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Project Overview ENERGY | 5o Effiency &

Renewable Energy

Project Summary Project Information

« Wide body of research has shown massive potential for Project Principal Investigator(s)
control to improve WEC performance (more power & Ryan Coe & Giorgio Bacelli

Sandia National Labs
reduced loads)

* This projects focus is realizing those benefits for WEC

developers by creating a tractable engineering workflow
WPTO Lead

Bill McShane

Project Objective & Impact

The goal of this project has been to deliver actionable

methods for WEC developers to apply in order to improve the  US Navy

performance of their devices via control. This goal has been ~ Michigan Tech.

achieved and extended upon as our research has led usto ~ Oregon State University

better understand the need to incorporate the knowledge

available from WEC control design into the large WEC design oot 2016
o CL.

Process. . Sept. 2019

Project Partners/Subs

Project Duration
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Alignment with the Program Energy Eficiency &

Renewable Energy

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

Foundational and Crosscutting R&D
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Drive innovation in components,
controls, manufacturing, materials and
systems with early-stage R&D specific
to MHK applications

Develop, improve, and validate
numerical and experimental tools and
methodologies needed to improve
understanding of important fluid-
structure interactions

Improve MHK resource assessments
and characterizations needed to
optimize devices and arrays, and
understand extreme conditions

Collaboratively develop and apply
guantitative metrics to identify and
advance technologies with high
ultimate techno-economic potential for
their market applications

U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy

Sandia leverages expertise from
aerospace, defense, and robotics
control to deliver methodologies for
WEC device and control design
capable of delivering dramatic
improvements in performance and
economic viability.

To deliver a robust framework for
WEC device and control testing and
design, Sandia has developed and
validated numerous methodologies
and experimental techniques. The
methods provide WEC developers
with a tractable path for WEC and
control design. Experimental
methods have increased the
effectiveness of wave tank testing,
enabling WEC developers to
accomplish more in less tank time.
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 Sandia’s Advanced WEC Dynamics
and Controls project has produced

» Validate performance and reliability of the most popular dataset on

systems by conducting in-water tests of MHK-DR.

industry-designed prototypes at . . .
multiple relevant scales Sandia’s improved testing methods

* Improve methods for safe and cost are being used heavily for t!‘]e
efficient installation, grid integration, update of IEC 62600-103 (“Best
operations, monitoring, maintenance, practices and recommended
and decommissioning of MHK procedures for the testing of pre-

technologies o
rototype scale devices”).
* Support the development and adoption P yb )

of international standards for device
performance and insurance
certification

* Evaluate current and potential future
needs for MHK-specific [IO&M
infrastructure (vessels, port facilities,

etc.) and possible approaches to
bridge gaps
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Technology-Specific Design and Validation
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(Q1 & Q2 Only) (FY17-FY19 Q1 & Q2)

Costed Costed Costed Total Costed TOtél
Authorized
$1,381K $1,132K $470K $2,983K $3,528K

» Leverage synergies/funding from
— MARINET2
— Sandia internal funding (SWEPT Lab)
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Energy Efficiency &
Renewable Energy

Problem: Clear potential for improvements
based on WEC control since 1970s, but limited
real-world benefits

Goal: Holistic approach to realize these gains
and provide a basis for co-design

Strategy: Leverage methods and tools proven
successful in other applications to provide a
tractable work flow for WEC control design

eere.energy.gov
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End-User Engagement and

DEPARTMENT OF

ENERGY

Dissemination Strategy

Annual workshop
& 4 weblnars

Most popular public
dataset on MHK-DR

WATER POWER
W EEK ZOIR

Manne and Hydroklnetpc
| : Data Repository
Y U.S. DEPARTMENT OF ENERGY

3 patent applications
(1 granted)

Private developer collaborations

Broad ranging research
collaborations

—

((cl
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i @,-y R [ee8 Universis
JOHNS HOPKINS
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UNIVERSITY

40+ project publications

Energy Efficiency &
Renewable Energy

Hﬁmm“uns Gallvaye -
Power Technologies
COLUMBIA POWER TECHNOLOGIES ek =
s from the next wo! [_A’:‘
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Technical Accomplishments ENEREY | Ereroy Effciency &
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Testing
. (o)
practices Models better than 90% accurate
deliver better e
resultsinless | | | | 11l
time 5 : | !
8 | | "I
. 9 ‘ | J
! ' I | ' \ 0y
V/o -n':{: 4 \ | ‘ ' y ‘ l
Cy ] | e
| l ol i ! ’ Time (seconds)
Works just as well on multi-device & multi-DOF systems
=5 SWEPTLAB ¥
' . a1 201008 |

Estimation Modeling

Array test at Aalborg University

Control
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Technical Accomplishments

Energy Efficiency &

(Cont_) ENERGY | renewable Energy

Use pressure to estimate excitation force . .
assumption requiring
non-causal
' m P ar real ocean waves
F, —l Fe
F, +- T 1 v F, +- - 1 v + /
—_————————— P - > Z; » > > Z; >
Engineering| ., no §
H
approach shows| ¢ |
Estimation MOdeling that in real ‘Es
waves, need for|
prediction %.4 015 0‘.6 . 0‘.7 ) 0.‘8 0.‘9 10
Control disappears o
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Technical Accomplishments

(Cont.)

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Control design focused on LCO

Feedback approach based on impedance

[
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— matching, provides insight for co-design
B N:E:-:" Intrinsic impedance
/ .....:.i Complex conjugate control
P Z¥ (w)
.....:?;‘ Sea state spectrum # ‘
R S(w) Re(Z;@)] [m{zi)
pov=rS =
K)o (70}
Ki(w)= wlm{Z;(w)}
Nearly optimal performance w/o prediction
. . . P (baseline)
Estimation Modeling TR
FBR (predictionless)
MPC (perfect prediction)
0 10 20 30 40 50 60 70 80 90
ContrOI Average wer [W]

eere.energy.gov




Progress Since Project

Energy Efficiency &

Summary Su bmittal ENERGY | renewable Energy

Self'tuning %1073

controller for T Eetmated
changing | °| |
weather | -«
c/JZ 3r

Power (dB)

I I I I
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
Frequency (Hz)

Just how nonlinear are
WEC hydrodynamics?

-

T T T AN X
Tank test: Dec. 2-20

16 | Water Power Technologies Office eere.energy.gov



Futu re WO rk EﬁpAERTMREEFY Energy Efficiency &

Renewable Energy

* Problem: WEC PTO design is linchpin enabling efficiency gains and load reduction from
advanced controls to be realized in terms of LCOE (absorbed power -> generated power)

* Goal: Develop method for co-design of WEC PTO and control systems utilizing
predictionless control to deliver 100% power increase in full-scale WEC

/PTO}

w/ controller
co-design
4 Energy Qg
capture (7T
doubled by |54 L: Reduced LCOE Without better power take-off
advanced | ~---- ’ Increased revenue (PTQO) systems, the benefits
control / Decreased maintenance of advanced control

Decreased CAPEX

%+
Decreased risk (100%+ more power) cannot

] be realized in terms of LCOE

Predictionless WEC control
|

[
/ PTO / / dymamies / / Control / / Mooring /

Sandia’s novel predictionless WEC

control enables synchronous co-design
Co-design project would expand and build off
predictionless control findings
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