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Availability of MRE Knowledge

I Data and information are:
- often not made public;
- stored in many locations and in diverse formats;
- and often not catalogued, described, accessible, or discoverable.

I LY

oy
1

PRIMRE was developed

[ Reports ]
to overcome data and

[
K led Code R itori o . o
[ nowledge ] [ ode Repositories ] : information barriers to
[ fmabsis ] | Testbata | technology, research,
[ Resource ] [ Environmental Data ] dESIgn, and tEStlng n
Characterization support of the MRE
Lessons o
[ Learned ] commumty.
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Introduction to PRIMRE

@penEI Information ~ Data  Apps Q &
Broad access to data and . ~ y . ,

Y Y PRIMRE MREBasics Knowledge Hubs  MRE Organizations  STEM ~
information on MRE
- Engineering and technologies

« Resource characterization

. DEVI ce performance E —~  Portaland Repository for Information on Marine Renewable Energy
:
- Environmental effects =

MRE Basics Signature Projects Knowledge Hubs STEM Contributing to PRIMRE

PRIMRE

L3 International P-4 ENERGY EFFICIENCY
[} M R E B aS] CS EC Electrotechnical ENERGY g’l’icgﬁémeE ENERGY @ES o
M Commission WATER POWER TECHNOLOGIES OFFICE o SYSTEMS
« STEM Resources
PRIMRE provides broad access to information on engineering and technologies,
L] K n OW led e I I u bS resource characterization, device performance, and environmental effects of Marine
Renewable Energy (MRE) projects. PRIMRE facilitates the commercial development of Upcoming Events

the MRE industry by increasing the accessibility and discoverability of this information,

integrating the databases and information portals found on this site, and developing Showing Jun 29, 2021 to Jul 20, 2021 View All
standards and guidelines. Providing consistent, easy access to information can help
L] dards and guidelines. Provid f hel
reduce duplication of effort and to enable the MRE community to build upon the | lamll b 2021 Hydropower RAPID Toolkit Annual Update
successes of others to innovate and advance the adoption of MRE technologies Jul Jul 8, 2021 - Jul 8, 2021
8 Online
NREL will provide an overview on the Hydropower Regulatory and
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PRIMRE Knowledge Hubs

hosts data collected by WPTO funded R&D, including
device testing data, resource characterization data, etc.

MHK Marine and Hydrokinetic Data Repository (MHKDR)

Tethys hosts over 6,700 documents on the environmental
effects of wind and MRE development and supports
Ocean Energy Systems’ Environmental initiative.

I LY

FTETHYS

TI Tethys Engineering hosts over 4,800 documents on the

engineering and technical aspects of MRE development,
ENGINEEB@ as well as a library of MRE photos for third-party use.

S2PRIMRE FINREL 7 ()i,
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https://mhkdr.openei.org/
https://tethys.pnnl.gov/
https://tethys-engineering.pnnl.gov/

PRIMRE Knowledge Hubs

>

Telestd

<2

SHPRIMRE

Marine Energy Projects Database contains information
on MRE devices and companies active in the MRE field,

and traces the development of projects around the world.

Telesto is a collection of information and guidance for
testing, measurement, and data analysis for MRE
research, development, and demonstration.

S\HL IR

MRE Software is a collection of software relevant to MRE

development, and is made up of the MRE Code Hub and
PRIMRE Code Catalog.

LINREL . ()

Pacific Northwest
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https://openei.org/wiki/Marine_and_Hydrokinetic_Technology_Database
https://openei.org/wiki/PRIMRE/Telesto
https://openei.org/wiki/PRIMRE/Software
https://mrecodehub.org/
https://openei.org/wiki/PRIMRE/Code_Catalog

PRIMRE Aggregate Search

b E n a b l.es use rS to ﬁ n d data a n d PRIMRE MREBasics Knowledge Hubs  MRE Organizations ~ STEM ~

PRIMRE / Search

information from different

Knowledge Hubs simultaneously
using PRIMRE as a single PRIMRE Search

- MHKDR, Tethys, and Tethys Engineering
entry-point —

e C urre nt l.y (0] p e rati ona l. fO Ir: blitentesutts BY: Showing 1- 25 results of 757 ¥ Show W| results per page.

® Reset all filters
T th Pt (4' Testing Marine Renewable Energy Devices in an Advanced -y o
b e yS = 9 Multi-Directional Combined Wave-Current Environment SR,
LU Current Physical scale model testing is an important development tool, used extensively to study the behaviour of Last Modified: July, 2019
. 3 [ Axial Flow Turbine (14) marine devices, vessels and structures in a controlled environment prior to deployment at sea. Whilst specific
[ ] 7.e thys Eng’ n ee r’ ng O Cross Flow Turbine ) quidance on developing and testing marine renewable energy devi...
(] Oscillating Hydrofoil ) Author(s): Noble, D., Draycott, S., Davey, A., Bruce, T.
P M HKDR I Tidal Kite ) University of Edinburgh | Source: Tethys Engineering
[ Archimedes Screw 1) Technology Type(s): current ~ wave
Marine Energy Projects Database § .
. gy Projects Dat : . . e
AR @ (4 Experimental Testing of a Floating Oscillating Surge Wave N
[ Point Absorber G4 N Energy Converter at Hinsdale Wave Research Laboratory AT e
o 7.e l e S to 3 [JPressure Differential (20) In order to generate a public data set that can be used to validate Wave Energy Converter (WEC) numerical Last Modified: June, 2020
O Oscillating Water Column @) code.s, such a.s WEC-Sim, Sandia National Laboratories led an‘experirr.\emal testing campaign of a 1:33 scale
Floating Oscillating Surge Wave Energy Converter (FOSWEC) in the Dir...
[JOvertopping (3)

