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1.0 INTRODUCTION

Demand Response is the proactive management of electric and gas utility loads in order to more
efficiently and reliably market, produce, transmit and deliver energy. Applications of demand
response are as simple as the Utility interrupting load in response to severe grid transients or
supply shortages (direct load control or active demand-side management), or as complex as
millions of customers voluntarily reducing their consumption/load in response to price signals
(passive demand-side management). With the exception of having to address emergencies, DR is
generally used to flatten the demand peaks. In any case, the Utility must have a communications
gateway to either directly control the consumer's loads, or provide a pricing signal to allow the
consumer to manage their consumption directly by:

e Making the decision when to use appliances/equipment
e As input to a home/premise energy management system

Large Commercial and Industrial Customer DR Programs are not new. They have been in-place
for more than 20 years. Demand Response systems have traditionally been utilized with large
commercial and industrial customers because the individual loads are larger, requiring fewer
controls and automation, in achieving the desired load reduction/shedding. However, as demand
has continued to grow, there has been a noticeable shift in the overall makeup and magnitude of
the energy demand peak. Residential consumers now make up about 60% of the peak, with
unprecedented growth occurring, such as 17% growth in the last three years in the U.S.
Mid-Atlantic states. Additional DR will have to come primarily from residential consumers.
There currently are successful, residential DR programs T Florida Power and Light (FP&L)
Company has about 750,000 residential customers enrolled with the capability to shed ~1,000
Mw of load.

To clarify terms, this document describes:

e Energy Efficiency T Reduce total kilowatt of load with permanent and efficient
technologies

e Demand Response i Temporary reduction of peak energy usage for a defined
duration. Curtailment events are triggered either by reliability events or pricing
signals.

e Load Shifting 1 Flattening the peak by using off-peak power in place of on-peak
power. This is often a permanent peak shift driven by combining technologies and
time-of-use rates. An example includes thermal energy storage.

1.1 Purpose of Document

The Purpose of this Document is to define the Use Cases and functional requirements for a
Demand Response Management System (DRMS) deployable anywhere in the world. The desired
system will be developed using open non-proprietary standards, will be scalable to any
geographic area, and will be designed to be upwardly compatible with future enhancements,

Version 1.0, June 30, 2009 1
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2.0 APPLICATION OVERVIEW

Demand Response systems curtail load to maintain grid reliability and to reduce demand during
peak load periods. Demand Response systems manage load by issueing Demand Response
Events.

The illustration below (Figure 2-1) from the Recommendation to the NAESB Executive
Committee represents the terms for timing events and time durations applicable to a Demand
Response Event. The definitions of the ten elements in the illustration are the basis for
describing the Timing of a Demand Response Event. The applicablity of these elements to a
Demand Response Service is dependent on the Service type. The Grid Operator shall specify
whether any or all of the elements illustrated in the Timing Demand Response Event figure are
applicable. In some cases, some elements will not be applicable; the inclusion of the elements
establish a requirement for said elements.

DEMAND RESPONSE EVENT
A

e N
DEPLOYMENT PERIOD
Al

e N

RAMP SUSTAINED RESPONSE RECOVERY

PERIOD PERIOD PERIOD

A A Al

e ' Y N
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ADVANCE NOTIFICATION(S)

Source: Recommendation to the NAESB Executiveedo8MBE Subcommittee dddedember 2, 2008

Figure 2-1. Timing of a Demand Response Event

The following terms refer to the above Figure 2-1.

Term ‘ Definition

Advance Notification(s) One or more communications to Demand Resources of an impending
Demand Response Event in advance of the actual event.

Deployment The time at which a Demand Resource begins reducing Demand on the
system in response to an instruction.

Deployment Period The time in a Demand Response Event beginning with the Deployment
and ending with the Release/Recall.

Normal Operations The time following Release/Recall at which a System Operator may

require a Demand Resource to have returned its Load consumption to
normal levels, and to be available again for Deployment.

Ramp Period The time between Deployment and Reduction Deadline, representing the
period of time over which a Demand Resource is expected to achieve its
change in Demand.

Version 1.0, June 30, 2009 2
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Term Definition

Recovery Period The time between Release/Recall and Normal Operations, representing
the window over which Demand Resources are required to return to their
normal Load.

Reduction Deadline The time at the end of the Ramp Period when a Demand Resource is
required to have met its Demand Reduction Value obligation.

Release/Recall The time when a System Operator or Demand Response Provider notifies

a Demand Resource that the Deployment Period has ended or will end.

Sustained Response Period | The time between Reduction Deadline and Release/Recall, representing
the window over which a Demand Resource is required to maintain its
reduced net consumption of electricity.

A Baseline is an estimate of the electricity that would have been consumed by a Demand
Resource in the absence of a Demand Response Event. The Baseline is compared to the actual
metered electricity consumption during the Demand Response Event to determine the Demand
Reduction Value. Depending on the type of Demand Response product or service, Baseline
calculations may be performed in real-time or after-the-fact. The Grid Operator may offer
multiple Baseline models and may assign a Demand Resource to a model based on the
characteristics of the Demand Resource's Load or allow the Demand Resource to choose a
performance evaluation model consistent with its load characteristics from a predefined list. A
baseline model is the simple or complex mathematical relationship found to exist between
Baseline Window demand readings and Independent Variables. A baseline model is used to
derive the Baseline Adjustments which are part of the Baseline, which in turn is used to compute
the Demand Reduction Value. Independent variable is a parameter that is expected to change
regularly and have a measureable impact on demand. Figure 2-2 illustrates the concept of
Baseline relative to a Demand Response Event.

Version 1.0, June 30, 2009 3
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Figure 2-2. lllustration of Baseline Concept

DR Services define the typical services that a Grid Operator can request or correspondingly that
a Demand Response Provider can supply.

Version 1.0, June 30, 2009 4
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Figure 2-3. Demand Response Service Types

2.1 Scope

Demand Response (DR) systems are currently being considered for adoption and expansion in a
number of markets. Existing DR systems have been successfully deployed by organizations
including 1SO New England, co-ops and others using AMR meters, and through numerous
programs controlling air conditioners with wireless signals.

