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1 INTRODUCTION
In 2009, the United States Department of Energy (DOE) awarded a Smart Grid Demonstration
Project to Ohio Power Company (the surviving company of a merger with Columbus Southern

Power Company), doing business as AEP Ohio. This project, the AEP Ohio gridSMART®
Demonstration Project (Project), award number DE-OE0000193, integrates and evaluates
commercially available products, innovative technologies, and new consumer products to
understand the economic, environmental, and reliability benefits that can be achieved with
scaling such technology to the electrical grid nationwide.

This Interim Report provides insight into the implementation, operation and analytical
progression of demonstrated technologies. Many of the observations in this Report are
preliminary while AEP Ohio continues to refine impact trends and conclusions. Since AEP Ohio
undertook numerous smart technologies simultaneously, data and interpretation adjustments are
anticipated as the technologies evolve.

7.7 GLOSSARY OF TERMS
Word/Phrase ‘ Meaning

American Electric Power | American Electric Power Service Corporation is an investor
owned utility holding company that is engaged in the
generation, transmission, and distribution of electric power to
retail and wholesale customers. The company also supplies
and markets electric power

AEP Ohio Ohio Power Company is a unit of the American Electric
Power System and does business as AEP Ohio. It is the
surviving entity of the merger with Columbus Southern
Power Company. It is the electric utility distributing
electricity to portions of Ohio and West Virginia and is the
award recipient.

AEP Ohio gridSMART One of the sixteen (16) ARRA- funded Smart Grid
Demonstration Project Demonstration Projects (SGDP) awarded by DOE to AEP
Ohio.

CAIDI The average outage duration that any given customer would
experience in a sustained outage. This figure is calculated by
dividing the total customer minutes of interruption by the
number customers interrupted.

Circuit The wired power grid infrastructure distributing electricity
from an electric utility

Check Read An on-demand meter reading

Columbus Southern Columbus Southern Power is the original award recipient,

Power (CSP) and was merged out of existence with Ohio Power Company.

Distribution Automation | Automatic circuit configuration for recovery from electric
Circuit Reconfiguration faults.
(DA-CR)




131, OHIO

Introduction A unit of American Electric Power
Word/Phrase ‘ Meaning

Distribution Automation | Voltage control and optimization where volt-ampere reactive

Volt VAR Control (DA- | (VAR) is a unit of reactive power in a system.

VVCQ)

Direct Load Control To respond to a period of high energy demand, the utility

(DLC) Event sends signals to Home Area Network (HAN) devices in the

consumer residence to reduce usage.

Direct Load Control
(DLC) Rider

The mechanism by which participation in the DLC program
is reimbursed for participation. A credit is applied to the
monthly bill.

Double Auction

A process of buying and selling where competitive buyer
bids (consumer bids) are matched with competitive seller
offers (supply bids). Potential consumers submit their bids
for energy based on the smart appliances’ needs and the
electric utility simultaneously compiles an asking price
related to the quantity of energy supplied. The system
combines the received consumer bids for energy and
compares this cumulative bid curve with the electric utility’s
cumulative generation and purchase cost curve to determine
the market cost for energy to be consumed. The intersection
of the cumulative demand bid curve with the energy supply
cost curve is the resulting market value or the clearing price
of energy for the present time increment. The clearing price
is the actual price paid for energy by the consumer but limits
and adjustments, such as cost correction factors, may be
applied before the clearing price is determined.

eView ™ One of the two Consumer Programs that give visibility of
energy use to residential electricity customers.

Feeder See Circuit

Grid The wired infrastructure, above and below ground, which
distributes electricity from the electric utility to the customer.

gridSMART® The AEP Registered Trademark for their implementation of

smart grid technology.

“Last Gasp” [outage]
message

When an AMI meter senses that power has gone out, a
capacitor in the meter discharges to send a signal over the
communications network prior to itself losing power.

MAIFI

The average number of momentary interruptions that a
customer would experience. This is calculated as the total
number of customer momentary (<=five minutes)
interruptions divided by the total number of customers
served.

Ohio Power Company

The unit of the American Electric Power System that
distributes and sells electricity in Ohio and West Virginia ,
the surviving company of the merger with Columbus
Southern Power Company. It is also known as AEP Ohio,
the name used throughout this report.

2
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Meaning
In this report, the time between notification by some system
(AMI last gasp, customer call, etc.) and when the utility
declares an outage and dispatches a crew.

Peak Load

The maximum amount of power used by a customer over a
period of time: peak by day, peak by month, peak by season.

Peak Load and Mix

A name given to the analysis of peak load at a point in time
and the different sets of customers who contribute to that
peak: residential, commercial, and industrial; those on
different tariffs; those in different demographics; etc.

Project

AEP Ohio gridSMART Demonstration Project, awarded to
Ohio Power Company by U.S. DOE (award number DE-
OE0000193).

Project area

The Project area is located in northeast quadrant of Central
Ohio.

Rate The cost of electricity per unit of measure.

Residential Peak Day The peak load consumed by residential customers over a
season: summer, autumn, winter, spring.

Rebate A credit applied to customers’ electricity bill for their
participation in certain types of programs.

Rider A debit applied to customers’ electricity bill for their
participation in certain types of programs.

SAIDI The average outage duration that any given customer would
experience in a sustained outage. This figure is calculated by
dividing the total customer minutes of interruption by the
number of customers served.

SAIFI The average number of sustained interruptions that a

customer would experience. This is calculated as the total
number of customer sustained (>five minutes) interruptions
divided by the total number of customers served.

Selection Bias

A statistical term used to describe a result that may not be
truly representative of the answer to a question.

Smart Grid The set of new technologies being introduced to improve the
efficiency, reliability, safety, and environmental impact of
electricity consumption.

Smart Grid The set of 16 DOE managed, ARRA funded smart grid

Demonstration Project projects. See www.smartgrid.gov.

SMART Shift™™ The AEP Ohio branded Consumer Programs covered by this

SMART Shift Plus®™ Project. See Table 11.

SMART Cooling®™

SMART Cooling Plus™™

SMART Choice™"

Smart Meter

A utility meter capable of two-way communication with the
utility company.
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Word/Phrase ‘ Meaning
System area The System area is the area served by Columbus Southern

Power in 2009; approximately 750,000 electricity customers.
This was established at the beginning of the Project. CSP has
become Ohio Power Company which is also known as AEP

Ohio.

System Peak Day The peak load of a combination of circuits and feeders that
constitute the utility company footprint.

Tariff A Public Utilities Commission of Ohio (PUCO) approved

algorithm for the electricity utility to use in charging and
billing customers for the use of electricity. See Rider. See
Rate. See Rebate.

Time-of-Day Tariff A customer tariff where electricity costs a different rate
depending on the time of day. Typically electricity during
peak load periods is more expensive than during non-peak

periods.
Transmission Congestion | The incremental cost to the Transmission utility providing
Cost power to a distribution utility caused by peak load events,
congestion, imposed on the grid.
Unity Refers to a power factor of 1.0 that is obtained when current
and voltage are in phase.
VAR Volt-ampere reactive, a component of electricity on the grid.
Volt VAR Control A type of control applied to a power grid circuit to more

efficiently distribute electricity through the grid.

1.2 L/sTOoF ACRONYMS

Acronym Definition

6lo0PAN Low Power Wireless Personal Area Networks
AC Alternating Current

ACE AEP Cost Engine

AEP American Electric Power

AEPSC American Electric Power Service Corporation
AES Advanced Encryption Standard

AMI Advanced Metering Infrastructure

ANSI American National Standards Institute

API Application Programming Interface

ARRA American Recovery and Reinvestment Act of 2009
BDRS Battelle Demand Response System

BEV Battery Electric Vehicle

BIDS Business Intelligence Development Studio 2008
BMI Battelle Memorial Institute

CAIDI Customer Average Interruption Duration Index
CAIFI Customer Average Interruption Frequency Index
CEMI Customer Experiencing Multiple Interruption
CEP Computing Environment Profile

4
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CES Community Energy Storage

CIM Common Information Model

CIS Customer Information System

CKMP Certificate & Key Management Policy

CMI Customer Minutes Interrupted

CMMI Capability Maturity Model Integration

CO, Carbon Dioxide

CP Consumer Programs

CPP Critical Peak Pricing/Price

CRC Circuit Reconfiguration Controller

CSP Columbus Southern Power Company

CSV Comma Separated Values

CVVvC Coordinated Volt VAR Control

DA Distribution Automation

DAC Distribution Automation Controller

DA-CR Distribution Automation and Circuit Reconfiguration
DA-VVC Distribution Automation — Volt VAR Control

DBA Doing Business As

DDC Distribution Data Center

DEM Distributed Energy Management

DES Data Exchange Specification

DLC Direct Load Control

DMS Distribution Management System

DNP Distributed Network Protocol/Disconnection for Nonpayment
DNP3 Distributed Network Protocol 3

DNS Domain Name Server

DOE Department of Energy

DOMA Distribution Operations Model and Analysis

DR Demand Response

DSA Digital Signature Algorithm

DSL Digital Subscriber Line

DW Data Warehouse

DWMS Distribution Work Order Management System

ECC Elliptical Curve Cryptography

EHAN Enhanced Home Area Network

El Enterprise Integration

EMS Energy Management System

ENMAC™ Energy Management and Control from General Electric
EPA Environmental Protection Agency

ePCT Enhanced Programmable Communicating Thermostat
EPRI Electric Power Research Institute

ES Electric Storage

ESI Energy Services Interface

ET Electric Transportation
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Acronym Definition

ETL Extract, Transform, and Load
EUMD End Use Measurement Device
EVDO Evolution-Data Optimized

EVSE Electric Vehicle Supply Equipment
F Fahrenheit

FIPS Federal Information Processing Standard
FLIR Fault Location, Isolation, Restoration
FRO Field Revenue Operations

FTP File Transfer Protocol

g Gram(s)

GE General Electric

GFA Grid Friendly Appliance’ "

GIS Geographical Information System
GQM Goals, Questions, and Metrics
GridLAB-D | Smart Grid Simulator Utility

GWAC GridWise® Architecture Council
HAN Home Area Network

HEM Home Energy Manager

HOIS Historical Outage Information System
HTTP Hypertext Transfer Protocol

ICD Interface Control Document

ID Identifier

IDC Input Data Category

IEC International Electrotechnical Commission
IENS Integrated Event Notification System
1G Internet Gateway

IHD In-home Display

IL Interruptible Load

M Impact Metrics

10 Investigative Order

1P Internet Protocol

IPD In-Premise Display

IPS Intrusion Prevention System

IPv6 Internet Protocol version 6

ISO Independent System Operator

IT Information Technology

IVVC Integrated Volt VAR Control

J2EE Java 2 Platform, Enterprise Edition
IMS Java Messaging System

JNDI Java Naming Directory Interface

kg Kilogram

kVARh kiloVolt-Amp-reactive-hour

kV Kilovolt

kW Kilowatt
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LCS Load Control Switch

