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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DESKTOP AND NOTEBOOK COMPUTERS -
MEASUREMENT OF ENERGY CONSUMPTION

FOREWORD

1) 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.

2) 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.

3) 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.

4) 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.

5) 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.

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

7) 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.

8) 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.

9) 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.

This redline version of the official IEC Standard allows the user to identify the changes made to
the previous edition IEC 62623:2012. A vertical bar appears in the margin wherever a change has
been made. Additions are in green text, deletions are in strikethrough red text.
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IEC 62623 has been prepared by technical area 19: Environmental and energy aspects for
multimedia systems and equipment, of IEC technical committee 100: Audio, video and
multimedia systems and equipment. It is an International Standard.

This second edition cancels and replaces the first edition published in 2012. This edition
constitutes a technical revision.

The first edition of this standard was originally based on ECMA-383.

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

a) Additions to terms & definitions and modification to short & long idle descriptions.

b) Test setup modifications for notebooks where battery pack cannot be removed for testing.
c) Categorisation procedure based on ECMA-389 removed.

d) Replace majority profile with new duty cycle study including new duty cycle attributes for
desktop and notebook in a residential and enterprise application.

e) Removal of any reference and test methodology to ENERGY STAR V5.

The text of this International Standard is based on the following documents:

Draft Report on voting

100/3583/CDV 100/3669/RVC

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

In this standard, the following print types or formats are used:

— requirements proper and normative annexes: in roman type;
— notes/explanatory matter: in smaller roman type;
— terms that are defined in 3.1: bold.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

o replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside" logo on the cover page of this document indicates
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 colour printer.
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INTRODUCTION

This document-ireludes provides definitions of energy saving modes and generic energy saving |
guidance for designers of desktop and notebook computers, by defining a methodology on how

to measure the energy consumption of a product whilst providing key categorisation-eriteria
attributes that enable energy consumption comparisons of similar products.

This document is originally based on ECMA-383 and complements the guidance given in
IEC 62075.
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DESKTOP AND NOTEBOOK COMPUTERS -
MEASUREMENT OF ENERGY CONSUMPTION

1 Scope

This document covers personal computing products. It applies to desktop and notebook
computers as defined in 4.1 that are marketed as final products and that are hereafter referred
to as the equipment under test (EUT) or product.

This document specifies:
— a test procedure to enable the measurement of the power and/or energy consumption in
each of the EUT's power modes;

— formulas for calculating the typical energy consumption (TEC) for a given period (normally
annual);

| — a majority profile-that-sheould to be used with this document which enables conversion of
average power into energy within the TEC formulas;

— a pre-defined format for the presentation of results.

| This document does not set any pass/fail criteria for the EUTs. Users of the test results-should
define such criteria.

2 Normative references

There are no normative references in this document.

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

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp
31 Terms and definitions

3.1.1

active workload

simulated amount of productive or operative activity that the EUT performs as represented in

the Py« (se€ 4.2.12) and T,k (see 3.1.11.6) attributes of the TEC equation (see 5.6)
Documents
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3.1.2
category

classification within a product type that is based on product features and installed components

3.1.3
duty cycle
divisions of time the EUT spends in each of its individual power modes

Note 1 to entry: A duty cycle is expressed as a percentage totalling 1.

3.14

energy use

energy used by a product when measured from the mains power supply over a given period of
time

Note 1 to entry: Energy is measured in kilowatt hour.

3.1.5

external power supply

EPS

equipment contained in a separate physical enclosure external to the computer casing and
designed to convert mains power supply to lower DC voltage(s) for the purpose of powering the
computer

Note 1 to entry: This note applies to the French language only.
Note 2 to entry: The EPS is sometimes referred to as an AC brick.

Note 3 to entry: A reference to a document which outlines the testing procedures for measuring EPS efficiencies
(External Power Supply Efficiency Test Method) can be found in the Bibliography.

3.1.6
internal power supply
IPS

component contained—in—the-—same—physical-enclosure—te inside the computer casing and

designed to convert AC voltage from the mains power supply to lower DC voltage(s) for the
purpose of powering the computer components

Note 1 to entry: This note applies to the French language only.

Note 2 to entry: A reference to a document which outlines the testing procedures for measuring IPS efficiencies
(Generalized Internal Power Supply Efficiency Test Protocol) can be found in the Bibliography.

3.1.7

local area network

LAN

computer network located on a user’s premises within a limited geographical area

[SOURCE: IEC 60050-732-01-04]

Note 1 to entry: This note applies to the French language only.

Note 2 to entry: Currently the two primary technologies used in computers are IEEE 802.3 Ethernet or Wired LAN,
and IEEE 802.11 WiFi or Wireless LAN.

3.1.8

manufacturer

organization responsible for the design, development and production of a product in view of its
being placed on the market, regardless of whether these operations are carried out by that
organization itself or on its behalf

Documents
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3.1.9

typical energy consumption

TEC

number for the consumption of energy of a computer that is used to compare the energy
performance of like computers, which focuses on the typical energy consumed by an EUT for a
given profile while in normal operation during a representative period of time

Note 1 to entry: This note applies to the French language only.

Note 2 to entry: For desktops and notebook computers, the key criterion of the TEC approach is a value for typical
annual energy use, measured in kilowatt-hours (kWh), using measurements of average operational mode power
levels scaled by an assumed typical duty cycle that represent annualized use for a profile.

3.1.10
actual energy consumption

TEC measured using P,k

Note 1 to entry: The actual energy consumption is referenced as TEC_ , .-

3112

. y .
IEG_eSm‘.a.t_e.d_b_y_s.u.bs_t_l_t_H_t_l.ng_P. 1 1 . _ie#p
Notetto-entry—The-estimated-energy-consumption-isreferencedas TEC__,, . .-

3.1.11
duty cycle attributes
percentage of time the EUT spends in each of its individual power modes

Note 1 to entry: Examples of duty cycle attributes are defined in 3.1.12.1 to 3.1.12.7.

3.1.11.1
off component of duty cycle

Tott
percentage of time the EUT is in the off mode

3.1.11.2
sleep component of duty cycle

Tsleep and TsleepWoL

percentage of time the EUT is in the sleep modes

3.1.11.3
on components of duty cycle

TO n

percentage of time the EUT is in the on mode

T

sidle 4y

I—id—leT

Note 1 to entry: The 7, duty cycle is equal to the sum of the T,

work + idle”
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3.1.11.4
short idle component of duty cycle
T,

sidle
percentage of time the EUT is in the short idle mode

3.1.11.5

long idle component of duty cycle

Fidte Tidle

percentage of time the EUT is in the long idle mode

3.1.11.6

alternative low power component of duty cycle
Talpm

percentage of time the EUT is in the alternative low power mode

3.1.11.7
active component of duty cycle
T,

work
percentage of time the EUT is in the active (work) mode

3.1.12
user of the test results
entity that will utilise the test results to apply to their needs

Note 1 to entry: Examples of such an entity are voluntary agreement owners, regulators, private companies, etc.

3.1.13

wake on LAN

WolL

functionality that allows a computer to wake from sleep or off to an active state when directed
by a network wake request via Ethernet

Note 1 to entry: This note applies to the French language only.

3.1.14

graphics processor unit

GPU

integrated circuit, separate from the CPU, designed to accelerate the rendering of either 2D
and/or 3D content to displays

Note 1 to entry: GPU may be paired with a CPU, on the system board of the computer or elsewhere to offload
display capabilities from the CPU

3.1.15

discrete graphics

graphics processor (GPU) which must contain a local memory controller interface and local
graphics-specific memory

3.1.16
integrated graphics
graphics solution that does not contain discrete graphics

3.1.17

switchable graphics

functionality that allows discrete graphics to be disabled when not required in favour of
integrated graphics

Documents
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Note 1 to entry: This functionality allows lower power and lower capability integrated GPUs to render the display
while on battery or when the output graphics are not overly complex while then allowing the more power consumptive
but more capable discrete GPU to provide rendering capability when the user requires it.

