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____________ 

 
QUANTIFICATION  METHODOLOGY FOR GREENHOUSE GAS  

EMISSIONS FOR COMPUTERS AND MONITORS 
 

FOREWORD 

1 )  The  I n ternati onal  E l ectrotechn ical  Commissi on  ( I EC)  i s  a  worl dwide  organ izati on  for s tandard i zati on  compri s i ng  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC  National  Commi ttees) .  The  ob ject  of I EC  i s  to  promote  
i n ternati onal  co-operati on  on  a l l  q uesti ons  concern ing  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic  fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es ,  I EC  publ i shes  I n ternati onal  S tandards,  Techn ica l  Speci fi cati ons,  
Techn ica l  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC 
Publ i cati on (s)” ).  The i r preparati on  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  sub ject deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternati onal ,  g overnmen tal  and  non -
governmen ta l  organ izati ons  l i a i s i ng  wi th  the  I EC a l so  parti ci pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y 
wi th  the  I n ternati onal  Organ izati on  for Standard izati on  ( I SO)  i n  accordance  wi th  cond i ti ons  determ ined  by 
ag reement between  the  two  organ izati ons.  

2 )  The  formal  deci s ions  or ag reemen ts  of I EC  on  techn ical  matters  express,  as  nearl y as  poss ib l e,  an  i n ternati onal  
consensus  of op i n i on  on  the  re l evan t  subjects  s i nce  each  techn ical  commi ttee  has  represen tati on  from  a l l  
i n terested  I EC  Nati onal  Commi ttees.   

3 )  I EC  Publ i cati ons  have  the  form  of recommendati ons  for i n ternati ona l  u se  and  are  accepted  by I EC  Nati onal  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonabl e  efforts  are  made  to  ensu re  that  the  techn ica l  con ten t  of I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot be  hel d  responsibl e  for the  way i n  wh i ch  they are  used  or for any 
m is in terpretati on  by any end  u ser.  

4 )  I n  order to  promote  i n ternational  u n i form i ty,  I EC  Nati onal  Commi ttees  undertake  to  appl y I EC  Publ i cati ons  
transparen tl y to  the  maximum  exten t possi b l e  i n  thei r nati onal  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati onal  or reg ional  publ i cati on  shal l  be  cl earl y i nd i cated  i n  
the  l a tter.  

5)  I EC  i tse l f does  not  provi de  any a ttestati on  of con form i ty.  I ndependen t  certi fi cati on  bod ies  provi de  con form i ty 
assessmen t services  and ,  i n  some  areas,  access  to  I EC  marks  of conform i ty.  I EC  i s  not  responsibl e  for any 
services  carri ed  ou t  by i ndependen t  certi fi cati on  bod i es .  

6)  Al l  u sers  shou l d  ensu re  that  they have  the  l atest ed i ti on  of th i s  publ i cati on .  

7)  N o  l i abi l i ty shal l  a ttach  to  I EC  or i ts  d i rectors,  employees,  servan ts  or agen ts  i n cl ud i ng  i nd i vi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i n d i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cati on ,  use  of,  or re l i ance  upon ,  th i s  I EC  Publ i cati on  or any other I EC  
Publ i cati ons.   

8)  Atten tion  i s  d rawn  to  the  Normati ve  references  ci ted  i n  th i s  publ i cati on .  U se  of the  referenced  publ i cati ons  i s  
i nd i spensabl e  for the  correct appl i cati on  of th i s  publ i cati on .  

9)  Atten ti on  i s  d rawn  to  the  poss ib i l i ty that  some  of the  e l emen ts  of th i s  I EC  Publ i cati on  may be  the  subj ect of 
paten t ri gh ts .  I EC  shal l  not  be  he l d  responsibl e  for i den ti fyi ng  any or a l l  such  paten t  ri gh ts .  

