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FOREWORD

ISO (International Organisation for Standardisation) and IEC (International Electrotechnical Commission) form the
specialised system for worldwide standardisation. National bodies that are members of ISO or IEC participate in
the development of International Standards through technical committees established by the respective
organisation to deal with particular fields of technical activity. ISO and IEC technical committees collaborate in
fields of mutual interest. Other international organisations, governmental and non-governmental, in liaison with
ISO and IEC, also take part in the work.

In the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.
Draft International Standards adopted by the joint technical committee are circulated to national bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the national bodies casting a vote.

The former decisions or agreements of IEC and ISO on technical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each technical committee has representation
from all interested IEC and ISO member bodies.

IEC, ISO and ISO/IEC publications have the form of recommendations for international use and are accepted by
IEC and ISO member bodies in that sense. Why on all reasonable efforts are made to ensure that the technical
content of IEC, ISO and ISO/IEC publications is accurate, IEC or ISO cannot be held responsible for the way
in which they are used or for any misinterpretation by any end user.

In order to promote international uniformity, IEC and ISO member bodies undertake to apply IEC, ISO and ISO/IEC

publication transparency to the maximum extent possible in their national and regional publications. Any
divergence between any ISO/IEC publication and the corresponding national or regional publication should be
clearly indicated in the latter.

ISO and IEC provide no marking procedure to indicate their approval and cannot be rendered responsible for any
equipment declared to be in conformity with and ISO/IEC publication.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or I1SO or its directors, employees, servants or agents including individual experts
and members of their technical committees and IEC or ISO member bodies for any personal injury, property
damage or other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
and expenses arising out of the publication of, use of, or reliance upon, this ISO/IEC publication or any other IEC,
ISO or ISO/IEC publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

10) Attention is drawn to the possibility that some of the elements of this International Standard may be the subject of

patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

| ISO/IEC JTC 1/SC em-fcd.docEM-FCD.docEM-FCD-doc25r1717r.doc 6
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223 INTRODUCTION

224  This—partof-ISO/IEC 15067-3 was prepared by Joint Technical Committee ISO/IEC JTC 1, |
225 Information technology, Subcommittee SC 25, Interconnection of Information Technology
226 Equipment.

227 ISO/IEC TR 15067 currently consists of four parts. All parts were previously published as |
228  Technical Reports. Part 3, energy management, is being upgraded to a standard at the
229 request of the IEC Standards Management Board study group on energy efficiency (SG1 SMB-
230 SG 1/0027/INF, July 2008, Recommendation 16). Energy management is becoming an essential
231 part of the worldwide development of smart grids for electricity.

232 Part 1: Application services and protocol

233 Part 2: Lighting model for HES

234 Part 3: Model of an energy management system for HES (this document)
235 Part 4: Model of a security system for HES

236 WG 1 has developed these models to foster interoperability among products from competing
237 or complementary manufacturers. Product interoperability is essential when using home
238 control standards, such as HES. This document defines a standard for a generic energy
239 management system and describes the communications services needed. A high-level model
240  for an energy management system using HES is presented.

241  Homebuilders, suppliers of building materials, and consumer product manufacturers all affect
242 energy consumption in buildings. Product and services intended for energy management can
243 be provided by:

244 e Programs developed for consumers by electricity suppliers, typically a public utility.

245 e Products purchased by consumers independent of electricity supplier programs.

246  Various methods for managing the electricity supply network, called the “electricity grid,” have
247 been developed. The goal of these methods is to match the customer demand for power with
248  the available supply. The need for such methods results from:

249 e Electric supply limitations

250 e Public resistance to building large generating plants

251 e Public concern for environmental pollution, including greenhouse gases

252 e Public opposition to siting of new transmission lines

253 e An anticipated demand for and availability of electricity for charging electric vehicles

254 e Public interest and support for renewable sources of energy

255 e The introduction of distributed energy resources (DER) with local generators such as wind
256 turbines and solar photo-voltaic (PV) panels

257 e The variable and unpredictable nature of wind and solar distributed generation with output
258 that may fluctuate with time and weather

259 e The development of batteries and other advanced premises storage technologies plus
260 power conditioning and management equipment

261 e The introduction of alternative electricity pricing methods or tariffs that encourage
262 efficiency

263  The model presented in this standard focuses primarily on a method known as “demand
264 response” (DR). Because demand response systems extend beyond the meter into customer
265 premises, those impacted by demand response technology choices include utilities, third-party
266  suppliers of demand response services, home network developers, appliance manufacturers
267 and consumers. An example of a third-party provider of demand response services is an
268 aggregator serving a large building or neighbourhood.

ISO/IEC JTC 1/SC EM-FCD.docEM-FCD-doe25n1717r.doc 7 |
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Three types of DR are specified in this standard: direct control, local control, and distributed
control. The choice of DR method will vary by utility to achieve the load shape that aligns with
supply limitations, transmission and distribution capabilities, requlatory constraints, and
business considerations. However, distributed control offers consumers the most flexibility in
adapting appliance operation to constraints imposed by the utility. The various standards
developed by JTC 1/SC 25 for the Home Electronic System are important for effective
distributed control, as specified.

DR Demand-response-is one element in the concept of the “smart grid.” The smart grid for
electricity integrates subsystems for generation, transmission and distribution, and customer
services to improve the reliability and efficiency of electricity systems. The smart grid also
extends these subsystems to accommodate distributed energy resources and demand
response. A goal of the smart grid is to enable all these subsystems to interoperate using
information technology. Therefore, this standard is an important contribution to the smart grid.

As the market develops for energy management products, consumer electronics companies,
appliance manufacturers, and other residential suppliers may offer products that combine load
management using demand response with energy conservation. Energy conservation may
offer methods for consumers to reduce energy consumption overall, in addition to reducing
consumption at times of peak demand. These methods include products and systems for
electricity generation, storage, and management. Such products and systems are located on
premises and can communicate with other on-premises products and systems in order to
interoperate as a larger system. Examples are included in Annex A. Standards for these
products are anticipated to expand this energy management model in future updates.

| ISO/IEC JTC 1/SC em-fcd.docEM-FCD.docEM-FCD-doc25r1717r.doc 8
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Information technology — Interconnection of information technology

equipment — Home Electronic System — Application models —
Part 3: Model of an energy management system for HES

1 Scope

This standard focuses on products and services that can manage energy consumption

dynamically_in response to electricity supply and prices that —Bynamic-adaptation-is-important
beeause-the-supplyand-cost-ofeleetricity-may vary over time. The model presented-specified

here for energy management is intended to be generic and representative of a wide range of
situations. This standard applies to the customer interface-services portion of the electricity |
smart grid.

