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Wind’s Success

In 2015, Wind was the largest - Wind has accounted for 33%¢

! source of new electricity new generation added since
generation capacity followed 2007 /
by solar (7.3 GW) and natural (2014 Wind Technologies
gas (6.0 GW) Market Report)

WindVision, March 2015
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Top 5 States In 2013
[)) by total capacity (GW)

Total Wind Deployment Total Capacity (GW)
@ Through 2008
@ 2009 through 2013
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United States - Annual Average Wind Speed at 80 m

.-

Source: Wind resowrce estimates developed by AWS Truepower,
LLC for windMavigator®. Web: hitp:/fwww windnavigator.com |
hitp/fwesw.awstruepower.com. Spatial resclution of wind resource
data: 2.5 km. Projection: Albers Equal Area WGES34.

"-f; aws Truepower ae NIRE
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Wind Vision:

A New Era for Wind Power
in the United States

Cumulative wind
Capacity (GW)

Wird Peretration
(% of LS Bectricty Demand)

Central
Study
Scenario
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Total Wind Deployment Total Capacity (GW) . Lo
@ Through 2030 WindVision, Mz

@ 2031 through 2050 2015
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Wind’s Challenges
WindVision

Resource and site characterization

| - Wind plant technology W|nd \/|S|Oh

advancement
A New Era for Wind Power

Supply chain, manufacturing, and in the United States
logistics

« Wht power performance, reliability,
and safety

«  Wihd electricity delivery and
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Wind’s Challenges
Atmosphere to Electrons (A2E)
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Wind’s Challenges
A2E

Plant Performance and Financial Risk Assessment

o Assessing the uncertainties and sensitivities in the site assessment models to
help facilitate future improvement in modeling and analysis methods. /

« Atmospheric Science Research

nedetermining how the wind interacts with wind farms at all relevant physical flow
cales impacting performance, from regional weather patterns down to the
oherent flow structure affecting individual turbines

* Winhd Plant Aerodynamics Modeling
enable the coupling of mesoscale scale and microscale models, allowing for
nl i r - l¢ k -

i
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Wind Plant Simulation and Validation
Background and Importance

+  Wind turbine technology has matured rapidly
¢ Still need to better understand the environment in which they wor
o The atmosphere
o Interaction with other wind turbines (20-30% losses)
o | Effect of complex terrain
« Challenges for modeling and controlling wind plants
o | Multi-scale problem

——
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Wind Plant Simulation And Validation
Wind Plant Modeling - Objectives

~+ Continued development and validation of
! HPC enabled multi-physics, multi-scale
simulations capabilities that enable wind
farm simulation and control in complex
terrain St
o | Develop and verify tools covering a range of i
scales "
» Continental, regional, wind plant, and wind E
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Wind Plant Simulation And Validation
Wind Plant Modeling - Tasks and Approach

Atmospheric Modeling (AM)
~ SRR

 Develop, verify, and validate toof§
covering a range of scales

o Atmospheric Modeling Taj(
o Wind Plant Modeling Tas

 Acquire and organize
experimental data for validation

o Valldatlon Studles Task

_M"-"'-‘__. 'r [—_—
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| Wind Plant Simulation And Validation
Wind Plant Modeling - Atmospheric Modeling in Complex Terrain
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| Wind Plant Simulation And Validation
Wind Plant Modeling - Atmosphere Modeling in Complex Terrain
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Wind Plant Simulation And Validation
Wind Plant Modeling - Atmosphere Modeling in Complex Terrain

~_# Simulate the flow over complex terrain

||| d

||"' uﬂ‘l
=

=)

o




Wind Energy .
UNIVERSITY of WYOMING
Research Center "E |

Wind Plant Simulation and Validation
Wind Plant Modeling Framework

._ Original simulations
[ demonstrated in Helios

o DOD Helicopter Simulation
>oftware :
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Wind Plant Simulation and Validation
Wind Plant Modeling Framework

Original simulations B
[ demonstrated in Helios

o DOD Helicopter Simulation /
>oftware
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Wind Plant Simulation and Validation
Wind Plant Modeling Framework

New framework |

¥ o Near-body solver (NSU3D, DG3D) / /

New high-order off-body solver o
ODverset mesh connectivity module (TIOGA) / /

., a a

a

Adaptive mesh refinement
++ driver for multi-disciplinary framework

Structural dynamlce ects (Beam and Finite Eilement
aYa = ~ ) \-i _. : \ - - _" i;?*
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Wind Plant Simulation and Validation
Validation Efforts

