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2)
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Th¢ main task of IEC and ISO technical committees is to prepare International Standards
exgeptional circumstances, a technical committee may prepose the publication of a techn
report of one of the following types:
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INFORMATION TECHNOLOGY -
HOME ELECTRONIC SYSTEM (HES) APPLICATION MODEL -

Part 3: Model of an energy management system for HES

FOREWORD

he specialized system for worldwide standardization. National bodies that are members of ISO)or
barticipate in the development of International Standards through technical committees established by
espective organization to deal with particular fields of technical activity. ISO and IEC technical ‘commit
Collaborate in fields of mutual interest. Other international organizations, governmental and_nen-governme
n liaison with ISO and IEC, also take part in the work.

SO/IEC JTC 1. Draft International Standards adopted by the joint technical committee are circulated to nati
bodies for voting. Publication as an International Standard requires approval by at/teast 75 % of the nati
bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this Technical Report may be the subje
patent rights. ISO and IEC shall not be held responsible for identifying any‘ef\all such patent rights.

type 1, when the required support cannot{ be obtained for the publication of
International Standard, despite repeated efferts;

reason, there is the future but not\immediate possibility of an agreement on
International Standard;

is normally published as an Intérnational Standard, for example ‘state of the art’.

SO (International Organization for Standardization) and IEC (International Electrotechnical Commission)-form

IEC
the
ees
htal,

n the field of information technology, ISO and IEC have established a jointVtechnical commiftee,

bnal
bnal

t of

In
cal

an

type 2, when the subject is still underztechnical development or where, for any other

an

type 3, when the technical committee has collected data of a different kind from that wHich

thnical reports of types d1.land 2 are subject to review within three years of publication to

deg¢gide whether they can'be transformed into International Standards. Technical reportq of

typ
no

ISQ/IEC 15067-3,-which is a technical report of type 3, was prepared by subcommittee
rconnection>of information technology equipment, of ISO/IEC joint technical committee 1:

Int
Inf

Thi

longer valid or useful.

rmation_technology.

s publication was drafted in accordance with ISO/IEC directives, Part 3.

e 3 do not necessarily have to be reviewed until the data they provide are considered tg be

This document is not to be regarded as an International Standard. Comments on the content
of this document should be sent to IEC Central Office.

ISO/IEC 15067 currently consists of four parts:

Part 1: Application services and protocol (under consideraton)
Part 2: Lighting model for HES
Part 3: Model of an energy management system for HES

Part 4: Model of a security system for HES (under consideration)
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INTRODUCTION

This model of an energy management system for residences extends the set of HES (Home
Electronic System) application models. Models for lighting and security have already been
developed and accepted. These models should facilitate the validation of the language
specified for HES in ISO/IEC 15067-1.

These models have been developed to foster interoperability among products from competing
or complementary manufacturers. Product interoperability is essential when using home
control standards, such as HES. This document defines a typical security system and
deicribes the communications services needed. A high-level model for an engrgy
management system using HES is presented.

IS® and IEC would appreciate comments by developers of energy management systgms
regarding possible enhancements to this model.
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INFORMATION TECHNOLOGY -
HOME ELECTRONIC SYSTEM (HES) APPLICATION MODEL -

Part 3: Model of an energy management system for HES

Scope

The model for energy management presented in this Technical Report is generic and

repgresentative of @ wide range of _situations.  Simce one modet_cannot be CoOmpie]

comprehensive other models or operating modes may be more appropriate for cert
applications.
This model for energy management accommodates a range of load conttol strateg

Examples of implementations that could be described with this model include:

2

1Sq
.y

3

DS
EP

4

Ele
the)

the CELECT Intelligent Load Management System in the United, Kingdom. The ut
transmits electricity cost data and forecasted outdoor air temperatures to residern
heater controllers;

the “bleu, blanc, rouge” technique used by Electricité de France to announce price ti
one day in advance. The tier signal is displayed using a blue;, white or red light to alert
customer;

Electric, both in the United States.
Reference documents

D/IEC 15067-1: Information technology.»<"Home Electronic System (HES) Application Mg
art 1: Application Services and Protagol (under consideration)

Abbreviations

M Demand-Side Management
RI Electric Power Research Institute (Palo Alto, California, U.S.A.)