PRIMRE PINREL , 7 . ()i,




Contributing to MHK Data Repository

What should | contribute? penEI Marine and Hydrokinetic Data Repository
- Data (e.g., raw data, maps, photos, ==

reports, models, schematics, testing,

performance, resource data) View All Subrmissions
. All data generated from projects Biiiae PP =
funded by the DOE Water Power Subrit Data - =

Technologies Office related to
marine energy

How should | contribute?

o https://mhkdr.openei.org/submit

SO PRIMRE LINREL 7. (@),
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https://mhkdr.openei.org/submit

Contributing to MHK Data Repository

e Complete the data submission metadata
form

e No limit to file size or number of files

e Save as often as you like and return later
to complete the submission

e Submit when it’s all done.

e Currently home to over 2,000 resources
and 15 TB of data.

SS9 PRIMRE

MI’( Data~ Help~ About Search

Submit Data

search MHKDRdata Q

ase complete all sections of this form.
Submission Information

Subm m
Organization & Contact Data Submission Name
Information |
Authors Provide a specific name for the title of this set of data resources that differentiates it from other submissions.
DOE P Inform: W
Description
Resources
Mor: m
Terms an d Conditions
Describe the d ded bmis d: y mp! prereq f
Keyword
MHK Marine Hydrokinetic energy power keywords
Supply se | keywords that di be the inform hi bm
For exampl Reye:

Organization and Contact Information

Contact Name

IINREL .7 !1133%3?3'
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Contributing to Tethys

g Regeter c’
wI I I I I [ ] I ? = CONTENY - TOOLS - CONNECTIONS - BROADCASTS - HELP -
at s ou contl I ute [ J - “, he OES-Envirenmental 2020 State of
| the S 1 Envicenmental D

« Documents (e.g., journal articles,
conference papers, reports, theses)

7

- Relevant to environmental effects
of wind and/or marine energy =
- Any language (must have an English ooy | wemeer T
title and abstract)

How should | contribute?

x4

Email S TIRONNDAL
tethys@pnnl.gov e
7 %= Sandia
(\L\l P R | N\ R E {‘ ': N RE L Pacmwest m I.Naab.ilt:g?(llnes




Contributing to Tethys Engineering

What should | contribute?
« Documents (e.g., journal articles,
conference papers, reports, theses)
- Relevant to engineering and
technical aspects of marine energy
- Any language (must have an English
title and abstract)

TN R

How should | contribute?

% Email
tethys@pnnl.gov

/v\ S PRIMRE *INREL *v/ i)




Contributing to Tethys & Tethys Eng.

Other Ways to Contribute

Register for an account and link your author profile.

T TN

Update your organization’s description.

Submit photos to the Photo Library. %lteth,fg‘:,ﬂ,.,gw I

Submit an event for the Events Calendar.

[ EE G o M

Submit content for the Tethys Blast & Tethys Engineering Blast.

' PRIMRE LINREL , 7, ()i
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Contributing to MRE Software

MRE Software is a collection

of software relevant to MRE
evelopment, including the
MRE Code Hub and the

PRIMRE Code Catalog.

-7/.‘

SR PRIMRE

Open-source
MRE software

(on GitHub)

Highlights newly
released software

PRIMRE MREBasics  Knowledge Hubs  MRE Organizations ~ STEM ~

PRIMRE / Software

MRE Software

A collection of MRE relevant software, including the code hub and code catalog. The code hub is a collection of open source MRE software for simulating devices, and processing and analyzing
data. The code catalog is a searchable online software discovery platform with a faceted search to identify software tools, codes and other software products

\7

MRE Code Hub PRIMRE Code Catalog

The code hub is a collection of open-
source marine renewable energy (MRE)
software hosted on GitHub for data
acquisition, data processing and
visualization, simulation and modeling,
and resource assessment. This includes
software development by the National
Labs and the broader MRE community.

The code catalog is a searchable online
software discovery platform that allows
users to perform faceted searches to
identify software tools, codes and other
software products that they can use for
MRE related tasks. The code catalog
includes both commercial and open
source software.