This standard specifies an energy management model for programs that manage the
consumer demand for electricity using a method known as “demand response.” Three types of
demand response are specified in this standard: direct control (5.2.2), local control (5.2.3.2),
and distributed control (5.2.3.3). These methods offer a mix of control and data. Customer and
customer equipment may use these data to exereise-control the energy consumption of based
on-premises—equipmentdevices such as appliances. The taxonomy and lexicon of an energy

management model that supports these methods of demand response are presented in 7. 3

2 Normative references
ISO/IEC 14543-2: Information technology — Home Electronic System (HES) Architecture

ISO/IEC 15045-1, Information technology — Home Electronic System (HES) — Gateway —
Part 1: Introduction

ISO/IEC 24752-1, Information technology — User interfaces — Universal remote console —
Part 1: Framework

3 Terms, definitions and abbreviations

3.1 Terms and definitions
For the purposes of this International Standard, the following terms and definitions apply.

3.11
demand charge
charge for electricity based on the total power consumed during a specified interval of time

3.1.2
demand response
method for matching the demand for energy to the available supply of energy

ISO/IEC JTC 1/SC EM-ECD.cocEM-FCB-doe?5nl /1 /r.doc 9 |
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333 3.1.3
334 direct load control
335 demand response via remote control of one or more appliances

336 3.1.4
337 disaggregated bill
338 utility bill that shows energy consumption by major appliances

339 3.15

340 distributed load control

341 demand response based on dynamic price data, event notices, or other information sent from the utility to
342 smart appliances or to an energy management agent

343 3.1.6
344  electricity grid
345 electricity supply network

346  3.1.7
347 energy management agent (EMA)
348  set of control functions that manage energy consumption as an agent for the customer

349 3.1.8

350 energy management gateway

351 residential gateway facilitating direct or distributed load control or demand response for
352 electrical energy usage

353 | 3-483.1.9

354 HAN device
355 device located in the home that can communicate via be-connected-to-a home area network (HAN)
356 wirelessly or via wires.

357 NOTE: HAN is defined in ISO/IEC 15045-1. A wired HAN may use cabling specified in ISO/IEC 15018.

358 | 3-4+93.1.10

359 HES gateway
360 residential gateway standardised as part of the Home Electronic System (HES) in ISO/IEC 15045
361 (multiple parts)

362 | 3-4263.1.11

363 local load control
364  demand response via publication of time-of-use electric rates

365 NOTE: With local load control the utility typically informs customers of the electric rates by a notice sent with the
366 electric bill_or via a user interface such as various coloured lamps at the customer premises, not via a
367 communications network_connected to appliances. The customer may use these rate data to select which
368 appliances to operate.

369 | 3-4443.1.12
370 major appliance
371 large kitchen appliance

372 NOTE: See also “white goods.”

373 | 3-4-423.1.13

374 residential gateway

375 communications function that interconnects two or more networks using different communications
376 protocols, with at least one network outside the premises and one or more networks inside the premises

| ISO/IEC JTC 1/SC em-fcd.docEM-FCD.docEM-FCD-doc25r1717r.doc 10
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3-1133.1.14
smart appliance

-11- |

home appliance that exchanges command and control data with other devices on a home area network

3-1-143.1.15
smart gri

intelligent, supply/demand self-balancing and self-monitoring electricity grid that accepts electricity from |
any source of fuel (coal, sun, wind) and transforms it into a consumer's end use (heat, light, warm water,

appliance operation) with minimal human intervention

3.1.16

value-added services

optional services offered by a utility that may or may not be related to energy and may

generate additional revenue

3.1.17
white goods
large kitchen appliances

NOTE: This term is used in the appliance industry for large kitchen appliances, also called “major appliances”

Examples are a refrigerator, range, oven, and dish washer.

3.2 Abbreviations

The following acronyms and abbreviations are used in this standard and commonly used in

other industry publications.

CFL Compact Fluorescent Lamp

DER Distributed Energy Resources

DR Demand Response

DRAM Demand Response and Advanced Metering Coalition
DSM Demand-Side Management

EMA Energy Management Agent

EPRI Electric Power Research Institute

HAN Home Area Network

HES Home Electronic System

HVAC Heating, Ventilation, and Air-Conditioning
LED Light Emitted-Emitting Diode

PV Photo-Voltaic

RTP Real-Time Pricing

TOU Time-of-Use

UPS Uninterruptible Power Supply

4 Conformance

This standard specifies methods for demand response that may be implemented by an electric
utility or by a third-party supplier of energy management services. For compliance with this

standard one or more of the demand response profiles in Clause 5 must be implemented.

Utilities may offer value-added services in conjunction with demand response, as listed in

5.2.3.4, which are optional.
ISO/IEC JTC 1/SC EM-FCD.docEM-FCD-doe25n1717r.doc
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For those utilities choosing distributed load control for demand response, Clause 6 is also
required.

7.3 and 7.4 define the taxonomy and lexicon corresponding to the options for demand
response according to the HES energy management model. These include a combination of
control signals, pricing data, and event notices. An implementation of a demand response use
case shall conform to the taxonomy and lexicon specified in these sections for that use case.

NOTE: In some countries approvals from government regulators are required for the implementation of demand
response.

5 Energy management using demand response

5.1 Demand response overview

Demand response (DR) |s a form of demand S|de manaqement (DSM) DSM is descrlbed in
mformatlve Annex B..

- DR uses incentive-based and indirect
methods for controlling how much electricity is consumed during a specified time interval by
water heaters, air-conditioners, and industrial equipment. The more innovative methods of
load control depend on market forces for exerting control by varying the price of electricity_at
the retail level according to wholesale and delivery costs, with limited or no advanced notice

to customers.

One or more demand response (DR) profiles shall be implemented when an electric utility
determines that DR would address a mismatch between the supply and demand for power.

5.2 Demand response profiles
5.2.1 Choice of profile

An electric utility or other provider (also called “third-party supplier”) of energy management
services shall choose one or more of the profiles described in this section for designing a
demand response system to influence customer use of power. The profiles include:

e Direct load control (5.2.2)
e Local load control (5.2.3.2)

| ISO/IEC JTC 1/SC em-fcd.docEM-FCD.docEM-FCD-doc25r1717r.doc 12
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e Distributed load control (5.2.3.3 and Clause 6)

5.2.2 Direct load control

To implement direct load control_(described in B.4), utilities or third-party suppliers of energy
management services shall send control signals to interrupt the operation of selected devices
such as air-conditioners and water heaters remotely from outside the house. In a typical
version of direct load control the utility sends a signal via the power line, radio, telephone line,
Internet, or cable television channel to a switch that limits the run time of air-conditioners to (0
to 15) min each half-hour for up to six hours each day. Water heaters are generally turned off
entirely for (2 to 6) h.

Appliances and devices such as thermostats that participate in direct load control shall
include internal or external communications interfaces to receive and execute electronic
commands sent by the utility. Figure 1Figure1Figure-tFigure-1 illustrates the architecture of
direct load control. Not all appliances are equipped for participation in demand response, such
as the television shown in Figure 1Eigure-1.

ISO/IEC JTC 1/SC EM-ECD.cocEM-FCB-doe?5nl /1 /r.doc 13 |
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I
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Utility control
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Air-conditioner or
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Figure 1 — Direct load control

Direct load control requires prior arrangements with customers for permission and equipment
installation. The signalling method, choice of communications channel, and appliance
| interfaces are outside the scope of this standard. Figure 1Figure 1Figure1Figure1 illustrates

a uniform path to deliver the utility control signal to the selected appliances. The utility may
interpose a communications gateway between the utility network and the network within the
home if different communications protocols are implemented outside and inside the home. If a
gateway is involved, it shall conform to ISO/IEC 15045 (multiple parts).
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5.2.3 Demand response via pricing and event notification
5.2.3.1 Indirect control of customer demand

Indirect methods for controlling customer demand for electricity include:

e Time-of-use rates that vary according to the time of day.

e Event notices sent by the utility to customers about pending supply limitations that are
usually temporary.

