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Agenda

* Introductions
*  What is PRIMRE?
* Discussion on Data Sharing

* Levels of Data Sharing

Wave Swell Energy

* Progress Towards International
Marine Energy Data Sharing
* Breakout Discussions

* (losing

OceanBased Perpetual Energy ‘| j Eco Wave Power
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SR PRIMRE
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ThePortal and Repository of Information on ST M ® .
Marine Renewable Energy (PRIMREjrovides T k.
access to marine energy data, information, and - E
resources to help advance the industry. ;o B /7/ .

- Knowledge Hubs 18 \r\ Y ===

- Marine Energy Basics S VTS Telests

Events Calendar & Webinars '
- Educational Resources &% m@i:

Projects Database
Stal k h E-’S

Data, Tools, & Software

.
.
.
..,

Funded by the US Department of Energy’s Water Power

Technologies Office and led by 3 national labs. h

/

ttps://primre.or
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https://primre.org/

SR PRIMRE

« EachKnowledge Hubhouses a
different type and format of
information related to marine energy.

@ MHKDR hosts data from WPTO-funded projects
Tethys hosts documents on environmental effects

Tethys Engineering hosts technical documents

 Several Knowledge Hubs were _
developed under other projects, but Marine Energy Software hosts codes &

software
all have been integrated and
improved. Telesto hosts testing and measurement guidance

« PRIMRE has a one-stop searchthat ((:@:'_-—:’-: Marine Energy Projects Database hosts project info
allows users to find data and info
throughout the system.

@ Marine Energy Atlas hosts GIS-based resource maps
https://primre.org/



https://primre.org/

MPX

MHK Data Repository o ot

N —
* Repository for all research and testing

data collected funded by the U.S. DOE MHI(
Marine and Hydrokinetic Power Program. Wil P
U.S. DEPARTMENT OF ENERGY

* Over 300 datasets with more than 2,000 = -
individual data resources == )

900\1
7553 001‘1 W

» Over 30 TBofdata, fromresearch,
development, deployment and analysis
efforts, downloaded overa 100,000

;i « 3
Underwater Mapping Resuts for
‘Seabotix vLEVI0 Vehicle w...

times.
My Recent Submissions
https://mhkdr.openei.org/ e i

Subenit Data

Pacific Northwest
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https://mhkdr.openei.org/

Tethys

*  Documents library with over 9,000
documents on the environmental effects
of wind and marine renewable energy

 Additional features:

Tethys Blast
Events Calendar e enerr

Archived Webinars

Summaries &Fact Sheets

TN 1R

Educational Resources

o O O O o O

Community Pages
https://tethys.pnnl.gov/

" ENERGY
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https://tethys.pnnl.gov/

Tethys Engineering

*  Documents library with over 7,800
documents on the technical aspects of
marine renewable energy development

1 o a0 s 53 Tethys, start here o leam more

|

* Over 700 marine energy photos in the

sacess

Tethys Engineering Photo Library

B M N e T T B
......

SALINITY

https://tethys-engineering.pnnl.gov/

Ovi@do
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https://tethys-engineering.pnnl.gov/

* ~1000 international marine energy projects,

test sites, devices, and organizations
* Historic record of past deployments

» Allows for exploration of the relationships

between organizations, projects, test sites,

and devices

* Charts highlight interesting trends for the
marine energy industry

https®/ /Apyone caw add rmiomadiof ses/ Projects Data
base

S PRIMRE

Prajects

eruty | Technlogy Type: fatal Fow T |

%=3
n ]

#gﬁ

King Island Wave Swell Project

NREL .7
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https://openei.org/wiki/PRIMRE/Databases/Projects_Database
https://openei.org/wiki/PRIMRE/Databases/Projects_Database

Marine Energy Atlas

Marine Energy Atlas

*  Geographic Information System B

that houses marine energy
resource characterization data

* Open-access, interactive

mapping tool for marine energy

* Includes data layers on U.S.