3.1.18
system memory bandwidth
rate at which data can be read or stored into computer system’s memory

Note 1 to entry: System memory bandwidth is measured in gigabytes per second (GB/s).
3.2 Abbreviated terms
For the purposes of this document, the following abbreviated terms apply.

ACPI advanced configuration and power interface

NOTE 1 ACPI specification can be found here: http://www.uefi.org/acpi/specs

| ALPM alternative low power mode
CF crest factor
CFR crest factor ratio
CPU central processing unit

| DVI Digital Visual Interface
EPS external power supply
EUT equipment under test

NOTE 2 Also referred to as product in this standard and sometimes referred to as UUT (unit under test) in other
specifications.

FB_BW frame buffer bandwidth

| GPU graphic processing unit
HDD hard disk drive

| HDMI®1 High Definition Multimedia Interface
IPS internal power supply
LAN local area network
LPM low power mode
MR Motor Cooot Roctor
MCR maximum current ratio
oS operating system
PAPR profile active power ratio
PAWR profile active workload ratio
PCF product crest factor
PF power factor
RAM random access memory
RGB—red greenblue

| RMS root mean square
SSD——Solid-State Drive

| TEC typical energy consumption
THD total harmonic distortion

1 HDMI® and HDMI® High-Definition Multimedia Interface are trademarks of HDMI Licensing Administrator, Inc.

This information is given for the convenience of users of this document and does not constitute anaﬁz&ﬂfﬁ t
by IEC of the product named. Equivalent products may be used if they can be shown to lead o the en S
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WLE——Uitra Low Energy |
UPS uninterruptible power supply

VGA Video Graphics Array |
WolL wake on LAN

4 Specifications for EUT

4.1 Computer descriptions
411 Desktop computer

A desktop computer is a computer where the main unit is intended to be located in a permanent
location, often on a desk or on the floor. Desktops are not designed for portability and utilize an
external computer display, keyboard, and mouse. Desktops are designed for a broad range of
home and office applications.

4.1.2 Notebook computer

A notebook computer is a computer designed specifically for portability and intended to be
operated for extended periods of time either with or without a direct connection to an AC mains |
power supply. Notebooks utilize an integrated computer display and are capable of operation
from an integrated battery. In addition, most notebooks use an EPS or AC brick and have-an
integrated a non-detachable mechanical keyboard (using physical, moveable keys) and pointing
device. Notebook computers are typically designed to provide similar functionality to desktops,
including operation of software similar in functionality as that used in desktops. For the
purposes of this document, docking stations are considered accessories and, therefore, should

not be conS|dered as part of the EUT labiet_eempu%e#samm;qay—use%eueh-sensmw—sepeens

4.1.3 Two-in-one notebook

A computer which resembles a traditional notebook computer with a clam shell form factor, but
has a detachable display which can act as an independent slate/tablet when disconnected. The
keyboard and display portions of the product must be shipped as an integrated unit. Two-in-one
notebooks are considered notebooks in the remainder of this standard and are therefore not
referenced explicitly.

4.1.4 Multiscreen notebook

A computer which resembles a traditional notebook computer with a clam shell form factor but
has a secondary display with touch and/or pen capability that can be used as a touch screen
keyboard in place of a traditional mechanical keyboard. These products are considered to be
notebook computers for purposes of this standard.

4.1.5 Slate/Tablet

A computing device designed for portability that meets all of the following criteria:

a) Includes an integrated display with a diagonal size greater than 6,5 inches and less than
17,4 inches;

a) lacking an integrated, physical attached keyboard in its as-shipped configuration;

b) includes and primarily relies on touchscreen input; (with optional keyboard);

¢) includes and primarily relies on a wireless network connection (e.g., Wi-Fi, 3G, etc.); and

d) includes and is primarily powered by an internal battery (with connection to the mains for
battery charging, not primary powering of the device). Documents
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4.1.6 Portable all-in-one computer
A computing device designed for limited portability that meets all of the following criteria:

a) Includes an integrated display with a diagonal size greater than or equal to 17,4 inches;

b) lacking keyboard integrated into the physical housing of the product in its as-shipped
configuration;

c) includes and primarily relies on touchscreen input; (with optional keyboard);
d) includes wireless network connection (e.g. Wi-Fi, 3G, etc.); and

e) includes an internal battery, but is primarily powered by connection to the ac mains.

4.1.7 Integrated desktop computer

An integrated desktop computer is a desktop computer where the computer and computer
| display function as a single unit-receivirg-its and which is connected to AC mains power through
a single mains cable. Integrated desktop computers come in one of two possible forms:

— a product where the computer display and computer are physically combined into a single
unit; or
— a product packaged as a single product where the computer display is separate but is

connected to the main chassis by a DC power cord and both the computer and computer
display are powered from a single power supply.

As a subset of desktop computers, integrated desktop computers are typically designed to
provide similar functionality as desktop computers.

NOTE 1 An integrated desktop computer can also be referred to as an all-in-one computer.
4.2 Power modes
4.2.1 Off mode

Off mode is the lowest power mode which cannot be switched off (influenced) by the user and
that may persist for an indefinite time when the EUT is connected to the main electricity supply
and used in accordance with the manufacturer’s instructions. For products where ACPI
standards are applicable, off mode correlates to ACPI system level S5 state.

NOTE 1 Some international regulations also refer to this mode as standby mode.

422 Py

P represents the average power measured in the off mode.

4.2.3 Sleep mode

| Sleep mode is-the-lowest a low power mode that the EUT is capable of entering automatically
after a period of inactivity or by manual selection. An EUT with sleep capability can quickly
wake to a readable dlsplay in response to a wake event from network connections or user
interface devices-wi
usab#eumetu@eg—rendermg%f—dﬁplay For products where ACPI standards are appllcable sleep
mode most commonly correlates to ACPI system level S3 (suspend to RAM) state. When the
EUT is tested with the WoL capability disabled in the sleep state, it is referred to as sleep mode.
When the EUT is tested with the WoL capability enabled in the sleep state, it is referred to as
WolL sleep mode.

| NOTE 1 Low power sleep modes other than ACPI S3 can be supported.
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424 Py

Pgieep represents the average power measured in the sleep mode with the Wol capability
disabled.

4.2.5 PsleepWoL

Pgleepwol fepresents the average power measured in the sleep mode with the WolL capability
enabled.

4.2.6 Alternative low power mode

A low power mode that the computer enters automatically after a period of inactivity or by
manual selection that is defined by the display turning off and the computer entering a state of
reduced functionality. A computer with alternative low power mode must maintain immediate
responsiveness to network connections or user interface devices.

427 P

alpm

P represents the average power measured when in the Alternative Low Power Mode.

alpm

4.2.8 On mode

The on mode represents the mode the EUT is in when not in the sleep or off modes. The on
mode has several sub-modes that include the long idle mode, the short idle mode and the active
(work) mode.

429 P,

P,, represents the average power measured when in the on mode.

4.2.10 Idle modes
4.2.10.1 General

The idle modes are modes in which the operating system and other software have completed
loading, a user profile is created, the product is not in sleep mode or an alternative low power
mode, and activity is limited to those basic applications that the product starts by default. There
are two forms of idle that comprise the idle modes: short idle mode (see 4.2.10.2) and long idle
mode (see 4.2.10.4).

4.2.10.2 Short idle mode

The short idle mode is where the EUT screen is on, and long Idle power management features
have not engaged (e.g. HDD is spinning and the EUT is prevented from entering sleep mode or
alternative low power mode). This condition shall be up to 5 min after:

— ceased user input or

— OS boot or

— after completing an active workload or
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— after resuming from sleep mode or alternative low power mode

42103 P

sidle

Pgjqe represents the average power measured when in the short idle mode.