5.2.3.2 Local load control

Utilities choosing local load control shall publish time-of-use (TOU) pricing for electricity. The
published rates shall be provided to customers prior to implementation and prior to any
changes of the TOU rates._The method for publishing TOU may vary by utility.-Utilities—shal

Note: Utilities typically deliver TOU pricing data via a mailed letter or electronically to a user interface display via a
communications network and optionally via a residential gateway to the customers. Customers may need guidance
to help them select which appliances to operate when in order to avoid peak power charges.

ISO/IEC JTC 1/SC EM-ECD.cocEM-FCB-doe?5nl /1 /r.doc 15 |
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5.2.3.3 Distributed load control

Distributed load control combines local and direct load control with much increased flexibility
and customer control. Utilities choosing distributed load control shall publish time-varying
electricity prices and optionally notices of critical events regarding the supply of electricity.
Utilities shall make these data available via a communications pathway to each customer with
connections to a home area network (HAN). The connection to a HAN may be via a residential
gateway that shall conform to ISO/IEC 15045 (multiple parts). The architectural choices for
distributed control are specified in Clause 6.

5.2.3.4 Value-added services

Demand response and automated meter reading require two-way communications between
customers and the utility or a third-party energy-management service provider. This pathway
enables the supplier to offer additional services to benefit consumers—as—deseribed—in
Annex-C._Utilities and other providers of energy management services that implement demand
response in compliance with thIS standard may offer one or more of the value added serwces
Ilsted in Annex C.
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6 Distributed control architecture and strategies

6.1 Smart appliances

Demand response via distributed load control shall link a utility communications network to a
home area network (HAN) in accordance with the architecture as-specified in ISO/IEC 14543-

2. Devices on a HAN may be home appliances, consumer electronics, sensors, actuators,
user interfaces, or controllers. Examples of such devices typically involved with energy
management include thermostats, HVAC (heating, ventilation, and air-conditioning)
equipment, displays, and major appliances (called “white goods” by the appliance industry).
The HAN may be wired or wireless.

Appliances that function as HAN devices are sometimes called “smart appliances.” Smart
appliances can communicate via the HAN with other appliances, with an HAN-application
controller, or with the utility, depending on the application. For distributed control, the HAN is
shall be linked to a utility network, possibly via a residential gateway.

Distributed load control shall be implemented by using the prices-to-devices method of 6.2 or
by using the agent for energy management method of 6.3. Utility pricing or event data are
sent directly to smart appliances with prices-to-devices. In this case the smart appliance may
modify operation upon receiving a price signal according to algorithms designed into the
appliance. The demand response effectiveness of prices-to-devices is limited by the
capabilities of smart appliances. An energy management agent, specified in 6.3, enables a
more effective appliance response. The agent for energy management is a specialised
controller that co-ordinates energy consumption among multiple smart appliances.

Note: Various standards for specific pricing and control data are under development by other standards bodies,

6.2 Prices-to-devices

In the prices-to-devices method of distributed load control utility prices and any event
notifications shall be communicated directly from the utility to smart appliances. A gateway
may be interposed if needed for protocol translation between the utility wide area network and
the HAN. If a gateway is used, it shall conform to ISO/IEC 15045 (multiple parts).

Such smart appliances shall be programmed to understand the price or event messages and
to respond accordingly with reduced consumption where appropriate. Smart appliances may
respond to price or event messages from the utility in one of the following ways or in other
ways to be developed by appliance manufacturers in consultation with utilities:

ISO/IEC JTC 1/SC EM-ECD.cocEM-FCB-doe?5nl /1 /r.doc 17 |
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624 e Shedding load in a limited number of levels (for example, four or five possible power
625 consumption levels).

626 e Adjusting the temperature setting of a thermostat controlling a heater or air-conditioner
627 during a period of higher priced electricity.

628  The customer shall always have the option to override these actions and resort to full power
629 usage or different energy consumption modes.

630 Figure 2Figure 2Figure2Figure-2 illustrates the architecture of distributed load control using
631 prices-to-devices._ In this figure, the utility data contain the price of electricity and / or utility
632 event notices.
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Figure 222 — Price-to-devices |
6.3 Energy management agent

The introduction of an energy management agent (EMA), acting as an agent for the consumer,
adds functionality to distributed load control by enabling the allocation of limited energy (or a
limited budget for energy) among appliances according to consumer preferences. This
allocation of limited energy is not possible among the smart appliances involved in prices to
devices (6.2), where each appliance responds independently to utility price data. Figure

3Figure—3Figure—3Figure—3 shows a feasible distributed load control residential
implementation. In this figure, the utility data contain the price of electricity and / or utility
event notices. The utility shall send pricing data electronically to all houses in real-time over a
network such as the Internet. This pricing signal shall enter the house through a—utiity—an

ISO/IEC JTC 1/SC EM-ECD.cocEM-FCB-doe?5nl /1 /r.doc 19 |




ISO/IEC JTC 1/SC 25 N 1717 — 20 -CD 15067-3 © ISO IEC: 2010-05-032009-
10-29

647 | energy management gateway, a version of a residential gateway (HES Gateway) conforming
648  to ISO/IEC 15045 (multiple parts). This gateway interconnects a public network using telephone,
649 cable TV, power lines, or radio with a home network. The HES gateway (ISO/IEC 15045-1,
650 5.1.4. and 5.6.1-{multiple-parts)) defines a modular architecture and a class of modules known as
651  “service modules” that may accommodate the functions of an EMA. The gateway may be a
652 | separate device, as shown in Figure 3Figure 3Figure 3Figure-3, or could be integrated with
653 other gateways, controllers, or even inside an electric meter.

|
Jtility maﬁgeregn)\/ent ,
power g :
|
g I
Utl'lty — - 1
gateway N\ Smart appliances I
|
- . |
Utility price I Iiiilli m 4 ; K |
Utility event I ﬂ_lll ! ome networ :
P I
! |
! Inside house 1
655
. Dish erator ~ Water
Utility management Thermostat , ~cher Heater
power = o) o
‘N
|
|
|
|
Utility data Home network |
|
Energy _ -
Air-conditioner or I
management . Heat
656 gateway .temedomain __ ___ _ _f e W
657
658 Figure 333 — Distributed load control system

659 | The EMA shall is—+respensibleforregulating—regulate energy consumption. Options for the
660 implementation of an EMA depend on the market development of home controllers and smart

661 appliances. Some possible embodiments of an EMA include:

662 e A discrete physical unit.
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663 e Embedding the EMA functions in a smart appliance, a cable set-top box, a residential
664 gateway, etc.

665 The EMA shall perform perferms—specialised computing functions by receiving the electricity |
666 rate data from the residential gateway and applying sophisticated software algorithms to
667 determine which appliances to operate and when. The functions of the EMA are illustrated in

668  Fiqure 4Figure 4Figure4. |

Cost of energy Appliance rating

Energy
management

agent

Usage data Appliance control

User energy budget User preferences

669

670 Figure 444 — Energy management agent |
671 6.3.1 EMA grid-to-home functionality

672  The EMA shall be programmed to determine how and when to operate appliances based on
673 the cost of energy, the energy requirements of the appliances, and user inputs. The user
674 might specify a monthly energy budget and preferences (shower at 8 AM, air conditioning at
675 6 PM, pool at 8 PM, etc.). The customer shall always be able to override decisions of the
676 EMA. After processing these data, the controller shall issue signals that are distributed over a
677 home network to the relevant appliances. Smart appliances that can operate in energy
678 conserving modes can improve the effectiveness of a distributed load control system.