wave, tidal, riverine current,

ocean current, and ocean

thermal resources

https://maps.nrel.gov/marine-
energy-atlas/
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https://maps.nrel.gov/marine-energy-atlas/
https://maps.nrel.gov/marine-energy-atlas/

Telesto

Telesto

* Wikis and databases which provide
resources and guidance for marine energy
planning, testing, measurement, and data
processing

* Organized along the marine energy
development pathway: Plan, Design & Build,
Test, Deploy and Decommission

* Cross-cutting pages on Lessons Learned,

Performance Metrics, Economics, Standards,

and Compliance
https://openei.org/ wiki/ PRIMRE/ Telesto

SR PRIMRE

GR PRIMRE stos

PRIMFE | Telests

Telestd

Marine Energy Development Pathway

T LN

Telesto Marine Energy Development Pathway

eatured Content on Telesto

:ti::NREL 7 () e
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https://openei.org/wiki/PRIMRE/Telesto

Telesto Telesto

Marine Energy Development Pathway

= @ Design & Build } e——— @ Te: b o Deploy : Decommission &

T LN

'IEI:MJ

TN BER)
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https://openei.org/wiki/PRIMRE/Telesto

Telesto Telesto

Cross Cutting Topics

f pteme

s

Lessons Learned Performance Metrics Economics Standards Compliance

https://openei.org/wiki/PRIMRE/Telesto
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https://openei.org/wiki/PRIMRE/Telesto

Marine Energy

Marine Energy Software Seftware

MRE Code Hub ENEROY | o Snorrs

* Driven by user needs and input

» (Catalogues codes and software

relevant to marine energy

Meed help finding the right software tools for
your MRE-related tasks?

* PRIMRE Code Cataleg

* Including commercial and open

i g

Looking for other MRE resources?
PRIMRE

access software

* lLaunching new version this year!

HNew Releases

https://openei.org/ wiki/ PRIMRE/ Software

S8 PRIMRE PINREL 7. )RS
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https://openei.org/wiki/PRIMRE/Software

- Waves of Data . . '\ I

2012

“Every day, we create 2.5 quintillion bytes of data — so much that 90% of the data in the
world today has been created in the last two years alone.

A. & / - : . = P . / o et T =i + ¥ [} o -l e oM l j Al e L Aanar
- IBM: “What is big data?” IBM: Bringing big data to the enterprise. IBM. 12 Feb. 2012 Web. http.//www-

01.ibm.com/software/data/bigdata/what-is-big-data.html.

AN A

PAVYL
Amount of data increasing exponentially,
Higher resolution sensors
Data increasing in size and complexity
Innovative corporate data strategies
Changes in research data paradigms (“Data Lakes”)
Strategic data partnerships (“Data Trusts”)

Growing need for new data sharing best practices

14



Value of Data Sharing

“Success should be measured not when a project is
completed or an experiment concluded, but when
scientific and technical information is disseminated.”

- DOE Strategic Plan, May 2011, p. 43-44

TN 1R

Put Your Data to Work for You

 Advance, Innovate, and Collaborate
* Advance the adoption of MRE technologies
*  Enable innovation through the sharing of data

*  Create new business partnerships and opportunities Data locked in a desk drawer is
for collaboration
a wasted resource: -

S8 PRIMRE FINREL 7 ()i

Pacific Northwest




Levels of Data Sharing

Linking Deep Linking Federation

T IR

Linking to the homepage Linking directly to relevant Metadata federation

of another database, as content on another maps structured content

an additional resource. database, instead of the from multiple databases,
homepage. allowing for smart

content, filters, remote
searches, and other
forms of integration in
both directions.

CHPRIMRE HINREL 7. @




Linking

Definition: Linking to the homepage of

another database, as an additional resource.

