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INTERNATIONAL ELECTROTECHNICAL COMMISSION

QUANTIFICATION METHODOLOGY FOR GREENHOUSE GAS
EMISSIONS FOR COMPUTERS AND MONITORS

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
interpational co-operation on all questions concerning standardization in the electrical ectronic flelds. To
this gnd and in addition to other activities, IEC publishes International Standards Spe€cifications,
Techpical Reports, Publicly Available Specifications (PAS) and Guides (herga to fas “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC interested
in the subject dealt with may participate in this preparatory work. Intern nd non-
govefnmental organizations liaising with the IEC also participate in this prepa closely
with |the International Organization for Standardization (ISO) in accorda ined by
agre¢ment between the two organizations.

2) The formal decisions or agreements of IEC on technical matters exp national
consensus of opinion on the relevant subjects since each technica from all
interg¢sted IEC National Committees.

3) IEC Publications have the form of recommendations for infern ccepted by IEC |National
Comfmittees in that sense. While all reasonable efforts are\made the technical conterjt of IEC
Publications is accurate, IEC cannot be h € in “which they are used or| for any
misirjterpretation by any end user.

4) In order to promote international uniformit ndertake to apply IEC Publications
trangparently to the maximum extent possible in egional publications. Any dijyergence
betwpen any IEC Publication and the corresponding natigna egional publication shall be clearly indjcated in
the latter.

5) IEC |tself does not provide ty. Independent certification bodies provide cqnformity
assepsment services and, s of conformity. IEC is not responsiblg for any
services carried out by independentcertificati

6) All ugers should ensure tha

7) No lipbility shall 4 oyees, servants or agents including individual experts and
mempers of its te ational Committees for any personal injury, property dgmage or
othel damage of an her direct or indirect, or for costs (including legal fg¢es) and
expehses arising out F i se of, or reliance upon, this IEC Publication or any ofher IEC
Publications.

8) Attention is dra e references cited in this publication. Use of the referenced publicptions is
indispensable for th tion of this publication.

9) Attertio to. thre’ possibility that some of the elements of this IEC Publication may be the styibject of
patet ri held responsible for identifying any or all such patent rights.

The m IEC\echnical committees is to prepare International Standards. Howgver, a

technidal committee mmay propose the publication of a Technical Report when it has cqllected

data of| aldifferent kind from that which is normally published as an International Standard, for

examplestateof the-art™

IEC TR 62921, which is a Technical Report, has been prepared by technical area 13:
Environment for AV and multimedia equipment, of IEC technical committee 100: Audio, video
and multimedia systems and equipment.
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The text of this Technical Report is based on the following documents:

Enquiry draft Report on voting
100/2381/DTR 100/2448/RVC

Full information on the voting for the approval of this Technical Report can be found in the

report on voting indicated in the above table.

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

The cdmmittee has decided that the contents of this publication will re

changed until

the stgbility date indicated on the |IEC website under "http://websto in\thle data
related|to the specific publication. At this date, the publication will be

e recpnfirmed,

e withdrawn,

e repl|aced by a revised edition, or

e amended.

A bilinqual version of this publication may be iss tal te&da

IMPORTANT - The 'colour inside’' logo on thekcover\page of this publication ind|cates
that [it contains colours which \are\ conside to be useful for the cprrect
undegstanding of its d therefore print this document usging a
colour printer.
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INTRODUCTION

Many organizations are looking to adopt product greenhouse gas emissions reporting
mechanisms, including:

e computer and monitor manufacturers, as well as their suppliers and downstream users;

e gov

ernmental agencies including France, China, Japan, Korea and the European
Commission;

o retailers and non-regulatory agencies.

There have been several international and regional efforts to provide guidance for calculating

produc
ITU-T

Unfortynately, some lack of specificity within these documents all

create

greenhouse gas emissions. Some of these efforts incl
.1410, ETSI TS 103 199, and Greenhouse Gas Protocol ICT Sec

significant difference in product greenhouse gas emissjo

62725,

at can
bn how

a pracfftioner interprets the information. Throughout the proces 62725,
there Was significant discussion regarding the need for fur cy and
pragmatism in methodology guidance for products covered “un 100, influding
compu i i q - ies-that offer agcurate
and ddfensible estimates of impact in a rapid and /effe is Technical [Report
aims tg

This Technical Report builds upon i EC TR 62725. Its gogdl is to
supporf universal streamlined product g S 2 ogies for practitioners| with a
further|goal of harmonizing the various regionalhe urrently in progress.

This T 2 s to be compliant with, and thgrefore
be usefd within, a number ef thes s” efforts. It will provide detailed gdidance
for estjmating greenhov iofts) for computer and monitor products, in ofder to
obtain [consistent, accura 3 it of consistent results is that they can assist
multiple efforts, |

e initlating /conversations around emissions reduction strategies with suppliefs and

dowv

e targ

es.
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QUANTIFICATION METHODOLOGY FOR GREENHOUSE GAS
EMISSIONS FOR COMPUTERS AND MONITORS

1 Scope

This Technical Report outlines detailed guidance to streamline the quantification of
greenhouse gas emissions for computers and monitors. Other audio, video and multimedia
products, such as e-readers, phones, tablets, thin clients, workstations and storage
equipnient, can be included in future revisions of IEC TR 62921.

For this Technical Report, computers and monitors include noteboo liquid
crystal[display (LCD) monitors.

This Te¢chnical Report provides specific guidance for the use © ' i iques that
minimize cost and resources needed to complete greenhodse. gas ¥ ations.
In addition, the product category rules (PCR) section of thi » mends
“state-¢f-the-art” process and data assumptions in ofder certainty. Lastly, this

Technigal Report provides an example of how a calculatj

2 Tefrms and definitions

For thg purposes of this document, the gule d definitions apply.