679 The details of the user interface for configuring the EMA are left to market development.
680 Recommended guidelines for such a user interface are simple, non-intrusive, and adaptable
681 by language and physical impairment, as specified in ISO/IEC 24752-1. The user interface
682 may be an education tool to explain the relative energy consumption levels of various
683 appliances and could display the actual consumption by major appliances. However, the EMA
684  system shall provide automated demand response so customers should not need interaction
685  with the EMA multiple times per day.

686 Communications between the utility and the energy management agent shall include the cost
687 of energy data and may include the electricity usage data shown on the left side of Figure
688  4Figure-4Figure4. The cost of energy data shall be sent by the utility or a demand response
689  service provider using a secure link that ensures the data originated from the utility or the
690  service provider. This level of security entails authentication to confirm that the data are from
691 the real source and have not been altered during transmission. It is not necessary to encrypt
692  such data since the data are public. However, the customer usage data shall be encrypted if
693 sent to the utility or provider of energy management services so that, if intercepted, a
694 potential burglar could not determine customer daily activities and occupancy._The customer
695 and the utility shall agree if and how frequently usage data in aggregate and usage by
696 selected appliances are collected.

697 NOTE: The secure link security methods vary by utility.
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NOTE: The potential impact on customer privacy from the collection of usage data is discussed in B.4.5.

6.3.2 Home-to-grid functionality

The EMA functions may be extended to manage on-premises energy management devices.
Descriptions are provided in informative Annex A.

7 The HES energy management model

7.1 Energy management taxonomy and lexicon

The architecture of the energy management model and options for demand response have
been described in the previous sections of this standard. 7.2 specifies generic logical and
physical models for HES energy management. The taxonomy for specific use cases of the
HES energy management model is specified in 7.3. The lexicon of the messages for demand
response are presented in 7.4._The materials presented here are not specific to a particular
HAN communications protocol.

7.2 Logical and physical models

The typical components for demand response are shown in Figure S5Figure- SFigure 5Figure-5.
The logical relationship among the components for demand response systems is illustrated in
Figure 6Figure 6Figure6Figure—6. To accommodate prevalent practices of direct control,

logical model with minimal functionality is presented in Figure 7Figure7Figure 7Figure7. In
this case, the energy management agent has been eliminated because the utility controls

appliances (including appliance actuators, such as thermostats) by a direct signal. A user
interface is included because some implementations allow the user to over-ride a direct load
control signal. A cost penalty is usually assessed for over-rides. Furthermore, when the utility
installs and manages the link to the appliances, the gateway may be eliminated if the utility
uses the same signalling inside and outside the house, possibly via a virtual private network.

NOTE: The logical models in this standard are intended the show the logical relationship among energy
management components. They are not intended to portray an abstract model.
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737 Figure 666 — Logical model for HES energy management
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Figure 77# — Logical model of minimal HES energy management

Energy management is one of many subsystems possible in a home control network. As
shown in Figure 6Figure 6Figure6Figure—6 the energy management agent may be linked to
other home control systems or to a home control co-ordinator. The co-ordinator might be
responsible for providing common scheduling and subsystem interaction. This co-ordination
function may be distributed among the system controllers through sophisticated software,
thereby eliminating the co-ordinating controller.

7.3 Taxonomy of HES energy management use cases

7.3.1 Structure of use cases

This section presents examples of energy management applications. Each application is
explained in words and illustrated with physical and logical models. These models are based
on the components of the HES energy management model. In the following cases, reference
is made to power and kW. With a change of terminology, these cases can apply to other
utilities, such as gas, water, fuel oil, or heat flow (for district or central heating).

7.3.2 Case 1: local control

754 ‘ (lllustrated in Figure 8Figure-8Figure-8Figure-8 and Figure 9Figure 9Figure 9Figure9.)

755
756

U=User interface
O:HES interface

U Utility
& gateway
?

Home control system medium

Figure 888 — Case 1: local control, physical model
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User
interface

Utility
gateway

Figure 999 — Case 1: local control, logical model

Most local control schemes currently involve no communications to the customer, in which
case the models in these figures do not apply. Typically, a static two-tier rate is announced by
the utility to customers. In more sophisticated local control the utility may establish:

e Peak and off peak rates that change with appropriate notice.
e The times for peak and off-peak rates.

e Multiple-rate levels, such as time periods for low rates, medium rates, high rates, and
emergency rates. The latter rate may be unusually high to indicate an emergency
condition.

NOTE: As the number of pricing tiers grows and the time of transition becomes variable, local control pricing
becomes similar to the real-time pricing associated with distributed control.

In all of these variations of local control, the possible communications messages, if there are
any, between the utility and the customer consists of an indication of which price level is in
effect. Therefore, signals flow from the utility via the gateway to a user interface as illustrated
in the physical and logical models. The user interface may consist of indicator lamps on a
special unit with markings to indicate whether peak or off-peak or any intermediate rates are
in effect.

7.3.3 Case 2: direct control

(lNlustrated in Figure 10Figure10Figure10Figure—10 and Figure 11Figure1iFigure1ilFigure
11)
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Figure 101640 — Case 2: direct control, physical model
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gatew);y Appliance
Utility wide Appliance

area network

Figure 111112 — Case 2: direct control, logical model

The utility enables or disables the operation of specific appliances. This case is representative
of direct load control. Most present direct control consists of one-way communications from
the utility to the customer appliances. The utility does not know if the control signal actually
reached the appliance or if the appliance was operating. An improved option for Newer-direct
load control schemes includes acknowledgement that the control signal was received.

The utility messages are usually limited to specifying which appliance is to be turned-off or to
be restored to operating status. When the utility installs and manages the link to the
appliances, the gateway may be eliminated if the utility uses the same signalling inside and
outside the house, possibly via a virtual private network.

7.3.4 Case 3: direct control with supervision

(lllustrated in Figure 12Figure-12Figure12Figure—12 and Figure 13Figure13Figure-13Figure
13.)
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Figure 121212 — Case 3: direct control with supervision, physical model
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Figure 131313 — Case 3: direct control with supervision, logical model |

Case 3 accommodates more advanced direct control with two-way communications. This case
allows the utility to verify that specific appliances are responding to control. Also, the utility
can determine the effectiveness of load shedding and, therefore, can detect “free-riders.”
These are customers where the controlled load never attempts to use energy during the
controlled time period. Typically, these customers are not home and the appliances are not
operating during the controlled period.

Case 3 also allows the utility to institute control over the demand for power by setting a limit
on kW during a specified interval. The following expanded set of messages supports Case 3.

7.3.4.1 Utility messages
¢ Which appliance will be controlled (turned-off) and for how long.

e For appliances that have multiple levels of power consumption, such as a heater, the utility
may indicate the maximum level of operation allowed instead of sending a turn-off signal.
This may consists of a specified reduction in the kW demand of the appliance.

e When a specific appliance will be controlled and for how long.

e How often an appliance is likely to be controlled. Alternatively, the customer may be told
when the next control time is likely after the present one being announced.

e The priority level of the control. This may indicate whether the customer has the option of
over-riding the control.

e The approximate cost consequence if the customer over-rides the control. The customer is
not expected to have an energy management agent. Appliance interaction is conducted by
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the utility via a sophisticated gateway. This gateway also controls any display device
involved in direct load control.

