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AEP Overview
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Energy Storage Options for Electric Utilities

Which Energy Storage Technology is the
Closet to Meeting these Requirements?

® Safest ®* Most Efficient
® Lowest (future) cost ® Widest Op. Temp.
® Most Compact ® Easiest Recycling

® Most Reliable

The Battery that will be adopted by
the Electric Transportation Market
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PHEV Market Penetration by 2020

100% 100% PHEV Penetration

339% Extreme Scenario

11% EPRI High Scenario

Penetration by 2020

8% EPRI Medium Scenario

3% I EPRI Low Scenario

50 100 150 200 250 300
Total Car & Light Truck US Fleet / Stock (millions of units)

AEP expects medium penetration to be the most likely scenario.
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Background on Utility Energy Storage
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Percentage of Generated Energy that is Stored

e Japan 15%
e Europe 10%
e USA 2.5%

Installed Energy Storage on Electric Grids

US (MW) Globally (MW)

Pumped Hydro 23,000 110,000
Compressed Air 110 477
Batteries 40 300
Other 5 10



Utility Benefits of Energy Storage

A
NPV

$/kW

1000 +

1- Service Benefits

Voltage support

Service Reliability
(site dependent)

Firming & Shifting

Renewables
(dependent on the source)

2- Market Benefits

Energy Arbitrage

T&D Capital

Deferral
(site dependent)

Frequency Reg.

(large variability)

Generation
Capacity
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Based on studies for AEP sites with NaS

3- Strategic Benefits

Different

N
Based on a Vision of Utility Future

Storage can Benefit both Customers and Utilities



AEP’s First Substation Battery for Capital Deferral
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AEP Substation-Scale Storage

1 MW, 7.2 MWh installed in 2006
* Deferred substation upgrades

3 x2MW,14.4 MWH installed in 2008
* Demonstrated “Islanding”

AMW, 25MWh substation will be on-line in January 2010
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Building on Success ...

AEP is very pleased with the performance of its substation
batteries, but ...

We need to get MORE out of energy storage:
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More value to our customers

Lower cost per stored KWHTr

Greater Flexibility for Deployment

Higher Efficiency (including T&D losses)

Better fit into Smart Grid




Migratory Path of Utility Energy Storage -in Aep
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AEP’s View of Energy Storage Value
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Community Energy Storage (CES)

CES is a small distributed energy storage unit
connected to the secondary of transformers
serving a few houses or small commercial loads

® Uses New or Used PHEV- EV batteries

® Offers All Values of Substation
Batteries when aggregated,

® Offers Backup Power to

customers
*® Buffers Customer Renewable &= 2. g
Generation fi"‘ CU'“""““'W
_ _ Energy S
® Makes PHEV Charging Time a £ S et

less critical issue
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CES Key Functionalities

| ocal Benefits:

1) Backup power
2) Voltage correction

Communication &
Control Layout for

Grid Benefits:

3) Load Leveling at substation level
4) Power Factor Correction
5) Ancillary services

Utility Dispatch
Center /[SCADA
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Advantages of Using PHEV-EV Battery

® Safe for public deployment

® Low cost
- Fierce global competition
- US national priority
- Option to use used PHEYV batteries

® Compact

® Reliable

* Efficient

® Wide operating temperature

® Easy recycling & lower environmental issues



CES Cost Forecast

PHEV, and its battery development, is a US National
Priority as well as having an extensive global competition

Pending the successful market penetration of PHEV, CES
cost forecast (for a 2-hour system) over the next five years Is:

¥ $1,000 /kW Commodity Pricing will keep this number low
or
" $500 /kWh PHEV Penetration will push this number down



CES Functional Specifications — Open to Public

AEP Specifications for CES is “OPEN SOURCE” for Public Use and Feedback.
Latest Version available from

www.aeptechcenter.com/ces
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Key Parameters Value
Power (active and reactive) 25 kVA
Energy 50 kWh
Voltage 120V / 240V
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