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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 co
all national electrotechnical committees (IEC National Committees). The object of IEC is to

mprising
promote

interpational co-operation on all questions concerning standardization in the electrical and electronje flelds. To
this pnd and in addition to other activities, IEC publishes International Standards, Technical Spécifications,

Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referrgdy to

s “IEC

Publfcation(s)”). Their preparation is entrusted to technical committees; any IEC National Committee irfterested

in the subject dealt with may participate in this preparatory work. International, governmental
govefrnmental organizations liaising with the IEC also participate in this preparation. IEC collaborate
with |the International Organization for Standardization (ISO) in accordance with conditions detern
agreg¢ment between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly‘as possible, an inte
consensus of opinion on the relevant subjects since each technical committee has representation
intergsted IEC National Committees.

3) IEC Publications have the form of recommendations for international usé.and are accepted by IEC
Comfnittees in that sense. While all reasonable efforts are made to efisure that the technical conter
Publfcations is accurate, IEC cannot be held responsible for the way in which they are used or
misirlterpretation by any end user.

4) In OJder to promote international uniformity, IEC National Gommittees undertake to apply IEC Pub
trangparently to the maximum extent possible in their national and regional publications. Any di
betwgpen any IEC Publication and the corresponding natianal.or regional publication shall be clearly ind
the latter.

5) IEC |[tself does not provide any attestation of confarmity. Independent certification bodies provide cq
assepsment services and, in some areas, access\to IEC marks of conformity. IEC is not responsible
serviges carried out by independent certification-bodies.

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

7) No lipbility shall attach to IEC or its directors, employees, servants or agents including individual exp
mempers of its technical committees and IEC National Committees for any personal injury, property dg
othel damage of any nature whatseever, whether direct or indirect, or for costs (including legal fé
expepses arising out of the publication, use of, or reliance upon, this IEC Publication or any o
Publjcations.

8) Attention is drawn to the Narmative references cited in this publication. Use of the referenced public]
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 s
patent rights. IEC.shall not be held responsible for identifying any or all such patent rights.

The main task'of IEC technical committees is to prepare International Standards. How
technidal committee may propose the publication of a technical report when it has cq
data of| aldifferent kind from that which is normally published as an International Stand

nd non-
closely
ined by

fnational
from all

National
t of IEC
for any

lications
ergence
cated in

nformity
for any
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mage or
es) and
her IEC

ptions is

ibject of

ever, a
llected
ard, for

example “state of the art".

IEC TR 62921, which is a Technical Report, has been prepared by technical a

rea 13:

Environment for AV and multimedia equipment, of IEC technical committee 100: Audio, video

and multimedia systems and equipment.
This second edition cancels and replaces the first edition published in 2015.

The text of this Technical Report is based on the following documents:

Enquiry draft Report on voting
100/2598/DTR 100/2717/RVC
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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 committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC website under "http://webstore.iec.ch"” in the data
related to the specific publication. At this date, the publication will be

¢« reconfirmed,
. Witlrwr'lrauuny

* rep|aced by a revised edition, or
« amended.

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

IMPORTANT - The 'colour inside' logo on the cover page of(this publication indicates
that |it contains colours which are considered to be~ useful for the cjﬂrect
undeletanding of its contents. Users should therefore-print this document uging a
colour printer.
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INTRODUCTION

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

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

governmental agencies including France, China, Japan, Korea and the Eu
Commission;

retailers and non-regulatory agencies.

ropean

There have been several international and regional efforts to provide guidance for calculating
produc
ITU-T

Unfortynately, some lack of specificity within these documents allows for variability th

create

a prac
there
pragmatism in methodology guidance for products covered undéer~IEC TC 100, in
compu
and d¢g
aims tq

This T
suppor
further

This T¢
be use
for es
consis
efforts,

sup

init
dow

targ

l]mating greenhouse gas emissions for computers and monitors, in order to

ins]ituting sustainable design practices;

greenhouse gas emissions. Some of these efforts include I|EC TR

.1410, ETSI TS 103 199, and Greenhouse Gas Protocol ICT Sector Supplement.

significant difference in product greenhouse gas emission results,(depending
itioner interprets the information. Throughout the process of developing IEC TR
as significant discussion regarding the need for further specificity, transparen

ers and monitors. There is an urgent need to enable methodologies that offer a
fensible estimates of impact in a rapid and effective manner. This Technical
fill in some of those gaps.

echnical Report builds upon the structure laid{out by IEC TR 62725. Its go4
[ universal streamlined product greenhouse gas{methodologies for practitioners
goal of harmonizing the various regional efforts currently in progress.

bchnical Report’s quantification methodology aims to be compliant with, and th
d within, a number of these broader standards efforts. It will provide detailed gu

ent, accurate results. The benefit of consistent results is that they can assist 1
including but not limited to:

porting customer enquiries;

ating conversations around emissions reduction strategies with supplier
nstream users;

eting data-Collection within the supply chain in order to address data quality issy

62725,

at can
bn how
62725,
cy and
cluding
Ccurate
Report

| is to
with a

brefore
idance

obtain
hultiple

s and
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QUANTIFICATION METHODOLOGY FOR GREENHOUSE GAS
EMISSIONS FOR COMPUTERS AND MONITORS

ope

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, and storage equipment, can be included in future

revisio

For thi
deskto

This T4
minimi;
In add
“state-
Techni

2 Te
For theg

21
carbor
CFP
sum o
equiva
change

Note 1 t
given gr

Note 2 t
mass of

[SOUR
Note 4

2.2

ns of this Technical Report.

5 Technical Report, computers and monitors include notebooks, desktops;”intq
b computers, tablets, thin clients, workstations and monitors.

re cost and resources needed to complete greenhouse gas emissions quantifig
tion, the product category rules (PCR) section of this Technical Report reconm

cal Report provides an example of how a calculation could.be performed.

rms and definitions

purposes of this document, the following terms and definitions apply.

footprint of a product

greenhouse gas emissions and' removals in a product system, expressed 3
ents and based on a life cycléeassessment using the single impact category of

b entry: The CO, equiyalent of a specific amount of a greenhouse gas is calculated as the m
benhouse gas multiplied Py its global warming potential.

b entry: Results ©0f the quantification of the CFP are documented in the CFP study report expr]
CO,e per functionat-unit.

