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Agenda

Section Duration Time Speaker

Intro 5’ 0:00 - 0:05 Rafael Mudafort

WETO Stack Overview 15’ 0:05 - 0:20 Rafael Mudafort

WETO Stack discussion 10’ 0:20 - 0:30 YOU

FLORIS 10’ 0:30 - 0:40 Misha Sinner

FLASC 10’ 0:40 - 0:50 Paul Fleming

OpenOA 10’ 0:50 - 1:00 Eric Simley

Hercules 10’ 1:00 - 1:10 Misha Sinner

Polls / open-ended questions 5’ 1:10 YOU

Community discussion 30’ - 40’ 1:15 - 1:50 YOU

Wrap up 5’ 1:50 - end Rafael Mudafort
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WETO Software Portfolio Coordination

Holistic Modeling Project
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US DOE & Lab-based Wind Research Projects

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

The Wind Energy Technologies Office invests in 
wind energy research, development, 

demonstration, and deployment activities that 
enable and accelerate the innovations needed to 

advance offshore, land-based, and distributed 
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.

WETO invests in wind energy research, 
development, demonstration, and deployment 

activities that enable and accelerate the 
innovations needed to advance wind energy.

WETO invests in wind energy software that 
enables and accelerates the innovations needed to 

advance wind energy.

NREL’s active WETO projects

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

Project Timeline

Past: Loose collection of software Future: Cohesive software stack

Objective



Overview

WETO Software Stack
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WETO Software Stack

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

Grouped by what it does
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WETO Software Stack

Grouped by how its used

Wind turbine 
and wind farm 
mid-fidelity 
physics

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

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

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

Detailed 
aerodynamics 
and structural 
dynamics
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Systems Engineering Workshop: June 10

ROSCO - Turbine controls

WEIS

pyNuMAD - High-
fidelity structural 
analysis

WISDEM - System-
level design 
optimization

OpenFAST - Aeroelastics

SONATA - 6x6 stiffness matrix

Loads

Updated 
blade 
model

Direct

Indirect

In progress

WindSE - RANS for systems engineering

Adapted from Big Adaptive Rotor (BAR) project
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Technoeconomic Analysis / Cost Modeling Workshop: June 12

NRWAL: Offshore wind 
system cost and scaling model

Balance-of-System
LandBOSSE
HybridBOSSE
ORBIT

CapEx

Shared BOS Infrastructure
CORAL

Operation & Maintenance
WOMBAT

OpEx

Energy Yield
Wind farm AEP estimate
FLORIS

Wind Asset Value Estimate
WAVES
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Wind Farm Controls and Analysis Workshop: June 18

FLORIS: Steady-state 
modeling, farm 
controls optimization

FLASC: Validate FLORIS model with 
SCADA, compare control methods

OpenOA: Characterize 
plant performance and 
quantify sources of 
operational loss

Hercules: Realtime high-
fidelity simulator for 
hybrid power plants with 
a specific focus on wind 
farm controls.
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OpenFAST+ Workshop: June 20

OpenFAST

OpenFAST v3.5.3 documentation

FAST.Farm

FAST.Farm User’s Guide
and Theory Manual

ROSCO

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

openfast_toolbox
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High Fidelity Models

Mesoscale: ERF
• Regional scale weather
• Scales 10 km to 1000 km
• WRF numerics & models, built on 

AMReX
• GPU compatible
• Compressible

Microscale: AMR-Wind
• Atmospheric boundary layer
• Scales less than 10 km
• Large Eddy Simulation built on 

AMReX
• GPU compatible
• Structured grid with refinement 

zones
• Incompressible

Turbine scale: NALU-Wind
• Turbine, rotor, tower, nacelle
• Scales less than 1 km
• Unsteady Reynolds Averaged Navier 

Stokes
• GPU compatible
• Unstructured grid, geometry 

resolving
• Incompressible

Workshop: TBD

ExaWind



Open Discussion

WETO Software Stack
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WETO Software Stack • Discussion topics
– What’s missing here?
– What have been your primary pain points or bottlenecks?
– What has or has not worked in integrating WETO software into your 

workflows?

Raise your “hand” and 
we’ll call your name to ask 
your question.



Misha Sinner

FLORIS
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Turbine models

Wake models

Design tools

FLORIS

Wind data



NREL    |    19

Wake models

Flow velocity deficit 
models

• Jensen
• Gauss-Curl Hybrid
• Cumulative Curl
• TurbOPark
• Empirical Gaussian

Turbine models

Wind speed

Th
ru

st
 c

oe
f.

