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INTERNATIONAL ELECTROTECHNICAL COMMISSION

NETWORK-BASED ENERGY CONSUMPTION MEASUREMENT -
ENERGY SAVING SYSTEM — CONCEPTUAL MODEL

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply |IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

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

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

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC 62654, which is a technical specification, has been prepared by technical area 12: AV
energy efficiency and smart grid applications, of IEC technical committee 100: Audio, video
and multimedia systems and equipment.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting

100/1928/DTS 100/1987/RVC

Full information on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

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

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

transformed into an International Standard,
reconfirmed,

withdrawn,

replaced by a revised edition, or

amended.

A bilingual version of this publication may be issued at a later date.
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INTRODUCTION

Due to unusual climate change such as global warming, the need for technologies regarding
energy efficiency and reduction of carbon dioxide emission through energy saving and
efficient energy usage is growing. Especially in the IT industry, although its energy
consumption is low compared to other business areas, an increase in energy efficiency for
whole business areas is expected by using IT technologies. For example, a substantial
reduction in energy consumption can be achieved in homes, where most of electrical energy
is consumed.

As technologies evolve, the number of electric appliances in homes increases. Accordingly,
the consumers tend to check the amount of energy consumption of each appliance and its
rate. In addition, for users’ convenience, many appliances including multi-media equipment
are provided with remote controls, and become network-enabled. Thus, their standby power is
increasing considerably.

If the energy consumption of home appliances can be monitored or shown in real time, energy
consumption can be reduced by 10 % to 20 % according to statistics. Furthermore, by
decreasing the standby mode power for the appliances that are not in use, additional power
can be saved. Besides, the use of renewable energies like solar energy or wind energy is
spreading in homes. Furthermore, smart grid, an intelligent power network, is expected to be
introduced soon. So a system that manages production, consumption, and sales of energy is
indispensable.

This specification defines an energy saving system (ESS) providing functions and architecture
for a network-based energy consumption measurement model of AV multimedia equipment
and systems, efficient usage of electric energy, intelligent energy saving, and a basic possible
platform in homes for future power network systems. Specifically, it provides the following:

e Dbasic architecture of ESS;

o functional requirements of an ESS client;

o functional requirements of an ESS server;

e classification of ESS clients;

o classification of ESS servers;

e energy consumption measurement of home electronic devices;

e energy consumption measurement of an ESS client.
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NETWORK-BASED ENERGY CONSUMPTION MEASUREMENT -
ENERGY SAVING SYSTEM — CONCEPTUAL MODEL

1 Scope

This Technical Specification defines the architecture and functional requirements of an energy
saving system (ESS) that measures energy consumption of each home appliance, including
AV multimedia equipment and systems, and shows how to reduce its standby power. With
respect to energy consumption measurements, this specification extends only to AC power
environments in premises.

2 Terms, definitions and abbreviations
For the purposes of this document, the following terms, definitions, and abbreviations apply.

2.1  Terms and definitions

2.1.1

ESS server

energy saving system server

component of an energy saving system which gathers power consumption data of home
electric devices, measured by ESS clients through communication between an ESS server
and clients

2.1.2

ESS client

energy saving system client

component of an energy saving system, which is physically located between an AC power
source and a home electric device so as to supply or to block AC power

Note 1 to entry: An ESS client is operated by AC/DC power and it measures the power consumed by a home
electric device connected to the ESS client. The result of the measurement is sent to an ESS server through
communication with the ESS server.

2.1.3

ESS network

energy saving system network

network that consists of an ESS server and one or more ESS client(s) which communicate(s)
with the ESS server

2.1.4

EPCM protocol

electric power control and monitoring protocol

application layer protocol between an ESS server and ESS clients

Note 1 to entry: This protocol controls power of the devices connected between the ESS server and an ESS client
and gathers the power consumption data from the ESS client.