LMP Locational Marginal Price

LMS Load Management System

MAC Message Authentication Code

MACSS Marketing and Customer Service System
MAIFI Momentary Average Interruption Frequency Index
MBRP Metrics and Benefits Reporting Plan

MDM Meter Data Management

MDMS Meter Data Management System

MFR Multi-Feeder Reconnection

MRO Meter Revenue Operations

mW Milliwatt

MW Megawatt

MWh Megawatt Hour

NA, N/A Not Applicable

NETL National Energy Technology Laboratory
NIC Network Interface Card

NIST National Institute of Standards and Technology
NOC Network Operations Center

NOx Nitrogen Oxides

ODBC Open Database Connectivity

OLAP Off-Line Analysis Processing

OlyPen Olympic Peninsula Project

OMS Outage Management System

OPKG Open PacKaGe

OTA Over the air

PCT Programmable Communicating Thermostat
PEM Patrol Enterprise Manager

PEV Plug-in Electric Vehicle

PFC Pay for Curtailment

PGP Pretty Good Privacy

PHEV Plug-in Hybrid Electric Vehicle

PI1 Process Information

PII Personally Identifiable Information

PIM Pennsylvania, New Jersey and Maryland RTO
PM,; 5 Particulate Matter under 2.5 Microns
PNNL Pacific Northwest National Laboratory
PRIZM XML Runner based browser

PUCO Public Utilities Commission of Ohio

RF Radio Frequency

RFP Request For Proposal

RIIS Reverse Invoke, Integration Server

RSA Rivest-Shamir-Adleman

RTA Radio Thermostat of America
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Acronym Definition

RTO Regional Transmission Operator

RTP Real Time Pricing

RTPda Real Time Pricing with Double Auction
RTPi Real Time Pricing Integration Layer

S&C S&C Electric Company

SAIDI System Average Interruption Duration Index
SAIFI System Average Interruption Frequency Index
SAN Storage Area Network

SCADA Supervisory Control and Data Acquisition
SEL Schweitzer Engineering Laboratories
SEM/SM Smart Electric Meter/Smart Meter

SEP Smart Energy Profile

SGD Smart Grid Dispatch

SME Subject Matter Expert

SNMP Simple Network Management Protocol
SO, Sulfur Dioxide

SOAP Simple Object Access Protocol

SOPO Statement of Project Objectives

SOx Sulfur Oxides

SQL Structured Query Language

SRD Software Requirements Document

SSIS SQL Server Integration Services

SSL Secure Sockets Layer

SSN Silver Spring Networks

TBD To Be Determined

TCP/IP Transmission Control Protocol/Internet Protocol
TLS Transport Layer Security

TOD Time-of-Day

TOD/CPP Time-of-Day with Critical Peak Price
TPR Technology Performance Report

UIQ Utility 1Q

URL Uniform Resource Locator

UTF Unicode Transformation Format

\% Volt (SI derived unit for electric potential)
VAR Volt-Ampere Reactive

VM Virtual Machine

VOT Virtual Operations Test

VPN Virtual Private Network

VVC Volt VAR Control

VVO Volt VAR Optimization (same as Volt VAR control)
Wi-Fi Wireless

WPA Wi-Fi Protected Access

XML Extensible Markup Language

XSD XML Schema Definition
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Acronym Definition
ZCL ZigBee Cluster Library

ZigBee SEP | ZigBee Smart Energy Profile
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Table 1 provides a list of references cited in this report. Supporting appendices appear at the end

of the document.

No. | Document Date ‘

1 AEP tho gridS_MART Demonstration Project Metrics and October 13, 2010
Benefits Reporting Plan

> Instructions For Preparation of Deliverables for Cooperative Aoril 27 2010
Agreements Under the Smart Grid Demonstration Program P ’

3 Smart Grid Demonstration Program Guidance for Technology June 17, 2011
Performance Reports

4 Guidebook for ARRA Smart Grid Program Metrics and June. 2010
Benefits—Smart Grid Demonstration Project ’

5 AEP Ohio_g_ridSMART Demonstration Project Management June 25, 2010
Plan (Revision 1)

6 AEP_Ohlo gridSMART Demonstration Project Quarterly Build January 31, 2013
Metrics Report

7 AEP 2011 Fact Book November 8, 2011

Table 1. List of Document References

7.4 Cownracrs
Table 2 provides a list of contacts for the Project.

Paula Igo

Name |

Role
AEP Ohio—gridSMART Project Manager

| Telephone ‘
614-883-7895

Karen Sloneker

AEP Ohio—Director, Customer Service and Marketing

614-883-6677

Scott Osterholt AEP Ohio—gridSMART Project Lead 614-883-6872
Rick Gampp AEP Ohio—gridSMART Project Comptroller 614-883-6771
Frank Jakob Battelle—Project Manager 614-424-4130

Table 2. List of Contacts
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2 AEP OHIO DEMONSTRATION

Ohio Power Company is a unit of the American Electric Power System (“AEP”), one of the
largest electric utilities in the country. AEP Ohio was selected for the demonstration area
because its service area reflects the region and much of the nation in terms of demographic and
economic strata, energy consumption patterns, distribution infrastructure, and climate
characteristics.

The AEP Ohio territory allows for small-scale and controlled testing of various new technologies
and consumer programs in such an environment. The Project intends to integrate these
technologies and programs, which include utility-operating distribution system improvements,
consumer-managed technology, two-way communications technology, demand management and
dispatch technology, and utility-to-customer interfaces.

27 AREA4

AEP Ohio’s infrastructure includes generation, transmission, and distribution assets throughout
the state of Ohio and a portion of northern West Virginia, as shown in Figure 1. Table 3
provides estimates for the entire AEP Ohio territory’s customer, distribution, transmission,
generation, and asset attributes.

Customers

Customers 1.5 million
Communities 890
Counties 61

Distribution

Distribution Lines 47,000 miles

Transmission

Transmission Lines 9,200 miles

Generation

Total Capacity 11,736 MW

Assets Figure 1. AEP Ohio Territory
Total $8.3 billion

Table 3. AEP Ohio Territory Attribute
Estimates

The Project is located within northeast central Ohio and
in the territory formerly Columbus Southern Power Company (CSP). This area demonstrates
ideal characteristics for implementation and evaluation of grid-enhancing technology. It includes
a significant number of 13 kV and 34.5 kV circuits; has distribution stations; includes diverse
customer income levels; has a good blend of industrial, commercial, and residential accounts;
and receives a large number of customer service orders.

11
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In this report, the term “System area” refers to former CSP’s entire territory, as shown in Figure
2. The term “Project area” refers to the area where Project assets, functionality, or programs are
implemented, as shown in Figure 3.

Figure 2. CSP Territory

Figure 3. Project Area Scope

Table 4 summarizes the high-level characteristics of both the System and Project areas discussed
in this report.

Metric System Area (2009) Project Area ‘

Total number of customers:

Residential 667,018 100,000

Commercial

. 81, 866 10,000

Industrial
Peak load:

Summer 4,209 MW 800 MW

12
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System Area (2009) Project Area
Winter 3,934 MW 650 MW
Total MWh sales: 20,623,813 MWh 3,500,000 MWh
Residential 7,303,192 MWh 1,200,000 MWh
Commercial
13,320,621MWh 1,000,000 MWh
Industrial
Total number of substations 136 16
Total number of distribution feeders 673 80
Total miles of distribution line 18,876 miles 3,000 miles
Total miles of transmission line 2,274 miles 0 miles

Table 4. AEP Ohio’s gridSMART System and Project Areas

2.2 TECHNOLOGIES
The Project introduced multiple technology enhancements to the infrastructure of the AEP Ohio
Project area, including:

¢ Advanced Metering Infrastructure (AMI) — Two-way communication
enabled meters

e Home Area Network (HAN) — Enhanced communication capability

¢ Distribution Automation Volt VAR Control (DA-VVC) — Voltage control
and optimization

¢ Distribution Automation Circuit Reconfiguration (DA-CR) — Automation
of distribution assets.

The addition of the above technologies served as the foundation to enable two-way
communication with customers and allowed for consumer programs and products, such as plug-
in electric vehicles and smart appliances. The introduction of these technologies also required
comprehensive cyber security and interoperability capabilities for both new and legacy systems.

Explanations of each technology and the extent of their functionality will be outlined within the
Demonstrated Technologies sections of this report.

2.3 BENEFATS

Each technology, or combination of technologies, is expected to produce a benefit to either the
utility and/or electric consumers. Table 5 summarizes some of the anticipated benefits of these
technologies.

Benefit
Category Benefit Technologies

Economic Reduced meter operations costs — meter reading routes | AMI
Economic Reduced meter operations costs — avoided truck rolls AMI, DA-CR
Economic Reduced electricity costs to consumers CP, DA-VVC

13
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Benefit

Category Benefit Technologies
Economic Reduced peak load CP, DA-VVC
Reliability Improved outage response time AMI, DA-CR
Reliability Increased number of meters reporting daily AMI
Reliability Increased distribution system reliability DA-CR
Environmental Reduced number of truck rolls AMI, DA-CR
Environmental Reduced meter operations vehicle miles AMI, DA-CR
Environmental Reduced CO; emissions AMI, CP, DA-VVC
Environmental Reduced pollutant emissions AMI, CP, DA-VVC

Table 5. Expected Benefits of Technologies

24  PLAVMSCHEDULE

AEP Ohio began installing smart grid technologies in the Project area in 2009. Complete
schedules for planning, deployment and operation of the Project are provided in AEP Ohio’s
gridSMART Project Management Plan [Ref. 5]. Detailed schedules regarding metrics and
benefits reporting are provided in the Metrics and Benefits Report Plan [Ref 1].
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3  TECHNICAL APPROACH

Adopting smart grid technology and integrating it with an aging infrastructure poses many
challenges and uncertainty about its performance and benefits. The electrical grid is dynamic in
design and when the mechanics, weather, people and systems involved are added, its complexity
increases two-fold.

Components of this smart grid technology
add functionality to communicate and
respond with utility customers effectively
from remote locations, even further
modernizing capability and information at

the premise level. As with the addition of
any new technology with enhanced
capability, installation, testing, monitoring
and evaluating, and adjusting are necessary
to ensure learning, growth and

effectiveness.

Figure 4. Smart Technology Integration

3.7 EXPERIMENTAL DESIGN

AEP Ohio developed an innovative approach to maximize the amount of information obtainable
from the Project. This approach included an experimental design consisting of a careful, multi-
level segmentation of the demonstration grid and participants, as discussed in Section 2.1 of the
Project Management Plan, DE-OE0000193 [Ref. 5]. The initial design produced more than 100
unique combinations of consumer engagement, distribution configuration, and smart grid
technologies for analysis, enabling a deeper understanding of consumer behavior and grid
performance. Additionally, use of appropriate controls, filters, and statistics, provides a greater
understanding of the interaction of the various components and behaviors involved in electricity
usage. This understanding is critical to capturing lessons learned, evaluating different business
models, and developing best practices for deployment of smart grid technologies at the regional
and national levels.

