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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.

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. Documents
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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,

e 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 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 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 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 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

3.1 Terms and definitions

3.11

active workload

simulated amount of productive or operative activity that the EUT performs as represented in
the P (see 4.2.12) and T,k (see 3.1.11.6) attributes of the TEC equation (see 5.6)

work

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. Documents
Document Sharing Hub
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3.1.4

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 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

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. Documents
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3.1.10
actual energy consumption
TEC measured using P,k

Note 1 to entry: The actual energy consumption is referenced as 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

Tost
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
T,

on
percentage of time the EUT is in the on mode

T,

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

work + sidle +
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
Tiidie

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

Twork

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.

Documents
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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

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 Documents
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GPU graphic processing unit
HDD hard disk drive

HDM|®1 High Definition Multimedia Interface
IPS internal power supply

LAN local area network

LPM low power mode

MCR maximum current ratio

0Ss operating system

PAPR profile active power ratio
PAWR profile active workload ratio
PCF product crest factor

PF power factor

RAM random access memory
RMS root mean square

TEC typical energy consumption
THD total harmonic distortion
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 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 considered as part of the EUT.

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

T 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 ana&eﬂfﬂ t
by IEC of the product named. Equivalent products may be used if they can be shown to lzad ‘o the en S

Document Sharing Hub

Full document details: IEC 62623 2022


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

IEC 62623:2022 © |IEC 2022 -13 -

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.

41.5 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;

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

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

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

e) includes and is primarily powered by an internal battery (with connection to the mains for
battery charging, not primary powering of the device).

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 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

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

4.2.2 Py

P represents the average power measured in the off mode.

4.2.3 Sleep mode

Sleep mode is 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
display in response to a wake event from network connections or user interface devices. For
products where ACPI standards are applicable, 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
WolL capability enabled in the sleep state, it is referred to as WoL sleep mode.

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

424 P

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

4.2.5 PsleepWoL

PgleepwolL represents the average power measured in the sleep mode with the WoL 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,1pm represents the average power measured when in the Alternative Low Power Mode.

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

on

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). Documents
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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

— after resuming from sleep mode or alternative low power mode

42103 P

sidle

Pgiqie Fepresents 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

4.210.5 Py

Pjq1e represents 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 low power
modes.

4212 P

work

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

wor

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).
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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,,/Ps;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.
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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, 1/0
devices, power supply size, etc.;
— for computer with an integrated display(s), 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.

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.

Documents

Document Sharing Hub

Full document details: IEC 62623 2022


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

- 18 — IEC 62623:2022 © IEC 2022

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 and the state of the
batteries as indicated by the 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 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 a time to prevent the EUT from
entering the sleep state during the idle or active tests.

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

i I
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Equipment Under Test (EUT) "as shipped" in red circle
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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, shortidle and the optional active measurements, the EUT energy
consumption shall be measured with network connectivity in one of the 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 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.

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 Documents
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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;

— setthe 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);

— 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 Psleeps

— 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);
Documents
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— 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 Pjjje-

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, 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 these levels are 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;q4,. 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.
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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.

Table 2 — Test conditions

Mains power supply voltage | North America/Taiwan: 115 (x1 %) V AC, 60 Hz (£1 %)

Europe/Australia/New 230 (x1 %) 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
230 V, 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 grouping of product configurations enabling their relative energy use to be
compared. A categorisation system is separate from this document as computer categories
change on a much quicker timescale than standards due to changing market needs (local and
international).
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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
(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 discrete graphics , memory including system memory
bandwidth, add-in cards, storage devices, network devices, 1/0O 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 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)

TECestimated = (8 760/1 OOO) x [Poff x Toff + Psleep x Tsleep + Plidle x Tlidle + Psidle x (Tsidle + Twork)]

100 % = Tott * Tsteep * Thidle * 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};ge)-

sleep)
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TECestimated = (8 760/1 000) x [Poff x Toff + Palpm x Talpm + Psidle x (Tsidle + Twork)]

100 % = Tots *+ Tatpm * 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.

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

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

Tiidie 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);

Taipm 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.

Il Psidle

: Short idle energy ¢

Sleep energy Long idle energy (AVg Pgiqie) .

Off energy (Avg Py (AVG Pgjoep) (Avg Pigie)
T T T; T, + Ty
- 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)

Tsieep * Piidie * Thidie * Psidie * Tsidle * Pwork X

T,

work)

TEC cua = (8 760/1 000) X (Pogg X Togg + P,

X
sleep

100 % = Togs * Tsleep * Thidle * 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)

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

100 % = Tots + Tajpm *+ Tsidle + Twork
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Where T, are components of the duty cycle and represent the weighted averages of the time
spent in each of the P, power modes.

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

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

Tiidie 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).

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

This is further illustrated in Figure 3.

\A /VJA P, ok

Work
energy
(Avg  f=—Psigie

Power

Off energy (Avg P)

Sleep energy
(Avg Psleep)

Long idle energy
(Avg Pigie)

Short idle energy
(Avg Pigle)

P Work)

Toff . Tsleep o T\dle . Tsid\e . T‘.«.’ork 100 %

on

A
Y

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,, 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
- 15 % > |(PAPR - PAWR)|/PAPR (absolute values)

The Pon formula is defined as Pon = (Plidle x Tlidle + Psidle x Tsidle + Pwork x Twork)/Ton
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where E,,, is the "on energy" calculated from the developed workload, and Eonstdy is the "on
energy" calculated from the energy study; or

Eonwl = Plidie X Tiidle * Psidie X Tsidle ¥ Pwork * Twork

E Pon % Ton

onstdy ~ ‘on

Ton = Tiidle * Tsidle * Twork

Resulting in the equation:

15%>|Plidleleidle+P szidIe+P xTwork_PonxTonl/(PonxTon)

sidle work

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, Amperes and power
factor. The data averaging interval of the analyser shall be either 1 time (preferred) or 2
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 calculatMﬁments
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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 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 0,5 W shall be made with an
accuracy of 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 = FCF
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 = ﬁ
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 Upce shall be determined using the following equation:

Upe = 0,02 x [1+ (0,08 x {MCR-10})]

where U, is the maximum permitted relative uncertainty for cases where the MCR > 10.
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