Advantages:
« Extremely low effort
* Improves search rankings (SEO)
* Encourages link exchanges

Disadvantages:
* Limited benefit
* Not user friendly (often no clear
relevance)

SPRIMRE

ABOUT - COMTENT - TOOLS- COMNECTIONS - BROADCASTS - HELP -

Home = Connections > Databases Related to Maring and Wind Energy and the Environment

Databases Related to Marine and Wind Energy and the
Environment

Tha list balow compiles and provides acoess tn extemal datsbases. Wrile the respect
5 wind and maring resewalie snergy and the sevironmant

scopes of each of the databases are varied, all convey information nelevant
of databaet it not exhacsthe and wil ba updated as nesded. If you hinw commants en

-l
rnrract or missng materisl, Glesse smad tethysGpnnl gov L3

Content Selection: Country: Search Databases:
P e 7| A : o
Coustry
JFr—— Tre Australlan Runewabie Enargy Mapping Infrastructure [AREME) is & spetial data plaform for the
et E— Australan energy industry. The ARE! 578 provices scoess to renewabie energy and general
PMares Bargy L Information which has been provided by various thind party data custedians. AREME s funded by
wind Eneegy tha Australian Renewasie Energy Agency and developed by Dataé ! in partnership with Geascience
tmm” Australa and tha Cluas Esargy Ceunel.
The Beigian Marine Buta Cantre (BMOC) at the Reyal Balgian Institute of Natursl Scinces is & National
prifessionsl procassing and lang-te sarage of
Baigian Marine Data I marine emvironmental and isharies data and production of data preducts. Tha primary eijectha of
Cantre (BHDC) 5 s BHDC i the safeguarding and the effective masagement of ocesragraphic data and infermation

Inchuting mequiring, formaatting, quality contraling, cataloguing, archiving, dissminating, and
wxchanging of marine dats and information,

iz part of the DCEANIC Project , the Eurcpesn Bicfoulng Databsse 5 & 5pecfic sutput which sims
Marina Enargy, to provide Sevelopers, cperators, and regulators a quick sverview of geographicsl biokouling

Biokuuling Wind Ensegy, duribution faciiating informad decisions, The dazasase provides isformation on the arganis
Database Fived Qifghorg | LTTSMLON and ke bicfouling parametars to the MAR pactr, aiming 1 Inform devwsiopers planning
e thair projects. The database i updated frequentiy and a finsl version can be requested via a form on
the webshe.

Data Basin is & science-based mBpping and analysis platform that supperts Marring, research, and
sustainabis emviroermental stewardshi. Tha cors of Diata Basie is free and provides open sccess o

ke Bt Marine VNG, L stionsl | thousands of scentificaly-grounded, blological, physical, and socio-sconamic detasess on seecific
Wind Energy tupics, geographius, and projects. Dats Basin's Gateways inchade & subset of the dats svailabie on
Datn Basin 2nd showcass ssatial infermation for  particular praject or erganization.
Trw Eurnpean Marine Observetion and Data Network [EHODNE) & & consortiam of seganaations
Bssemitiing Eurepesn marine Gata, dats prodacts, snd metadats from dhverse sources. The data
Marvs Brergy, pertals within EMOOnt proide sccwss b Information such b the soatial axtent of & sesias of activies
EMODnst Wind Energy 358080 | reiated to the sea, their temporal variation, and attributes to indicate the intensity of esch ctiviry.

Addimiceally, Human Activities portals Fternctive map SnBbIES Lsrs 12 [0CAe Marng resenabie
wontegy acities and cfshore wind frred 82 warous stages of davlogron

rreugheut Buregs.

https://tethys.pnnl.gov/databases?content=466
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https://tethys.pnnl.gov/databases?content=466

Deep Linking

Definition: Linking directly to relevant =3 Wevebnewy
content on another database, instead of a R S
homepage. e

Advantages:
* Improves search rankings (SEO)
« Improves user experience

Resource Potential

Disadvantages:
« Requires planning to be intentional

« Difficult to maintain, links may often
break

https://openei.org/wiki/lPRIMRE/MRE Basics/Wave Energy

S5 PRIMRE HNREL 7. @

it L8 Pacific Northwest Laboratories



https://openei.org/wiki/PRIMRE/MRE_Basics/Wave_Energy

Metadata Federation

Definition: Metadata federation allows structured
content from multiple autonomous databases to be
mapped and integrated in both directions.

