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Did you see the user workshops?

nrel.github.io/WETOStack youtube.com/@rafmudaf
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2024 User Workshops

Workshops Recent/Ongaing Opensast oeviopmens-waro. g3 WETO Stack User
This series of workshops has passed. See R i K -

YouTube Searct Q ’ = 0 @
1 WETO Software Stack [ > ] earch 0 (€ O

2024 NAWEA | WindTech Workshops Report for more info. Workshops 2024
Workshops o
Rafael Mudafort
2024 User Workshops ~ The Holistic Modeling Portfolio Coordination Project is hosting a series of workshops in
2024 Workshops Report June 2024 to discuss the current state and future direction of the WETO Software Stack. . PSS
ivi i i i " — 4videos 64 views Updated today

2023 NAWEA / WindTech Individual workshops will be held for different topic areas covering a subset of software ® i
Workshops within the WETO Software Stack. The workshops will be conducted via Microsoft Teams at No description

the dates and times listed below, and registration is required. Anyone interested is
2023 Model Owners v < s A
Workshop encouraged to attend, and the target audience is current and prospective users of WETO >3 shuffle

software.

Portfolio Analysis

- Date  Time Topic Area Relevant Software = Sort
Software Listing

Software Attributes WETO Stack User Workshops 2024 - OpenFAST Ecosystem

Technical Areas Rafael Mudafort + 112 views * 3 months ago

Capabilities v

June 8-10 am TEA, cost ORBIT, LandBOSSE, WOMBAT, NRWAL,

Depedencies 12 MDT modelin: CORAL
2 ') WETO Stack User Workshops 2024 - Wind Farm Controls and

Attribute Schema Analysis

June 7-9 am Controls FLORIS, FLASC, Hercules, OpenOA — . Y

— 18 MDT .- Rafael Mudafort - 101 views - 3 months ago
Research Software Best June  7-9am OpenFAST+ OpenFAST, FAST.Farm, ROSCO, and WETO Stack User Workshops 2024 - TEA & Cost Models
Practi ; 1
ractices 20 MDT associated tools . Rafael Mudafort - 77 views - 3 months ago

Developer Training -

@ Contact ‘BEETTTR) WETO Stack User Workshops 2024 - Systems Engineering

Rafael Mudafort + 110 views + 3 months ago

Please contact Rafael Mudafort (rafael. mudafort@nrel.gov) with any questions. =

A Schedule Changes

»_The HEM warkshon (AMR Wind_Nalu Wind_FRF_OnenTurhine) ariginally

NREL



Agenda

Csecion T ountonJTme

Intro to Holistic Modeling Project 5’ 0:00 - 0:05
WETO Stack Overview 10’ 0:05-0:15
WETO Stack Dashboard 10’ 0:15-0:25
Best Practices 5 0:25-0:30
Community Discussion 30" — 45’ 0:30-0:45
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Holistic Modeling Project

WETO Software Portfolio Coordination



US DOE & Lab-based Wind Research Projects
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wind systems; reduce the cost of wind energy;
drive deployment in an environmentally conscious
manner; and facilitate the integration of high
levels of wind energy with the electric grid.

~
- A
frreerer III|

Argonne

NATIONAL
LABORATORY

BERKELEY LAB

Lawrence Berkeley
National Laboratory

https://www.energy.gov/eere/wind/wind-energy-technologies-office-projects-map

NRELs active WETO projects

Study on the Potential Application of Additive Manufacturing in Wind Turbine Components and Teooling

Enabling Larger Rotors Through Modular, Customizable, Inflatable Blades
Eagle Topic Area 3 Funding Opportunity Announcement (FOA) Support
Co-Simulation Study and Control of a Wind Farm for Conversion Services
Continental-Scale Transmission Modeling Methods for Grid Integration Analysis
Atmosphere to Electrons to Grid (A2e2g)
Fusion Joining of Thermoplastic Composites Using Energy Efficient Processes (TCF)

Automating In-Situ Grinding and Repair for Thermoplastic Blades
Codesign and Intelligent Approaches for Cost-Effective Operation and Maintenance of Generators and Power Converters

Modeling and Validation for Offshore Wind
Wind Power as Virtual Synchronous Generation (WindVsG)
Technology Development and Innovation to Address Operational Challenges
Evaluating Deterrent Stimuli for Increasing Species-Specific Effectiveness of an Advanced Ultrasonic Accustic Deterrent
. . . . North American Renewable Integration Stud:
High-Fidelity Modeling € Y
wind Turbine Drivetrain Reliability Assessment and Remaining Useful Life Prediction (TCF)
Enabling Autonomous Wind Plants through Consensus Control (TCF)