Po
w

er

Actuator disks with 
power, thrust 
coefficient curves

• Yaw misaligned
• Derating
• Peak shaving
• Active wake mixing
• Shut off

Wind data

Vectorized input wind 
conditions 

• Wind rose
• Time series
• Flow heterogeneity
• Data readers

Design tools

Optimization tools to 
help in the design and 
control of wind farms

• Yaw optimization
• Layout 

optimization
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Extract outputs after solve

Execute solve, takes no inputs (replaces 
calculate_wake())

Wind data objects (TimeSeries, WindRose, 
WindTIRose, etc) conveniently package inflow 
conditions

Input file contains wake model parameters and 
specifies turbine to use

Set inflow conditions, farm layout, control 
setpoints, etc. (replaces reinitialize())
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Documentation

Logging

Grid points

Farm details

Inflow details

Anything can be set dynamically, too!Wake model selection

Deflection 
parameters

Deficit 
parameters

Turbulence 
parameters
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Documentation

Physical characteristics

Operation model

Power/thrust curve 
metadata

Power/thrust curve 
definition
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FLORIS v4 enables modular development

• New models for turbines operating in yaw and derating

• Implementing more wake models

• Data readers for compatibility with other tools

• Convergence, speed, and accuracy studies and 
enhancements



Paul Fleming

FLASC
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Bias correction

SCADA filtering

Model fitting

FLASC

Uplift analysis
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SCADA filtering

Filtering and outlier 
detection for power 
curves

• Abnormal conditions
• Abnormal operation
• Stuck sensors

Uplift analysis

Comparison of 
power and energy 
production between 
two or more test 
cases

• Energy ratio
• Total uplift

Bias correction

Correction of 
northing bias (yaw 
encoder bias) via 
wake position 
comparison

Model fitting

Parameter fitting for 
FLORIS turbine and 
wake models to SCADA 
records

• EmG parameters
• Wind dir. variability
• Yaw cosine exponent
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Smarteole Example Set

• FLASC includes two sets of 
examples
• A first set demonstrates 

usage via artificially 
generated data sets
• A second set uses the 

Smarteole wake steering field 
trial data to illustrate usage
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Example Files
Includes files go through the process of downloading assembling 
and cleaning the data and regenerate the paper results

Prepares the FLORIS model

Download and clean data

Analysis

Model Tuning
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Preparation – FLORIS Model
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Preparation – Download and Cleaning

• FLASC uses a 
standard dataframe 
with set names to 
hold specific 
information

• Download script 
shows assembling 
the data into this 
ready formatted 
structure
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Standard names and 0-indexing

NaNs for missing/faulty data
UTC timestamp
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Estimating Bias

• Use FLASC to 
automatically identify 
freestream turbines
• Set reference wind 

speed, direction and 
reference power by these 
sets and proximity to a 
test turbine
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Estimating Bias
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Energy Ratio and Uplift

• The data is split by control mode

• Energy Ratio Input Built

• Calculate Energy Ratios
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Energy Ratio
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Uplift with bootstrapping
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Comparison with FLORIS
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Comparison with FLORIS
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Comparison with FLORIS
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Total Uplift
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Total Uplift
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FLASC Documentation and Examples
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FLASC v2 streamlines package

• Expand on model fitting capabilities

• Implement further methods for assessment of power, 
energy differences

• Make front end simpler by adding convenience functions to 
package

• Build out documentation further, add API docs



Eric Simley & Rob Hammond

OpenOA
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Overview of OpenOA 

• Open Operational Assessment
• PlantData and PlantMetaData classes for 

organizing data
• Utils toolkits for lower-level wind plant 

data operations
• Analysis methods for performing specific 

operational analyses
• Documented examples

• Example Jupyter Notebooks illustrating all 
operational analysis methods

Asset

Filters

AEP Analysis

PlantData Utils OA Methods

Rev. Meter

Curtailment

SCADA

Met. Tower

Met. Data 
Processing

Power 
Curves

Quality 
Assurance

Reanalysis 
Downloading

Plotting

Turbine Ideal 
Energy

Electrical 
Losses

EYA Gap 
Analysis

Wake Loss 
Analysis

Static Yaw 
MisalignmentReanalysis

…… …
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Objective of the Software:       Performing Gap Analyses
• AEP = Gross Energy – Losses
• Loss categories in Energy Yield Assessment    

(EYA) process
• Availability
• Electrical
• Environmental
• Turbine performance
• Wake effects

• Can we determine how each EYA category 
contributes to gap in AEP estimates?