21
carbon footprint of a prod
CFP
sum of greenhouse movals in a product system, expressed gs CO,
equivalents and@ ment using the single impact category of plimate
changs

Note 1 t ass of a
given gr
Note 2 t Essed in
mass of

[SOUR

2.2
comprghensive carbon footprint of a product
carbon footprint of a product (2.1) that is product-specific and includes the carbon impacts for
every component and process in that product’s life cycle.

23
computer
device which performs logical operations and processes data

Note 1 to entry: Computers are composed of, at a minimum: (1) a central processing unit (CPU) to perform
operations; (2) user input devices such as a keyboard, mouse, digitizer or game controller; and (3) a computer
display screen to output information

[SOURCE: ENERGY STAR® Program Requirements for Computers]
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2.4

greenhouse gas emissions

GHG emissions

total mass of greenhouse gases released to the atmosphere over a specified period of time

[SOURCE: ISO 14064-1:2006, 2.5]

2.5
monitor
electronic device that displays a computer’s user interface and open programs

[SOUR

2.6
primary data
data cqllected from specific processes in the studied product’s lif

c
[SOURCE: GHG Protocol Product standard: 2011]

27
primarly aggregated data
data thfat are collected directly from suppliers or indust ations’on a product type (not
specifi¢ product) and aggregated

Note 1 t¢ entry: This is an approach in which sing
multiple facilities and multiple downstream supplie

S.€an be.sourced from multiple suppliers dach with
Qr every item is impossible.

2.8

produg¢t category rules

PCR

set of gpecific rules, require 3 ~ for quantification and communicationfon the

carbon|footprint o§
[SOURICE: ISO/T

enviropmental de

modified — deleted “for developing Type llI

2.9

procesp : : om specific processes in the studied product’s life cycle
[SOURICE: GHG<Proto

2.10
state-of-the-art

<data and processes> developed stage of technical capability at a given time as regards to
products, processes and services, based on the relevant consolidated findings of science,
technology and experience

[SOURCE: ISO/IEC Guide 2:2004, 1.4, modified — “<data and processes>" has been added
before the definition.]

2.1

streamlined carbon footprint of a product

carbon footprint of a product (2.1) that involves some level of simplification compared to a
comprehensive carbon footprint

Note 1 to entry: Typical approaches to streamlining a product carbon footprint calculation consist of simplifying
data collection and/or reducing the number of data inputs required.
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212

uncertainty analysis

systematic procedure to quantify the uncertainty introduced in the results of a life cycle
inventory analysis due to the cumulative effects of model imprecision, input uncertainty and
data variability

Note 1 to entry: Uncertainty information typically specifies quantitative estimates of the likely dispersion of values
and a qualitative description of the likely causes of the dispersion.

[SOURCE: ISO 14040:2006, 3.33]

3 Symbols and abbreviations

CFP carbon footprint of a product
DQlI data quality inventory
DR distinction rate

EE product  electrical and electronic product
EoL end-of-life

FS false signal rate
HDD hard disk drive
ICs integrated circuits

ICT information and communicatio
kg COqge
kWh
LCD mpnitor
LCI

LCIA
LCT
OoDD
PAIA
PCR
PSU
PWB
SSD
TEC

VT validation team

act algorithm

typical’energy consumption

4 Principles

4.1 Comparing streamlined CFP to comprehensive CFP
4.1.1 General

The carbon footprint of a product estimates the total potential contribution of a product to
global warming by quantifying all significant greenhouse gas emissions and removals over the
product's life cycle. Comprehensive CFPs are product-specific and include the carbon impacts
for every component and process in that product’s life cycle. A comprehensive CFP takes a
significant amount of resources, time, and data-demands to complete.

Given these challenges, streamlined CFP approaches are critical, particularly in industries
such as the information and communications technology (ICT) industry, which have complex
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products and rapid product-development cycles. The streamlined approach reduces the
amount of time and resources needed for data gathering and calculation in order to achieve
the needed level of accuracy. Therefore, the streamlining approach follows the rule that only
the materials, components and processes that are associated with the most significant
product carbon impacts are included in the analysis.

While many different definitions of a streamlined CFP exist, the common characteristic is that
they all involve some level of simplification, as compared to a comprehensive CFP. With
comprehensive CFPs rarely being executed, it is this collection of streamlined CFP
approaches that represent a common approach to CFP. These streamlined approaches, when
executed according to recognized practices, reduce the burden of a CFP, while still allowing
the necessary goals of the CFP to be achieved (see Figure 1).

A

Data collection

100 %
IEC

4.1.2

While $treamlined Ps are clearly less resource-intensive, the extent of streamlining|that is
possible\is entirely dependent on the goal of the CFP and, more specifically, the qugstions
that the CFP TS attempting to answer. T ypicalty, the more generat the questions are that need
to be answered, the more streamlined the CFP can be.

For example, high-level product CFPs, focused on understanding the overall impact of a
product or which life cycle phases dominate product impact, can be completed using a
streamlined CFP. For such cases, the additional resolution and specificity provided through a
more comprehensive CFP are not needed.