The  main  task of I EC  techn ical  commi ttees  i s  to  prepare  I n ternational  Standards.  However,  a  
techn ical  commi ttee  may propose  the  publ ication  of a  techn ical  report when  i t  has  col lected  
data  of a  d i fferen t kind  from  that wh ich  i s  normal l y publ i shed  as  an  I n ternational  Standard ,  for 
example  "state  of the  art" .  

I EC  TR 62921 ,  wh ich  i s  a  Techn ical  Report,  has  been  prepared  by techn ical  area  1 3:  
Envi ronment for AV and  mu l timed ia  equ ipment,  of I EC  techn ical  commi ttee  1 00:  Aud io,  video  
and  mu l timed ia  systems  and  equ ipment.  

Th is  second  ed i tion  cancels  and  replaces  the  fi rst ed i tion  publ ished  in  201 5.  

The  text of th is  Techn ical  Report i s  based  on  the  fol lowing  documents:  

Enqu i ry d raft  Report  on  voti ng  

1 00/2598/DTR 1 00/271 7/RVC 
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Fu l l  i n formation  on  the  voting  for the  approval  of th is  techn ical  report can  be  found  in  the  
report on  voting  ind icated  i n  the  above  table.  

Th is  publ ication  has  been  drafted  i n  accordance  wi th  the  ISO/IEC Di rectives,  Part 2 .  

The  commi ttee  has  decided  that the  conten ts  of th is  publ ication  wi l l  remain  unchanged  un ti l  
the  stabi l i ty date  ind icated  on  the  I EC  websi te  under "h ttp: //webstore. iec.ch"  i n  the  data  
related  to  the  speci fic publ ication .  At th is  date,  the  publ ication  wi l l  be  

•  reconfi rmed ,  

•  wi thdrawn,  

•  replaced  by a  revised  ed i tion ,  or 

•  amended .  

A b i l i ngual  version  of th is  publ ication  may be  i ssued  at a  l ater date.  

 

IMPORTANT – The 'colour inside'  logo on  the  cover page of th is  publ ication  ind icates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct 
understanding  of i ts  contents.  Users  should  therefore  print th is  document using  a  
colour printer.  
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I NTRODUCTION  

Many organ izations  are  l ooking  to  adopt product g reenhouse  gas  emissions  reporting  
mechan isms,  i nclud ing :  

•  computer and  mon i tor manufacturers,  as  wel l  as  thei r suppl iers  and  downstream  users;  

•  governmental  agencies  i nclud ing  France,  Ch ina,  Japan ,  Korea  and  the  European  
Commission ;  

•  reta i l ers  and  non-regu latory agencies.  

There  have  been  several  i n ternational  and  reg ional  efforts  to  provide  gu idance  for calcu lating  
product greenhouse  gas  emissions.  Some of these  efforts  i nclude  I EC TR 62725,  
I TU -T L. 1 41 0,  ETSI  TS  1 03  1 99,  and  Greenhouse  Gas  Protocol  ICT Sector Supplement.  

Unfortunately,  some  lack of speci fici ty wi th in  these  documents  al lows  for variabi l i ty that can  
create  a  s ign i ficant d i fference  i n  product greenhouse  gas  emission  resu l ts,  depend ing  on  how 
a  practi tioner i n terprets  the  in formation .  Throughou t the  process  of developing  I EC  TR 62725,  
there  was  sign i fican t d iscussion  regard ing  the  need  for fu rther speci fici ty,  transparency and  
pragmatism  i n  methodology gu idance  for products  covered  under I EC  TC  1 00,  i nclud ing  
computers  and  mon i tors.  There  i s  an  u rgen t need  to  enable  methodolog ies  that offer accurate  
and  defensible  estimates  of impact i n  a  rapid  and  effective  manner.  Th is  Techn ical  Report 
a ims  to  fi l l  i n  some  of those  gaps.  