3.2 DA74 COLLECTION AND STORAGE

The introduction of multiple new technologies and its accompanying volume of data into AEP
Ohio’s territory warranted a single repository for the collection and analysis of data. This
process included combining legacy systems with new systems, adding and updating integrations,
and challenging the architecture of these legacy systems, as shown in Figure 5.
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Integrated Network Manager

Figure 5. System Integration

A Data Warehouse (DW) was built to collect relevant data necessary to analyze the new
technology and quantify overall impacts, all while adjusting necessary data points as the
technology and understanding of the technology evolved over the course of the Project. A
System Requirements Document (SRD) was created to identify and organize data points for
collection and analysis. Because of the magnitude of data, multiple iterations were necessary in
data identification and collection to gauge and adjust as technology evolved to make tactical and
strategic decisions involving smart grid technologies.

.3  DAr4 ANAL YS/S

AEP Ohio utilized impact metrics from the Metrics and Benefits Reporting Plan (MBRP) as the
foundational basis for analysis and added the analysis of several other technologies (not
mentioned in the MBRP, e.g. Smart Appliances) to provide the DOE and other stakeholders a
holistic understanding of impacts, benefits and challenges experienced within the Project. An
analytical front was added to the DW to aid in the collection and presentation of data for
interpretation.

.4  mrAcT METRICS

Below is a listing of impact metrics identified within the MBRP and an outline of impacts that
cross reference amongst multiple technologies. This format is referenced throughout this report
to provide both analytical details and high-level conclusions to all technology areas.
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Impact Metric Cross Reference

Applicable to
Description . AMI | cP | DACR | DA-VVC

MBRP impact metrics for AMI and Consumer Programs

MO1 Project Hourly Customer Electricity Usage O

M02 Project Monthly Customer Electricity Usage O

MO03 Project Peak Load and Mix O O
Mo04 Project Meter Operations Cost O

MO05 Project Truck Rolls Avoided O

MO06 Project Meter Operations Vehicle Miles O

MO07 Project CO; Emissions O O

M08 Project Pollutant Emissions (SOx, NOx, PMas) O O

M09 System  CO. Emissions O O

M10 System Pollutant Emissions (SOx, NOx, PMzs) O O

M11 Project Meter Data Completeness O

M12 Project Meters Reporting Daily O

MBRP impact metrics for Distribution Automation

M13 Project Distribution Feeder Load O O
M14 Project Distribution Feeder/ Equipment Overload O

M15 Project Deferred Distribution Capacity Investments O O
M16 Project Equipment Failure Incidents O O
M17 Project Distribution Equipment Maintenance Cost O O
M18 Project Distribution Operations Cost O

M19 Project Distribution Feeder Switching Operations O

M20 Project Distribution Capacitor Switching Operations O
M21 Project Distribution Restoration Cost O

M22 Project Distribution Losses (%) O
M23 Project Distribution Power Factor O
M24 System Reduced Transmission Congestion Cost Data Unavailable

M25 Project Truck Rolls Avoided O

M26 Project SAIFI O

M27 Project SAIDI/CAIDI O

M28 Project MAIFI O

M29 Project Outage Response Time O O

M30 Project Major Event Information O

M31 Project Distribution Operations Vehicle Miles O

M32 Project CO; Emissions O O
M33 Project Pollutant Emissions (SOx, NOx, PMzs) O O
M34 System  COz Emissions O O
M35 System  Pollutant Emissions (SOx, NOx, PMz5) O O

MBRP impact metrics for CES; CES has been suspended

Table 6. Project Impact Metrics
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4 DEMONSTRATED TECHNOLOGIES — ADVANCED METERING
INFRASTRUCTURE

4.7 PURPOSE
Prior to the Project, AEP Ohio operated largely with electromechanical meters that registered
usage and readings at the customer premise and required that meter readers physically review
and collect meter data. While a few other meter types exist in the Project area, there were no
AMI meters. AMI meters enable two-way communication between AEP Ohio and the customer
premise with the ability to provide detailed, near real-time information using network capability
and interact with other external devices controlled by the customer. AEP Ohio’s demonstration
of these meters is intended to:

¢ Prove that the Silver Spring Networks technology would function properly in urban,

suburban, and rural applications;

e Show efficiencies associated with automated meter reading on a large-scale basis,
including real-time meter reading and daily meter reads;

¢ Demonstrate the effect of AMI meters on meter operations costs;

¢ Demonstrate remote reconnect/disconnect capabilities, along with advantages and
disadvantages of the program;

e Leverage the two-way communication between meters in the field and the network and
back office;

¢ Study the demographic groups, including multi-unit, residential, commercial, and
industrial, with a complete mixture of socioeconomic classes, and their response to
different aspects of the AMI meters;

¢ Determine the amount of data generated by the AMI meters and how to best utilize the
information, including meter alarms and alerts, power quality information, energy usage
and outage/restoration notification;

¢ Enable the use of two-way Home Area Networks (HAN) in the overall energy efficiency
and demand response programs;

e Exhibit the benefits of receiving real-time information from different operational areas,
such as billing, customer service, engineering, dispatch, meter reading, credit, etc.; and

e Reduce or shift electricity demand and consumption through consumer programs.
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4.2 TEcavoLOGY

AEP Ohio elected to deploy 110,000 General Electric kV2c¢ and 1210+c model meters, including
4-channel recording capability, voltage detection, and ZigBee communication in the Project area.
These meters include two-way communication abilities and utilize a Radio Frequency (RF) mesh
network with wireless carrier backhaul communications. In addition to the meters, the network
includes a network interface card for each meter, relays, access points, and eBridges. The single-
phase residential and commercial meters also included a remote connect/disconnect switch. In
addition to standard meter functions, AEP Ohio utilized the AMI system for remote
connect/disconnect capabilities, outage reporting, interval data collection, calculation of bill
determinants (kWh, kW, kVArh, on-peak, off-peak), power quality monitoring, and consumer
programs facilitation.

AMI Asset Summary

e 100,000 residential meters

e 10,000 non-residential meters
e 31 access points

e 133 relays

Table 7. AMI Asset Summary

Refer to the AEP Ohio Quarterly Build Metrics Report [Ref. 6] for an up-to-date status report on
AEP Ohio’s deployment of AMI system assets.

The meter infrastructure interfaces with back-office systems to collect, measure, and manage
meter, customer, and utility activities. The meter infrastructure includes the following
integrations:

e Utility IQ software (UIQ)

e Silver Spring Networks (SSN)

e Marketing and Customer Service System (MACSS) for customer-associated

data management
e Meter Data Management (MDM)
¢ Distribution Management System (DMS).

Figure 6 illustrates the AMI system implementation within AEP Ohio.
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Figure 6. AMI System Illustration

4.3 IMPLEMENTATION & APPROACH

When initially selecting the area in which AMI meters would be installed, AEP Ohio made a
conscious decision to install the meters in an area of Central Ohio that had one of the highest
delinquency rates. The intention was to leverage this technology to reduce truck rolls required to
perform disconnections for non-payment (DNP), and subsequent reconnections. However,
additional savings could be realized if the current Public Utilities Commission of Ohio (PUCO)
requirement for physical notification prior to DNP was reversed. This will be discussed in the
Impact Metric Details section.

The installation of the meters was dependent on the completion of the supporting network.
Before AEP Ohio could begin installing AMI meters, the installation of the access points and
relays for the meters had to be completed. In addition, meter blackout dates influenced the
installation schedule.
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To install the meters as quickly as possible, AEP Ohio retained contract resources to install the
wireless network and all single-phase meters. AEP Ohio employees installed all poly-phase and
instrument-rated meters while contractors were completing the single-phase installations.

As installations were completed, a parallel reading period ensued. The manual reads were
compared with the over-the-air reads to ensure that the meter was installed at the correct premise
and that the meter was reading with 100% accuracy. Meter installations were complete by April
1, 2010. AEP Ohio found these meters to be accurate in their “out-of-box” state, and no major
manual intervention was required. As a result, the parallel reading process ended before July 1,
2010.

4.4 PRESUMED BENEFITS

The introduction of AMI technology has the potential to impact the electrical grid and operations
of the grid. Theoretical impacts of AMI technology include some level of benefit to the utility,
customers and society as a whole. The proceeding sections describe foreseeable AMI benefits to
the economy, reliability of our nation's grid and the environment.

4.41 Economic Benefits

Economic benefits are anticipated by the installation and use of AMI meters in several ways.
First, two-way communication meters no longer require individual meter readers to walk routes
and manually collect meter readings. This can now be conducted by back-office personnel.
Savings can be obtained through the elimination of both labor associated to manual meter
reading and vehicles driven to reach these meter reading routes. The two-way flow of
information between the meter and the back office allow the utility to troubleshoot meter issues
remotely, minimizing truck rolls to individual premises. The added functionality and insight
provided by AMI meters, such as connect, disconnects, meter theft, and check reads, are
anticipated to result in a net savings to operation costs. In addition, the utility can expect to see a
reduction in credit collection activities as a result of timely meter readings and operations.

4.4.2 Reliability Benefits

AMI enhanced communication abilities, such as near real-time data flow, provides the utility the
opportunity to react to meter data that did not exist with electromechanical meters of the past.
This messaging provides the utility the opportunity to leverage meter information to enhance
system reliability by receiving and responding to outage, tampering, or voltage notifications
sooner than customer notification.

4.4.3 Environmental Benefits

As described above, two-way communication from AMI meters has the potential to reduce the
amount of traveling to customer premises. Fewer company trucks in operation can result in less
fuel burned and less pollutants released into the atmosphere. While AMI meters alone did not
directly affect demand, their functionality allows for the introduction of consumer programs and
other technologies that can result in reduced demand. This level of demand reduction may result
in a reduction in environmental pollutants from generation facilities.

In an effort to evaluate economic, reliability and environmental impacts by AMI metering, AEP
Ohio provides detailed analysis of MBRP impact metrics provided by the DOE.
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4.5 MBRP mrAcT METRIC DETAILS (AMY/)

Of the 43 total impact metrics enumerated in the MBRP for the Project, the ten impact metrics
shown in Table 8 are associated with the AMI suite of technologies; eight relate to the Project
area and two relate to the System area.

Metric Metric Description
Scope

MO04 Project | Meter Operations Cost MO04-AMI
MO5 Project | Truck Rolls Avoided MO05-AMI
MO06 Project | Meter Operations Vehicle Miles MO06-AMI
MO7 Project | CO, Emissions MO07-AMI
MOS8 Project | Pollutant Emissions (SOx, NOyx, PM,s) MOS-AMI
M09 System | CO, Emissions M09-AMI
M10 System | Pollutant Emissions (SOx, NOx, PM, 5) M10-AMI
Ml11 Project | Meter Data Completeness M11-AMI
MI12 Project | Meters Reporting Daily M12-AMI
M29 Project | Outage Response Time M29-AMI

Table 8. Impact Metrics Addressing AMI Technology Performance
4.5.1 Meter Operations Cost (M04-AMI)

45.1.7 Obfective

The purpose of this metric is to understand the impact of AMI on the overall cost of AEP Ohio's
meter operations. This metric analyzes presumed savings, incremental and ongoing, achieved
due to avoiding customer service truck rolls, eliminating meter reading routes, and reducing
meter theft. Also included are the increased costs associated with equipment failure, software
licensing, and network maintenance in order to calculate a net savings value.

