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Abstract

Meter Data Management

The most basic function of an MDMS will be to support the utility’s billing system; but monitoring power us-
age on an hourly or shorter time interval basis and communicating time-varying tariffs to customers will require
much more data acquisition, storage, and processing, especially for applications that need real-time access to
MDMS information. Better MDM systems can consolidate and streamline billing while realizing cost savings
in a variety of utility activities such as disconnections and reconnections, electrical theft detection, and payment
collection. MDM systems can also provide operational benefits across the utility enterprise including improved
outage and transformer load management, distribution planning, asset management, enterprise resource plan-

ning, forecasting, and distribution state estimation.

Harmonizing, normalizing, and validating field-collected meter data presents a set of significant technical chal-
lenges because data must be collected from a wide variety of modern and legacy equipment and yet emerge from
the process in a uniform, usable form. More generally, the complexity, cost, and sheer scale of developing new
MDM systems, especially in conjunction with the deployment of advanced metering infrastructure (AMI),

requires a through understanding of the relevant technologies and their business implications.

This white paper discusses the existing and potential functionality of MDM systems and provides utilities with
a skeleton MDM deployment strategy that can be adapted to fit specific circumstances. It assembles information

on five MDM system vendors and their already installed systems.
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Meter Data Management

Background

The fundamental goal of a Meter Data Management (MDM) system is to centrally acquire meter data from
large numbers of metering devices and prepare it for the billing process. But that is a deceptively simplified
representation of what is actually in play. Several of the major suppliers see this as an opportunity for strategic
integration of disparate enterprise systems. It is fair to say that Meter Data Management Systems (MDMS) have

the potential to strategically reshape electric power delivery, management, and economics.

Although meter data is principally revenue oriented, it potentially has enormous operational value. This is the
aspect of MDM that is so intriguing. The sheer breadth of scope, the communication requirements, the need for
upscale computational power and storage management, and associated costs would no doubt have made these

objectives too challenging to consider in earlier years.

Perhaps now - armed with architectural planning methodologies for durable, technology-neutral, interoperable,
and reusable system components, international standards, and dramatic technological advances — it is time for

reconsideration.

Meter Data Management Backdrop
The Backdrop: MDM's Inherited World

To capture a perspective of where we have been, and where we need to go and why, a recounting of our present

situation is useful.

For many years, the industry has recognized that simply building more power plants cannot solve our electricity
supply problems. New plants are very expensive. Transmission right-of-ways are congested. Pollution control,
energy independence, and public safety are often competing priorities. Wind, solar, geothermal, and other
“green” sources have made a lot of progress, but they all have their technical and economic growing pains. It is

clear they cannot make up the difference between supply and demand in the near future.

Power conservation has long been considered a superior alternative to new generation. Every bit of conservation
results in deferred generation. This in turn allows us to place a price on conserved power, supporting economic
rewards for the installation of more efficient electrical appliances, industrial equipment, and lighting. This is a

static type of conservation, as the benefits are simply differential whenever these electrical loads are active.

Enter dynamic energy management, an approach that strives to constrain demand to available generation. Utili-
ties often purchase power on the spot market when demand exceeds available supply. Others maintain standby
generation for such contingencies. Both approaches result in higher, marginal power costs, which are typically
passed on to consumers via tiered rates or contract provisions. Using economic incentives, utilities can reduce
their residential and small business electrical loads without unilaterally using load shedding or rotating outages.

The key is to inform consumers when supply is tight (e.g. via higher time-of-use tariffs). Many will voluntarily
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defer certain uses of power to periods when supply is more avail-
able and less expensive. In practice, this can be accomplished via
automated mechanisms. If emergency supply conditions occur, se-
lected consumer loads can be disconnected or cycled to accommo-
date system requirements. These approaches flatten the demand
curve, reduce contingency costs, and enable the power delivery
infrastructure to be used more efficiently. Properly implemented,
dynamic energy management achieves its goals without ever shut-
ting off power to critical loads. It is an approach that suppliers and

consumers can live with.

Note, however, that dynamic energy management is only viable
if the utility can monitor consumer usage on an hourly or shorter
time-interval basis and apply time-varying tariffs that are commu-
nicated to consumers. But once this objective is achieved, a wide

variety of other operational benefits becomes possible.