Th is  Techn ical  Report bu i lds  upon  the  structure  l a id  ou t by I EC  TR 62725.  I ts  goal  i s  to  
support un iversal  streaml ined  product g reenhouse  gas  methodolog ies  for practi tioners,  wi th  a  
further goal  of harmon izing  the  various  reg ional  efforts  curren tly i n  progress.  

Th is  Techn ical  Report’s  quan ti fication  methodology aims  to  be  compl ian t wi th ,  and  therefore  
be  used  wi th in ,  a  number of these  broader standards  efforts .  I t  wi l l  provide  detai led  gu idance  
for estimating  g reenhouse  gas  emissions  for computers  and  mon i tors,  i n  order to  obtain  
consisten t,  accurate  resu l ts.  The  benefi t  of consisten t resu l ts  i s  that they can  assist mu l tiple  
efforts,  i nclud ing  bu t not l im i ted  to:  

•  supporting  customer enqu i ries;  

•  i nsti tu ting  sustainable  design  practices;  

•  i n i tiati ng  conversations  around  emissions  reduction  strateg ies  wi th  suppl iers  and  
downstream  users;  

•  targeting  data  col lection  wi th in  the  supply chain  i n  order to  address  data  qual i ty i ssues.  
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QUANTIFICATION  METHODOLOGY FOR GREENHOUSE GAS  
EMISSIONS FOR COMPUTERS AND MONITORS 

 
 
 

1  Scope 

Th is  Techn ical  Report ou tl i nes  detai led  gu idance  to  streaml ine  the  quanti fication  of 
g reenhouse  gas  emissions  for computers  and  mon i tors.  Other aud io,  vi deo  and  mu l timed ia  
products,  such  as  e-readers,  phones,  and  storage  equ ipment,  can  be  i ncluded  i n  fu ture  
revis ions  of th is  Techn ical  Report.  

For th is  Techn ical  Report,  computers  and  mon i tors  i nclude  notebooks,  desktops,  i n tegrated  
desktop  computers,  tablets,  th in  cl ien ts,  workstations  and  mon i tors.  

Th is  Techn ical  Report provides  speci fic gu idance  for the  use  of streaml in ing  techn iques  that 
m in imize  cost and  resources  needed  to  complete  greenhouse  gas  emissions  quan ti fications.  
I n  add i tion ,  the  product category ru les  (PCR)  section  of th is  Techn ical  Report  recommends  
“state-of-the-art”  process  and  data  assumptions  i n  order to  reduce  uncertain ty.  Lastl y,  th is  
Techn ical  Report provides  an  example  of how a  calcu lation  cou ld  be  performed .  

2  Terms and  defin i tions  

For the  purposes  of th is  document,  the  fol l owing  terms  and  defin i tions  apply.  

2.1   
carbon  footprint of a  product 
CFP 
sum  of greenhouse  gas  emissions  and  removals  i n  a  product system,  expressed  as  CO2  
equ ivalen ts  and  based  on  a  l i fe  cycle  assessment us ing  the  s ing le  impact category of cl imate  
change  

Note  1  to  en try:  The  CO
2
 equ i va len t of a  speci fi c  amoun t of a  g reenhouse  gas  i s  ca l cu l ated  as  the  mass  of a  

g i ven  g reenhouse  gas  mu l ti p l i ed  by i ts  g l obal  warm ing  poten ti a l .  

Note  2  to  en try:  Resu l ts  of the  quan ti fi cati on  of the  CFP  are  documen ted  i n  the  CFP  study report  expressed  i n  
mass  of CO

2
e  per functi onal  un i t.  