2.1.5

low-power communication module

communication module that supports low-power data transmission between the ESS server
and ESS clients and that has the dedicated power that processes the EPCM protocol

Note 1 to entry: A low-power communication module is a hardware module in an ESS client and is responsible for
low-power communication with an ESS server. It physically transmits data generated from a processing unit in an
ESS client and receives data from the ESS server. Low-power communication is essential to ESS clients so as to
minimize self-power consumption caused by frequent communication with an ESS server.
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2.1.6

home electronic device
device group that includes home appliances

EXAMPLE Home electronic devices are multimedia equipment and systems, information appliances, home

network devices, etc.

2.2 Abbreviations

EEC
EPCM
ESS
GUI
HED
LPCM
PLC
PnP

Energy Efficiency Class

Electric Power Control and Monitoring
Energy Saving System

Graphic User Interface

Home Electronic Device

Low-Power Communication Module
Power Line Communication

Plug and Play

3 Specification of operating modes

TS 62654 © IEC:2012(E)

Operating modes of ESS server and clients are specified in Table 1.

Table 1 — Operating mode of ESS server and client

Mode

ESS server

ESS client

Disconnected

The ESS server is disconnected from all
external power sources.

The ESS client is disconnected from all
external power sources.

Off The ESS server is connected to a power The ESS client is connected to a power
source, does not perform any functions source, does not perform any functions
specified in 5.1, and cannot be switched into specified in 5.2, and cannot be switched into
any other mode with the remote control unit, any other mode with the remote control unit,
an external or internal signal. an external or internal signal.

Standby- The ESS server is connected to a power The ESS client is connected to a power

passive source, does not perform any functions source, does not perform any functions
specified in 5.1, but can be switched into any specified in 5.2, but can be switched into any
other mode with the remote control unit or an other mode with the remote control unit or an
internal signal. internal signal.

Standby- The ESS server is connected to a power The ESS client is connected to a power

active source, does not perform any functions source, does not perform any functions
specified in 5.1 except a basic communication | specified in 5.2 except a basic communication
function for receiving a mode-change function for either receiving a mode-change
command from an external source, and can command from an ESS server or waiting until
additionally be switched into another mode an initial registration process finishes, and
with that external command. can additionally be switched into another

mode with that external command.

On The ESS client is connected to a power

(measure) source and perfoms an energy consumption

measurement.

On The ESS server is connected to a power The ESS client is connected to a power

(communicate)

source, performs functions specified in 5.1,
and communicates with one or more ESS
clients or an external source.

source, performs functions specified in 5.2,
and communicates with an ESS server.
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4  Architecture and basic functions of ESS

4.1 ESS network

An ESS network consists of an ESS server and one or more ESS clients, as shown in
Figure 1. Each ESS client does not communicate with other ESS clients but the ESS server.
The communication is enabled by the no-new-wire communication method such as wireless
communication and PLC. Accordingly, it does not require extra wiring for configuring the home
ESS network. Note that the ESS server can provide various network interfaces according to
the network types that ESS clients can support. This specification does not specify the
network interface types between the ESS server and ESS clients.

Each home electronic device (HED) can use the AC power provided from an ESS client
regardless of its type and networking feature. The user can utilize the power consumption
monitoring and power control functions for only the HEDs powered from ESS clients. This
means that the user can connect only the desired devices to ESS clients and can use the ESS
network services for the connected HEDs.

The ESS network can be configured separately from the existing home network and provides
functions for energy consumption measurement, monitoring, and intelligent energy saving that
are different from device control services, data services, and multimedia services provided by
the existing home network.

Existing home network

Lr;agr?](;y Lﬁgr?l(;y Networked| [Networked
appliance appliance | det\#/ice de;;ce
\ \ ESS server Electrical
Sy (or l¢—p pOWer
AC power _w home qateway) service
> i provider

ESS ESS ESS ESS
client client | ----- client client
#1 #2 #n-1 #n

IEC 1620/12

ESS network

Figure 1 — Architecture of energy saving system

4.2 ESS server

As shown in Figure 2, the ESS server basically provides the physical link and upper layer
network protocol that enable network interfaces to ESS clients. Based on this communication
channel, the ESS server sends power control commands and gathers energy consumption
data in real time by using an EPCM protocol. Among EPCM applications in the application
layer, the basic application program processes the gathered data to display the consumed
power-related information in the form of text or GUI in real time.