Enterprise Integration

The following in a list of utility enterprise systems and objectives

that often lack sufficient integration to achieve effectiveness:
m  Customer Information System (CIS)

®  Outage Management System (OMS)

m  Transformer load management system

®  Distribution planning system

m  Asset Management System (AMYS)

m  Constraint of demand to available supply
m  Load-leveling to reduce load diversity

m  Enterprise Resource Planning (ERP)

m  Forecasting

m  Managed use of protection group settings
m  Distribution state estimation

Many of these objectives can be moved forward by MDMSs in

two significant ways:

m By providing access to meter data that is usefully combined to
provide critical information needed by individual enterprise

systems.

m By providing the means for these collateral systems to ex-

change data among themselves.

It is left up to the individual utility to select a vendor MDMS of-
fering that provides the set of functionality and integration that is

needed for their particular need.

The Meter Data Management
System

MDM Functional Evolution

MDM applications are focused on harmonizing and normalizing
the field-collected meter data in a manner that allows it to be mar-
ried with just enough other information to provide it to another
application in a meaningful manner. This may minimally be a set
of validated, edited or estimated interval energy values with a serial
number, for example, where the MDM has performed the validat-
ing/editing/estimating (VEE) function on the collected data. The
CIS may then marry that information with the customer record
on a monthly basis to produce a bill. The MDM does not need
to have knowledge of the entire customer record, only an agreed-

upon key value to provide the data for that particular query.

One type of MDMS provides consolidation and streamlining of

operational and support functions.

m  MDMS-based data integration with multiple utility informa-

tion systems

m  Integration of meter-related data from multiple sources into a

single repository

m  Advanced analytics for processing meter-related data in the
MDMS repository

An expected MDMS benefit is cost reductions for the following

utility activities:

m  Billing research in response to customer inquiries

®  Reduction in number of service orders for special reads
®  Remote disconnections and reconnections

m  Electrical theft detection and revenue recovery
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m  Reduction in number of trouble calls due to prior utility

knowledge of service problems
m  Payment collections for service restoration

B Reduction in number of distribution and transformer out-
ages

m  Reduction in customer interruptions, minutes of lost service

®  QOutage information feedback to customers

®  Automated outage verification (through AMI infrastructure)

MDMS data is also expected to improve other utility operations
since this customer load-level data will complement the existing
system component-level data for many planning and operations

analyses. These analyses include

m  Forecasting: Predict system load and usage to avoid imbal-

ances and to reduce off-network purchases.

m  System planning: Pinpoint over- or under-utilized infrastruc-

ture.
®  Data communications: Improve system throughput.
m  Energy delivery: Protection; asset management.

®  Maintenance: Speed service restoration after outages; reduce
costs associated with service disconnects / reconnects; reduce

costs due to over/under-sized assets.

m  Regulatory compliance: Audit records and security (EPACT
2005; Sarbanes-Oxley Act); PUC-mandated outage records.

Another benefit is the reduction of operational costs incurred from

independent, non-centralized meter-data collection systems.

Core MDM Functionality

Revenue and Billing Data

The utility’s revenue-lifeblood flows through the MDMS. Time-
of-use (TOU) metering requires a lot more data to be collected
and validated from each meter. This means more communicated
data, more storage, and much more processing. In most cases, the
CIS or billing system will remain unchanged and expect to trans-
parently receive usage data for billing calculations as though noth-

ing different had occurred. This means the MDMS will require
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more performance-related development to preserve this illusion.
On the other side, the MDMS will have to intercept all the in-

coming meter data through multiple delivery systems of different

types and vintages. Meter usage data is likely to arrive through a
variety of methods: data networks, modems, handheld devices,
and perhaps even paper-recorded readings. IP-based methods may
be the wave of the future, but the legacy methods will still have
to be accommodated as long as they exist. These systems were
designed by different companies and personalities, so they use dif-

ferent protocols and have different eccentricities.

Another level of difficulty comes from the fact that some utilities
outsource meter data collection, storage, and calculation respon-
sibilities to Meter Data Management Agents (MDMA), organi-
zations that are commissioned to set up their own servers with
secure access provided to the utility. Depending on their scope,
these arrangements may allow the utility to bypass the need for
their own MDMS facility.

The MDMS must also serve as System of Record, or data source,
for all metering data, including measurements and billing deter-
minants. This eliminates uncertainty about the origin of this crit-
ical revenue-generating data. The MDMS should be structured
to only allow access to those individuals or applications with the
proper credentials, especially in the case where the load informa-
tion is married to the customer record (name, account number,

address, etc.).

