
Wind and Energy Storage

October 3, 2007

California Energy Commission Workshop



1

Loads & Resources

Source: CEC PIER-funded study by GE Energy, July 2006

Temporal Pattern: July 2003 Average Day
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Best Fit Comparison for Peak Demand Month 
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Monthly Profile Comparisons
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July 2006 Heat Wave – Peak Hours 
Wind Generation Energy Production

July 17:

(2:41 pm) 
46,561 MW

July 21: 

(4:28 pm) 
49,036 MW

July 24: 

(2:44 pm) 
50,270 MW
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Balancing Function - Area Control

Hour Ahead Schedule

Incremental Energy

Decremental Energy

Day Ahead Schedule

Real Time Load

MW

Time

Real-Time Economic Dispatch
Every 5 minutes

Upward Regulation

Ancillary Services
• Regulation 
• Spinning Reserve 
• Non-Spinning 

Reserve 
• Replacement 

Reserve 
• Voltage Support
• Black Start 

capability

Downward Regulation
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Energy Storage Technologies

• Many different energy storage technologies are available for 
use in storage for renewable integration applications

Pumped Hydro

Compressed Air Energy Storage

Lead-acid batteries

Nickel-cadmium batteries

• Each technology has advantages and disadvantages

• Not all of these technologies are appropriate for all applications

Lithium ion batteries

Sodium-Sulfur Batteries

Flow Batteries

Flywheels

Ultracapacitors
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Source: www.electricitystorage.org
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Source: www.electricitystorage.org
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Source: www.electricitystorage.org
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Source: www.electricitystorage.org
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Source: www.electricitystorage.org
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Compressed Air Energy Storage (CAES)
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CAES Geology by State
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Lithium Ion at Industrial Scale
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Flow Battery
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Sodium Sulfur (NaS) Battery
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First Utility NaS Application
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Flywheel Storage
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Plug Hybrid Electric Vehicles Complement Renewables

off-peak load 
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Bulk Energy Storage

Local Storage

Rooftop PV

Wind Generation

T&D Infrastructure

End User

Who owns energy storage?