7.3.4.2 Customer messages

e Static information about the controlled device: name and type of device, location of device,
name of customer, typical power consumption, maximum power demand in an interval
(typically 15 min, or must be specified), amount of power that can be shed by load control,
maximum duty cycle (to indicate how often the device can be safely controlled)

e Historical information about the controlled device: date and time the last control command
was received and whether it was accepted (whether the customer allowed the device to be
controlled), number of control commands and acceptances during a specified period,
amount of load shed during the most recently accepted control command, average load
shed during a specified period, reduction in power demand during a specified period.

e Device operating status: on, off, operating level (if appropriate), out-of-service, under
direct load control.

e Customer acceptance or rejection of utility plans to control a specific appliance. A reason
for rejecting direct load control may be provided: customer choice, life-safety device,
device out of service, etc.

7.3.5 Case 4: distributed control

The logical and physical arrangements contain all the elements in the generalised diagrams,
Figure G5FigureSFigureBFigure—5 and Figure 6Figure 6Figure6Figure—6. An energy
management agent accesses real-time pricing data. This controller disables selected
appliances or causes them to reduce power consumption to meet the user's programmed
goals of budget versus convenience. Figure 4Figure 4Figure-4Figure—4 illustrates the signal
flows into and out of the energy management agent. The utility pricing data may be provided
in real-time indicating an immediate rate change. In a more realistic scenario, the utility
broadcasts the rates one-day in advance. These rates may change hour-by-hour.

The energy management agent receives the electricity rate information from the utility-energy
management gateway via a home automation communications network. The controller
combines this information with stored data about appliance power requirements and customer
information. The customer can enter preferences for appliance operation and budget
limitations for electricity expenditures. For example, the customer may indicate a preference
for hot water in the morning (for bathing) and heat in the early evening. Also, the customer
might attempt to set a limit of monthly expenditures for energy. The energy management
agent uses these inputs to allow or disallow appliance operation.

The software in the energy management agent determines which appliances to operate and
when. Such software may be complex to balance economy with the user's desires for comfort
and convenience. Elements of artificial intelligence are frequently required for effective
operation.

The consumer benefits by attaining maximum convenience for appliance operation while
controlling electricity costs. The consumer does not need to know details about time-of-use or
demand-based electric rates. The customer can over-ride the energy management agent and
be informed of the cost impact. Thus, the consumer is insulated from technical issues while
making simple economic decisions.

7.3.6 Case 5: advanced distributed control

The logical and physical arrangements contain all the elements in the generalised diagrams,
Figure S5Figure SFigure 5Figure-5 and Figure 6Figure 6Figure 6Figure-6. Case 5 extends Case
4 with the additional ability of the energy management agent to monitor appliance operation
and restrict the operating modes of selected appliances. Thus, the control signals to
appliances are extended from on and off to operating mode or demand level (as appropriate
for the appliance). Also, messages may flow from the appliance to the energy management
agent.
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869 The signals between the energy management agent and the appliance are similar to those
870 defined for Case 3, direct control with supervision. The fundamental difference is that all
871 decisions about appliance control are made locally based on real-time price data. The energy
872 management agent can calculate the cost consequences of appliance operation.

873  Appliances may include indicators and controls for energy management. For example, the
874  energy management agent may determine that an appliance should not be operated. If the
875 user attempts to run that appliance, a lamp on the appliance may indicate that the operation is
876 deferred by the energy management agent. Furthermore, the user may be allowed to over-ride
877  this decision by pressing a special key on the appliance. A display on the appliance or on a
878 nearby home automation control panel may tell the user the cost consequences of over-riding
879 the energy management agent. The user is now making an informed decision on spending
880 money for energy.

881 The same set of messages between the energy management agent and appliances is required
882 as defined in Case 3. The following additional messages are needed:

883 ¢ From the energy management agent:

884 «— Data about the cost of operating the appliance in the operating mode requested by |
885 the user.

886 »— Data suggesting operating modes and costs that will save money.

887 »— A request to reduce average kW consumption by a stated percentage. Note that this
888 command is intended for appliances with intelligent controls. Most appliances will not
889 be able to respond to such a request. Most will be able either to operate normally or to
890 stop operating completely. Others may be able to operate in specified modes, as
891 directed by the energy management agent.

892 e From appliances connected to the energy management agent:

893 +— Confirmation of the mode of operation set by the user.

894 +— Manual operation of the appliance by the user.

895 »— User request to over-ride control of the energy management agent.

896 »— Power being consumed by the appliance. This information may be compiled for bill
897 desegregation: a bill that shows how much power each major load is consuming. Also,
898 the utility may request this data be uploaded for a load survey.

899 7.3.7 Case 6: distributed control for intelligent appliances

900 The logical and physical arrangements contain all the elements in the generalised diagrams,

901 Figure SFigure-SFigure-5Figure5 and Figure 6Figure6Figure 6Figure—6. Additional energy |

902  services are possible with intelligent appliances. For example:

903 e Automatic adaptation to real-time pricing

904 »— Some appliances might eventually be able to adapt energy consumption according to |
905 the price of electricity directly. This means that part of the algorithm planned for the
906 energy management agent might be built into future appliances.

907 »— The messages between the energy management agent and the appliance convey the |
908 current price and the anticipated duration of this price level.

909 e Emergency load control

910 »— The utility issues an emergency notice that supplies are limited and a specific level of |
911 power consumption must not be exceeded. The energy management agent could
912 calculate the demands of all operating appliances to achieve this limitation. Some
913 networked appliances have been marketed that interleave operating cycles among
914 major appliances to limit the demand peak.

915 +— An intelligent appliance might be able to control demand to a desired level |
916 automatically. The command sent to such an appliance would simply indicate the
917 maximum energy consumption for a specified period of time.
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918 | »— The utility commands to the energy management agent specify the maximum power
919 availability and the time allowed to shed loads. The energy management agent must
920 confirm acceptance of the power reduction within the specified time or the customer
921 may be disconnected from the grid.

922 e Power consumption

923 | »— Some utilities gather power consumption statistics from major appliances for load
924 planning purposes. Others offer these data to customers in a scheme called “bill
925 disaggregation.” This shows the customer consumption by major appliance to explain
926 the bill and encourage conservation. Such appliances must be out-fitted with power
927 meters. Current meters may be adequate if the appliances are primarily resistive loads.
928 | +— Commands to support power consumption consist of polling the appliances by the
929 energy management agent. Each appliance returns the energy consumed since the
930 last poll. Ancillary commands to initialise or reset power measurement in the appliance
931 may be provided. The energy management agent may also communicate with the
932 electric meter to gather whole-house consumption data.

933 | +— The utility may communicate with the energy management agent to request power
934 recording and to upload data accumulated by the energy management agent. The
935 controller would be responsible for gathering and averaging the data and producing a
936 summary report.

937 7.3.8 Case 7: utility telemetry services

938 (lllustrated in Figure 14Figure-14Figure-14Figure—14 and Figure 15Figure 15Figure 15Figure
939 | 15)

A=Appliance
M=Utility meter
U=User interface

O=HES interface ool
. iance
A A bplian
o ?; gg';[lellt)ell domain
way
controller
A A M
A\ A\ A A
N A4 N 4
PaN
A4
Security
system
controller
940
941 | Figure 141414 — Case 7: utility telemetry services, physical model
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User
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Appliance
domain Appliance
controller
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Utility wide To security
area network system controller
942
943 Figure 151515 — Case 7: utility telemetry services, logical model |

944  This case accommodates a variety of new value-added services being considered by some
945 utilities. It is not possible to anticipate all messages necessary to support services to be
946 defined. Nevertheless, the pathways for such messages will likely be between a—utiity—an
947 energy management gateway and one or more local application domain controllersl, similar to
948 the energy management agent. The local controllers, shown in Figure 14Figure14Figure
949  14Figure-14 and Figure 15Figure 15Figure-15Figure-15 as an appliance domain controller and
950 a security controller, exchange messages with specific appliances or subsystems to be
951 controlled. Please note that an explicit controller may not be present. In that case, control
952  functions are distributed among the network components comprising a fully distributed
953  system.2

954  An example of a utility telemetry service is appliance monitoring and diagnosis. A customer
955  would subscribe to this service where the utility periodically tests the operation of a specific
956 appliance. The utility initiates a built-in test sequence in the appliance and reads the result.
957  Any problem requiring customer notification is presented on a local user interface.