Evolution of-energy management

ctricity consumption patterns have high peaks. During weather extremes of heat and g

Id

demand. This has been achieved in some regions of developed countries. However, this

gegrvﬁeration is only about 46 % of the peak generation that occurs during these situatio

demand)for electricity rises sharply. In the United States the average rate of po

Ily,\the utilities would like to maintain the supply of electricity sufficiently high to meet

ely
ain

lity
tial

ers
the

real-time pricing experiments by Consolidated Edisof_of New York and by Pacific Gas and

del

old
ver
ns.
Ny
b IS

becoming less practical because of public pressure and government rules. Therefore, utilities
have developed many methods of Demand-Side Management (DSM) for influencing the
demand to match the available supply.

DSM 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.
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DSM programs initially focused on providing incentives for using electricity more efficiently.
Customer cooperation 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 fluorescent
lights, for adding building insulation, and for purchasing energy efficient appliances.

Utilities have developed more deterministic methods for influencing the demand through load
control. The more innovative methods of load control depend on market forces for exerting
control by varying the price of electricity. In the United States, almost 20 million customers out
of a total of 130 million participate in some DSM program. About 30 % of these programs are
load control.

5 | Load control

5.1 Responding to pricing

In North America electricity traditionally has been sold at a flat rate or a.volume-sensitive rate.
Ne pricing schemes are adding time as a factor. Time-of-use rateswvary the price according
to the time of day. Typically, on-peak and off-peak rates are announced. The hours for eqach
ratg are fixed for each day, or at least for work days, similar t@ telephone rates. Rates that
chgnge dynamically with one-day or even no advance notice constitute real-time pricing.

Mot load control programs by utilities have been limited to local control and direct conﬂrol.
Holvever, the most innovative load control uses a _,combination called distributed control.
The¢se varieties of DSM help users respond effectivelydo utility price variations.

5.2 Local control

The utility publishes an electricity tariff .that has between two and four different rdtes
depending on the time of day. Customers with time-of-use pricing for electricity jre
engouraged to operate heavy power consuming appliances at off peak pricing times. In order
to maximize the savings, the customer'must know the rates, know the power requirements of
thel appliance, and know the costof operating the appliance. Then the customer can decide if
it ig convenient to defer the opegration or spend the money during the peak cost time.

A flew utilities have instituted a tariff that discourages a peak load. The consumer pays a
spécial charge called axdemand charge if the total electricity consumed during a short integfval
(typically 15 or 30 min)-exceeds a preset limit.

Control equipment in the house can assist in determining when to operate some applianges.
For examplel/a- programmable thermostat could lower the temperature setting for a furnace
duling a period of higher priced electricity. If the consumer is subject to demand charges,
spécial-equipment could measure the power drawn, and cut off selected appliances, such| as
an fait conditioner, as the demand limit is approached.

5.3 Direct control

Whereas local control depends entirely on voluntary cooperation by customers, direct control
forces a shift in the customer demand for electricity. When direct control is activated at times
of peak consumption, the utility interrupts the operation of appliances, such as the water
heater and air conditioner. This requires prior arrangements with customers for permission
and equipment installation. Many customers in the U.S. are offered rebates of up to $ 10 a
month for participating in direct load control. More than 90 % of load control programs in the
U.S. are based on direct control.
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The utility operates these switches by remote control. They may use signals sent over the
power line, over a cable television channel, over the telephone line, or via radio waves. A
typical pattern of control would occur during the peak usage on a very hot afternoon:

— the air conditioner is cycled off periodically for 15 min, then 15 min on. Half of the
customers are on while the other half is off;

— the water heater is cycled off for two hours, then on for two hours.

5.4 Distributed control

ct control with much increased flexibility. The utility has the opportunity to change-pti
at will by following the wholesale market price of electricity to reflect actual utility costs.