Newer DR systems will ideally build upon features of existing systems while providing for
future enhancements via open standards which anticipate technology advancements including
smart meters, increased local generation, e.g., microgrids, and other SmartGrid infrastructure
enhancements.

The specific DR system covered by this document is anticipated to be used by public utilities,
coops, government-owned utilities and direct access providers. In order to leverage both existing
and future vendor investments in DR system development, the intent of the DR functionality
described here is to be compatible with existing technology, and to be compliant with IEC
electrical standards, specifically with IEC 61968.

Version 1.0, June 30, 2009 5
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2.2 Context

This document is targeted to utilities, regional transmission operators, third party aggregators and
large demand response providers. A Demand Response Management Systems (DRMS) is
envisioned that will evolve over time to accomplish many tasks including:

e DR program design, operations, and enrollment
¢ DR event execution including forecasting, bidding and scheduling

e DR performance evaluation including measurement and validation based on baseline
methodology

¢ DR event billing and settlement

All these DR activities result in a need for implementation of business processes that are derived
from a solid set of functional requirements. These activities will result in integration with
utilities' internal systems as well as external clients. Information exchange will be a fundamental
requirement to successful deployment of a DRMS.

2.3 Technical Environment

We envision this new system to integrate with at least the following existing systems: Customer
Billing, Outage Management, Meter Data Management, Customer Relationship Management and
Financial.

2.4 Terms and Definitions

This subsection provides the definition of terms in general use:

Term Definition

Adjustment The period of time prior to a Demand Response Event used for calculating a
Window Baseline adjustment.

Advanced Metering | Technology which allows two way communications between the utility and the
meter. This communication enables the ability to analyze energy consumption
resulting in more efficient demand response systems.

Advanced Metering | The infrastructure built around advanced metering allowing the utility and consumer
Infrastructure (AMI) | to communicate in real time with respect to energy consumption. Based on the
information collected the utility is able to obtain an accurate reading of demands,
while consumers are able to modify their usage to save energy.

Aggregated A group of independent Load facilities that provide Demand Response services as
Demand Resource | a single Demand Resource.

After-the-Fact Interval meter data separate from Telemetry that is used to measure Demand
Metering Response. May not apply to Demand Resources under Baseline Type Il

(Non-Interval Meter).

Automated Meter Automated meter reading is a subcategory of AMI which allows for communication
Reading devices to transfer data from a meter to the utility or from a meter to the data
management provider.

Version 1.0, June 30, 2009 6
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Term Definition

Baseline

A Baseline is an estimate of the electricity that would have been consumed by a
Demand Resource in the absence of a Demand Response Event. The Baseline is
compared to the actual metered electricity consumption during the Demand
Response Event to determine the Demand Reduction Value. Depending on the
type of Demand Response product or service, Baseline calculations may be
performed in real-time or after-the-fact. The Grid Operator may offer multiple
Baseline models and may assign a Demand Resource to a model based on the
characteristics of the Demand Resour ce
choose a performance evaluation model consistent with its load characteristics
from a predefined list. A baseline model is the simple or complex mathematical
relationship found to exist between Baseline Window demand readings and
Independent Variables. A baseline model is used to derive the Baseline
Adjustments which are part of the Baseline, which in turn is used to compute the
Demand Reduction Value. Independent variable is a parameter that is expected to
change regularly and have a measureable impact on demand.

Baseline
Adjustment

An adjustment that modifies the Baseline to reflect actual conditions immediately
prior to or during a Demand Response Event to provide a better estimate of the
energy the Demand Resource would have consumed but for the Demand
Response Event. The adjustments may include but are not limited to weather
conditions, near real time event facility Load, current Demand Resource

operational information, or other para
requirements.
Baseline Type-I A Baseline performance evaluation methodologybased on a Deman

(Interval Metered)

historical interval meter data which may also include other variables such as
weather and calendar data.

Baseline Type-II
(Non-Interval
Metered)

A Baseline performance evaluation methodology that uses statistical sampling to
estimate the electricity consumption of an Aggregated Demand Resource where
interval metering is not available on the entire population.

Baseline Window

The window of time preceding and optionally following, a Demand Response Event
over which the electricity consumption data is collected for the purpose of
establishing a Baseline. The applicability of this term is limited to Meter
Before/Meter After, and Baseline Type-I and Type-Il.

Business
Intelligence

A term describing the extraction and presentation of data to provide business
value.

Business Service
Provider

Software delivered over the internet as web services. The platform for integrating
these web services is the enterprise service bus.

Capacity Service

A type of Demand Response service in which Demand Resources are obligated
over a defined period of time to be available to provide Demand Response upon
deployment by the System Operator.

Communicate

Interact and cooperate with people or organizations (groups of people).

Control

Monitor and regulate the supply (of electricity or other commaodity)

Daily Consumption

The amount of energy a customer uses in a 24 hour period. This information is
used to drive business intelligence solutions.

Demand

The rate at which electric energy is delivered to or by a system or part of a system,
generally expressed in kilowatts or megawatts, at a given instant or averaged over
any designated interval of time; and the rate at which energy is being used by the
customer (NERC Definition).

Demand Billing

The energy demand of a customer upon which billing is calculated. This is often
based on peak demand or some other demand related measurement.

Version 1.0, June 30, 2009 7
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Term Definition

Demand Interval

The interval of time between demand queries to the meter. This is typically in 15,
30, and 60 minute intervals.

Demand Reduction
Value

Quantity of reduced electrical consumption by a Demand Resource, expressed as
MW or MWh.

Demand Resource

A Load or aggregation of Loads capable of measurably and verifiably providing
Demand Response.

Demand Response

An agreement between customer and utility that states that the customer agrees to
allow the utility to manage their energy consumption when the utility deems
necessary. Often times this result in the utility increasing or reducing energy
distribution based on supply based metrics. Demand response mechanisms typical
operate in on or off whereas dynamic response mechanisms may passively curtail
energy usage as the mechanism senses stress on the grid.

Demand Response
Provider

The entity that is responsible for delivering Demand reductions from Demand
Resources and is compensated for providing such Demand Response products in
accordance as specified by the System Operator.