[SOURCE:  I SO/TS  1 4067: 201 3,  3 . 1 . 1 . 1 ,  mod i fied  – Notes  2  and  3  have  been  removed  and  
Note  4  has  been  renumbered  as  Note  2 . ]   

2.2   
comprehensive  carbon  footprint of a  product 
carbon  footprin t of a  product (2 . 1 )  that i s  product-speci fic and  includes  the  carbon  impacts  for 
every component and  process  i n  that product’s  l i fe  cycle  

2.3   
computer 
device  wh ich  performs  log ical  operations  and  processes  data  

Note  1  to  en try:  Compu ters  are  composed  of,  a t  a  m in imum:   

a )   a  cen tral  process i ng  un i t  (CPU )  to  perform  operati ons;  

b)  u ser i npu t  devices  such  as  a  keyboard ,  mouse,  d i g i ti zer or game  con trol l er;  and  

c)  a  compu ter d i sp l ay screen  to  ou tpu t i n formati on .  

[SOURCE:  ENERGY STAR® Program  Requ i rements  for Computers]  
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2.4  
desktop 
computer whose  main  un i t  i s  designed  to  be  l ocated  i n  a  permanent l ocation ,  often  on  a  desk 
or on  the  fl oor 

Note  1  to  en try:  Desktops  are  not  desi gned  for portabi l i ty and  are  designed  for use  wi th  an  external  mon i tor,  
keyboard ,  and  mouse.  Desktops  are  i n tended  for a  broad  range  of home  and  offi ce  appl i cati ons,  i ncl ud i ng  poi n t  of 
sa l e  appl i cati ons.  

[SOURCE:  ENERGY STAR® Program  Requ i rements  for Computers]  

2.5  
greenhouse gas  emissions  
GHG  emissions  
total  mass  of greenhouse  gases  re leased  to  the  atmosphere  over a  speci fied  period  of time  

[SOURCE:  I SO  1 4064-1 : 2006,  2 . 5,  mod i fied  – Use  of the  pl u ral  i n  the  terms. ]  

2.6   
i n tegrated  desktop computer 
computer i n  wh ich  the  computing  hardware  and  mon i tor are  i n tegrated  i n to  a  s ing le  housing ,  
and  wh ich  i s  connected  to  a . c.  mains  power through  a  s ing le  cable  

Note  1  to  en try:  I n tegrated  Desktop  Computers  come  i n  one  of two  poss ib l e  forms:   

a )  a  system  where  the  mon i tor and  compu ter are  phys ica l l y combined  i n to  a  s i ng l e  un i t;  or 

b)  a  system  packaged  as  a  s i ng l e  system  where  the  mon i tor i s  separate  bu t  i s  connected  to  the  mai n  chass is  by a  
d . c.  power cord  and  both  the  compu ter and  mon i tor are  powered  from  a  s i ng le  power supply.  

As  a  subset  of desktops,  i n teg rated  desktop  compu ters  are  typ i cal l y des i gned  to  provide  s im i l ar functi onal i ty as  
desktops.  

[SOURCE:  ENERGY STAR® Program  Requ i rements  for Computers]  

2.7   
mon itor 
product wi th  a  d i splay screen  and  associated  e lectron ics,  often  encased  i n  a  s i ng le  housing ,  
that as  i ts  primary function  produces  visual  i n formation  from  a  computer,  workstation ,  or 
server 

Note  1  to  en try:  Vi sual  i n formation  i npu t can  be  received  vi a  one  or more  i npu ts   (e . g . ,  VGA,  DVI ,  HDM I ,  
D i sp layPort,  I EEE  1 3994,  USB),  external  s torage  (e . g .  USSB  fl ash  d ri ve,  memory card ) ,  or a  n etwork connecti on .  

[SOURCE:  ENERGY STAR® Program  Requ i rements  for D isplays]  

2.8   
notebook computer 
computer designed  speci fical l y for portabi l i ty and  to  be  operated  for extended  periods  of time  
both  wi th  and  wi thou t a  d i rect connection  to  AC mains  power source  

Note  1  to  en try:  Notebooks  i ncl ude  an  i n tegrated  mon i tor,  a  non -detachable ,  mechan ical  keyboard  (us i ng  phys ical ,  
moveable  keys)  and  poi n ti ng  devices.  