The ESS server can be implemented to additionally support the existing home network
services. On the other hand, the existing home gateway or home server may include the
functions of the ESS server. In this case, the EPCM functions may be integrated into the
existing home network protocol or home network middleware. The ESS application program
can also be implemented considering the scalability and compatibility toward the home
network applications.
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Furthermore, the ESS server can also be designed to interoperate with future power service
applications (i.e. managing production and consumption of renewable energy, demand
response, smart grid applications, etc.) or with the network run by a power service provider.
By this extension of the network interfaces and application programs not only to the home
network but also to the power service provider, a variety of electrical power services can be
brought into home.

ESS server

Extensible functions for electric Extensible functions for home network
power service (optional) (optional)

< ESS applications >

} EPCM API

EPCM protocol ]_—_:>

:

Network protocols

1

One or more
ESS network
interfaces

IEC 1621/12

Figure 2 — Basic functions of an ESS server and its possible extensibility

By utilizing the EPCM protocol and basic functions of the ESS server, the following basic
applications can be implemented.

e Real-time electric power consumption monitoring application for each HED.

e Real-time total home electric power consumption monitoring application.

e Standby power reducing application by finding HEDs in standby mode.

e User-configurable warning application that enables the users to set the rate, calculates the
estimated rate of the upcoming month, and alerts when the estimated rate is expected to
exceed.

e Power control application that switches each device power into on or off and restricts the
use of a specific device during a specific period of time.

e Secured remote power control and monitoring application for the users outside the home.

e Other applications.
4.3 ESS client

An ESS client consists of an AC part and DC part, as shown in Figure 3. Additionally, a circuit
protection module that protects the circuit from over-current, electric leak, and electric arc,
can be added into the ESS client. The DC power on/off control module can also be optionally
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added to supply DC power only when home appliances are connected to ESS clients. Thus,
when an HED is not connected to an ESS client, extra power consumed by DC circuit in the
ESS client can be additionally saved.

ESS client
AC part AC power
AC(?r%Wer -1 > ou?r():utngvr?trrol fout HED
Y
. ¥
Energy

AC-DC consumption

conversion measurement |

o . Low power
rocessing |l communication |
unit module

! 1

DC part
IEC 1622/12

Figure 3 — Basic architecture of ESS client

Basically, an ESS client supplies AC power to a connected HED and can cut the supply of AC
power off by an internal control signal from a processing unit. The internal control signal can
be originally generated by either a control command from the ESS server or an internal
software module that detects standby mode of the HED. In case of AC power control by a
control command from ESS server, the related commands are based on the EPCM protocol.
However, in case of AC power control by an internal software module, if an HED is in off
mode, a remote control unit interface in the ESS client provides a way to re-supply the HED
with AC power and to switch the HED into standby-passive mode by detecting external signal
from a remote control unit operated by a user.

A processing unit in an ESS client gathers power consumption data from the energy
consumption measurement module and sends the gathered data to the low-power
communication module (LPCM), which finally forwards them to the ESS server by using the
EPCM protocol. In this case, with a request of the processing unit, the energy consumption
measurement module can send to the processing unit module the power consumption data
such as electric current, active power, or energy consumed by HED connected to an ESS
client.

The LPCM also supports low-power communication, which minimizes the total amount of
power consumption for an ESS client during data transmission. In addition, for low-power
communication of additional ESS clients, the LPCM module can be switched to standby-active
mode through an ESS server’'s command. In this standby-active mode, the energy
consumption measurement module and processing unit can stop measuring operation and
wait for only the command to be switched into on mode.
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Functional requirements of ESS

This clause defines the functional requirements for ESS server and ESS clients.

5.1

5.1.

Functional requirements of ESS server

1 General

The functional requirements for the ESS server contain the information details as shown in
Table 2.

5.1.