Distributed
Generation

Electricity generation from small energy sources allowing for more efficient energy
distribution. This approach allows for energy to be generated closer to the source
of the consumption which reduces the distance the generated energy has to travel.

Energy Data

Obtaining meter data by way of handheld devices. Essentially a non automated

Acquisition meter reading typically administered by a utility worker.
Energy Data Analyzing meter data for consumption by backend systems. Often times these
Management back end systems will measure load, calculate demand response, billing intervals,

etc.

Energy Service

A type of Demand Response service in which Demand Resources are
compensated solely based on their performance during a Demand Response
Event.

Enterprise
Resource Planning

Integrating all back and front office data and process into one unified enterprise
system.

ESB

Enterprise Service Bus. The ESB provides the features necessary for a service
oriented architecture implementation by providing a place to host all of the web
services.

Highly-Variable
Load

A Load with a fluctuating or unpredictable electricity consumption pattern.

IEC

The International Electrotechnical Commission (IEC). The IEC TC57 maintains an
electric utility focused information model called CIM (Common information model).

IEC 61968

International standards for Energy Distribution Managements Systems,
respectively, specify a Common Information Model (CIM) for utility data exchange,
Applications Programming Interfaces (API) for application integration (GID), and
XML messaging standards.

Load

An end-use device or customer that receives power from the electric system
(NERC Definition).

Load Shedding

Reducing a customer's demand in order to maintain integrity of the grid. Load
shedding in utility operations, is monitoring electric usage continuously (usually by
automated instrumentation) and shutting down certain pre-arranged electric loads
or devices if a certain upper threshold of electric usage is approached.

Logical Data Model

A representation of an organization's data based upon entities and attributes of
those entities. A logical data model is often a logical representation of a business'
integration or business requirements.

Maintain

Keep up to date information on, typically associated with data storage.

Version 1.0, June 30, 2009

© Copyright 2009, AMI, All Rights Reserved




UCA AMI-ENT

Demand Response Functional Requirements and Use Case Document

Term Definition

Manage

Control and effectively handle devices or processes.

Maximum Base
Load

A performance evaluation methodol
ability to reduce to a specified level of electricity Demand, regardless of its
electricity consumption or Demand at Deployment.

ogy

b

Meter Before/
Meter After

A performance evaluation methodology where electricity Demand over a
prescribed period of time prior to Deployment is compared to similar readings
during the Sustained Response Period.

Meter Bus (M-bus)

Allows for the interconnecting of many different utility measuring units (i.e. gas,
electric, water, etc.) The M-Bus acts as the central station for these different utilities
to communicate with.

Recording Interval

Meter Data A system for storing, processing, consuming and analyzing large quantities of
Management meter data.
Meter Data The time between electricity meter consumption recordings.

Metering Date
Reporting Deadline

The maximum allowed time from the end of a Demand Response Event (Normal
Operations) to the time when meter data is required to be submitted for
performance evaluation and settlement. The Meter Data Reporting Deadline may
be either relative (a number of hours/days after Normal Operations) or fixed (a
fixed calendar time, such as end-of-month).

Metering Generator

A performance evaluation methodology, used when a generation asset is located

Output behind the Demand Resourceds revenue n
Value is based on the output of the generation asset.

Performance The period of time in a Demand Response Event analyzed by the System Operator

Window to measure and verify the Demand Reduction Value for a Demand Resource.

Price Signals Messages sent to consumers which specify a commodity price.

Provide Feature/possess the capability to. System has the ability to perform the specified
function.

Ramp Rate The rate, expressed in megawatts per minute, that a generator changes its output.
(NERC Definition) Demand Resource ramp rate is the rate, expressed in
megawatts per minute, that a Demand Resource changes its Load.

Real Time Meter readings taken almost in real time to allow for adjustments to be made as the

Metering energy market fluctuates.

Regulation Service | A type of Demand Response service in which a Demand Resource increases and
decreases Load in response to real-time signals from the System Operator.
Demand Resources providing Regulation Service are subject to dispatch
continuously during a commitment period. Provision of Regulation Service does
not correlate to Demand Response Event timelines, deadlines and durations.

Receive Accept messages from devices.

Reserve Service A type of Demand Response service in which Demand Resources are obligated to
be available to provide Demand reduction upon deployment by the System
Operator, based on reserve capacity requirements that are established to meet
applicable reliability standards.

SLA Service Level Agreement: the part of a service contract where the level of the
services are agreed upon between two systems.

Smart Grid The term smart grid represents the digital upgrade of our distribution and long
distance transmission grid allowing for increased energy efficiency as well as a
boost in optimization of current systems.

Version 1.0, June 30, 2009 9
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Term Definition

Smart Meters

Meters with extra functionality that allow for more accurate and useful meter
readings. This extra functionality allows the meter to collect usage data and
transmit this data back to the utility over a network.

SOA Service oriented architecture - The concept of grouping business functionality
around business processes. These services are than packaged as interoperable
services. A SOA architecture allows for the transmission of data between multiple
systems as they participate in multiple business processes.

SOAP Simple Object Access Protocol (XML protocol) - A protocol for exchanging xml
messages for web services in a service oriented architecture implementation.

Supervisory SCADA systems monitor and control the electric power generation, transmission,

Control and Data and distribution.

Acquisition

(SCADA)

Supply Resources

Devices which have the capability to supply electricity.

System Operator

A System Operator is a Balancing Authority, Transmission Operator, or Reliability
Coordinator whose responsibility is to monitor and control an electric system in real
time (based on NERC definition). The System Operator is responsible for initiating
Advance Notifications, Deployment, and Release/Recall instructions.

Telemetry

Real-time continuous communication between a Demand Resource or Demand
Response Provider and the System Operator.

Telemetry Interval

The time unit between communications between a Demand Resource or Demand
Response Provider and a System Operator.

Transmit

Send messages to devices.

UML

Unified Modeling Language is a general purpose modeling language commonly
used for object/data modeling.

Utility Sub Metering

An implementation that allows for a multi tenant property to bill tenants for
individual energy usage. This is most commonly implemented in apartments and
condominiums.