CE: ISOAS 14067:2013, 3.1.1.1, modified — Notes 2 and 3 have been remov
has been’renumbered as Note 2.]

grated

pchnical Report provides specific guidance for the use of streamlining techniques that

ations.
mends

pf-the-art” process and data assumptions in order to reduce uncertainty. Lastily, this

s CO,
Climate

ass of a
pssed in

ed and

comprehensive 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

2.3

computer

device

which performs logical operations and processes data

Note 1 to entry: Computers are composed of, at a minimum:

a) a central processing unit (CPU) to perform operations;

b) wuser input devices such as a keyboard, mouse, digitizer or game controller; and

c) aco

[SOUR

mputer display screen to output information.

CE: ENERGY STAR® Program Requirements for Computers]
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2.4

desktop

computer whose main unit is designed to be located in a permanent location, often on a desk
or on the floor

Note 1 to entry: Desktops are not designed for portability and are designed for use with an external monitor,
keyboard, and mouse. Desktops are intended for a broad range of home and office applications, including point of
sale applications.

[SOURCE: ENERGY STAR® Program Requirements for Computers]

2.5

green issi
GHG emissions
total mpss of greenhouse gases released to the atmosphere over a specified periad, of fime

[SOURICE: ISO 14064-1:2006, 2.5, modified — Use of the plural in the terms.]

2.6
integrated desktop computer
computer in which the computing hardware and monitor are integrated into a single hpusing,
and which is connected to a.c. mains power through a single cable

Note 1 t¢ entry: Integrated Desktop Computers come in one of two possible forms:

a) a sylstem where the monitor and computer are physically combified into a single unit; or

b) a sjstem packaged as a single system where the monitor issseparate but is connected to the main chagsis by a
d.c.|power cord and both the computer and monitor are powered from a single power supply.

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

[SOURCE: ENERGY STAR® Program ReqQuirements for Computers]

2.7
monitgr
product with a display screen(and associated electronics, often encased in a single hpusing,
that ag its primary function® produces visual information from a computer, workstation, or
server

Note 1 fo entry: Visual information input can be received via one or more inputs (e.g., VGA, DV|, HDMI,
DisplayHort, IEEE 13994, USB), external storage (e.g. USSB flash drive, memory card), or a network conngction.

[SOURCE: ENERGY STAR® Program Requirements for Displays]

2.8
notebook—computer
computer designed specifically for portability and to be operated for extended periods of time
both with and without a direct connection to AC mains power source

Note 1 to entry: Notebooks include an integrated monitor, a non-detachable, mechanical keyboard (using physical,
moveable keys) and pointing devices.

[SOURCE: ENERGY STAR® Program Requirements for Computers]

29
primary data
data collected from specific processes in the studied product’s life cycle

[SOURCE: GHG Protocol Product standard:2011]


https://iecnorm.com/api/?name=1c0f7461ef47dc2117ef95dfadcbd88b

-10 - IEC TR 62921:2016 © IEC 2016

2.10

primary aggregated data

data that are collected directly from suppliers or industry associations on a product type (not
specific product) and aggregated

Note 1 to entry: This is an approach in which single components can be sourced from multiple suppliers each with
multiple facilities and multiple downstream suppliers. Primary data for every item is impossible.

2.1

product category rules

PCR

set of specific rules, requirements and guidelines for quantification and communication on the

£ torint of d t f i d t t
carbon oo HHRH-oaProadctiora-SpB8eHHcPpFroaUHecategory

[SOURCE: ISO TS 14067:2013, 3.1.4.12, modified — “for developing Type Ill efvironmental
declarations for one or more product categories” has been replaced by "for quantificatijon and
commynication on the carbon footprint of a product for a specific product category".]

212
secondlary data
procesp data that are not from specific processes in the studied product’s life cycle

[SOURICE: GHG Protocol Product standard:2011]

213
state-qf-the-art
<data pnd processes> developed stage of techpical capability at a given time as rnegards
products, processes and services, based on the ‘relevant consolidated findings of sgience,
technology and experience

[SOURICE: ISO/IEC Guide 2:2004, 1.4, m@dified — The domain “<data and processe$>" has
been added before the definition.]

214
streanjlined carbon footprint of a product
carbon| footprint of a product. (2.1) that involves some level of simplification compargd to a
comprehensive carbon footprint

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

2.15
slate
tablet

Aol o £ ol : n
computer—aesighiearorpotrtadtitymatrmeets—=a

£ 41 £all
LY I L]

. iy '
\%J UV\IIIIB I iia.

a) includes an integrated display with a diagonal size greater than 1 650 mm (6,5 inches)
and less than 4 420 mm (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) is primarily powered by an internal battery (with connection to the mains for battery
charging, not primary powering of the device)

[SOURCE: ENERGY STAR® Program Requirements for Computers]
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2.16

thin client

independently-powered computer that relies on a connection to remote computing resources
(e.g., computer server, remote workstation) to obtain primary functionality

Note 1 to entry: Main computing functions (e.g. program execution, data storage, interaction with other Internet
resources) are provided by the remote computing resources.

Note 2 to entry: Thin clients covered by this Technical Report are

a) limited to devices with no rotational storage media integral to the computer and

b) designed for use in a permanent location (e.g. on a desk) and not for portability.
[SOUREEENERGY-STAR®ProgramRequirementsfor Compaters——————

2.17
uncerr'Ttrinty analysis
systematic procedure to quantify the uncertainty introduced in the results, of a lif¢ cycle
inventqry analysis due to the cumulative effects of model imprecision, input uncertainty and
data variability

Note 1 tp entry: Uncertainty information typically specifies quantitative estimates of the likely dispersion ¢f values
and a qyalitative description of the likely causes of the dispersion.

[SOURCE: ISO 14040:2006, 3.33, modified — The note has been changed.]