. . North American Energy Resiliency Model (NAERM)
Big Adaptive Rotor

Floating Downwind Turbines:
Wind Standards Development

Energy Sector Modeling and Impacts Analysis
A Conceptual System-Level Design and Feasibility Study for U.S. Waters
Multiscale Integration of Control Systems (EMS/DMS/BMS)

Advanced Modeling, Dynamic Stability Anmalysis, and Mitigation of Control Interactions in Wind Power Plants
Wind Grid Integration Stakeholder Engagement

Atmosphere to Electrons (A2e) Performance Risk, Uncertainty and Finance (PRUF) Analysis Support
Working Together to Resolve Environmental Effects of Wind Energy (WREN)
High-Fidelity Modeling Toolkit for Wind Farm Development

Lawrence Livermore
National Laboratory

o

%= Sandia
- Pacific Northwest ﬂ" National
NATIONAL RENEWABLE ENERGY LABORATORY NATIONAL LABORATORY Laboratories

NREL |
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https://www.energy.gov/eere/wind/wind-energy-technologies-office-projects-map

Holistic Modeling Project

Obijective Project Timeline

Past: Loose collection of software Future: Cohesive software stack

2023
(] O — _—
®- e e

Y

. ‘ ‘ Identify existing Coordinated
software roadmap
s ~EE-u _
)
Characterize current Model
portfolio interoperability
@
| Establish model Combined developer
owner community and user community
L _________| engagement
Propose best E
practices '
v ¥
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WETO Software Stack

Overview



WETO Software Stack

Grouped by what it does

OpenFAST

e — Engineeringfidelity Physics WETO Software Portfolio

DW TAP
AMR Wind
pyNuMAD
High Fidelity Models ERF
Nalu Wind

OpenTurbine

https.//nrel.githu b.io/ WETOSta ck/portfolio_an alysis/software_list htm|

NREL
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WETO Software Stack

Wind turbine
and wind farm
mid-fidelity
physics

Grouped by how its used

System-level optimizations with
multi-physics and multi-fidelities

e

Nalu Wind ERF

High Fidelity Modeling

WETO Software Portfolio

AMR Wind

| ——

OpenTurbine

Wind turbine
and wind plant
costs for
installation and
operation, cost
forecasting

Detailed
aerodynamics
and structural
dynamics

Wind farm energy
production, energy loss
identification, and loss
reduction through
farm-level controls

NREL | 9



pietro.bortolotti@nrel.gov

Systems Engineering

4 )

WEIS
WISDEM - System-
level design J

A 4

OpenFAST - Aeroelastics ]

\

optimization

A

ROSCO - Turbine controls

S

Updated

J

CEE Y T PPy 24

PUGNN——

1
1
i
i
i blade == SONATA - 6x6 stiffness matrix %““ ! Direct ——>
i model A i
: : | Indirect ====--- >
. : 1
. PYNUMAD - High- |l ; Loads ! IN Progress woeeeeessesn: >
""""" fidelity structural e
analysis

[ WindSE - RANS for systems engineering ]

Adapted from Big Adap tive Rotor (BAR) project
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matt.shields@nrel.gov

Technoeconomic Analysis / Cost Modeling

Energy Yield

\ NRWAL: Offshore wind

Wind farm AEP estimate system cost and scaling model

FLORIS

CapEx

Balance-of-System
LandBOSSE
HybridBOSSE

ORBIT = >

Shared BOS Infrastructure
CORAL

Wind Asset Value Estimate
WAVES

OpEx

WOMBAT

Operation & Maintenance ]

/
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paul.fleming@nrel.gov

Wind Farm Controls and Analysis

FLORIS: Steady-state
modeling, farm
controls optimization

FLASC: Validate FLORIS model with
SCADA, compare control methods

11 : ‘

10 s {%2—-—9-4

Zo9 ; o !

£ i !

308 } :

§07 1 —— Fleld Baseline

g0 : —— Field Controlled

ﬁ = L ~~- FLORIS Baseline, Measured Offsets

05 -~ FLORIS Controlled, Measured Offsets
04

—— Fleld Gain
- FLORIS Gain, Measured Offsets

- FLORIS Gain, Ideal Offsets Hercules: Realtime h |g h-

Change in Energy Ratio (-}
=
g

X - FLORIS Gain, Expected Offsets . . .