View Code Hub View Code Catalog

Featured Software

\ Al

MHK:T

MHKIT is open-source marine renewable
energy (MRE) software, developed in
Python and MATLAB, that includes
modules for ingesting, quality
controlling, processing, visualizing, and
managing data. MHKIT-Python and
MHKIT-MATLAB provide robust and
verified functions in both Python and
MATLAB that are needed by the MRE
community to standardize data
processing

Access MHKi

[T

=3
i
=

NREL

Al MRE software,
commercial and
open-source

Best Practices for
open-source
software
development
(ongoing/future
work)

National

Pacific Northwest Laboratories



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

ontributing to MRE Software

AD
E ‘{jl P R

PRIMRE Code Catalog MRE Code Hub

e Searchable online software discovery e Repository for open-source MRE software,

platform with search facets for all includes a landing page with search
MRE relevant software functionality

PRIMRE

PRIMRE / Code Catalog

MRE Basics Knowledge Hubs MRE Organizations STEM ~

MRE Code Hub

“h MeranTUEet oo Energy Eficency &
ENERGY |rencwatio Enorgy

Code Catalog

Explore the PRIMRE Code Catalog to find software relevant to MRE
research, analyses, performance assessment, LCOE, and more.

T R

Browse MRE Code Mub Repositories

Search the PRIMRE the Code Catalog
search Q

Need help finding the right software teols for
your MRE-related tasks?

* PRIMRE Code Catalog

Filter Results By: Showing 41 results

Reset all filters

Search MRE Code Hub Source Code

—_—
y‘ Register Your Software

ANSYS AQWA

R CTRENGLEEICY Jan 01, 2010

License Type

Ol T

Looking for othar MRE rescurcos?

PRIMRE

® Al License Types Website: ANSYS AQWAZ
Build Status:

Development Status:

O Apache License 2.0

OBSD 3-Clause New’ or ‘Revised License

Ansys Aqwa software addresses the vast majority of analysis
requirements associated with hydrodynamic assessment of
all types of offshore and marine structures. These include
SPARS, FPSOs, Semi-submersibles, Tension leg platforms,
Ships, Renewable energy devices, and Breakwaters. Aqwa
has been used extensively in the oil & gas, renewable and
general engineering sectors to model installation and use of
equipment In open water as well as in harbors or sheltered

O GNU Affero General Public License v3.0
O GNU General Public License v3.0

O GNU Lesser General Public License v2.1
O GNU General Public License v2.0
OMIT License

Modification Date: Jul 15, 2020

License Type: Commercial Software

Source Code:

Dependencies: ANSYS AQWA License

Sandia

MRE

i iNREL

PaCIfIC Northwest

National _
Laboratories




PRIMRE Code Catalog Submission

Launch MRE Code Submission Form Submission Form
e Click MRE Code Submission Form button e Mix of required and optional
at the bottom of Code Catalog list metadata/properties for software

pyTurbSim
“ Website: pyTurbSime? ’ -
2 b MRE Code Catalog Submission Informati
Development Status
pyTurbSim is a turbulence simulation tool for HydroKinetic

(tdal, river and ocean-current) turbine device design tools  Modification Date: May 08, 2013 Title
(eg. NWTC's FAST). It is also an effective development
platform for new TurbSim spectral models.

License Type: Apache License 2.0 WEC Code
Source Code:
Dependencies:

Python Cost:

ssibility barrier, a publicly accessible s also required b

Contact: Levi Kilcher

Submission Type

Online Forum: pyTurbSim Issues:

Submit/Edit Code

le Submission Form

Description

PRIMRE Guidelines

This portalis sponsored by the U S. Department of Energy, Office of Energy Efficiency and Rer
bo ontract Number DE-ACO5-76RLOIB30 with the Pacific Northy

wment retains, and the publisher, by accepting the article
m of this manuscript, or allow others to do so, for United States Government purp

) under Contract Num
003525 with Sandia National Lat
nment retains a non:

project ted Sta
the pub

Category: PRIMRE Author

ated or contr

- 3 5 . 3 -
About Opentl Get Involved Contact - Disclaimers  HelpsPrint Page Special Pages Upload File - Developer Services Feedback
Openkl is developed/éid maintained by the National Renewable Energy Laboratorywith funding and support from the U.S. Department of

Organization
Energy and a network of International Partners & Sponsors i

Last modified 0

PRIMRE

Creative Commons Zero unl oted i

: e

INREL 7 Nt
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MRE Code Hub Submission

Launch MRE Code Submission Form
e Click Register Your Software link

MRE Code Hub

S

-source software for the

ergy MRE) cmm

Browse MRE Code Hub Repositories
Browse the full list of registered MRE Code Hub
repositories that have been contributed by the

National Labs and the broader MRE community.

Search MRE Code Hub Source Code

N
—

text code search across all repositories in the MRE
Code Hub.

—
\J Register Your Software
Click here to register your software so it can be

> Looking for specific code examples? Perform a full-

_J discovered and shared with the MRE community.

U.8. DEPARTMENT OF

RGY

Energy Efficiency &
Renewable Energy

% Contact Us

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

O PRIMRE Code Catalog
vi .

Looking for other MRE resources?