[SOURCE:  ENERGY STAR® Program  Requ i rements  for Computers]  

2.9   
primary data  
data  col lected  from  speci fic processes  i n  the  stud ied  product’s  l i fe  cycle  

[SOURCE:  GHG  Protocol  Product standard :201 1 ]  
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2.1 0   
primary aggregated  data  
data  that are  col lected  d i rectl y from  suppl iers  or i ndustry associations  on  a  product type  (not 
speci fic product)  and  aggregated  

Note  1  to  en try:  Th i s  i s  an  approach  i n  wh i ch  s i ng l e  componen ts  can  be  sou rced  from  mu l ti p l e  suppl i ers  each  wi th  
mu l ti p l e  faci l i ti es  and  mu l ti p l e  downstream  suppl i ers .  Primary data  for every i tem  i s  imposs ib l e .  

2.1 1   
product category ru les  
PCR 
set of speci fi c ru les,  requ i rements  and  gu idel ines  for quanti fication  and  commun ication  on  the  
carbon  footprin t  of a  product for a  speci fic product category 

[SOURCE:  I SO  TS  1 4067: 201 3,  3 . 1 . 4 . 1 2 ,  mod i fied  — “for developing  Type  I I I  envi ronmental  
declarations  for one  or more  product categories”  has  been  replaced  by "for quan ti fication  and  
commun ication  on  the  carbon  footprin t  of a  product for a  speci fi c product category" . ]  

2.1 2   
secondary data 
process  data  that are  not from  speci fic processes  i n  the  stud ied  product’s  l i fe  cycle  

[SOURCE:  GHG  Protocol  Product standard : 201 1 ]  

2.1 3   
state-of-the-art 

<data  and  processes>  d eveloped  stage  of techn ical  capabi l i ty at a  g i ven  time  as  regards  
products,  processes  and  services,  based  on  the  re levant consol idated  fi nd ings  of science,  
technology and  experience  

[SOURCE:  I SO/IEC Gu ide  2 : 2004,  1 . 4 ,  mod i fied  — The  domain  “<data  and  processes>”  has  
been  added  before  the  defin i tion . ]  

2.1 4  
streaml ined  carbon  footprint of a  product 
carbon  footprin t of a  product (2 . 1 )  that i nvolves  some level  of s impl i fication  compared  to  a  
comprehensive  carbon  footprin t 

Note  1  to  en try:  Typi ca l  approaches  to  stream l i n i ng  a  product carbon  footpri n t  ca l cu lati on  cons ist  of s impl i fyi ng  
data  col l ecti on  and /or reduci ng  the  number of data  i npu ts  requ i red .  

2.1 5  
s late  
tablet 
computer designed  for portabi l i ty that meets  a l l  of the  fol lowing  cri teria:  

a)  i ncludes  an  i n tegrated  d isplay wi th  a  d iagonal  s ize  greater than  1  650  mm  (6, 5  i nches)  
and  l ess  than  4  420  mm  (1 7,4  i nches);  

b)  l acking  an  i n tegrated ,  physical  attached  keyboard  i n  i ts  as-sh ipped  configuration ;  

c)  i ncludes  and  primari l y rel ies  on  touchscreen  inpu t (wi th  optional  keyboard);  

d )  i ncludes  and  primari l y re l ies  on  a  wi reless  network connection  (e. g . ,  Wi -F i ,  3G,  etc. ) ;  and  

e)  i s  primari l y powered  by an  i n ternal  battery (wi th  connection  to  the  mains  for battery 
charg ing ,  not primary powering  of the  device)  

[SOURCE:  ENERGY STAR® Program  Requ i rements  for Computers]  
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2.1 6   
th in  cl ient 
i ndependently-powered  computer that re l ies  on  a  connection  to  remote  computing  resources  
(e. g . ,  computer server,  remote  workstation)  to  obtain  primary functional i ty 

Note  1  to  en try:  Ma in  computi ng  functi ons  (e . g .  program  execu ti on ,  data  s torage,  i n teracti on  wi th  other I n ternet 
resources)  are  provi ded  by the  remote  compu ti ng  resources .  