However, if information is needed to assess specific materials or design choices around a
product (i.e. evaluating materials used in packaging, or evaluating trade-offs in product
design), then a more specific and detailed analysis is warranted. In this case, improved data
collection and more primary data input can be required, leading to a more comprehensive
CFP. In general, the more specificity that is required in the CFP results, the more
comprehensive the CFP will need to be.
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4.2 Viability of streamlined CFP
421 Streamlining in IEC TR 62725

Streamlined methodologies that apply a trial estimation approach are described in
IEC TR 62725:2013, 6.4 and 6.5, and Annexes B and D. Rather than applying a quantitative
cut-off threshold (e.g. less than 5 % of the total estimated emissions can be excluded from the
CFP analysis) as described in IEC TR 62725, in the streamlined approach a high level
statistical analysis using available data and Monte Carlo simulations is performed to
determine the life cycle activities that are the biggest contributors to impact and uncertainty.
Targeted data collection is then performed, based on this analysis, to confirm impacts and
further reduce uncertainty to desired levels. Use of a streamlined approach informs the

appro iate cut.off criteria-in view of tha warkahilitv and availahility of thg nracess data
J J ~

4.2.2 Metrics for streamlining

In ordgr to determine whether the result of a CFP analysis is sufficient given the jree of

uncertainty present in all aspects of the calculation (see 4.2.4 on are
often dalculated. This can be done as part of a sensitivity ¢ ne the
ability of the CFP analysis to find significant differences be iffe i hatives,

as desgribed in ISO 14044.

One cgmmon way to assess whether a result is “good €ng 9 posed
is to dgtermine how much overlap there is betwee : ding to
the prqduct of interest and a variety 0 ' d be a
compatfison of the product of interest Wi hterials
or archiitecture.) When the uncertain CFP 3 ly with

the ungertain CFP of the alternative, then it wou Te two
have djfferent CFPs. If there is little o erI one could confidently identify a difference
ernati ha er CFP.

There gre several ter : i is.degree of overlap (i.e. between the es{imated

CFP the product Q S he estimated CFP of an alternative) including the
compafison ind or false signal rate (defined below). For this
discusgion, distinctio signify how distinct the product of interest is|from a
selectgd baseline. D ction e’/ essentially quantifies the frequency at which one| of the
alternatives has P than the other alternative or a prescribed ben¢ghmark

(descriped subs

To calg distincti te between the product of interest (B) and the basdline or
benchmark ed distribution for CFPg as well as for CFP, should be samgled via
statistital simulation, such as through Monte Carlo sampling. The formulation fpr this

where
DR is the distinction rate;
P is the probability;

CFPg is the CFP for the product of interest;
CFP, is the CFP for some baseline comparison product.

The probability of CFPg < CFP,, can be estimated directly from the Monte Carlo simulation
results by comparing scenario pairs CFP, and CFPg and calculating the relative frequency
where CFPg < CFP,. The false signal rate (FS) is a specific version of the distinction rate
defined as the frequency of observing a result where the CFPs of the products are
comparatively different (higher than or lower than the other) than would be expected based on
the relative position of the mean CFP (u, up for product A and g for product B). That is:
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o P(CFPs < CFPy ) where up < ug
| P(CFPy < CFRg) where up > g

It is important to note that there is often correlation among life cycle activities across a
product of interest and a baseline, particularly for downstream activities such as the grid
mixes associated with use phase.

In assessing the difference between the uncertain impact of a product of interest and a
baseline, therefore, consider correlation (i.e. the degree to which two or more variables are
related in some fashion) to avoid statistical bias. To that end, the analysis should likely be
conducted simultaneously for both the product and baseline such that for each Monte Carlo

run the same sample sets are used for the correlated activities and paramgter

Anothegr form of resolution metric which is often reported is referre

indicat

and the baseline is less than one, that is

where
B

P
CFPg
CFPy

This e
produc

A decigi
a pres¢

that a
contex{. Joes not indicate that there is high statlst|cal confid
the comparison e e is high risk that a conclusion drawn on this result

directig i 1 analyst has the option elther to declare the produg
differenti
the ang

An exg hiypothetical benchmark could be use of the same data distributio
produc} «Of interest displaced by a difference threshold established in the goals of the
This di i i ;

br (f), which is defined as the probability that the ratio betwe

is the comparison indicator;
is the probability;

parison

interest

an the

er than
of risk
given
nce in
will be
ts not

n for a
study.

of the

mean, i.e. shifting the mean of A (uA) by 10 %. The reason for this sort of a benchmark would
be if data for another product were not available. Another example could be a product
analysis for a larger or smaller screen size in the case of a laptop.

An exa

mple of the above calculations for a hypothetical comparison is shown in Table 1.


https://iecnorm.com/api/?name=feb81199253edb55c89118a57337ed6b

—14 —

IEC TR 62921:2015 © IEC 2015

Table 1 — Depiction of how streamlined CFP fits into comprehensive CFP

Monte Carlo Footprint of Footprin_t of Is Is Ratio
trial 0 t':rr‘;g;“(’é;;,B) przgﬁgt‘?tc';‘;l\) CFP < CFP,? | CFP, < CFPy? CFP4/CFP,

1 73 71 - Y 1,02

2 77 131 Y - 0,59

3 90 92 Y - 0,99

4 92 122 Y - 0,76

5 08 74 - Y 1,32

6 403 422 ¥ 6-85

7 81 90 Y - Al 0,90

8 96 105 Y RE 0,91

9 104 87 - N 1,19

10 100 154 Y ¢\ X 0,65

91 105 0,7 3N 0,70
Average CFPy Average CFP, Distinction r Falsesignal rate Comparigon
(115) (112) (DR//L‘\ 5) indicator[(8)

4.2.3 Principles of CFP from IEC ¥

4.2.3.1 Life cycle thinking (LCT)

In the
electridal and electronic (
into cophsideration.

out an

4.2.3.2 Relevance

to the
finition

Select| and use
assessment of greey
being qtudied.

4.2.3.3

Includsg
the asgessment
definitipn being

tion to
scope

4.2.3.4

Consistency

Apply assumptions, methods and data in the same way throughout the greenhouse gas
emissions for an EE product’s life cycle to arrive at conclusions in accordance with the goal
and scope definition.

4.2.3.5 Accuracy

Reduce bias and uncertainties as far as is appropriate to the goal of the study.