4.5.1.2 Orgarnization of Resulls

The following sections describe the total net-dollar savings due to AMI from the following

sources. The first two sources are provided in this Interim report. All will be provided in the

Final Report.

e Service-related truck rolls avoided

This section contains monthly graphs showing savings and additional costs
incurred for both vehicle and labor costs. Graphs are then presented for net-labor
savings and net vehicle savings. Finally, a graph is presented showing the total
dollar value of monthly savings due to truck rolls avoided.

¢ Elimination of meter reading routes
This section contains the analysis of savings due to the elimination of meter
reading routes by reading meters remotely through the AMI network.

e Reduction in meter theft
This section contains the analysis of the difference in meter theft rates between
AMI and non-AMI meters. This will be provided in the Final Report.

¢ Changes in meter failure rate
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This section contains the analysis of the difference in meter failure rates between
AMI and non-AMI meters. This will be provided in the Final Report.

e Software and network maintenance costs
This section contains the analysis of the ongoing maintenance costs associated
with operating the AMI network. This will be provided in the Final Report.

4.5.1.3 Assumpltions
This section contains assumptions made when collecting, analyzing, and presenting the data. A
full list of assumptions will be provided in the Final Report.
e AEP Ohio meter readers typically read one route per day, so for calculation purposes, it is
assumed that eliminating a route equals 8 hours of labor.

e (Cost reduction was determined based on conversion factors for vehicle and labor rates.
4.5.7.4 Resulls of Darta Collected fo Date

Subsection 1 shows savings results related to customer service-related truck rolls. This section
contains nine figures.

Subsection 2 shows results for eliminated meter routes.

Results for Customer Service Related Truck Rolls Avoided:

The average monthly net savings due to customer service truck rolls avoided during 2012 was
$33,900, with an annual total of $407,000. The population of meters was approximately 132,000
meters. The average savings is $3.08/meter/month.
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Labor Saving From Truck Rolls Avoided (2012)
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Total Net savings From Truck Rolls Avoided (2012)
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Figure 13. Total net savings associated with AMI service truck rolls
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Results for Eliminated Meter Reading Routes:

Prior to the installation of AMI meters, AEP Ohio had 994 meter reading routes in the Columbus
metropolitan area. Through the use of AMI, AEP Ohio was able to eliminate 187 meter reading
routes in the Project area. AEP Ohio meter readers typically read one route per day, so for
calculation purposes, it is assumed that eliminating a route equals 8 hours of labor. On average,
AEP Ohio reads 87 percent of the meter reading routes each month in the Columbus area. As a
result of installing AMI and eliminating 187 meter reading routes, AEP Ohio has saved 1,301.5

hours in labor and eliminated 10 meter reading positions.

Table 9 outlines the savings due to the elimination of meter reading routes.

ltem ‘ Hourly Cost Total Hours Total Savings
Meter Reader Salary (2012) - loaded 21.45 1,301.50 $27,917
Vehicle Operations (2012) 7.50 1,301.50 $9,761
Grand Total — Monthly 37,676
Grand Total — Yearly $452,112

Table 9. Meter Reading Route Elimination Savings

For the Final Report, a forecast will be provided for the projected savings if the technology were

expanded to the entire System area.
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Calculation Approach

Certain types of customer events, such as check read requests, can be handled remotely by the
use of the AMI system, thereby avoiding a truck roll. A list was compiled of all customer event
order types that lead to an avoided truck roll. The number of truck rolls avoided due to AMI was
then calculated based on the number of customer events with matching order type codes.

Average mileage per truck roll was calculated by month for each AEP Ohio service center in the
Project and System areas. These average mileage values were applied to the count of truck rolls
avoided to calculate mileage avoided due to AMI.

The following queries and methods were used to generate presentation items:
e Labor savings from AMI truck rolls avoided per service center, month, and meter funding
source were calculated by multiplying the number of truck rolls avoided by [CF-AEP-01]
$20 per truck roll.

e Vehicle savings from AMI truck rolls avoided per service center, month, and meter
funding source were calculated by multiplying the number of truck rolls avoided by the
average vehicle cost per work order completed by each service center and month.

e Labor costs from AMI truck rolls required per service center, month, and meter funding
source were calculated by multiplying the number of truck rolls required by [CF-AEP-02]
$50 per truck roll.

e Vehicle costs from AMI truck rolls required per service center, month, and meter funding
source were calculated by multiplying the number of truck rolls required by the average
vehicle cost per work order completed by each service center and month.
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4.5.2 Truck Rolls Avoided (M05-AMI)

4527 Obfective

The AMI system has the potential to reduce the number of truck rolls required by meter
operations through the elimination of meter reading routes and the ability to remotely perform
services such as check reads, connections, and disconnections. This impact metric quantifies the
number of truck rolls avoided and/or added due to features of AMI technology. This metric also
takes into account the number of truck rolls added due to increased information such as tamper
detection provided by the AMI meters.

4.5.22 Organization of Resulls

The following section describes the number of truck rolls avoided due to AMI from the
following sources:

e Service-related truck rolls avoided

This section contains monthly graphs showing the number of truck rolls avoided,
as well as the number of new truck rolls required due to AMI. A final graph is
then presented showing the net number of truck rolls avoided.

¢ Elimination of meter reading routes

This section contains analysis of savings due to the elimination of meter reading
routes by reading meters remotely through the AMI network.

4523 Assumplions

This section contains assumptions made when collecting, analyzing, and presenting the data. A
full list of assumptions will be provided in the Final Report.

¢ Disconnections for non-payment are not included in this analysis because AEP Ohio is
required by the PUCO to send a representative to the customer premise prior to
disconnection.

4.5.24 Results of Dala Collected fo Date

Subsection 1 shows savings results related to customer service-related truck rolls. This section
contains nine figures.

Subsection 2 shows results for eliminated meter reading routes.

Results for Service Related Truck Rolls Avoided:

The average monthly net count of truck rolls avoided during 2012 was 2,366 truck rolls/month.
The annual total of this would be 28,392 net truck rolls avoided.
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Results for Eliminated Meter Reading Routes:

Prior to the installation of AMI meters, AEP Ohio had 994 meter reading routes in the Columbus
metropolitan area. Through the use of AMI, AEP Ohio was able to eliminate 187 meter reading
routes in the Project area. On average, AEP Ohio reads 87 percent of the meter reading routes
each month in the Columbus area. This results in 163 avoided truck rolls per month, or 1,952
truck rolls avoided per year.

Due to the reporting location for meter readers in proximity of the Project area, the average
meter reader travels 35 miles per route. Therefore, meter reading truck rolls avoided represent a
much larger mileage savings compared with meter service-related truck rolls.

Calculation Approach

Certain types of customer events, such as check read requests, can be handled remotely by the
use of the AMI system thereby avoiding a truck roll. A list was compiled of all customer event
order types that led to an avoided truck roll. The number of truck rolls avoided due to AMI was
then calculated based on the number of customer events with matching order type codes.

The following queries and methods used to generate presentation items:

e AMI truck rolls avoided per service center, month, and meter funding source were
calculated by multiplying the ratio of miles for a circuit in a service center to total miles
for a circuit multiplied by the number of customer events for customers with AMI meters
where the order type that generated the customer event was any order type except
“Excess use on an inactive account” and the meter response to a meter request was
something other than “Error” and the customer event type was one of the following:

*Connect Request
*Disconnect Request
*Estimated Bill Complaint
*High Bill Complaint

e AMI truck rolls required per service center, month, and meter funding source were
calculated by adding the number of truck rolls required from meter events for AMI
meters where the event type was “Tamper” to the number of meter requests for AMI
meters where the order type for the meter request was “Read/Solve Access”.

e AMI net truck rolls per service center, month, and meter funding source were calculated
subtracting the AMI truck rolls required from the AMI truck rolls avoided.
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4.5.3 Meter Operations Vehicle Miles (M06-AMI)

4537 Obfective

The AMI system has the potential to reduce the number of truck rolls required by AEP Ohio
meter operations staff through the elimination of meter reading routes and the ability to remotely
perform services such as meter reading, connection, and disconnection. This impact metric
provides an estimate of the number of vehicle miles avoided and/or added due to changes
resulting from AMI technology.

4.5.3.2 Organization of Resulls
The following section describes the number of vehicle miles avoided due to AMI from the
following sources:

e Service-related truck rolls avoided

This section contains monthly graphs showing the number of vehicle miles
avoided due to the net number of truck rolls avoided.

¢ Elimination of meter reading routes

This section contains analysis of vehicle miles avoided due to the elimination of
meter reading routes by reading meters remotely through the AMI network.

4533 Assumpltions
This section contains assumptions made when collecting, analyzing, and presenting the data. A
full list of assumptions will be provided in the Final Report.

4.5.3.4 Resulfs of Data Collected fo Date

Subsection 1 shows savings results related to customer service-related truck rolls. This section
contains three figures.

Subsection 2 shows results for eliminated meter routes.

30



Advanced Metering Infrastructure 13 OHIO

A unit of American Electric Power

Results for Customer Service-Related Truck Rolls Avoided:

The average monthly net mileage avoided during 2012 was 11,066 miles/month. The annual total
of this would be 132,792 miles avoided.
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31



Advanced Metering Infrastructure 13 OHIO

A unit of American Electric Power

Results for Eliminated Meter Reading Routes:

Through the use of AMI, AEP Ohio was able to eliminate 187 meter reading routes in the Project
area. AEP Ohio reads on average 87 percent of the meter reading routes each month, and the
average meter route is 35 miles long. This results in a vehicle mileage avoidance of 5,694
miles/month or 68,328 miles per year.

Calculation Approach

Certain types of customer events, such as check read requests, can be handled remotely by the
use of the AMI system, thereby avoiding a truck roll. A list was compiled of all customer event
order types that led to an avoided truck roll. The number of truck rolls avoided due to AMI was
then calculated based on the number of customer events with matching order type codes.

Average mileage per truck roll was calculated by month for each AEP Ohio service center in the
Project and System areas. These average mileage values were applied to the count of truck rolls
avoided to calculate mileage avoided due to AMI.

The following queries and methods were used to generate presentation items:

e Vehicle distances per service center and month for the Meter Revenue Operations (MRO)
and Field Revenue Operations (FRO) business units were calculated by summing the
vehicle use mileage quantities.

e Average truck roll distances per service center and month for the MRO and FRO business
units were calculated by taking the average of the vehicle distances by service center and
month for the MRO and FRO business units divided by the number of completed work
orders per service center and month.

