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INFORMATION TECHNOLOGY -
HOME ELECTRONIC SYSTEM (HES) APPLICATION MODEL -

Part 3: Model of a demand-response energy
management system for HES

FOREWORD
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thle way in which they are used or for any misinterpretation by any énd user.
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C member body interested in the subject dealt with may participate in this preparatory work. Intern|
vernmental and non-governmental organizations liaising with ISO and IEC also participate in this~preparg

the field of information technology, ISO and IEC have established a joint technical committee,/ISO/IEC

aft International Standards adopted by the joint technical committee are circulated to natienal bodies for

e formal decisions or agreements of IEC and ISO on technical matters express,“as nearly as possi
ernational consensus of opinion on the relevant subjects since each technical committee has represe

C, 1ISO and ISO/IEC publications have the form of recommendations for_international use and are ac
IEC and ISO member bodies in that sense. While all reasonable_efforts are made to ensure th

order to promote international uniformity, IEC and ISO_ member bodies undertake to apply IEC, IS
O/IEC publications transparently to the maximum extent poOssible in their national and regional public
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| users should ensure that they have the latest edition of this publication.
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This International Standard replaces ISO/IEC TR 15067-3, first edition, published in 2000, and

const

itutes a technical revision.

This edition includes the following significant technical changes with respect to the previous

editio

- th

n:

e demand response options have been expanded,;

— distributed energy resources such as local generation and storage have been included;

- th

e terminology for demand response has been aligned with smart grid.
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The list of all currently available parts of the ISO/IEC 15067 series, under the general title
Information technology — Home electronic system (HES) application model, can be found on
the IEC web site.

This International Standard has been approved by vote of the member bodies, and the voting
results may be obtained from the address given on the second title page.

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

IMPQRTANT - The 'colour inside’' logo on the cover page of this publication indicjates
that | it contains colours which are considered to be useful for the \correct
understanding of its contents. Users should therefore print this document’ using a
coI0|||r printer.
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INTRODUCTION

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

Part 2: Lighting model for HES
Part 3: Model of a demand-response energy management system for HES (this document)

Pﬂlt 4 ?V‘IUL.:U: Uf d acbwity Dybtclll fUI HES
SC 2p/WG 1, the Home Electronic System (HES) working group, has developed these*mpdels
to foster interoperability among products from competing or complementary manufactdirers.
Produict interoperability is essential when using home control standards, such,as HES] This
International Standard defines a standard framework for a generic energy managgment
system and describes the communications services needed. A high-level,model for an energy
manggement system using HES is presented.

Homebuilders, suppliers of building materials and consumer produ¢t manufacturers all gffect
energy consumption in buildings. Products and services intended for energy management can
be prpvided by

e programs developed for consumers by electricity suppliefts, typically a public utility,
e products purchased by consumers independent ofjelectricity supplier programs.
Variojus methods for managing the electricity supply network, called the “electricity grid,”|have

been|developed. The goal of these methods is,to match the customer demand for power with
the ayailable supply. The need for such methods results from

e electric supply limitations,

e public resistance to building large, generating plants,

e puiblic concern for environmental pollution, including greenhouse gases,

e puiblic opposition to siting"of'new transmission lines,

e an anticipated demand for and availability of electricity for charging electric vehicles,
e public interest and support for renewable sources of energy,

e the introduction of distributed energy resources (DER) with local generators such as|wind
turbines andjsolar photo-voltaic (PV) panels,

e the variable and unpredictable nature of wind and solar distributed generation with qutput
tHat may-fluctuate with time and weather,

o the\dévelopment of batteries and other advanced premises storage technologies| plus
power conditioning and management equipment,

e the introduction of alternative electricity pricing methods or tariffs that encourage
efficiency.

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

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, regulatory constraints and
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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 is one element in the concept of the “smart grid”. The smart grid for electricity integrates
subsystems for generation, transmission, 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 thle market develops for energy management products, consumer electronics comp3
appliance manufacturers and other residential suppliers may offer products that combine
manggement using demand response with energy conservation. Energy conservation
offer [methods for consumers to reduce energy consumption overall, in addition to red
consiimption at times of peak demand. These methods include productsand system

nies,
load
may
ucing
s for

electricity generation, storage and management. Such products and systems are locatéd on

prem|ses and can communicate with other on-premises products and“systems in ord
interqperate as a larger system. Examples are included in Annex.A. Standards for
prodycts are anticipated to expand this energy management modehin”future updates.

er to
hese



https://iecnorm.com/api/?name=bfe7725db1716504337d91f497e25aa6

-8- 15067-3 © ISO/IEC:2012(E)

INFORMATION TECHNOLOGY -
HOME ELECTRONIC SYSTEM (HES) APPLICATION MODEL -

Part 3: Model of a demand-response energy
management system for HES

1 Scope

This

part of ISO/IEC 15067 focuses on products and services that can manage\e

cons@imption and generation of devices dynamically in response to electricity supply

price
to be
applig

This

5 that may vary over time. The model specified here for energy managemént-‘is intg
generic and representative of a wide range of situations. This part of\ISO/IEC 1
s to the customer services portion of the electricity smart grid.

standard specifies an energy management model for programs that managqg

cons@imer demand for electricity using a method known as “demand«esponse”. Three typ

demd
and d

NOTE
generd
fuel cq
and le
and 7.

2 N

The f
For d
of thd

1ISO/I
Part

3 T

3.1

nd response are specified in this standard: direct control(5:3.1), local control (5.
istributed control (5.3.2.3).

Customers and customer equipment may use these methods-to control the energy consumptid
tion of devices such as appliances and distributed energy resources (for example, photo-voltaic [PV]
Il [FC], combined heat and power [CHP], electric vehiclefE\V], and stationary battery [SB]).). The tax
kicon of an energy management model that supports these demand response methods are presented
N

ormative references

ollowing referenced documents “are indispensable for the application of this docu
ated references, only the edition cited applies. For undated references, the latest e
referenced document (including any amendments) applies.

FC 14543-2-1, Information technology — Home electronic system (HES) architect|
P-1: Introduction and.device modularity

erms, definitions and abbreviations

Terms.and definitions

hergy
and

nded
5067

2 the
es of
8.2.2)

n and
wind,
bnomy
in 7.3

ment.
dition

ure —

For tll\e purposes of this document, the following terms and definitions apply.