4.2.3.6 Transparency

Address and document all relevant issues in an open, comprehensive and understandable
presentation of information. Fully disclose any relevant assumptions and limitations and make
appropriate references to the methodologies and data sources used. Clearly explain any
estimates and avoid bias so that the greenhouse gas emissions throughout an EE product’s
life cycle study report faithfully represent what it purports to represent.
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4.2.4 Uncertainty
4.2.41 General

There is an extensive literature characterizing sources and types of uncertainty in life cycle
assessment and methods for analysing the impact of uncertainty on life cycle impact
assessment. A good summary of this literature can be found in a review article by Lloyd and
Reis. Existing literature and footprinting standards have discussed terminology for types of
uncertainty for both life cycle inventories (LCl) and life cycle impact assessment (LCIA)
methods including parameter, scenario, and model uncertainty. Although LCI and LCIA have
the same types of uncertainty, the sources of and methods for evaluating uncertainty will
likely be different.

valugs, and
pal data
and emissions. For LCI and LCIA this applies to the input data i i tory or

e Parnameter uncertainty refers to the uncertainty in observed or measur

e Scegnario uncertainty refers to the variation of results A i logical
chaqices (e.g. CFP modelling principles, allocation procedures), and-represe ts’the ¢hoices
that are made when conducting an LCA. These choice e ge the
scope of the analysis and because of the inhere which

e Model uncertainty refers to insufficient knowledg ied~system (e.g. emfssions
from the supply chain for transpertation), ting ission of data or infcorrect
assjumptions; i i i i elationships used to develop
LCls and LCIAs.

There |are several significant sourceg clated to computers and méonitors.
Though not subjected to LCA studies, there are sigpificant
variatigns in the bill of m

While disassembly of & the materials and parts for that model, the

d a type of product (e.g. a laptop computer)

purposg of most A S (
rather than a p@a . 1 Latitude E5450). Without information gn how
materials and part g o els, it is difficult to judge how to generalize results|from a

sampld model to apre

Other $ource ity and uncertainty include variability in suppliers for yarious
components over different time” scales, uncertainty in secondary data for components, and
uncertainty i € of production (e.g. waste management). One critical soyrce of
variatign geographical variability in production facility energy efficien¢y and

electridity gridtmix, and variability in delivery distances and supply chain freight movement.

In add|tion’t0 model variations among brands within a given year, computer and monitor
producfs\€volve significantly over time. Thus trends in the bill of materials, pa:Fs and
manufacturing burden can significantly affect the product carbon footprint. This critical source
of uncertainty stems from the rapid change in processes through advancement and innovation.

Detailed modelling is recommended around all of these aspects of uncertainty — each quantity
and impact has an associated uncertainty which allows the user to get total product
uncertainty. For example, there is uncertainty on quantity information (including bill of
materials, process, user profile) and type (e.g. mode of transport, type of steel). Where
empirical data exist, distributions can be fitted accordingly. Having enough data to fit a
distribution can be quite rare. Therefore, other approaches are necessary to make this effort
manageable.

1 Dellis an example of a suitable product available commercially. This information is given for the convenience of
users of this document and does not constitute an endorsement by IEC of this product.
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One framework proposed in the academic literature to accommodate limited data, including
cases where only one data point is available, is to estimate uncertainty through a secondary
data quality indicator method. Where multiple data are available, simple distributions can be
used to model uncertainty (e.g. uniform distribution in the case where two points are available,
triangular distribution where a central tendency can be estimated). Data quality indicator
(DQI)-type approaches are useful because they only require a single data point for a unit
process or elementary flow of a unit process. An example of a DQI approach is found in the
pedigree matrix published for the ecoinvent2 life cycle inventory database. Data points are
evaluated along metrics of reliability, completeness, as well as temporal and geographic
representativeness. Lack of data for electronics makes it difficult to ascertain empirical
underlying uncertainty distributions in most of the unit processes and inventories used.

4.2.4.2 Examples of application of uncertainty analysis

Example 1: CFP is assessed in two different studies for two lapt b by a
manufgcturer, products A and B. The calculated difference in the
25 %. The estimated uncertainty of the analysis is 50 %. In this cas
if A or|B is a better product with respect to CFP, although the S

difference.

A clear

Example 2: CFP is assessed for two desktop

hat use djfferent
architectures and materials (new product vs. busjhess-as- io). The eskmated
uncertginty of the CFP analysis is 50 % in this case the caleulated improvement in
the CF[P when applying the new architg aterj actor of ten. In this [case it
can be concluded that the new proddct 2 2 € performance even thoygh the
uncertainty associated with the analysis.impacts ue of the CFP.

The apove examples illustrate that| bo 8 analysis and sensitivity analysis
(distindtion rate) are important tools to ults of a study and what concjusions
can be|made.

5 Aq proachesjo 3

5.1 Seneral

While |there are\ diffe bmmon
approa

Some streamlinetthmethods use one or the other of these simplification processes; othérs use

both.

5.2 Streamlining of data collection
5.2.1 General

Data collection involves obtaining underlying data for the analysis. There are several types of
data that can be used in a CFP analysis: primary, primary aggregated, and secondary.
Primary data are typically the most difficult to obtain; secondary typically the simplest.

e Primary data are expected to be fully representative of the particular product being
analysed. Primary data are often thought to be the best representation of that specific item,
and are often the most resource-intensive approach to data collection. For an industry

2 Ecoinvent is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by IEC of this product.
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such as the ICT industry, in which single components can be sourced from multiple
suppliers each with multiple facilities and multiple downstream suppliers, primary data for
every item are impossible to collect.

e Primary aggregated data are representative of a class of products or processes as
opposed to an individual product or process. Primary aggregated data can be less
resource intensive to obtain than product-specific primary data and are often more
consistently up-to-date than secondary data. In this process, data on a product type, not a
specific product, (i.e. data collected on integrated circuits (ICs) used in computer products
rather than data collected on a particular IC) are obtained from suppliers and/or industry
associations and then aggregated to obtain an “average” CFP value.

