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Esﬁ% Energy Sources for the Grid

The electricity grid does a fairly good job In
Nrel easingo the ener gy

types:
V Coal

V Natural Gas
V Uranium



ES7w \What Is Electricity Storage?

Electricity Storage Is the process of
using grid power to transform electricity to
a storage media for release back to
electricity when needed.



ES7® The Electricity Storage Dilemma

A Storage Programs (Natural Gas, Water) are very
successful and key to productivity in the US

A Electricity Storage is a driver for the entire consumer
electronics industry

A Moving Electricity Storage to Grid-Scale is meeting a lot
of resistance

A Wind Power advocates insist Electricity Storage is too
expensive and not needed
goals
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E%A% Utility Grid Load Factor Decline
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Impact of Renewables on Grid Operation
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A Growth of wind resources remote from load centers
V Mismatch between load and source peaks
V Transmission constraints

A Large amounts of rooftop solar will start to impact distribution
voltage control

A Achieving RPS standards will create need for more ancillary
services and balancing energy sources to insure reliable
performance of grid

A Optimizing bulk-power production is becoming much more
difficult



Grid Energy Storage Spectrum
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Grid Storage Benefits
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3- Market Benefits 2- Service Benefits

A Energy A T&D Capital Deferral
Arbitrage work togetner\  x service Reliability

A Frequency synergistically to (DA)
Regulation justify widespread \A Improve System

A Generation storage deployment \ Efficiencies
Capacity oltage Regulation

1- Strategic Benefits

~A Prepare for new Revenue Models

A Prepare for new Renewable &
Reliability Mandates

A Prepare for new Customer Behaviors



ES7~* Value of Electricity Storage

A Pumped hydro power has played a valuable
role in grid operations

A Need for storage in the grid is receiving more
attention

A Storage will be a major facilitator of Smart
Grid deployment

AA Asmall amounto of sto
|l mpacto on the future g



ES " Grid Electricity Storage Alternatives

A Pumped hydro
V Typically greater than 200 MW and days of storage

A Compressed Air Energy Storage (CAES)
V 50 - 500 MW based on blended gas/air generation

A Distributed Energy Storage System (DESS)
V Batteries up to 50 MW (> 2 hours)
V  Flywheels/lithium-ion up to 20 MW

A Community Energy Storage (CES)
V 257 50KkW, 171 2 hour pad-mounted



The Grid Connected Energy Storage Market is Large é
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Estimated Global Installed Capacity of Energy Storage

Total minus pumped hydro: 2,129 MW

Flywheels and Other: 95 MW

Total: 125,520 MW

Batteries: 451 MW

Compressed Air: 440 MW
Pumped hydro: 123,390 MW
Molten Salt: 142 MW

Thermal: 1,002 MW

Source: StrateGen Consulting, LLC research; thermal storage installed and announced capacity estimated by Ice Energy
and Calmac.
Note: Estimates include thermal energy storage for cooling only. Figures current as of April, 2010.
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ESr Pumped Hydro Storage




Compressed Air Electricity Storage
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Distributed Electricity Storage
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A 2 MW, 14.4 MWh in Bluffton, Ohio
A Two other identical sites in West Virginia and Indiana (2008)

A All with dynamic islanding

NAS Battery Station
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Performance Results
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A Scheduled trapezoidal

Charge & Discharge profiles .
9 9e P 2006 “&

A Improved the feeder load
factor by 5% (from 75% to
80%)

\* 1.2 MW Charge/

2008