Customer Information/Billing System

The CIS will need access to the MDMS data in real time. The
cyclical billing cannot be hampered by other applications of the
MDMS as this leads to obvious revenue issues. For the billing
to be correct, the MDMS must allow for validation, editing and
estimation (VEE) activities to be performed on the data at any
time. Auditing and versioning are also important functions that
the MDMS must be able to support. The typical use by the CIS of
the MDMS is a customer calling the utility to dispute a bill. The
MDMS must be able to support the utility representative during
that call with the same information (meter readings, billing deter-
minants, and algorithms) that the customer received on their bill.
To enhance the confidence of the customer in the utility’s data, it
would be beneficial for the MDMS to support an on-demand read
while the utility is speaking with that customer.



Finally, it is possible that the CIS is separate from the Billing Sys-

tem, and the MDMS must allow for this architecture as well.

Other Beneficial Features

It should be noted that many vendors are providing much more
functionality beyond these basic functions. In a perfect world,
the validated, harmonized data would be distinct from the
disparate applications that one may want to perform on that
data, with each utility selecting those applications that are not
already incorporated within another enterprise system. In this
manner, the purchased MDMS solution would then always be
“right” sized for each utility. In reality, the vendors argue that
the added features/functionality are what keeps them from
producing commodity MDMSs, and have no interest in an a la

carte approach to the additional applications.

Aside from the core features, other supported applications/
functionality would include revenue protection monitoring
(sometimes known as revenue assurance), diagnostics and
exception handling, service-oriented architecture-based in-
tegration, AMR business intelligence (load research, system
planning, market research, energy management), gateway to
multiple metering systems, data synchronization engine for
the entire utility, network performance calculations, workflow
tools, AMI operations (provisioning, installation), customer
(internal, external web) presentation, meter asset management,

distribution operations.

MDM Benefitderiving Applications

The MDM environment is an especially demanding and critical
sector of the utility enterprise. The following discussion outlines
applications that MDM systems may feed or incorporate and
point out benefits that these enterprise applications can derive
through the exchange of critical data and control operations with

an MDM System, a proxy for all customer premises.

Aside from the focus on MDMSs and the closely related billing
and CIS systems, the nature of data exchanges and control opera-
tions among the other enterprise applications is not addressed. It
is sufficient to observe that those needs no doubt exist, and that an

MDMS is probably a natural conduit for that activity.

Outage Management

The OMS is usually reliant on the end customer to notify the
utility that service has been lost. A record for that customer is
then made by marrying the outage notification call with informa-
tion from the CIS. Improvement upon this system comes from
the MDMS recognizing when intervals are absent and creating a
‘possible outage’ notification for whatever system may want to act
upon this information. This allows the utility to react to outages
at times when the end customer is not present to call and provide

the notification.

Transformer Load Management

Distribution transformers are often sized and placed based on
distribution planning engineer load estimates. The data used for
the estimates is usually some combination of that engineer’s ex-
perience and data such as square feet/customer, ‘similar’ feeder
parameters, average area load, and others. One risk is that the
transformers are either grossly oversized, resulting in high non-
billable transformer core no-load energy losses. The other risk is
that the transformer is just right sized or partially undersized,
leading to a shorter life and power quality problems for the end
customer. The MDMS improves on this problem by providing
the planning engineer with actual energy consumption (in ad-
dition, perhaps demand, voltage, and power factor values) for
every customer in the service territory making the sizing and
placement calculation trivial. This data can then be monitored
against the transformer parameters to signal the utility that a

problem is not far from manifesting itself.

Distribution Planning

The distribution planning engineer often relies on estimated pa-
rameters and experience when developing the distribution system.
With ubiquitous communications and information about every
load the estimated data can be replaced by measured data, provid-
ing more precise solutions. The quantity of validated data that
the MDMS stores will enable the planning engineer to precisely
calculate values such as line losses, feeder loading, and transformer

utilization.
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Asset Management

More common than imagined is the information on the place-
ment, parameters, operational characteristics and age of every
piece of equipment installed in the power system. This is espe-
cially true in metering, where millions of meters are installed, read
and managed by varying departments and systems. The advantage
of the AMI roll-out is that most utilities will need to touch every
meter in the system at least once, allowing them to both iden-
tify lost meters, but also gather and record detailed information
about the new meter asset. Once the MDMS is loaded with this
information, it can be combined with the revenue data (energy,
demand, voltage, etc.) to allow the utility to manage the complete
lifecycle of the metering system, and also improve on the asset
management of other distribution equipment such as transform-

ers, cut-outs, reclosers, etc.