. Secondary data are not speC|f|c to the studied product as a substitute for product specific

pr“ Idary Udld OUbUIIUaIy Udl.d dlc IIUI. IIUbebdllly ICbb dbbuldlU t 1 pllllldl) data
altHough less representative of the specific process or product bein pically,
sedondary data, particularly when sourced from commercially-avai bs, are
mug¢h less resource-intensive to collect, and thus represent a Wi ach to
strgamlining CFPs.

5.2.2 Approaches to streamlining data collection

Strean|lined methodologies use two main approaches on for

assemblies/components/processes:

e secondary data available in industry databases; a

e prin

This often means that more work is don d’analyse data, but results in a

reduce the data input reduction procgss, an

initial ( s and thus where to focus adgitional
data cq

5.3

5.3.1

Reduci often
stream]i ts to a
procesp items to
track. and/or
paramgteriza 'on, nick overall
impact

5.3.2 Approaches\to streamlining data inputs (processing)

Streanflined“methodologies use a similar approach in which product environmental impacts
are calculated using fewer direct inputs by users Twao main approaches to streamlining data

input include:

e using algorithms that automatically relate attributes of a product (display size, printed
wiring board dimension, energy use, etc.) to a product carbon footprint value; and

e using standard impact data for common components.

Often, a preliminary comprehensive CFP is performed in order to understand the life cycle
processes with the greatest impacts so that these can be further evaluated and included in
the streamlined calculation.

For the algorithm approach, data are collected from LCA databases and/or directly from
suppliers, aggregated, and then used to develop algorithms embedded within a methodology.
This allows users to simply enter information on a product into an assessment tool; the tool
then uses the embedded allocations to estimate a carbon footprint value for each component
and process. These are then summed up in order to obtain a total product carbon footprint.
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The common component approach has embedded within the methodology, environmental
impacts of common assemblies, components and/or processes for ICT products. These can
be product specific or can be based on average product data. Someone calculating the CFP
of multiple products could use the same “product-type” data, selecting a process or
component and its associated carbon footprint, instead of having to collect product-specific
data. These values are likewise added together to get a total CFP.

6 Comparative study on existing CFP methodologies

6.1 Examples of current worldwide streamlined CFP methodologies

6.1.1 —Gemerat

Summarized results of a comparative study on existing relevant, worl , d CFP
methodologies are described in 6.1.2 to 6.1.6. More detailed\i i these
methodologies can be found in Annex A. Each of these methodolog in\ ; evel of
stream|ined data collection or data inputs.

6.1.2 Product attribute to impact algorithm (PAIA)3

This is p their
enviror PAIA
include bnitors;
tablets

6.1.3

This is|a streamlined “building block ) ( ass ng the environmental impact|of ICT
producfs. The environme ACtS sub-assemblies for ICT produdts are
embedfded within the me ol summed up to give the entire product
environmental footpri impact methodology includes other environmental
impact$ besides carbo

6.1.4

This is| a mobile
phonegq. t, use,
etc.), energyeffi e preservation and recyclability. This methodology is similar to
PAIA ir i

6.1.5

This i$ a( productsspecific methodology which requires the user to assess the| entire
environmental footprint of a product. Primary data less than 12 months old have to be used
and greatertham 959 of thempacttras to bemctuded—However,itatsoTequites approaches

that use algorithms that automatically relate attributes of a product to an environmental
impact. This allows users to simplify data collection and/or reduce the number of data inputs
while still allowing the necessary goals of the CFP to be achieved.

3 PAIA is an example of a suitable product available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by IEC of this product.

4 The iNEMI eco-impact evaluator is an example of a suitable product available commercially. This information is
given for the convenience of users of this document and does not constitute an endorsement by IEC of this
product.

5 The Orange Telecom environmental methodology is an example of a suitable product available commercially.
This information is given for the convenience of users of this document and does not constitute an endorsement
by IEC of this product.
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6.1.6 China CFP method

This is a CFP methodology being developed by industry, consulting and academia with
funding from regulatory agencies. This methodology, which is product-specific and based on a
full CFP, is still in the research phase. Current focus is on the assessment of supply chain
data collection. This method has the potential to become a streamlined methodology
depending on research results.

7 CFP product category rules

71 General

Clausel 7 defines comprehensive product rules for notebooks, desktops “and mcl)nitors.
Detailed rules for other audio, video and multimedia products can be dij e'rejisions
of IEC [TR 62921.

Clause| 7 covers the following product category (PCR) topics:
e godl;
e scope (including uncertainty and allocation);
e fungtional unit;

e life|cycle stages (production, distrib

For eqch topic, this Technical Rep c a and
procesges that users can employ in orde i i books,
desktops and monitors. The input recommendatigns ined in Clause 7 are the current best
methods for calculating stre ) ethaods can be used to do the calculations.

State-df-the-art data and processes are best practice processes and data recommengations
for determining the C £ 38’ viewed and researched by the indugtry for
the deyelopment of thi ' er to Clause 6). Because these are statejof-the-
art, thgy can re for performing calculations (e.g. using afea- or
mass-hased emission fe : e based on the current best known estimatipns for
each dpecific subass \'2 ate-of-the-art recommendations described in Clause 7

could ¢hange over time s..the_industry gets better at collecting and analysing dqta and
product i i

Clause idelines if a user wants to include additional input data (e.g| 7.8.2,
7.9.2).

7.2 Goal

The owlipr‘tivp of a CFP is primarily to  build knnwlpdgp rpgarding the environmental
performance of a product. Although this Technical Report gives detailed guidance for
estimating greenhouse gas emissions for computer and monitor products, it is important to
understand what it can be used for and what not.