4.2.10.4 Long idle mode

Long idle mode is where the EUT’s display has entered a low-power state where display
contents cannot be observed (that is backlight has been turned off) but EUT remains in the
working mode (ACPI G0/S0). If power management features are enabled as-shipped, such
features shall be enabled prior to evaluation of long Idle (e.g. display is in a low power state,
HDD may have spun down), but the EUT is prevented from entering sleep mode or alternative
low power mode.

This condition shall be between 15 to 20 min after

— ceased user input or
— OS boot or
— after completing an active workload or

— after resuming from sleep mode or alternative low power mode

Pyie Pligie epresents the average power measured when in the long idle mode.

4.2.11 Active (work) mode

Active mode is the mode in which the EUT is carrying out user-initiated work in response to

— prior or concurrent user input; or
— prior or concurrent instruction over the network.

This mode includes active processing, seeking data from storage, memory, or cache, while
awaiting further user input or acting on concurrent user input and before entering-ether low

power modes. In this mode; the screen-is on-and set to-as-shipped brightness.

4212 P

work

P,k represents the average power measured when in the active mode.

4.3 Profile attributes
4.3.1 Profile

A profile is a combination of duty cycle attributes and a given use case (for example, office

users, home users, gamers). Documents
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NOTE 1 Refer to Annex A, Annex B and Annex C for further information on profiles.
4.3.2 Majority profile

The majority profile is the most common profile of users for desktop and notebook computers.

The majority profile should be used with this standard and is documented in Annex B. It provides
the duty cycle attributes and the profile TEC error that is used to determine the TEC equation
to be used in 5.6.

4.3.3 Minority profile

The minority profiles represent less common profiles of users of desktop and notebook
computers that are not represented in the majority profile. As an example, extreme gamers
represent a very specific profile but are a very small percentage of computer users.

4.3.4 Profile study

A profile study is a study performed to create a new profile for this standard. The study shall
generate, together with supporting data, the following:

— all the duty cycle attributes;

— the PAPR (see 4.3.6);

— the profile TEC error (see 4.3.9);
— the PAWR (see 4.3.7).

All data shall be derived from a statistically significant sample size that is representative of the
user population as a whole. Annex C provides guidance on how to conduct a profile study.

4.3.5 Product active power ratio

The product active power ratio is the ratio of P,/Pg;qie, OF the average on power divided by short
idle power for an individual product within a profile study.

4.3.6 PAPR

PAPR is the average of all the product active power ratios recorded in a profile study.

4.3.7 PAWR

PAWR represents the average ratio of P, /Pgiqe cOnducted on profile study products and is
used to validate that the active workload closely matches the profile study (through its PAWR).

4.3.8 Product TEC error
The product TEC error is the percent error calculation used in a profile study to evaluate how

much error exists for an individual product when directly measuring TEC versus estimating TEC

by substituting the static "short idle" power measurement for the measured P, power.

4.3.9 Profile TEC error

The profile TEC error is the average of the product TEC error in a profile study.

4.4 Categorisation attributes

4.4.1 General

Below are some examples of categorisation attributes&add%ﬁen&#%%ples—she&d—ﬁ—ﬁe&md—m
the—oo s roeletprloos B0 ocuments
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4.4.2 Cores

The cores attribute is the number of physical CPU cores in the EUT.

4.4.3 Expandability score (ES)

Expandability score (ES) is a result of a calculation designed to estimate a computer’s power
supply capacity based on the power draw, if each interface present in the system were operated
at their designed maximum voltage and current.

4.4.4 Performance score

Performance score is one of the categorisation attributes and is a measure of:

(number of CPU cores x CPU Clock speed (GHz), where the number of cores represents the
number of physical CPU cores and clock speed represents the maximum Thermal Design Power
(TDP) core frequency (not the turbo boost frequency).

4.4.5 Graphics capability

Graphics capability is categorized based on frame buffer bandwidth

4.4.6 TEC adders

A TEC adder is a power allowance expressed in kilowatt hour per year that when added or
configured to the EUT will increase its TEC by some amount. Examples could be:

— discrete graphics, memory including system memory bandwidth, network devices, 1/0O
devices, power supply size, etc.;

— for computer with an integrated-desktop-—computer display(s),—the each screen shall be
treated as an adder.

5 Test procedure and conditions, categorisation, TEC formula, meter
specifications and results reporting

5.1 General

The following procedure shall be used when measuring the power or energy consumption of the
EUT.

The user of this standard shall measure a sample of the EUT. The size of the sample shall be
appropriate to demonstrate compliance to the requirements set by the user of the test results.
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5.2 Test setup

The EUT and test conditions shall be set up as defined below.

The automatic display luminance control should be disabled for testing. If automatic display
luminance control cannot be disabled for testing, position a light source such that at least 300
lux directly enters the automatic display luminance control sensor.

a) The EUT shall be configured in accordance with the instructions provided with the product
(unless otherwise stated in this test procedure) including all hardware accessories and
software shipped by default. The EUT shall also be configured using the following
requirements for all tests:

1) Desktop and integrated desktop computers shipped without an input device shall be
configured with a manufacturer’s recommended input device (for example, mouse
and/or keyboard). No other external peripherals shall be connected.

2) Desktop computers shall be configured with an external computer display (the external
display energy consumption is not included as part of the TEC calculation).

3) Preparing external displays for desktop computers
i) Display connections priority:

a) If the EUT has a port that supports switchable graphics capable of automatic
switching, use that port.

b) If a discrete GPU is installed, connect to that GPU, except for where it conflicts
with(a) in this list.

c) If no discrete or automatically switchable GPU is installed, choose a connection
to an integrated GPU.

d) If multiple ports meet the requirements in(a) to (c) of this list, test with the first
available interface from Table 1.

Table 1 — External display connection priority

i. DisplayPort™?2
ii. HDMI®

iii. DVI

iv. VGA

v. Other (i.e. Thunderbolt 3, Composite Video, etc.)

ii) Display Resolution: An external monitor used in the testing of the EUT shall have a
minimum native resolution of 1920 x 1080 pixels with progressive scanning (1080p).
The EUT operating system shall be set to operate at a minimum of 1080p.

4) Notebook computers need not include a separate keyboard or mouse when equipped
with an integrated pointing device or digitizer. Slates/Tablets and Two-In-One
Computers shall be configured in a manner identical to Notebooks unless otherwise
specified.

5) Notebook computers shall be connected to the mains power source using the EPS
shipped with the product. Battery pack(s) shall be removed for all tests. For an EUT
where operation without a battery pack is not an end-user supported configuration, the
test shall be performed with fully charged battery pack(s) installed;-making-sure-toreport
this—configuration-in-the-test results and the state of the batteries as indicated by the

2 DisplayPort™ and the DisplayPort™ logo are trademarks of the Video Electronics Standards Association
(VESA®). This information is given for the convenience of users of this document and does not constitute an
endorsement by IEC of the product named. Equivalent products may be used if they can be shown
same results. naﬁﬂﬁients
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EUT’s user interface shall be "fully charged" or similar state. The test configuration
including any battery status indications, shall be reported in the test results.

6) For computers with integrated display the three black and white vertical bar video signal
as defined in 3.2.1.3 of IEC 60107-1:1997, "Methods of measurement on receivers for
television broadcast transmissions — Part 1: General conditions —Measurements at radio
and video frequencies," (Edition 3) shall be displayed on the screen. The three-bar
image shall be configured using the default image display application to set the display
brightness for power measurements which is detailed in 5.3.6.

