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TAP Computational Pipeline

Use of multiple inputs
Customizable
Open-source

Efficient

National Wind Resource Dataset
(raw, coarse)

Observational Data
{wind measurements)

Terrain Inputs

(landcaver, elevation)

Data manipulation #1
(based on GIS + observations)

Bias Correction + Horizontal/
Vertical Downscaling

Obstacle Definition Behavior Around
Data manipulation #2 Obstacles
(based on obstacles)
Data is Output
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TAP APl

Third Party Tools
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Site analysis

TAP Computational Pipeline

1. Selection of (min, median, max) years for wind
speed

Inputs

(on NREL's high-performance
computer or in the cloud)

2. Regional bias correction

3. Vertical and horizontal interpolation

4. Obstacle modeling
WTK (2007-2013), 2-km res., hourly

e or —
WTK-LED (2001-2020), 2—4-km res., 5-min to hourly

Visualizations
EStl mates (produced locally or on NREL’s high-performance computer or in the cloud)
. — Wind rose Site heat ma
1. Wind speed T (single point) . % 4 E — ?
2. Wind direction _J o Cumuiativelenergy f

f g E 88

(multiple points)

(single point) o
3. Pressure > i

4. Temperature
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Presenting more on:

WTK, WTK-LED

Cumulative kWh for provided hourly data

z_turbine=20.0
n Obstacle models
10200
B Recent results —

+3.932el

o 008 - 9800
Demo 3
£ - 9600
~ o.0080
- 9400

E Open questions

0.0075

9200
9000
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Wind Resource of the United States

Annual Average Wind Speed at 100 Meters above Surface Level

Current WIND Toolkit: WIND Toolkit Long-Term Ensemble Data Set (LED):
- Seven years (2007-2013) - Updated WRF version (4.1.3)
- Deterministic data set - 2-km, 5-min data set
- Contiguous United States - Twenty years (2001-2020)

- Developed as a grid integration data Regional bias guidance
set to mimic forecast errors. - Uncertainty quantified (ensembles)

- Includes Alaska and Hawaii. I Work led by Caroline Draxl, NREL I
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Final WTK-LED Specifications

Height Levels (m) Temporal Resolution

Wind Speed 10, 20, 40, 60, 80, 100, 120, 140, 160, 180, 200, 250, 300, 2018-2020: 5-minute
P 500, 1000 2001-2020: Hourly and 4-km 2001-2020:
10, 20, 40, 60, 80, 100, 120, 140, 160, 180, 200, 250, 300 2018-2020: 5-minute 2 km, 5 min
Wind Direction reT ! / / ! ! ! ! ! 2001-2020: Hourly and 4-km
500, 1000
Temperature 2,20, 40, 60, 80, 100, 200, 300, 500, 1000 Hourly Stakeholders:
Virtual Potential Temperature 2, 20, 40, 60, 80, 100, 200, 300, 500, 1000 Hourly e Distributed and
Pressure 0, 100, 200, 500 Hourly utility-scale wind
industry
Turbulent Kinetic Energy 2, 20, 40, 60, 80, 100, 200, 300, 500, 1000 2018-2020: 5-minute « Airborne wind
. . energy
Vertical Windspeed 20, 40, 80, 120, 200, 500 Hourly L .
* Grid integration
Cumulative Precipitation 0 Hourly * Power systems
Inverse Monin-Obukhov Length 2 Hourly mO(_jeImg
* Environmental
Skin Temperature 0 Hourly modeling
Latent Heat Flux 0 Hourly
Sensible Heat Flux 0 Hourly
Friction Velocity 2 Hourly

Boundary Layer Height NA [r— Work led by Caroline Draxl, NREL




Data Availability

* WTK
o Available on Eagle (NREL's high-performance computing machine)

o Available in the cloud; more on how to access it can be found here:

https://github.com/NREL/hsds-
examples/blob/master/notebooks/01 WTK introduction.ipynb.