958 Message sets to accommodate remote appliance diagnosis contain the test sequence
959 identification code. The appliance responds with the result code of the test procedure. Future
960 appliances might allow the utility to download special test sequences into the appliance or into
961 the energy management agent. In the latter case, the controller is acting as a test instrument
962  for the appliance.

963 An important factor to consider as value-added services, including remote testing, are
964  designed is the quantity of data to be communicated between the utility and the customer.
965  The control channel (Class 1) of HES is not intended for large volumes of data. An information
966 channel, defined in the HES architecture, needs to allocated for this purpose.

1 Application domain — A logically related group of components that provides the functions of an application in a
home or building. Typical components include sensors, actuators, user-interface devices, and controllers.
Examples of application domains are lighting, security, energy management, and HVAC (heating, ventilating,
and air-conditioning).

Application domain controller — A controller responsible for managing the operation of an application domain.
An application domain controller may be a physical device, or the application control functions may be
distributed in related devices such as a sensors, actuators, and appliances.

2 Fully distributed system — A system comprising multiple application domains where the functionality of
application domain management is distributed over related devices. In such a system the presence of
application domain controllers as physical devices is optional.
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7.4 Lexicon for HES energy management
7.4.1 HES message lexicon overview

The following messages are proposed for commands, status reports, or data to be exchanged
among the logical components in the HES energy management system model. This message
set does not imply that all energy management components can or must support the features
of each message. Messages will be chosen to support a specific implementation. These
messages represent a variety of functionality, not necessarily implemented in any one system.

The purpose of this generic message lexicon is to facilitate interoperability among energy
management systems that may be developed by competing equipment suppliers to the utility
and home system industries. An interoperability framework is explained in ISO/IEC 18012-1.

These messages may be described using a formal XML-based lexicon, which shall comply
with the interoperability framework of ISO/IEC 18012-2.

7.4.2 HES message list

Each message may be sent to a single device, to all devices (broadcast), or to a predefined
group of devices.

7.4.2.1 Gateway «— user interface

The user interface may consist of lamps indicating predefined price levels for energy.
Alternatively, the user interface may display character data or graphical images sent by the
utility via the gateway. An expanded character display would accommodate data about
changes in the price tiers and applicable times.
e ON/OFF messages

»— Turn on the addressed indicator lamp in the user interface.

»— Turn off the addressed indicator lamp in the user interface.
e Messages about rate tiers, or unusual conditions

»— A string of characters to be displayed on a suitable user interface. A string length of
about 40 characters should be sufficient. For multiple line displays, multiple messages
may be sent.

»— Future displays might support graphical (or icon) display, requiring appropriate coded
messages in place of plain text.

e Cost of over-ride
»— This may be implemented using the method above for message display.
+— The intent is to inform consumers of cost of over-riding a direct load control signal.

7.4.2.2 Gateway «— appliances
ON/OFF messages

»— Turn off the addressed appliance for a specified duration.

»— Turn on the addressed appliance.

»— (This message is sent either to the appliance or to a power module that controls the
flow of power into the appliance. The specified duration parameter is optional.)

Level of consumption

»— Limit the addressed appliance operation to a specified maximum kW for a specific
duration.

+— Remove any kW restriction from the addressed appliance.

e Time of restriction
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»— Notify the addressed appliance of the start time a specified restriction and the
anticipated duration.

+— Notify the addressed appliance how often a specified restriction will be instituted.

»— Notify the addressed appliance about the start time of a specified restriction after the
present restriction ends.

e Priority of restriction

»— Assign a priority level to the addressed appliance for future on/off or restriction
messages.

»— (It is assumed there is prior agreement on the number and meaning of priority levels.)
e Appliance report

+— Request specified report from addressed appliance.

»— Provide requested report from addressed appliance to the gateway.

»— Specified reports include: static information, historical information, device operating
status, customer acceptance or rejection of load control, and the reason, if available.
The contents of these reports are described in Case 3 above. The format of the reports
consists of parameters identified by field position or by keyword.

7.4.2.3 Gateway «— energy management agent
The following commands involve the exchange of data in character format.

e Rate data update

»— The energy management agent queries the gateway for the availability of new rate
data.

»— The gateway responds with the time and date of the last rate update.
e Rate data
+— The energy management agent queries the gateway for a download of rate data.

»— The gateway downloads the rate data. The format of the data is to be defined. It may
follow the format used for wide area communications between the utility and the
gateway.

7.4.2.4 Energy management agent «<— appliances
e Appliance capabilities

»— The energy management agent queries an addressed appliance about device
information and energy requirements.

»— An appliance responds to a query from the energy management agent with static
information (per Case 3 above) including data about nominal energy consumption, and,
if available, data about peak consumption, consumption by operating mode, and ability
to reduce energy consumption upon request. The latter parameter may indicate that
the appliance is in a critical mode that should not be interrupted, or involved with life
safety operations.

e Appliance control

»— The energy management agent requests the addressed appliance turn off or limit
operating modes or limit power consumption to a specified level or percentage of peak
usage within a specified time interval and with a specified urgency.

»— The energy management agent requests the addressed appliance resume operating
without any mode or power restriction.

»— The addressed appliance responds with acceptance and confirmation or rejection of
the request from the energy management agent or indicates it is turned off, out-of-
service, or under manual control.
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»— The energy management agent informs an addressed appliance the cost of rejecting
the previous request for energy consumption reduction.

»— The energy management agent informs an addressed appliance about recommended
operating modes with various degrees of conservation.

e Appliance energy consumption

»— The energy management agent requests an addressed appliance report power
consumption for the previous specified time interval.

»— The addressed appliance responds with the kW used or indicates it was off or out-of-
service.
7.4.2.5 Energy management agent «— user interface
e User inputs
»— Numerical data providing a monthly energy budget.

»— Appliance operating preferences by appliance name, mode of operation, times of
operation, and priority relative to other appliances.

e Displays for user

»— Numerical data about monthly energy consumption with optional bill disaggregation by
major appliance.

+— Numerical data about the present and projected energy tariff.

»— In addition, a series of interactive menus is needed to configure the energy
management system as appliances are added and deleted. A future network
management computer may handle automatic configuration.

7.4.2.6 Energy management agent «— meter

These commands apply to electronic meters with communications capabilities. It is possible in
some installations that the meter functions as the gateway. Therefore, commands defined for
the gateway may be appropriate here.

e From energy management agent

+— Energy management agent requests consumption data from the meter for a specified
period and peak usage (the demand), if available.

«— Additional parameters may be requested depending on the meter functionality®.
e To Energy management agent
»— The meter responds with consumption data, demand data, and applicable time period.

»— Additional data may be returned depending on meter capabilities and requests from
the energy management agent.