Validation, Editing
and Estimation

The process of taking raw meter data and performing validation and, as necessatry,
editing and estimation of corrupt or missing data, to create validated data.
(VEEgui del ines are published in the
Practices for Unbundled Electricity Metering, Volume Two, Published 12/05/00,
http://www.naesb.org/REQ/req_form.asp).

Edi

WSDL Web Services Description Language is a xml format used to describe web services
and the messages that interface with the web services.

XML Extensible Markup Language i general purpose markup language for creating
custom mark-up languages.

XSD A description describing a specific xml document focusing primarily on the

restraints and structure of that xml document.

Version 1.0, June 30, 2009
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2.5 Function Decomposition

Functional decompositions define a system in terms of its main activities. For the DRMS, the
main activities have been defined in three main areas:

e Manage Customer Programs
e Execute DR Event Response and
¢ DR Measurement and Verification.

The three main functional areas were then further broken down into subfunctions as shown in
Figures 2-4, 2-5, 2-6 and 2-7.

Demand
Response
Management
System (DRMS)

A A A

Manage
Customer
Programs

Execute DR DR Measurement
Event Response and Verification

Figure 2-4. DRMS High-Level Functional Decomposition
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Manage
Customer
Programs

A

Administer
Customer
Programs

Create Customer
Programs

Modify Customer
Programs

A,

A

Manage
Customer
Enrollment

|

Manage
Customer Web
Portal Enrollment

A

Manage
Customer Call
Center Enroliment

Provision DR
Equipment

Add DR Device

Modify DR Device

Remove Remove DR
Customer .
Device
Programs
Figure 2-5. Manage Customer Programs Functional Decomposition
DR Measurement
and Verification
| |
A A A
Measure DR Verify DR
fy Post Results
Response Response
Figure 2-6. DR Measurement and Verification Functional Decomposition
Version 1.0, June 30, 2009 12
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Execute DR
Event Response

| A

, ! !
Fggggj:CE;R Create DR Monitor and Store
o Event Resource Event Data
Availability
Select DR
DR Resource DR Resource RESIUTEEE) ekt DI
. ) Custom Resource Service
Behavior Baseline .
Aggregation Type
Group

Figure 2-7. Execution Event Resopnse Funcational Decomposition

Version 1.0, June 30, 2009
© Copyright 2009, AMI, All Rights Reserved



UCA AMI-ENT
Demand Response Functional Requirements and Use Case Document

3.0 DRMS MODEL

3.1 Business Process Models

3.1.1 Business Functions

Figure 3-1. IEG-61968 IRM Business Functions

Version 1.0, June 30, 2009 14
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3.1.2 Demand Response Business Process Model

class Demand Response Business Process Model /

~
Distributor Ny
N
(from Actors) N
~
3
¢signale -7

ssypplye P

y -

- -
_-
Manage Demand for Grid Reliability
Lad *

¢sign
»mand Response
dRIRA A A
7 N .
¢signale ‘?||°ade gusese

-
7z
7z
-
o ! BZ
I I

~ Prad
J or Grid Operator ™ | P
_-

~ - N

(from Actors) ¢siggal e clloade ; ////

™, e

s / \\ DN
7 / \ S
e / \ ~
- / \ ~.
/(;flowé cfl owe cfl owe cflowe
/ \ ~

s
s / \ ~
~
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Figure 3-2. Demand Response Business Process Model
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3.1.3 Analyze Demand Response Scenario

BPMN Analyze Demand Response Scenario/

Create DR scenario Receive DI
——  analysisrequest re! IH}
ProcessStart ProcessEnd
/
/ A
/ 1
/ 1
cfl owe 3
) [+ f Il owe

v i

AnalyzeDRScenarioRequest

|

|

\ 1

| . 1

¢fl owe ¢fl owe
1

!
Receive DI Send DR

foran _———————>>» re:
¢SequenceFl owe

Figure 3-3. Analyze Demand Response Scenario
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3.1.4 Capture and Stor&ehaviorlnformation on Demand Resources

BPMN Capture and Store behav ior information on Demand Resources

Proce: Send di
req resourc
mol

I owe cl‘\lowe

=

\
\
\

cf

1

\
1
/
!
\

1
cflowe cflowe
\ /

N
Process d Send di
resource |
d

/
I

— _
\ !
1 1
| /
Gf\lowé c;lowé
1 /
i 4
Request Build di Request Request Compute
——* resource | resourc resource’ Resourct resource ’
d mo respon:
ProcessStart // ProcessEnd
\
/ \
/ \
cflowe cflowe
v
D L i q

Figure 3-4. Capture and Store Behavior Information on Demand Resources

3.1.5 Manage DR Program

BPMN Manage DR Program/

DR Program Creation &
Maintenance
oo

Figure 3-5. Manage DR Program
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3.1.6 Monitor and Store Real Time Network Information

BPMN DRACS Monitors and Stores Real Time Network Information /'
Request system gdatast Process system Create graphical
- update DataHistorlaliit - snapshot . view:
ProcessStart ProcessEnd
/
) 7
/ i
/ /
/
/
. /
cflowe ¢cflowe
/ /
/ /
V /
L
¢Messa¢
Netw ork q Netw orl
!
i N
| |
I 1
1 I
cflowe cflowe
| |
| 1
v i
Create system Send system
snapshot —_— snapshot

Figure 3-6. Monitor and Store Real Time Network Information

3.1.7.1 Add DR Device

BPMN Add DR Device to Data Repository/

Request for Adding New DR
Device

Receive Request

Add DR Device

Review Attributes of
DR Device Is set of attributes complete?

Handle Incomplete
Attributes

End

Figure 3-7. Add DR Device to Data Repository
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3.17.2 Remove DR Device

BPMN Remov e DR Device From Data Repository 4

Request for Removing DR

Device
Remove DR Device
from Data Repository
Receives Request for Review Request
Removing DR Approved?
Device

Handle Incomplete

Attributes
End
Figure 3-8. Remove DR Device From Data Repository
3.1.73 Manage Demand through Direct Load Control
class Manage Demand through Direct Load Control /'
Stop
Receive Emergency Make Decision on Advance Notify Send Curtailment
Signal to reduce how to adjust load Customer of DR Notice
demand curtailment Do Altemative

Course of Action
Load Goal Achieved?
Customer has energy management system?

