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Introduction

A Motivation /
G Recent WECC 10-Year Regional
Transmission Plan Summary

A Wyoming wind + transmission
saves CA ratepayers $600 million
a year for 12,000 GWh

G Outstanding wind resource

G Reasonable cost for
transmission

G Still significant resistance to
Wyoming supplied energy
G What additional arguments can be
made for supplying remote markets?
A Wind diversity
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Objectives

A Perform an analysis to determine the diversification of wind
resources in other States through the use Wyoming wind resources

G California the focus here

A Characterize the diversity

A Demonstrate how the diversity could be used to lower variability of
wind-generated electricity

Approach

A Use existing weather simulation data for the study
A Characterize wind diversity and its effects
G Investigate wind joint characteristics at sample sites

-

G Investigate the use of two-point spatial correlations to identify
relationships between wind resources at different locations

-

GSel ect wind plant Asiteso and si |
October 25, 2011 WIAT WY/CA Wind Diversity Naughton



Wind Energy ~ §
NIVERSITY of WYOMING
Research Center * ] }’ or WY

California an/d Wyoming Wind Resource

United States - Annual Average Wind Speed at 80 m

Source: Wind resource estimates developed by AWS Truepower,
LLC for windNavigator®. Web: http:/www.windnavigator.com |
http/Awww.awstruepower.com. Spatial resolution of wind resource
data: 2.5 km. Projection: Albers Equal Area WGS84.
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California and Wyoming Wind Resource

Wyoming resource is
significantly more widespread
t han Californiads

G Closest State moving East
with very good wind resource

States desire to develop their
own resources first

What can sell Wyoming power
quickly
G Diversity in Wind Resource

A Developing in-state and out
of state resources
simultaneously reduces
iIssues related to power
production variability
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What Causes Wind Diversity?

A Temporal Variations in Resource
G Minute-to-Minute Variations
A Atmospheric Turbulence
G Hour-Hour Variations
A Front passages, Thunderstorms
G Diurnal Variations (Daily)

A Primarily related to atmospheric
stability

G Multi-Day Variations
A Large scale weather features

G High and Low Pressure
Systems

G Seasonal Variations

A Features that vary due to
changes in weather patterns
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Estimating Wind Resource 1 NCEP Models

A Operational Models from National Centers for Environmental Prediction (NCEP)

G Weather Research and Forecasting Model (WRF)
A Weather prediction modeling system for both operations and research
A Most widely used modeling system
A Partnership between diverse university groups/governmental agencies
12-km horizontal resolution North American Model (NAM)
Experimental 4-km horizontal resolution version
A Topographic resolution critical in west
A Explicit resolution of convective motions
G 10-m wind standard output variable
G Wind forecasting remains a challenge
A Local topographic features
A Proper depiction of turbulence in models
A 10-m winds more difficult to forecast than upper level winds
A What was used for this study?
G NCEP 4 kilometer grid, hourly data used over course of a year
A July 20091 July 2010
G Wind resource characterized by the wind power density at 80 m.

G
G
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Wyoming Locations
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California Locations
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Wind Diversity T Monthly Wind Speeds
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wind Diversity
Instantaneous Data

A Average data does not tell the A
entire story

G Hides important daily and
hourly variations that impact

Instantaneous data reveals
more information

G Provides an indication of
production of individual sites
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Quantification of Instantaneous Diversity

A Two-Point Correlations
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Correlation Maps
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