An

Table 2 — Functional requirements of ESS server

Functional requirements

Network interface with ESS client

Support of EPCM protocol

Basic . . . -
functions Gathering and monitoring of energy consumption information
Provision of basic user interface
Types of ESS server
Support of sleep mode
Automatic cut-off of passive standby power of HED
Re-supply of AC power to HED
Study of standby mode
Additional Internal interface with existing home network
functions 9

External interface with electric power service provider

Demand and supply management of renewable energy

Estimation of monthly electricity rate

Provision of advanced user interface

2 Network interface with ESS client

ESS server provides one or more wired or wireless network interfaces for exchanging data

and commands with ESS clients. In order to evade newly wiring problems for a new ESS
network, it is recommended to connect an ESS server and ESS clients through a wireless
network or the existing telephone or power line network.

5.1.

An

3 Support of EPCM protocol

ESS server supports an EPCM protocol for power control and power consumption

monitoring. Basic functions of the EPCM protocol are as follows. (The functional requirements
of EPCM are not included in this specification.)

The EPCM protocol provides a secure way for ESS clients in home to register to the only
one designated ESS server. In other words, EPCM protocol can provide the secured PnP
function.

The EPCM protocol provides a method for the ESS server to send commands to ESS
clients in order to start, stop, pause, and restart measurement of energy consumed by the
connected HED.

Depending on the measurement command, ESS clients send the measured power data to
the ESS server at the specified interval by using the EPCM protocol.

The ESS server provides the method to check whether a specific ESS client is running or
not through EPCM commands.
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e The ESS server can forcibly change the LPCM operation mode into one of active mode,
standby mode, and power-down mode in an ESS client through EPCM commands.

e The ESS server can forcibly switch the power of an HED connected to an ESS client
through EPCM commands.

e An ESS client can report to the ESS server whether any HED is connected to the ESS
client or not through EPCM commands.

e An ESS client can report to the ESS server on the status of power supply to HED by using
EPCM commands whenever it is changed.

5.1.4 Gathering and monitoring of energy consumption information

The ESS server gathers HEDs’ energy consumption data through the EPCM protocol and
process the gathered data to show users the real-time energy consumption data for each
device.

5.1.5 Provision of basic user interface
In order to provide the EPCM functions, the ESS server provides user interfaces such as GUI,

touch screen, remote controller unit, etc. for showing users HEDs’ consuming power data in
real time and also for the control of the power of HEDs.

5.1.6 Types of ESS servers

The ESS server can be implemented using any of multiple types in Table 3. This Technical
Specification does not include specifications for the types (e.g. size, electric features).

Table 3 — ESS server types

Types of -
ESS server Descriptions
Implemented with ESS server functions added in the hand-held terminals such as PDA, mobile
Type A
phone, etc.
Type B Implemented with ESS server functions added in the display devices such as wall-pad, TV, etc.
Type C Implemented with ESS server functions added in the home gateway or home server.
Type D Implemented with ESS server functions added in PC.
Tvpe E Implemented with ESS server functions added in the always on home appliances such as
yp refrigerators.

5.1.7 Support of sleep mode

The ESS server in normal operation mode can be changed to the sleep mode when no user
uses it and no data is received from ESS clients for a specific time. When it is reused by a
user or any data is received from an ESS client in sleep mode, it can return to the normal
operation mode.

5.1.8 Automatic cut-off of passive standby power of HED

The ESS server can find any HED that is not being used for a specific time by using the HED
energy consumption data from ESS clients. It has to determine the passive standby mode for
a specific HED. In this case, using EPCM commands, it can automatically block the passive

standby power for the corresponding HED by controlling the AC power output of an ESS client.

5.1.9 Re-supply of AC power to HED

Once an ESS client is switched off, the power source to an HED is blocked. In this case, the
ESS server can provide a user interface that users can make use of to supply power to the
blocked HED again.
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5.1.10 Study of standby mode

Because the standby power consumption generally varies depending on the HED type, the
ESS server can learn the standby mode of a specific HED through a user interface. Based on
this learning program, when the corresponding HED operates for over the specific time in
standby mode, it can determine its standby mode and automatically block the standby power
as described in 5.1.8.

5.1.11 Internal interface with existing home network

The ESS server of type C defined in Table 3 (i.e., an ESS server quipped with home network
functions or a home gateway equipped with ESS server functions) can provide internal
network interface including the physical link, communication protocol, and applications for the
existing home networks, and also interoperability between ESS network and the existing
home network.

