase commercial viability)
; e Risk

U.S. DEPARTMENT OF Energy EfﬁC'enCy &
EN ERGY Renewable Energy



