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2 I ThankYou for submitting samples (FYI7-18) program!

*Listed in alphabetical order

Composite Coupons & Coatings Provided by:

Composites Engineering Research Laboratory

Composites Technology Development, Inc.

Hygrateck

Janicki Industries

Ocean Renewable Power Company

Polyone

Verdant Power



We have a multidisciplinary team dedicated to addressing
3 material & coatings needs.

Sandia National Laboratories

Bernadette A. Hernandez-Sanchez: (PI) Materials Chemistry

Budi Gunawan: Loads & FBG Sensors

Pacific Northwest National Laboratory

George Bonheyo (WSU): Biofouling

National Renewable Energy Laboratory

Scott Hughes: Substructure Testing

Montana State University

David Miller: Composite Performance

Florida Atlantic University

Francisco Presuel-Moreno: Corrosion
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4 Webinar Agenda (Times listed in EDT)

10:00 am

10:10 am

10:30 am

11:55 am

11:20 am

11:45 am

12:00 pm

12:25 pm

12:50 pm

Topic Et Presenter

Welcome Et Introduction (Lauren Moraski)

Overview of the MHK Materials Program (Bernadette
Hernandez-Sanchez)

Biofouling Evaluation (George Bonheyo)

Composite Evaluation (David Miller)

Corrosion Evaluation (Francisco Presuel-Moreno)

Break

Industry Survey on Subcomponent Needs (Scott Hughes)

Loads Testing (Budi Gunawan)

Wrap Up (B. Hernandez-Sanchez)



5 I Program Overview

Marine and Hydrokinetics Advanced Materials Program:  support the MHK industry through
applied research and guidance on Materials & Coatings to enable viability, lower the cost of energy
(COE), and accelerate commercialization.

The Challenge:  Proper structural/component materials and coatings are critical to reducing
engineering barriers, COE, and commercialization time

Structure Design & Component: (LOADS! uncertainty in composite/desi n) 

Environmental Exposure Issues

Cost (Manufacture, O&M, Reliability)

°Safety & Certification

Current Program Objective: Helping MHK industry reduce uncertainty in using composites
in their designs.

>Direction taken from 2015 Workshop on Composite Needs for MHK.

>Past efforts involved determining materials needs for industry, examining coatings for biofouling,
and examining marine effects on wind based composites.
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6 I Why investigate fiber reinforced composites?

Po int Absorber

Floating

Reciprocating Devic-c:
Hydroloil

Oscillating Water Column. (OWC)

Axial Flow Turbine

Oscillating Wave Surge Converter

• Areas of concern vary by design: metals, hydraulic fluids, polymers, cement, magnetic, coatings, composites
• Composites Include: Reinforced rubbers, reinforced concrete, fiber reinforced plastics
• Studies indicate impact to cost: Reference Models (SNL, NREL); Wave Energy Scotland Structural Loads

and Materials Landscape Study; and 2011 Carbon Trust report indicate the structure costs can be impacted by

using light weight and non-corroding materials.



7 Materials can impact areas that affect commercialization.

*Structure costs

*Design & manufacture

Accelerate manufacturing or direct advanced manufacturing strategies

• We are working to reduce risk through testing of novel materials and materials validate for other marine-
based industries under MHK conditions.

Future testing on materials under deployed conditions are needed for validation.

Reliability & Survival

Operation & Maintenance

Certification & Safety
Helping the MHK industry with materials & protective coatings challenges

z
htto://www.vachtsurvev.comialassixonts-1.1oo http: //www.racerocks.ca/ http://tidalenergytoday.com/2016/01/12/icit-emec-

srudy-biofouling-of-marine-energy-technologies/
Courtesy of Resolute Marine Energy



8 Previous work conducted by program (FYI 2-16)
Biofouling Et Marine
coatings assessment
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BIM1 BionmlEvular slaielog Rad Image Rue,*

Biofouling

Protection
V^ ̂

Structural Health
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FxTFRNALLY BONDED FBG STRAIN SENS°. FOR STRUCTURAL
HEALTH MONITORING OF MARINE HYDROKINETIC STRUCTURES

Structural
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MHK Environmental
Effects on Composites
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Our current program's goal is to address barriers & uncertainty
9 in using composite materials for MHK.