311
appli

cation domain

logically related group of components that provides the functions of an application in a home

or bu

3.1.2

ilding

demand charge
charge for electricity based on the peak power consumed during a specified interval of time,
subject to a time-smoothing algorithm

3.1.3

demand response
method for matching the demand for energy to the available supply of energy
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3.1.4
direc

t load control

demand response via remote control of one or more appliances by a utility or third-party
service provider

Note 1

3.1.5

to entry: With direct control the utility uses a communications network or other signalling method (e.g. a
control frequency signal) to control appliance operation remotely.

disaggregated bill

utility

bill that shows energy consumption by major appliances

3.1.6
distr
demd
sent

3.1.7
DR's
utility

3.1.8
elect
elect

3.1.9

energy

elect

3.1.1

energy management agent

seto

3.1.1

energy management gateway

resid
respg

Note 1
gatew
gatew
interfa

buted load control
nd response based on dynamic price for electricity, event notices, or other.inform
rom the utility to smart appliances or to an energy management agent

Lupplier
or third-party supplier of demand response energy managementservices

ricity grid
icity supply network

ic energy

D

control functions that manage energy consumption as an agent for the customer

(

bntial gateway facijlitating direct load control, distributed load control or de
nse for electrical energy usage

to entry: A residential gateway may provide gateway functions for energy management. If the resi
hy provides nésother services, such as TV or Internet access, it is equivalent to an energy manag
by, which isS\a-gateway limited to energy management. Some electric utilities use the term energy s¢
ce for an energy management gateway.

3.1.1

energy-reliability

P

ation

mand

fential
ement
rvices

enhanced availability of energy enabled for example by business and technical procedures

3.1.13

HAN

device

device located in the home that can communicate via a home area network (HAN) wirelessly
or via wires

Note 1

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

3.1.14

HES

gateway

residential gateway that conforms to ISO/IEC 15045-1

Note 1

to entry: ISO/IEC 15045-1 is published. ISO/IEC 15045-2 is to be published.
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3.1.15

local

load control

demand response via publication of time-of-use electric rates

12(E)

Note 1 to entry: With local load control the utility typically informs customers of the electric rates by a notice sent
with the electric bill or via simple electrical signalling to a user interface such as various coloured lamps at the
customer premises, and does not directly control appliances. The customer may use these rate data to select the
times for an appliance to operate.

Note 2 to entry:

that switches device operation between at least two different states according to the electricity tariff.

In some implementations the utility sends a signal across the grid to a receiver at the premises

3.1.1

major appliance

hous¢hold device using large amounts of energy compared to other appliances

Note 1 to entry: Examples include oven, microwave, refrigerator, cooking range, washing machine and dryef. Also
called [“white goods”. Most of the appliances listed use large amounts on power when opefating in some modes.
Howe\er, the appliances that are appropriate for energy management are those that consume large amoynts of
energy.

3.1.1y7

residential gateway

communications function that interconnects two or mere / networks using different
communications protocols, with at least one network outside.the premises and one or |more
networks inside the premises

3.1.18

smant appliance

homg appliance that exchanges command and‘control data with other units on a home| area
network

Note 1|to entry: Depending on the application,~smart appliances can communicate via the HAN with| other
appliapces, with an application controller or with<a utility for energy management. Smart appliance specifigations
are ungder development by appliance manufacturers and trade associations.

3.1.19

smart grid

electric energy distribution .system using information and communications technology] with
automation for improving:the stability and availability of electricity

Note 1| to entry: Some _smart grids integrate into the electric grid excess power generated locally from sdn and
wind-driven devices,

Note 2 to entrys\.Technically, a grid is a network. However, in common usage the term “smart grid” refers|to the
entire energy system, which include generation, transmission, distribution, and customer systems.

3.1.2

supply indication

static or dynamic signal or message related to electricity supply

3.1.21

value-added services
optional services offered by a utility that may or may not be related to energy and may
generate additional revenue

3.1.22
white goods

large

sized household appliances using larger amounts of energy

Note 1 to entry: Examples include: oven, microwave, refrigerator, cooking range, washing machine, dryer. Also

called

“major appliances”.
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3.2 Abbreviations

The following acronyms and abbreviations, commonly used in other industry publications, are
used in this document.

CFL Compact Fluorescent Lamp

CHP Combined Heat and Power

DER Distributed Energy Resources

DR Demand Response

DRAM Demand-Response—and-Advanced-Metering-Coalitien

DSM Demand-Side Management

EMA Energy Management Agent

EPRI Electric Power Research Institute

EV Electric Vehicle

FC Fuel Cell

HAN Home Area Network

HES Home Electronic System

HVAC Heating, Ventilation and Air-Conditioning

LED Light Emitting Diode

PV Photo-Voltaic

RTP Real-Time Pricing

SB Stationary Battery

TOU Time-of-Use

UPS Uninterruptible PowerSupply

WAN Wide Area Network

4 (Conformance

This standard specifies-methods for demand response that may be implemented by an elgctric
utility) or by a third-party supplier of energy management services. For compliance with this
standard one or more“of the demand response methods in Clause 5 shall be implemented.
NOTE|1 Which method of demand response is chosen may be subject to local regulations and/or market
conditfons.

Utilitips\amay offer value-added services in conjunction with demand response, as listed in

5 3 2 4 bial 43 ]
-5, Wi drc Upyuuridr.

For those utilities choosing distributed load control for demand response, Clause 6 shall be
implemented.

Any framework for the demand response options in Clause 5 shall use the taxonomy and
lexicon of Clause 7. 7.3 and 7.4 define the taxonomy and lexicon corresponding to the options
for demand response according to the HES demand-response energy management model.
These include a combination of control signals, pricing data and event notices. An
implementation claims conformance with this standard shall meet the requirements of at least
one of the use cases specified in 7.3.2 to 7.3.8.