7) A notebook, two in one notebook, tablets/slates, portable all in one and integrated
desktop computer shall include the power used by the integrated display in reported
results.

| NOTE 2 Additional specified luminance level conditions-may can be measured (see 5.3.6) and disclosed in the
reported results.
| 8) The sleep timer of the EUT shall be disabled or set to-30-min a time to prevent the EUT
from entering the sleep state during the idle or active tests.

Figure 1 illustrates a typical test setup for a notebook two-in-one notebook, slate/tablet,
portable all-in-one, and a desktop computer.

Il I
i1 True RMS (1T True RMS
[T watt meter [T watt meter
Line voltage Line voltage
conditioner
EPS
(AC brick) Power
—z () —y ()

Connected

Notebook  Network

Ethernet Wi-Fi
switch access
Desktop point

Ethernet Wi-Fi
switch access
‘ point

Equipment Under Test (EUT) "as shipped" in red circle

IEC

Figure 1 — Typical test setup

NOTE 3 Figure 1 shows wired and wireless connections. Only one is connected during test per 5.2c).

b) A true RMS watt meter that meets the meter requirements in 5.7 is placed between the
mains power supply and the EUT power supply. No power strips or UPS units shall be
connected between the meter and the EUT. The meter shall remain in place until all required
power mode data is recorded. The mains power supply shall meet the requirements in 5.4.

c) Forsleep, longidle, ALPM, short idle and the optional active measurements, the EUT energy
consumption shall be measured with network connectivity in one of the-twe three states
described below.

1) For an EUT with Ethernet port support, the EUT shall be connected to an active network
switch via Ethernet that supports the highest link speed supported by the EUT (the
network switch only needs to be connected to EUT but does not need to be connected
to-a-tive-network any other device, either WAN or LAN). Only a single network connection
needs to be made in the case of an EUT with multiple network connections. It shall also
support the minimum requirements needed to support additional power management

functions that are supported by the EUT. Documents
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As an example, the IEEE 802.3az-2010 specification supports power management of
Ethernet links that shall be supported by both the EUT and network switch.

To test this function, the switch shall also support this function. Power to alternative
network devices such as wireless radios shall be turned off for all tests. This applies to
wireless network adapters or device-to-device wireless protocols (for example,
Bluetooth, Wi-Fi, etc). Cellular network connections shall be disabled for testing.

NOTE 4 For examples of wireless network adapters, see IEEE 802.11.

2) For an EUT with only wireless connectivity, a live wireless connection to a wireless router
or network access point, which supports the highest and lowest data speeds of the client
radio, shall be maintained for the duration of testing.

3) For an EUT that does not support Ethernet, but supports some other sort of wired
network connectivity, that network shall be turned on and be in a connected state.

Some activities can cause variation in idle power during testing. The following is a partial
list of occurrences in newly built systems that are likely to cause noticeable variations in
idle power:

— Software updates

— Antivirus scans

— Drive Indexing

— Deferred activity from OS build process

d) The EUT shall be disconnected from the internet, anti-virus scans are not running and OS
updates are not occurring and turn off drive indexing.

e) Record the EUT description as required in 5.10.
f) Measure the test conditions as defined in 5.4 and record as required in 5.10.

g) The ambient light conditions of the test room shall be measured using a meter that meets
the requirements in 5.9 and set to the appropriate levels called for in 5.4.

5.3 Test procedure
5.3.1 General

The test procedures are listed in order of energy consumption. The specific procedure for
measuring each power mode shall be followed. However, the power measurements of each
energy mode can be made in any order and, if a TEC result is not required, the user does not
need to test all of the power modes.

5.3.2 Measuring off mode
To measure the off mode:

— place the EUT in off mode (see 4.2.1);
— Wol setting shall be in as shipped condition;

— set the meter to begin accumulating true power values at an interval of one or more readings
per second; and

— accumulate power values for 5 min and record the average (arithmetic mean) value
observed during that 5 min period as P .

5.3.3 Measuring sleep mode
To measure the sleep mode:

— switch on the EUT;

— once logged in with the operating system fully loaded and ready, close any open windows
so that the standard operational desktop screen or equivalent ready screen is displayed,

and place the EUT in sleep mode (see 4.2.3); Documents
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— reset the meter (if necessary) and begin accumulating true power values at an interval of
one or more readings per second,;

— accumulate power values for 5 min and record the average (arithmetic mean) value

observed during that 5 min period as Pgjeep:

— if testing both WoL enabled and WoL disabled for sleep, wake the EUT and change the
WolL from sleep setting through the operating system settings or by other means. Place the
EUT back in sleep mode and repeat test, recording sleep power necessary for this alternate

configuration as Pgjeepwol -

— For EUT that does not offer a Sleep Mode enabled by default, power shall be measured in
the lowest-latency user-activated mode or state that preserves machine state and is enabled
by default. If no such state separate from Long Idle or Off Mode exists, the measurement
shall be omitted.

5.3.4 Measuring alternative low power mode
To measure alternative low power mode:

— switch on the EUT;

— once logged in with the operating system fully loaded and ready, close any open windows
so that the standard operational desktop screen or equivalent ready screen is displayed,
and place the EUT in alternative low power mode (see 4.2.10.4 or 4.2.6);

— the EUT shall be allowed no more than 20 min from the point of ceased user input before
measurements must be started. If any default settings cause the EUT to enter long idle after
20 min, begin taking measurements when the EUT has reached the 20 min point;

— once the EUT has entered the alternative low power mode, reset the meter (if necessary)
and begin accumulating true power values for 5 min and record the average (arithmetic
mean) value observed during that 5 min period as Py ppy.

5.3.5 Measuring long idle mode
To measure long idle mode:

— switch on the EUT;

— once logged in with the operating system fully loaded and ready, close any open windows
so that the standard operational desktop screen or equivalent ready screen is displayed,
and place the EUT in long idle mode (see 4.2.10.4);

— the EUT shall be allowed no more than 20 min from the point of ceased user input before
measurements must be started. If any default settings cause the EUT to enter long idle after
20 min, begin taking measurements when the EUT has reached the 20 minute point;

— once the EUT has entered the long idle mode, reset the meter (if necessary) and begin
accumulating true power values at an interval of one or more readings per second;

— accumulate power values for 5 min and record the average (arithmetic mean) value
observed during that 5 min period as Pjye.

5.3.6 Measuring short idle mode
To measure short idle mode:

— switch on the EUT;

— once logged in with the operating system fully loaded and ready, close any open windows
so that the standard operational desktop background screen or equivalent ready screen is
displayed, and the image has been scaled to completely fill the display area,-setto-atleast
a—brightness—levelof if the EUT has an integrated display calibrate the EUT display
brightness to the closest brightness setting using a luminance meter focused on one of the
white bars in the three-bar black and white image detailed in 5.2a)6) to get the measurement
reading that is at least 90 cd/m? for a notebook computer or at least 150 cd/m? for integrated
desktop computers, slates/tablets and portable all in one computers, or.if thesDO@SUHNREeNts
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not attainable, set the product brightness level to the nearest achievable level, record the
level and place the EUT in short idle mode (see 4.2.10.2);

— after display brightness level is set, open an image of RGB 130, 130, 130 where the image
has been scaled to completely fill the display area using the default image viewing software
on the EUT;

— the EUT shall be allowed no more than 5 min from the point of ceased user input before
measurements must be started;

— once the EUT has entered short idle mode, reset the meter (if necessary) and begin
accumulating true power values at an interval of one or more readings per second;

— accumulate power values for 5 min and record the average (arithmetic mean) value
observed during that 5 min period as Pg;y,. Display sleep settings shall be disabled. Other

default settings that cause the EUT to exit short idle during the measurement time shall be
extended so that the EUT remains in short idle for the duration of the measurement.

— Additionally, only for notebook computers that demonstrate cyclical battery charging
patterns extend the short idle test long enough to capture the energy consumption over one
or more complete cycles. The extended test shall be conducted by keeping the unit in short
idle through minimal user input such as moving the mouse or pressing a key that does not
perform any action (e.g. shift, ctrl, tab). The EUT must remain in short idle during the entire
time of the extended test.