Distributed control has the potential to satisfy both the utility and the consumer:

— |[the utility can price power to reflect costs and supply. Changes can~0ccur quickly,| as
needed;

— |[the customer makes the fundamental choice of comfort and convenience of operaiing
certain electric appliances versus the cost of electricity.

fully flexible real-time pricing. Utilities may be permitted tariffs“with two or more price tierg to
reflect their costs of energy generation and distribution. As\these innovative pricing schemes
lower the peak demand, utility costs are reduced.

It S}I;ould be noted that some countries do not presently permit\residential users to be offefed

Soe utilities are capable of accurately forecasting the cost of energy in the near futyre,
typjcally 24 hours in advance, and supplying this information to the residential consumer.
Fotecasted pricing enables the consumer, or\an intelligent energy management system| to
“draw forward” on consumption in anticipatiofh of peak pricing. This may involve comparatiyely
simple measures such as ensuring that heat storage devices, water heaters, and similar jare
fully charged when the peak price peried starts. The supply of such forecast pricing enaljles
peaks in demand to be smoothed both forward and backward in time, thereby reducing Jthe
impact of such measures on consumer comfort and convenience.

There are two important preblems for effective use of the changing cost of power. First, the
prite data must be delivered to the customer in a timely fashion. Second, the customer must
intgrpret the data and apply it to appliance operation. Since most customers do [not
ata

ce
or
ate
his
on.
The customer might enter preferences in some implementations for appliance operation and
budget limitations for electricity expenditures. Having processed this information, the
controller issues signals that are distributed over a home control network in the house to the
relevant appliances.
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_— // —~ ~
~«—— Utility power - T~
_ _— - ~ - —
- - ~ ~
Intelligent
meter Energy Water
management HVAC heater
controller
Meter
Utility ?
data
Home control network Dish
washer Refrigerator
Wide area Utility
network | 9ateway
Inside

Figure 1 — A Distributed load control example

The energy management controller may not necessarily be a separate component. It could be
combined with a security controller, an ISDN <telephone decoder, or a cable televigion
converter/decoder, or the functionality could beXdistributed among other components. Also,
intg¢lligent appliances may contain much or allkof the functionality of an energy managemlent
controller. The location of energy management functions among a dedicated controller and
appliances depends on the future market for appliances designed for integration with
disfributed control.

6 | Value-added services

Communications between\utilities and customers has been used on a very limited scalg to
implement load controlfor effective DSM. Typically, one-way communication is employed|for
switching customer~loads. Utilities are now considering additional services that can|be
deljvered using upgraded versions of these communications facilities. The objective i to
ret@in customers_with innovative services and to generate additional revenue with offefing
angillary to power. Collectively, these are known as value-added services. Some governmgnts
haye mandated that utilities, which traditionally were granted monopolies, start planning|for
competition. Therefore, utilities are seeking value-added services to make their products mjore
attractive’' to customers.

Potential value-added services for electric utilities beyond load control are listed. The services
preceded by a check-mark (v') may be sold for additional revenue beyond the usual energy
charges.

Automatic meter reading
v' Offer bills with details about consumption by major appliances

Monitor power delivery
v" Monitor power quality
v' Offer load profiles

Control customer access when customers move or don't pay bills

Stagger power restoration in a neighborhood after a power failure
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Detect tampering
v" Diagnose appliances’ problems and notify the customer
v' Offer information and telemetry services

7 The utility gateway

Utilities use a variety of communications protocols for wide area network communications.
These communication protocols are often different from the protocols used for home control.
Communication gateways are required to link utility networks to home control networks when
the[ protocols differ.

There is a multi-million dollar effort among some U.S. utilities to unify utility commanicatipns
with a limited set of international standards. This project is the Utility Communicatipns
Ardhitecture, sponsored by the Electric Power Research Institute 1) (EPRI). ThiS hew protqgcol
and existing utility protocols are different from home control protocolsi” Therefore| a
communications gateway will be needed to link utility networks with home,control networks|for
load control and value-added services data.

