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Novos paradigmas da modelagem do recurso eolico
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Wind farm development @ VORTEX
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Which region should | focus effort on
Where | should install my met-mast

Which is the interannual uncertainty for my site ?

Where | should locate my project wind turbines?

How profitable will my windfarm be?

Which wind turbine technology should | choose ?
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VORTEX
Wind Resource Information Service

DATA Interface Mesoscale Model Technology

Automatization Computing Cluster Innovation Team /
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Wind Resource Information Service

DATA Interface Mesoscale Model Technology
Automatisation | Computing Cluster Innovation
"
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VORTEX interface.vortexfdc.com

Projects New Runs Upload KML/K... View in Google Earth  Display options

0 Terrain

[ Recently used runs (0 Runs)

|48 |

[E7 samples (7 Runs)
198965 i Sample FARM
198973 # Sample ICING
198975 (3) Sample INDEX
114119 @ Sample LES
98969 W Sample MAP

198967 & Sample MAST

RETK IR NI |8

198971 = Sample SERIES

Leading on-demand virtual wind resource service Supervised by a very specialised & focused team

Cloud computing using our own cluster Barcelona, Brussels, Miami, Istanbul, Pune, Beijing
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VORTEX

No consultancy but working with consultants

0 just colour maps but professional products

Adopted as reference tool by the industry
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Complexity of Wind Resource

Global
Site specific |

Spatial and vertical gradients !

Interannual variability control 5%
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Intermittent & turbulence
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Complexity of Wind Resource Complexity of Project Energy Yield

Global ¥ Very Sensitive Wind2Energy Link

Site specific g Uncertainty Penalties (P90/P50)

Spatial and vertical gradients _ Site suitability

Interannual variability control & Turbine Technology

Intermittent & turbulence § Energy Mix
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b 2% wind speed error 5% AEP error

i /ﬁuw\&
L’ 1 % AEP corresponds to 1 mEUR on a 100 MW wind farm
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Complexity of Wind Resource
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Complexity of Wind Resource
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Mesoscale Model is a Weather Model

observed input data"

For wind industry applications, we just run
the model in hindcast mode (back in time)
to reproduce wind conditions over the last
20 years so we get the wind climates

vVORTEX (@

“a lot of equations translated into a large code that runs in
big computers and which is driven by a large amount of

Global-Scale Drivers
* General atmospheric circulation, etc.
* From 1000s of km to planetary motions

Mesoscale Drivers:
* Air-sea interactions, etc.
* From 1 km to a few hundred km

Synoptic-Scale Drivers
* Jetstreams and fronts, etc. :
* From a few hundred km to 1000s of km

©The COMET Program
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Atmospheric Input: Reanalysis

satellites
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Multisource Data Mining/Assimilation ' e aircralt (chemistry)
Input Data System aircraft

total ozone / remote serising
in-situ air chemistry

surface stations (temperature, pressure, wind, radiation, turbidity)
marine observations (sea surface temperature, etc.)

Retrospective time series of gridded data for a
panoply of atmospheric, land and ocean
variables 19739-NOW

ERAS, MERRA2 & CFS

>
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Static Input: Terrain & Land Cover

GTOPO & SRTM
MODIS/USGS/GLobCover
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Mesoscale Modeling is a powerful downscaling tool

Anywhere, anytime

Zooming up to windfarm scale
3km, 1km, 500m, 100m

Any height across the wind
turbine profile

Time evolving information
Turbulence and extremes
Validated & verified
Adopted by the industry
Community effort
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Meteorology
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VORTEX MAP

India average wind speed at 100m ( 500m resolution)
(bias corrected with over 80 Met Mast)
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Global & Country level Resource Mapping
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Wind Measurement

On-site Wind Mast

Modeling

Microscale Codes (WAsP, CFD)
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Wind Measurement
On-site Wind Mast ‘_f
Modeling

Microscale Codes (WAsP, CFD) Vertical and Spatial Extrapolation
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Wind Measurement

On-site Wind Mast

Remote Sensing Devices (Lidars) I 3 I

Modeling

Microscale Codes (WAsP, CFD)
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Wind Measurement

On-site Wind Mast

Remote Sensing Device (Lidars)