5.3.7 Measuring active power mode (optional, see 5.6)

To measure active mode:

— switch on the EUT;

— once logged in with the operating system fully loaded and ready, close any open windows
so that the standard operational desktop screen or equivalent ready screen is displayed,
and place the EUT in short idle mode (see 4.2.10.2 );

— load the active workload and prepare it to run;

— reset the meter (if necessary) and start the active workload. Begin accumulating true power
values at an interval of one or more readings per second;

— when the active workload indicates it has finished, record the average power as P

NOTE 1 Criteria for the active workload is defined in 5.6.4.

NOTE 2 Criteria for active mode efficiency will need to be developed to account for computer performance and
energy.

5.4 Test conditions

All tests carried out on the EUT shall take place under the conditions in Table 2.
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Table 2 — Test conditions

Mains power supply voltage | North America/Taiwan: 115 (1 %) V AC, 60 Hz (£1 %)

Europe/Australia/New 230 (1 %) V AC, 50 Hz (£1 %)
Zealand/China:

Japan: 100 (£1 %) V AC, 50 Hz (1 %) or 60 Hz (+1 %)

For products rated > 1,5 kW maximum power, the
voltage range is 4 %

THD (voltage) <2 % THD (< 5 % for products which are rated for > 1,5 kW maximum power)
Ambient temperature (23 £5) °C
Relative humidity 10 % to 80 %
Ambient light (250 £50) Lux

NOTE 1 The voltage and frequency tolerances defined in Table 2 can only be achieved through the use of a line
conditioner.

NOTE 2 It is recognised that the nominal voltage of some countries vary from the voltages defined above (for
example, China is 220 V and India is typically 240 V), however this document has limited the number of voltages
to be tested for worldwide compliance to three in order to minimise test overheads. Whilst the mains power supply
voltage and frequency will have some impact on the overall TEC score, the variation that will be seen between
230V, 220 V and 240 V will be minimal and well within the natural variation expected from testing to this document.

NOTE 3 Ambient light setting is only required if the display is sensitive to ambient light control and automatic
display luminance control cannot be disabled for testing.

5.5 Categorisation
5.5.1 General

Categorisation is a grouplng of product conflguratlons enabllng their relative energy use to be
compared. ;
with— ECMA-383. A categorlsatlon system is separate from thls document as Computer
categories change on a much quicker timescale than standards due to changing market needs
(local and international).

5.5.2 TEC adders

Since the configurations of base EUTs as defined in 5.6 can be altered with additional features,
this standard provides for TEC adders. TEC adders are intended to increment the TEC limit
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(provided by the user of the test results) for a given category of EUTs that include the attribute
identified by the TEC adder.

TEC adders may be provided for items-such-as-memeory,—graphics P\/tuners,—additionalHBD;
use—of an—-SSD,discrete—sound-cards,—discrete—network—cards discrete graphics , memory

including system memory bandwidth, add-in cards, storage devices, network devices, 1/0
devices, power supply size, integrated display, etc. The user of the test results should provide
the energy adders to be applied.

Where the discrete graphics component is treated as an adder, the FB_BW shall be used to
determine the adder value.

NOTE 1 FB_BW: Is the display frame buffer bandwidth in gigabytes per second (GB/s). This is a manufacturer
declared parameter and are calculated as follows: (Data Rate [MHz] x Frame Buffer Data Width [bits]) / (8 x 1 000)

To calculate the TEC adder energy consumption:

— determine which TEC adders apply and based on the allowances provided by the user of
the test results calculate the TEC adder value in kilowatt hour per TEC adder;
— apply any appropriate weighting that the user of the test results provides;

— report the overall TEC adder energy as defined in 5.10.

NOTE-4 2 Adders are defined in kilowatt hour/adder/year. The user of the test results provides the energy adder
information. Annex D provides examples on how adders are included in a TEC calculation.

5.6 Annualised energy consumption formulas
5.6.1 General

TEC is a weighted average of measured average power in specific EUT power modes: Off,
sleep/WolL sleep, long idle, short idle and active.

It is recommended that the majority profile found in Annex B be used with this document.

Should the user of this document choose to use a different profile, a profile study shall be
completed (4.3.4) and the profile TEC error determined.

If the profile TEC error is < 15 %, the user of this document shall use 5.6.2.

If the profile TEC error is >15 %, the user of this document shall use 5.6.3 and an active
workload shall be created that meets the criteria in 5.6.4.

NOTE 1 Annex D provides some examples of TEC calculations.

5.6.2 Estimated annualised energy consumption formula (estimated active workload)

TEC = (8 760/1 000) X [Py X Togg + P
Tiigle * Psidle * (Tsidle * Twork)]

estimated — sleep x Tsleep + ’QidJre Plidle x ;Fieue

100 % = £+ Tsleep * Fidte Tidie * Tsidle + Twork
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Where an alternative low power mode is used in place of sleep mode and long idle mode, power
in alternative low power mode (Palpm) may be used in place of both the power in sleep (P

and the power in long idle (P)ige)-

sleep)

TECestimated = (8 760/1 000) x [Poff x Tofs * Palpm X Talpm + Pgigle X (Tsidle + Twork)]

100%_T0ff+T

o alpm + Tsidle + Tw

ork

Where T, are components of the duty cycle and represent the weighted averages of the time
spent in each of the P, power modes.

Toss the percent time the product annually spends in the off mode;

Tsleep the percent time the product annually spends in the sleep mode;

TigieThiqie the percent time the product is annually on and in the long idle mode (screen

blanked);
Tgidie the percent time the product is annually on and in the short idle mode (screen not
blanked);
| Ta1pm the percent time the product is annually on and in the alternative low power mode;
Twork the percent time the product is annually on and in the active mode (screen not
blanked).

This is further illustrated in Figure 2.

P

<+ Lsidle

: Short idle energy ¢

Sleep energy Long idle energy (AVg Pgiqie) .

< Off energy (Avg Py (AVG Pgjoep) (Avg Pigie)
T T T; T, + 71
- off >l sleep >l idle >l sidle work = 100 %

- o IEC
NOTE 1 T,,, in the equation is used when there is computer active mode consideration, otherwise use 7, as a

proxy for active mode

NOTE 2 Figure 2 not to scale.

Figure 2 — Example of estimated annualised energy
consumption formula (estimated active workload)

5.6.3 Measured annualised energy consumption formula (with an active workload)

TECactuaI = (8 760/ 000) x (Poff x Toff + Psleep x Tsleep + ’QidJre Plidle x 1Tiehte
Tiigle * Psidie X Tsidle * Pwork * Twork)

100 % = Tyt + Tsieep * Fidie lidie * Tsidle * Twork

Where an alternative low power mode is used in place of sleep mode and long idle mode, power
in alternative low power mode (Palpm) may be used in place of both the power in sleep (P

and the power in long idle (P}4e)-

sleep)
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TECactuaI = (8 760/1 000) x (Poff x Toff + Palpm x Talpm + Psidle x Tsidle + Pwork x Twork)

100 % = Toff + Talpm + Tsidle

+ Twork

Where T, are components of the duty cycle and represent the weighted averages of the time
spent in each of the P, power modes.

T, the percent time the product annually spends in the off mode;

Tsleep the percent time the product annually spends in the sleep mode;

FiagieTiqle the percent time the product is annually on and in the long idle mode (screen
blanked);

Tsidie the percent time the product is annually on and in the short idle mode (screen not
blanked);

Ta1pm the percent time the product is annually on and in the alternative low power mode; |

Twork the percent time the product is annually on and in the active mode (screen not

blanked).

where P, is measured using an active workload created based on the criteria in 5.6.4.