—

Utilities have many options for implementing and locating the custemer gateway. EPRI has
demned the Customer Communications Gateway for linking tility signals to customer
equiipment. This gateway is located near the electric meter at each house or building.|As
shgwn in Figure 2, it links the utility wide area network with(a)jlocal area network in the house.
It is designed to accommodate a variety of home control networks. Also, it provides a
communications port for an electric meter. In some gateway designs the meter is access|ble
from both the utility and home networks.

Electric
meter

Utility Utility Customer External Customer
communications :
plant gateway aCCess premises

Home
local area network

Electric utility Interface

wide:area network

Figure 2 — EPRI Customer communications gateway

The gateway is responsible for converting the electrical signal from the wide area network
format to that of the local area network. There may be differences in communications media,
connectors, electrical waveforms, and timing. Data rate disparities on the two networks may
require buffering and flow control in the gateway to avoid losing data. Also, the formats for
commands and data are likely to be different and require translation.

1) Many investor-owned utilities support EPRI (Palo Alto, California). EPRI uses member utility funds to sponsor
research projects. Utilities outside the United States may join EPRI as foreign affiliates.
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8 The HES energy management model

8.1 Logical and physical models

The physical elements of the HES energy management model are shown in Figure 3. The
components have been described in clauses 5 to 7. The logical relationship among these
components is illustrated in Figure 4. To accommodate prevalent practices of direct control, a
logical model with minimal functionality is proposed in Figure 5. In this case, the energy
management controller has been eliminated because the utility controls the appliances by a
direct signal. A user interface is included because some implementations allow the user to

ovettide-a-dgireetHoad-control-sigral—A-costpenaliyisusualy-assessedforoverrides:
A A U Utility Energy
A N N gateway management
Y Y Y controller
A A M
D VAN VAN
N4 N4 A4
Home control system medium
Components Other
system
A appliance controller
M utility meter
U user interface
> HES interface
Figure'3 — Physical HES energy management model
User
interface Appliance
Ener
Utility 9y
b management Appliance
meter
controller
Utility Appliance
gateway
Utility wide Links to other

area network subsystems
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Figure 4 — Logical model for HES energy management

User
interface
Appliance
Utility P
gateway ppliance
Utility wide Appliance

area network

Figure 5 — Logical model of minimal HES energy.management

Energy management is one of many subsystems possibleZin a home control network.|As
shgwn in Figure 4 the energy management controller may be linked to other home control
sydtems or to a home control coordinator. The coordinator might be responsible for proviffing
common scheduling and subsystem interaction. Thi§ coordination function may be distributed
ampng the system controllers through sophisticated software, thereby eliminating [the

cogrdinating controller.
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8.2 Energy management use cases
8.2.1 Structure of use cases

This clause shows 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 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).

8.2r2—Case t— Locattontrot

Seeg Figures 6 and 7.

u Utility

< gateway
O
\'a

Home control system{medium

Components

U user interface
HES interface

Figure6 — Case 1: Physical model

User
interface

Utility
gateway

/

Y
Figure 7 — Case 1: Logical model

Most local control schemes currently involve no communications to the customer. Typically, a
static two tier rate is announced by the utility to customers. In more sophisticated local control
the utility may establish:

— peak and off-peak rates that change with appropriate notice;

— times for peak and off-peak rates;
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— 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 becomes
similar to distributed control.

In all of these variations of local control, the possible communications 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. 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

8.2l3 Case 2: Direct control

Seeg Figures 8 and 9.

A A |
N N 9 y
A4 Y
A A
PN PN
Y ¥
Home contrel.system medium
Components

A appliance
< HES interface

Figure 8 — Case 2: Physical model

Appliance

Utility .
gateway Appliance
Utility wide Appliance

area network

Figure 9 — Case 2: Logical model

The utility enables or disables the operation of specific appliances. This case is repre-
sentative of present 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.

The utility messages are usually limited to specifying which appliance is to be turned off or to
be restored to operating status.
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8.2.4 Case 3: Direct control with supervision

See Figures 10 and 11.