¢ The meter operations vehicle miles avoided per service center, month, and meter funding
source were calculated by multiplying the AMI truck rolls avoided per service center,
month, and meter funding source by the average truck roll distances by service center and
month for the MRO and FRO business units.
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4.5.4 CO, Emissions — Project (M07-AMI)

4547 Obfective

The AMI system has the potential to reduce the number of truck rolls required by AEP Ohio
meter operations staff through the elimination of meter reading routes and the ability to remotely
perform services such as meter reading, connection, and disconnection. This impact metric
provides an estimate of the CO, emissions saved by avoiding truck rolls due to AMI
functionality.

4.5.4.2 Orgarnization of Resulls

The following section describes the amount of CO, avoided due to AMI from the following
sources:

e (Customer service-related truck rolls avoided

This section contains monthly graphs showing the amount of CO; avoided due to
the net number of truck rolls avoided.

¢ Elimination of meter reading routes

This section contains the results from analysis of CO, avoided due to the
elimination of meter reading routes by reading meters remotely through the AMI
network.

4543 Assumptions

This section contains assumptions made when collecting, analyzing, and presenting the data. A
full list of assumptions will be provided in the Final Report.

4.5.44 Results of Dala Collected fo Date

Subsection 1 shows savings results related to customer service-related truck rolls. This section
contains one figure.

Subsection 2 shows results for eliminated meter reading routes.

33



Advanced Metering Infrastructure

¥ onio

A unit of American Electric Power

Results for Service-Related Truck Rolls Avoided:
The average monthly net CO, avoided during 2012 was 19.3 tons/month, with an annual total of

232 tons.

Tons of CO2

AMI CO2 Emissions Avoided - Project Area (2012)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Time (Month)

Funding Source
W AEP

W DOE

W Unknown

w
(3]

w
o

N
(6,

N
o

—_
(&) ]

_
o

(&,

o

Figure 20. CO; avoided due to AMI truck rolls avoided
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Results for Eliminated Meter Reading Routes:

Through the use of AMI, AEP Ohio was able to eliminate 187 meter reading routes in the Project
area. AEP Ohio reads on average 87 percent of the meter reading routes each month, and the
average meter route is 35 miles long. This results in a vehicle mileage avoidance of 5,694
miles/month or 68,328 miles per year. Using an EPA average value of 423 grams of CO, per
mile (EPA-420-F-11-041) results in 2.408 metric tons of CO, avoided per month or 28.903
metric tons avoided per year.

Calculation Approach

Certain types of customer events, such as check read requests, can be handled remotely by the
use of the AMI system, thereby avoiding a truck roll. A list was compiled of all customer event
order types that lead to an avoided truck roll. The number of truck rolls avoided due to AMI was
then calculated based on the number of customer events with matching order type codes.

Average mileage per truck roll and average vehicle fuel efficiency was calculated by month for
each AEP Ohio service center in the Project and System areas. CO, emission avoidance was
calculated using fuel efficiency and mileage avoided.

The following queries and methods used to generate presentation items:

e AEP Ohio provided an average fuel economy value for each vehicle. Corrected average
monthly fuel efficiencies in miles per gallon per service center, month, and fuel type for
vehicles used by the AEP Ohio MRO and FRO business units were calculated by
calculating the average of monthly vehicle mileages divided by monthly quantity of fuel
for each vehicle. Because some suspect monthly vehicle mileages (i.e. 703,281 miles)
were received, if the average of monthly vehicle mileages divided by monthly quantity of
fuel divided by the average monthly average fuel economy value was not between .5 and
2, average monthly average fuel economies were substituted for the average of monthly
vehicle mileages divided by monthly quantity of fuel to calculate the corrected average
monthly fuel efficiencies.

e Tons of CO, avoided per service center, month, meter funding source, and fuel type due
to truck rolls avoided due to AMI technology were calculated by multiplying the number
or truck rolls avoided multiplied by the average truck roll distance divided by the
corrected average monthly fuel efficiency multiplied (8.8 kg CO, emissions/gallon for
gas engines, 10.1 kg CO, emissions/gallon for diesel engines) by 0.00110231131092 (kg
to tons conversion factor).
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4.5.5 Pollutant Emissions - Project (SOx, NOy, PM, ) (M08-AMI)

4557 Obfective

The AMI system has the potential to reduce the number of truck rolls required by AEP Ohio
meter operations staff through the elimination of meter reading routes and the ability to remotely
perform services such as meter reading, connection, and disconnection. This impact metric
provides an estimate of the amount of pollutants that would have been emitted by trucks to
perform services that were avoided and/ or added due to AMI technology.

4.5.5.2 Orgarnization of Resulls

The following section describes the amount of pollutants avoided due to AMI from the following
sources:

e (Customer service-related truck rolls avoided

This section contains monthly graphs showing the amount of pollutants avoided
due to the net number of truck rolls avoided.

¢ Elimination of meter reading routes

This section contains the results from analysis of pollutants avoided due to the
elimination of meter reading routes by reading meters remotely through the AMI
network.

4553 Assumptions
This section contains assumptions made when collecting, analyzing, and presenting the data. A

full list of assumptions will be provided in the Final Report.
e Using a CARB limit value of 0.05 grams of NOx per mile
e (.01 g PM;semissions/mi conversion factor

e 165 g SOx emissions/gallon for gas engines, .0963 g SOx emissions/gallon for diesel
engines conversion factor

4.5.5.4 Resulfs of Darta Collected fo Date

Subsection 1 shows savings results related to customer service-related truck rolls. This section
contains one figure with three sections.

Subsection 2 shows results for eliminated meter routes.
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Results for Service-Related Truck Rolls Avoided:

The average monthly net NOx avoided during 2012 was1.08 kg/month, with an annual total of
13.0 kg.

The average monthly net SOx avoided during 2012 was 0.235 kg/month, with an annual total of
2.82 kg.

The average monthly net PM, s matter avoided during 2012 was 0.216 kg/month, with an annual
total of 2.59 kg.
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Figure 21. Pollutants avoided due to AMI truck rolls avoided
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Results for Eliminated Meter Reading Routes:

Through the use of AMI, AEP Ohio was able to eliminate 187 meter reading routes in the Project
area. AEP Ohio reads on average 87 percent of the meter reading routes each month, and the
average meter route is 35 miles long. This results in a vehicle mileage avoidance of 5,694
miles/month or 68,328 miles per year.

Using a CARB limit value of 0.05 grams of NOx per mile, results in 284.7 g of NOx avoided per
month or 3,416 g avoided per year.

SOx and PM, 5 emissions from light duty gasoline vehicles, which are typically used for meter
reading routes, are negligible.

Calculation Approach

Certain types of customer events, such as check read requests, can be handled remotely by the
use of the AMI system, thereby avoiding a truck roll. A list was compiled of all customer event
order types that lead to an avoided truck roll. The number of truck rolls avoided due to AMI was
then calculated based on the number of customer events with matching order type codes.

Average mileage per truck roll and average vehicle fuel efficiency were calculated by month for
the Project area. Pollutant emission avoidance was calculated using fuel efficiency and mileage
avoided.

The following queries and methods were used to generate presentation items:

e Average monthly fuel efficiencies in miles per gallon per month and fuel type for
vehicles used by the AEP Ohio MRO and FRO business units were calculated by
calculating the average of monthly vehicle mileages divided by monthly quantity of fuel
for each vehicle.

e Kilograms of NOx avoided per service center, month, meter funding source, and fuel type
due to truck rolls avoided due to AMI technology were calculated by multiplying the
number or truck rolls avoided by the average truck roll distance multiplied by 0.05 g NOx
emissions/mi multiplied by 0.001 (g to kg conversion factor).

e Kilograms of PM, 5 avoided per service center, month, meter funding source, and fuel
type due to truck rolls avoided due to AMI technology were calculated by multiplying the
number or truck rolls avoided by the average truck roll distance multiplied by 0.01 g
PM,; s emissions/mi multiplied by 0.001 (g to kg conversion factor).

e Kilograms of SOx avoided per service center, month, meter funding source, and fuel type
due to truck rolls avoided due to AMI technology were calculated by multiplying the
number or truck rolls avoided by the average truck roll distance divided by the corrected
average monthly fuel efficiency multiplied by (.165 g SOx emissions/gallon for gas
engines, .0963 g SOx emissions/gallon for diesel engines) 0.001 (g to kg conversion
factor).
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4.5.6 CO, Emissions—System (M09-AMI)

456.7 Obfective

The AMI system has the potential to reduce the number of truck rolls required by AEP Ohio
meter operations staff through the elimination of meter reading routes and the ability to remotely
perform services such as meter reading, connection, and disconnection. This impact metric
provides an estimate of the amount of CO, that would have been emitted by trucks to perform
services that could be avoided if AMI technology were extended to the entire System area.

4.5.6.2 Orgarnization of Resulls

The following section describes the amount of CO, that could be avoided by AMI if it were
deployed to the entire System area from the following sources:

o Service-related truck rolls avoided

This section contains monthly graphs showing the amount of potential CO,
avoided due to truck rolls avoided.

¢ Elimination of meter reading routes

This section contains the results from analysis of potential CO, avoided due to the
elimination of meter reading routes by reading meters remotely through the AMI
network. This information will be included in the Final Report.

4.5.6.3 Assumpltions

This section contains assumptions made when collecting, analyzing, and presenting the data. A
full list of assumptions will be provided in the Final Report.

e 8.8 kg CO, emissions/gallon for gas engines, 10.1 kg CO, emissions/gallon for diesel
engines conversion factor

e Forecasts for the System area may change in the Final Report because AMI may not be
practical for rural areas. The future System area projections may include only urban
areas of the System.

4.5.6.4 Resulls of Data Collected fo Dale
This section contains one subsection that has one figure.
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Results for Service-Related Truck Rolls Avoided:

The average potential monthly CO, avoided during 2012 was 157 tons/month, with an annual
total of 1,884 tons.

AMI CO2 Emissions Avoided - System Area (2012)
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Figure 22. Potential CO; avoided in System area due to AMI truck
rolls avoided
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Calculation Approach

Certain types of customer events, such as check read requests, can be handled remotely by the
use of the AMI system, thereby avoiding a truck roll. A list was compiled of all customer event
order types that lead to an avoided truck roll. The number of truck rolls avoided due to AMI was
then calculated based on the number of customer events with matching order type codes.

Average mileage per truck roll and average vehicle fuel efficiency were calculated by month for
each AEP Ohio service center in the Project and System areas. Project area CO, emission
avoidance was calculated using fuel efficiency and mileage avoided. This emission avoidance
was then extrapolated to the System area based on number of customers and average truck roll
distances for each non-Project service center.

The following queries and methods used to generate presentation items:

e Tons of CO; per service center and month that would be avoided if AMI technology were
deployed throughout the AEP Ohio System area due to truck rolls avoided were
calculated by multiplying the truck rolls avoided per customer in the Northeast Service
Center multiplied by the number of customers without AMI technology per month
multiplied by the average truck roll distance divided by the corrected average monthly
fuel efficiency times (8.8 kg CO, emissions/gallon for gas engines, 10.1 kg CO,
emissions/gallon for diesel engines) multiplied by 0.00110231131092 (kg to tons
conversion factor).

