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A Vision of the Future Grid
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Energy Storage Applications in Utilities
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Storage Power Requirements for Electric Power Utility Applications

Data from Sandia Report 2002-1314
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Energy Storage Options



Energy Storage Options for different Applications

Example

EPRI-DOE Handbook of Energy Storage for T&D Applications - 2003
Graphs made by ESA and posted on www.ElectricityStorage.org



Factors Impacting Choice of Storage

Relative grading of 2004 choices for Load Leveling Application in AEP




Safety — How Close to Customers ?

NAS Applications in Japan

Integrated into Indoor
Residential Applications
Neighborhood



Major Short -Term Benefits of Energy Storage

NPV A Service Mark_et
Benefits Benefits

$/kwW

Dynamic VAR support

Improved Service Reliability
(site dependent)

Firming & Shifting Renewables
(dependent on the source)

Energy Arbitrage

Frequency Regulation and

other Ancillary Values
(large variability)

1000

T Distribution Capital Deferral

(site dependent) Generation

Capacity

values are based on studies made for an AEP site

Storage can Benefit both Customers and Utilities



Energy Storage Benefits

Short -Term Upgrade  More Time for Service
Deferral Restoration
Improved Service
Reliability
Long -Term
Improved Ancillary Enhance DG
System Control ~ Services Penetration

Base Loading Displacing
Assets Peak Energy Costs with

off-peak Costs

Improved Service Reliability is achievable both Short-Term and Long-Term
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Other Benefits of Energy Storage

e Load Leveling Reduce T&D Losses

 |EEE Paper no. TPWRD-00189-2007

* Energy Storage can reduce generation emissions

A 2007 KEMA study claimed a net reduction under certain fuel mix,
regulation market and storage type

Some Benefits of Energy Storage may make up for Storage Losses
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Storage with Wind
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Storage with Solar
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Storage with Solar
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Value Associated with Storage Locations on the Grid

765 KV 345 kV 138 kV 69 kV 4 10 34 KV 480 V 120/240 V
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A Value ------------------- :
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- Limited Value to Customer Devaluators:
<:| - High Security Risk - Aesthetics
. Does not remove Grid Constraints - 0&M? I:>
Centra_LI Load
Generation
————— Peak Shaving, upgrade deferral, Improved service reliability

Distribution circuits appear to offer most value fo r hosting storage 16



AEP 2006 Project — Battery in an Existing Substation

Installed 1MW, 7.2 MWh of NAS
battery on a feeder to defer building

a new substation for three years 46 KV 12 kv || TYler Mountain Feeder >
bus
. . North Charleston Feeder
Daily Peak Shaving —summer YTSIEETY >
Transformer Voltage

- West Washington Feeder

>

Three years of successful operation 12/16/20 MVA= " Regulator

Battery is being moved to a different
sSite
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Peak shaving (load leveling).
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AEP 2006 Project - Performance Data

» Scheduled trapezoidal Charge
& Discharge profiles

2 OO 6 -1.0 MW Discharge

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

* Reduced the oil temperature of
the 20MVA transformer by b+ 1.2 Mw Charge]
about 4 degrees C

Three 2007 2008

Successful
Years of
Peak
Shaving
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DOE/Sandia Report — SAND2007-3580

Free copies of the report
are available from the
Sandia website

www.prod.sandia.gov/cgi-bin/techlib/access-control.pl/2007/073580.pdf
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AEP 2006 Project

AC Efficiency 80% - Effectively 90% due to reduced T&D losses
( IEEE Transactions on Power Delivery, Vol23, NO.4, Oct 2008, pp2168-73)

Value of Exchanged Energy was about  $70,000/yr

This project was partially funded by US Department of Energy
Public Report : www.prod.sandia.gov/cgi-bin/techlib/access-control.pl/2007/073580.pdf
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Energy Storage - Beyond Simple Peak Shaving

|  2006: 1 MW, Peak Shaving (Being relocated to a new site)

« 2008: 6 MW, Triggered Peak Shaving + Islanding
e 2009: 4 MW, Triggered Peak Shaving + UPS (City-Scale)