Load-leveling to Reduce Load Diversity

Since utilities cannot always dictate where their customers are
located, or where they are able to site their generation and trans-
mission assets to meet the load, the power grid is not always opti-
mized with respect to the diversity of the load. The ability to run
load studies with the detailed MDMS data on every load in the
system will allow the utility to match the capacity of their system

with the loads it needs to serve.

Enterprise Resource Planning

The core of any ERP system is its data warehouse. Since that is
also the core of the MDMS, this can either be a complementary
asset or the MDMS may serve as the complete asset. In either case,
the management of the utility business functions will be improved
by the quantity validated load data that can then be sliced, evalu-

ated, combined, forecasted, etc. in any manner that is needed.

Forecasting

A forecast is only as good as its historical data. The MDMS will
have interval data (down to the 5-minute interval, in some cases)
from every load in the system. This granularity, combined with
other traditional data such as temperature, humidity, and wind,
will provide forecasts with a higher degree of confidence. If the

utility needs to purchase power and provide their customers with
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hour-ahead and day-ahead pricing, the new-found accuracy will

be nearly invaluable.

Distribution State Estimation

The science of state estimation was grown from the need to know
detailed information about the power system without the commu-
nications and computing power to do the calculation in near real
time (within five minutes or so). Once the AMI is in place and the
utility begins to get data from every load in the system, the mea-
sured values from the MDMS can be fed to the state estimator,
improving both the calculation time and the data upon which the
calculation is based. Ideally, the state estimator will become more
of a state reporting engine, as the communications speed will in-

crease and the calculation time will decrease over time.

MDMS within the AMI
Possible Deployment Strategy

A utility is required to decide on one of four strategies: AMI first,
MDMS first, the two together, or neither at all. Leaving the last
alone, each utility will have to evaluate the benefits and disadvan-
tages of their strategy on their own, as this is rarely transferrable
from one utility to another. This section provides a skeleton de-

ployment strategy that can be used to develop one that is robust

and detailed.
Develop an AMI business case

m  Determine how AMI data would touch the utility’s existing

systems
m  Assess the capabilities required of an MDMS
m  Evaluate AMI technologies in light of requirements
Investment payback

m  AMI investments including meter retrofit/replacement and
the AMI communications network typically have a payback
approaching 10 years.

m  MDMS and its integration with an existing AMI system typ-
ically have < 3-year payback.



Consider adopting one end-to-end, integrated, seamless solution to initiate, track, and close-out follow-up work orders via the

m  Meter module hardware utility’s work-management and MWM system.

®m  Communications infrastructure MD M P .
roduct Overview
m  AMI head-end system

This following section describes several MDMS vendors along
m MDMS

with how they match up on a sample evaluation matrix. Non ex-
m  Integration with existing back-office systems haustive, this section is not intended to provide decision-making

. . . data or serve as a promotional or marketing document, only an
Use MDMS to support installation activities p & oy

example of real, installed systems.
m  Route planning

Materials forecasting

®  Exception management

B Asset management

MDMS can leverage advancements in AMI system capabilities
m  Continual meter-read data (in lieu of batch processing)

®  On-demand, real-time meter pinging for special requests

This strategy should be developed with the following required
MDMS provisions in mind.

m  Gateway access: The MDMS should provide a gateway for
access to repository data and for interfacing with other utility

information systems.

B Access to customer’s meter-read history: The MDMS should
be able to provide a customer interface representative with a

convenient view of a customer’s meter-read history.

B Access to customer’s current consumption and demand: The
MDMS should be able to perform on-demand reads of cur-

rent consumption or demand data for a customer.

®  Outage management coordination: AMI must be capable of
providing outage status. The MDMS should be able to throt-
tle outage data to the OMS at suitable level, ping bellwether
meters to obtain up-to-date outage status, and process on-de-
mand requests from OMS to the correct AMI data collection

system.

m  Meter tampering and illegitimate consumption coordina-
tion: AMI must be capable of providing data to detect theft.
The MDMS should be able to ingest and analyze that data
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Company: eMeter

Product: EnergylP
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. E AMI Applications | E«

]
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Data Repositories
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[eug. C) 4 | Usage Management -
‘ 44- S Data Diata o,

Utllity System Interface Adapters
(Add applications quickly and easily.