4.5.7 Pollutant Emissions — System (SOy, NOy, PM,5) (M10-AMI)

45.7.7 Obfective

The AMI system has the potential to reduce the number of truck rolls required by AEP Ohio
meter operations staff through the elimination of meter reading routes and the ability to remotely
perform services such as meter reading, connection, and disconnection. This impact metric
provides an estimate of the amount of pollutants that would have been emitted by trucks to
perform services that could be avoided if AMI technology were extended to the entire System
area.

4.5.7.2 Orgarnization of Resulls

The following section describes the amount of pollutants that could be avoided if AMI were
deployed to the entire System area from the following sources:

e Service-related truck rolls avoided

This section contains monthly graphs showing the amount of potential pollutants
avoided due to truck rolls avoided.

¢ Elimination of meter reading routes

This section contains the analysis of potential pollutants avoided due to the
elimination of meter reading routes if AMI were extended to the entire System
area. This information will be included in the Final Report.
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4.5.7.3 Assumplions

This section contains assumptions made when collecting, analyzing, and presenting the data. A
full list of assumptions will be provided in the Final Report.

4.5.7.4 Resulls of Data Collected fo Dale
This section contains one subsection that has one figure.

Results for Service-Related Truck Rolls Avoided:

The average potential monthly net NOx avoided during 2012 was 8.75 kg/month, with an annual
total of 105 kg.

The average potential monthly net SOx avoided during 2012 was 1.91 kg/month, with an annual
total of 22.9 kg.

The average potential monthly net PM; s avoided during 2012 was 1.75 kg/month, with an annual
total of 21.0 kg.
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Figure 23. Potential pollutants avoided in System area due to AMI
truck rolls avoided
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Calculation Approach

Certain types of customer events, such as check read requests, can be handled remotely by the
use of the AMI system thereby, avoiding a truck roll. A list was compiled of all customer event
order types that lead to an avoided truck roll. The number of truck rolls avoided due to AMI was
then calculated based on the number of customer events with matching order type codes.

Average mileage per truck roll and average vehicle fuel efficiency was calculated by month for
each AEP Ohio service center in the Project and System areas. Project area pollutant emission
avoidance was calculated using fuel efficiency and mileage avoided. This emission avoidance
was then extrapolated to the System area based on number of customers and average truck roll
distances for each non-Project service center.

The following queries and methods were used to generate presentation items:

e Kilograms of NOx per service center and month that would be avoided if AMI
technology were deployed throughout the AEP Ohio System area due to truck rolls
avoided were calculated by multiplying the truck rolls avoided per customer in the
Northeast Service Center by the number of customers without AMI technology per month
multiplied by the average truck roll distance multiplied by 0.05 g NOx emissions/mi
multiplied by 0.001 (g to kg conversion factor).

e Kilograms of PM; s per service center and month that would be avoided if AMI
technology were deployed throughout the AEP Ohio System area due to truck rolls
avoided were calculated by multiplying the truck rolls avoided per customer in the
Northeast Service Center by the number of customers without AMI technology per month
multiplied by the average truck roll distance multiplied by 0.01 g PM; 5 emissions/mi
multiplied by 0.001 (g to kg conversion factor).

¢ Kilograms of SO, per service center and month that would be avoided if AMI technology
were deployed throughout the AEP Ohio System area due to truck rolls avoided were
calculated by multiplying the truck rolls avoided per customer in the Northeast Service
Center by the number of customers without AMI technology per month multiplied by the
average truck roll distance multiplied by (0.165 g SO, emissions/gallon for gas engines,
0.0963 g SO, emissions/gallon for diesel engines) multiplied by 0.001 (g to kg
conversion factor).
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4.5.8 Meter Data Completeness (M11-AMI)

4587 Obfective

AMI technology has the potential to provide near real-time meter data to the utility. This impact
metric reports the percentage of successfully received meter readings through the AMI system
and the accuracy of data received from the meters.

4.5.8.2 Organization of Resulls
The following section describes the completeness of data reported through the AMI system.

¢ Interval readings successfully reported through the AMI network

This section contains graphs showing the number of meter readings expected vs.
the number received each day.

® Accuracy of reported meter data

This section contains AEP Ohio’s results from analysis of meter data accuracy
including their procedure for spot checking meters in the field. This will be
included in the Final Report.

4583 Assumplions

This section contains assumptions made when collecting, analyzing, and presenting the data. A
full list of assumptions will be provided in the Final Report.

4.5.84 Resulls of Dala Collected fo Dale
This section contains one subsection that has two figures and one table.
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Results for Interval Readings Reported Through the AMI Network:

AMI Meter Data Completeness (2012)
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Figure 24. AMI interval readings expected and received by day
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Avg. % Readings Avg % Readings

AEP Circuit Number | Received | Expected AEP Circuit Number | Received | Expected
Gahanna - 0004532 96.51 160307812 Mifflin - 0004201 93.37 26264752
Blendon - 0005632 96.74 125752964 Huntley - 0001204 96.04 24997496
Blendon - 0005631 95.74 118371132 Clinton - 0002902 94.27 24332964
Blacklick - 0026032 96.85! 109458168 East Broad - 0001403 96.61 24125004
Karl - 0000913 95.01 109032968 Kirk - 0008031 93.23 23998664
Mifflin - 0004203 93.95 109007484 Karl - 0000907 94.83 23964680
Clinton - 0002908 95.76 106349324 St. Clair - 0006402 92.92 22814748
Clinton - 0002901 95.33 98478548 Columbia - 0007902 94.50 22756348
Karl - 0000910 95.81 94922264 | Taylor - 0009732 87.79 21312972
Clinton - 0002906 92.84 92860684 Blacklick - 0026005 95.95 20558416
Karl - 0000921 96.09 92221592 Corridor - 0000531 94.92 17043472
Huntley - 0001206 97.53 88218132 Huntley - 0001202 97.38 16257152
Karl - 0000915 95.90 82736652 St. Clair - 0006408 92.84 13150560
Mifflin - 0004204 94.54 82615244 Bexley - 0001004 96.57 12955092
Mifflin - 0004209 96.78 80168364 Taylor - 0009733 95.21 10754692
Blendon - 0005602 96.04 79667988 St. Clair - 0006403 91.55 10289332
Westerville - 0005502 95.18 75873672 Bexley - 0001006 92.08 8891712
Clinton - 0002914 92.81 75469856 New Albany - 0003301 94.94 7827744
Karl - 0000917 95.58 74918444 Clinton - 0002913 96.04 7487232
Karl - 0000902 96.54 73983956 St. Clair - 0006404 93.19 6302316
Morse - 0005803 95.44 72319352 East Broad - 0001405 97.36 4921536
Karl - 0000919 95.91 71837360 Blacklick - 0026001 92.37 4437892
Karl - 0000911 95.56 71626264 Huntley - 0001203 89.90 3180300
Karl - 0000905 94.44 70283164 Blacklick - 0026004 91.67 3104556
Karl - 0000901 96.15 68283668 Genoa - 0003902 88.50 3078248
Westerville - 0005501 96.15 68089236 Jug Street - 0036532 87.90 2758648
Mifflin - 0004210 96.04 65250588 Morse - 0005804 94.63 2301112
Morse - 0005801 94.38 64391136 Huntley - 0001205 96.18 2297668
Gahanna - 0004502 96.68 61191296 Huntley - 0001212 95.49 2200996
Blendon - 0005633 96.29 61125928 Blacklick - 0026003 93.51 2086064
Karl - 0000918 95.88 60807796 Bexley - 0001005 94.53 1501632
Karl - 0000903 95.22 60559844 Morse - 0005812 83.89 1339584
Clinton - 0002911 95.69 56130648 East Broad - 0001406 93.68 1037764
Karl - 0000912 95.71 55136476 Morse - 0005811 80.85 936572
Morse - 0005815 96.82 54580276 Kirk - 0008032 29.58 816788
Mifflin - 0004205 96.70 53936132 Morse - 0005816 87.40 655108
Gahanna - 0004506 94.09 53383364 Bexley - 0001010 75.65 497096
Karl - 0000908 94.18 52339440 Morse - 0005814 92.62 421632
Morse - 0005802 96.40 51485688 Columbia - 0007901 1.37 400988
Huntley - 0001210 96.18 51485024 Clinton - 0002910 95.87 386496
Karl - 0000904 94.88 51330944 Morse - 0005813 76.67 275712
Morse - 0005805 96.61 51267536 Centerburg - 0027232 79.92 245952
Gahanna - 0004505 94.98 50399856 Mifflin - 0004206 98.16 228856
Karl - 0000906 95.41 50360180 Huntley - 0001207 81.99 210816
Morse - 0005806 95.50 50020240 St. Clair - 0006407 91.57 208220
Karl - 0000914 96.16 49066792 St. Clair - 0006406 83.33 205536
St. Clair - 0006405 92.14 48225056 Bixby - 0007105 0.00 175680
Morse - 0005809 94.36 47123548 Genoa - 0003901 98.36 175680
Blacklick - 0026031 96.67 46003400 Bixby - 0007101 0.00 140544
Corridor - 0000532 96.52 45897640 Huntley - 0001208 98.25 140544
Gahanna - 0004501 95.21 44721932 St. Clair - 0006409 82.88 124896
St. Clair - 0006410 93.48 42579920 Astor - 0004610 0.38 119032
Bexley - 0001009 95.30 41979984 Genoa - 0003933 97.67 106368
Gahanna - 0004503 89.65 41575508 East Broad - 0001408 98.56 105408
Blendon - 0005601 91.28 40679364 St. Clair - 0006413 0.30 84484
Karl - 0000920 94.36 39392920 Gay Street - 0000220 98.62 70272
Clinton - 0002904 95.65 36921612 St. Clair - 0006412 98.51 70272
Morse - 0005807 95.17 35244984 Etna Road - 0007004 96.10 39560
Blacklick - 0026002 96.54 34976664 Johnstown - 0006701 98.44 35136
Mifflin - 0004202 94.88 33827548 Marion - 0000714 98.44 35136
Gahanna - 0004504 95.90 33691680 St. Clair - 0006401 90.79 35136
Karl - 0000916 96.53 32015148 Astor - 0004602 0.36 26588
Karl - 0000922 93.14 30129200 Genoa - 0003931 0.76 21116
Mifflin - 0004207 97.11 30087640 Bethel Road - 0002601 94.38 5764
Mifflin - 0004208 95.93 29015412 Johnstown - 0006702 22.43 4992
Gahanna - 0004531 97.01 28391912 Shannon - 0008902 0.00 3264
Bexley - 0001003 96.35 27535120

Table 10. Meter data completeness by circuit
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Note: Table 10 contains both the circuits with full AMI installation, as well as a number of circuits with partial/test
installations. Many of the test circuits have low completeness percentages since they were selected to test the limits
of the communications system.