PRIMRE

Visit the Por
on Ma

Featured Software

< PRIMRE

N\ A

Submission Form
e Same form used for MRE Code Catalog
e Open-source GitHub repositories will be added to
MRE Code Hub GitHub repository by PRIMRE team

| Adding: PRIMRE/Code Catalog/WEC Code

MRE Code Catalog Submission Information

Title

WEC Code

Landing Page

Description

Tags
Entera

Author

Organization

Sandia
m National
Laboratories

i iNREL

PaCIfIC Northwest



https://github.com/MRE-Code-Hub

Contributing to the PRIMRE Wiki

PRIMRE | MREBasics Knowledge Hubs  MRE Organizations  STEM ~

Several of PRIMRE’s Knowledge

Hubs and other content pages |
exist in the PRIMRE wiki: Marine Renewable Energy (MRE)

The movement of water in the world's oceans creates a vast store of kinetic energy. Marine Renewable Energy (MRE), also known as Marine Hydrokinetics
(MHK), can be harnessed to generate electricity to power homes, transport and industries. MRE encompasses wave power — power from the movement of

[ [
[ ] M arl n e E nergy Pr0] ects surface waves, tidal power — power from the kinetic energy of large bodies of moving water, ocean current power — power from the kinetic energy of ocean

current, and ocean thermal energy conversion (OTEC) — power from the heat differential of different thermal layers within a body of water.

Ocean surface waves are generated by wind passing over the ocean surface. The friction between

the wind and ocean surface causes energy to be transferred from the faster moving air to the

[ ] Eve nts surface layer of the ocean. Wave development depends on the length of ocean, or “fetch,” over
which the wind blows in a constant direction. Longer fetches with higher wind velocities will

. produce larger waves. Waves can travel thousands of miles with little energy loss and can combine

] M R E B as‘ cs with waves from storms and other wind-driven events to create very energetic seas. The energy of

ocean waves is concentrated at the surface and decays rapidly with depth.

Current energy can be captured from tidal channels, ocean currents, or rivers. Ocean current energy
technologies capture the energy from the relatively constant flow of ocean currents, which are
driven by several factors, including wind, bathymetry, and the rotation of the Earth, as well as water
temperature, density, and salinity. Tidal energy technologies capture the energy from flow induced
by the rise and fall of tides, which is driven by gravitational influence of the moon and sun on the
earth’s oceans. Land or subsea constrictions, such as straits and inlets, can create high velocity
currents at specific sites, making them suitable for electricity generation. Riverine energy
technologies extract the kinetic energy from flowing water in rivers to generate electricity. Although
not technically a marine resource, as part of the natural hydrological cycle, precipitation from
Current Energy drainage basins, groundwater springs, and snow melt feed rivers that flow towards lakes, seas, and

&S PRIMRE SNREL ks

Laboratories

Wave Energy

- Other pages

“

PaCIfIC Northwest




Contributing to the PRIMRE Wiki

To contribute: @

e find a specific “add” link | oo e -
o e.g.add an upcoming event on Events

</> Edit
] ] D History
e clickthe : nthe upperright corner of the
W Delete
page. »
I M
o Edit with Form ove
m Complete a convenient web form O Protect
o Edit R watch
m Use wiki syntax to add or edit content < Refresh

m More information on wiki editing via
“Help” at the bottom of each page.

e add an edit history note and click Save page.

- Edit history:| Update tim¢
(J This is a minor edit (J Watch this page

I:izt\ Save page Show preview Show changes  Cancel | Editing help (opens in a new window)
SAPRIMRE
\ \

Event Title
Contributing Data and Information to PRIMRE

Values are derived automatically from the wiki page name.
Description

PRIMRE (Portal and Repository for Information on Marine Renewable
Energy) is WPTO's centralized system for storing, curating, and
disseminating data and information for all aspects of marine energy.
All data and information generated from WPTO national lab,
university, and industry projects will find a home somewhere in

Provide a summary of the event

Start Date

28 July v|| 2021
End Date

28 July vl 2021
Time(Optional)

7:00-8:00 PM UTC

Please specify a timezone when listing a time, e.g. 2:200 PM MDT

Pacific Ng(lthyyest



https://openei.org/wiki/Form:Event
https://openei.org/wiki/Help:Contents

QH"

ontributing to the PRIMRE Wiki
@

More helpful actions:

e Full edit history available for each page

e You can watch a page to receive emails
showing any updates, including who edited
what and when.