2.18
worksf{ation
high-pgrformance, single-user computer typically’ used for graphics, CAD, s¢ftware
development, financial and scientific applicationszamong other compute intensive tasks

[SOURICE: ENERGY STAR® Program Regquirements for Computers]

3 Symbols and abbreviations

AC alternating current

CAD computer-aided design

CFP carbon fagotprint of a product

CPU central‘processing unit

DQl data-quality inventory

DR distinction rate

DVI digital visual interface

EE product — electrical and-electronic product

EoL end-of-life

FS false signal rate

HDD hard disk drive

HDMI high-definition multimedia interface

ICs integrated circuits

ICT information and communications technology
IEEE institute of electrical and electronics engineers
kg CO,e kilograms of carbon dioxide equivalent

LCA like cycle assessment

LCD liquid crystal display
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LCI life cycle inventory

LCIA life cycle impact assessment
LCT life cycle thinking

OoDD optical disk drive

PAIA product attribute to impact algorithm
PCR product category rules

PSU power supply unit

PWB printed wiring board

SSD solid state drive

TEC typical energy consumption
USB universal serial bus

VGA video graphics array

VT validation team

4 Prjnciples

4.1 Comparing streamlined CFP to comprehensive CFP
411 General

The cdrbon footprint of a product estimates the total potential contribution of a pro
global warming by quantifying all significant greenhouse gas emissions and removals o
product's life cycle. Comprehensive CFPs are product-specific and include the carbon i

Huct to
ver the
mpacts

for evgry component and process in that product’s life cycle. A comprehensive CFP fakes a

signifidant amount of resources, time, and data*demands to complete.

Given fthese challenges, streamlined GEP approaches are critical, particularly in ingd
such ap the information and communications technology (ICT) industry, which have c
products and rapid product-development cycles. The streamlined approach reduc
amounf of time and resources.needed for data gathering and calculation in order to 3
the neg¢ded level of accuracy.\Therefore, the streamlining approach follows the rule th
the materials, components_and processes that are associated with the most sig
product carbon impactssate’included in the analysis.

While many different \definitions of a streamlined CFP exist, the common characteristic
they all involve ‘some level of simplification, as compared to a comprehensive CFF
comprghensive._CFPs rarely being executed, it is this collection of streamline

ustries
bmplex
es the
chieve
at only
hificant

is that
P. With
i CFP
, when

approaches-that represent a common approach to CFP. These streamlined approaches
executed{according to recognized practices, reduce the burden of a CFP, while still a
the ne tessary gnalq of the CEP to he achieved (Qpp Figurp 1)

lowing
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Figure 1 — Depiction of how streamlined CFP fits into comprehensive CFP

4.1.2 Level of streamlining
While s$treamlined CFPs 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 qustions
that th¢ CFP is attempting to answer. Typically, the more general the questions are that need
to be aphswered, the more streamlined.the CFP can be.

For expmple, high-level product' CFPs, focused on understanding the overall impagt of a
product or which life cycle- phases dominate product impact, can be completed Using a
streamjined CFP. For suech\cases, the additional resolution and specificity provided through a
more cpmprehensive CEP are not needed.

However, if informiation is needed to assess specific materials or design choices arpund a
producf (i.e. evaluating materials used in packaging, or evaluating trade-offs in product
, 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 compreljensive
n.{general, the more specificity that is required in the CFP results, thg more

i Pwittmeedto be.

4.2 \Viability of streamlined CFP
4.21 Streamlining in IEC TR 62725

Streamlined methodologies that apply a trial estimation approach are described in
IEC TR 62725:2013, 6.4, 6.5, Annex B and Annex 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
appropriate cut-off criteria in view of the workability and availability of the process data.
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4.2.2 Metrics for streamlining

In order to determine whether the result of a CFP analysis is sufficient given the degree of
uncertainty present in all aspects of the calculation (see 4.2.4), measures of resolution are
often calculated. This can be done as part of a sensitivity check in order to determine the
ability of the CFP analysis to find significant differences between different studied alternatives,
as described in ISO 14044.

One common way to assess whether a result is “good enough” to answer the question posed
is to determine how much overlap there is between the sampled distribution corresponding to
the product of interest and a variety of related alternatives. (For example, this could be a
comparison of the product of interest with another product utilizing a different set of materials

have different CFPs. If there is little overlap, then one could confidently identify,\a) difference
and therefore which of the two alternatives had the lower CFP.

There pre several terms used to describe this degree of overlap (i.e. between the es{imated
CFP the product of interest and the estimated CFP of an alternative) including the
compafison indicator, distinction rate (DR), or false signal rate Adefined below). Hor this
discusgion, distinction rate will be used to signify how distinct the-product of interest is|from a
selectdd baseline. Distinction rate essentially quantifies the fiequency at which one| of the
alternatives has a distinctly lower CFP than the other alternative or a prescribed benghmark
(descriped subsequently).

To calgulate the distinction rate between the proddet ‘of interest (B) and the basdline or
benchmark (A), the expected distribution for CFPg as well as for CFP, should be samgled via
statistical simulation, such as through Monte “Carlo sampling. The formulation fpr this
distincfion rate (DR) is then expressed as:

DR =°F/(CFPg < CFP,)

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

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

The prpbability 6f~CFPg < CFP,, can be estimated directly from the Monte Carlo sinjulation
results| by comparing scenario pairs CFP, and CFPg and calculating the relative freguency
where |CFRg < CFP,. The false signal rate (£S) is a specific version of the distinctipn rate
defineq as-the frequency of observing a result where the CFPs of the produgts are
compatatively different (higher than, or lower than the other) than would be expected based

on the relative position of the mean CFP (u, u, for product A and ug for product B). That is:

— P(CFR3 < CFPa ), where up < ug
| P(CFPy < CFRs), where up > ug

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 probably 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 parameters.
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Another form of resolution metric which is often reported is referred to as the comparison
indicator (f), which is defined as the probability that the ratio between the product of interest
and the baseline is less than one, that is

where

B
P

_ o CFhs
P _P[ CFPa <1j

is the comparison indicator;
is the probability;

CFPg
CFP

This e
produc

A decis
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mean,
be if ¢
analys

An ex1mple of a hypothetical benchmark could ®@e the use of the same data distributig

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

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

nables characterization of the likelihood that the baseline has loweryimpact th
t of interest.

ion regarding the sufficiency of the analysis can then be made/when g is great
cribed threshold. This threshold is a decision parameter that controls the level
Hecision-maker is willing to take and should be set by the-decision-maker for

. If the metric of interest does not indicate that there is*high statistical confid
mparison result (i.e. there is high risk that a conclusion drawn on this result

of interest displaced by a difference*threshold established in the goals of the]
ference threshold distance could betdefined as a percentage of the magnitude
.e. shifting the mean of A (uA) by 0 %. The reason for this sort of a benchmark

s for a larger or smaller screenrsize in the case of a laptop.