Calculation Approach

This metric presents the percentage of AMI 15-minute interval readings that are successfully
received from the AMI system. Any estimated readings are not counted as successful. Total
expected readings are based on the number of active AMI customers.

The following queries and methods are used to generate presentation items:

e AMI readings received per meter and date were calculated by counting the number of
non-estimated readings in the Input Data Category (IDC) database.

e AMI readings expected per meter, date, meter type, meter funding source, circuit, and
substation were calculated by counting the number of intervals per day for normal and
daylight savings on/off days multiplied by the number of AMI customers.

e AMI readings missed per meter, date, meter type, meter funding source, circuit, and
substation were calculated by subtracting the number of AMI readings received from the
number of AMI readings expected.

4.5.9 Meters Reporting Daily (M12-AMI)

4597 Obfective

AMI technology has the potential to provide near real-time meter data to the utility. This impact
metric reports the number of AMI meters from which meter data are successfully received at
least once per day through the AMI system.

4.5.9.2 Orgarnization of Resulls

The following section describes the completeness of data reported through the AMI system. The
specific aspect of data completeness analyzed under this metric is:

e Number of meters successfully reporting at least once per day

This section contains a graph showing the percentage of active AMI meters that
successfully report at least one reading per day. This is a significant diagnostic
tool to ensure full functionality of the AMI meter.

4593 Assumptions

This section contains assumptions made when collecting, analyzing, and presenting the data. A
full list of assumptions will be provided in the Final Report.

4.5.9.4 Resulls of Data Collected fo Dale
This section contains one subsection that has one figure.
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Results for Interval Readings Reported Through the AMI Network:

AMIMeters Reporting Daily
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Figure 26. Percent of AMI meters reporting each day

Calculation Approach

This metric presents the number of AMI meters that successfully report at least one 15-minute
interval reading per day. Any estimated readings are not counted as successful. Total expected
readings are based on the number of active AMI customers.

The following queries and methods are used to generate presentation items:
e AMIlreadings missed per meter, date, meter type, meter funding source, circuit, and
substation were calculated by subtracting the number of AMI readings received from the
number of AMI readings expected.
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4.5.10 Outage Response Time (M29-AMI)

4.5.70.7 Obfective

The AMI system has the ability to notify AEP Ohio of customer power outages in near real-time.
This notification is expected to precede the first customer reported outage. The purpose of this
impact metric is to quantify the time difference between AMI outage reports and the first
customer report of the same outage.

4.5.70.2 Organization of Resulls

This metric is intended to present the improvement in outage response time that occurs as a result
of AMI technology. In this context, outage response time means the time it takes for AEP Ohio
to become aware that an outage has occurred. This metric does not include the time it takes to
correct the outage. The data are shown as a histogram of time differences between AMI last gasp
messages and customer outage report calls for the same outage.

4.5.70.3 Assumpltions

This section contains assumptions made when collecting, analyzing, and presenting the data. A
full list of assumptions will be provided in the Final Report.

4.5.70.4 Results of Data Collected fo Dale
This section contains one subsection that has one figure.
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Results for AMI notification time before customer notification time of outage:

This analysis is based on 202 customer reported outages occurring between 01/01/2012 and
02/29/2012. Of these outage reports, 57 were associated with AMI last-gasp messages.

Histogram of Outage Response Times
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Figure 27. Histogram of outage notification time differences

Calculation Approach

For each customer reported outage event, a 30-minute window was defined preceding the
customer report. The latest AMI last-gasp message from the meter was then selected as being
associated with the customer event. The histogram that results is a plot of the frequency of
occurrence versus customer report to last-gasp time difference.

The following queries and methods are used to generate presentation items:
¢ The number of last-gasp meter events per meter, date, circuit, and substation were
calculated by counting the number of last-gasp meter events for AMI customers.

¢ The number of customer events reporting outages per meter, date, circuit, and substation
were calculated by counting the number of AMI customers reporting an outage.

¢ The number of outages per date, circuit, and substation were calculated by counting the
number of outages reported by the Historical Outage Information System (HOIS).
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4.6 AMI OBSERVATIONS
This section contains observations of the technology to date. Conclusions will be provided in the
Final Report.

There are two major sources of reductions in meter operations costs associated with the
installation of AMI. The first is the elimination of truck rolls associated with customer service-
related calls. Initial observations suggest that the remote connect/disconnect capabilities, the
ability to access all meters, and retrieve on-demand check reads eliminate approximately 0.2
field visits per meter and provide net savings of $3.08 per meter for the year. Further analysis is
needed to validate this claim. The second is the elimination of manual meter reading routes,
including both the labor and vehicle costs. As a result of installing approximately 132,000 AMI
meters in the Project area, AEP Ohio eliminated 187 meter reading routes and 10 meter readers,
which equates to yearly savings $3.40 per meter.

e Additional financial benefits resulting from the AMI meter capabilities, such as
reductions in write-offs, theft due to quicker notifications, and excessive use on inactive
accounts, are still being analyzed.

¢ These net savings in meter operations cost are offset by ongoing maintenance costs,
which are still being evaluated, but are in excess of $5.00 per meter.

A full analysis of the impact to customer service-related orders that result in a truck roll will be
provided in the Final Report, but a few observations of the impacted areas are:
e Meter access issues that require a field visit to get a check read or resolve the issue
dropped from 600 orders per year in 2009 to 33 orders in 2012.
¢ In NE Columbus, check read orders dropped from an average of 6,600 per year prior to
AMI installation to 1,500 in 2012.
e Approximately 2,500 back-office disconnects for non-payment occurred in 2012.
However, each disconnection still required a truck roll due to notification regulations.
e There were over 14,000 remote reconnects in 2012, but not all can result in a truck roll
avoided.

CO; and pollutant emissions are a direct multiple of truck roll miles avoided. As a result of the
vehicle mileage avoided in the Project area, approximately 232 tons CO,, 13.0 kg of NOx, 2.82
kg of SOx, 2.59 kg of PM; 5 was avoided in the Project area.

On average, AEP Ohio is receiving 95 percent of all 15-minute interval reads and at least one
reading a day 97 percent of the time. The average numbers of meters reporting 15-minute
intervals appear lower than the 99 percent expected with AMI meters. AEP Ohio is currently
investigating these numbers and will provide an update in the Final Report.

Initially, the last-gasp notification features of the AMI meters were not used by AEP Ohio due to
the incredible volume and unreliable meter communications accuracy. Significant effort has
been made to understand and reduce the number of false outage notifications. Results of the
accuracy of last-gasp notifications in predicting outages and the improved notification compared
to traditional methods are still being analyzed and will be provided in the Final Report.
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5 DEMONSTRATED TECHNOLOGIES — CONSUMER
PROGRAMS, EDUCATION & RECRUITMENT

5.7 PURPOSE

As part of the Project, several experimental time-of-day tariffs and DLC riders are being tested.
The purpose of this test is to determine to what level these tariffs and riders, either directly or
indirectly, reduce a customer’s electricity usage during weekday on-peak hours and to shift some
of that usage to off-peak hours.

Whereas the current standard tariff is based on the average cost of electricity generation and
distribution, these experimental time-of-day tariffs and riders are designed to more accurately
reflect the actual underlying variability in the cost of electricity.

The introduction of these new consumer programs provides participants with the opportunity to
better monitor their electric use and to have greater control over their monthly electric costs by
potentially shifting usage from higher price periods to lower price periods or by reducing the
demand on the electrical system during peak periods. From a utility perspective, a major goal of
these consumer programs is to lower costs and peak demand during peak periods of high-cost
generation by altering residential customer class load shapes through consumer behavior changes
(demand reduction and load shifting) without negatively impacting customer satisfaction.

As approved by the PUCO, AEP Ohio offered consumers incentive programs based on time-of-
day usage, critical peak pricing signals, real-time pricing signals, and utility direct load control
capability. In total, AEP Ohio offered five different consumer programs, with three pricing and
two DLC programs. In order to analyze new smart grid technologies effectively, AEP Ohio had
to educate and recruit customers to participate in the different consumer programs.

5.2 TEcHvoLOGY

Upon consumer subscription, AEP Ohio equipped residences in the Project area with auxiliary
devices designed to provide usage, pricing, and event information, as well as capabilities to
respond to information. These devices played a critical role in the consumer programs.
Following are the devices used in the consumer programs:

¢ PCT - Programmable Communicating Thermostat, made by RTA (Radio Thermostat of
America) and used with the SMART Cooling program;

¢ LCS - Load Control Switch, made by Energate and used with the SMART Cooling Plus
program;

e THD - Low-cost In-Home Display, made by Computime and used with the eVIEW
program;

e THD/PCT - High-cost In-Home Display and Programmable Communicating Thermostat,
made by Control4 and used with the SMART Shift Plus program; and
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e HEM - Home Energy Manager, made by Itron, furnished by Battelle, and used in the
SMART Choice (RTPg4,) program.

AEP Ohio also installed smart appliances in 18 homes and provided a web portal for all pilot
customers with query and customer notification capabilities. Further analysis on these areas will
be provided in the Final Report.

5.3 PROGRAM OVERVIEW

The following Consumer Programs were created for the Project. Refer to Appendix A —
gridSMART Program Overview contains an example of consumer marketing materials for these
programs.

Table 11 provides a quick reference from a program’s “market” name to the AEP Ohio Tariff.
Detailed descriptions of each program follow this table.

Marketed Name AEP Ohio Tariff Attributes
SMART Shift 040 two-tier time-of-day
SMART Shift Plus 043 three-tier time-of-day with critical peak pricing
events
SMART Cooling Rider for 013, 040 | Direct load control — thermostat only
SMART Cooling Plus | Rider for 013, 040 | Direct load control with load control switch
SMART Choice 045 Real-time pricing with double auction
Standard Residential | 013 Flat tariff with declining block rate, average cost

Table 11. Consumer Programs and Associated Tariffs

SMART Shift*"

This two-tiered pricing program requires no additional equipment. Consumers have an incentive
to shift their usage to off-peak times by being charged a lower rate for power consumed before 1
p.m. and after 7 p.m. on weekdays during the summer months (June to September) only. Usage
between 1 p.m. and 7 p.m. is charged at the higher peak rate.