* WTK-LED
o Available on Eagle
o Soon will be available in the cloud
o The tools we develop will leverage WTK-LED in the future.
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Site analysis

TAP Computational Pipeline

1. Selection of (min, median, max) years for wind
speed

Inputs

(on NRELs high-performance
computer or in the cloud)

2. Regional bias correction

3. Vertical and horizontal interpolation

4. Obstacle modeling
WTK (2007-2013), 2-km res., hourly

e or —
WTK-LED (2001-2020), 2—4-km res., 5-min to hourly

Visualizations
EStl mates (produced locally or on NREL’s high-performance computer or in the cloud)
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Integration of Obstacle LOMs

1. Atmospheric data

[5]:

B W N

726
727
728
729
730

datetime
2007-01-0100:00:00
2007-01-0112:00:00
2007-01-02 00:00:00
2007-01-02 12:00:00

2007-01-03 00:00:00

2007-12-30 00:00:00
2007-12-3012:00:00
2007-12-31 00:00:00
2007-12-3112:00:00
2008-01-01 00:00:00

ws
7.744876
9165510
5.667914
1196242

6.783602

3.874950
4.888072
6.975717
4.802318
7361367

wd
232.969856
278.610485
294372393
199.775672

194172807

176.357785
152960520
191.885982
227441046
303.598820

temp
282.541870
272009949
275522644
272.208313

276.606049

272.583710
271582703
275272369
270.859406
272.241882

pres i

98493965337
99037.753033
100177180992
100652.980804

100410.263847

99716.562444
99367.990863
98836.610143
98993.799386
98926.921183

'gth_2m
0011512
0.001730
0.042600
0.048113

0.047254

0108205
0.015526
0.056662
0.027217
0.010325

Site analysis

1. Selection of (min, median, max) years for wind
speed

2. Regional bias correction
3. Vertical and horizontal interpolation

BN A AEE E S S Sl

4. Obstacle modeling

2. Obstacle data

PILOWF

3. Site specs:

lat=39.3
lon=-89.4
hub height=40
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Obstacle Models

QUIC by LANL PILOWF by ANL

« LosAlamos ABOUTLAML +  MEWE -

PHYSICS
LOW -

QUIC Home
OBSTACLE WAKE FLOW MODEL

QUIE-GUI
IC-URB
QUIC-PLUME
QUIC-PRESSURE
QUIC Reports

DK Fytanidis, R Maulik, R Kotamarthi, R Balakrishnan

DOCUMENTS (POF)

What is QUI

QUIC Animats c?
The Quick Urban & Industrial Complex (QUIC) Dispersion QUIC Factsheet
LAML COMTALT Modeling System is a fast response urban dispersion model that = QUIC-URB Users Gul
runs on a laptop. QUIC is comprised of 3 30 wind field model QUIC-PLUME Theary Guide
Michael Brown called QUIC-URB, a transport and dispersion madel called QUL v6.01 Start Guide
(505) 667-1788 QUIC-PLUME, a pressure solver, QUIC-PRESSURE, and graphical
mbrown@lani.gov user interface called QUIC-GUI. Chemical, biological, and UL e ot
radiciogical (CBR) agent dispersian can be computed on QUIC Derse Gas Poster
building to netghborhocd scales In tens of seconds to tens of QUIC Sensor Siting Poster
minutes. QUIC will never give perfect answers, but it will QUIC ADD Paster

account for the effects of bulldings In an approximate way and
provide mare realism than building aware
madels.

Urban Bispersion Team

QUIC Capabilities LANL Group D-3

Dr. Pardyjak’s Home Page
Radiclogical dispersal devices (RDD's) with buayant rise

Dr. Klein's Mome Page
Dense gas chemical agent dispersion with topographical effects
and twa-phase droplet thermodynamics
Evaporating liquid poo! with 2D shallow water pool spread
algerithen
v 0.2 - Feb 2¢
https://github.com/NREL/dw-tap-lom-anl
dfytanidis[at]anl[dot]gov

Multi-particle size biological agent dispersion

Bio slurry (evaporating droplet) dispersion

2-phase {droplet/vapor mixture) dispersion with secondary
evaporation from surfaces

More at : https://www.lanl.gov/projects/quic/ More at : https://doi.org/10.2172/1782670
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https://www.lanl.gov/projects/quic/
https://doi.org/10.2172/1782670

QUIC Model

-— ——

- . . — _—

sl 3 P e A "Ny G Diffusive Wake g TP
Ty — e == ’ s
== % =l ~ \\ - —_—— Q.__—» ~ e
Uiowing X agecirculating \\ =P Original Wake N S i %
I / it ) \ ™ original Wake >\

/ - # Recirculating \ — N

,// > -#’__,-f // ‘_x Cavity e N
R e = !