3 [
e Available underthe : menu.
Revision as of 22:21, 17 June 2021 (edit)
Cesar.castillo (talk | contribs | block)
«— Older edit
Line 39: Line 39:
</div> </div>

<div class="col-xs-12 col-sm-6">

<div class="hide-p">{{Calendar_Event_List|tags=MRE|datemin=-1
week|datemax=1 month|viewall=PRIMRE/Events|title=Upcoming Events}}</div>

</div> </div>

</div> </div>

PRIN\RE

<div class="col-xs-12 col-sm-6">

$= Edit with form

</> Edit

D History
W Delete
M Move

U Protect
M watch

Revision as of 22:21, 17 June 2021 (edit) (undo)
Cesar.castillo (talk | contribs | block)
Newer edit — [OMark as patrolled]

<div class="hide-p">{{Calendar_Event_List|tags=MRE|datemin=-1
week|datemax=1 week|viewall=PRIMRE/Events|title=Upcoming Events}}</div>

Revision history of "PRIMRE"

Browse history

’From month (and earl.ier):

Diff selection: Mark the radio boxes of the revisions to compare and hit enter or the button at
Legend: (cur) = difference with latest revision, (prev) = difference with preceding revision, m =

From year (and earlier): lZOZI

(newest | oldest) View (newer 50 | older 50) (20 | 50 | 100 | 250 | 500)
Compare selected revisions

] (cur | prev) O 16:59, 6July 2021 Cesar.castillo (talk | contribs | bLock) (4 198 bytes)

= {(cur | prev) © 22 21 17 June 2021 CesarcastlLlo (tatk | contribs | bLock) (4 198  bytes) (
= (cur IVVpre\V/)@” ~22:21,17 June 2021 VCVersrarr:;asrtlLlp (talrkrlﬁcor)tnbs |rquck) .. (4,199 bytes) (
= (cur|prev)O  17:33,9 June 2021 Whitij (talk | contribs | block) .. (4,199 bytes) (-4) . . (ur
= (cur|prev)O  17:54, 9 February 2021 Kmruehl (talk | contribs | block) m.. (4,203 bytes

= (cur|prev)O  20:24,19 January 2021 Cesar.castillo (talk | contribs | block) .. (4,216 byt

= (cur|prev)O  15:51, 7 January 2021 Jweers (talk | contribs | block) . . (4,096 bytes) (-26(
overlapping the search field on many displays)) (undo)

= (cur|prev)O  19:30, 22 December 2020 Kmruehl (talk | contribs | block) . . (4,356 byte
(undo)

= (cur|prev)O  20:44,17 November 2020 Rbaranowski (talk | contribs | block) m..(4:2

= (cur|prev)O  23:16, 6 November 2020 Avimont (talk | contribs | block) .. (4,272 bytes

= (cur|prev)O  22:13, 6 November 2020 Avimont (talk | contribs | block) . . (4,242 bytes

= (cur|prev)O  16:38, 29 October 2020 Kmruehl (talk | contribs | block) . . (4,302 bytes)
2nd webinar) (undo)

i iNREL

Sandia
m National
Laboratories

Pacnfac Northwest
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Contributing to PRIMRE

There are a lot of different ways to contribute to PRIMRE.

Not sure? Go to https://primre.org/Contribute and select “Help Me Choose”

PRIMRE

MRE Basics

Knowledge Hubs

MRE Organizations STEM ~

PRIMRE / Contributing to PRIMRE

How to Contribute to PRIMRE? ...

Submissions to PRIMRE from researchers, academics, and developers involved in the Marine Energy (ME) industry are highly encouraged. The table below helps identify the appropriate knowledge hub for each type of content. Any questions or requests for

guidance on how to contribute content to PRIMRE can be directed to the PRIMRE Help email address.

Help me choose.

MPX

MHK Data Repository

The Marine Hydrokinetic Data
Repository (MHKDR) is the repository
for data collected using funds from the
Water Power Technologies Office of the
U.S. Department of Energy (DOE). It
contains data on MHK devices, testing,
resource and environmental impact
assessments, cost analyses, and more.

<PRIMRE

JTETHYS

Tethys

Tethys facilitates the exchange of
information and data on the
environmental effects of wind and
marine renewable energy technologies
and serves as a commons for wind and
marine renewable energy practitioners
and therefore enhance the
connectedness of the renewable energy
community.

View Tethys

Tethys Engineering

Tethys Engineering stores documents
from around the world about the
technical and engineering aspects of
marine renewable energy.

View Tethys Engineering

Telesto

Telesto is home to open source Wikis
and Databases which provide a
comprehensive explanation of and

quidance for MRE testing, measurement,

and data processing based on
experience, lessons learned from prior
laboratory and field testing, industry
standards, and best practices.

Visit Telesto

MRE Software

A collection of MRE relevant software,
including the code hub and code
catalog. The code hub is a collection of
open source MRE software for
simulating devices, and processing and
analyzing data. The code catalog is a
searchable online software discovery
platform with a faceted search to
identify software tools, codes and other
software products.

View MRE Software

o

Pacific Northwest

Sandia
National _
Laboratories



https://primre.org/Contribute

Contributing to PRIMRE

There are a lot of different ways to contribute to PRIMRE.
Not sure? Go to https://primre.org/Contribute and select “Help Me Choose”

Help me choose.