Note  2  to  en try:  Th i n  cl i en ts  covered  by th i s  Techn ica l  Report  are  

a)  l im i ted  to  devices  wi th  no  rotati onal  s torage  med ia  i n tegral  to  the  compu ter and  

b)  designed  for u se  i n  a  permanen t  l ocati on  (e. g .  on  a  d esk)  and  not  for portabi l i ty.  

[SOURCE:  ENERGY STAR® Program  Requ i rements  for Computers]  

2.1 7   
uncertainty analysis  
systematic procedure  to  quanti fy the  uncertain ty i n troduced  i n  the  resu l ts  of a  l i fe  cycle  
i nven tory analysis  due  to  the  cumu lative  effects  of model  imprecis ion ,  i npu t uncertain ty and  
data  variabi l i ty 

Note  1  to  en try:  Uncertai n ty i n formati on  typ i cal l y speci fi es  q uan ti tati ve  estimates  of the  l i kel y d i spers ion  of va l ues  
and  a  q ual i tati ve  descri pti on  of the  l i ke l y causes  of the  d i spers ion .  

[SOURCE:  I SO  1 4040:2006,  3 . 33,  mod i fied  – The  note  has  been  changed . ]  

2.1 8   
workstation  
h igh-performance,  s ing le-user computer typical l y used  for g raph ics,  CAD,  software  
development,  fi nancial  and  scien ti fic  appl ications  among  other compute  i n tensive  tasks  

[SOURCE:  ENERGY STAR® Program  Requ i rements  for Computers]  

3  Symbols  and  abbreviations  

AC al ternating  cu rrent 

CAD computer-aided  design  

CFP carbon  footprin t of a  product 

CPU  cen tral  processing  un i t 

DQI  data  qual i ty i nventory 

DR d istinction  rate  

DVI  d ig i ta l  visual  i n terface  

EE  product e lectrical  and  e lectron ic product 

EoL end-of-l i fe  

FS  false  s ignal  rate  

HDD hard  d isk d rive  

HDMI  h igh-defin i tion  mu l timed ia  i n terface  

ICs  i n tegrated  ci rcu i ts  

ICT i n formation  and  commun ications  technology 

I EEE  i nsti tu te  of e lectrical  and  e lectron ics  eng ineers  

kg  CO2e  ki l ograms  of carbon  d ioxide  equ ivalent 

LCA l i ke  cycle  assessment 

LCD  l i qu id  crystal  d isplay 
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LCI  l i fe  cycle  i nven tory 

LCIA l i fe  cycle  impact assessment 

LCT l i fe  cycle  th inking  

ODD optical  d isk d rive  

PAIA product attribu te  to  impact a lgori thm  

PCR product category ru les  

PSU  power supply un i t 

PWB prin ted  wi ring  board  

SSD  sol id  state  d rive  

TEC typical  energy consumption  

USB  un iversal  seria l  bus  

VGA video  graph ics  array 

VT val idation  team  

4 Principles  

4.1  Comparing  streaml ined  CFP  to  comprehensive  CFP 

4. 1 . 1  General  

The  carbon  footprin t of a  product estimates  the  tota l  potentia l  contribu tion  of a  product to  
g lobal  warming  by quan ti fying  a l l  s ign i fican t greenhouse  gas  emissions  and  removals  over the  
product's  l i fe  cycle.  Comprehensive  CFPs  are  product-speci fic and  include  the  carbon  impacts  
for every component and  process  i n  that product’ s  l i fe  cycle.  A comprehensive  CFP takes  a  
s ign i fican t amount of resources,  time,  and  data-demands  to  complete.  