Curtail Loac
Present Notificiation Present Load
of DR Event Curtailment Event tc Capture Compliance
Customer

Optional

Do not curtail loac
opt Out

Figure 3-9. Manage Demand through Direct Load Control
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3.1.8 Non-Functional Requirements

custom Non-Functional Requirements /I

Figure 3-10. Non-Functional Requirements

3.1.8.1 Performance Requirements

Performance requirements define parameters such as transactions per second, network latency,
form load times and other measurable aspects of the system that govern overall speed and
responsiveness.

3.1.8.2 Performance

T
custom Performance /

Figure 3-11. Performance

Version 1.0, June 30, 2009
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3.1.83 Scalability

custom Scalability /

Figure 3-12. Scalability

3.1.8.3.1 Scalable for current markets

The DR solution shall scale to up to Current market size includes known programs with
10,000,000 meters with up to 50,000,000 devices.

3.1.8.3.2 Scalable for future markets

Future markets may contain entities with up to a 1000 number of participants in a single
geographic location.

3.1.8.4 Security

The DR solution shall be in compliance with the AMI System Security Requirements and
Guidelines, version 1.0, approved at the January 8, 2009 AMI-SEC meeting held in Palo Alto,
California.

3.1.8.5 Transport

custom Transport /

Figure 3-13. Transport
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3.1.8.5.1 Compliant with IEC TC57 standards

The DR solution shall be compliant with the latest IEC TC57 Reference Architecture. See the
reference architecture in Figure 14.

IEC TC57 Reference Architecture

Network, System, and Data Management (future)

Energy
Market
Particinants

Utility Customers

Utility
Service
Providers

Other
Businesses

1T

1T

1T

1T

()«

Application To Application (A2A)
and Business To Business
(B2B) Communications

Inter-Application Messaging Middleware (specified in XML; mapped to appropriate protocols)

61970 / 61968 Common Information Model (CIM)

Application

61970 Component Interface Specification (CIS) and 61968 SIDMS for Enterprise Application Integration (EAI, Ell, and ETL)

Interfaces

SCADA Apps

EMS Apps

Market Operation

DMS Apps Aoks

Engineering &
Maintenance Apps

I

External
IT Apps
Equipment And

Data Acquisition and Control Front-End / Gateway / Proxy Server / Mapping Services / Role-based Access Control

System Interfaces

Specific Object
Mappings

w

a

2

g TC13

= WG14
Meter

Standards
61334

61850-7-3, 7-4
Object Models
60870-5 61850-7-2
101 ACSI
&
104 61850-8-1
Mapping to MMS

Field Object Models

Specific Communication

60870-6-802
Object Models
XML
Messaging 60870-6-503
(work in App Services
progress)
60870-6-703
Protocols

Services Mappings

Communication Industry Standard Protocol Stacks
(ISO/TCP/IP/Ethernet)

Protocol Profiles

End-to-End Security Standards and Recommendations (work in

Telecontrol
Communications
Media and Services

— IT JT—

WAN
Communications
Media and Services

XML 60870-6

Messaging TASE.2
External Other Control

Systems Centers

60870-5 61850 IED
. TC13 RTUs or 61859 Field Devices
Field WG14 Substation Substation | ¢ pistribution
Devices Systems Devices Feeders
Customer IEDs, Relays, Meters, Switchgear, CTs, VTs
Metere

External Systems
(Symmetric client/server
protocols)

«————— Peer-to-Peer 61850 over
Substation bus and Process bus

*Notes: 1) Solid colors correlate different parts of protocols within the architecture.
2) Non-solid patterns represent areas that are future work, or work in progress, or related work provided by another IEC TC.

3.1.9 Actors

Actors are the users of the system being modeled. Each Actor will have a well-defined role, and
in the context of that role have useful interactions with the system.

A person may perform the role of more than one Actor, although they will only assume one role
during one use case interaction.

Figure 3-14. Reference Architecture

An Actor role may be performed by a non-human system, such as another computer program.
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T
uc Actors /'

A system that collects detailed information about customer
loads and customer response pattemns. It also maintains
information regarding the number of times a customer has
complied in a given time period vsthe compliance

requ of the tariff to that customer.

Thisinformation is brought together for the user so that the
user can see what probable load isavailable to be curtailed
in total and at various pointsin the network.

The system will also receive and process requests for
curtailment and will balance the requests across subscribers
based on load, and how recently they have been curtailed

Figure 3-15. Actors

3.19.1 Billing Agent

The billing agent determines the cost including applicable credits for customers. Typically costs

vary among different classes of customers.

3.19.2 Customer

A customer of a utility, including customers who provide more power than they consume.

3.19.3 Demand Response Provider

An entity responsible for delivering demand reductions which is compensated in accordance with

policy.
3.19.4 Distributor

A system which transfers energy from generation systems to consumers.

3.195 1ISO
An Independent System Operator (ISO).

3.19.6 1SO or Grid Operator
An organization which manages the grid.

Version 1.0, June 30, 2009
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3.19.7 Large C/I Customer and C&senerator

A customer whose usage typically exceeds a threshold and which is capable of providing
electricity to the grid.

3.19.8 Metering Agent

Records the DR meter information during the time of the DR event onto persistent media.
Provides DR event meter data to the MDMS. Typically a smart meter.

3.19.9 Regulator

Public commission that approves demand response programs.

3.19.10 Scheduling Agent

Sometimes is an IOU and sometimes is independent operator who provides an estimate of system
demand.

3.19.11 Settlement Agent

A system which provides the accounting services necessary to determine payments and bills for
customers and energy providers including 3rd party aggregators.

3.19.12 SmallScale Merchant Generator

A customer whose usage typically exceeds a threshold and which is capable of proving
electricity to the grid.

Version 1.0, June 30, 2009 24
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3.2 Manage Energy Resource

3.2-1 The DR solution shall manage demand resources.
3.2-2 The DR solution shall manage supply resources.