7.4.2.7 Energy management agent «— other controllers

Controllers may communicate messages for co-ordination or to announce unusual conditions
requiring action by the other controllers. For example, the energy management agent might
request an HVAC unit reduce energy consumption. If the home automation network includes
an HVAC applications controller, the energy management agent message might be sent to the
HVAC controller rather than to the appliance. This routing would be appropriate if the HVAC
controller contains algorithms for managing the operating characteristics of the HVAC
equipment.

3. In the United States, ANSI standard C12.19 specifies a set of tables with parameters that define meter capabilities. A meter
manufacturer will choose a subset of features to incorporate in a particular meter model. The first table in a meter identifies
which features are available in that meter and defined in subsequent tables.

ISO/IEC JTC 1/SC em-fcd.docEM-FCD-docEM-FCD-doe25n1717+-doe 34




CD 15067-3 © ISO/IEC: 2010-05-032609-10-29 -35- |
ISO/IEC JTC 1/SC 25 N 1717

1097 Annex A

1098 (informative)

1099

1100 Premises equipment for energy management
1101

1102 A.1  On-premises equipment

1103 The smart grid and demand response strategies can help manage electrical energy through
1104  the leverage provided by on-premises power conditioning or power conversion capabilities as
1105 part of the functionality of an energy management agent (EMA). Such power
1106 conditioning/conversion sub-systems work in conjunction with on-premises generation,
1107  storage, and use management. They may include the following functions:

1108 e Solar PV inverter (DC from PV to AC grid)

1109 e Smart battery charging (AC from grid to DC to battery or PV to battery)

1110 o Battery feed to grid

1111 e Grid frequency monitoring (detection of grid overload and automatic response)
1112 e Power factor compensation

1113 e Grid event monitoring and data logging

1114 e Smart metering

1115 e Customer display and control

1116 The above functions can operate in an autonomous or semi-autonomous mode (with or
1117  without grid or utility communication or intervention). These can operate and enhance grid
1118  stabilisation in time scales of hours, minutes, milliseconds, and seconds.

1119 A.2 Demand response — hours

1120 Demand response (hours)—This is conventional DR and it is the simplest to understand. This
1121 operates over a time scale of hours. High-speed communication capability is not needed here.
1122 The EMA could provide switching control of several circuits for smart demand control for
1123 appliances like refrigerators, air conditioners, etc. The more intelligent approach is an EMA
1124  that never actually turns any thing off or on, but just changes the settings of the thermostats,
1125 pressures, and other parameters that have immediate large impacts on energy use. This form
1126 of DR can keep the grid from having to start up auxiliary (i.e., marginal generating) capacity
1127 and more expensive power plants at hours of peak use.

1128 A.3 Demand response — seconds

1129  Automatic surge assist (seconds)—Almost no one seems to be talking about this one although
1130 it could ultimately save as much money as demand response. Every power plant has some
1131 maximum capability. If the loads ever exceed this limit, then the frequency and voltage drops.
1132  When such changes occur the current drawn by inductive motors increases dramatically
1133 making the voltage drop even more. Since about 40 % of the loads on the grid are inductive
1134 motors, this effect is enough to collapse the grid, which is exactly what happens with most
1135 power failures. To guard against this, the grid must always operate significantly below this
1136 "red line" to avoid collapse.

1137 Inductive motors are real machines with inertia so this process takes several seconds to a
1138 minute to unfold. The general move to higher efficiency generally increases the percentage of
1139 loads that are inductive motors as heating elements are replaced with heat pumps, and
1140 replacing incandescent lights with compact fluorescent lamps (CFLs) dramatically reduces the
1141 lighting part of the load. The EMA could provide this automatic surge assist from the energy
1142  stored in batteries of UPS systems and vehicle-based storage systems. This entire surge
1143 assist event normally is over within a minute or so and the ultimate stored energy drain on the
1144 batteries is negligible and will have no effect on the life of the battery. Because the EMA
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detects and performs this operation locally, there is no need for communication at all, let
alone high speed communication.

Responding to surges is the most expensive problem for the grid utilities to address since
they do not have time to fire up extra generators when this happens. Their only solution is
extra capacity with the main power plants that are in use every day. The cumulative effect of
this could be as much as two times the supply, which relates directly to capital expenditures
and dwarfs most of the smart grid features that are in the spotlight right now.

A.4 Demand response — milliseconds

Automatic power factor compensation (milliseconds)—Again, this is left out of most smart grid
plans, but this is a very real issue. CFL and LED lamps have a power factor of about 0,5 and
computers often have a power factor of between 0,7 and 0,8. The time scale for power factor
is milliseconds rather than seconds. This directly translates to not only the real usable power
available from the power plant but also the real usable power from all of the power lines and
transformers in the distribution system.

Even if the utility compensated for the power factor at the power plant or at major power
distribution centres, it would not provide any help on the distribution lines and local
transformers. The EMA could incorporate this feature into UPS systems and home and office
renewable energy distributed generation systems at a scale that could totally compensate for
all problem power factor devices locally. This is clearly out of the realm of effective high-
speed communications and needs to be handled locally by an automatic means. This not only
saves the grid companies money and infrastructure cost, but it improves the wave-shape of
the AC power delivered by the grid.

A.5 Demand response — minutes

Local distributed renewable energy generation with communication (minutes)—This not only
puts the renewable energy generation on free local real estate, but it is generally consumed
locally so there is nothing lost to transmission. The ultimate energy security aspect of local
renewable energy generation is endless while the EMA at each node could continue to
operate if needed.

Real time communications and control with the grid allows for renewable energy to be
significant, overcoming the present 1 % (or less) maximum barrier to implementing solar and
residential-scale wind power. Aside from the raw value of the energy produced, it is hard to
put a price on the value of energy security, but there are some examples from recent weather
disasters. Even in the absence of major catastrophes, the cost of power interruptions is
enormous and escalating.
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Annex B
(informative)

Demand-side management

B.1 Demand-side management overview

Electricity consumption patterns have peaks daily and seasonally. During weather extremes of
heat and cold the demand for electricity rises sharply. To meet these occasional peak
demands, some utilities need to keep relatively expensive generators running or must build

new plants.

As the electric utility industry developed, electricity companies expanded supplies to meet
growing customer demand for power. The electric _companies built new generators and
transmission / distribution grids to reach an expanding customer base. Some laws mandate
that utilities maintain the supply of electricity sufficient to meet any demand. However, this is
becoming less practical because of the cost of new electricity plants, public resistance to new
plants and transmission lines, and government environmental reqgulations controlling pollution.
The pressure for plants to meet peak demands could be reduced if customers evened out
their power consumption so the peaks are flattened.

Therefore, the electric utility industry with encouragement from some governments has been
developing methods for influencing the customer demand for electricity. The objective is to
reduce demand when supplies are reaching capacity.

Utilities have developed specific programs to influence the customer demand for power in
order to align with the available supply. Such utility programs are called demand-side
management (DSM).

DSM programs and associated tools enable utilities to modify the cumulative demand for
energy, known as the load shape when plotted over a one-day interval. Utilities have
developed a variety of DSM programs to manipulate the load shape. Different programs _have
different load shape goals, with the majority intended for peak clipping, as explained in B.3.

Utilities have developed more deterministic methods for influencing the demand through DSM.
Since DSM programs _may not involve explicit management by the utility, the term demand
response (DR) is being widely used in the industry. DR is implemented with various methods
as described in B.4 that facilitate responses to supply/demand imbalances from the customer
demand side.