NOTE 2 Note that in some countries approvals from government regulators are required for the implementation of
demand response.
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5 Energy management using demand response

5.1

Model for energy management

Efficient interaction of energy management in premises (homes and buildings) with the
electrical power grid and distributed energy resources (DER) requires a common
understanding of

e the elements of an electrical power system,

e m

o the
D

A cd

mang
stand
elem

e O

e C

e R

fol(
(8
e

easures to manage the energy usage in premises,
ER.
mmon understanding requires a common model. The abstract model' for e

gement that fulfils the framework for demand response and that is the' basis fo
ard is presented in this subclause. Figure 1 lists the elements used in_the model.
bnt is identified by one the following unique graphical shapes.

val shape represents the gateway.

rcles represent power-using appliances that can communicate‘via a HAN.

mmunicate. These elements are also called power sinks. Any control of these
.g. switching on/off, dimming, changing a closed<loop control variable such
mperature set point, or restricting usage via a schédule or maximum power level)
b done directly by the power circuits supplying these loads.

ctagonal shape represents a power conversion device, such as a device that trans
ectrical power from a given voltage and frequency to another voltage and frequency
pwer conditioner that may include funé¢tions of an inverter, charger and/or (
ntroller.

Foss shapes represent power storage devices such as a battery, a flywheel or pu
dro storage.

iangular shapes represent DER power-generating devices.

pctangle with curved corners represents utility elements such as a meter, WAN, sg
trance, etc. These functions are sometimes called the power exchange. The po
erface between two. entities or organisations (in this case the utility and custo
ypically, the electrical energy flowing between the entities is measured at this poin
power meter.(With DER installed, power may be measured when flowing in
rection, accerding to the utility tariff.

amond shape represents a sensor or controller element (e.g., DR switch).

bntagon shape represents grid elements such as generators, transmission,
stribution.

and

hergy
r this

Each

pctangular shapes represent energy-using loads (e.g., appliances) that are not able to

oads
as a
shall

orms
, or a
ircuit

mped

rvice
nt of
mer).

with
pither

and
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* Power using elements
— Appliances or other loads (either smart or non-communicating)

* Power generating elements

— Solar PV, wind turbines, generators, fuel cells, other DER
elements

* Power storage elements
— Batteries, flywheels, electric vehicles, other DER elements, etc.

* Power conversion/conditioning elements

— Inverters, chargers, power factor compensators, etc.

Power controlling elements
— Sensors, switching devices, energy management agents, étc.

* Communication network elements
— Gateways, WANs, HANSs, etc.

* Utility elements (power exchange)
— Utility meters, utility WANSs, service entrance, etc.

* Grid elements

— Generators (fossil fuel, nuclear; wind turbines, hydro-electric,
solar power), transmissions;,and distribution

*  Power

* WAN Data

11D o0DD>

* HAN Data

Figure 1 — Elements of the HES energy management model

Figure 2 depicts a generalised HES energy management model. It shows the system
architecture and interrelationship among the elements. The green arrows represent elegtrical
powelr paths, and the.ted and brown arrows represent communication paths. These pathg may
be two-way or one-way. The demarcation line is the boundary between the HES domain and
the gxternal domain. The WAN (wide area network) is any external access network |e.g.,
cablg, DSL, wireless, power-line carrier, etc.). The meter is the grid connection and premi
servi¢e entrance, and may also support additional utility WAN communications (e.g., i
case| of (@,¥smart meter” network). Grid power sources may include fossil fuel
genefation plant, a nuclear plant, wind turbines, a hydro-electric power plant or a solar power
plant—Fhe—gri raicat rretw s y—Hse—the
communications protocol. In the case where they do, the gateway protocol translation function
is null. Similarly, if the devices within the home use the same communications protocol, the
gateway protocol translation function is null.
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Figure 2 — HES energy management model

cilitate the comprehension of the HES energy management model, Figure 3 shov

| using typical equipment icons. The grid communications network and building ne
pt usually use the same communiGations protocol. In the case where they do
ay protocol translation function is\null. The building control system manages the
e and power sink entities in the, building according to rules set by the building ope
pperator considers information- provided by the utility via the data associated wit
r exchange entity. HES do€s not assume the presence of a building operator. In the|
bnment, one or a comhination of the following entities participates in performing e
gement, which are:
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Figure 3 — Example of building energy management

5.2 | Demand response overview

Demand response (DR)uis' a form of demand-side management (DSM). DSM is described in
Anneik B. DR uses incentive-based and indirect methods for controlling how much electrigity is
constimed during, a—specified time interval by end-devices such as water heaters| air-
conditioners and“appliances. The more innovative methods of load control depend on market
forcep for exerting control by varying the price of electricity at the retail level accordihg to
markgt conditions with limited or no advanced notice to customers.

One prmore demand response (DR) methods shall be implemented when an electric putility
determines that DR would address a mismatch between the supply and demand for power. An
electric utility or other provider (also called “third-party supplier”) of energy management
services shall choose one or more of the methods described in the following list to design a
demand response system in order to influence the customer’s use of power. The methods
include

e direct load control (5.3.1),
e local load control (5.3.2.2),
e distributed load control (5.3.2.3 and Clause 6).

Customers may implement multiple demand response systems in parallel depending on the
capabilities of the appliances, the communications networks and the availability of auxiliary
equipment such as an energy management agent. Separate communications channels (logical
connections) may be needed for each demand response program.
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NOTE All demand response methods described could co-exist. All methods described have been independently
implemented or are being planned by utilities or service providers. The ability to adapt to changes in demand
response programs depends on the capabilities of home appliances and the availability of auxiliary equipment such
as an energy management agent.

5.3 Demand response methods
5.3.1 Direct load control

To implement direct load control (described in Clause B.4), the utility or third-party supplier of
demand-response energy management services (collectively called the DR supplier) shall
send control signals to interrupt the operation of selected devices such as air-conditioners
and water heaters remotely from outside the house

NOTE| In a typical version of direct load control the utility sends a signal via the power line, radio, tetephonje line,
Interngt or cable television channel to a switch that limits the run time of air-conditioners to (0 to 15)min eadh half-
hour for up to six hours each day. Water heaters are generally turned off entirely for (2 to 6) h.

Appliences and devices such as thermostats that participate in direct_lead control |shall
inclu{e internal or external communications interfaces to receive and-execute elecfronic

commands sent by the utility. Figure 4 illustrates the architecture of direct1oad control. Not all
appliances participate in demand response, such as the television shown in Figure 4.
(‘ﬁ\ >,

Dish Refrigerator ~ Watef

& heater

B, washer [ |

Thermostat

Utility control . (e

Energy
management

gateway I
| Home domain

Air-conditioner or |
heat pump

Figure 4 — 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 4 illustrates a uniform path to deliver
the utility control signal to the selected appliances. The appliance interfaces are outside the
scope of this standard. If the same communications protocols are implemented outside and
inside the home, the translation functions of the communications gateway are null. The HES
gateway is recommended. If the customer denies permission for direct load control, the
customer may opt out of a direct load control program or configure the gateway to block direct
load control signals.