Modeling

Microscale Codes (WAsP, CFD)

Global and Country-wide mapping
Virtual Time Series

High resolution Wind Conditions
Microscale Wind Resource Grid
Calibrated with Observations
Extremes and Turbulence
Environmental Conditions

Mesoscale Modeling
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Tackling Wind Resource at Site level

VORTEX FARM

Wind Resource Grid at
100m resolution, 80m
above ground

Site located in East Africa

VORTEX SERIES
Hourly Time SERIES
spanning over 1997-2016
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Wind farm development @ VORTEX
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More and more realistic turbulence WR F- LES
Able to determine shear and veer M 0 d e ‘ | ng
Stream

Accurate tails (high and low winds)
Everything within the 10'life
A safer site classification tool

ndistinguishable model and observation
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Scale Nesting down

Mesoscale limit
~1Km

Grey
Zone

Effective Microscale Zone ~100 m

Small
Eddies

WRF Classic

PBL restricted
(Parametrized)
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WRF with Large Eddy Simulation

PBL unrestricted
Turbulence Trigger / Turbulence Subegrid
Perturbation Methods Remodeling
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10'standard deviation
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Wind Series profile
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vLES explorer

Visualization Options

‘ Wind Speed Series

Choose height[m] @ vortex.0014
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Vortex LES

Spectral density VvLES explorer

Visualization Options

’ Spectral Density s

Choose height[m] @ vortex.0002
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Spectral Density
Spectral Density

0,0001
Frequency [Hz]
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Vortex LES

Turbulent Intensity

VvLES explorer

Visualization Options

' Turbulent Intensity 2

Choose height[m] @ vortex.0002
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Real

Vortex-LES 110 m
VORTEX ’
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1) Spatial Variation of Wind Conditions: A key
limitation of the current methods for
considering outer range conditions is that they
assume that the wind conditions (e.g.
turbulence) at the met mast apply to all turbine
locations.

2) Vertical Profile Information: Currently
relatively few sites have LiDAR data. LES could
provide a cost effective alternative to using
LiDAR to obtain information about the vertical
profile across the full rotor.

(*) Quoting Peter Stuart (personal communication)
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WREF-LES offers the potential to
model turbine specific conditions
such as turbulence & inflow in the
time domain which could be used
in combination with met mast
data to predict turbine specific
response to outer range
conditions.

Is WRF-LES able to incorporate
both the energy content and the
shape of the profile (compared to
that obtained with a LiDAR)?
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1 site

4

Output at 4 Hz

1 day + 12 h spin-up

15 vertical levels (0-180 m)
7 fields (3D)

Surface variables

wrf_timeseries.F

815 MB
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400 sites

-

Output at 4 Hz

1 day + 12 h spin-up

15 vertical levels (0-180 m)

vVORTEX (&

20 points

Valid domain
after T

20 points
7 fields (3D) perturbation
Surface variables
wrf_timeseries.F
318 GB —:—)1 year on the fly = 113 TB
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400 sites

Output at 4 Hz

1 day + 12 h spin-up

15 vertical levels (0-180 m)

7 fields (3D)

Surface variables Opti mization
- Remove spin-up

wrf_timeseries.F >

- Formating

318 GB

>»1 year on the fly = 113 TB
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400 sites

Output at 4 Hz

1 day + 12 h spin-up

15 vertical levels (0-180 m)
7 fields (3D)

Surface variables

Optimization

- Remove spin-up

wrf timeseries.F

>

- Formating
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400 sites

-

1-y mean wind speed

Output at 4 Hz

1 day + 12 h spin-up

15 vertical levels (0-180 m)

7 fields (3D)

Surface variables Opt| mization
. - - Remove spin-up
wrf_timeseries.F ) Formating

>»1 year on the fly = 35TB

vVORTEX (&
vortexfdc.com



New frame: WRF-LES to enable high resolution time series

Positive results :
% Bias/ Turbulence
% Efficient (time) and feasible (cpu/storage/energy)

Work in progress:

% Grey zone

% Initialisation

% Land Surface Model
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Improve Wind Conditions Modeling in the time domain

Turbulence & Power times series modeling

— : -

Model and Observation Integration
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Pont-a-Mous
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