B-1B.2 Demand-side management incentives

Demand-side management (DSM) programs initially focused on providing incentives for using
electricity more efficiently. Customer co-operation may be obtained by offering a financial
incentive, such as an up-front rebate, a loan guarantee, a lower rate for electricity, or free
energy efficient planning and evaluation services. Some programs offer rebates for switching
from tungsten to compact fluorescent lamps, for adding building insulation, and for purchasing
energy efficient appliances.

B-2B.3 _Peak clipping

When the goal of DSM is peak clipping, the typical target is to reduce peak demands for
electricity by about 5 % up to 100 h per year, according to a December 2005 report of the
Demand Response and Advanced Metering Coalition (DRAM) (see Bibliography).
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The Electric Power Research Institute (EPRI) estimated (see Bibliography) in 2001 that “... a
2,5 % reduction in electricity demand state-wide could reduce wholesale spot prices in
California by as much as 24 %; a 10 % reduction in demand might slash wholesale price
spikes by half.”

B2B.4 Demand response

B.4.1 Demand response via direct load control

Some large industrial customers volunteer for lower electric rates in exchange for deliberate
service interruptions. When utilities are facing a supply limitation, perhaps on a hot summer
day, they order these volunteers to reduce or to curtail some energy consuming eguipment.
The analogous program for residential customers is “direct load control.” This program may be
offered by utilities or by third-party suppliers.

Note: Customers may be offered a financial incentive to participate in direct load control.

B.4.2 Time-of-use pricing

An indirect method of load control is based on electric rates that vary over time or a notice to
customers of a pending event, such as a partial supply interruption, requiring consumption
reductions.

Time-of-use rates vary the price according to the time of day. Typically, on-peak and off-peak
rates are announced. The hours for each rate are fixed for each day, or at least for work days,
similar to telephone rates. Rates that change dynamically with one-day or even no advanced
notice constitute real-time pricing. Time-of-use rates are usually static compared to real-time

pricing.

Note: In_many countries electricity traditionally was sold at a flat rate or a volume-sensitive rate. New pricing
schemes are adding time as a factor.

TOU pricing typically involves pricing electricity higher during specified hours, such as 4 PM
to 6 PM when the wholesale cost of power is higher. Some utilities set the ratio of on-to-off
peak pricing high enough to motivate customers to defer heavy power-consuming appliance
usage to the off-peak times.

In some countries, TOU pricing also includes a demand charge. The consumer pays a special
charge called a “demand charge” if the total electricity consumed during a short interval
(typically 15 min or 30 min) exceeds a pre-set limit. The penalty may be higher charges or
even interruption of power flow.

As with telephone tariffs, customers are notified of the TOU rates and are expected to adjust
consumption accordingly. For this technigue, called local control, to be effective the customer
must:

¢ Remember the time period for off-peak pricing of power.

e Know which appliances consume relatively large amounts of energy.

e Know which combination of appliances may result in a demand charge if imposed by the
utility.
e Not be significantly inconvenienced by deferring appliance operation to off-peak times.
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1266 B.4.3 Real-time pricing

1267 Utilities can better match electricity supply with customer demand by dynamically varying the
1268 price of electricity as market conditions change, a method known as real-time pricing (RTP).
1269 Eventually, utility policy makers would like to adjust prices according to the wholesale market
1270 price of electricity to reflect actual utility costs. The utility has the opportunity to change prices
1271 when a peak demand is expected.

1272 Note: In some countries regqulations do not presently permit residential users to be offered fully flexible real-time
1273 pricing. Utilities may be permitted tariffs with two or more price tiers to reflect their costs of energy generation and
1274 distribution. In countries with a competitive market, third-party suppliers may set the retail rates.

1275 Some utilities are capable of accurately forecasting the cost of energy in the near future,
1276 typically 24 h in advance, and supplying this information to the residential consumer. The
1277 prediction of such forecast pricing enables peaks in demand to be smoothed , thereby
1278 reducing the impact of such measures on consumer comfort and convenience. As these
1279 innovative pricing schemes lower the peak demand, utility costs are reduced.

1280 B.4.4 Demand response via distributed load control

1281 Distributed control enables users to respond effectively to utility price variations and event
1282 notices with minimal involvement or inconvenience by using computer-based agents such as
1283 the energy management agent described in 6.3 operating in_conjunction with smart
1284 appliances. Forecasted pricing enables the consumer, or an intelligent energy management
1285 system, to “draw forward” on consumption in anticipation of peak pricing. This may involve
1286 comparatively simple measures such as ensuring that heat storage devices, water heaters,
1287 and similar appliances are fully charged when the peak-price period starts.

1288 There are two important problems for effective use of the changing cost of power. First, the
1289 price data must be delivered to the customer in a timely fashion. Second, the customer must
1290 interpret the data and apply it to appliance operation. Since most customers do not
1291 understand electricity measurements, such as kilowatt-hours, they are not likely to use these
1292 data correctly. Here is where home control technology can benefit the consumer and the utility
1293 by insulating the customer from the complexity of dynamic energy management and enabling
1294 distributed load control.

1295 B.4.5 Demand response and customer privacy

1296 The customer and the utility shall agree if and how frequently usage data are collected. The
1297 more frequently the usage data are sent, the more detailed a record of household activities
1298 and preferences can be accumulated, thereby impacting customer privacy.

1299 Aggregated energy consumption data, weighted by the price when consumed, are the only
1300 required data to be sent to the utility for billing. The customer shall decide how often the total consumption
1301 data and any detailed data are sent to the utility based on the tariffs offered by the utility. Detailed usage
1302 data by appliance (such as HVAC, refrigerator, water heater, etc.) are called “disaggregated data.”
1303 Consumers_may choose to share such data with utilities or service providers for enhanced energy
1304 management or ancillary services such as appliance diagnostics.

1305 NOTE: Privacy requirements extend beyond technical issues. Such requirements reflect a combination of
1306 agreements between consumers and service providers as allowed or mandated by government policies.

ISO/IEC JTC 1/SC EM-ECD.cocEM-FCB-doe?5nl /1 /r.doc 39 |




ISO/IEC JTC 1/SC 25 N 1717 — 40 -CD 15067-3 © ISO IEC: 2010-05-032009-

10-29
1307 Annex C
1308 (informative)
1309
1310 Value-added services

1311 In_a competitive market for energy, utilities are considering additional services called value-
1312 added services in order to retain customers and to generate additional revenue from offerings
1313 ancillary to power. Collectively, these are known as value-added services. Some governments
1314 have mandated that utilities, which traditionally were granted monopolies, start planning for
1315 competition. Therefore, utilities are seeking value-added services to make their products more
1316 attractive to customers. Utilities and third-party suppliers that implement demand response in
1317 compliance with this standard may implement one or more of these value-added services.

1318 Potential value-added services for electric utilities beyond load control are listed. The services
1319 preceded by a check mark (v)) may be sold for additional revenue beyond the usual energy
1320 charges. The choice of service and revenue arrangement depend on the utility, the market,
1321 and local requlations.

1322 . Automatic meter reading

1323 . Remote connect/disconnect

1324 e v Offer disaggregated bills with details about consumption by major appliances

1325 . Monitor power delivery

1326 e v Monitor power quality
1327 e v Offer load profiles

1328 ° Control customer access when customers move or don't pay bills
1329 . Stagger power restoration in a neighbourhood after a power failure
1330 ° Detect tampering

1331 e v Diagnose appliances problems and notify the customer

1332 e v Offer information and telemetry services

1333 . Compute the environmental impact of customer energy consumption
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