NOTE Direct load control is subject to agreements or contracts between utilities or service providers and
customers.
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The elements to generate, encode, transmit, decode and execute demand-response data for
the purpose of demand-response energy management are communications interfaces and a
communications network. These elements are outside the scope of the framework in this
standard.

5.3.2 Demand response via pricing and event notification
5.3.21 Indirect control of customer demand

With indirect control methods utility suppliers do not operate any customer appliances or

devices remotely. Instead, they issue a static or dynamic signal or message related to

elect icitv_cunnly (called the “cunnlyvy indication”™) in order to influence custamers to ake
’ J LAPANA FE > 7

choices about appliances and device operations. Customers may use local controllers'tq help

in thgse choices. Such supply indications may include the following.

a) Price signals: A multi-level signal that indicates at least two different states ‘corresponding
tq the electricity price.

b) Time-of-use pricing: A static rate structure (called a tariff) with specifiedrates that change
af specified times in a repeating pattern.

c) Rpal-time pricing: Prices that change dynamically, as explained”in 6.3.1. The splecific
price, time duration of this price and amount of prior notification\before this price leve] is in
effect vary by utility practice.

d) Epent notices sent by the utility to customers about pending supply limitations thgt are
usually temporary.

e) Eyent notices sent by the utility to customers about temporary rate changes.

NOTE|1 A typical time-of-use tariff may include a high rate\during peak usage times (e.g., (7 to 10) AM and
(4 to 7|) PM), a medium rate during the day (10 AM to 4 P\N)Jand a low rate for evenings and weekends. Time-of-
use pllicing may also include a top tier called “critical ppeak pricing.” Time-varying retail prices may resppnd to
market forces as wholesale power prices fluctuate.

NOTE|2 The utility supplier specifies the format and encoding of real-time price and event mespages.
International standards are being written. Manufacturers are advised to check.

Methopds for customers to exercise“control that affect electricity demand in response to these
supply indications are specifiedd5.3.2.2 and 5.3.2.3 (with details in Clause 6).

5.3.2|2 Local load caontrol

Utility suppliers choosing local load control shall issue supply indications using price signals
(optign a) in 5.3.2.1)or time-of-use pricing (option b) in 5.3.2.1).

NOTE|1 For pricessignal indication the utility sends a signal across the grid to a receiver at the premisefs. The
user decides_how’ to direct this signal to end-devices that may switch device operation between at least two
different states, according to the electricity tariff indicated by the price signal. This signal may be delivered |via an
interfacesn ‘an electric meter.

NOTE 2 For time-of-use (TOU) pricing it is recommended that the TOU fariff rates be published for customers
prior to implementation of the TOU rates and prior to any changes of the TOU rates. The method for publishing
TOU may vary by utility. Utilities typically deliver TOU pricing data to the customers via a mailed letter or
electronically to a user interface for display or to a residential gateway. The purpose of publishing such pricing is to
motivate customers to alter or shift the demand for electricity. Customers may need guidance to help them select
which appliances to operate and when, in order to avoid peak power charges, or have such functions done
automatically.

5.3.2.3 Distributed load control

Utility suppliers choosing distributed load control shall issue supply indications using “real-
time” pricing (option c) in 5.3.2.1) and may issue event notices (options d) and e) in 5.3.2.1).
Utility suppliers shall make these data available via a communications pathway to each
customer with connections to a home area network (HAN). The HAN shall be linked to a utility
network, possibly via a residential gateway. If a gateway is involved, the HES gateway is
recommended. The architectural choices for distributed control are specified in Clause 6.


https://iecnorm.com/api/?name=bfe7725db1716504337d91f497e25aa6

-18 - 15067-3 © ISO/IEC:2012(E)

NOTE Distributed load control combines the features local and direct load control with much increased flexibility
and customer control to accommodate time-varying prices that change dynamically. Time-of-use (TOU) prices
change at pre-determined times. Time-varying price levels or times of change may not be pre-determined. This is
why the actual price data are communicated to customer devices as specified in Clause 6.

5.3.2.4 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. The utility or
third-party service provider of distributed load control may use the same communications
pathway to offer optional additional services to benefit consumers. Services not essential for
power delivery are called value-added services.

NOTE| The choice of value-added service and revenue arrangements depends on the utility, the market‘anfl local
regulations. For examples, see Annex C.

6 Distributed control architecture and strategies

6.1 | Smart appliances

Demand response via distributed load control shall link a utility communications network to a
homg area network (HAN) in accordance with the architecture spegified in ISO/IEC 14543-2-1.
Deviges on a HAN (smart appliances, where available) may bé home appliances, congumer
electfonics, sensors, actuators, user interfaces or controllersy The HAN may be wirgd or
wirelgss or a mixture.

NOTE|1 Examples of such devices typically involved with efiergy management include thermostats, |[HVAC
(heating, ventilation and air-conditioning) equipment, displays ‘and " major appliances (called “white goods” ppy the
appliance industry).

Distriputed load control shall be implemented by using the prices-to-devices method of 6.2 or
by usiing the agent for energy management method of 6.3.

NOTE|2 Various standards for specific pricing,and control data are under development by other standards bjodies.
6.2 | Prices-to-devices

In the prices-to-devices methoed of distributed load control utility prices and any gvent
notifications shall be communicated directly from the utility to smart appliances. A gateway
may be interposed if negded for protocol translation between the utility wide area network and
the HAN. If a gateway\is used, the HES gateway is recommended. If the customer denies
perm|ssion for pricesrto-devices, the customer may opt out of the program or configure
conngcted appliances or the gateway to ignore pricing data.

Such|smart ‘appliances shall be programmed to understand the price or event message$ and
to respond ,accordingly with reduced consumption where appropriate. Smart applianceg may
respqnd/to price or event messages from the utility in one of the following ways or in [other

onanth otibiti~ne crinh Ao
TOT Vvt othtrtco— oot ao,

tocrha Aavualanad vy annlinmna~ans o f
Ways tO O C— G CVCTopCoToy appartcCc—ariot

— Load reduction in a limited number of levels.