This Technical Report can be used to:

e provide supporting data for identification of a life cycle stage, subassembly or process that
have significant greenhouse gas emissions (hot spot);

e prioritize reduction efforts across the product life cycle;

e create a basis for quantifying and reporting CFP performance over time, etc.

At this time, only products within a company should be compared using information in
Clause 7. However, it is a step towards being able to eventually compare all similar products.
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7.3 Scope
7.3.1 In scope

Notebooks, desktops and monitors, including their packaging.

NOTE Other audio, video and multimedia products (e-readers, phones, thin clients, workstations, tablets, storage
equipment, etc.) can be added during a future revision of IEC TR 62921.

7.3.2 Out of scope

Accessories/peripherals (keyboard, mouse, docking station, camera, speakers, external hard
disk drives (HDD), etc.) and consumables (e.g. batteries) as well as manuals/CDs.

Any other audio, video and multimedia product.

7.4 Use of primary, primary aggregated and secondary data
7.4.1 General

This Technical Report recommends using primary or aggregated primary
displayls (LCDs), printed wiring boards (PWBs), and ‘integrated
recomr S

for liquid|crystal
(ICs). |t also

7.4.2 Allocation methods

IEC TR
order df preference):

bds (in

e subdivide according to di

e subdivide according t hysi elati ips bduct's
fungtional unit;

° subdivideac@
e subdivide accordi

Sugges 3 allocations of overall facility carbon data for LCDs, PWBs, and
ICs ca in t it esults”
locateg

7.5

When list of
relevar

7.6 Fomctiomatumit
7.6.1 General

Full life cycle of a notebook or a desktop or monitor with its designated life time.

7.6.2 Life cycle stages included
The following life cycle stages are included:

e product manufacturing (including raw materials extraction, production of components and
subassemblies, and final product assembly);

e distribution;

e product use;

e end of life (EoL).
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7.6.3 Life cycle stages excluded

Life cycle stages that are excluded from this PCR include maintenance, refurbishment, and
second use.

7.7 Production
7.71 General

Production covers all stages from raw material extraction to the product leaving the final
assembly site. It therefore includes raw material extraction, manufacturing of components and
subassemblies including final product packaging, and assembly into the finished product. The
items menttonedbetow—shottdbe—incioded—in—the—catettation—Fo =A% bcy d—state~of he-art,

additiopal components and processes should be included in the CFP.

7.7.2 State-of-the-art calculation recommendations
7.7.21 General

The state-of-the-art method for calculating carbon emissijc
for nofebooks, desktops and monitors requires summi
procesp impacts associated with that product’s produgtion sta

cesses
bassemfly and

7.7.2.2

The carbon footprints of the component/p e total
production carbon footprint:

e raw

e pogulated printed
e intdgrated circuit (I
o display mam@ i
o datp storage de
e oOpt
e pov
e Dbat
o fing
e fing

| packaging.manufacturing.

NOTE [f«a<pfoduct does not include a particular component, it can be excluded in the calculation (e.g} display
manufac UI;IIH canbeexctuded-for dco'r\tupo).

7.7.2.3 Additional considerations for input data

Other major components/processes can be included in the calculation.

7.8 Chassis
7.8.1 State-of-the-art calculation recommendations
7.8.1.1 General

State-of-the-art recommendations for this calculation assume that the summed carbon
footprints of all major chassis materials are equal to the total product chassis impact. Major
chassis materials should include steel, aluminium, magnesium, thermoplastic and copper. For
notebooks, the keyboard and touchpad should be included in the chassis.
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7.8.1.2 Recommended input data for calculation

The carbon footprints of the component/process listed below are summed to obtain the total
chassis carbon footprint:

e mass of main chassis materials, including scrap (main chassis materials include steel,
aluminium, magnesium, thermoplastic, carbon fibre and copper);

e emission factor of each chassis material.
7.8.2 Additional considerations for input data

To move beyond state-of-the-art with chassis materials, additional input data to consider
includgttrefottowimg:

e specific emission factors for chassis material which include details gn
— material production approach, including the actual material p sed,

— lenergy sources used at that material production facility ctricity

grid mix),
— |material losses at the material production facility,
— Iscrap in raw material production, including disposal™©

e endrgy sources for manufacturing;

e additional materials and process che

e additional emissions generated duri

e scrap in manufacturing, including di

e yield of chassis parts.
7.9 Populated printed
7.9.1 State-of-the-3a

7.9.1.1 Gen

State-qf-the-art reeo
footprints of all fi
used fqr calc

carbon
uld be

This calctlation e hs well
as intggrated “ciCuils: i ply are
includgd in tha o their

large impactand unique method for calculating their impact (see 7.10).

7.9.1.2L ~"Recommended input data for calculation

The data listed below should be included in the carbon footprint calculation to obtain the PWB
carbon footprint:

e area of motherboard;
e areas of all other printed wiring boards not associated with a subassembly;
e number of layers;

e emission factor of motherboard/printed wiring board.

PWBs smaller than 1 cm? or those that are associated with a subassembly are excluded.
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7.9.2 Additional considerations for input data

To move beyond state-of-the-art with the PWB, both for this PWB and for all subassemblies in

which PWBs are used, additional input data to consider include the following:

e number of sides used on the PWB;

e scrap in PWB production;

e number of components on the PWB, including
— integrated circuits not included elsewhere,

— capacitors,

— [FeSIS1orsS,

— [connectors, including information on contact materials and contaet\coating

— |heat sinks,

— |other electronic components;
e mahufacturing methods used to produce PWB;
e endrgy sources for manufacturing;

e additional materials and process chemicals used ip

e additional emissions generated during manufact
e scrap in manufacturing, including djs
e yield of PWB parts.