Material Design Tools for Marine and Hydrokinetic Composite Structures

Objective: Helping MHK industry reduce uncertainty in using composites in their designs

• Providing an industry approved U.S. DOE MHK Composite Materials & Structures

Database (open resource): http://energy.sandia.gov/energy/renewable-energy/water-

power/technology-development/advanced-materials/mhk-materials-database/ 

• Mitigating composite biofouling/environmental effects & metal-carbon fiber

interconnect corrosion in saltwater

• Examining MHK load challenges on composite material & substructure

performance to improve design

Pacific Northwest
NATIONAL LABORATORY

ALMONTANA
  STATE UNIVERSITY

Bali FLORIDA ATLANTIC
UNIVERSITY



The MHK Composite Materials & Structures Database was
10 born from materials discovery in wind energy.

U.S. DOE MHK Composite Materials & Structures Database:

Benefits: Open Source, Industry Advised, Backed with Publications.

2%

2%

2°/0
30/0

30/o
30/o

30/o
30/o

Country

o United States

o United Kingdom

0 China

o India

o Ireland

o Spain

o Italy

o Germany

o France

User Type

Individual
6°/0

Other
10%

10%

Consulta
nt
12%

School
34%

Manufacturer
28%

Institution

Marine
4%

Aerospalce
10°/0

• http://energy.sandia.gov/energy/renewable-energy/water-power/technology-
development/advanced-materials/mhk-materials-database/ 

Current User Community of U.S. DOE Materials & Structures Database



Database can be found in 2 locations online and is free for users
to download.
0 NaS'68tional

laboratories Energy & Climate ,----"

Stationary Power Climate & Earth Systems Transportation Energy

& Wind Materials Database

The US_ Depanniem of Energy Wind and Water Power Technology Office Kai funded Sanda Navonal labontones and as
Pawn, Montana State University, to condoci extensne resting and analysis on rand turbine blades and inaterals for
maim hydrokinetic fbAHK1 deykes in support of the industry and research conanumnes.

The results of over 18030 tests on 500 marenek 8ince 1989 for wind. and more recently for water) have been OSmOded
end published annually in a public database along with numerous technical publicinons analyzing the key bends and

technical resuls of the tem Supporting publications can be found at the Campos/re Technologies Research Group at

Montana State university.

In order to hetet understand the users of the database. solicit feedback on potential liner...menu, and notify users of

updates. we are reguesuma some basac inforrnaton in Me form below if you would libe to prow& feedback or

suggestions on future database releases please ernail rout comments to.

Wind Database Brian Naughton — bnaughugzondia gen

MHK Database. Bernadette Hernandez— bahernagsandia

Wind & Water Materials and Structures Database Download

Please complete Ma form beltm to download the database file.

Name •

First Last

Email`

Muggy.

Orpapiannion Type •

Which database do you wish to download?'

Energy Research About EC

.111311M111. MiNietai GaIZZaSS

Sown", 'fen"

Sotef

<Wind Energy

Wirt Facility. Tea,

< Ramo Innovation

tiara6ek. fteltabnion 45onde.le

< Offshore Wind

Sting and Banter SIttiption

Special Rowans

Persneistiits opportunities

< Wind Software Downloads

CACTUS Software Storandoad

Sandia Wind Turbine Loads

Ntabase

< Eneton Worlotions

Wind Fa Windt Pewee newstatear

Wind Energy duff

eekranca Model Project iltAllsr

SWIM

Mate fnewso Converser

SlIthilmort

Berme Conditions Madeline

Tidal ft Current Model,

Octets:Imam and Walefavon

STOwar

http://energyesandiaegoy/energy/renewable-
energy/water-power/technology-
development/adyanced-materials/mhk-materials-
database/

OpenEI Wiki Apps Datasets Community

Browse Page Actions Get Involved Help

Page Edit History

pen EI
Open Energy Information

Connect with people.