_ o A fidelity simulator for

-o0s v : hybrid power plants with
-“'mms 2o s Tw ;s me 2 0 @ 2w d SpeCiﬁC fOCLIS on Wlnd

wind Direction (%)

farm controls.

OpenOA: Characterize
plant performance and
quantify sources of
operational loss
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FAST+

OpenFAST

jason.jonkman@nrel.gov

External I
Conditions I

Applied
Loads

ROSCO

e I, |

Feirg e}

L=

N. J.Abbas et al.: A reference controller for wind turbines

ElastoDy n

FAST.Farm

~

Super Controller
Solves wind plant super
controller dynamics

Wake Advection,
ion, &

( OpenFAST

MAP++, MoorDyn,
or FEAMooring

OpenFAST v3.5.3documentation

(One instance per turbine;
subcycled; many modules)
Solves aero-hydro-servo-
elastic dynamics for an
individual wind turbine

Wake Dynamics
(One instance per rotor)
Calculates wake dynamics for
an individual rotor

FAST.Farm Driver
Calls individual modules,
derives module inputs from
outputs, & drives time-domain
solution forward

Ambient Wind &
Array Effects
Processes ambient wind &
wake interactions across the

wind plant

Meandering
Solves dynamic wake
advection, deflection, &
meandering for an individual

rotor

Near-Wake Correction
Calculates near-wake
(pressure-gradient-zone)
correction to wake deficit for
an individual rotor

ake-Deficit Increment

Increments the quasi-steady
axisymmetric wake deficit
downwind for an individual

rotor

Ambient Wind
Processes ambient wind
across the wind plant from a
high-fidelity precursor or an
interface to InflowWind

Wake Merging
Identifies zones of overlap
between all wakes across the
wind plant & merges their
wake deficits

openfast_toolbox

FAST.Farm User’s Guide
and Theory Man ual

NREL
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High Fidelity Models

é",’fl. /;:;/’ ?
Mesoscale: ERF

* Regional scale weather
e Scales 10 km to 1000 km

¢ WRF numerics & models, built on
AMReX

® GPU compatible
e Compressible

michael.a.sprague@nrel.gov

ExaWind

Upcoming workshop November 14
WETO Stack + High Fidelity Models

HFM-specific community discussion
https://nrel.github.io/WETOStack

Microscale: AMR-Wind

e Atmospheric boundary layer
¢ Scales less than 10 km

e Large Eddy Simulation built on
AMReX

® GPU compatible

e Structured grid with refinement
zones

K- Incompressible

Turbine scale: NALU-Wind

e Turbine, rotor, tower, nacelle
¢ Scales less than 1 km

e Unsteady Reynolds Averaged Navier
Stokes

® GPU compatible
e Unstructured grid, geometry

e Incompressible

resolving
NREL | 14/
NRE—



WETO Stack Dashboard




Intent & Contents nrel.github.io/WETOStack

WETO Stack dashboard will provide the following I WETO Softwa re S‘tack

information:

- The WETO-supported tools that enable a given task
- The state (maturity, stability) of included software

- The state of the WETO-support portfolio of software
- The current and future capabilities

- Updates and community-focused materials

NREL | 16



Intent & Contents nrel.github.io/WETOStack

W ETO St a ck d a Sh b oa rd Wi | I p rovid e t h e fol IOWi n g ese M- < S @ nrel.github.io/ WETOStackjworkshops/nawea_2023.html ¢, M o+

information: ¥ WETO Software Stack = 0L

The WETO-supported tools that enable a given task ame [=+x) 2023 NAWEA | WindTech Workshops
Workshops Following the 2023 NAWEA WindTech conference, NREL hosted a series of workshops related to the

Th e State ( m atu ri ty, Sta b i I ity) of i nCI ud e d Soft Wa re 2024 NAWEA | collection of wind energy software produced at the lab. Each workshop introduced a specific software

. WindTech Workshops project and provi practical st ions for ing and analysis. Additionally, an overview of the
Th e State Of th e WETO-SU p p 0 rt portfo I |O Of Softwa re 2024 User % WETO Software Stack and the work under the Holistic Modeling Project was provided along with a
re. e discussion of community needs. This page contains a listing of workshop recordings, where available,
The current and future capabilities g
WindTech Workshops

Updates and community-focused materials O @

Workshop

Workshops
and other presentation material.

WETO Software Stack Overview + Community
Discussion
Current Contents: ‘ -

Rafael Mudafort and Derek Slaughter covered an overview of the Holistic Modeling Project and the WETO

Software Listing 3 S i ¢ E
Software Portfolio coordination effort, in particular. An overview of the WETO Software Stack broken

- WO rks h (0] p reco rd i n gs an d re po rts Software Attributes down by technical area and ility was also d. Finally, a di ion of community needs was

Technical Areas held to help inform the direction of the Holistic Modeling Project and the WETO software, in general.