G iven  these  chal lenges,  streaml ined  CFP approaches  are  cri ti cal ,  particu larly i n  i ndustries  
such  as  the  i n formation  and  commun ications  technology ( ICT)  i ndustry,  wh ich  have  complex 
products  and  rapid  product-development cycles.  The  streaml ined  approach  reduces  the  
amount of time  and  resources  needed  for data  gathering  and  calcu lation  i n  order to  ach ieve  
the  needed  l evel  of accuracy.  Therefore,  the  streaml in ing  approach  fol l ows  the  ru le  that on ly 
the  materials ,  components  and  processes  that are  associated  wi th  the  most s ign i ficant 
product carbon  impacts  are  i ncluded  i n  the  analysis.  

Wh i le  many d i fferen t defin i tions  of a  streaml ined  CFP exist,  the  common  characteristic i s  that 
they a l l  i nvolve  some  level  of s impl i fication ,  as  compared  to  a  comprehensive  CFP.  Wi th  
comprehensive  CFPs  rarely being  executed ,  i t  i s  th is  col lection  of streaml ined  CFP 
approaches  that represent a  common  approach  to  CFP.  These  streaml ined  approaches,  when  
executed  accord ing  to  recogn ized  practices,  reduce  the  burden  of a  CFP,  wh i le  sti l l  a l l owing  
the  necessary goals  of the  CFP  to  be  ach ieved  (see  F igure  1 ) .  
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Figure  1  – Depiction  of how streaml ined  CFP fi ts  in to  comprehensive  CFP 

4. 1 .2  Level  of streaml in ing  

Whi le  streaml ined  CFPs  are  clearly l ess  resource-in tensive,  the  exten t of streaml in ing  that i s  
possible  i s  en ti rely dependent on  the  goal  of the  CFP  and ,  more  speci fical l y,  the  questions  
that the  CFP is  attempting  to  answer.  Typical l y,  the  more  general  the  questions  are  that need  
to  be  answered ,  the  more  streaml ined  the  CFP  can  be.  

For example,  h i gh-level  product CFPs,  focused  on  understand ing  the  overal l  impact of a  
product or wh ich  l i fe  cycle  phases  dominate  product impact,  can  be  completed  using  a  
streaml ined  CFP.  For such  cases,  the  add i tional  resolu tion  and  speci fici ty provided  th rough  a  
more  comprehensive  CFP are  not needed .  

However,  i f i n formation  i s  needed  to  assess  speci fic materials  or design  choices  around  a  
product ( i . e .  evaluating  materia ls  used  i n  packag ing ,  or evaluating  trade-offs  i n  product 
design),  then  a  more  speci fic and  detai led  analysis  i s  warran ted .  I n  th is  case,  improved  data  
col lection  and  more  primary data  inpu t can  be  requ i red ,  l ead ing  to  a  more  comprehensive  
CFP.  I n  general ,  the  more  speci fi ci ty that i s  requ i red  in  the  CFP resu l ts,  the  more  
comprehensive  the  CFP  wi l l  need  to  be.  

4.2  Viabi l i ty of streaml ined  CFP 

4.2 . 1  Streaml in ing  in  IEC  TR 62725 

Streaml ined  methodolog ies  that apply a  tria l  estimation  approach  are  described  i n  
I EC  TR 62725:201 3,  6 . 4 ,  6 . 5,  Annex B  and  Annex D.  Rather than  applying  a  quan ti tati ve  cu t-
off th reshold  (e. g .  l ess  than  5  %  of the  total  estimated  emissions  can  be  excluded  from  the  
CFP  analysis)  as  described  in  I EC  TR 62725,  i n  the  streaml ined  approach  a  h igh  level  
statistical  analysis  us ing  avai lable  data  and  Monte  Carlo  s imu lations  i s  performed  to  
determine  the  l i fe  cycle  activi ties  that are  the  b iggest con tribu tors  to  impact and  uncertain ty.  
Targeted  data  col lection  i s  then  performed ,  based  on  th is  analysis,  to  confi rm  impacts  and  
fu rther reduce  uncertain ty to  desi red  levels.  Use  of a  streaml ined  approach  i n forms  the  
appropriate  cu t-off cri teria  i n  view of the  workabi l i ty and  avai labi l i ty of the  process  data.  
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4.2.2  Metrics  for streaml in ing  