3.2-3 The DR solution shall manage resources which combine characteristics of supply and
demand resources. Resources which combine characteristics of both supply and demand
include devices which can be controlled to either take or discharge load such as energy
storage, pumped storage hydroelectricity, PEV batteries, compressed air systems, and new
systems not yet developed.

3.2-4 The DR solution shall communicate with organizations that manage the grid. Organizations
which manage the grid include ISOs, RTOs, and corporations such as TVA, BPA, and
others.

3.2-5 The DR solution shall provide for load control provided by independent service providers.

3.2-6 The DR solution shall provide for load control provided by third party Aggregator of Retail
Customers (ARC).

3.3 Manage Demand

3.3-1 The DR solution shall provide the capability to manage demand for grid reliability purposes.
3.3-2 The DR solution shall provide the capability to manage demand for economic reasons.

3.3-3 The DR solution shall provide the capability to manage demand for maintenance purposes.
3.3-4 The DR solution shall provide the capability to manage demand in response to price signals.

3.3-5 The DR solution shall provide the capability to specify the availability of resources for
demand management on a daily basis.

3.4 Manage Demand for Economic Effect

3.4-1 The DR solution shall provide the ability to manage economic effect programs. Economic
effect is defined as the ability to reduce overall energy cost for example by trading load
generation with load reduction.

3.4-2 The DR solution shall manage the transmission of economic cost information to third party
aggregators.

3.4-3 The DR solution shall interact with customers to convey carbon usage information.

3.5 Manage Demand through Direct Load Control
3.5-1 The DR solution shall provide the ability to manage direct load control programs.

3.5-2 The DR solution shall manage the transmission of direct load control actions to direct-load-
control-enabled devices.

3.5-3 The DR solution shall interact with customers to provide direct load control event
notification. Studies indicate that customers want to know when direct load control
measures are in effect.

Version 1.0, June 30, 2009 26
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3.5-4 The DR solution shall interact with customers to convey direct load control information.

3.6 Manage Demand for Maintenance Purpose

3.6-1 The DR solution shall provide the ability to manage load reduction to support maintenance

programs. Load reduction to support maintenance programs reduces demand when

resources, typically a circuit, are taken off-line and demand needs to be reduced to facilitate

maintenance in the field.

3.7 Manage Demand in Respond to Pricing Signal

3.7-1 The DR solution shall provide the ability to manage pricing signal programs designed to
reduce load. Pricing signals are any type of dynamic pricing information including time-of-
use (TOU), real-time pricing (RTP), and critical peak pricing (CPP) data distributed to

customers either a day ahead or periodically during the day.

3.7-2 The DR solution shall manage the transmission of price signal information to DR-enabled

devices.

3.7-3 The DR solution shall provide interact with customers to convey price signal information.

Studies indicate that customers who understand the cost of electricity reduce their usage,

especially when prices are high.

3.8 Manage DR Programs

T
uc Manage DR Programs /

PRProgram Adminstratqr

Customer
/
/ 1
/ |
/

1
1
| ! \
1

-

Administer Program
7/
!

- 7 4
,/'C‘"Cluc/cinc\ude/é |

/ ! / |

_-
o 7
/ | / \ ! \
/ | / \ 1 \
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Create DR Program Update DR Program 7/ ! / | 1 \
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/ i
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Read DR Program Delete DR Program Dis-enroll Customer Enroll Customer Resoui Non-Interruptible
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\ /
\ /
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\ /
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Figure 3-17. Manage DR Programs Use Case Diagram
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3.8-1
3.8-2
3.8-3
3.8-4
3.8-5
3.8-6
3.8-7
3.8-8
3.8-9
3.8-10

3.8-11

3.81

3.8.1-1
3.8.1-2
3.8.1-3
3.8.1-4

3.8.1-5

3.8.1-6
3.8.1-7
3.8.1-8

3.8.1-9

3.82
3.8.21

The DR solution shall provide the ability to manage multiple DR programs.

The DR solution shall provide the ability to support customizable programs.

The DR solution shall provide the ability to manage programs which control demand.
The DR solution shall provide the ability to manage programs which control supply.
The DR solution shall communicate with the DR program administrator(s).

The DR solution shall manage existing demand response programs.

The DR solution shall manage new demand response programs.

The DR solution shall manage existing supply response programs.

The DR solution shall manage new supply response programs.

The DR solution shall manage existing load shifting programs. An example of a load
shifting program includes pre-cooling air conditioning system. e DR solution shall manage
existing load shifting programs.

The DR solution shall manage new load shifting response programs.

Administer Program
The DR solution shall manage multiple programs.
The DR solution shall allow customers to be in multiple programs.
The DR solution shall allow a program to be applied for all customers.

The DR solution shall allow a program to be applied to all members of a class of
customers.

The DR solution shall allow a program to be applied for some but not all classes of
customers.

The DR solution shall not force enrollment in any program.
The DR solution shall allow a program to be the default program for all customers.

The DR solution shall allow a program to be the default program for some but not all
classes of customers.

The DR solution shall allow a program to be the default program for a class of customers.

Create DR Progran

The DR solution shall support the creation of new DR programs. The DR program
administer typically performs these steps to create a new program:

Determine the need for program
Do an analysis of the current load
Consider effects of regulations/coop rules /city board issues

Determine goals of program

o &~ WD

Design DR program

Version 1.0, June 30, 2009 28
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3.8.2.3

6. Simulate the effect of the new program
7. Brief Senior Management & Acquire DR Prog. Approval
8. Brief regulators (PUC) /City board (city) /Owner board & USDA (coops) to receive

approval

The DR solution shall simulate the predicted effect of a new program. A typical
sequence of steps used to simulate predicted effects of a new program is:

Determine need for program

Do analysis of current load

Consider effects of regulations/coop rules/city board issues

Determine goals of program

Design DR program

Simulate effect of program

Brief Senior Management & Acquire DR Prog. Approval

Brief Regulators/City Board (city)/Owner board & USDA for Coops &
receive approval

LNk wNE

3.83 Delete DR Program

3.8.3-1

The DR solution shall support the removal of a DR program.