I”,.l,““. APPL INS ENERGYIP ELEMENTS

MDMS Core Elements

m  Data Collection Adapters

m  AMI Applications

®  Dara Repositories

m  Browser-based Ul

m  Utility System Interface Adapters
m  Real-time Messaging Bus

Reference Installations

Alliant Energy, Anaheim Public Utilities (pilot) , California Energy Commission, CenterPoint Energy, JEA
(Jacksonville Electric Authority), Oncor ED, Ontario Energy Ministry (pilot), Ontario IESO, Pacific Gas &

Electric (pilot), Southern California Edison, Toronto Hydro

Utiliey/
Partner

| Eg Utility
!.\g i

Billing

Custamer
Service

Demmand
Fsporme

Asaet
Management

Outage
Management

Comphex Billing
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Company: ltron

Product: ltron Enterprise Edition

P2

Network & Device
Configuration

Data Callection

\___AMI

[Ty

Communications
Configuration

Data Collection

. Cé&l

Workforce
Assignment

Data Collection

Manual

Collection Systam Integration

MDMS Core Elements

VEE

Bill Determinant Calculations

Operational Reporting

Non-revenue Applications Interface

AMI Operations Interface

Service Point Configuration

Request/Response Engine

Reference Installations

Service Point
Configuration
Interface to AMI
Operations
Request/Response

Itron
Enterprise
Edition

Bill Determinant
Calculations
Operational

Reporting

Interface to Non-
revenue apps

Synchronize Master Data

Deliver Bill-ready Meter Data

e

Cuslomer/Contract
Data

Field Service
Integration

Scheduling

CIS

Invoicing

Contract A/R
and A/P

Interface to
Revenue apps

-

Dominion, Pacific Gas & Electric, Omaha Public Power, San Diego Gas & Electric, Southern Company,
Tenaga Nasional Berhad (Malaysia)
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Company: Aclara Software (formerly Nexus Energy Software)
Product: Energy Vision®

Energy Vision delivers a broad set of functionality that leverages meter and customer data to address key issues

in energy service planning and delivery. Building upon a flexible meter and customer data repository and a set

of powerful algorithms that create, analyze and aggregate load profile information, Energy Vision supports

load and revenue forecasting, complex billing, wholesale and retail settlement, distribution and transmission

planning, and revenue protection. Energy Vision is a browser-based application, providing users with anytime,

anywhere access. It utilizes a 3-tier architecture that supports maintainability and scalability, and offers a flex-

ible environment aimed at the business user.

MDMS Core Elements

Browser-based Application
Meter Vision (Oracle-based data repository underlying all application modules)

Load Vision (Delivering highly accurate load forecasting and settlement, leveraging a powerful load profil-

ing and aggregation engine that integrates both interval and consumption data)

Bill Vision (A complete solution for wholesale and retail complex billing, with a flexible billing engine
capable of handling highly complex pricing structures, based on an easy-to-use, graphically driven rates

designer.)

Wire Vision (Effectively combining customer and GIS data to forecast and monitor load at any point on

the network, helping improve circuit utilization, increase reliability, and reduce costs.)

Revenue Vision (A Revenue Protection solution that provides a powerful analytic tool to mine large quan-
tities of meter information generated by AMI as well as complete support for accurate Unbilled Revenue

Recognition.)

Energy Vision AMS (Complete Meter Asset Management System -- can provide an Enterprise solution for
full meter equipment management and serve as the system of record, or interface with and add capabilities

to existing asset management and meter history systems.)

Reference Installations

ATCO Electric (Canadian Utilities Ltd), PPL Electric Utilities



Company: Oracle Utilities (formerly Llodestar)
Product: Meter Data Management Standard Edition

AMI
SOLUTIONS

v -

Handheld

Automated

L=

Dby Exception
Management
PLC
“ Revenue
Protection
Broadband
Over
Power Line
Etc

S

The LODESTAR" MDM Solution

LODESTAR MDM

Billing
Determinants

Data Analysis

Reports

Demand Response

Meter Data Repository
(Interval & Monthly Read)