SMART Shift Plus™

This three-tiered pricing program offers consumer incentives to modify their usage patterns
during peak load times in summer months. Consumers receive an IHD and a Programmable
Communicating Thermostat (PCT). This program allows AEP Ohio to declare up to 15 Critical
Peak Pricing (CPP) events per calendar year and not to exceed 5 hours per day. Energy
consumed during these events is assigned a substantially higher rate, thus encouraging customers
to reduce their demand. Pricing for non-CPP times, during summer months only, has several
tiers with just a few cents between tiers. The low tier is in effect from 9 p.m. to 7 a.m. The
medium tier is effective between 7 a.m. and 1 p.m., and then again from 7 p.m. to 9 p.m.. The
high tier is effective from 1 p.m. to 7 p.m. each weekday. The consumer can configure the IHD
to automatically adjust the thermostat’s temperature settings a few degrees during critical peak
pricing events.
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Communicating Thermostat (PCT). This program allows AEP Ohio to declare up to 15 Critical
Peak Pricing (CPP) events per calendar year and not to exceed 5 hours per day. Energy
consumed during these events is assigned a substantially higher rate, thus encouraging customers
to reduce their demand. Pricing for non-CPP times, during summer months only, has several
tiers with just a few cents between tiers. The low tier is in effect from 9 p.m. to 7 a.m. The
medium tier is effective between 7 a.m. and 1 p.m., and then again from 7 p.m. to 9 p.m.. The
high tier is effective from 1 p.m. to 7 p.m. each weekday. The consumer can configure the IHD
to automatically adjust the thermostat’s temperature settings a few degrees during critical peak
pricing events.
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SMART CoolingSM

In the direct load control (DLC) program, the utility is able to control demand at the customer’s
premise by adjusting the thermostat. Customers receive a PCT. During times of peak demand,
AEP Ohio can call an event. AEP Ohio is permitted to call up to 15 non-emergency events
between May and September between the hours of noon and 8 p.m. During these events, AEP
Ohio can adjust the PCT up to four degrees for up to five hours. An additional 10 emergency
events are also available for use within all months. These emergency events are dictated by
PJM. Customers who elect not to override these adjustments receive a bill credit for the months
in which an event occurred.

SMART Cooling Plus™™

This program is an extension of the SMART Cooling program where customers receive a load
control switch (LCS). The LCS is installed on electric water heaters, pool pumps or hot tubs.
Customers are offered an incentive to reduce demand by allowing the utility to control these
devices during DLC events. However, problems with the LCS devices caused AEP Ohio to
remove deployed devices and suspend the program. The program resumed in 2013.

SMART Choice®™ (Real-Time Pricing with Double Auction)

This program allows customers to participate in real-time pricing based on supply and demand
for their circuit. Pricing occurs every five minutes for each circuit. Customers receive an ePCT
and a HEM. Section 10 contains a full explanation of the technology.

5.4 IMPLEMENTATION AND APPROACH

AEP Ohio elected to use a variety of different technologies during the Project. Once AEP Ohio
selected the technology vendors, each device was tested extensively at the utility’s in-house
laboratory/testing facility. The equipment was tested to ensure the best customer experience
during program roll-out. During the testing phase, AEP Ohio worked closely with each vendor
to identify and correct issues.

Once these programs passed laboratory testing, a phased implementation was completed. The
first phase involved AEP and AEP Ohio employees that lived in the Project area. Participating
employees had devices installed and were placed on the appropriate program. Feedback was
then gathered from these employees. Modifications to systems and/or processes were completed,
and a new group of employees were recruited to go through the same process. Again, the team
gathered feedback from the pilot group. The final implementation phase was to market the
programs to AEP Ohio’s Project area customers.

AEP Ohio selected Entertouch Inc., dba GoodCents Solutions (GoodCents) as the vendor to
install the devices. GoodCents was selected primarily due to their experience and expertise.
AEP Ohio worked closely with GoodCents to ensure the devices were properly installed and to
create the best possible customer experience. During a standard installation, technicians would
install the devices, connect the devices to the meter, and then explain the devices to the
customer, answering any program-related questions posed by the customer during the process.
After installation, the customer received an information packet regarding the chosen program
and device(s). During the first six months of installations, AEP Ohio called customers after each
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installation to ensure they were satisfied and understood their new equipment and program.
While processes were in place to dispatch personnel for customer issues, this was not required.

During the full customer roll-out and installation phases of the programs, AEP Ohio held weekly
status calls with the call center and installation managers. These were held to review any open
issues and to monitor current activities. AEP Ohio also held weekly marketing meetings to
review the overall plan and upcoming marketing tactics.

Marketing/Outreach Approach

The approach taken to test the Consumer Programs and their effectiveness was to divide the
110,000 Project area residential consumers into different marketing strata. Each stratum was
created to be a representation of AEP Ohio’s service territory, containing all types of residential
consumers. A control group, receiving no marketing material, was assigned to enable evaluation
of the effectiveness of consumer outreach and the appeal of the Consumer Programs.
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Figure 28. gridSMART Consumer Programs Profile

Several different marketing/outreach tactics were employed so that all eligible customers were
aware of their options:

e Web

e Direct Mail
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Phone Blast
E-Mail
Door-to-door

Community Events
gridSMART Mobile Unit

The residential customers were divided into six different demographic groups for purposes of
marketing and analysis. Following are the groups and their definitions:

Optimizers (11 clusters) — This group contains mostly affluent, middle-aged homeowners, mix
of married/single, mostly without children. This group represents approximately 17.3 percent of
AEP Ohio’s customer base and 18.3 percent of budget billing customers. Approximately 18.5
percent are high or extremely high users of electricity. This group is generally interested in
energy efficiency programs, though none of the clusters were identified as being “green.”

Budget Stretchers (9 clusters) — This group consists of low and middle income, mostly young
renters, single and without children. They represent approximately 12.7 percent of the customer
base and roughly 3.2 percent of budget billing customers. This group is interested in energy
efficiency programs, with two of the nine clusters being identified as “green.”

Big Bills (8 clusters) — This group consists of wealthy, middle-aged homeowners, married with
some having children. They represent approximately 13.3 percent of the customer base and
around 19.1 percent of budget billing customers. 31.2 percent are high or extremely high users
of electricity. Many are interested in ways to reduce their bills, but are busy with families,
careers, etc. This limits the time they are willing to commit to reduced usage efforts. One of the
eight clusters was identified as being “green.”

Remaining Budget Billed (16 clusters) — This group consists of households with a mix of
incomes, late middle-aged and senior, both married and single, and with or without children.
They represent 21 percent of the customer base and 38 percent of budget billing customers. 11.8
percent are high or extremely high users of electricity. Since many are on set incomes, they are
interested in ways to reduce their usage and save money. Two of the 16 clusters were identified
as being “green.”

Remaining with Children (9 clusters) — This group consists of mostly low to middle income
families with children. They are both young and middle-aged and mostly own their homes.
They represent 17.5 percent of the customer base and 10.7 percent of budget billing customers.
13.5 percent are high to extremely high users of electricity. These households are generally busy
with family and are not concerned with energy efficiency. None of the clusters were identified
as “green.”

Remaining without Children (17 clusters) — This group is very diverse in their incomes, ages
and home ownership status. It also contains both married and single homes without children.
They represent 18.2 percent of the customer base and 10.7 percent of budget billing customers.
Nine percent are high or extremely high users of electricity. These households are not generally
concerned with energy efficiency. Two of the 17 clusters were identified as being “green.”
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5.4.1 Education Approach

AEP Ohio adopted a multi-channel approach to customer education. The company began
contacting customers in December 2010 with mailings in the Project area. These initial mailings
notified the customers of the upcoming Project. The following nine months consisted of periodic
direct mailings for the same customer set. These mailings provided mainly educational materials
for smart meters and included “teasers” about upcoming consumer programs and technologies.

5.4.7.7 gridSMART Webs/te

In early 2011, information about the Project was added to the already existing
gridSMARTOhio.com, as shown in Figure 29, and aepohio.com websites and was updated as
technologies and consumer programs evolved.
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Figure 29. AEP Ohio gridSMART Website

The gridSMART website provided details about the Project and also provided links to the
different consumer programs available to customers, offering the ability to enroll online.

5.4.1.2 gridSMART Mobile

In addition to the website and ongoing direct mail campaigns, AEP Ohio created the
gridSMART Mobile, as shown in Figure 30.
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Figure 30. gridSMART Mobile

Launched in May 2011, this converted RV contained six interactive exhibits designed to educate
customers on different aspects of the Project. Upon entering the vehicle, customers were able to
view a brief computer-driven, multi-media presentation. This presentation consisted of a video
explaining the basics of the Project, and included a unique sound and light presentation that
mimicked a realistic display of thunder and lightning.

Following the presentation, participants received an introduction to smart meters; the heart of the
Project. This display provided a side-by-side comparison of the smart meter and the traditional
meter and explained the benefits of using smart meters.

Other exhibits in the gridSMART mobile included a unique seven-foot-long sliding computer
monitor that allowed visitors to explore a variety of new technologies that were meant to help
identify power outages, restore service faster and make the distribution network more efficient.
Lastly, visitors were able to test their knowledge by competing in a fun, interactive gridSMART
trivia game.

The mobile’s focus shifted in March 2012 from an education to a marketing channel, with much
of the space designed to encourage program enrollment.

5.4.71.3 Other Education Efforts

While the gridSMART website and mobile were most visible, the team also utilized promotions
to help in the education effort.

AEP Ohio worked with the Ohio Energy Project to develop and implement the gridSMART
Education Program with 40 teachers and their students and families in 25 schools located
throughout the Project area. Energy curriculum emphasized the new technologies and programs
while correlating to Ohio’s Science Content Standards.
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5.5 PROGRAM ENROLLMENT RESULTS

Upon completion of equipment testing and completion of successful trials in AEP Ohio and AEP
employee homes in the Project area, Consumer Programs were offered to consumers designated
for program offerings under the stratification method discussed in section 5.4. The PUCO
required that all enrollments in the first offered programs, SMART Shift and SMART Shift Plus,
occur outside of the summer on-peak period effective months. This was done to alleviate
concern that consumers might incur price penalties prior to their having time to adjust to the
program. Enrollments in the SMART Cooling did not have time-period restrictions.

In Ohio, consumers are permitted to select their competitive generation provider. Since the
gridSMART tariffs and DLC programs are primarily geared toward reduction of generation
costs, experimental tariffs are not applicable for consumers who switch generation providers, As
a result, participants choosing a competitive generation provider were removed from the
program(s). Participants also were removed from the program(s) as they moved out of the home.
Some SMART Shift participants were removed from the program(s) when their one-year hold-
harmless period expired.

Enrollments in SMART Shift commenced in February 2011 and monthly enrollment and
removal counts are presented in Figure 31.
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Figure 31. Monthly Enrollments - SMART Shift

Enrollments in SMART Shift Plus began in November 2011. Monthly enrollment and removal
counts are presented in Figure 32.
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SMART Shift Plus
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Figure 32. Monthly Enrollments - SMART Shift Plus

Enrollments in SMART Cooling began in April 2011. Monthly enrollment counts are presented
in Figure 32.
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Figure 33. Monthly Enrollments - SMART Cooling

Enrollments will continue through June 1, 2013, at which time active recruitment is expected to
cease.

The graphs above contain the monthly enrollment numbers. Table 12 provides the cumulative
number of enrollees and installations for each of the programs.
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ST Program To
Date
SMART Shift 2851
% SMART shift Plus 1162
o SMART Cooling 3530
=§ SMART Cooling Plus 141
HE_I SMART Choice 394
eVIEW 2782
% SMART Shift Plus 712
g SMART Cooling 2248
E SMART Cooling Plus 54
-g SMART Choice 161
= eVIEW 1681