5.1.12 External interface with electric power service provider

As shown in Figure 2, the ESS server can interoperate with the network run by an external
power service provider. The users can interoperate with future Smart Grid and receive
additional services provided by the power service provider. For an interface between the ESS
server and the power service provider, the following methods can be used.

e Adding a physical interface to the ESS server for directly connecting to the network run by
the power service provider.

e Or adding an interface to the home gateway for indirectly connecting to the network run by
the power service provider through WAN.

5.1.13 Demand and supply management of renewable energy

As Smart Grid furthermore evolves in the future, home can produce renewable energy, sell
surplus energy, and demand power supply, if required. In this environment, the ESS server
can manage the energy related information including home produced energy, consumed
energy, supplying energy to the power service provider, and supplied energy from the power
service provider.

5.1.14 Estimation of monthly electricity rate

The ESS server can calculate the estimated monthly electric rate by analyzing the power
consumed by HEDs that are connected to ESS clients.

5.1.15 Provision of advanced user interface
The ESS server can provide the following advanced user interfaces.

e Provision of user settings and alarm functions: The ESS server can provide an
environment for users to set the maximum monthly rate and can send alarms to users
when it is expected to exceed the specified amount after analyzing the current electricity
use.

e Power control of HEDs: The ESS server can provide an environment for users to switch
the HED power to on or off through a user interface.

e Automatic power control of HEDs: The ESS server can provide an environment for users
to switch a specific HED to on or off in the specified period of time. In addition, depending
on the specified value, the ESS server can switch the power of a specific HED to on or off
in the specified period of time with no user intervention.
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5.2  Functional requirements of the ESS client
5.2.1 General

The functional requirements for the ESS client contain the information details as shown in
Table 4.

Table 4 — Functional requirements of ESS client

Functional requirements

Network interface with ESS server

Support of EPCM protocol

Measurement of energy consumption

Basic functions — -
Provision of user settings

Energy usage modeling

Types of ESS clients

Support of circuit protection

Internal DC power control

Additional functions | Automatic cut-off of passive standby power of HED

Re-supply of AC power to HED

Operation modes

5.2.2 Network interface with ESS server

The ESS client provides a wired or wireless network interface to communicate with an ESS
server. In order to evade wiring problems for a new ESS network, it is recommended to
connect a wireless network or use the existing telephone or power line network.

5.2.3 Support of EPCM protocol

The ESS client supports the EPCM protocol for power control and power consumption
monitoring. Basic functions of the EPCM protocol is described in the 5.1.3 and the functional
requirements for EPCM are excluded in this specification.

5.2.4 Measurement of energy consumption

The ESS client sends the energy data consumed by a specific HED to the ESS server by
using the EPCM protocol in real time. At this time, the ESS client measures energy, and
active power. In addition to that, the measured electric current and voltage can be sent to the
ESS server. When the ESS client measures the power consumption of HED, its own power
consumption should not be included. This specification does not provide the error tolerance
but the 5 % measurement accuracy is normally recommended for household purposes. An
example for suitable values for measurement item, measurement unit, recommended
maximum range, and recommended minimum resolution is shown in Table 5. Recommended
minimum resolution in Table 5 is applicable to both calculating measurement items and
displaying measurement results on the user’s display device.
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Table 5 — An example for measurement items, range and resolution

. . Recommended Reco_m_mended
Measurement items Measurement unit A minimum
maximum range -
resolution
Energy Wh - 0,1 Wh
Basic Active power w - 0,1W
measurement
items RMS current A OA~15A 0,1A
RMS voltage \% OV ~250V 0,1V
Frequency Hz — 1 Hz
Additional Power factor % 0% ~ 100 % 1%
measurement
items Reactive power var — 0,1 var
Apparent power VA — 0,1 VA

5.2.5 Provision of user settings

The ESS client provides an environment for user settings as shown in Table 6.

Table 6 — User settings of ESS client

User settings Descriptions

ESS client ESS client provides original functions of the ESS client.