Un-Billed Energy
Transformer Auditing
Load Management

Il - ooesTARccs™
DOWNSTREAM
SYSTEMS
Online
Message Presentment
Bus -
CIS Billing &
Billing Call Center
Determinants
Complex Billing
Interval Meter
Reads
Settlement
Aggregated
Load
Distribution Planning
Historical & R
Data
Pricing / New
DS Product Offerings
Informati
rmation ing 2
Ralserie Energy Procurement
Protection Incidents .
Rate Analysis &
. Cost of Service
Service/
Work Orders i
Work Orders
Derand L4
Response Signals -
Management

& Copytight 2006 LOOESTAR Corporation. All ights reserved. /

MDMS Core Elements

®  Automated Processes (VEE, Exception Management, Revenue Protection, Service/Work Order Process-

ing)

m  Message Bus

®m  Database (Customer Information, Meter Asset, Load Profiles, Revenue Protection Events, Meter Data

Repository)

m  Applications: Data Analysis, Transformer Load Management, Reporting, Auditing, Demand Response,

Billing Determinants, Un-metered Customers, Un-billed Energy
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Company: SAP

Product: Energy Data Management

' Energy Data

Meter-Related Data Collection i Repository P

»  Automated 5 :

s " : .| BAPI Import i Profile i

Digital Meter | Meter Reading > (Fterface i Data i

o System :

Point of i

Delivery i

Other Data IDOC Import Meter-Read

EDI !

Sources Interface Data !
Repository Functions

Electronic Data Interchange >

Data Evaluation
and Analysis

Consistency
Checks

Replacement

Data Import Valugs

Archiving

Energy Data Repository

Status Management

) 4 4

MDMS Core Elements

m  EDI

®  Data Import

m  Consistency Checks

m  Replacement Values

®  Data Evaluation and Analysis
m  Archiving

®  Status Management
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Company: Ecologic Analytics (formerly WACS, LIC)

Product: WACS Meter Data Management System
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MDMS Core Elements

Meter Reading Data (Capture, Validate)

Weather Service

Utility Data (Rate Schedule, Routes, Billing Cycle, etc.)
Requests (Service Order, On Demand)

AMI Vendor Data (Diagnostic and Event Flags, Outage and Restoration Events)

Reference Installations

Pacific Gas & Electric, Puget Sound Energy
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MDMS Evaluation Matrix

This matrix is provided for utilities to fill in. It is intended as an aid in analysis of the relative maturity of the offerings

against a particular set of desired features.

Description eMeter  ltron Nexus Oracle ~ SAP  WACS

General

Provides an enterprise-wide solution:

W Has provisions for collecting meter-related data from varied
system sources

B Can exchange meter-related data with billing and other utility
systems that need it

Supports continual system infegration and change activity as the
system matures.

Supports open, multi-vendor integration based on mainstream stan-
dards and best practices.

Documents how standards and best practices are applied to system
and product offerings.

Scalable to large number of meters and meter-collection systems.
State limits and assumptions.

Provides security and auditing capabilities in conformance with regu-
latory requirements and guidelines.

Architecture and Infrastructure Deployment

Provides an open, technology-independent, architectural framework
for system integration and system information exchange:

B Standard, generic interfaces
®  Standard information models

B Standard, common services

Accepts a variety of technologies that conform to the architectural
framework.

Provides an industry-standard, central repository for storing / ware-
housing all meter-related data. Examples:

B Microsoft SQL Server

B Oracle relational database

Provides versioning for stored data.

Integrity of internal data management processes is insulated from
external system activities.

Processing rate for acquired data items: State limits and assumptions.

Applies consistent inferfaces and processes to all acquired meter-
data.

Provides capabilities for identifying problem data.

Provides validation, editing, and estimation capabilities for dealing
with problem data.
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Description

Meter Communication

eMeter

ltron Nexus Oracle

Fully manages the data collection process.

Provides two-way capability for communication with metering devices
(if the data collection system permits it).

Integrates legacy data-collection systems that use either mainstream
or proprietary technologies.

Supports integration of manually-collected data.

Accommodates variable characteristics of different, data collection
systems (e.g. rates, protocols).

Supports collection of meter registers and interval data.

Supports off-cycle read and control operations in support of non-bill-
ing applications / operations:

W Verify power

Remote meter connect / disconnect
Outage events

Tampering / theft indications
Change of tariff rates

Emergency curtailments

Meter reprogramming

Meter configuration

Network configuration

Customer payments

Meter-site maintenance indications

System and network management indications

Supports network and device configuration.

Supports control of alternate pathing, where appropriate.