NOTE 1 The utility supplier specifies the format and encoding of such price and event messages. International
standards are being written. Manufacturers are advised to check.

NOTE 2 For example, four or five possible power consumption levels may be specified.

NOTE 3 The number of energy reduction levels is determined by the appliance manufacturer after considering the
functionality of the appliance and design / usability / market condition.

— Adjusting the operating temperature of an appliance or the set point of a temperature-
controlling appliance.

NOTE 4 For example, a thermostat controlling a heater or air-conditioner during a period of higher priced
electricity.
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The customer shall always have the option to override these actions and to resort to full
power usage or different energy consumption modes.

Figure 5 illustrates the architecture of distributed load control using prices-to-devices. In this
figure, the utility data contain the price of electricity and / or utility event notices.

T

] L
ili | Dish Refrigerator ~. Waper
Utility I Thermostat  yeocher - - heater
|
|

Home network

Energy
management Air-conditioner or
gateway | Home domain heat pump

Figure 5= Price-to-devices

6.3 | Energy management agent (EMA)
6.3.1 EMA overview

The iptroduction of an energy’management agent, acting as an agent for the consumer,|adds
functionality to distributed.load control and DER control. The EMA enables the allocation of
limiteld energy (or a (imited budget for energy) among appliances or by switching energy
sourdes from grid to_local generation or battery according to consumer preferences. Figure 6
showp a feasible.distributed load control residential implementation. In this figure, the ptility
data rontain the“price of electricity and / or utility event notices. The utility shall send pficing
data plectronically in real-time. Real-time is determined by the utility or third-party providger of
the diynamic. pricing program. Real-time may include advanced notification of price chapges,
such|as-one or more hours up to one day ahead pricing. These are all called real-tirlne in
common-usage hy utilities

Smart meters may provide a wide area network pathway for messages to reach home devices
including a home gateway. Other wide area network pathways may be used such as optical
fibre, telephone, wireless, and cable services. The utility specifies the time window for real-
time data. The agent for energy management included in Figure 6 is a specialised controller
that co-ordinates and allocates energy consumption and generation among multiple smart
appliances and DERs.

NOTE 1 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. Therefore, the demand response
effectiveness of prices-to-devices is limited by the capabilities of algorithms designed into smart appliances.

This pricing signal shall enter the house through an energy management gateway that is
recommended to be the HES gateway.
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NOTE 2 This gateway interconnects a public network using optical fibre, telephone, cable TV, power lines or radio
with a home network. The HES gateway (ISO/IEC 15045-1:2004, 5.1.4. and 5.6.1) defines a modular architecture and a
class of modules known as service modules that may accommodate the functions of an EMA. The gateway may be
a separate device, as shown in Figure 6, or could be integrated with other gateways, controllers or even inside an
electric meter. The EMA may also be a separate device that is already part of the home automation system.

55
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Figure 6 — Distributedload control system
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3 The implementation of an EMAsis_not specified since it depends on the market development off home
lers and smart appliances. Some possible embodiments of an EMA include a discrete physicdl unit,
ding the EMA functions in a smafrtyappliance, a cable set top box and a residential gateway.

FMA performs specialised computing functions by receiving the electricity rate data| from
bsidential gateway..and applying sophisticated software algorithms to determine yhich

appliances and DERS 1o operate and when. The functions of the EMA are illustrated in

Figur
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Figure 7 — Energy management agent
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NOTE 4 Effective communications with appliances in this model depend on the standardisation of a common
language for appliance messages, under development by appliance manufacturers and various appliance trade
organisations. For non-smart appliances, a proxy may be inserted that understands messages and provides control
that is limited to the appliance capabilities.

6.3.2 EMA grid-to-home functionality

Unless overridden by the customer, the EMA shall provide automated demand response by
determining how and when to operate appliances and DERs based on the cost of energy, the
energy requirements of the appliances and DERs and user inputs among others. The user
inputs should be primarily entering preferences for home activities that involve energy-
consuming devices.

NOTE|1 The user might specify a monthly energy budget and preferences (shower at 8 AM, air conditiofing at
6 PM, jpool at 8 PM, etc.).

The gustomer shall always be able to override decisions of the EMA. Unless overridden Ry the
custdmer, the controller shall issue signals that are distributed over a home, network tp the
relevant appliances and DERs. A smart appliance that can operate incenergy consgrving
modgs shall react to such signals by altering the operating mode according to the signgl and
to thg capabilities of the appliance.

NOTE|2 The specifications of the user interface for configuring the EMA are-outside the scope of this standard.
The uper interface may comply with ISO/IEC 24752-1, which specifies a_framework of components for p user
interface that is simple, non-intrusive and adaptable by language and physical impairment. The user interfage may
be an jeducation tool to explain the relative energy consumption levels ofcvarious appliances and could display the
actual|consumption by major appliances.

Communications between the utility and the energy management agent shall include thg cost
of energy data and may include the electricity usage - data shown on the left side of Figlire 7.
The ¢ost of energy data shall be sent by the utility or a demand response service prqvider
using a secure link that ensures the data originated from the utility or the service proyider.
This |evel of security entails authentication:to* confirm that the data are from the real spurce
and have not been altered during transmission. It is not necessary to encrypt such data since
the dpta are public. However, the customer usage data shall be encrypted if sent to the ptility
or provider of energy management services so that the data cannot be intercepted by arnyone
for whom the data is not intendedi:such as a burglar or unauthorised commercial entify. (A
potential burglar might use such data to determine a customer’s daily activities| and
occupancy. A commercial entity:might use such data to market alternative products.)

NOTE|3 Thus, if allowed by.regulations and utility practice, the customer and the utility should agree if arjd how
frequeptly usage data in aggregate and usage by selected appliances are collected.

NOTE|4 The secure linksecurity methods vary by utility.
NOTE|5 The potential impact on customer privacy from the collection of usage data is discussed in B.4.5.

NOTE|6 Applianhce companies are debating the types of secure links between the appliance and the gafeway.
Encryption ef.consumption data may be performed in the gateway rather than in the appliance.

6.3.3 Home-to-grid functionality

The EMA functions may be extended to manage on-premises distributed energy resources
and power conditioning/conversion subsystems. Such systems work in conjunction with
distributed energy resources to feed power from the home into the grid as described in
informative Annex A.