A A U Utility
S &> & gateway
A A
D VAN
"4 N4
Components

A appliance
U user interface
< HES Interface

Figure 10 — Case 3: Physical model

User
interface
Appliance
Utility -
gateway Appliance
Utility wide Appliance
area.network

Figure 11 — Case 3: Logical model

Cape 3 accommodates more advanced direct control with two-way communications. This ¢

allg

can determinesthe effectiveness of load shedding and, therefore, can detect free-riders.
these customers the controlled load never attempts to use energy during the controlled t

pe
du

Ca

ing thé-controlled period.

nse

ws the utility to)verify that specific appliances are responding to control. Also, the utjlity

For
me

iod. Typically, these customers are not at home and the appliances are not operaiing

Se o also allows the utllity 10 Institute control over the demand Tor power Dy setling a |

mit

on kilowatts during a specified interval. The following expanded set of messages supports
case 3.

8.2.4.1 Utility messages

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

For appliances that have multiple levels of power consumption, such as a heater,
utility may indicate the maximum level of operation allowed instead of sending a turn

the
-off

signal. This may consist of a specified reduction in the kilowatt demand of the appliance.

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

The priority level of the control. This may indicate whether the customer has the option of

over-riding the control.

The approximate cost consequence if the customer over-rides the control. The custome
not expected to have an energy management controller. Appliance interaction

ris
is

conducted by the utility via a sophisticated gateway. This gateway also controls any

display device involved in direct load control.

42— Customermessages

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

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

Device operating status: On, off, operating level (if appropriate), out-of-service, un
direct load control.

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

L5 Case 4: Distributed control

b physical and logical arrangements coptain all the elements in the generalized diagra
Figures 3 and 4. An energy management controller accesses real-time pricing data. T
troller disables selected appliancessto meet user's programmed goals of budget ver
venience. Figure 12 illustrates the signal flows into and out of the energy managem
troller. The utility pricing data‘may be provided in real-time indicating an immediate 1
nge. In a more realistic scenario, the utility broadcasts the rates one day in advan

of
an
bad

and
be
od,
bad

der

ms,
his
5US
ent
ate

Cost of energy Appliance rating
Energy
management
controller
Usage'data Appliance control
A A
User budget User preferences

Figure 12 — Energy management controller parameters
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The energy management controller receives the electricity rate information from the utility
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 controller uses these
inputs to allow or disallow appliance operation.

The software in the energy management controller determines which appliances to operate
e er—Sortwatre—may—1oe€—CoOmPpPre O—oarafr€ce—e€ ooy W € -"’ G”"
comfort and convenience. Elements of artificial intelligence are frequently required)|for
@ctive operation.

The consumer benefits by attaining maximum convenience for appliance operation while
controlling electricity costs. The consumer does not need to know details abolttime-of-use or
demand-based electrical rates. The customer can over-ride the energy management contragller
and be informed of the cost impact. Thus, the consumer does not have_to~deal with technjcal
isspies but can take economic decisions.

8.2l6 Case 5: Advanced distributed control

The logical and physical arrangements contain all the elements in the generalized diagrams,
Figures 3 and 4. Case 5 extends Case 4 with the additionakability of the energy managemlent
controller to monitor appliance operation and restrictythe operating modes of seledted
appliances. Thus, the control signals to appliances afe extended from on and off to operaiing
mode or demand level (as appropriate for the appliance). Also, messages may flow from the
appliance to the energy management controller.

The signals between the energy management controller and the appliance are similar to thpse
deflined for case 3, Direct control with Supervision. The fundamental difference is that| all
degisions about appliance control are miade locally based on real-time price data. The energy
management controller can calculate:the cost consequences of appliance operation.

Appliances may include indicators and controls for energy management. For example, [the
engérgy management controller’may determine that an appliance should not be operated. If the
user attempts to run that appliance, a lamp on the appliance may indicate that this operafion
is deferred by the energy management controller. Furthermore, the user may be allowed to
ove@r-ride this decisioniby pressing a special key on the appliance. A display on the appliance
or pn a near-by home automation control panel may tell the user the cost consequenceg of
over-riding the energy management controller. The user is now making an informed decigion
on |spending money for energy.

required-as defined in case 3. The following additional messages are needed.