~ PRIMRE Search

Advantages: Yol
« Improves the reach of your content = St
«  Enhances the quality and scope of your content | . | e
* Improves your user experience ek
* Improves search rankings (SEO) significantly
« Coordinates terminology
« Easier to maintain long term

T IR

vty ol itrgh | S T

Disadvantages:
« Large initial effort (metadata translation and o S
coding) o i

httos://openei.org/wiki/PRIMRE/Search?q=power+take+off

S5 PRIMRE FINREL 7 ()i,
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https://openei.org/wiki/PRIMRE/Search?q=power+take+off

Ex. of Metadata Federation on PRIMRE

Appendix B. PRIMRE Metadata Schema

“nttps://tethys-engineering. pnnL., gov/node/18825"

1 "Document /Report”
» MEHKDR i " 720 + = landingPage: "https://tethys-engineering. pnnl . gow/publications/Local-flow- turbulence-tidaL -energy-conversion tion-near-pier-estuarine-
» bridge”
t 2022 w sourceuRL: "https://ut.adsabs. harvard, edu/abs/2615APS. . DFONG2BOGH/abStract™
- title: and turbulence at a tidal ener brig,
Required = description: “estuarine bridges could ser ersion systems. The hydrokinetic
P y y
is typi
En1S The ConLEnL on your s bl weds yes

g structure for both the br
ed & hydrokinetic turbine
test site, reaching
ificantly in spa
and stern of the
cPs indicated higher maximum current

floating platf
current speeds

time, !

easurements were conducted with two acoustic Doppler current profilers (ADCP), mounted on the bos
platforn, and with two acoustic Doppler velocimeters, mounted in various locations. T
velocities and mean kinetic power density than prior nearby resource assessments. The ADV measurements yielded turbulence time and
length scales consistent with estuary scales, e.g., width of the river and distances between the bridge plers. The tidal flow

turbulence characteristics, such as the size

e and occurrence of coherent structures, affects the loading on the tidal turbine.\r
A\M\F\M\FAM\FinThe project received funding from NSF-PFI (Grant

e content e g Dataset,

managed b

#1430268), FHWA, NMDOT and DCE.”
= Dataset
= Document : "Wosnik,
. G “Chan
* Multimedia = organization:
+ more detail, you rmay alsa spe 0 "University of New Hampshire"
L Diat, 1 "Us Department of Energy (00E)}"
= Dataset/Data
originationpate:  "2e1s-11-e1”
= spatial:

. "43.675553000000"

-l e

mmeToal : "-70.752545000000"
= Dataset/Archive &g

/b L
/Report
Fresentation

*point”

“current/current”

“Current/Tidsl"

“Engineering”

1: “substructure”

2 “site characteriz

3 “Field pata”
modifiedoate: "2022-95-02 10:29:54"
signatureproject:  []

"https://tethys-engineering. pnnl . gow/node/13536"

"

“Docu

AT https://openei.org/wiki/lPRIMRE/Guidelines#tappendB https://tethys-engineering.pnnl.qov/api/primre _export?modifiedDate=2022-05-01

S5 PRIMRE LINREL 7, ()&
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https://openei.org/wiki/PRIMRE/Guidelines#appendB
https://tethys-engineering.pnnl.gov/api/primre_export?modifiedDate=2022-05-01

Ex. of Metadata Federation on PRIMRE

Topics

Cirtre for Marine Techrolrsgy nd Engiressing [CENTEC)

: Fetty w | eI Ve ST

Show 25

= results per page.