Capabilities ¥
& Click here to download the slides.
Depedencies

Attribute Schema o™
NAWEA 2023 Workshops - WETO SoftiiaieiStaek

WETO Software Portfolio
Resources

Research Software Best
Practices

Developer Training

Active funding, active development: 30 projects + 20%?

NREL | 17



Intent & Contents

WETO Stack dashboard will provide the following
information:

The WETO-supported tools that enable a given task
The state (maturity, stability) of included software
The state of the WETO-support portfolio of software
The current and future capabilities

Updates and community-focused materials

Current Contents:

- Workshop recordings and reports

- Software Listing: active, inactive, and “other status”
software

ece M- <
« WETO Software Stack

Q Search ® |+ K

Workshops
2024 NAWEA |
WindTech Workshops

2024 User v
Workshops

2023 NAWEA |
WindTech Workshops

2023 Model Owners v
Workshop

Portfolio Analysis

I Software Listing
Software Attributes
Technical Areas
Capabilities ~
Depedencies

Attribute Schema

Resources

Research Software Best
Practices

Developer Training

nrel.github.io/WETOStack

2 @& nrel.github.io/WETOStack/portfolio_analysis/software ¢ M +
= O &L I #:
Software Listing

The set of software under the WETO umbrella is listed here. While this is intended to be a complete list, it
is likely missing some projects. Please suggest an edit if any information here is incorrect. Including a
software in this list requires the following:

» Entry in software_attributes/database_listyaml
= Entry in docs/software_list.md

* Corresponding YAML file in software_attributes/database
This listing contains two groups of software projects:

1. WETO-funded software

2. Other projects funded by various agencies and mechanisms

All of these tools relate to some aspect of wind energy development from component design and analysis
to cost modeling and supply chain analysis.

A ~di 4

NREL | 18


https://nrel.github.io/WETOStack/portfolio_analysis/software_list.html

Intent & Contents nrel.github.io/WETOStack

W ETO Stack d ash boa rd Wl ” p ro\“d e t h e fol Iowi ng eve M- < > O & nrel.github.io/ WETOStack/portfolio_analysis/attribute_t ¢ h +
information. + WETO Software Stack = O &=

- The WETO-supported tools that enable a given task swen zex. Turbine Modeling

Workshops I » Show code cell source

- The state (maturity, stability) of included software rone i

WindTech Workshops /tmp/ipykernel_1802/3317172343.py:10: FutureWarning: In a future version of pandas all argum

- The State Of the WETO_support portfol io of soﬂwa r'e S654iiser G turbine_df = turbine_df[ pd.DataFrame( turbine_df["scope"].tolist() ).isin( [“turbine", "ai

/opt/hostedtoolcache/Python/3.11.10/x64/1ib/python3.11/site-packages/datapane/common/df_proc¢
Workshops elif isinstance(df.index, pd.Int64Index):

- The current and future capabilities i
WindTech Workshops

- Updates and community-focused materials sTERay

Workshop

Current Contents: Portfolio Analysis
Software Listing

- Workshop recordings and reports
- Software Listing: active, inactive, and “other status”

SELECT * FROM $table WHERE system_location LIKE '%any%';

Capabilities v
Bepetantles index scope system_location time_domain
SOftwa re An:bme Schema 1 amr-wind ['turbine’, 'farm’, 'atmos... ['any'] dynamic
- Software Attributes: tabulated data describing each — " D ol oo D
. . 3 flasc ['turbine', 'farm’, 'system'] ['any'] steady
software, defined by an Attribute Schema e S o s Cutine, T sy, tony)
D:Cell::: Training 5 hercules ['turbine', 'farm’, 'atmos... [‘any'] dynamic
6 landbosse ['turbine’, 'system'] ['any'] steady
nalu-wind ['turbine’, ‘farm'] [‘any'] dynamic
openfast ['turbine'] ['any'] dynamic

¢  openoa ['turbine’, 'farm'] ['any'] dynamic

NREL | 19


https://nrel.github.io/WETOStack/portfolio_analysis/software_list.html
https://nrel.github.io/WETOStack/portfolio_analysis/attribute_table.html
https://nrel.github.io/WETOStack/portfolio_analysis/attributes_schema.html

Intent & Contents

WETO Stack dashboard will provide the following
information:

- The WETO-supported tools that enable a given task
The state (maturity, stability) of included software
The state of the WETO-support portfolio of software
The current and future capabilities

Updates and community-focused materials

Current Contents:

- Workshop recordings and reports

- Software Listing: active, inactive, and “other status”
software

- Software Attributes: tabulated data describing each
software, defined by an Attribute Schema

- Best Practices: guidance for creating software within
the context of WETO and the research environment

eve M- <
I WETO Software Stack

Q Search ® |+ K

Workshops
2024 NAWEA |
WindTech Workshops

2024 User v
Workshops

2023 NAWEA |
WindTech Workshops

2023 Model Owners v
Workshop

Portfolio Analysis
Software Listing
Software Attributes
Technical Areas
Capabilities ~
Depedencies

Attribute Schema

Resources

WETO Software Best
Practices

Developer Training

>

nrel.github.io/WETOStack

O @ nrel.github.io/WETOStackfsoftware_devfbest_practice:  C, M +

= O & 2@

Architecture and Design

If you think good architecture is expensive, try bad architecture.

—Brian Foote and Joseph Yoder, Clean Architecture: A Craftsman’s Guide to Software
Structure and Design

In the development of any complex system, the design and its implementation are either explicit or
implicit. Explicit design involves identifying relationships between jules, corr ion of data
structures, and flow of data prior to writing code, whereas an implicit design evolves during the process
of writing new code. In open source software, an explicit design process is critical to allowing the project
to grow beyond a single developer, and the consequence of an implicit design process is the common
case of technical debt.

Software Design Process

Primarily, an explicit design process involves identifying the fundamental principles of a particular design
— how it is expected to function in various aspects. This process should result in two statements:

1. The parti, a description of the fundamental, driving design intent as a brief text (one or two
sentences) or a simple diagram
2. Alist of requirements that the parti and its implementation should satisfy

The parti is the abstract objective, and the list of requirements are the criteria to verify the
implementation satisfies the parti. In other words, these are the tests for the design. Upon establishing
this information, it should be codified into a design document and style guide that are made publicly
available to all developers such as in online documentation.

There are various levels of fidelity to consider when designing a software system:

NREL | 20
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WETO Software Best Practices nrel.github.io/WETOStack

- Accessibility: HOW to Obtain and integrate the ese M- < > © @ nrel github.io/WETOStack/software_dev/best_practice: ¢, h + O
SOftwa re into you r Work >~ WETO Software Stack = - :
- Usability: How to get up to speed and become Qsearch  [zhle Contents

el
[
o]
iii

Workshops WETO Software Best Practices
proficient at executing the software and ) o Summary of Best Practices
. WindTech Workshops o Accessibility
understanding the results . © et Knouiece

- Extendability: How new features, bug fixes, and — D
WindTech Workshops -

general maintenance are incorporated into the 2028 Modelowrers

Workshop

= User Interface

= Command Line Interface

software by regular developers as well as new o e
rtfolio Analysis = Error Messages
deve IO pers Software Listing = Metadata
Software Attributes o Extendability
Technical Areas = Code Style
Capabilities N = The Zen of Python

Depedencies = Architecture and Design
Attribute Schema = Software Design Process

= Design Patterns

Resources = Version Control
WETO Software Best * Collaborative Workflows with GitHub
Practices

® Pull Requests
Developer Tralning = Continuous Integration: Automating Tests, Compliance, and Delivery
o Appendix - RSEs: The engineers behind research software

= RSE Value Recognition

= Career Growth and Trajectory

NREL | 21



| d eas? i WETO Software Stack

Tell us your thoughts!

Repository: https://github.com/nrel/wetostack

Issues: https://github.com/NREL/WETOStack/issues

Pull requests: https://github.com/NREL/WETOStack/pulls

Discussions: https://github.com/NREL/WETOStack/discussions

NREL | 22
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WETO Software Stack

Open Discussion



WETO Software Stack + What’s missing?

* What works well?
* |s there a particular capability or topic that you'd like to elevate?
* What have been your primary pain points or bottlenecks?

WindSE
WISDEM PYNUMAD

Nalu Wind ERF
== e Wi

Systems Engineering

High Fidelity Modeling
OpenTurbine
WETO Software Portfolio

NREL | 24




Engage with us!

 WETO Stack: https://nrel.github.io/WETOStack

* Need help with a particular problem?
— GitHub Issues or Discussions pages for any of the software

— NREL User Forum (for NREL models): forums.nrel.gov

* Feedback, question: Rafael.Mudafort@nrel.gov

NREL | 25
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