In this mode, the ESS client constantly supplies the AC output power to HED.
Always on This mode is useful when the user does not want functions of the ESS client or when
there is failure in the ESS client.

In this mode, the ESS client always blocks the AC output power to an HED.
Always off This mode is useful when an HED is not being used for a long time or when a user wants
an HED to be shut down for safety reasons.

5.2.6 Energy usage modeling

After establishment of communication channel between an ESS client and an ESS server, the
ESS client generally starts to measure energy consumption and transmits a corresponding
EPCM packet to the ESS server on a regular basis. In this process, more frequent
communication causes more energy consumption of both ESS clients and server. However, in
some cases, the ESS client does not need to communicate often with the ESS server
repeatedly. For example, if the ESS server is not in the active mode or if no user operates the
ESS server, which does not need to display current energy consumption status on its screen,
the ESS client can provide energy usage modeling function which enables the ESS client to
store measurement data in its allowable memory space and to send it to the ESS server upon
request.
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5.2.7 Types of ESS clients

The ESS client can be implemented with any of the listed types as shown in Table 7. This
specification does not specify size and electrical characteristics of each type.

Table 7 — ESS client types

Types of A

ESS client Descriptions
Type A ) ) ) ) - ) . I

; Implemented with an electric outlet. The ESS client functions described in this specification
(electric outlet ) .
can be implemented in the outlet.

type)
Type B Implemented with an adaptor that connects to the existing electric outlet. The ESS client
(adaptor type) functions described in this specification can be implemented in the adaptor.
Type C Implemented with built in HED. The ESS client functions described in this specification can
(built-in type) be implemented in the built-in type.

5.2.8 Support of protection circuit

An ESS client can include the hardware type of protection circuit to prevent potential electrical
hazards that can cause electrical fire and breakdown of HEDs connected to the ESS clients.

5.2.9 Internal DC power control

In order to minimize the power consumption of an ESS client in itself, the ESS client can
automatically block the internal DC power when the following conditions are met. It can
provide this internal DC power control function automatically regardless of user settings.

e |n case that HED is not connected to the ESS client.

e In case that the operation mode of an ESS client is forcibly changed to the power-down
mode through the EPCM commands.

5.2.10 Automatic cut-off of passive standby power of HED

An ESS client can determine the passive standby mode of an HED and cut the supply of AC
power to the HED by using the energy consumption data and AC power output control module
in Figure 3. In this case, it can directly control the AC power output, automatically block the
passive standby power without any intervention of an ESS server, and report the result to the
ESS server through the EPCM protocol.

5.2.11 Re-supply of AC power to HED

The ESS client can provide a way to supply AC output power again when the blocked HED is
reused. Once the AC output power of an ESS client is cut off, there are only two ways to
switch the HED on again. The first method is that an ESS server switches its AC power on/off
control module on by sending an EPCM control command. The second method can be used if
an HED is operated by a remote control. In this case, it is possible for the ESS client with a
remote control to supply the blocked HED with the AC power output, provided that the users’
activate the remote control once the ESS client has learned/recognized the signals of the
remote control. When the AC power is supplied again, the ESS client can also report the
result to the ESS server through the EPCM protocol just like the case of automatic cut-off of
passive standby power specified in 5.2.10.

5.2.12 Operation modes

An ESS client operates in any of modes specified in Table 1.
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6 Classification of ESS

6.1 Classification of ESS server

The ESS server has three classes, from class 1 to class 3 depending on the supportable
functions as shown in Table 8.

Table 8 — ESS server classes

Classes ESS server functions

Class 1 An ESS server of class 1 can provide only basic functions in Table 2.

An ESS server of class 2 can provide all basic functions and some additional functions in
Class 2 Table 2, and doesn’t need to provide additional physical interfaces extensible to a power
service provider network and (or) home network.

An ESS server of class 3 can provide all basic functions and some additional functions in
Class 3 Table 2, and can also provide additional physical interfaces extensible to a power service
provider network and (or) home network.

6.2 Classification of ESS client

The ESS client has three classes, from class 1 to class 3 depending on the supportable
functions as shown in Table 9.