Th{ same set of messages between the energy management controller and applianceg is

— From the energy management controller:

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

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

e a request to reduce average kilowatt consumption by a stated percentage. Note that
this command is intended for appliances with intelligent controls. Most appliances will
not be able to respond to such a request. Most will be able either to operate normally or
stop operating completely. Others may be able to operate in specified modes, as
directed by the energy management controller.
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From appliances connected to the energy management controller:

e confirmation of the mode of operation set by the user;

e manual operation of the appliance by the user;

e user request to over-ride control of the energy management controller;

e power being consumed by the appliance. 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 this data be uploaded for a load survey.

Case 6: Distributed control for intelligent appliances

Thd
seq
exad

b physical and logical arrangements contain all the elements in the generalized diggrams,
Figures 3 and 4. Additional energy services are possible with intelligent appliances. For
mple:

Automatic adaptation to real-time pricing

Some appliances might eventually be able to adapt energy consumptior’ according to fthe
price of electricity directly. This means that part of the algorithm planned for the energy
management controller might be built into future appliances. Thexmessages between [the
energy management controller and the appliance convey, the current price and [the
anticipated duration of this price level.

Intelligent appliance control has been implemented jn._the CELECT Intelligent L¢ad
Management System in the United Kingdom. The utility\transmits electricity cost data and
forecasted outdoor air temperatures to residential heater controllers that adjust the heater
setting.

Emergency load control

The utility issues an emergency notice that supplies are limited and a specific leve| of
power consumption must not be exceeded. The energy management controller cquld
calculate the demands of all operatingappliances to achieve this limitation. Zeltron has
proposed? a scheme for interleaving\operating cycles among major appliances to limit the
demand peak.

An intelligent appliance might-be able to control demand to a desired level automaticglly.
The command sent to such“an appliance would simply indicate the maximum energy
consumption for a specified,period of time.

The utility commands 'to’ the energy management controller specify the maximum power
availability and thetwtime allowed to shed loads. The energy management controller must
confirm acceptapcgof the power reduction within the specified time or the customer may
be disconnected ffom the grid.

Power consumption

Some utilities gather power consumption statistics from major appliances for load planring
purposes. Others offer these data to customers in a scheme called bill disaggregation. [Bill
disaggregation shows consumption by major appliance and thus encourages conservation

Such appliances must be outfitted with power meters. Current meters may be adequate if

2)

the appliances are primarily resistive loads.

Commands to support power consumption consist of polling the appliances by the energy
management controller. Each appliance returns the energy consumed since the last poll.
Ancillary commands to initialize or reset power measurement in the appliance may be
provided. The energy management controller may also communicate with the electric
meter to gather whole-house consumption data.

The utility may communicate with the energy management controller to request power
recording and to upload data accumulated by the energy management controller. The
controller would be responsible for gathering and averaging the data and producing a
summary report.

Proposed by Zeltron at the 1993 Annual Symposium of the European Home Systems Association.
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.1 Case 7: Utility telemetry services

See Figures 13 and 14.
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Figure 13 — Case 7: Physical model
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Figure 14 — Case 7: Logical model

s case accemmodates a variety of new value-added services being considered by sgme
ties. It is«not possible to anticipate all messages necessary to support services to|be
ined. Nevertheless, the pathways for such messages will likely be between a ut|lity
way ;and one or more local Application Domain Controllers3), similar to the energy
wn in Figures 13 and 14 as an Appliapce

Q A a aYeg or

subsystems to be controlled. Please note that an explicit controller may not be present. In that

Application Domain — A logically related group of components that provide 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 sensors, actuators, and appliances.
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case, control functions are distributed among the network components comprising a Fully

Dis

An

tributed System.4)

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.