Example ideal gap analysis
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Objective of the Software: Performing Gap Analyses
• AEP = Gross Energy – Losses
• Loss categories in Energy Yield Assessment    

(EYA) process
• Availability
• Electrical
• Environmental
• Turbine performance
• Wake effects

• Can we determine how each EYA category 
contributes to gap in AEP estimates?

• We can perform a partial gap analysis
Availability

Loss
Turbine Ideal 

Energy
Wind Resource

Wake Loss
Turb. Perf. Loss

Electrical
Loss

Other Environmental 
or Unexplained Losses

Partial gap analysis “buckets”

Partial gap analysis
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PlantData and PlantMetaData Classes

• OpenOA PlantData object
• List of analysis types for which the data will be validated
• Pandas DataFrames or CSV files for each operational data type
• Metadata file 

• Maps tag names from user-provided data to OpenOA IEC 61400-25 convention
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Power Curve Filtering
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Running Long-Term AEP Estimation
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Running Long-Term AEP Estimation
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Convergence of AEP Results
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Model Parameter Distribution
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Software Development Roadmap 

• Near-Term Priorities
• Account for spatial wind speed heterogeneity in Wake Loss method
• Add hourly reanalysis downloading 
• Outreach and promotion (e.g., WeDoWind challenges)
• Improve reliability of Yaw Misalignment method

• Long-Term Priorities
• Expand analysis methods to meet industry needs

• Energy-based availability, performance degradation, failure prediction
• Expand data sources (e.g., SQL, Greenbyte)
• Perform and publish validation studies
• Expand business adoption of OpenOA as a 3rd party validation tool



Misha Sinner & Gen Starke

Hercules
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Hercules: Hybrid Energy and Control Using Large 
Eddy Simulations

Hercules is an open-
source tool for wind-
based hybrid plant 
simulation in real time. 
Hercules is based 
around high fidelity 
wind farm flow 
simulations through 
AMR-Wind, co-
simulated with a hybrid 
plant that includes 
solar, storage, and 
electrolysis.
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Controllers

Wind-Hybrid Open Controller 
(WHOC)

Wind farm level controls
• Power setpoint distribution 

(individual assets)

• Wake steering

Interfaces

Hercules interface

Hybrid supervisory 
controls
• Power setpoint 

distribution (grouped 
assets)

Turbine setpoints

Turbine measurements
Turbine powers

Wind 
setpoint

Battery energy manager
Battery 
setpoint

Solar setpoint

Battery request

Battery response

Solar farm power

Battery power

Wind power

Supervisory Operational
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Hercules Input files
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Workflow Demo
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Outputs
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Future Development

• Hierarchical hybrid plant controller [collaboration with PNNL]

• Realistic and correlated inflow

• Developments of both high fidelity and medium fidelity wind 
simulators

• Implementation of further wind farm control approaches 
(consensus, advanced wake steering)

• Connection to ROSCO turbine-level controller



Polls
Open Discussion

Wind Farm Analysis and 
Controls Models



NREL    |    65

Wind Farm Analysis 
and Controls Models

• Discussion topics
– Prospective / new users:

• What are your thoughts on the learning or onboarding process?

– Experienced users:
• What have been your primary pain points or bottlenecks?
• What has worked or not worked in helping to integrate these software into your 

workflows?
• How thoroughly do you understand the capability of these tools?
• What has helped or hindered your open-source contribution to these software?

Raise your hand and we’ll 
call your name to ask a 
question.



NREL    |    66

Thank you for your time today!

• Need help with a particular problem?
– GitHub Issues or Discussions pages for any of the models
– NREL User Forum (for NREL models): forums.nrel.gov

• Have further thoughts that you want to share?
• How could we have done better?
– Send feedback to Rafael.Mudafort@nrel.gov

• Software repositories:
– FLORIS: https://github.com/NREL/FLORIS
– FLASC: https://github.com/NREL/FLASC
– OpenOA: https://github.com/NREL/OpenOA
– Hercules: https://github.com/NREL/HERCULES

mailto:Rafael.Mudafort@nrel.gov
https://github.com/NREL/FLORIS
https://github.com/NREL/FLASC
https://github.com/NREL/OpenOA
https://github.com/NREL/HERCULES

