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This document was prepared as an account of work sponsored by the UKitggilom Government in
support of the Superefficient Equipment and Appliance Deployment (SEAD) initiative. While this
document is believed to contain correct information, neither the United Kingdom Government nor any
agencies thereof, SEAD participatingu@mments nor any agencies thereof, the SEAD Operating Agent,
Tenvic Ltd, nor any of their employees, makes any warranty, express or implied, or assumes any legal
responsibility for the accuracy, completeness, or usefulness of any information, apparabaisiqb, or
process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to
any specific commercial product, process, or service by its trade name, trademark, manufacturer, or
otherwise, does not necessarily catitsite or imply its endorsement, recommendation, or favouring by the
United Kingdom Government or any agency thereof, SEAD participating Governments or any agencies
thereof, the SEAD Operating Agent, or Tenvic Ltd. The views and opinions of authors exphessin do

not necessarily state or reflect those of the United Kingdom Government or any agency thereof, SEAD
participating Governments or any agencies thereof, the SEAD Operating Agent, or Tenvic Ltd.
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Theamount of energy used during the active mode of desktop and notebook computers is an important
consideration in overall comput@nergy efficiency. Despite this, active mode energy efficiency is not
addressed by any major engy efficiencynitiative.Hurdles to the inclusion of active mode energy
efficiency appear to stem from a desire not to adversely impacehpatational performance and a lek of
suitable test procedures. It is shown thabme computer performance benchmark applications on the
market may hold promise to support the inclusion of active mode energy efficiency specifications within
energy efficiency initiatives, btihat further work is required in the area. It is also shown ttlabugh the
development of a simplistic test procedure, active mode energy efficiencies can, to a certain extent, be
addressed in environmental initiatives therein encouraging further eneffjgiency improvements

without impacting computational performance.
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The majority of office and domestic computers do not have a singular power demand, rather they have a
range of diffeent power demands. The differing power demands are a result of computers having

di fferent states of operation, of t differingpodrstades ©p o v
reflect differing levels obperational performance ranging from aeti mode, where computational work is

being conducted to off mode, where the computer is in an off state and therefore providing no

functionality to the user.

Current initiatives which seek to encourage improvements in the energy efficiency of computetdde
focus on the same set of power modewhilst these power modeaccount for the majority of time spent
a computer spends in different power modes, there are other power modes such as active mode that may

hold opportunities for further energy savings.

This report investigatesvhether or not current initiatives are focusing ¢time most appropriate power
modes to encourge increased energy efficiendy.special focus is given to discussing the active mode
power demandn computers which has noyet beenaddressed in any major energy efficiency initiatize
identify whether or not this power mode should be addressed and if so how energy efficiency initiatives

could go about its inclusion in energy efficiency specifications.
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In orderto assess whethermor notenergy efficiencynitiatives are focusing orthe most appropriate power
modes it is first necessary to describe tlpwwer modes found in computers and within which initiatives

they are used.

Power ModeDefinitions

This section of the report introduces the main power modes found in computers and identifies how the
power modes are mapped to different types of computers in the main initiatiVéh the exception of
Maximum Powerthe definitions below aréaken from the ENERGY STAR v6.1 specification for

computerst

Maximum PowerThe power state in which the computer is using the maximum amount of power

possible. This power mode is not normally entered during normal usage of a computer and is instead only
seen when specifically designed programmes to stress either the Central processing unit (CPU) or
graphical processing unit (GRG} both, are installed onto a computer. Maximum power could be

considered as the highest power demanding active state in iagater.

Active Stae: The power state in which the computer is carrying ageful work in response to either a
prioror concurrent user input gorior or concurrent instruction over the network. Active Steteéormally
considered to includactive processing, seeking data from storage, memory, or cache, including Idle State

time while awaiting further user input and before entering low power moddse amount of work being

1 US EPA, ENERGY STAR® Program Requirements Product Specification for Computers Eligibility Criteria Version 6.1, availal
from http://www.energystar.gov/products/certified products/detail/7629/partners



http://www.energystar.gov/products/certified-products/detail/7629/partners
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conducted can vary significantluring active states and so computewill typically have many different

power demands during this mode.

Idle State:The power state in which the operating system and other software have completed loading, a

user profile has been created, activity is limited to those basic applicationghbkaystem starts by

default, and the computer is not mSleep Mode.

Idle State has more recently be@momposed of two substates: Short Idle and Long Idle.

- Long IdleThemode where the Computer has reached an Idle condition and the main Computer
Disgay has entered a lowpower state where screen contents cannot be observed.

- Short IdleThe mode where the Computer has reached an Idle conditianithe screen is onLong
Idle power management features have not engaged (e.g. HDD is spinning and theu@uoris

prevented from entering sleep mode).

Sleep ModeA low power mode that the computer enters automatically after a period of inactivity or by
manual selection. A computer with Sleep capabili
or user interface devices with a latency of less than or equal to 5 seconds from initiation of wake event to
system becoming fully usable including rendering of display. For systems where ACPI standards are
applicable, Sleep Mode most commonly correlatesMOPI System Level S3 (suspend to RAM) state.