7 HES energy management taxonomy and lexicon

7.1 Introduction to energy management taxonomy and lexicon

The methods for energy management using demand response have been described in
previous clauses of this standard. The taxonomy and lexicon in 7.3 and 7.4 specify the HES
model for energy management using demand response. 7.2 specifies generic logical and
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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 is presented in 7.4. The materials presented here constitute a framework for energy
management and are not specific to a particular HAN communications protocol. The generic
energy management model is presented in 5.1.

7.2 Examples of logical and physical models

The typical components for demand response are shown in Figure 8. The logical relationship
among the components for demand response systems is illustrated in Figure 9. To
accommodate prevalent practices of direct control, a logical model with minimal functionality
""“G F Oute€ _ [ RS CasSt; re—etrrergy—Tranagemen agen &S G“""
becalise the utility controls appliances (including appliance actuators, such as thermosta
a dirgct signal. A user interface is included because some implementations allow_the uger to
over-fide a direct load control signal. A cost penalty is usually assessed for lever-fides.
Furthermore, when the utility installs and manages the link to the appliances,-the gafeway
may |be eliminated if the utility uses the same signalling inside and outside the hpuse,
possiply via a virtual private network.

NOTE|1 The logical models in this standard are intended to show the logical relationship among énergy
managdement components. They are not intended to portray an abstract model.

NOTE|2 The utility gateway is the logical boundary between the utility wide\area network outside the honpje and
the home area network inside.

Enérgy Energy
A DER U management management
D 7AN A
Y Y 3 gateway agent
A DER M
N N N N O
Y 4 N4 Y T
Home control system medium
o
4
A = Appliance Other
DER = Distributed Enetgy Resources system
. controller
M = Utility meter
U = User interface

& = HES.interface

Figure 8 — Typical HES energy management model components
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Figure 9 — Logical model for HES energy management
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Figure 10 — Logical model of minimal HES energy management

showp in Figure 9 ,he’ energy management agent may be linked to other home control

EnerE/ management istone of many subsystems possible in a home control network. As
systegms or to a home-control co-ordinator.

NOTE|3 A honiée\eontrol co-ordinator might be responsible for providing common scheduling and subgystem
interagtion. This~co-ordination function may be distributed among the system controllers through sophisficated
softwalre, théreby eliminating the co-ordinating controller.

7.3 Taxonomy of HES energy management use cases
7.3.1 Structure of use cases

This subclause specifies demand response 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 kilowatts. 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

Local control is illustrated in Figure 11 and Figure 12.
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Figure 11 — Case 1: local control, physical model
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Figure 12+ 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 announcgd by
the ufility 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 multiplerrate levels, such as time periods for low rates, medium rates, high rateg and
erlnergency 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 without supervision

Direct control without supervision is illustrated in Figure 13 and Figure 14.
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Figure 13 — Case 2: direct control, physical model
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Figure 14 — Case 2: direct control, logical model

The |utility enables or disables the operation of specific appliances. This cage is
representative of direct loads€eontrol. Most present direct control consists of ong-way
communications from the utility to the customer appliances. The utility does not know |if the
contrpl signal actually reached the appliance or if the appliance was operating. An impfoved
optiop for direct load eentrol schemes includes acknowledgement that the control signal was
received.

The ytility mesSages are usually limited to specifying which appliance is to be turned-off|or to
be rIstored to operating status. When the utility installs and manages the link t¢ the
appliances,\ihe gateway may be eliminated if the utility uses the same signalling insid¢ and
outsiflecthe’house, possibly via a virtual private network.

7.3.4 Case 3: direct control with supervision
7.3.41 Case 3: physical and logical models

Direct control with supervision is illustrated in Figure 15 and Figure 16.
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Figure 15 — Case 3: direct control with supervision, physical model
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Figure 16 — Case 3: direct control with supervision, logical model

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

operating during the controlled period.

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

Casel 3.

7.3.4|2 Utility messages

The fpllowing messages are sent from the utility.

Which appliance will be controlled (turned-off) and for how long.

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 power demand of the appliance.

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

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 is being announced.

The priority level of the control. The customer should always have the option of over-riding
the control.

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.

7.3.4.3 Customer messages

The following messages are sent from the customer or from customer equipment.

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 should 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).

NOTE[ The typical power consumpiion may change wiih time. The amount of power that can be shed by load
contro| is an average value. This set of values depends on the appliance design and demand response progrém.

e Hjstorical information about the controlled device: date and time the last control\command
wps received and whether it was accepted (whether the customer allowed the.dévice [to be
controlled), number of control commands and acceptances during a speécified pe¢riod,
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 appropriat€), out-of-service, under
difrect load control. An unpowered (off) device may or may not réspond with this messjage.

e Cpstomer acceptance or rejection of utility plans to control.@ specific appliance. A rgason
far rejecting direct load control may be provided: customer choice, life-safety device,
device out of service, efc.

7.3.5 Case 4: distributed control

The lpogical and physical arrangements contain alkthe elements in the generalised diagfams;
see Kigure 8 and Figure 9. An energy management agent accesses “real-time” pricing |data.
This controller enables / disables selected.appliances or causes them to increase / rgduce
powelr consumption, turn-on / turn-off or power-up / power-down selected DERs or charge /
dischLarge SB to meet the user's programmed goals of budget versus convenience. Figure 7
illustfates the signal flows into and outof the energy management agent. The utility pficing
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 jhour-
by-hqur.

The pnergy management agent receives the electricity rate information from the epergy
manggement gateway-~via a home automation communications network. The confroller
combines this information with stored data about appliance power requirements, DER frating
and ¢ustomer information. The customer can enter preferences for appliance operation and
budget limitations for electricity expenditures. For example, the customer may indicate a
preference far 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 epergy
manggement agent uses these inputs to allow or disallow appliance operation.

The software in the energy management agent determines which appliances and DERs 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.
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Case 5: advanced distributed control

The logical and physical arrangements contain all the elements in the generalised diagrams;
see Figure 8 and Figure 9. Case 5 extends Case 4 with the additional ability of the energy
management agent to monitor appliance and DER 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.