. ... + Renewables
. + Ancillary Services
e 2020: 1000 MW total + Multiple Values
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New Features in the 2008 Storage Devices

1. “Triggered” Discharge to reduce unnecessary discharges
to only a few days in the year when peak shaving is
needed for Capital Deferral

To increase battery life

To make it more available for backup and other valuable services

2. Backup Power through “Dynamic Islanding”

Allows supply to maximum number of customers based on
battery’s capacity during an outage

Electrical circuit broken into zones so even during peak load
some customer loads may be energized

Helps minimize the total number of dark minutes for each
customer 23



2008 Projects - Triggered Peak Shaving

» Load Following (peak shaving) triggered at 20MW in West Virginia

O
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Islanding for Improved Service Reliability

A Quick solution to Reliability :

1. Provide contingency power to single-source loads

2. Maintain service during system repairs

Nnance

“" Future Line -
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Benefit of Islanding — How many hours of
backup power is needed?

PERCENTAGE OF CUSTOMER OUTAGES THAT MAY BE REDUCED
WITH BACKUP POWER.
(AEP OHIO 2008)

100.00%
90.00% |
80.00% |
70.00% |

Percentage of Customers restored

60.00%
within 7 hours is
50.00% -
40 oo°/0 / 95.34%
. 0

30.00%
20.00% |
10.00%

0.00% ‘ ‘ ‘ ‘ ‘
1 2 3 4 5 6

Hours

Customers Restored

7 hours of backup power will ensure that over 95 percent of AEP Ohio customers

who are on circuits with energy storage will not experience an outage.
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Assumption: excludes traditional major events and m omentary outages.



East Busco Station, Indiana
Battery Islanding Zones.
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2008 Projects - To Improve Service Reliability

o« 2MW, 14.4 MWh in Bluffton, Ohio
 Two other identical sites in West Virginia and Indiana (2008)

 All with dynamic islanding
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2008 Projects - To Improve Service Reliability

2MW, 14.4 MWh in E. Busco, IN 2MW, 14.4 MWh in Balls Gap, WV
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Islanding Process - Step 1, Normal

Grid connected. Battery disconnected
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Islanding Process - Step 2, Fault or Loss of Power

Fault at F8; loss of grid power. All reclosers in island open.
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Islanding Process - Step 3, Battery Supporting Load

Battery picks up island based on last load information.
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Islanding Process - Step 4, Grid Power Restored

System recognizes grid power restored.
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Islanding Process - Step 5, Passing Load to the Grid

Battery disconnected. Reclosers connect to grid.
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2009 Project — UPS Application

e City at the end of a long old line (frequent outages)

o Alternative feeder from Mexico is manual and slow

* Need a few years to build a new transmission line

e AEP is installing 4MW, 6-hour NAS UPS

Slow
Connection

Town
5MW

65 mile long unreliable line
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Energy Storage Economics

Long-Term Economics - for survival
® Positioning the business into a sustainable format
® Mitigating future challenges to the grid — New opportunities
® Improve System Reliability
® Prepare the grid for large penetration of renewable sources
® Improve grid utilization (flattened load)

® Better Dispatch Control over Independent Power Producers

Short-Term Economics - to set priorities
* Short Payback Period
* Compete with Conventional Alternatives
* Quick solution to Capacity Upgrades

38



Storage Economics

“ We recognize that, today, energy storage is more
expensive than most conventional solutions.

The difference is the “premium” that we will gladly pay

to “ensure”

our business a better future ”

AEP Management
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Financial Model for Site Selection

We still need a short term financial model

to help us sort through different deployment
options
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Page One — Storage Costs

Above numbers are not necessarily AEP numbers and are used for demonstration only
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Page Two — Storage Applications & Benefits

Above numbers are not necessarily AEP numbers and are used for demonstration only
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Abbreviations

GENERAL

AEP American Electric Power

ESA Electricity Storage Association
DER Distributed Energy Resources
LM Load Management

AMI Advanced Metering Infrastructure
PHEV Plug-in Hybrid Electric Vehicle
CES Community Energy Storage

STORAGE TECHNOLOGIES:
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