Hibernate ModeA low power mode that the computanay enters either automaticallyor via user
intervention.Upon hibernation, the computer saves the contents of its random access memory (RAM) to a
hard disk or other nofvolatile storage. Upowake up the computeloads the previous usesession that

was in effectbefore entering hibernationFor systems whereACPI standards are applicabléipernate

Mode correlates to ACPI System Levd Sate.

Off Mode:The lowest power mode which cannot be switched off (influenced) by the user and that may
persist for an indefinite time when the appliance is connected tortian electricity supply and used in
accordance with the manufacturerNs instructions.

Mode correlates to ACPI System Level S5 state.

Current Power Mode Usage
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Whilst there are a large number of powerodes associated with computers, most of the definitions used

for these power modes are relatively standard throughout the major initiativesssuch, it is relatively

simple to compare the inclusion of power modes across different initiatives as showaliel. It should

be noted that there is some overlap the definition ofédleOvith both&horti d hned@ngi d | e O
definitions The extent of this overlap is product specific wiillle modeéXfor computers including

i ntegrated displays beinantd abigel § mode@r bt ec 6 mp
integrated | argely comparable to ©short idl eO.

Power States

“;’ () () g
S 8 2 838 8 = 3
Initiative Computer Type £ aE> £ o = 2 § 3
E 2 2 5 & § £ =
§ £ 7 243 &°
b I
Desktop No No Yes Yes No Yes No Yes
Integrated Desktop No No Yes Yes No Yes No Yes
ENERGY STAR V6.1 Notebool.< No No Yes Yes No Yes No Yes
Workstation Yes No Yes Yes No Yes No Yes
Thin Client No No Yes Yes No Yes No Yes
Small-scale Server No No No Yes No No No Yes
Desktop No No No No Yes Yes No  Yes
EUEcodesign Regulation Integrated Desktop No No No No Yes Yes No Yes
Notebook No No No No Yes Yes No Yes
Desktop No No No No Yes Yes No Yes
Australian Regulation Integrated Desktop No No No No Yes Yes No Yes
Notebook No No No No Yes Yes No Yes
Desktop No No Yes Yes No Yes No Yes
Integrated Desktop No No Yes Yes No Yes No Yes
Notebook No No Yes Yes No Yes No Yes
EU Ecolabel -
Workstation Yes No Yes Yes No Yes No Yes
Thin Client No No Yes Yes No Yes No Yes

Small-scale Server No No No Yes No No No Yes

Tablelt Use of power modes for varying computer types within major energy efficiency initiatives
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All majorenergy efficinecynitiatives share the commonality that they address at least one form of idle
mode for the main types of home and office computers (degktintegrated desktop and notebook
computer). Sleep mode is also covered for each of the main types of home and office computers under

each of the main initiative©ff mode (Standby) is also covered under many of the initiatives.

Idle, sleep and off mode power demand requirements are normally included as a constituent of a typical
energy consumption (TEC) metric defined in kilowatt hours per year (kWh/year). The TEC metric is based
on a defined distribution of time spent in eachtbé power modes multiplied by the power demand in

each of those power modes. The exception to this rule is the EU Ecodesign Regulation which also includes
separatepower demand limits on the sleep mode addition tosleepmode powerbeing considereéh a

TEC approach.

Active mode is not explicitly addressed by any initiative, although ENERGY STAR does include maximum
power demand (the most power demanding form of active mode) within a requirement for workstation

computers.



3.Energy UseéAnalysis

Having simmarisedwhich power modes are covered under the maireegy efficiencynitiatives, this

section of the report investigates whether the power modes currently covered under these initiatives
adequately address the overall energy useddmmputers Particularlyattention is givent®r eal wor |
use as opposed to the idle mo® test conditions that are unlikely to exist apart from the firsteimn

computer is started aneéxactly as supplied

Use Profile Analysis

In order to conduct angsis on the overall energy use of computers (focussing onrtlest common types

of desktops and notebookseveral data sources were used. The main source of data was the US EPA
ENERGY STAR v6.1 database for computeMERGY STAR v6.1 does not consider power demand during
active mode andherefore does not includa usage profile for this modand does noinclude a record

nor a test method foractive mode power demand for registered products. In order to assess wirethe
active mode is an important contributor to overall energy use of desktop and notebook computers it was

necessary to ecure data from other sources.

The Ecma 383 standar forerunnerof the IEC 62623 standar@hichin turnthe ENERGY STAR v6.1
requiranents are baed upor), provides some insights into the amount of time desktop and notebook
computers spend in active mode and the amount of extra power that computers draw in active mode
compared toshort idle modeThese Ecma usage profiles and assumpsaroncerning active mode power
were included within the analysi$he IEC 626223 standard did not adopt the usage of active mode for

desktop or notebook computers.

It was deemed that neither the ENERGY STAR nor Ecma data provided a sufficient amdata of
concerning the amount of time a cgmuter spends in active modeor active mode power demandg.o























