3.84 Enroll Customer

3.8.4-1
3.8.4-2

3.8.4-3

3.8.4-4

3.8.4-5

The DR Solution shall provide the capability to enroll customers in DR programs.

The DR Solution shall provide the ability to communicate with customers via multiple
methods to enroll them in DR programs. Typically, customers communicate with a
customer service representative or a web portal interface to enroll in a program.

The DR solution shall communicate with the DR Program Administration to verify
program enrollment eligibility.

The DR solution shall communicate with the DR Program Administration to request
program enrollment eligibility.

The DR solution shall communicate with the DR Program Administration to check
program enrollment eligibility.

3.85 Dis-enroll Customer

3.8.5-1
3.8.5-2

The DR Solution shall provide the capability to dis-enroll customers in DR programs.

The DR Solution shall provide the ability to communicate with customers via multiple
methods to dis-enroll them in DR programs. Typically, customers communicate with a
customer service representative or a web portal interface to dis-enroll in a program.
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3.8.5-3  The DR solution shall communicate with the DR Program Administration to verify
program dis-enrollment eligibility.

3.8.5-4 The DR solution shall communicate with the DR Program Administration to request
program dis-enrollment eligibility.

3.8.5-5  The DR solution shall communicate with the DR Program Administration to check
program dis-enrollment eligibility.

3.86 Execute Program

3.8.6-1 The DR solution shall manage load reduction program execution.

3.8.6-2  The DR solution shall manage load shifting program execution. An example of load
shifting includes thermal energy storage.

3.8.6-3  The DR solution shall manage programs which increase energy supply. Examples of
programs which increase supply include auxiliary generators and discharging PEV
batteries.

3.8.6-4  The DR solution shall manage programs which decrease the energy supply.

3.87 Manage Progam Customer
3.8.7-1 The DR solution shall provide the capability to manage multiple customers.

3.8.7-2  The DR solution shall provide the capability to manage classes of customers.
Typical customer classes include industrial, commercial, agricultural and residential.

3.8.7-3  The DR solution shall provide the capability to add new classes of customers.
3.8.7-4  The DR solution shall provide the capability to delete a class of customers.

3.8.7-5  The DR solution shall provide the capability for customers in different customer classes
to enroll in the same program.

3.8.7-6  The DR solution shall provide the capability to restrict programs to particular customer
classes.
3.88 Measurement and Verification

3.8.8-1 The DR solution shall provide the ability to measure the load reduction from DR program
execution.

3.8.8-2  The DR solution shall be able to estimate the predicted amount of load reduction for a
DR program event.

3.8.8-3 The DR solution shall be able to calculate baseline usage for DR program participants.

3.8.8-4  During DR event execution, the DR solution shall be able to calculate the actual load
reduction for some programs on a customer by customer basis.

Version 1.0, June 30, 2009 30
© Copyright 2009, AMI, All Rights Reserved



UCA AMI-ENT
Demand Response Functional Requirements and Use Case Document

3.8.8-5

3.8.8-6

3.8.8-7

3.8.8-8

3.8.8-9

3.8.8-10

3.8.8-11
3.8.8-12

3.8.8-13

3.8.8-14

3.8.8-15

3.8.8-16

During DR event execution, the DR solution shall be able to calculate the difference
between the actual load reduction and the predicted load reduction for a geographic area.

During DR event execution, the DR solution shall be able to calculate the difference
between the actual load reduction and the predicted load reduction for some individual
customers.

During DR event execution, the DR solution shall be able to calculate the difference
between the actual load reduction and the predicted load reduction at step down
transformers.

During DR event execution, the DR solution shall be able to calculate the difference
between the actual load reduction and the predicted load reduction at branch circuits.

During DR event execution, the DR solution shall be able to calculate the difference
between the actual load reduction and the predicted load reduction at distribution feeders.

During DR event execution, the DR solution shall be able to calculate the difference
between the actual load reduction and the predicted load reduction at substations.

The DR solution shall validate settlement in non-real time to correctly bill customers.

The DR solution shall provide the ability to validate the actual load reduction from DR
program execution.

The DR solution shall provide the ability to store the load reduction from DR program
execution on a customer by customer basis.

The DR solution shall provide the ability to determine the credit earned by customers
enrolled in DR programs.

The DR solution shall provide the ability to determine penalties for customers who fail to
meet specified levels of load reduction.

The DR solution shall provide the ability to determine the credit earned by customers
who are by default covered by programs not requiring enroliment.

3.89 Read DR Program

3.8.9-1

The DR solution shall support reading of the DR program parameters.

3.810 Supplyinterruptible Resource

3.8.10-1

The DR solution shall be capable of reducing load by providing interruptible power.
Interruptible power is typically produced by generators.

A typical sequence of events to supply interruptible resources is:

1. ISO/Grid Operator releases event

2. ISO/Grid Operator selects DR resource to activate

3. ISO/Grid Operator submits to Scheduling Agent selected DR resource
4. Scheduling Agent posts schedule for DR resource

5. DR resource Provider executes DR event (provides)

6. DR resource Provider notifies customer of DR event

7. Customer acknowledges DR event
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8. Customer provides DR resource
9. Customer reports DR resource status to DR resource provider
10. DR event ends (timeout or DR resource provider terminates event)

sd Supply Interruptible DR R

Figure 3-18. Supply Interruptible DR Resource

3.811 Supply Nonlinterruptible Resource

3.8.11-1 The DR solution shall have the capability to reduce load using non-interruptible
resources. Non-interruptible resources include geothermal, solar and wind. Non-
interruptible resources are also called non-dispatchable resources.