Table 9 — ESS client classes

Classes ESS client functions

A non-network ESS device, that is a stand-alone type without any communication to an ESS

Class 1 server, and that has a local display module.
Class 2 An ESS client of class 2 can only provide the basic functions as indicated in Table 4.
Class 3 An ESS client of class 3 can provide all basic functions of 5.2.2 and some additional functions

related to low-power operations as indicated in Table 4.
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7 Energy consumption measurement of HED

An ESS client of any class specified in Table 9 can be used to measure energy consumed by
an HED. Especially, in order to check the energy consumption values, there are two possible
methods using only one ESS client of class 3 and using one ESS server of any class with an
ESS client of class 1 or 2, as shown in Figure 4.

Monitoring through
a local display module

AC
AC ESS client (éoL?t\;ver
power of HED

(in) class 3

IEC 1623/12

(a) energy consumption measurement by using one ESS client of class 3

Sending commands and monitoring
through a local display module and GUI

ESS server

, 1
Commands ! : Data
D
A AN |
i AC power
AC power ESSOCf lent (out) HED
(in) class 1 or2

IEC 1624/12

(b) energy consumption measurement by using an ESS server and an ESS client

Figure 4 — Example of non-network energy measurement device
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Annex A
(informative)

Energy consumption measurement of ESS client

A.1 General

The energy consumed by an ESS client is in itself a significant factor to assess energy
efficiency of the ESS client especially in case that multiple ESS clients are used in homes.
Once the ESS client shuts the AC power output off and is switched into standby active or
standby passive mode, it usually consumes standby power while waiting for a specific
command to change the current mode into another. During this standby mode, it is desirable
that the ESS client consumes less standby power than an HED does. However, it usually
depends on the type of HED and its electrical characteristics. This annex specifies the
methods for energy consumption measurement of the ESS client.

In order to measure accurate electric energy consumption factors such as RMS current, RMS
voltage, active power, energy and so on, it is recommended to use stable clean power supply
with less than 2 % harmonics and an energy metering instrument with fundamental active
power accuracy of 0,5 % or better, which complies with IEC 62301.

A.2 Measurement in off mode

As shown in Figure A.1l, in case of measuring electric power consumption factors of an ESS
client in off mode, an ESS client can simply be connected to an energy metering instrument.

AC power
(from energy (power)
AC power Energy metering instrument) '
(source) —* metering instrument > ESS client
(off mode)

No AC power output

IEC 1625/12

Figure A.1 — Measurement in off mode of the ESS client

A.3 Measurement in standby passive mode

Figure A.2 shows a method for measuring electric energy consumption of an ESS client in
standby passive mode. In this mode, the ESS client can be connected to an energy metering
instrument, should not perform functions related to measurement and communication with an
ESS server, but can be switched into any other mode with the remote control unit or an
internal signal. For example, an ESS client can be switched into this mode after shutting off
the standby power consumed by an HED or when an HED is not connected to (or unplugged
from) an ESS client. In both cases, an ESS client can be connected to an energy metering
instrument.
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AC power
(from energy
AC power Energy metering instrument) ESS client
(source) — | metering instrument *| (standby-passive
mode)

AC power output

IEC 1626/12

Figure A.2 — Measurement in standby passive mode of ESS client

A.4 Measurement in standby active mode

Figure A.3 shows a method for measuring electric energy consumption of an ESS client in
standby active mode. In this mode, the ESS client is connected to a power source, does not
perform functions related to measurements, but can be switched into any other mode with an
EPCM command from an ESS server. For example, an ESS client in standby-active mode can
be switched into on (measure) mode after receiving an EPCM command to start measuring. In
this case, an ESS client can be connected to an energy metering instrument only, not to an
HED or an electric load in order to measure exact standby power consumption of the ESS
client.