TETHYS ENGINEERYIGH

Search All of MHK Data Repository

ou are now viewing content in MWK Dats Repository through the integreted PRIMRE & seanch, Clicking on tties will take you to the content on the integrated
daknbase. Partisl word matches are retured (4.5 "Sata” finds “databise”), BUT wvary antered berm must be found. If you dont find any results, try reducing the

Pusmitar of weeds

. Filtars 1 tha right can halp narraw your search,

Showing Results for
[

Search All:
- D
Wave Energy Prize - 1/50th Testing - SEWEC Attenuator

This submission of data includes all the 1/50th scale testing data completed on the 'Wave Energy Prize for the SEWEC

taam, nd incluses: - 1/50Ch best dats (raw & processed) - 1/S0th tast data viseo sed pictures - 3/50th Test plans and
tasting documants - SSTP_Subrission

Wave Energy Prize - 1/50th Testing - AquaHarmonics Point Absorber

This subemission of data Includes all the 1/50th scale testing data completed on the Wave Energy Prize for the
Aquekiarmanics tes, and inchudus: + 1/50E% Reat dats (raw & processed) - 3/50th test data video and pletures =
Tust clans and tasting documants - S5TF_Submissicn

Wave Energy Prize - 1/20th Testing - SEWEC Attenuatar #

Data from tha 1/20th scabe testing data completed on the Wave Erargy Prize for the SEWEC
scale tast gan ast cata, vides, photos, Bnd dats Bnalysis reauks. The top vel obje

e, including the 1/20th
ha 17200 seale

Wave Energy Prize - 1/20th Testing - AquaHarmanics Peint Absorbar

Deta from the
206 scabe RSt b, Faw LSt Sata, vises, phtss, bed dath Bealysis resuts. Tha top lvel cjective of thy

20%h scale bawting data complated on the Wi Eargy Prize for the Agaabarmonics team, including
oth

Wave Energy Prize - 1/50th Testing - IOwec Point Absarber «

This submigsion of data Includes all the 1/50th scale testing duta complated on the Wave Energy Prive for the Towsc
team, and includes: - 1/506h best data (raw & processed) - 1/50th test data video snd pictures - 3/50th Test plans and
testing documacts - S5TF_Submission

Clear All Filters

Current Search

= 196 rasuls feund

Dataset (196)
Archive (08)
Report (92)
Data (69)
GnlinaTool (41}
Video (12}
Presentation (7}
Script (4)
Diagram (2)
Image (1)
PublicRepo (1)

Wave (114)
Cusvant (31)
Fressure Differentisl (19)
Point Absorber 1)
Surgn Comverter (10)
Attenuator (7)
Termanator (4)
Overtopping (2)

{Show less)

MHK (195)

S8 PRIMRE
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Marine Energy Data Lakes

MPXDR + QEDI

*  Universal access to data The Open Energy Data Initiative (OEDI)
improves access to high-value data sets.

« Data available to anyone with an internet

: (G
connection @ i
.. . Machine )
* Access no longer limited to national labs, large Learning  Analytics
universities and organizations with HPCs
M R 6%
* Enabling collaboration with communities of all Industry, Academia, a{;igoataa] e Cloud-based HPC
sizes Public Access (On Demand)
* Including smaller universities, high schools, =
On-premises Real-time Data

startup companies, and other innovators

Conventional HPC
(Cloud Connected)

S8 PRIMRE HNREL 7 ()i

Pacific Northwest




Data Standardization

Raw Data Standardized Data

Data Ingestion Pipeline EE .