Me
ide

ssage sets to accommodate remote appliance diagnosis contain the test sequence
ntification code. The appliance responds with the result code of the test procedure. Future

appliances might allow the utility to down-load special test sequences Into the appliancg or
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m}agement model and the message-contents. This message set will be used as a basis|for

the energy management controller. In the latter case, the controller is acting as™a-{est
rument for the appliance.

important factor is the quantity of data to be communicated between the”utility and fthe
tomer. Since the control channel planned for HES is not intended for large~yolumes of data
increase of provided data must be considered as value added servicés, such as,|for
ance, remote testing. An information channel, defined in the HES arehitecture, needs to be
cated for this purpose.

HES messages for energy management
1 HES messages overview
b following messages are proposed for commands, stabus reports, or data to be exchanged
ong the logical components in the HES energy management system model. This message
does not imply that all energy management ceamponents can or must support the features

each message. Messages will be chosen {o_support a specific implementation. These
ssages represent a variety of functionality,‘not necessarily implemented in any one systém.

bse messages will be cast into HES syntax after the Working Party agrees on the endrgy

rmining the suitability of the primitives in the document entitled HES Application Mqgdel
Services or changes necessary to this document.

.2 HES message list

Ch message may be.sent to a single device, to all devices (broadcast), or to a predefiped
up of devices.

2.1 Gateway «— User interface

b user. linterface may consist of lamps indicating predefined price levels for enelgy.

Alt

brnatively, the user interface may display character data or graphical images sent by fthe

utiljty” via the gateway. An expanded character display would accommodate data about

chdqnges in the price tiers and applicable times.

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

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

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

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.

8.4.2.2 Gateway «— Appliances

8.4

The following commands involve the exchange of data in character format.

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 spedific
duration.

Remove any kW restriction from the addressed appliance.
Time of restriction

Notify the addressed appliance of the start time a specifiedyrestriction 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 fthe
present restriction ends.

Priority of restriction
Assign a priority level to the addressed dppliance for future on/off or restriction messages.
(It is assumed there is prior agreement*on the number and meaning of priority levels.)
Appliance report

Request specified report from @ddressed appliance.

Provide requested report from addressed appliance to the gateway.

Specified reports include: static information, historical information, device operafing
status, customer aeceptance 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 reporis
consists of parameters identified by field position or by keyword.

2.3 Gateway «— Energy management controller

Rdte data update

The Energy Management Controller queries the Gateway for the availability of new rate
data.

The Gateway responds with the time and date of the last rate update.
Rate data
The Energy Management Controller queries the Gateway for a down-load of rate data.

The Gateway down-loads 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®).

There is a project sponsored by the Electric Power Research Institute (EPRI) in the United States to define
functional objects for conveying real-time price data. This is an activity of the MMS Forum. It is drawing upon
related work by the Automatic Meter Reading Association and the IEEE (Institute of Electrical and Electronic
Engineers).
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.2.4 Energy management controller «— Appliances

Appliance capabilities

The Energy Management Controller queries an addressed appliance about device
information and energy requirements.

An appliance responds to a query from the Energy Management Controller 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

8.4

operations.

Appliance control

The Energy Management Controller requests the addressed appliance turn~off or Ijmit
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 Controller requests the addressed appliance”pesume operaiing
without any mode or power restriction.

The addressed appliance responds with acceptance and confirmation or rejection of fthe
request from the Energy Management Controller or indicates) it is turned off, outjof-
service, or under manual control.

The Energy Management Controller informs an addressed-appliance the cost of rejecling
the previous request for energy consumption reduction.

The Energy Management Controller informs an addressed appliance about recommended
operating modes with various degrees of conseryation.

Appliance energy consumption

The Energy Management Controller 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 outtof-
service.

2.5 Energy management controller «— User interface

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.

Displays for user

Numerieall data about monthly energy consumption with optional bill disaggregation| by
major.appliance.

Numerical data about the present and projected energy tariff.
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system as appliances are added and deleted. A future network management computer

may handle automatic configuration.

8.4.2.6 Energy management controller «— Meter

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