This is further illustrated in Figure 3.

\'/VV‘ *— Pyork
5]
3
Work | &
energy
(Avg = "sidle
S Long idle energy Short idle energy Puork)
eep energy AV P (AVG Por)
< Off energy (Avg P) (AVg Pgjeep) (Avg Pigie) sidle
T T, T; T T
< off -l sleep >l idle >l sidle - work 100 %
. TOH -

IEC

NOTE Figure 3 not to scale.

Figure 3 — Measured annualised energy consumption formula
(with an active workload)

5.6.4 Criteria for an active workload

Should the profile TEC error be greater than the error defined in 5.6 an active workload shall
be created and the TEC 4, formula in 5.6.3 used.

The workload shall be created to ensure that the PAPR, determined as a result of a profile
study, comes within 15 % of the PAWR, determined by running the workload on the study
computers. The active workload shall consist of workload fragments representative of the

targeted profile:
- PAPR = Pon/Psidle

- PAWR = Pwork/PsidIe D t
ocuments

- 15 % > |(PAPR - PAWR)|/PAPR (absolute values)
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The P, formula is defined as
Pon = (Pigie Piidie * Figte Thidle * Psidle * Tsidle ¥ Pwork * Twork)/Ton

E /E

onwl — Eonstdy onstdy

where E,,, is the "on energy" calculated from the developed workload, and Eggtqy is the "on
energy" calculated from the energy study; or

‘ Eonwl = Pidie Plidle * Figte Thidle ¥ Psidie * Tsidle ¥ Pwork X Twork

Eonstdy = Pon X Top

Ton = Fidte Thidle * Tsidle * Twork
Resulting in the equation:
15 % > [Pigie Plidie X Fiate Tiidle * Psidie * Tsidle * Pwork * Twork = Pon * Tonl/(Pon * Ton)

NOTE 1 Criteria for active mode efficiency will need to be developed to account for computer performance, power
and energy consumed to run the workload.

5.7 True RMS watt meter specification
Approved meters shall include the following attributes:

— An available current crest factor of 3 or more at its rated range value. For meters that do
not specify the crest factor, the analyser shall be capable of measuring an amperage spike
of at least three times the maximum current measured during any 1 s sample of the
measurement.

— A bound on the current range of 10 mA or less.
— A minimum frequency response of 3,0 kHz or less.
— Report true RMS power (W) and at least two of the following measurement units:
e voltage,
e current, and
e power factor (PF).
The power measuring instrument shall be capable of meeting the requirements of 5.8 when
measuring the following:
e DC,
e AC with a frequency from 10 Hz to 2 000 Hz.

If the power meter contains a bandwidth limiting filter, it should be capable of being taken out
of the measurement circuit.

— The following attributes in addition to those above should be considered: the meter shall be
able to be calibrated by a standard traceable to International System of Units. The analyser
shall have been calibrated within the past year.

— If the meter is used in an automated setup, it shall have an interface that allows its
measurements to be read by the SPEC PTDaemon (see Bibliography). The reading rate
supported by the analyzer shall be at least one set of measurements per second, where a
set is defined as Watts and at least two of the following readings: Volts, Ampereﬁgggments
factor. The data averaging interval of the analyser shall be either 1 tinie (oref€r
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times the reading interval. "Data averaging interval" is defined as the time period over which
all samples captured by the high-speed sampling electronics of the analyser are averaged
to provide the measurement set.

It is also desirable for measurement instruments to be able to average power accurately over
any user selected time interval (this is usually done with an internal math calculation dividing
accumulated energy by time within the meter, which is the most accurate approach). As an
alternative, the measurement instrument shall be capable of integrating energy over any user
selected time interval with an energy resolution of less than or equal to 0,1 mWh and integrating
time displayed with a resolution of 1 s or less.

5.8 True RMS watt meter accuracy

Measurements of power of-4;6 0,5 W or greater shall be made with an accuracy of 2 % or better
at the 95 % confidence level. Measurements of power of less than-40 0,5 W shall be made with
an accuracy of-0;02 0,01 W or better at the 95 % confidence level. A further requirement of the
power measurement instrument shall have a resolution of:

— 0,01 W or better for power measurements of 10 W or less;

— 0,1 W or better for power measurements of greater than 10 W up to 100 W; and

— 1,0 W or better for power measurements of greater than 100 W.

All power figures shall be in watts and rounded to the second decimal place. For loads greater
than or equal to 10 W, three significant figures shall be reported.

For loads with a calculated effective maximum current ratio (MCR), as described below, of more
than 5, the uncertainty is adjusted using the following equation:

cfr - PCF
MCF

If the calculated value of CFR is less than 1,0 then the value of CFR used in subsequent
calculations shall be taken to be 1,0.

McR = EFR
PF

where

— the PCF is the measured peak current drawn by the product divided by the measured RMS
current drawn by the product;

— the PF is a characteristic of the power consumed by the product. It is the ratio of the
measured real power to the measured apparent power.

a) Permitted uncertainty for values of MCR <10

For measured power values of greater than or equal to 1,0 W, the maximum permitted relative
uncertainty introduced by the power measurement equipment, shall be equal to or less than
2 % of the measured power value at the 95 % confidence level.

For measured power values of less than 1,0 W, the maximum permitted absolute uncertainty
introduced by the power measurement equipment, U,,,, shall be equal to or less than 0,02 W

at the 95 % confidence level.
b) Permitted uncertainty for values of MCR >10

The value of Uy shall be determined using the following equation:
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Upe = 0,02 x [1+ (0,08 x {MCR-10})]
where Upc is the maximum permitted relative uncertainty for cases where the MCR > 10.

For measured power values of greater than or equal to 1,0 W, the maximum permitted relative
uncertainty introduced by the power measurement equipment shall be equal to or less than Upe

at the 95 % confidence level.

For measured power values of less than 1,0 W, the permitted absolute uncertainty shall be the
greater of Up, (0,02W) or U,, when expressed as an absolute uncertainty in

w (UIDC x measured value) at the 95 % confidence level.

For ease in making the measurements, it is recommended that the power measuring instrument
detects, indicates, signals and records any "out of range" conditions.

NOTE 1 Although a specification for the power meter in terms of allowable crest factor is not included here, it is
important that the peak current of the measured waveform does not exceed the permitted measurable peak current
for the range selected, otherwise the uncertainty requirements above will not be achieved.

For products connected to more than one phase, the power measuring instrument shall be
capable of measuring the total power of all phases connected.

Where the power is measured using the accumulated energy method (see 5.3.3) the calculated
power measurement uncertainty shall meet the above requirements.

5.9 Ambient light meter specification
If the EUT supports an automatic display luminance control and cannot be disabled for testing,

then the EUT shall be tested in an environment that meets the ambient light requirements
defined in 5.4.

A meter used to measure the ambient light conditions shall measure illumination and shall meet
the-folowing requirements listed in Table 3.

Table 3 — Ambient light meter specifications

Resolution Accuracy

10 Lux +5%

5.10 Reporting of results

The following minimum information shall be reported. The format is an example format only; the
user of this document may use any format of choice.

1. EUT description

Manufacturer

EUT code / Model number

EUT Type:
Notebook computer a Desktop computer a Integrated desktop computer a
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Operating System: Windows 1 Mac 0S Chrome [I Other

Operating system version details:

For notebook computers:

Battery pack removed during test Yes [ No 0 If no then:

Fully charged battery pack used Yes [I

2. EUT category (only required if a TEC result is recorded)

Category (include the date extension):

List any TEC adders applied-{ret-applicable-for ULE category):

3. Results

All boxes shall be completed if a TEC result is recorded.