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

an the

er than
of risk
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nally incorrect), the analyst has the option gither to declare the produg
tiable or to attempt to collect additional more precise data to improve the resoldtion of
lysis.

n for a
study.
of the
would

ata for another product were-not available. Another example could be a product

Monte |Carlo Foqiixint of Footprin.t of Is Is Ratijo

tril i t';'r ‘;::“(’tC;;,B) p;gﬁ;’:?g};‘\) CFPy < CFP,? | CFP, < CFPy? CFP4/(FP,
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 98 74 - Y 1,32
6 103 122 Y - 0,85
7 81 90 Y - 0,90
8 96 105 Y - 0,91
9 104 87 - Y 1,19
10 100 154 Y - 0,65
91 105 0,7 0,3 0,70

Average CFPy Average CFP, Distinction rate False signal rate Comparison

(1) (1) (DR) (FS) indicator (4)
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4.2.3 Principles of CFP from IEC TR 62725
4.2.31 Life cycle thinking (LCT)
In the development of methodology to quantify the greenhouse gas emissions throughout an

electrical and electronic (EE) product’s life cycle, take all stages of the life cycle of a product
into consideration.

4.2.3.2 Relevance

Select and use data, methods, criteria and assumptions that are appropriate to the
assessment of greenhouse gas emissions and removals from the goal and scope definition
being studted-

4.2.3.3 Completeness
Includg all greenhouse gas emissions and removals that provide a significant contribdtion to

the asgessment of greenhouse gas emissions and removals arising from~the goal and scope
definitipn being studied.

4.2.3.4| Consistency
Apply pssumptions, methods and data in the same way throtughout the greenhouge gas

emissipns for an EE product’s life cycle to arrive at conclusions in accordance with the goal
and scppe definition.

4.2.3.5 Accuracy

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

4.2.3.6 Transparency

Addregs and document all relevant issues in an open, comprehensive and understgndable
presentation of information. Fully disclose any relevant assumptions and limitations angd make
appropriate references to the methodologies and data sources used. Clearly explgin any
estimajes and avoid bias so that the greenhouse gas emissions throughout an EE prpduct’s
life cydle study report faithfully represent what it purports to represent.

4.2.4 Uncertainty
4.2.41 General

There |s an .extensive literature characterizing sources and types of uncertainty in life cycle
assessjmert jand 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. iSti i Tt i i 'pes of
uncertainty for both life cycle inventories (LCI) 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
probably be different.

e Parameter uncertainty refers to the uncertainty in observed or measured values, and
provides a measure of how close the data and calculated emissions are to the real data
and emissions. For LCI and LCIA this applies to the input data used in the inventory or
impact assessment method, respectively.

e Scenario uncertainty refers to the variation of results depending on methodological
choices (e.g. CFP modelling principles, allocation procedures), and represents the choices
that are made when conducting a Life-Cycle Assessment (LCA). These choices are made
in order to manage the scope of the analysis and because of the inherent variation in
conditions under which products and processes operate (e.g. different locations or types
of user).
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e Model uncertainty refers to insufficient knowledge of the studied system (e.g. emissions
from the supply chain for transportation), leading to omission of data or incorrect
assumptions. It results in uncertainty in the mathematical relationships used to develop
LCls and LCIAs.

There are several significant sources of uncertainty related to computers and monitors.
Though not subjected to uncertainty analysis in most LCA studies, there are significant
variations in the bill of materials and parts for IT products.

While disassembly of a particular machine reveals the materials and parts for that model, the
purpose of most LCA studies is to understand a type of product (e.g. a laptop computer)
rather than a particular model (e.g. a Dell Latitude E54501). Without information on how
materidls and parts vary among models, it is difficult to judge how to generalize results|from a
sampldg model to a product class.

Other pources of data variability and uncertainty include variability in suppliers for yarious
compofpents over different time scales, uncertainty in secondary data forycemponengs, and
uncertainty in overhead of production (e.g. waste management). One| Critical sodrce of
variatign stems from geographical variability in production facilityenergy efficien¢y and
electrigity grid mix, and variability in delivery distances and supply chain freight movemgnt.

In addjtion to model variations among brands within a given<{year, computer and mmonitor
producfs evolve significantly over time. Thus trends in the bill of materials, pants and
manufgcturing burden can significantly affect the product«arbon footprint. This critical |source
of uncertainty stems from the rapid change in processes through advancement and innpvation.

Detailegd 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
empirigal data exist, distributions can be fitted accordingly. Having enough data fo fit a
distribytion can be quite rare. Therefore; other approaches are necessary to make thig effort
managgable.

One framework proposed in thevacademic literature to accommodate limited data, influding
cases Where only one data point is available, is to estimate uncertainty through a sedondary
data quality indicator method. Where multiple data are available, simple distributions [can be
used tg model uncertainty (e.g. uniform distribution in the case where two points are ayailable,
triangufar distribution~where a central tendency can be estimated). Data quality indicator
a unit
in the
nts are
jraphic
npirical

4.2.4.2 Examples of application of uncertainty analysis

Example 1: CFP is assessed in two different studies for two laptop products made by a
manufacturer, products A and B. The calculated difference in the CFP between A and B is
25 %. The estimated uncertainty of the analysis is 50 %. In this case it is not possible to judge
if A or B is a better product with respect to CFP, although the result value indicates a clear
difference.