The signals between the energy management agent and the appliance are similar to those
defined for Case 3, direct control with supervision. The fundamental difference is that all

d 1o | 4+ |H % 1 <l ] Ll | <l L] | L1 H dat
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Appliences may include indicators and controls for energy management. For example

energ

user pttempts to run that appliance, a lamp on the appliance may indicate/that the operat
deferfed by the energy management agent. Furthermore, the user may beallowed to ove

this g
nearh
the €
moneg

The pame set of messages between the energy management agent and applianc
requifed as defined in Case 3. The following additionalkmessages are needed.

- F

y management agent can calculate the cost consequences of appliance and
tion.

y management agent may determine that an appliance should not beyoperated.

ecision by pressing a special key on the appliance. A display ‘on the appliance or

y for energy.

om the energy management agent:

data about the cost of operating the appliance in the operating mode requested b
user;

data suggesting operating modes>and costs that will save money;

a request to reduce average power consumption by a stated percentage. Note th3
command is intended for appliances with intelligent controls. Most appliances w
be able to respond to sucha request. Most will be able either to operate normally
directed by the energy management agent;

which DER willsbe controlled (turned-on, charge/discharge), when and how long
much;

for DERswthat have multiple levels of power generation, such as FC, the EMA
indicateower-up/power-down.

om appliances connected to the energy management agent:

confirmation of the mode of operation set by the user;

7.3.7

manual operation of the appliance or the DER by the user;
user request to over-ride control of the energy management agent;
power being consumed by the appliance, being stored by the battery, being gene

The
DER

, the
f the
on is

r-ride

on a

y home automation control panel may tell the user the cost consequences of over-fiding
nergy management agent. The user is now making an informed decision on spepding

BS s

y the

t this
Il not
or to

stop operating completely. Others may be able to operate in specified modep, as

/how

may

rated

by the DER or power being provided by the battery. This information may be compiled
for bill desegregation: a bill that shows how much power each major load is
consuming. Also, the utility may request these data to be uploaded for a load survey.

Case 6: distributed control for intelligent appliances

The logical and physical arrangements contain all the elements in the generalised diagrams,
see Figure 8 and Figure 9. Additional energy services are possible with intelligent appliances,

as lis

ted in the examples below.

— Automatic adaptation to real-time pricing
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Some appliances might eventually be able to adapt energy consumption accordi

ng to

the price of electricity directly. This means that part of the algorithm planned for the

energy management agent might be built into future appliances.

The messages between the energy management agent and the appliance conve
current price and the anticipated duration of this price level.

Emergency load control

y the

The utility issues an emergency notice that supplies are limited and a specific level of
power consumption should not be exceeded. The energy management agent could
calculate the demands of all operating appliances to achieve this limitation. Some
networked appliances have been marketed that interleave operating cycles among

ower consumption

major appliances to limit the demand peak.

An intelligent appliance might be able to control demand to a desited
automatically. The command sent to such an appliance would simply findicat
maximum energy consumption for a specified period of time.

The utility commands to the energy management agent specify thermaximum (
availability and the time allowed to shed loads. The energy management agent s
confirm acceptance of the power reduction within the specified time or the cust
may be disconnected from the grid.

Some utilities gather power consumption statistics .from major appliances for
planning purposes. Others offer these data to customers in a scheme called
disaggregation”. This shows the customer consumption by major appliance to e
the bill and encourage conservation. Such apgliances should be out-fitted with
meters. Current meters may be adequate<if the appliances are primarily res|
loads.

Commands to support power consumption consist of polling the appliances b
energy management agent. Each appliance returns the energy consumed sinc
last poll. Ancillary commands to initialise or reset power measurement in the appl
may be provided. The energy.management agent may also communicate wit
electric meter to gather whole-house consumption data.

The utility may communicate with the energy management agent to request p
recording and to uploafddata accumulated by the energy management agent
controller would be responsible for gathering and averaging the data and produg
summary report.

level
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7.3.8 Case 7: utility telemetry services

Utility telemetry services are illustrated in Figure 17 and Figure 18.

Energy Appliance
I—é—l I_é_l I_g_l management domain
gateway controller
A A R .
T T?
A= ApPpIllance S t
M = Utility meter ecurity
U = User interface Sy?telrln
© = HES interface controller

Figure 17 — Case 7: utility telemetry services, physical model

User |
interface Appliance
Appliance
domain Appliance
controller
Fnergy Appliance
management [ |
gateway
Utility wide To security
area network system controller

(outside the homg)

Figure 18 — Case(7:"utility telemetry services, logical model

This case accommodates a‘variety of new value-added services being considered by some
utilities. It is not possible to anticipate all messages necessary to support services {o be
defined. Nevertheless;~the pathways for such messages will likely be between an energy
manggement gateway and one or more local application domain controllers (see NOJTE 1),
similar to the enérgy management agent. The local controllers, shown in Figure 17 and
Figurg 18 as an.appliance domain controller and a security controller, exchange mesgages
with gpecific @ppliances or subsystems to be controlled. Please note that an explicit confroller
may [not be~present. In this case, control functions are distributed among the nefwork
components comprising a fully distributed system (see NOTE 2.)

NOTE 1 Application domain: 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.

NOTE 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.

An example of a utility telemetry service is appliance monitoring and diagnosis. A customer
would subscribe to this service where the utility periodically tests the operation of a specific
appliance. The utility initiates a built-in test sequence in the appliance and reads the result.
Any problem requiring customer notification is presented on a local user interface.
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Message sets to accommodate remote appliance diagnosis contain the test sequence
identification code. The appliance responds with the result code of the test procedure. Future
appliances might allow the utility to download special test sequences into the appliance or
into the energy management agent. In the latter case, the controller is acting as a test
instrument for the appliance.

An important factor to consider as value-added services, including remote testing, is the
quantity of data to be communicated between the utility and the customer. The control
channel (Class 1) of HES is not intended for large volumes of data. An information channel,
defined in the HES architecture, needs to be allocated for this purpose.
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Altermpatively, the user._interface may display price data, changes in the price tiers
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Lexicon for HES energy management
HES message lexicon overview

bllowing messages are specified for commands, status reports, or data to.be exchg
g the logical components in the HES energy management system model: This meg
bes not imply that all energy management components can or shall support the feq
bch message. Messages will be chosen according to the 'needs of a sp
mentation. These messages represent a variety of functionality, not neces
mented in any one system.

bjective of the lexicon is to provide a bounded set of choices for messages to fac
perability. The standard specifies choices from a bounded set. A developer
perability framework based on ISO/IEC 18012, can write XML schema w
geable data set.

