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• 5.2 Million customers
• 11 States
• 39,000 MW Generation

• 38,953 miles Transmission
• 212,781 miles Distribution
• $45.2 billion Assets (2008)
• $14.4 billion revenue (2008)
• 20,861 Employees

AEP Overview
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• 20,861 Employees



Outline:Outline:

• Evolution of the Electric Utility System resulting from Smart Grid

• Key challenges facing utilities

• The role of Energy Storage to address these challenges 

• AEP’s next step in its energy storage deployment
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• AEP’s next step in its energy storage deployment

• Smart Grids and their impact on distributed energy storage



The Evolution of the Electric Utility System

Before Smart Grid:

One-way power flow, 
simple interactions

4

After Smart Grid:

Two-way power flow, 
multi-stakeholder 
interactions

Adapted from EPRI Presentation by Joe Hughes
NIST Standards Workshop

April 28, 2008



Energy Storage is a central component...
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...in the success of the Smart Grid!Adapted from EPRI Presentation by Joe Hughes

NIST Standards Workshop
April 28, 2008



Operational Challenges to the Utility BusinessOperational Challenges to the Utility Business

To name a few...:

� Renewable generation, owned and operated by AEP 
customers, has grown by a factor of 1000 in a decade, and 
now doubling each year

� Customer renewable DG is intermittent, often not available 
when needed and out of the control of the utility operator
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when needed and out of the control of the utility operator

� Plug-in Electric Vehicle (PHEV) is coming

� Proper timing and maximizing the impact of invested 
capital

Energy Storage is a key to mitigating these impacts



AEP’s Success with Substation-scale Storage

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

Three installations in 2008 (2.4MW Each)
• Demonstrate “Islanding”
• Sub-transmission support

Another 4MW, 25MWh substation will be 
on-line in 2009



Changing Challenges to OpportunitiesChanging Challenges to Opportunities

Energy Storage:

� Buffers between unpredictable customer generation and grid 

� Decouples load from generation

� And offers all other benefits we all know about …
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Building on Success …Building on Success …

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

We need to get MORE out of energy storage :

• More value to our customers
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• More value to our customers

• Lower cost per stored kWHr

• Greater Flexibility for Deployment

• Higher Efficiency (including T&D losses)

• Better fit into Smart Grid, the way of the future



Community Energy Storage (CES)Community Energy Storage (CES)

• Uses New or Used PHEV batteries

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

• Offers All Values of Substation 
Batteries when aggregated, 

•
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• Offers Backup Power to customers

• Buffers Customer Renewable 
Generation

• Makes PHEV Charging Time a less 
critical issue



Advantages of Using PHEV BatteryAdvantages of Using PHEV Battery

• Safe for public deployment

• Low cost
- Fierce global competition
- US national priority
- Option to use used PHEV batteries

• Compact
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• Compact

• Reliable 

• Efficient

• Wide operating temperature

• Easy recycling & lower environmental issues



CES Key Functions CES Key Functions 

Local Controls/Benefits:
1) Backup power for the local need of the few houses connected to it
2) Voltage correction

Grid Controls/Benefits:
3) Load Leveling based on substation and grid needs
4) Power Factor Correction
5) Ancillary services through further aggregation at the grid level

Utility Dispatch CES Control HubIntegration 
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Communication & 
Control Layout for 

CES

Utility Dispatch 
Center /SCADACES Control Hub

Station

Power Lines
Communication and Control Links

CES Units
CES Units

Integration 
Platform



Advantages of CES to Substation BatteryAdvantages of CES to Substation Battery

• Higher electric service reliability to customers 

• Easier installation (a 240 V appliance)

• Easier maintenance (lower required skills)

• More likely to be a standardized commodity

• Unit outage is less critical to the grid (smaller)
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• Unit outage is less critical to the grid (smaller)

• Lower resistive loss in wires (closer to customer)

• A better fit into the Smart Grid programs



CES SpecificationsCES Specifications

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

www.aep tech central.com/ ces
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Key Parameters Value

Power (active and reactive) 25 kVA

Energy 50 kWh 

Voltage 120V / 240V



CES Cost ForecastCES 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 over the next five years is: 

� $1,000 /kW Commodity Pricing will keep this number low
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� $1,000 /kW Commodity Pricing will keep this number low

or

� $500 /kWh    PHEV Penetration will push this number down



The Two Infrastructures of the Future Utility

Central Generating
Station

Step-Up 
Transformer

1.Power System Infrastructure
Next Generation of Operators, 

Planners, and Engineers
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Transmission
Substation

Distribution
Substation

Commercial

Industrial

Commercial

Gas
Turbine 

Diesel
Engine

Cogeneration

Cogeneration
Turbine

Fuel 
cell

Micro-
turbine

Wind Power
Residential
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Control Center
Transmission
Substation

Adapted from EPRI Presentation by Joe Hughes
NIST Standards Workshop

April 28, 2008



Smart Grids Change the Game …Smart Grids Change the Game …

� Two-Way Communication Network

� Integration & Control of Distributed Energy Resources 

� Remote Monitoring and Control of Distribution Line 
Devices
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� Remote Control of End-Use devices

� Information Exchange between Customers & Utility

Smart Grid offers a perfect platform to fully realize the 
diverse benefits of distributed energy storage



What Does Smart Grid Offer?What Does Smart Grid Offer?

� Visibility of all grid components (including Energy Storage) 

� Standards to facilitate interoperability and interchangeability

� Security

� Data Management

� Home Area / Wide Area Networks
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� Home Area / Wide Area Networks

� End-to-End Architecture

� Back Office for complete access to data

� Collective Optimization of all assets (system management)

� A platform for multi-company collaboration for uniform 
development



Putting It Together on DistributionPutting It Together on Distribution

Utility Operations Customer Premise
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Distribution
Operations

Adapted from EPRI source image

PHEV

Customer
Portal or Meter

LG Electronics



ConclusionsConclusions

� Distributed Energy Storage and Smart Grid are two waves 
dominating and shaping the future of utilities 

� Until now, Energy Storage & Smart Grid have been adopted 
by utilities independently

� Energy Storage & Smart Grid can mutually enhance each 
other’s effectiveness 
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other’s effectiveness 
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www.aep tech central.com/ ces
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www.aep tech central.com/ ces