Power mode Recorded average Watts (P)

Off mode (P,,)

Sleep mode (P.,)

Sleep mode
(PsleepWoL)

Long idle (2.} 416)

Short idle (Py,)
Active mode (P, )*
*If applicable
TEC (no Wol.):
TEC (with WoL):
TEC adder allowances (if applicable)
Maijority profile used Yes [ No 0

If No — description of profile used:
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4, Test conditions

Sample size tested:
Name/model of meter used:
Supply voltage (V):

Supply frequency (Hz)

THD (voltage) (%):
Ambient temperature (°C):
Relative humidity (%):
Ambient light (Lux):

5. Declaration

Name:

Position in company:

Signed:

Date:
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Annex A
(informative)

Overview of profile methodology

Profiles are an important concept in this document and the approach taken is to focus on a
single (majority) profile for measuring TEC versus supporting multiple profiles. This annex
outlines the reasons for this approach, and other approaches explored in the development of
this document.

The computer is a general purpose device, and the TEC consumed by that device is very
dependent on how it is used. While a computer can be described through categorisation, this
only defines the attributes of the computer hardware and software. This computer (defined by
a category) can then be used in many ways (defined by a profile) that will result in different
TEC values (on the same computer).

For example, a computer "C1" is being purchased by users "U1" and "U2". U1 works in a large
enterprise and primarily uses a suite of office applications over an office day (typically five days
per week and allowing for holidays). He will get a TEC value of T1. U2 uses the same computer
at home for Internet access and email with family members and gets a different TEC value of
T2. The values of T1 and T2 are different, yet were generated by the same computer. Both TEC
results are correct, but as this example demonstrates, the TEC value is influenced based on
the usage profile.

Therefore when trying to get an accurate value of TEC, it is important to not only note the
category of the computer, but to also describe the profile of how it is used.

Creating a standard which produces multiple TEC estimates for a single computer is confusing,
and overly complicated. Therefore the approach taken by this document is to focus the TEC
value on a single profile which represents a "typical" user and to base the profile attributes (T,

Tsieep FiateTiidier Tsidle Twork) @round this single typical profile called the majority profile.

For this document, a typical profile is defined as a profile that represents how a majority of
users use a computer. Consider the user base as a bell curve where the majority of users fall
within the majority profile and the other minority profiles fall outside this range, as shown in
Figure A.1.

=

Bell curve

Population

TN

£\
/ \

Majority profile \

Minority profiles

¢/

Minority profiles

\

=
Profiles
IEC

Figure A.1 — Example of a typical profile
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Statistical data for profiles is readily available to determine a majority profile (and the minority
profiles). This document focuses on the majority profile and creates duty cycle attributes
based on that profile to generate the TEC values. It is recognized that users of computers who
do not match the majority profile will experience different TEC 4,5 values based on their usage

of the computer, however the methodology makes a compromise to reduce the complexity and
use of TEC such that a majority of users will experience accurate TEC¢;imateq Values based on

their "majority usage".

A similar approach has been taken in other industries such as estimating kilometres per litre for
automobiles. Here there are two profiles of usage (highway and city driving) that are used to
describe the efficiency of cars globally. But this represents how a majority of users would use
that automobile, and actual mileage will vary based on how that user actually drives. The
majority of users will experience fuel mileage close to the estimates, but for a minority of users
the mileage will vary.
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Annex B
(informative)

Majority profile

The first edition of IEC 62623 provided a majority profile based on a previous enterprise profile
study conducted in 2010 by the ECMA-383 workgroup. In 2019 the US Environmental Protection
Agency (EPA) reported at one of its ENERGY STAR stakeholder meetings the outcome of an
extensive mode weightings study. The result was a change to the mode weightings in the
version 8.0 Computers specification for Desktops and a proposed change for Notebooks for
version 9.0.

The EPA had received over 700 000 individual desktop and integrated desktop data points
across multiple manufacturers, product types, user profiles including enterprise and residential
and across different geographical areas/regions. Similarly, for Notebooks the EPA had received
1,2 million individual data points with an equivalent variety and breadth as reported for
Desktops.

The additional data enabled the EPA to separate long and short idle from sleep power mode
and also allowing a further refinement of the non-active power mode values. The scale of
breadth of the data set provided justification that these duty cycle attributes are representative
of aggregate current behaviour of deployed desktops operating within enterprise and residential
environments.

Duty cycle attributes of a profile are defined in 4.3.1. The use of the majority profile is
recommended in 4.3.2. The recommended majority profile for use with this document is based
on both enterprise and residential users-{peeople-using-computers-in-smal-to-large businesses
primarilyfocused-on-office-productivityapplications) and is documented in Table B.1.

Table B.1 — Duty cycle attributes for the enterprise and residential
majority profile duty cycle study

Desktop computer Notebook computer

Fost 45 % 259,

Foreep ™ FsteepwoL 5% 35%

Trate e S

sidle 35% 30-%

Fuork 6% 0%
Tost 15 % 10 %
Tgieep OR Tieepwol 45 % 60 %
Tigte 10 % 10 %
Tsidie 30 % 20 %
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Elmeees
- - Measured AC power - - Calculation - -
Active -Shortidle Long-idle Sleep Off et Elesle Yzrres
242 240 15:0 +5 65 79 78 6.6
22:2 249 20:5 5 05 87 87 07
25:3 25:3 186 +5 65 94 94 66
22,1 22,1 108 15 05 |77 77 0,0
12;0 90 90 5 05 43 39 87

Ecma-383 Energy Study (Enterprise
Profile) TEC Error Summary

0% 2% 4% 6% 8% 10%

Josi3 9feleny % 7T

o
[[FT T
i

11

13

15 ——

17

IEC 2120/12

Figure B.1 — TEC error summary chart

This results in the following TEC equations for-the typical enterprise and residential majority
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protiie Documents

Document Sharing Hub

Full document details: IEC 62623 2022 RLV


http://avadocuments2026.com/doc/iec-62623-2022-rlv
http://avadocuments2026.com/doc/iec-62623-2022-rlv

IEC 62623:2022 RLV © |IEC 2022 - 37 -

Desktop TEC o ymate =876 (Lo 45-%+Py 055 %ot Py 15-%+ Py

Notebook TEG  mate =878 %P x25-%+ Py o x-35-%+-Pig o 10 %+ P30 %)

Desktop TEC sgtimated = 8:76 * (Poss X 15 % + Pgoep X 45 % + Pjigie X 10 % + Pgigie * 30 %);

Notebook TECestimated = 8,76 X (POff x 10 % + Psleep x 60 % + Plidle x 10 % + Psidle x 20 %)
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Annex C
(informative)

Method for conducting a profile study

C.1 General

If the majority profile is not used with this document, the user should ensure that the profile
used has been created through a profile study.

C.2 Profile study example

A majority of client users of computers consist of enterprise (for example, office) users, so a
profile study is performed around "enterprise users" as the majority profile.

A-large statistically significant number of computers are instrumented to gather utilisation data
based around how the computers are used. The duty cycle attributes Ty, Tjeep, and Ty, are

recorded. This study is performed for a minimum of one year. The average value of Tog, Tjeep
and T,, are then reported as part of the study along with the sample time and number of
samples.

The second stage of the study requires computers to be instrumented and used by users that
fit within the study profile to measure their on power and capture on utilisation (F;4107}id1es Tsidle

and Tyork)- While this sample of computers cannot be as large as the first sample (cost

reasons), it should be a large enough sample to draw a number of conclusions with a mix of
different computers from different client computer categories:

and T,

work ratios for this given profile;

| — the average-Figie Tiidier Tsidle
— the PAPR;

— the profile TEC error.

The profile study should provide a description and attributes of the computers used in the study
including how the data was collected and calculated.