9

7.10 Integrated circuits (ICs)
7.10.1| State-of-the-art
7.10.1.0 General
State-df-the-art recommendatigns
calculating the t of integrate
that arg not associa i
includgd in that subas

7.10.1.2 g \ ut data for calculation

aterials,

hod for

s/ This calculation includes all integrated gircuits
ply. ICs that are associated with a subassemply are

The data’li be included in the carbon footprint calculation to obtain|the IC

carbon|footprint:

e areh of all-integrated circuits;

e emission factor for integrated circuit manufacturing.

ICs associated with a subassembly are excluded.

7.10.2 Additional considerations for input data

To move beyond state-of-the-art with ICs, both with these ICs and with all subassemblies in

which ICs are used, additional input data to consider include the following:

e number of dies in an IC package;

e package size;

e mask layers (reflects complexity of IC manufacturing);
e feature size on dies;

e wire material type;

e |IC type;
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o manufacturing methods used to produce ICs;

e energy sources for manufacturing;

e additional materials and process chemicals used in manufacturing;

e additional emissions generated during manufacturing;

e scrap in manufacturing, including disposal of scrap;

o yiel

d of IC.

7.11 Display

7.11.1

State-of-the-art calculation recommendations

7.11.1.

State-d

calculating the impact of displays.

7.11.1.

The da
display
e are
e typ
e scr

e em
res

o totg
e em
o fug

NOTE
emission

7.11.2

To mo

following:

e eng

1 General

f-the-art recommendations for this calculation assume that aréa

2 Recommended input data for calculation

ta listed below should be included in the carb
carbon footprint:

b of display;

p of backlight technology;

pben resolution;

tive emis<)>
mpacts from fagi

hufacturing methods used to produce displays;

rgy ‘sources for manufacturing;

e ad

hod for

bin the

screen

use gas

de the

itfehal materials and process chemicals used in manufacturing;

e additional emissions generated during manufacturing;

e scrap in manufacturing, including disposal of scrap;

o yiel

d of displays.

7.12 Data storage device

7.12.1
7.12.1.

State-of-the-art calculation recommendations

1 General

State-of-the-art recommendations for this calculation assume that mass is the best method for

calcula

ting the impact of a data storage device.

NOTE Data storage devices can be hard disk drives or solid state drives or other data storage devices.
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7.12.1.

2 Recommended input data for calculation

The data listed below should be included in the carbon footprint calculation to obtain the data
storage device carbon footprint:

e mass of the data storage device;

e emission factor of data storage device manufacturing;

o total mass of the data storage device populated PWB, including ICs;

e emission factor of populated PWB, including ICs.

7.12.2

Additional considerations for input data

To mo
includg

e typ
the
art

e nun
o yiel
7.13 ¢
7.13.1
7.13.1.

State-d

calculating the impact of an optical d

7.13.1.
The da
optical
e ma
e em
o totg
e em

7.13.2

To mo

method should not be used;
hber of dies in an IC package;

d of data storage device.
Dptical disk drive (ODD)

State-of-the-art calculation{eco
1 General

f-the-art recommendations for tt

2 Recomme

ta Iistedw ¢
drive carbon’fo

I ma PWB, including ICs;
SS ated PWB, including ICs.

bnsider

h SSD,
of-the-

hod for

hin the

de the

ve<beyond state-of-the-art with ODD, additional input data to consider inclu

followir

g:

e manufacturing methods used to produce ODD;

e energy sources for manufacturing;

e additional materials and process chemicals used in manufacturing;

e additional emissions generated during manufacturing;

e scrap in manufacturing, including disposal of scrap;

o Vyiel

d of ODDs.
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7.14 Power supply unit (PSU, internal or external)
7.14.1 State-of-the-art calculation recommendations
7.14.1.1 General

State-of-the-art recommendations for this calculation assume that mass is the best method for
calculating the impact of a power supply unit.

7.14.1.2 Recommended input data for calculation

The data listed below should be included in the carbon footprint calculation to obtain the

power gupphy-thit-carbenfootprint:

e mass of the power supply unit;

e emission factor of power supply unit manufacturing;

o totgl mass of the power supply unit populated PWB, including

e emission factor of populated PWB, including ICs.
7.14.2| Additional considerations for input data

To mojpe beyond state-of-the-art with PSU, additi onsider include the

following:

e corgls included with PSU;
e manufacturing methods used to produg
e engrgy sources for manufacturing;

e additional materials and proce

e additional emission
e scrap in manufactu
. yield of Psu@

7.15 Battery
7.151 recommendations

7.15.1(1

State-qf-the & rendations for this calculation assume that mass is the best method for
calculating theNmpact\of a battery.

7.15.1.2 Recommended input data for calculation

The data listed below should be included in the carbon footprint calculation to obtain the
battery carbon footprint:

e mass of the battery;
e emission factor of battery manufacturing;
e total mass of populated PWB, including ICs;

e emission factor of populated PWB, including ICs.
7.15.2 Additional considerations for input data

To move beyond state-of-the-art with the battery, additional input data to consider include the
following:

e battery chemistry;
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e material composition of battery (e.g. cathode, anode, electrolyte, separator, passive

components);
e manufacturing methods used to produce battery;
e energy sources for manufacturing;
e steam use in manufacturing;
e additional materials and process chemicals used in manufacturing;
e additional emissions generated during manufacturing;
e scrap in manufacturing, including disposal of scrap;

e yield of batteries.

7.16 Final assembly

7.16.1| State-of-the-art calculation recommendations
7.16.1.1 General

State-df-the-art recommendations for this calculation assu largest impact is
the elertricity used in assembling the product.