Validation

! = The process of determining
the degree to which a model
IS an accurate representation
=0f the real world, from the

perspective of the intended
uses of the model

 Verification

o Code verification

- Software errors or g/
algorithm deficiencies that

corrupt simulation results.
o Solution verification

 Human procedural error
or numerical solution

errors that corrupt the

* Note that validation is not

Y
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Wind Plant Simulation and Validation

V&V Process - Framework

Integrated
Program Planning

Application: Specify system scenario and response
quantities (SRQ) to be predicted at plant scale

Phenomena Identification: Identify and prioritize the plant scale phenomena
required for models to successfully predict the SRQ for system scenario

i D C

Validation Hierarchy: Identify and prioritize those phenomena for
which the models should be tested, the scales and hierarchy required
for the tests, and conceptually how the validation tests should occur

Prioritize experiments within hierarchy based on
program needs and resources

Document

Experiment Design, Execution
& Analysis through tightly coupled
experimental/modeling effort

Code Verification: Software and
algorithm quality assessment

Integrated
xperiment and
odel Planning
and Execution

Document

Validation Metrics

Assessment

Solution Verification:
Mesh convergence error

Credibility of processes used

Document
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Wind Plant Simulation and Validation
PIRT Development

+ Assemble groups of experts
7 = Several meetings over the past 24 months
o Wide range of expertise
- Have the experts identify the physics important to a specific syste
o | Wind turbine
ind farm
« Have the experts prioritize

O
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Wind Plant Simulation and Validation
PIRT — Wind Plant

Importance Model Adequacy
at .
| = Phenomenon Application Physics Code Val
, Level
Inflow Turbulence/W ake Interaction

Wind direction (shearheer/assymetry)

Turbulence characteristics (intensity,
spectra, coherence, stability)

Coherent turblence structure

Surface conditions (roughness, canopy,
waves, surface heat flux, topography)

M
M
M

Momentum transport (horizontal and
vertical fluxes)

Multi-Turbine Wake Effects
Wake interaction, merging, meander

Plant flow control for optimum
performance

Wake steering (yaw & tilt effects)

Wake dissipation

Wake Impingement (full, half, etc.)

Deep array effects (change in turbulence,

etc.)

Other Effects
Wind plant blockage effects and plant wake

Acoustic Propagation

%UN[VERS[TY of WYOMING
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Scale

Increasing

Validation Hierarchy

System
Tests

Subsystem Tests

Integrated Effects Tests

Separate Effects Tests

Characterization Tests

*UN]VERS]TV of WYOMING
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Wind Plant Simulation and Validation
Application to Wind Turbine/Wind Plant

« Planning steps have been - Important to consider these™fe
# carried out not independent efforts

o Wind turbine scale o Wind turbine scale is a z
o\ ind p|ant scale SUbsyStem of wind plant, cale

%UNIVERS[TY of WYOMING

Wind Plant
Hierarchy

Wind Turbine
Hierarchy
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Increasing Measurement Accuracy
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Single Turbine Validation Hierarchy

System Single

Industrial Scale
Turbine In Field

Blade Flow Col
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Industrial Scale
Wind Plant

Wind Farm
In Field

Scaled Wind Farm
in Wind Tunnel

e/Turbine

Subsystem

*UN]VERS]TVGFWVOMING

Integrated Effects




Wind Energy
Research Center

Wind Plant Simulation and Validation
Validation Efforts
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Swirling Axisymmetric Wake

7 © Generate a “generic” wake
with swirl relevant for wind
rbines

Perform “validation” quality
easurements in the near
wake

» Characterize wake and

S —
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| Wind Plant Simulation and Validation
l Validation Efforts

Increasing

Swirl |

‘\
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Wind Plant Simulation and Validation
Validation Efforts

Complex Terrain Data

Analysis
In conjunction with Power Company of Wy

, oming,

i Af;qu're data from CC/SM CC/SM Wind Farm in Carbon County, WY 71
ind plant development = B e =
N "/_ s Ay ~ - s ‘ -‘ !

/Smclanr
nsure data suitability for
urrent use

Categorize by different
quantities
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Wind Plant Simulation and Validation
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Research Center
Summary
3 !
+ Wind energy is continuing to o “‘"'"&«

There is still room to improve =
wind energy — particularly at RS L
the{plant level

Maodels exist that can simulate
entire wind plants

- Validation of these simulation

'_
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