DOIldlriga geothermal hydrogen smart grid solar

OpenEI Wiki
Linked energy information on
hundreds of topics crowdsourced
from industry and government
agencies.
See an example page

browse by region

wiki stats

Since 2009, 26,216 users have
contributed 973,053 times across
195,796 pages.
See the impact we're making

Datasets
Single source data on buildings,
energy, efficiency, consumption,
demand, potential, and more.
Search datasets

utilities

featured datasets

Commercial and Residential Hourly
Load Profiles for all TMY3 Locations

in the United States

U.S. Electric Utility Companies and

Rates: Look-up by Zipcode

Wind Resources By Class Per

Country At 50m

Solar Resources By Class Per County

See all datasets...

upload your data

Start contributing right away!

,Jr,load a Datase:

Saarch

water

Active discussions and collaborabon
on energy data initiatives and
information brokering.
Learn how to get involved

hot topics in the community

OpenEI Community Central

Utility Rates

Energy Systems Integrahon

View all discussions...

get involved in the discussion

wed love to hear your opinions,

St, a DISCUSSIM

• Both the wind & water icons take you to

webpages that house the link.

• Under Water Power Database and Tools

• PNNL has environmental effects

database

•

https://tethys.pnnl.gov/



You will see the initiation of research for a larger vision needed
12 to support composite development.

Modeling Composite
Elements

Materials
Dynamic

to
Molecular

Structural
Load

Bearing

IF Cost Analysis 11

Power Systems
Life Cycle

Analysis Tool
(Power LCAT)

Composites Testing of Performance &
Environmental Effects 

Quality Assurance
Non-Destructive Inspection

Repair
Operation & Maintenance

Large Scale
Subcomponents

Manufacture
Certification

Safety



Summary of Current Activities and Future Directions

FY17 FY18

Salt Water Effects on
Composite Performance

Testing

Biofouling &
Environmental Effects on

Composites

Coupons
provided by:

Composites
Engineering
Research
Laboratory,

Composites
Technology
Development,

inc.

Hygrateck

Janicki
Industries

Ocean
Renewable
Power

Company

Polyone

Verdant
Power

Metal — Carbon Fiber
Composite Interconnects

in Seawater

Industry directed sub scale
elements & joined coupon

fabrication/testing
Artificial & Actual Seawater)

FY19

Industry directed full scale
subcomponent testing

(Artificial & Actual Seawater)

Test Article

(test duration)

Complete Structures

Full-scale Components

Sub-scale Elements

* coupons 01000 N

Structures

of Interest



14 1

You will hear what we have learned and what else we would like to
know.

■Water absorption into composites impacts materials properties (composite performance, accelerated
corrosion-carbon based)

RNot all antifouling coatings are created equal. MHK has its own conditions.

What does the MHK industry needs for subcomponent testing?

■Corrosion: anode samples are corroding and calcareous deposits have formed on the interconnected
composites.

■Load characterization and measurements testing are being conducted to advance our understanding
of MHK conditions on composite materials.

■Results on samples from industry have been explored and will be downloaded to our database.
0 This public information is garnered to support design decisions.

■Future activities



1 5 I Feedback and Participation

Feedback and recommendations are more than welcome!

Bernadette Hernandez-Sanchez Lauren Moraski
Sandia National Laboratories or Water Power Technologies Office
baherna@sandia.gov Lauren.Moraski@ee.doe.gov 
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17 Wrap up

• Thank you for listening and participating.

• Additional questions or comments can be sent to Lauren.Moraski@ee.doe.gov 

• Link to database: http://energy.sandia.gov/energy/renewable-energy/water-power/technology-
development/advanced-materials/mhk-materials-database/ 