Billing System Integration

Infegrates with current utility billing systems without requiring major
structural changes or the rebuilding of interfaces.

Provides “request and response brokering”, so that the current billing
system can receive meter-data in the bill-ready formats presently used.

Integration with Utility’s other Operational Systems and Applications

Integrates and supports other operational systems at the utility for
exchange of requests / responses:

CIS
OMS
GIS
ERP
MWM
™
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Description eMeter  ltron Nexus  Oracle

Isolates business processes and systems from the details of metering
and meter-data collection.

Provides concurrent, realtime support for the billing system and any
other integrated systems.

System Tools for Utility Users

Provides advanced, prepackaged analytical applications.

Provides analytical tools / calculators that enable users to define
information exchanges between the MDMS and other utility systems.
For example:

®  Complex billing integration and calculation capabilities

B Complex operational calculations and decision support for other
utility systems

Infrastructure Management

Maintains records for each meter: Lifecycle events (e.g. purchase,
test, field installation, maintenance history, and retirement), settings,
current location.

Maintains records for each meter-data collection system: Attached
meters, path(s) to each meter, path technology, system & network
management indications (e.g. outages, maintenance alarms), audit
trail for path usage.

References

This report makes use of the following references:

[1] eMeter: hetp://www.emeter.com/products/

[2] Itron: http://www.itron.com/pages/products_detail.asp?id=itr_000300.xml

[3] Aclara Software (formerly Nexus Energy Software): http://www.aclaratech.com/AclaraSoft/Pages/default.aspx
[4] Oracle Utilities: http://www.oracle.com/industries/utilities/oracle-utilities-meter-data-management.html

[5] SAP: http://www.sap.com/industries/utilities/edm.epx

[6] EcoLogic Analytics (formerly WACS): http://www.ecologicanalytics.com/solutions_ecologic.html
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Appendix A Glossary

Acronyms and Abbreviations

Acronym Expansion

A2A Applicationto-Application

API Application Program Interface

AMI Advanced Metering Infrastructure
AMIS Advanced Metering Information System
AMR Automatic Meter Reading

B2B Business-to-Business

BPI Business Process Integration

CIS Customer Information System

EAI Enterprise Application Integration
EDI Electronic Data Interface

Ell Enterprise Information Integration
EPACT 2005 Energy Policy Act of 2005

ERP Enterprise Resource Planning

ESB Enterprise Service Bus

ESP Electricity Service Provider

FERC Federal Energy Regulatory Commission
GIS Geographic Information System / Geospatial Information System
GUI Graphical User Interface

ISO Independent System Operator

IT Information Technology

MDMA Meter Data Management Agent
MDMS Meter Data Management System
MWM Mobile Workforce Management
MOM Message Oriented Middleware
OMS Outage Management System

POD Point of Delivery

RTO Regional Transmission Organization
SAN Storage Area Network

SOA Service Oriented Architecture

TCO Total Cost of Ownership

™ Transformer Load Management
ubC Utility Distribution Company

VEE Validate, Estimate, and Edit

XML eXtensible Mark-up Language
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Industry-specific Terminology

Billing Determinants

Billing determinants are specific technical parameters that apply to the calculation of a cus-
tomer’s energy bill. There is no guess-work involved. Each energy bill is precisely derived by
applying the appropriate billing determinants against metered usage and the applicable fariff or
contract by which the customer receives power.

Billing deferminants become more complex when factors like time-of-use and critical-peak pricing
are applicable. These require complex load calculations, aggregations, and unit conversions.

Enterprise Service

An enterprise service is typically a series of abstract Web services combined with business logic
that can be accessed and used repeatedly to support a particular business process. Aggregating
Web services into business-level enterprise services provides a more meaningful foundation for
the task of automating enterprise-scale business scenarios.

Enterprise services may also be emulated through use of service sets supported by pre-existing or
legacy enterprise systems.

Security

Security management protects a utility against risks that can threaten its mission. These include
risks fo the physical well being, data assets, and operations of systems.

To this end, organizations create security policies that specify objectives, processes, and internal
controls for specific systems and the enterprise as a whole. System-related issues include ...

W User authentication (e.g. User ID and password for system access)

B Access controls (i.e. restriction of users to their actual business responsibilities)
B Record-evel security

B Archiving, backup, and recovery

B Interface security

®  Communications security

Service Point

A service point is created in the MDMS for each unique metering point in the utility’s system.
Raw metering data acquired for the point is processed info the format required by the billing
system and held at the service point until the billing system requests it.