1 This 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.

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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Example 2: CFP is assessed for two desktop computer products that use different
architectures and materials (new product versus business-as-usual scenario). The estimated
uncertainty of the CFP analysis is 50 % in this case as well, but the calculated improvement in
the CFP when applying the new architecture and materials is a factor of ten. In this case it
can be concluded that the new product clearly has the best performance even though the
uncertainty associated with the analysis impacts the absolute value of the CFP.

The above examples illustrate that both uncertainty analysis and sensitivity analysis
(distinction rate) are important tools to understand the results of a study and what conclusions
can be made.

5 Apgproaches to streamiined CFP

5.1 Seneral

While [there are different approaches to streamlining a CFP, the twb/,most cpmmon
approaches include:

¢ simfplifying the data collection process, or

e redpcing the number of data inputs required to do the CFP calculation.

Some streamlined methods use one or the other of these simplification processes, othérs use
both.

5.2 5treamlining of data collection
5.21 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
andlysed. Primary data are often thought to be the best representation of that specific item,
and are often the most résource-intensive approach to data collection. For an ipdustry
sugh 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
evary item are impeossible to collect.

e Pripnary aggregated data are representative of a class of products or procesges as
opgosed to @nh>individual product or process. Primary aggregated data can He less
respurce 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 typg, not a
specificvproduct, (i.e. data collected on integrated circuits (ICs) used in computer pfoducts
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.

e Secondary data are not specific to the studied product as a substitute for product-specific
primary data. Secondary data are not necessarily less accurate than primary data,
although less representative of the specific process or product being evaluated. Typically,
secondary data, particularly when sourced from commercially-available databases, are
much less resource-intensive to collect, and thus represent a widely-used approach to
streamlining CFPs.

5.2.2 Approaches to streamlining data collection

Streamlined methodologies use two main approaches to simplifying data collection for
assemblies/components/processes:

e secondary data available in industry databases; and/or

e primary industry data that have been aggregated.
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This often means that more work is done upfront to collect and analyse data, but results in a
reduced burden for the user of the methodology. As with the data input reduction process, an
initial CFP is often done to understand the largest impacts and thus where to focus additional
data collection efforts.

5.3 Streamlining of data inputs
5.3.1 General

Reducing the number of data inputs is the second aspect by which CFPs are often
streamlined. While a comprehensive CFP attempts to characterize all inputs and outputs to a
process/product, etc., streamlined CFPs often apply rules to reduce the number of items to
track. ' ' I ' i = and/or
paramegterization, both of which exclude certain items that have less effect on thé&l|overall
impact

5.3.2 Approaches to streamlining data inputs (processing)

Streanflined methodologies use a similar approach in which product_efAvironmental impacts
are calculated using fewer direct inputs by users. Two main approaches to streamlining data
input include:

e using algorithms that automatically relate attributes of a“product (display size, [printed
wiri:ng 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 lif¢ cycle
procespes with the greatest impacts so that thesé-can be further evaluated and inclyded in
the streamlined calculation.

For th¢ algorithm approach, data are .collected from LCA databases and/or directly from
supplidrs, aggregated, and then used to\develop algorithms embedded within a methogology.
This allows users to simply enter infobmation on a product into an assessment tool; the tool
then uges the embedded allocations to estimate a carbon footprint value for each component
and process. These are then sutmmed up in order to obtain a total product carbon footpfint.

The cgmmon component ‘approach has embedded within the methodology, environqmental
impacts of common assemblies, components and/or processes for ICT products. Thelse can
be progluct specific of 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
compopent and {qts-associated carbon footprint, instead of having to collect product-gpecific
data. Tlhese values are likewise added together to get a total CFP.

6 Cagmparative study on existing CFP methodologies

6.1 Examples of current worldwide streamlined CFP methodologies
6.1.1 General

Summarized results of a comparative study on existing relevant, worldwide streamlined CFP
methodologies are described in 6.1.2 to 6.1.6. More detailed information on these
methodologies can be found in Annex A. Each of these methodologies involves some level of
streamlined data collection or data inputs.
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6.1.2 Product attribute to impact algorithm (PAIA)3

This is a streamlined carbon footprinting approach that maps product attributes to their
environmental impact through the use of algorithms. Unlike most methodologies, PAIA
includes uncertainty in the results. PAIA currently covers notebooks, desktops and monitors;
tablets and all-in-ones are in development.

6.1.3 iNEMI eco-impact evaluator4

This is a streamlined “building block” approach to assessing the environmental impact of ICT
products. The environmental impacts of assets/sub-assemblies for ICT products are
embedded within the methodology. These are summed up to give the entire product

envirogmentat—footprint—T he INEMI—=co-impactmethodotogy nctudes other environmental

impacts besides carbon.

6.1.4 Orange Telecom environmental methodology5

This is| a streamlined methodology that measures the environmental performance of |mobile
phoneg. Output impacts include a carbon footprint of a product (manufacCture, transpoft, use,
etc.), energy efficiency, resource preservation and recyclability. Thissmethodology is sifilar to
PAIA in that product attributes are mapped to their environmental impact.

6.1.5 Japan CFP method

This i$ a product-specific methodology which require§ the user to assess the| entire
environmental footprint of a product. Primary data less“than 12 months old have to be used
and greater than 95 % of the impact has to be included. However, it also requires apprpaches
that uge algorithms that automatically relate attributes of a product to an envirorimental
impact| This allows users to simplify data collection and/or reduce the number of data inputs
while sfill allowing the necessary goals of the*CFP to be achieved.

6.1.6 China CFP method
This i§ a CFP methodology being ‘developed by industry, consulting and academja with
funding from regulatory agencies(This methodology, which is product-specific and bas¢d on a
full CFP, is still in the research*phase. Current focus is on the assessment of supply chain

data dollection. This method has the potential to become a streamlined methqdology
depending on research results.

7 CHP product.category rules

71 Seneral

Clausel 7°defines comprehensive product rules for computers and monitors. Detailed rdiles for
other ammmmmmmmﬂwﬂm&ﬁﬁihmcal

Report.

Clause 7 covers the following product category (PCR) topics:

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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e goal;

e scope (including uncertainty and allocation);

e functional unit;

e life cycle stages (production, distribution, use and end of life).