7.16.12 Recommended input data for calculation

The data listed below should be inclu
assembly carbon footprint:

e totd

e €em

The im
accoun

7.16.2

To mo
the foll

e additi

e transportmodes of’components from production to final assembly.

7.17 Final product packaging

due to

Bn into

nclude

7.17.1 State-of-the-art calculation recommendations

717.1.1 General

State-of-the-art recommendations for this calculation assume that mass is the best method for

calculating the impact of final product packaging.

7.17.1.2 Recommended input data for calculation

The data listed below should be included in the carbon footprint calculation to obtain the final

product packaging carbon footprint.

e mass of cardboard/paper packaging;

e emission factor of cardboard/paper packaging;
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mass of plastic/polystyrene packaging;

emi

ssion factor of plastic/polystyrene packaging.

7.17.2 Additional considerations for input data

To move beyond state-of-the-art with packaging, additional input data to consider include the
following:

mass of all packaging components, including non-cardboard and non-polystyrene
packaging (e.g. other natural fibres, other polymers);

mass of all packaging components, including overboxes/shipping boxes, inst

ma

em
for

ma
ene
add
adg
scr

yiel

7.18

7.18.1

7.18.1.

State-d
covers

pro

tran

7.18.1.

final pr

ma

tran

dis{ribution u@
Huct is being’use

nuals _etc -
T y

ssion factors for each specific packaging material, including sp
Fecycled materials as compared to virgin materials;

hufacturing methods used to produce packaging;
rgy sources for manufacturing;

itional materials and process chemicals used in ma
itional emissions generated during manufacturing;
hp in manufacturing, including disposal of scra

d of packaging.
Distribution
State-of-the-art calculation re

1 General

5s of finalFproduct and its packaging;

sport‘distances from final assembly to regional hub;

ruction

factors

ibution

pre the

nt from

tra

sport distances rom regional hub 10 country where proauct IS used,

transport modes for each transport route;

emission factors of different modes of transport (air, ship, ground, etc.).

7.18.2 Additional considerations for input data

To move beyond state-of-the-art with distribution, additional input data to consider include the
following:

increasing the number of countries considered, thus increasing the specificity of the
calculations.
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7.19 Use
7.19.1 State-of-the-art calculation recommendations
7.19.1.1 General

State-of-the-art recommendations for this calculation assume that product energy
consumption during its service life should consider:

e use profile consisting of time spent in different operating modes, based on the actual or
estimated usage patterns;

e power consumption corresponding to the different modes.

7.19.1. Recommended input data for calculation

The dajta listed below should be included in the calculation to obtai int from

product| use:

e power consumed in different operating modes to calculate i e nsumption
(THC) according to the ENERGY STAR® Version 6.1 co i

o lifelime of the product;
e emission factor of electricity grid in country or redi

7.19.2
The m Wi & t actual usage patterns, and
utilize i i iohal grid where the usg stage

occurs ol for the measurement of computer

power £

The de inati ile, i.e. duty cyCle scenario (time spent in on/active, idle,

sleep 3 3 ifetime can be based on:

e anm

e pulbli

e pufbli \{ i guidelines that specify gwdance for developrrent of
sce ) '

o tec ; ample,
proky g onnet|V|ty or connected standby technologles can be assess¢d and

apg
7.20

7.20.1 | “State-of-the-art calculation recommendations

7.20.1.1 General

State-of-the-art recommendations for this calculation assume that EoL covers transport of the
product to the recycling facility, the impacts by recycling the product and impacts by landfilling
of those materials that cannot be recycled. Any material credits for recycled/recovered
materials are not included at EoL. Credits are included in product manufacturing via the use
of recycled material.

6 ENERGY STAR Version 6.0 computer specification is the trade name of a product supplied by ENERGY STAR.
This information is given for the convenience of users of this standard and does not constitute an endorsement
by IEC of the product named. Equivalent products may be used if they can be shown to lead to the same results.
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7.20.1.2 Recommended input data for calculation

The data listed below should be included in the calculation to obtain the carbon footpr
to product final disposal.

o estimated transport distance to recycling/final disposal facilities;

e recycling percentage of the product and packaging mass;

o disposal of materials that cannot be recycled;

int due

e emission factors for material disposal (for recycled/recovered product and packaging

materials, for materials that cannot be recycled, etc.).

7.20.2 [ Additional considerations for input data

Take into account recyclability rate determined by following IEC TR 62835.

8 Dagcumentation

8.1 Seneral

See IELC TR 62725 for guidance on documentation of CFP studi

8.2 CFP database

Once an IEC standard is published, it can\b
cycle begins. In the environmental field

industrly technology advances are evo
to keep pace with global requirements.
“datab e

update
bs and
fficient
bped a
n on a

The prjocedures for e hing naintaining an IEC standard in database formpat are
outlinef in Annefg‘ :5 S tabase
will be| establish pr VT) is

being supported: example, IEC TC 111 Horizontal Environmental Committee has
this dptabase concept with IEC 62474, where the standard contains the by

ules or
years),
equent

tion of
andard
piloted
siness
ile the

requirgments for product content reporting and electronic data exchange rules, wh

database contfains the declarable substance Tist, which is updated approximately o
twice per year depending on the changes in global regulations.

nce or

A database process cannot be set up for a Technical Report such as this document. However,
a standard should be pursued for streamlined carbon footprint methodologies, with an

accompanying |IEC database. This would be very useful in maintaining the releva

nce of

streamlined CFP methodologies due to their rapidly evolving state-of-the-art processes and

data, as well as expanding product category rules.

9 Communication and verification

See IEC TR 62725 for guidance on communication and verification of CFP studies.
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Annex A
(informative)

Results of a comparative study on existing relevant streamlined product
carbon footprinting methodologies

Table A.1 gives the results of a comparative study on existing relevant streamlined product
carbon footprinting methodologies.

@%
3
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