A typical sequence of events to supply non-interruptible resources is:

. DR provider submits DR bid to Scheduling Coordinator

. Scheduling Coordinator validates DR bid

. Scheduling Coordinator posts DR bid to ISO/grid operator

. 1ISO awards and schedules DR resource

. Scheduling Coordinator notified DR resource provider of award and schedule
. DR resource Provider executes DR event (provides)

. DR resource Provider notifies customer of DR event

. Customer acknowledges DR event

. Customer provides DR resource

10. Customer reports DR resource status to DR resource provider

11. DR event ends (timeout or DR resource provider terminates event)

O©OoOo~NOoO Ul WN -
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sd Supply Non-Interruptible DR Resource

Figure 3-19. Supply Non-Interruptible DR Resource

3.8.12 Update DR Program
3.8.12-1 The DR solution shall support modifying of the DR program parameters.

3.8.12-2 The DR solution shall support common program parameters such as TOD, % reduction,
amount paid to customers, maximum number of events which can be called, kWh to be
reduced, credits earned per unit of reduction, etc.

A typical sequence of events to update a DR program is:

Determine need for changes

Do analysis of current load

Consider effects of regulations/coop rules /city board issues

Determine goals of program

Design DR program

Simulate effect of program

Brief Senior Management & Acquire DR Prog. Approval

Brief Regulators/City Board (city)/Owner board & USDA for Coops &
receive approval

Nk~ wWNE

3.8.13 Manage Statistics

3.8.13-1 The DR solution shall manage the collection of the percent of active devices which
responded to a DR event.

3.8.13-2 The DR solution shall manage the collection of the percent of customers who responded
to a DR event.

3.8.13-3 The DR solution shall manage the collection of the percent of customers who opted out
of a DR event.
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3.8.13-4 The DR solution shall manage the collection of the average response latency to a DR
event.

3.8.13-5 The DR solution shall calculate statistics for the collected data.

3.8.13-6 The DR solution shall calculate statistics for the collected data including standard
deviations.

3.9 Manage DR Customer

3.9-1 The DR solution shall manage customers for DR purposes.

3.9-2 The DR solution shall communicate with customers.

3.9-3 The DR solution shall manage existing customers.

3.9-4 The DR solution shall manage new customers.

3.10 Provision Demand Response Equipment

3.10-1 The DR solution shall manage the provisioning of active DR equipment.

uc Provision Demand Response Equipment/

Figure 3-20. Provision Demand Response Equipment

3.10.1 Add DR Device
3.10.1-1 The DR solution shall manage the provisioning of new active DR devices.

3.10.1-2 If a DR device is capable of self-configuring on a network, then the DR solution shall be
capable of commissioning the device into the DR program.

3.10.1-3 The DR solution shall maintain a database of all active DR devices.

3.10.1-4 The DR solution shall manage the provisioning of existing active DR devices.
3.10.1-5 The DR Solution shall validate the location of DR devices.

3.10.1-6 The DR solution shall manage the provisioning of new types of future DR devices.
3.10.1-7 The DR Solution shall be capable of adding DR device types.
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3.10.2 Remove DR Device

3.10.2-1

3.10.2-2
3.10.2-3
3.10.2-4
3.10.2-5

3.10.2-6

The DR solution shall maintain records of all active DR devices removed for a time
period as defined by a regulatory agency.

The DR solution shall manage the decommissioning of existing DR devices.
The DR solution shall manage the removal of existing DR devices from a program.
The DR solution shall manage the removal of existing DR devices from a customer.

The DR solution shall manage the removal of existing DR devices from a list of premise
equipment.

The DR Solution shall be capable of removing obsolete DR device types.

3.10.3 Read DR Device Information

3.10.3-1
3.10.3-2
3.10.3-3

3.10.3-4

The DR solution shall read information from active DR devices.
The DR solution shall maintain the information read from active DR devices.

The DR solution shall manage changing the recording rate of selected meters on selected
programs.

The DR solution shall manage changing the reporting rate of selected meters on selected
programs.

3.10.4 UpdateActive DR Device

3.10.4-1

3.10.4-2
3.10.4-3

3.10.4-4
3.10.4-5
3.10.4-6

The DR solution shall be capable of updating active DR device information.
The DR solution shall maintain up-to-date information for all active DR devices.
The DR solution shall manage the updating of existing active DR devices.

The DR solution shall be capable of remotely updating active DR devices from the
utility.

The DR solution shall be capable of remotely updating DR devices.
The DR solution shall validate updates of remote devices.
The DR solution shall be capable of updating the attached load.

3.11 Manage Supply

3.11-1  The DR solution shall manage the available supply of energy. Attributes of energy
supply include type of supply energy capacity, reliability, regulation amount of supply in
mW, duration, number of times per day that it can be supplied.

3.11-2 The DR solution shall provide the capability to manage supply through price signals.

3.11-3  The DR solution shall provide the capability to manage supply through direct load
control.
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3.12 Manage Supplier
3.12-1 The DR Solution shall allow commercial customers to supply electricity to the grid.
3.12-2 The DR solution shall allow residential customers to supply energy to the grid.

3.13 Manage Supply through Price Signal

3.13-1 The DR solution shall provide the ability to manage pricing signal programs designed to
increase supply.

3.13-2 The DR solution shall manage the transmission of price signal information to enabled
devices.

3.13-3 The DR solution shall interact with customers to convey price signal information.

3.14 Manage Supply through Direct Control
3.14-1 The DR solution shall provide the ability to manage direct supply control programs.

3.14-2 The DR solution shall manage the transmission of direct supply control actions to direct-
control-enabled devices.

3.14-3 The DR solution shall provide interact with customers to convey direct supply control
information.

3.14-4 The DR solution shall interact with customers to provide supply event notification.

3.15 Provision Supply Response Equipment

3.15-1 The DR solution provisions equipment designed to increase supply. An example of
equipment designed to increase supply is an additional meter which measures the output
from a customerds system which provides
a backup generator.

3.15-2 The DR solution shall be capable of adding a supply resource to a DR program.
3.15-3 The DR solution shall be capable of managing a supply resource.

3.15-4 The DR solution shall be capable of measuring a supply resource response to a DR event.
3.15-5 The DR solution shall be capable of verifying a supply resource response to a DR event.

3.15-6 The DR solution shall have the capability to manage multiple meters on a single customer
site.

el
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4.0 DREVENT CLASS

This DR Event Class diagram shows the association between the main classes in one potential
DRMS system decomposition.

class DR Event /

Figure 4-1. DR Event Class Diagram
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