For each topic, this Technical Report recommends current “state-of-the-art” data and
processes that users can employ in order to determine the streamlined CFP of computers and

monitors. The input recommendations outlined in this clause are the current best methods for
calculating streamlined CFPs. Other methods can be used to do the calculations.

State-qf=the-art - data-and processes-are best practice processes and-data-recommendations

for determining the CFP of computer products as viewed and researched by the indugtry for
the deyelopment of this Technical Report (refer to Clause 6). Because these are statetof-the-
art, thgy can recommend different methods for performing calculations (e.g. Using area- or
mass-hased emission factors). These are based on the current best known"estimatipns for
each gpecific subassembly. The state-of-the-art recommendations descriped in Clause 7
could ¢hange over time, as the industry gets better at collecting and-analysing dqta and
product information.

Clause| 7 also includes guidelines if a user wants to include additional input data (e.g| 7.8.2,
7.9.2).

7.2 Goal

The opjective of a CFP is primarily to build knowledge regarding the environmental
performance of a product. Although this Technical Report gives detailed guidarce for
estimating greenhouse gas emissions for cemputers and monitors, it is imporfant to
undersfand what it can be used for and what not.

This Technical Report can be used to:

e proyide supporting data for identification of a life cycle stage, subassembly or procgss that
have significant greenhouse .gas emissions (hot spot);
e prigritize reduction efforts across the product life cycle;

e crepte a basis for quaatifying and reporting CFP performance over time, etc.

At this| time, only computers and/or monitors within a company should be compared using
information in Clause‘7. However, it is a step towards being able to eventually compare all
similar([computers/and/or monitors.

7.3 Coyvered products

7.3.1 Hnsecope

Notebooks, desktops, integrated desktop computers, slates/tablets, thin clients, workstations
and monitors, including their packaging.

NOTE Other audio, video and multimedia products (e-readers, phones, storage equipment, etc.) can be added
during a future revision of this Technical Report.

7.3.2 Out of scope
Accessories/peripherals (external keyboard, mouse, docking station, camera, speakers,

external storage, e.g. hard disk drives (HDD), etc.) and consumables (e.g. batteries) as well
as manuals/CDs.

Any other audio, video and multimedia product.
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7.4 Use of primary, primary aggregated and secondary data
7.41 General
This Technical Report recommends using primary or aggregated primary data for liquid crystal

displays (LCDs), printed wiring boards (PWBs), and integrated circuits (ICs). It also
recommends using secondary data for all other data needs.

7.4.2 Allocation methods

IEC TR 62725 recommends avoiding allocation, but if done use the following methods (in
order of preference):

e subdivide according to distinct processes;

o subdivide according to physical relationships (mass, energy, etc.) tied tocthe prpduct's
fungtional unit;

e subdivide according to economic value;

e subdivide according to a combination of the rules listed above.

Suggestions on how to perform allocations of overall facility carbon data for LCDs, PWBs, and
ICs can be found in the scientific article titled “Product Carbon_Footprinting Allocation Project
Results” located on the EICC website.

7.5 Relevant emission factors and databases

When feasible, the most current and applicable emission factors should be used. A list of
relevant databases of emission factors for the IT iadustry can be found in Annex C.

7.6 Functional unit
7.6.1 General

Full IifI cycle of a notebook, desktop, integrated desktop computer, slate/tablet, thin| client,
workstation or monitor with its designated life time.

7.6.2 Life cycle stages.included

The following life cycle-stages are included:

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

e disfribution;

e profduetuse;

¢ end of life (EoL).

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 mentioned below should be included in the calculation. To go beyond state-of-the-art,
additional components and processes should be included in the CFP.
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7.7.2 State-of-the-art calculation recommendations
7.7.21 General

The state-of-the-art method for calculating carbon emissions from manufacturing processes
for notebooks, desktops, integrated desktop computers, slates/tablets, thin clients,
workstations and monitors requires summing up all of the subassembly and process impacts
associated with that product’s production stage.

7.7.2.2 Recommended input data for calculation

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

prOdUC torcarbon fUUtpl;llt.

e raw material extraction (included in the manufacturing of each subassembly);

e chdgssis manufacturing;

e pogpulated printed wiring board (PWB) manufacturing (excluding integratedcircuits);
e intgdgrated circuit (IC) manufacturing;

e display manufacturing;

o datp storage device manufacturing (hard disk drive or solid state drives);

e opt|cal disk drive (ODD) manufacturing;

e power supply manufacturing (PSU, internal or external);

e batfery manufacturing;

o fingdl assembly;

o fingl packaging manufacturing.

NOTE [f a product does not include a particular component, it can be excluded from the calculation (e.g] display
manufadturing can be excluded for desktop computers).

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-thetart calculation recommendations
7.8.1.1 General

State-qf-the-art recommendations for this calculation assume that the summed [carbon
footpripts-of all major chassis materials are equal to the total product chassis impact| Major
chassi1 materials should include steel, aluminium, magnesium, thermoplastic and copper. For
notebooks, the keyboard and touchpad should be included in the chassis.

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
include the following:
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cific emission factors for chassis material which include details on

material production approach, including the actual material production process used,

energy sources used at that material production facility (e.g. fuel source, electricity

grid mix),
material losses at the material production facility,
scrap in raw material production, including disposal of scrap;

e energy sources for manufacturing;

e add
e add

itional materials and process chemicals used in manufacturing;

itional emissions generated during manufacturing;

e scr
o yiel
7.9
7.9.1
7.9.1.1

State-d

hp in manufacturing, including disposal of scrap;

d of chassis parts.
Populated printed wiring board (PWB) (excluding integrated circuits)
State-of-the-art calculation recommendations

General

f-the-art recommendations for this calculation assumé&-r that the summed

carbon

footpripts of all significant PWBs are equal to the total product’' PWB impact. Area shguld be

used fq

This c43
as intq
includg
large in

7.9.1.2

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

carbon

e are
e are
e Nnun

e em

PWBs

7.9.2

r calculating the impact of printed wiring board.