& Difficult to find & Searchable

- Requires data cleaning & Dataare already cleaned

®© Dpifficult & time consuming to ® Easier to analyze & combine

analyze data

& Data are unreliable & Data are consistently high
quality

Difficult to scale & reproduce [=3 Analyses are scalable &
reproducible

S PRIMRE PINREL 7 [,

Pacific Northwest




Marine Energy Data Pipeline

* Standardizing data from
device to dissemination

* Automating data

standardization
MHKDR

Standardized Data Data Lake

Input Data

S8 PRIMRE HINREL 7 ()%,




Barriers to Data Sharing

Technological

* Datatransfer speeds

+ Datastorage limits

* Universal access

¢ High compute requirements

QD
i

Organizational

* Proprietary data

* Non-disclosure agreements

* (Outdated) Institutional policies

Financial

+ Datastorage and compute costs

* Data organization, transformation,
anonymization

Cultural

« My datais my asset

PRIMRE

B3
H m
i

7

Pacific Northwest
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Barriers to Data Sharing

PRIMRE’s Approach

Technological
8 ° State-of-the-art cloud architecture

* Datatransfer speeds

«  Data storage limits ®  (supports 1GB/sec uploads)

«  Universal access e Infinitely scalable drives

+ High compute requirements e Datalakes

Organizational e  Standards for data sharing

* Proprietary data e  Data Trusts =
* Non-disclosure agreements e  Protections for proprietary data E
* (Outdated) Institutional policies e  Cross-cutting policy revisions

Financial

+ Datastorage and compute costs

* Data organization, transformation,
anonymization

Partnerships with cloud providers
Enabling free access to big data in the
cloud

Cultural

e Trainings, webinars, and data sharin
« My datais my asset E E

success stories.

€9 PRIMRE LINREL . @5

Pacific Northwest




Benefits of Data Sharing

* Data access contributes to the scientific community
* Reduces duplication of effort (avoids reinventing the wheel)
* Improves discoverability and impact of your data

* Advertises the successes of your work and of those on your platform

+ For federated metadata, secures proprietary interests while sharing
keyresearch, which:
* Increases visibility into your work
« Shares whether a problem has been solved (or not)

* Establishes a contact for further questions or collaboration

S5 PRIMRE HINREL 7 )ik,

Pacific Northwest




PRIMRE Centralized Search

ata Federation —~

*  Search across all PRIMRE platforms and partners
» Data sharing across U.S. and international databases

« Standard metadata units/formatting = data can be shared
seamlessly between platform

» Uses a PRIMRE metadata schema based on DCAT + marine

energy terms PRIMRE
on @penEIl

Mgregate Search Quand Discovery

Sandia
National

r » .
e » Al-powered search coming soon!
_.,..m=="’°ﬂ_ : . .
A _ Standard | Metadata * Building a prototype Large
. DataRepository | Other Language Model based on
Sites extensive library and metadata
@ 7~
it NRE L Pacific Northwest |'h

Laboratories




Breakout Discussions

Discussion Questions

L o
-—_E
—_—

A7 )
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Closing
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Thank You! g SBR T

Researchers

% Marine and Hydroainetic MARINE ENERGY
Data Repasitory ATLAS

PRIMRE Pls:
e Andrea Copping é#ndrea.copping@pnnl.goy

=
R
Developers

e Jon Weers jon.weers@nrel.goy

e Cesar Castillo tesar.castillo@sandia.goy

PRIMRE Team:
e PNNL: Jonathan Whiting, Lysel Garavelli, Hayley CAvaY @l.-"

=
Farr, Fadia Rollano, and Curtis Anderson Q{ﬂ s i Reglicy

Stakeholders
.

NREL: Lisa Temple, Hanna Fields, Katie Peterson,

Sean Morris, and Erika ElroeCurry TestCenters

Sandia: Kelley Ruehl, Will Peplinski, and Megan **NREL Pac:gf-

HATIONAL NENEWASLE ENERTY LABORATGITY

An d erson The National Renewable Energy Laboratory is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy,
operated by the Alliance for Sustainable Energy, LLC. under contract No. DE-AC36-08G028308. Pacific Northwest National Laboratory is operated by Battelle
for the U.S. Department of Energy under contract DE-AC05-76RL01830. Sandia National Laboratories is a multimission laboratory managed and operated by
National Technology & Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell International Inc., for the U.S. Department of Energy’s
National Nuclear Security Administration under contract DE-NA0003525.
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