Answer the questions below to narrow the options

Are you adding a Document (e.g. publication, report, conference paper) (] l h 24
or Image/Diagram (e.g., device, technology)? H e p Me c oose
O Yes, adding document / image / diagram to Tethys

- Answer a few simple questions to

What sort of data?

e - narrow down the options

O Open source code or to register your commercial software product

O Content for one of PRIMRE's wiki pages, including the Project's Database and Telesto

MPX

MHK Data Repository

The Marine Hydrokinetic Data
Repository (MHKDR) is the repository
for data collected using funds from the
Water Power Technologies Office of the
U.S. Department of Energy (DOE). It
contains data on MHK devices, testing,
_7/ resource and environmental impact

SR PRIMRE CINREL .37

Sandia
I‘l National
Pacific Northwest Laboratories



https://primre.org/Contribute

Contributing to PRIMRE

What should | not contribute?

- Personally Identifiable Information (PIl)
* Social security numbers
 Bank account numbers

« Home phone numbers and personal addresses of v
individuals not involved directly in the authoring

of the data
« “Any piece of information or combination of
pieces that could be used to compromise the
identity of an individual”
- Data not suitable for (eventual) public

release

SR PRIMRE LINREL 7., ()

Pacific Northwest Laboratories




Consider a PRIMRE Signature Project

PRIMRE MREBasics Knowledge Hubs  MRE Organizations ~ STEM ~

e Selected projects
and initiatives
funded by U.S. DOE
WPTO

PRIMRE / Signature Projects

| 8y

Signature Projects

Signature Projects are intended to bring focus to a selection of U.S. Department of Energy's Water Power Technologies Office (WPTO) (4" projects. By designating a Signature Project, the project
reports, datasets, and associated papers can be easily discoverable. By bringing together all aspects of a project, whether a completed legacy project or an ongoing investigation, the MRE
community can be informed of what investigations have been undertaken, which have succeeded, what tools are available, and where gaps in information persist.

WPTO projects that are featured as Signature Projects are those for which project outputs are scattered across platforms or are difficult to find; or where the formal project has ended but papers
are continuing to accrue. Many of these Signature Projects will be of interest internationally, feature key lessons that have been learned, and may have been the result of collaborations by
multiple organizations

Project Description

WEC-Sim(# WEC-Sim (Wave Energy Converter SIMulator) is an open-source code, developed in MATLAB/SIMULINK, for simulating wave energy converters.

e All project reports,
datasets, and
associated papers
are made more
easily discoverable

The Reference Model Project (RMP) was a partnered effort to develop open-source marine hydrokinetic (MHK) point designs as reference models to benchmark
MHK technology performance and costs, and an open-source methodology for design and analysis of MHK technologies, including models for estimating their
capital costs, operational costs, and levelized costs of energy.

Reference Model
Project(#

The International Electrotechnical Commission (IEC) Technical Committee 114 (TC 114) was established in 2007 to develop international, consensus-based
IECTCN4Z standards for the marine energy industry. The U.S. Department of Energy provides funding to enable qualified U.S. industry technical experts to populate TC 114
project teams and promote the development of standards.

EFES PR

Advanced WEC Dynamics | Sandia National Laboratories’ Advanced WEC (Wave Energy Converter) Dynamics and Controls project focuses on transitioning control design approaches from
& Controls(#' simplified paper studies to application in full-scale devices.

IR

In order to increase cybersecurity awareness within the MRE industry, the U.S. Department of Energy’s Water Power Technologies Office funded Pacific
MRE Cybersecurity (4 Northwest National Laboratory to develop guidance documents that describes a cybersecurity risk framework for MRE developers and end users to integrate
security best practices into the MRE system Lifecycle.

Resource Characterization is a multi-lab project that builds on earlier WPTO-funded resource characterization efforts and is organized around five primary activity

Resource - - :

Characterization areas: wave modelling and analysis, tidal current modelling and analysis, resource characterization and classification, resource measurement, and data
& : -

dissemination.

MHKIT (Marine and Hydrokinetic Toolkit) is an open-source marine renewable energy (MRE) software, developed in Python and MATLAB, that includes modules

MHKIT (' < ) : ; Bl
for ingesting, quality controlling, processing, visualizing, and managing data.
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Consider a PRIMRE Signature Project
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Home » Glossary » Help » Resource » Resource Characterization

Signature Projects are intended to bring focus to a selection of U.S. Department of Energy's Water Power Technologies Office (WPTO) & projects. By
designating a Signature Project, the project reports, datasets, and associated papers can be easily discoverable. By bringing together all aspects of a project,
whether a completed legacy project or an ongoing investigation, the MRE community can be informed of what investigations have been undertaken, which have
succeeded, what tools are available, and where gaps in information persist.

Resource Characterization

Project Purpose

Signature Project

Since 2016, the Resource Characterization project has been motivated by a recognition that detailed resource it
data is critical to the success of the marine energy industry. This Resource Characterization project also builds  gyagus:

Resource Characterization

ongoing
on earlier WPTO-funded resource characterization efforts & published between 2011 and 2015. For
N e Start Date: Januery 2016
more information on the work being done by individuals labs, check out NREL’s Characterization page ,
PNNL's Characterization page, and Sandia’s Characterization page 7. EndDete” Zeptober 2022
Organization: National Renewable Energy

Laboratory (NREL), Pacific
Northwest National Laboratory
(PNNL), Sandia National
Laboratories (SNL)

Project Description

Phase I of this project (2016-2018) collected and generated a large amount of resource data, developed high-
resolution wave and tidal models, and developed a wave energy resource classification scheme. In Phase 2 of
this project (2019-2022), the goal is to lower the cost of marine energy and accelerate marine energy
technology development by refining, extending, and disseminating the data necessary for engineering robust
and efficient marine energy devices and projects.

