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Can we integrate 35% renewables in 

the West?

Goal - To understand the costs and operating impacts due to the 

variability and uncertainty of wind, PV and concentrating solar 

power (CSP) on the WestConnect grid

Å How do local resources compare to remote, higher quality resources via 

long distance transmission?

Å Can balancing area cooperation help manage variability?

Å What is the role of storage?

Å Increased reserve requirements?

Å Geographic diversity ïhow much is there and does it help?

Å How can hydro help?

Å What is the value of forecasting?



Approach

ÅHigh resolution wind/solar database

ÅCombination of statistical analysis and detailed 
simulations of power system operations

ÅExtensive technical review and stakeholder 
processes to maintain rigor and realism

ÅAll of WECC modeled, but focus on 
WestConnect footprint

ÅResults

ïIntegration of 35% renewables is feasible but it 

requires substantive changes in how the grid is 

operated

ïReport to be finalized in Feb and released in March. 
Information herein has been publicly released in 
stakeholder meetings but may change 3
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Footprint of Study 

WestConnect outside of CA

Utilities

ïArizona Public Service

ïEl Paso Electric

ïNV Energy

ïPublic Service of New 

Mexico

ïSalt River Project

ïTri-State G&T

ïTucson Electric Power

ïXcel Energy

ïWAPA



Variability and Uncertainty
Å Variability: Wind and solar generator outputs vary as the intensity of 

their energy sources (wind and sun)

ïSeveral timescales:  minute (regulation), hour (ramping), diurnal, 

seasonal

Å Uncertainty: Wind and solar generation are similar to ñloadò

ïNot dispatchable ïoutput is predicted by a forecast

ïActual power output is different that forecast output

Å A perfect forecast eliminates uncertainty, but there is still variability
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Scope of this study
ÅOperational impact study, not a transmission 

planning study

ÅNot a full cost-benefit analysis. Doesnôt look 

at cost of generation, but rather operational 

costs savings.

ÅDoes not optimize the balance of generation, 

but rather assumes a business-as-usual 

portfolio in addition to the renewables.

ÅDoes not include Canada

ÅOnly distributed generation PV is included

ÅConsidered inter-state, not intra-state 

transmission buildouts
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What did we model?

ÅModeled WECC power system for the 

year 2017 three times, with load and 

weather data from 2004, 2005, 2006

ïImportant to use time-synchronous load 

and weather data to capture load/weather 

correlations 

ÅFixed targets for wind and solar 

independently

ÅWe donôt expect 35% renewables by 

2017 but needed a realistic baseline of 

the power system
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WWSIS Webinar Series

ÅFeb 4: Overview

ÅFeb 18: Key Findings ïStatistical 

Analysis

ÅMar 4: Key Findings ïOperations and 

capacity value

ÅMar 23 Key Findings ïIntra-hour 

Analysis
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DATA
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Data Collection

ÅWind

ïResource modeling ï3TIER

ïForecast modeling ï3TIER

ïWind power conversion ï3TIER

ÅSolar

ïResource modeling ïSUNY

ïForecast modeling ï3TIER

ïPV power conversion ïNREL

ïCSP power conversion ïNREL

ÅUtility data

ïUtility data ïExeter 

ïLoad flows ïExeter 



Wind data

http://www.nrel.gov/wind/integrationdatasets

Å3TIER Group: 10 

minute wind power 

output for 2004, 2005, 

and 2006 for 960 GW of 

wind sites in WECC. 

ÅPower profiles were 

based on Vestas V90 

3MW turbine at 100m 

height. 

ÅHourly day-ahead 

power output forecasts.