Iculation excludes both printed wiring boards associated with a subassembly,
grated circuits. Printed wiring boards that\are associated with a subassem
d in that subassembly’s calculation. Integrated circuits are not included due
hpact and unique method for calculating their impact (see 7.10).

Recommended input data for{¢calculation

footprint:

B of motherboard;
s of all other prinfed*wiring boards not associated with a subassembly;
hber of layers;

ssion factoriof motherboard/printed wiring board.

smallefthan 1 cm? or those that are associated with a subassembly are exclude

Additional considerations for input data

as well
ply are
o their

le PWB

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,
resistors,

connectors, including information on contact materials and contact coating materials,

heat sinks,
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ma

other electronic components;

nufacturing methods used to produce PWB;

energy sources for manufacturing;

additional materials and process chemicals used in manufacturing;

additional emissions generated during manufacturing;

ScCr

yie

7.10

7.10.1

ap in manufacturing, including disposal of scrap;
Id of PWB parts.

Integrated circuits (ICs)

State-of-the-art calculation recommendations

7.10.11 General

State-gf-the-art recommendations for this calculation assume that area is the/best met
calculating the impact of integrated circuits. This calculation includes 4dll integrated
that arg not associated with a subassembly. ICs that are associated with’ a subassem
includgd in that subassembly’s calculation.

7.10.12 Recommended input data for calculation

The ddta listed below should be included in the carbon footprint calculation to obtain
carbon|footprint:

arep of all integrated circuits;

em

ssion factor for integrated circuit manufacturing.

ICs assgociated with a subassembly are excluded.

7.10.2

To mo
which ICs are used, additionalinput data to consider include the following:

Additional considerations for-input data

e beyond state-of-the-art with ICs, both with these ICs and with all subassem

number of dies in an ICiypackage;

padkage size;

ma

5k layers (reflects complexity of IC manufacturing);

feajure size-on dies;

wir
IC

ma

material type;
Type;

hod for
Circuits
bly are

the IC

plies in

nufacturing methods used to produce ICs;

energy sources for manufacturing;

additional materials and process chemicals used in manufacturing;

additional emissions generated during manufacturing;

scrap in manufacturing, including disposal of scrap;

yie

Id of IC.
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7.11 Display
7.11.1 State-of-the-art calculation recommendations
7.11.1.1 General

State-of-the-art recommendations for this calculation assume that area is the best method for
calculating the impact of displays.

7.11.1.2 Recommended input data for calculation

The data listed below should be included in the carbon footprint calculation to obtain the
display-carbonfootprint:

e arep of display;
o type of backlight technology;
e screen resolution;

e emjssion factor for display manufacturing (dependent on backlight)technology, [screen
resplution, PFC abatement);

o totgl mass of the populated display PWB, including ICs;
e emission factor of a populated PWB, including ICs;

o fugltive emissions during manufacturing, including fluorinated greenhouse gases.

NOTE [mpacts from fugitive emissions during manufacturing are jappreciable due to fluorinated greenhquse gas
emissior]s.

7.11.2| Additional considerations for input data

To moye beyond state-of-the-art with displays, additional input data to consider inclyde the
following:

e mahufacturing methods used to produce displays;

e engrgy sources for manufacturing;

e additional materials and progess chemicals used in manufacturing;
e additional emissions generated during manufacturing;

e scrap in manufacturing, including disposal of scrap;

e yield of displays.

7.12 Data storage device

7.12.1| State-of-the-art calculation recommendations

7.12.1.1 General

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

e total mass of the data storage device populated PWB, including ICs;
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e emission factor of the populated PWB, including ICs.
7.12.2 Additional considerations for input data

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

o type of storage (hard disk drive (HDD) or solid state drive (SSD)). In the case of an SSD,
the input data relevant to ICs are critical and the mass-based approach of the state-of-the-
art method should not be used;

e number of dies in an IC package;

° y|e of data cfnrngn device

7.13 Optical disk drive (ODD)
7.13.1| State-of-the-art calculation recommendations
7.13.11 General

State-qf-the-art recommendations for this calculation assume that mass-is the best method for
calculating the impact of an optical drive.

7.13.12 Recommended input data for calculation

The dgta listed below should be included in the carben{ footprint calculation to obtain the
opticall|drive carbon footprint:

e mass of the optical disk drive;

e emission factor for optical disk drive manufacturing;
o totgl mass of the populated PWB, including ICs;

e emission factor of the populated PWB) including ICs.
7.13.2| Additional considerations for input data

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

e manufacturing methods used to produce ODD;

e endrgy sources for. manufacturing;

e additional materials and process chemicals used in manufacturing;
e additionakemissions generated during manufacturing;

e scrapiin manufacturing, including disposal of scrap;

o yield of ODDs.

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 supply unit carbon footprint:


https://iecnorm.com/api/?name=1c0f7461ef47dc2117ef95dfadcbd88b

- 28 - IEC TR 62921:2016 © IEC 2016

e mass of the power supply unit;

e emi

ssion factor of power supply unit manufacturing;

o total mass of the power supply unit populated PWB, including ICs;

e emi

7.14.2

ssion factor of the populated PWB, including ICs.

Additional considerations for input data

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

e cords included with PSU;

e ma
e eng
e add
e add
e scCr
o yiel
7.15

7.15.1
7.15.1.
State-d

nufacturing methods used to produce PSU;

rgy sources for manufacturing;

itional materials and process chemicals used in manufacturing;
itional emissions generated during manufacturing;

bp in manufacturing, including disposal of scrap;

d of PSUs.

Battery
State-of-the-art calculation recommendations
1 General

f-the-art recommendations for this calculation assume that mass is the best met

calculating the impact of a battery.

7.15.1.

The da
batteryj

e ma
e em
o tot3
e em

7.15.2

To mo

2 Recommended input data forcalculation

ta listed below should be included in the carbon footprint calculation to obt
carbon footprint:

5s of the battery;

ssion factor of battety manufacturing;

I mass of the populated PWB, including ICs;

ssion factor.of.the populated PWB, including ICs.