ESS server

Communication

AC power established
(from energy
AC power Energy metering instrument) ESS client
(source) —* metering instrument > (standby active
mode)

AC power output

IEC 1627/12

Figure A.3 — Measurement in standby active mode of an ESS client

uld usym pajjonuooun ‘panwiad si uonnguUIsIp 1o uonanpoidal Jaylny ON UoSIpeN sawer AQ #T0Z-2Z-A0N U0 PapeojuMOp ‘Wo9°1831syda)suonduasgns auj ‘(d41ualos) sisinay uoswoyl Aq owsag yg 01 pasusol| eusrew pajybkdo)d



22— TS 62654 © IEC:2012(E)

A.5 Measurement in on mode

Figure A.4 shows a method for measuring electric energy consumption of an ESS client in on
(measure and communicate) mode. In this mode, the ESS client can be connected to an
energy metering instrument, and perform energy consumption measurement and
communication with an ESS server. It can also be switched into any other mode with an
EPCM command from an ESS server. In order to measure energy efficiency of an ESS client,
some constraints and conditions for measuring methods listed in Table A.1 can be followed.
Through this test procedure, energy efficiency class (EEC) of an ESS client is finally
calculated, and useful for users to make a choice among a wide range of ESS clients, which is
also a significant factor when implementing energy-efficient ESS clients.

ESS server

4 .
Communicates
every second

during 1 h
AC power source
AC power Energy for ESS client )
(source) —T—*| metering instrument #1 > ESS client
(on mode)

El = EESS_cIient + Eelectric_load#l E3 = Eelectric_load#l AC power source

for electric load

v

Electric load #1
(with 0,5 % accuracy or better)

AC power source
Energy for electric load

— metering instrument #2

. Electric load #2
(with 0,5 % accuracy or better)

E; = Eelectric_load#z IEC 1628/12

Figure A.4 — Measurement in on mode of an ESS client
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Table A.1 — Conditions for measurement in on mode
and performance evaluation indices

Measuring constraints
or conditions

Descriptions

Energy metering
instrument #1
and #2

Both energy metering instruments #1 and #2 should be connected to the
same AC power source.

Electric load #1

An electric load #1 should be connected to (should be provided with AC
power by) an ESS client instead of an HED, and grant a high accuracy of
0,5 % or better.

Equipment An electric load #2 should be connected to (should be provided with AC
Electric load #2 power by) an energy (power) metering instrument, and grant a high
accuracy of 0,5 % or better.
An ESS client should be connected to (should be provided with AC power
by) an energy (power) metering instrument, and be set to on (measure
ESS client and communicate) mode. During the measuring process, it measures and
sends only the energy (E3 in Figure A.4) consumed by the electric load #1
to an ESS server after every second./in an interval of 1 s.
Ambient 23°C +5°C
temperature
Relative humidity 10 % ~ 80 %
Test
conditions 115 (£1 %) V AC, 60 Hz (£1 %) (North America/Taiwan)
(Reference Supply voltage 230 (£1 %) V AC, 50 Hz (1 %) (Europe/Australia/New Zealand)
IEC 62301) 100 (+1 %) V AC, 50 Hz (+1 %)/60 Hz (1 %) (Japan)
Total harmonic
distortion <2 % THD
(THD) (voltage)
Measurement 1h
duration
Report period
(from ESS client to 1s
ESS server)

The energy values measured by both energy metering instruments should
hod be initially set to zero. In Figure A.4, E4 is a total energy consumption
Methods value of an ESS client and an electric load #1 for 1 h, which is measured

) by an energy metering instrument #1. Likewise, E, is a total energy
Measurement item consumption value of an electric load #2 for 1 h, which is measured by an
(E1, Ep, Eg, energy metering instrument #2. E3 is a total energy consumption value of
EESS_cIient) an electric load #1 for 1 h, which is measured and reported by an ESS
client. In this test environment, the energy solely consumed by an ESS
client can be roughly E; — E» as shown below.
EEss_client = E1 - E2
perf The degree of accuracy (or precision) of an ESS client can be calculated
erlorrtr]ance Degree of accuracy | by using E; and Ez measured by the energy metering instrument #2 and
?nvda}cueaslon (or precision) the ESS client, respectively. For example, an ESS client can be classified

as +1 % accuracy ESS client when it satisfies 0 < |[E, — E3| / E» < 0,01.
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