Lovi Kilchr, Zhaosing Yams.
Vincent Neary

Project Methods

The project is organized around five primary activity areas: wave modelling and analysis, tidal current modelling and analysis, resource characterization and

resource , and data PNNL leads the modelling efforts, Sandia leads characterization and classification work, and NREL
serves as the lead for resource measurements, data dissemination, and the overall project. Al of these activities are conducted with careful attention to best
practices and methods by the c 's (IEC) Technical Committee (TC) 114 . The project also has
several public and private partners and holds quarterly calls with a steering committee of international experts and U.S. industry representatives to solicit guidance
on key project decisions.

Key Findings/Applications

The data and tools generated by this project can be used for device design and optimal siting processes for technology developers, economic assessments for project
developers, energy assessments (power supply and energy portfolio diversification) for regional planners and policy makers, operational reliability and economic
assessments for utilities and investors, environmental impacts studies for regulatory agencies.

Wave Model

g and Analysis

« High-resolution wave models for all of the US coastal regions extending to the exclusive economic zone (EEZ) (Allahdadi et al 2019, Wu et al. 2020,
Yang et al. 2020, Garcia-Medina et al. 2021, Li et al. 2021). All hindcast data are in the process of being made publicly available on the Open Energy
Data Initiative’s Cloud server &. Data include six IEC parameters (significant wave height, mean wave energy period, omni-directional wave power,
spectral width, maximum energy direction, directionality coefficient) and several other variables (mean peak wave period, mean zero-crossing period, mean
absolute period) and extend 32 years (1979-2010) in 3-hour temporal resolution, with horizontal spatial resolution as fine as 200 m in shallow water.
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Signature Projects are intended to bring focus to a selection of U.S. Department of Energy's Water Power Technologies Office (WPTO) & projects. By
designating a Signature Project, the project reports, datasets, and associated papers can be easily discoverable. By bringing together all aspects of a project,
whether a completed legacy project or an ongoing investigation, the MRE community can be informed of what investigations have been undertaken, which have
succeeded, what tools are available, and where gaps in information persist.

MHKIT

Project Purpose

Signature Project

The ability to collect, ingest, condition, reduce, quality control, process, visualize, and store data is critical at MHKIT
all stages of marine energy research and technology/project development. MHKIT empowers the marine
energy industry by providing a toolbox of marine energy specific functionality that enables rapid data
processing using opensource, verified, and industry standard data handling, allowing for the community to
collaboratively develop and expand MHKIT based on industry needs.

Ongoing
September 2019

External Link &
Organization: National Renewable Energy.
Laboratory (NREL), Pacific
Northwest National Laboratory
(PNNL), Sandia National
Laboratories (SNL)

Project Description

MHKIT is an open-source marine energy software, developed in Python and MATLAB, that includes modules for
ingesting, quality controlling, processing, visualizing, and managing data. MHKIT-Python @ and MHKiT-
MATLAB ¢ provide robust and verified functions in both Python and MATLAB that are needed by the marine e )
energy community to standardize data processing. Calculations and visualizations adhere to International

Electrotechnical Commission (IEC) technical specifications and other guidelines.

MHKIT is developed as a collaboration between the National Renewable Energy Laboratory (NREL), Pacific
Northwest National Laboratory (PNNL), and Sandia National Laboratories (SNL). Development of MHKIT is
funded by the U.S. Department of Energy’s Water Power Technologies Office.

Project Methods

~
The MHKIT team leverages previous efforts by the National Labs and guidance from the IEC standards to | ol
develop robust and standardized code to be used by the marine energy community. By being an open source s
project, hosted on GitHub, the marine energy community can take an active role in defining future

development in MHKIT but submitting ideas for functionality and code for review to be included in MHKIT. More

functionality will continue to be added to MHKIT as the industry evolves, and new standardized code needs emerge.