Additional considerations for input data

hod for

hin the

e beyond state-of-the-art with the battery, additional input data to consider incliyde the
followings T

e battery chemistry;

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;

o yiel

d of batteries.
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7.16 Final assembly
7.16.1 State-of-the-art calculation recommendations
7.16.1.1 General

State-of-the-art recommendations for this calculation assume that the largest impact is due to
the electricity used in assembling the product.

7.16.1.2 Recommended input data for calculation

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

hiIv carhon footorint:
assembly-carbon-footprint:

o totgl electricity used to perform final assembly and testing of a product;
e emission factor of grid electricity in the final assembly country.

The impact due to transport of a subassembly to final assembly shouldyonly be takgn into
accourt in the case of air transport.

7.16.2| Additional considerations for input data

To moye beyond state-of-the-art with the final assembly, additional input data to cpnsider
includg the following:

e additional materials and process chemicals used in-the final assembly;
e scrap in the final assembly, including disposal of\scrap;
e ftransport distances of components from production to the final assembly;

e transport modes of components from production to the final assembly.
7.17 Final product packaging

7.17.1| State-of-the-art calculation.-recommendations

7171 General

State-qf-the-art recommendations for this calculation assume that mass is the best method for
calculdting the impact of the final product packaging.

7.17.12 Recommended input data for calculation

The dafta 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;
e mass of plastic/polystyrene packaging;
e emission 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:

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

e mass of all packaging components, including overboxes/shipping boxes, instruction
manuals, etc.;
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e emission factors for each specific packaging material, including specific emission factors
for recycled materials as compared to virgin materials;

e manufacturing methods used to produce packaging;

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;

¢ yield of packaging.

7.18 Distribution
7.18.1| State-of-the-art calculation recommendations
7.18.11 General

State-gf-the-art recommendations for this calculation assume that final' product distfibution
covers|the following transportation processes:

o disfribution of products from final assembly to a central hub,within the region where the
product is being used;

e transport from the regional hub to the country where the product is being used.
7.18.12 Recommended input data for calculation

The dafta listed below should be included in the calculation to obtain the carbon footpript from
the fingl product distribution:

o mass of final product and its packaging;

e transport distances from final assembly;to regional hub;

o transport distances from regional hub to country where the product is used;
e transport modes for each transpert route;

e emission factors of different modes of transport (air, ship, ground, etc.).
7.18.2| Additional considerations for input data

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

e increasing.'the number of countries considered, thus increasing the specificity [of the
calgulations.

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:

o 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.
7.19.1.2 Recommended input data for calculation

The data listed below should be included in the calculation to obtain the carbon footprint from
product use:
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o yearly power usage of the product (see Annex D).

o lifetime of the product;

e emi

7.19.2

ssion factor of the electricity grid in country or region of use.

Additional considerations for input data

The most accurate use stage assessment will seek to represent actual usage patterns, and
utilize greenhouse gas emissions associated with the national grid where the use stage
occurs. |IEC 62623 gives a standardized testing protocol for the measurement of computer
power consumption.

The d

sleep 3
e anm
e pub

e pub
scel

o tec
pro
ap(

7.20
7.201
7.20.1.

State-d
produc
of thog
materia
of recy

nd off modes) and the assumed product lifetime can be based on:

anufacturer’s own use phase studies and service life information;
lished industry use phase studies and service life information;

lished national or industry guidelines that specify guidance(/for developm
narios and product lifetime for the use stage for the product being assessed;

e, idle,

ent of

ample,

hnology changes that impact the power consumed during the use phase — for eX
Ky network connectivity or connected standby technolegies can be assessg¢d and
ropriate modifications made to use phase assessmentiguidelines.
End of life (Eol)
State-of-the-art calculation recommendations
1 General
f-the-art recommendations for this calculation assume that EoL covers transpor

[ to the recycling facility, the impacts by recycling the product and impacts by larn
be materials that cannot be recycled. Any material credits for recycled/reg

of the
dfilling
overed

Is are not included at EoL. Gredits are included in product manufacturing via the use

cled material.

2 Recommended input data for calculation

e est
e rec

e dis

ta listed below should be included in the calculation to obtain the carbon footpr
roduct's final disposal, such as:

mated trafisport distance to recycling/final disposal facilities;

cling percentage of the product and packaging mass;

osal-of materials that cannot be recycled;

nt due

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

7.20.2

Additional considerations for input data

The recyclability rate as determined by IEC TR 62635 should be taken into account.

8 Documentation

8.1 General

See IEC TR 62725 for guidance on documentation of CFP studies.
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8.2 CFP database

Once an IEC standard is published, it can be 3 to 5 years before a maintenance or update
cycle begins. In the environmental field, where regulations, state-of-the-art processes and
industry technology advances are evolving rapidly, this maintenance schedule is insufficient
to keep pace with global requirements. In response to the challenge, IEC has developed a
“database” process that enables technical committees to maintain relevant information on a
more frequent basis (e.g. 1 to 3 updates per year).

The procedures for establishing and maintaining an IEC standard in database format are
outlined in Annex SL of the ISO/IEC Directives Supplement:2016. Typically, a database will
be established in conjunction with an IEC standard and a Validation Team (VT) is established
to malnfain the database. The standard wiIll contain the business process ryles or
requirgments, which are expected to remain constant over a long time frame (3 to %’|years),
while the database will contain information, calculations or data that require moere flequent
updatep (e.g. 1 to 3 updates per year).

The spgcific information contained in the standard versus the database is'left to the digcretion
of the fechnical committee (TC) that is developing the standard and js based on the gpecific
needs | of the standard being supported. For example, IEC<TC 111: Environmental
standafdization for electrical and electronic products and systems, has piloted this dqtabase
conceft with IEC 62474, where the standard contains the busifess requirements for product
contenf reporting and electronic data exchange rules, while” the database contains the
declargble substance list, which is updated approximately énce or twice per year degending
on the changes in global regulations.

A datapase process cannot be set up for a Technical Report such as this one. Howgver, a
standafd should be pursued for streamlined “carbon footprint methodologies, with an
accompanying IEC database. This would be~very useful in maintaining the relevance of
stream|ined CFP methodologies due to their‘rapidly evolving state-of-the-art processes and
data, as well as expanding product categofy:rules.

9 Cammunication 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.
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