HES message list
1 General

message may be sent to a singlecdevice, to all devices (broadcast), or to a preds
of devices.

2 Gateway «— user interface

user interface may .indicate one of a set of predefined price levels for en

cable times.

1 Predefinedyprice levels may be indicated by multiple lamps, each corresponding to a level. Priceg
es in price _tiers'and applicable times may be displayed in characters or graphical images sent by thg
gateway!

Mess|

ges_sent to the user interface:

nged
sage
tures
ecific
sarily

litate
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fined

ergy.

and

data,
utility

- 0O

Data

N/OFF messages
Turn on the addressed indicator lamp in the user interface.

Turn off the addressed indicator lamp in the user interface.

contained in messages to be displayed on the user interface:

— rate tiers, or unusual conditions;

— cost of over-ride.

NOTE

2 The intent is to inform consumers of the cost of overriding a direct load control signal.

NOTE 3 A string length of about 40 characters is likely to be sufficient. For multiple line displays, multiple
messages may be sent. Future displays might support graphical (or icon) display, requiring appropriate coded

messa

ges in place of plain text.
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7.4.2.3 Gateway «— appliances
Messages sent between a gateway and appliances:

— ON/OFF messages
e Turn off the addressed appliance for a specified duration.

e Turn on the addressed appliance.

NOTE 1 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 power for a ‘splecific
duration.

Remove any power restriction from the addressed appliance.
— Time of restriction

o[ Notify the addressed appliance of the start time a specifiedfestriction and the
anticipated duration.

o[ Notify the addressed appliance how often a specified restriction will be instituted.

o[ Notify the addressed appliance about the start time of_a_specified restriction after the
present restriction ends.

— Priority of restriction

o[ Assign a priority level to the addressed appliance for future on/off or restrjction
messages.

NOTE|2 It is assumed that there is prior agreement on theihdmber and meaning of priority levels.
— Appliance report

o[ Request specified report from addressed appliance.

o[ Provide requested report from-addressed appliance to the gateway.

o[ Specified reports include; static information, historical information, device opefating
status, customer acceptance or rejection of load control and the reason, if available.
The contents of thesereports are described in Case 3 above.

NOTE|3 The format of the reports consists of parameters that may be identified by field position or by keyword.
7.4.2{4 Gateway <= energy management agent
The fpllowing commands involve the exchange of data in character format.

— Rpte data.update

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

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

e The gateway downloads the rate data.

NOTE The format of the data will be defined. It may follow the format used for wide area communications
between the utility and the gateway.

7.4.2.5 Energy management agent <— appliances, DERs

The following messages between an EMA and appliances or DER equipment depend on
device capabilities.

— Appliance or DER capabilities
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- A

- A

The energy management agent queries an addressed appliance or DER about device
information and energy requirements.

An appliance responds to a query from the energy management agent with static
information (see 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.

A DER responds to a query from the energy management agent with rating information
including data about nominal energy generation (W), maximum energy generation (W),

bpliance control

FR control

bpliance energy consumption

minimum - enerav—aeneration (AL __ramaininag alactric nower (K\AMh 9%\ and maom ntary
g7 I \ Al J ~ \ ’ 7

charge/discharge electric power (W), current (A), voltage (V).

The energy management agent requests the addressed appliance to turh’off or tq limit
operating modes or 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.to resume operating
without any mode or power restriction.

The addressed appliance responds with acceptance and.'confirmation or rejectipn of
the request from the energy management agent or indicates that it is turned off, oput-of-
service, or under manual control.

The energy management agent informs an addressed appliance about the cqst of
rejecting the previous request for energy consumption reduction.

The energy management agent informs an.addressed appliance about recommgnded
operating modes with various degrees ofcconservation.

The energy management agent requests the addressed DER to turn-on, discharge and
power-up to switch the electricitydource of some loads from the grid to the DER.

The energy management agent requests the addressed DER to turn-off, standby and
power-down to switch the _eléctricity source of some loads from the DERSs to the grid.

The energy management agent requests the addressed DER to charge in order to
have the DER store.electricity.

The addressed-DER responds with acceptance and confirmation or rejection qf the
request from-the energy management agent with a reason (e.g., out-of-service,| user
override, etc.)-

The en€rgy management agent informs an addressed DER about the cost of rejgcting
the previous request for energy generation.

The energy management agent requests an addressed appliance report ehergy

consumption for the previous specified time interval.

The addressed appliance responds with the energy used (kWh) or indicates that it was
off or out-of-service.

DER energy generation

The energy management agent requests an addressed DER to report energy
generation for the previous specified time interval.

The addressed DER responds to a query from the energy management agent with

o static information including data about measured cumulative generated power
(Wh),

o measured cumulative exported power (Wh),
o a history of momentarily measured generated power (W),
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o measured momentary exported power (W),
o measured cumulative charge/discharge electric power (Wh), and

12(E)

o a history of momentarily measured charge/discharge electric power (W), current (A)

and voltage (V).

7.4.2.6 Energy management agent «<— user interface

The f

ollowing messages specify user interactions with the energy management agent.

— User inputs

NOTE
and dd

7.4.2
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for the
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Contt
requi

Numerical data nrovidina a monthlv enerav budaet
~ J J JJ J *

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

splays for user

Numerical data about monthly energy consumption with optional bill {disaggregati
major appliance.

Numerical data about the present and projected energy tariff.

Optional displays for energy management system configuration.

Interactive menus may be needed to configure the energy managément system as appliances are
leted. A future network management computer may handle automatic\éonfigurations.

7 Energy management agent «—— meter

pllowing commands apply to electronic meters with communications capabilities.

It is possible in some installations that the meter;functions as the gateway. Therefore, commands d
gateway may be appropriate here.
om energy management agent

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

Additional parameters may be requested depending on the meter functionality .

b Energy management agent

The meter responds with consumption data, demand data and applicable time per
Additional data-may be returned depending on meter capabilities and requests
the energyimanagement agent.

8 Energy management agent «<— other controllers

ollefsymay communicate messages for co-ordination or to announce unusual cond
ring action by other controllers.

bs of

bn by

added

efined

cified

od.

from

tions

NOTE 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.

1. 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.
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