The example in Table C.1 illustrates some data from a profile study and shows eight computers
with measured-2,y, Pigie: Psigle @aNd Py,. The product active power ratio is calculated for each

computer (Py./Psiqie) @nd then the PAPR is calculated by taking the average of all of the product
active power ratios.
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Table C.1 - Profile study 1

Measurement NB1 NB2 NB3 DT1 DT2 DT3 DT4 DT5
P s 1 1 1 1,6 1,6 1,6 1,6 1,6
PSleep 1,5 1,5 1,5 2,8 2,8 2,8 2,8 2,8
P d1ePidle 22,7 19,3 22 39,3 55 120,9 210,5 168,1
Pgidle 32,8 28,2 28,1 39,3 55 120,9 210,5 168,1
P, 34 28,7 30,3 40 56,5 122,8 227,3 168,7
Product active power 1,03 1,02 1,08 1,02 1,03 1,02 1,08 1
ratio
PAPR 1,04
NB = Notebook computer
DT = Desktop computer

The product active power ratio was a good way of representing the computer's active power
and shows how much higher it is than when the product is in a short idle state. Because this is
a ratio, it allows various products with different absolute power values to be examined together
(notice the ratios for desktops which are in the 100 W range can be combined with notebook
ratios which are in the 20 W to 30 W range).

The PAPR is then used as an attribute to describe what the active workload should look like
(if needed). In the case of this profile, the active workload is very close to the short idle power
measurement.

Additionally the profile study needs to provide duty cycle attributes for the profile. This can be
done in two parts, the first to determine the duty cycle attributes of off, sleep and on modes
for the computer (To¢, Tgjeep @nd Top), and the second to determine the components of the on

mode duty cycles (Fig1oTlidier Tsidle @8Nd Tyork) as listed in Table C.2.
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| Table C.2 - Profile study, duty cycles

Measurement NB1 NB2 NB3 DT1 DT2 DT3 DT4 DT5
| T Thate 6% |46% |13% [00% [00% [00% [00% |00%
Togie 159% |199% |112% |372% |213% |267% |63% |365%
T ok 126% |55% |175% |28% |187% |133% |337% |35%
NB DT
| Profile 7,4, 7110 2,5% 0,0 %
Profile T, 15,7 % 25,6 %
Profile T, 11,9 % 14,4 %

work

NB = Notebook computer

DT = Desktop computer

With this data, the TEC,,4 @and TEC gtimateq Values can then be calculated. The TEC 4 is
calculated by using the P, for the average on power, while the TECtimateq IS Calculated using
the measured 2,4.Pjidier Psidier Fidtelidler Tsidler Twork @nd using Pg;qc @s an approximation of
the P, Power. This is summarized in Table C.3.

Table C.3 - Profile study, TEC,.¢,5 and TEC 4{imateq Calculations

Measurement NB1 NB2 NB3 DT1 DT2 DT3 DT4 DT5
TEC, ual 96,0 82,1 86,3 149,1 206,9 439,2 805,4 600,1
TEC, . qtimated 90,7 78,8 79,2 146,6 201,7 432,6 746,5 598,0
Product TEC error 5,6 % 4,0 % 8,3 % 1,6 % 2,5% 1,5 % 7,3 % 0,4 %
PAPR 3,9 %
NB = Notebook computer
DT = Desktop computer

An example of TEC 4 @nd TEC sgtimateq Calculations are shown below for the NB1 data:
TECactuaI = 8,76 x (Toff x Poff + Tsleep x Psleep + ('TidleTlidle+Tsidle+Twork) x Pon)
TEC ctya) = 8,76 X (60 % x 1 W + 10 % x 1,5 W + (2,5 % +15,7 % + 11,9 %) x 34 W)

TEC = 96,2 KWh

actual
The TEC,t,q is calculated by using the measured P,, which is the average power of the

computer measured over the time for which the computer was on (hence the weighting factor
was the sum of all of the active weightings: ;4o T\idier Tsidie @9 Twork)-

TECestimate
but then substituting P

q uses the measured ;g Tjiqie @and Tg;qe With the appropriate weighting factors,

which is statically measured, with the P, value:

sidle’ wor

TECestimated = 8:76 X (Toff * Posf + Tsjeep * Psieep * FidieTlidle *Pidte Llidle T
(Tsidte* Twork) * Psidie) Documents
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TECeqtimateg = 8:76 X (60 % x 1 W +10% x 1,5 W +2,5 % x 22,7 W +
(15,7 % + 11,9 %) x 32,8 W)

TECestimated = 90,8 KWh

To understand how the estimated value (which does not require the testing of an actual
workload) impacts the product TEC error the following calculation is used:

[TECactuaI - TECestimated] / (TECactual)

(96,2 — 90,8)/96,2 = 5,6 % error

NOTE 1 The mode weightings used in the above TEC.simates Calculations were based on previous profile study and
does not reflect the updated PC duty cycle (mode weightings) in the standard, based on most recent profile study
(Table B.1)

These same calculations are done for all of the products, and then the product TEC error is
averaged to give the profile TEC error of 3,9 %.

In this case the profile study would recommend that for this profile the TEC does not require an
active workload and all submitted TEC values for this profile can be estimated using the short
idle TEC estimation.

For the case where the profile study showed a much higher profile TEC error, then the active
workload would have to be created to allow the P, attribute to be measured. The active

workload would have to be created from code fragments represented by the profile usages,
but-shall would also guarantee that the PAPR is within 15 % of the PAWR, as shown in 5.6.4:

—~ PAPR =P, /P
- PAWR = Pwork/PsidIe

sidle

_ 15 % > |(PAPR - PAWR)|/PAPR (absolute values).
or

- 15%> TECactuaI - TECestimated /TECactuaI

where,

TEC,ctual = 8,76 X (Pogt X Toff + Psjleep x Tsleep * Pidle Plidle *Fidle Tlidle * Psidie * Tsidle * |
Pwork x Twork)

TECqstimated = 8.76 X (Poft X Tofs + Psieep * Tsleep T Piste Llidie *Figte Tlidle T Psidle * (Tsidie + |
Twork))

resulting in the following formula to qualify the Energy Study for the need of an active workload:

- 15% > (P
+P

X Twork ~

work Psidle x Twork)/(Poff x Toff + Psleep x Tsleep + PidJre Plidle xlidnle Tlidle

sidle * Tsidle + Pwork x Twork)
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Annex D
(informative)

Sample TEC calculations

D.1 General

This annex will go through two TEC calculation examples: notebook computers and desktop
computers.

D.2 Notebook computer example

=433~ Documents

Document Sharing Hub

Full document details: IEC 62623 2022 RLV


http://avadocuments2026.com/doc/iec-62623-2022-rlv
http://avadocuments2026.com/doc/iec-62623-2022-rlv

IEC 62623:2022 RLV © |IEC 2022 - 43 -

An example notebook computer has a configuration as follows:

— 6 core CPU;

— 14,1in (35,8 cm) display;

— 32 Gbytes of memory;

— integrated graphics controller.

For this given notebook computer example the tests outlined in Clause 5 are performed and the
results are summarized below:

Py= 0,30 W
Pyjoep = 1,68 W
Paigle = 6,94 W
Pjige = 1,68 W

The majority profile dictates the use of the TEC formulae:

Notebook TEC 8,76 x (Posy X 10% + Pyiegp X 60% + Pgigig X 20% +Pjigie X 10%);

estimated — sidle

and filling in the measured values:

Notebook TEC stimated = 876 % (0,3 x 10% + 1,68x 60% + 6,94 x 20% + 1,68 x 10%);

therefore,

Notebook TEC gtimated = 22,72 kWh/Year.

This TECggtimateq Value may require the addition of one or more TEC adders associated with
the category, resulting in a final TEC value.

In this case the user of the specification would determine if the TEC value passed or failed
depending on the value of the calculated limit:

Pass: 22,72 kWh < [TEC Limit + 2*x]
Fail: 22,72 kWh > [TEC Limit + 2*x]

D.3 Desktop computer example
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