Key Findings/Applications
MHKIT provides the following benefits to the marine energy community:
« Eliminates the common code creation across the marine energy field
« Offers standardized, referenceable, and readable code base
« Enables rapid data processing
« Creates a data flow of quality control (QC), analysis, and visualization

« Offers a common development platform across the marine energy community where issues are discussed, and features are expanded
« Assists developers in device certification for insurance, regulator bodies, and investors

Associated Marine Energy Engineering Documents

Total results: 4

Content Type: Search:
Title Author Datev [EESES Technology Collection Method
Content
MHKiT-MATLAB: Introduction and February Marine Energy, Field Data, Lab Data,
Demonstration Fao, R., Olson, S. 2021 Presentation | ¢\ rant, Wave Modeling
MHKIT-Python: Introduction and February _ Marine Energy, Field Data, Lab Data,
Demonstration ESc R Olsonz=- 2021 Ee=e o o Wave Modeling
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Home » Signature Projects » Connections » MRE Cybersecurity
Signature Projects are intended to bring focus to a selection of U.S. Department of Energy's Water Power Technologies Office (WPTO) & projects. By
designating a Signature Project, the project reports, datasets, and associated papers can be easily discoverable. By bringing together all aspects of a project,

whether a completed legacy project or an ongoing investigation, the MRE community can be informed of what investigations have been undertaken, which have
succeeded, what tools are available, and where gaps i information persist.

MRE Cybersecurity

Project Purpose

Signature Project

The purpose of the project is to provide guidance to secure marine renewable energy (MRE) systems from Title: MRE Cybarsecurtty
cyberattacks and improve the resiliency of MRE systems as a predictable, affordable, and reliable source of

i ¢ Statu Ongoing
energy from oceans and rivers. R v —
Project Description End Date: April 2021

Organization: Pacific Northwest National
‘The advanced operational and information technology used in MRE system designs creates the potential for a Laboratory (PNNL)
cyberattack. Cyber threat actors with malicious intent could target vulnerable MRE systems to gain paintaf Contact:  Fleurdaliza Da Peralta &3

unauthorized access to data or disrupt operation. In order to increase cybersecurity awareness within the MRE
industry, the U.S. Department of Energy’s Water Power Technologies Office (WPTO) funded Pacific Northwest
National Laboratory (PNNL) to develop guidance documents that describes a cybersecurity risk framework for
MRE developers and end users to integrate security best practices into the MRE system lifecycle (e.g., design,

operation, and The guidance documents provided an approach to determine
the MRE system's cybersecurity risk (Low, Moderate, or High) and identified risk-based best practices to secure
the Information Technology and Operational Technology components

Project Methods

The research involved identifying different network architectures and configurations for an MRE system in
order to determine the types of cyber threats to evaluate, Information on MRE system designs is obtained
from open source and formal request for information from MRE stakeholders (e.g., system developers and
end-users).

The project activities included two focus areas: (1) Identify Cybersecurity Vulnerabilities and (2) Develop
Cybersecurity Guidance. The Cybersecurity Framework developed by the National Institute of Standards and
Technology (NIST) was followed to generate best practice security controls that were included in the MRE
Cybersecurity Guidance. The guidance documents developed from this project were based on initial engagements with MRE stakeholders and knowledge of
components used in MRE systems. As MRE system technology evolves and cyber threats increase, the best practice security measures developed from this project
could be used, in conjunction with other industry developed guidance.

Key Findings/Applications

de Peralta et al. 2020a provides the results of Focus 1 and describes a framework for determining the cybersecurity risk of an MRE system and its end use. The
framework was based on MRE system assets, network architecture, and operational configurations; the vulnerabilities that the assets will have to a cyberattack
based on known threats to industrial control systems in the energy sector; and the consequences of a cyberattack on the end user. The resultant framework can be
used by MRE developers and end users to determine their cybersecurity risk posture.

de Peralta et al. 2020b provides the results of Focus 2 and describes cybersecurity best practices commensurate with the risk of affecting the business and mission
objectives of the end user. The cybersecurity best practices implement the controls of NIST CSF (e.g., identify, detect, protect, respond, and recover). The methods
to protect MRE systems were based on recommended strategies to mitigate known threats to the energy sector and security measures to protect IT/OT systems. The
cybersecurity best practices were tailored to protect MRE systems and their end use from a cyberattack.

National
Pacific Northwest Laboratories
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PRIMRE is here for you!

e PRIMRE: brings together information and data

pertinent to marine energy
e Divided into knowledge hubs, based on the type of

information

e Managed and updated by the national labs for WPTO

e Central location for finding data, analyses, papers,
reports, and guidance

e Success depends on contribution to and use of

information
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Next Steps in PRIMRE

« New Knowledge Hub: Marine Energy Atlas
« Lessons learned

- International databases, GIS for Ocean Energy

Systems

- Redesign Marine Energy Project Database

DINREL , o7, ()i
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PRIMRE Team

NREL PNNL Sandia
Jon Weers* Andrea Copping* Kelley Ruehl*
Tom King Jonathan Whiting Cesar Castillo
RJ Scavo Lysel Garavelli Mina Faltas §
WPTO Hayley Farr William Peplinski
Alison Johnson Chitra Sivaraman

* Principal Investigator
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Thank You!

Andrea Copping
andrea.copping@pnnl.gov
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Jon Weers
jon.weers@nrel.gov

Jonathan Whiting
jonathan.whiting@pnnl.gov

Cesar Castillo
crcasti@sandia.qov

Test (enurs

PRIMRE
https://primre.org

=3 Sandia
PRIMREHelp@aroups.nrel.qov “NREL Pacific Northwest @ e

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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