-
s i —_—

* QUIC-URB: empirical diagnostic wind solver

* Diffusive wake: modeled using machine learning techniques applied to
time-averaged high-fidelity LES

* Recent milestone: developed and started testing Python’s interface for QUIC-URB

Required inputs: atmospheric data, obstacle description (latitude, longitude, height) for points of
interest

Work led by Matt Nelson and LANL team




* Classic artificial neural networks to train the parameters

PI LOW F M Od el (%o, O, Dy and D,, T, y,, h) of the LOM. All these
parameters have physical meaning:
* X, :virtual origin of the wake’s Gaussian
+ Dy and D,: spanwise and vertical diffusivities of the
wake (eddy viscosities)
* a: strength of the wake
« [ circulation at x = 0 for the horseshoe vortex
correction f
* h, y,: distances to the center of the horseshoe
vortex
» The parameters x,, a, I, y,, and h were assumed to be
functions of enclosing cuboids’ aspect ratio (H, L, and
W), while the eddy diffusivities, Dy and D,, were
assumed to be functions of H, L, and W and x, y, and z.

x, = f(LW.H) o

a=f(L,W,H)
D, = f(LW,H,x,y.2) * The number of layers/neurons/activations and
Data from RANS, LES, DNS ! :%:Fyh[m] o :fﬁL;VW;j’x’y’z) optimization hyperparameters were manually tuned to
simulations using NEk5000 Jom LI H) O = y—3) improve the robustness and accuracy of the LOM.
Analytical model h=f (LW H) + Positivity preserving constraints were embedded in the

model as per the physical range of parameters (e.g.,
eddy viscosities D, and D, ; cannot get negative values).
70% of the data were used for training and validation of
the model and 30% were used for testing of the model.
-+ | Tested and validated against real world EAZ data in the
15 Netherlands (Phillips et al. 2022).

Data-driven techniques

X-Axis

Phillips et al. 2022. “Evaluation of obstacle modelling approaches for resource assessment and small wind Work Ied by Dimitrios K, Fytanidis and ANL team
turbine siting: Case study in the northern Netherlands.” Wind Energy Science 7 (3): 1153-1169.




latitude

0.0095

0.0090

0.0085

0.0080

0.0075

0.0070

Results (QUIC)

Cumulative energy produced (kwh)

ws=5.50, wd=205.00
+3.932el z_turbine=15.0

—0.0030 —-0.0025 -0.0020 -0.0015 -0.0010

longitude

-8.94el

15060

15040

- 15020

- 15000

- 14980

- 14960

14940

14920

e Studied 16 points near an existing
DW site in IL, USA

* Modeled the impact of five
buildings

e Estimated cumulative energy
produced over a period of 1 year
using an actual power curve
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Results (PILOWF)

Wind speed after obstacle modeling (m/s)
ws=5.21, wd=290.73

+3.03%1 Z_turbine=15.0

0.0095

0.0090

0.0085

latitude

0.0080

0.0075

0.0070

—0.0030 -0.0025 —0.0020 —0.0015 —0.0010
longitude —8.94el

5.8

- 5.6

latitude

Cumulative kWh for provided hourly data

0.0095

0.0090

0.0085

0.0080

0.0075

0.0070

+3.932e1 z_turbine=20.0

I 10200

- 10000
- 9800
- 9600

- 9400

9200

9000

—-0.0030 -0.0025 —-0.0020 -0.0015 -0.0010
longitude —8.94¢1

e Same site

* Much faster
analysis and finer
resolution

 Left: impact of
buildings on wind
speed for a single
moment in time

* Right: impact of
buildings on the
cumulative energy
produced over a
period of time
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Upcoming Validation

e Selected a number of actual DW sites across the United States

* Plan to evaluate the entire TAP pipeline as well as individual
components, studying both wind speed estimates and energy
produced estimates

* Plan to evaluate the quality of our estimates as a function of
turbine location, number of nearby obstacles, hub height, and use
of obstacle models.
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RUM ANALYSIS

Visualizations
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Open Questions

* What are the key questions the community wants to see
answered as part of the described analysis and validation effort?

e What additional data should be included in this work?

* What are the market segments in which this research can be most
impactful?
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National Wind Resource Dataset
(raw, coarse)

10200
: T I I I - 10000
Terrain Inputs Observational Data a I I y O u L] - 9800
{landcover, elevation} {wind measurements)
Data manipulation #1 L 9600
(based on GIS + observations)
Bias Correction + Horizontal/
Vertical Downscaling NREL/PR'2C00'85406 - 9400
+9200
Obstacle Definition Behavior Around e
Data manipulation #2 Obstacles
{based on obstacles)
Data is Qutput

01000101010101010100000101171

AT e

TAP API Third Party Tools
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