Storage Area Network (SAN)

A network of storage disks. In large enterprises, a SAN connects multiple servers to a centralized
pool of disk storage. Compared to managing hundreds of servers, each with their own disks,
SANs improve system administration. By treating all the company’s storage as a single resource,
disk maintenance and routine backups are easier fo schedule and control. In some SANs, the
disks themselves can copy data to other disks for backup without any processing overhead at the
host computers. [www.pcmag.com]

Synchronization

The process by which master data, owned by its system of record, is provided to interconnected
enterprise systems for their use. Synchronization may be initiated by specific events or on a peri-
odic schedule. Synchronization is important for ensuring that enterprise processes use appropri-
ate and consistent values of master data for producing their results.

System of Record (ltron)

To effectively manage the diverse metering information in an AMI system, the utility must assume
a system of record for each type of data and a requestor for each data transaction or command
request. Controlling who owns and is accountable for what kind of data is critical for managing
the large amounts of incoming data, new commands and requests.

Each system of record (e.g. AMI, MDMS, CIS, OMS, MWM, TLM) owns master configuration
data relevant fo its functional role in the system. Copies of this data may be shared and synchro-
nized with other systems. To eliminate unnecessary data redundancy, processing, and potential
inconsistencies, the IEE-MDM product uses a simple integration point to simplify data sharing.
Representing a unique point of service delivery at a specific location, the service point is the
main link, for example, between the MDMS and the CIS.




Versioning Versioning supports system auditability. Versioning capabilities allow administrators to trace
the history of system values and other content based on time and specific types of changes.
Examples of such content include meter data, business rules, tariffs, validation processes, and
approval procedures.

As applied to meter data, versioning maintains a snapshot of each meter read, including an
appended time reference. Each subsequent stage of data processing (e.g. estimation, editing,
subsequent value production) is also subject to versioning, so that there is traceability for each
significant piece of data.

The following are examples of activities that are supported by versioning:

B Resolution of billing issues

B Processing of off-cycle events such as reconnects / disconnects.

B Maintenance of data accuracy across infrastructure changes such as meter exchanges
B Internal controls required to support financial reporting.

Versioned data is critical for ensuring operational integrity where data is shared across system
boundaries within a utility enterprise. Regulatory law increasingly requires records of data-
change occurrences, especially when billing and settlement charges depend on them. Changes
are usually captured in automated system logs and database records.

18 June 2008






Export Control Restrictions

Access to and use of EPRI Intellectual Property is granted with the spe-
cific understanding and requirement that responsibility for ensuring full
compliance with all applicable U.S. and foreign export laws and regu-
lations is being undertaken by you and your company. This includes
an obligation to ensure that any individual receiving access hereunder
who is not a U.S. citizen or permanent U.S. resident is permitted ac-
cess under applicable U.S. and foreign export laws and regulations.
In the event you are uncertain whether you or your company may law-
fully obtain access to this EPRI Intellectual Property, you acknowledge
that it is your obligation to consult with your company’s legal counsel
to determine whether this access is lawful. Although EPRI may make
available on a case-by-case basis an informal assessment of the ap-
plicable U.S. export classification for specific EPRI Intellectual Property,
you and your company acknowledge that this assessment is solely for
informational purposes and not for reliance purposes. You and your
company acknowledge that it is still the obligation of you and your
company to make your own assessment of the applicable U.S. export
classification and ensure compliance accordingly. You and your com-
pany understand and acknowledge your obligations to make a prompt
report to EPRI and the appropriate authorities regarding any access fo
or use of EPRI Intellectual Property hereunder that may be in violation

of applicable U.S. or foreign export laws or regulations.
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The Electric Power Research Institute (EPRI)

The Electric Power Research Institute (EPRI), with major loca-
tions in Palo Alto, California; Charlotte, North Carolina; and
Knoxville, Tennessee, was established in 1973 as an indepen-
dent, nonprofit center for public interest energy and environ-
mental research. EPRI brings together members, participants,
the Institute’s scientists and engineers, and other leading ex-
perts to work collaboratively on solutions to the challenges
of electric power. These solutions span nearly every area of
electricity generation, delivery, and use, including health,
safety, and environment. EPRI's members represent over 90%
of the electricity generated in the United States. International
participation represents nearly 15% of EPRI's total research,

development, and demonstration program.
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