I n  order to  determine  whether the  resu l t  of a  CFP  analysis  i s  su fficient g i ven  the  degree  of 
uncertain ty present i n  a l l  aspects  of the  calcu lation  (see  4 . 2 . 4),  measures  of resolu tion  are  
often  calcu lated .  Th is  can  be  done  as  part of a  sensi tivi ty check in  order to  determine  the  
abi l i ty of the  CFP analysis  to  find  s ign i fican t d i fferences  between  d i fferent stud ied  a l ternatives,  
as  described  in  I SO  1 4044.  

One  common  way to  assess  whether a  resu l t  i s  “good  enough”  to  answer the  question  posed  
i s  to  determine  how much  overlap  there  i s  between  the  sampled  d istribu tion  correspond ing  to  
the  product of i n terest and  a  variety of related  a l ternatives.  (For example,  th is  cou ld  be  a  
comparison  of the  product of i n terest wi th  another product u ti l i zing  a  d i fferent set of materia ls  
or arch i tecture. )  When  the  uncertain  CFP of the  product of i n terest overlaps  considerably wi th  
the  uncertain  CFP  of the  a l ternative,  then  i t  wou ld  be  inappropriate  to  declare  that the  two  
have  d i fferen t CFPs.  I f there  i s  l i ttl e  overlap,  then  one  cou ld  confidently i den ti fy a  d i fference  
and  therefore  wh ich  of the  two  a l ternatives  had  the  l ower CFP.  

There  are  several  terms used  to  describe  th is  degree  of overlap  ( i . e .  between  the  estimated  
CFP of the  product of i n terest and  the  estimated  CFP of an  al ternative)  i nclud ing  the  
comparison  i nd icator,  d i stinction  rate  (DR) ,  or fa lse  s ignal  rate  (defined  below).  For th is  
d iscussion ,  d istinction  rate  wi l l  be  used  to  s ign i fy how d isti nct the  product of i n terest i s  from  a  
selected  basel ine.  D istinction  rate  essentia l l y quanti fies  the  frequency at wh ich  one  of the  
a l ternatives  has  a  d istinctl y l ower CFP than  the  other a l ternative  or a  prescribed  benchmark 
(described  subsequently).  

To  calcu late  the  d isti nction  rate  between  the  product of i n terest (B)  and  the  basel ine  or 
benchmark (A),  the  expected  d istribu tion  for CFPB  as  wel l  as  for CFPA  shou ld  be  sampled  via  
statistical  s imu lation ,  such  as  th rough  Monte  Carlo  sampl ing .  The  formu lation  for th is  
d istinction  rate  (DR)  i s  then  expressed  as:  

 DR  =  P  (CFPB  <  CFPA)   

where  

DR  i s  the  d istinction  rate;  

P  i s  the  probabi l i ty;  

CFPB  i s  the  CFP for the  product of i n terest;  

CFPA  i s  the  CFP for some  basel ine  comparison  product.  

The  probabi l i ty of CFPB  <  CFPA,  can  be  estimated  d i rectl y from  the  Monte  Carlo  s imu lation  
resu l ts  by comparing  scenario  pai rs  CFPA  and  CFPB  and  calcu lating  the  re lative  frequency 

where  CFPB  <  CFPA.  The  fa lse  s ignal  rate  (FS)  i s  a  speci fic version  of the  d istinction  rate  
defined  as  the  frequency of observing  a  resu l t  where  the  CFPs  of the  products  are  
comparatively d i fferen t (h igher than ,  or l ower than  the  other)  than  wou ld  be  expected  based  

on  the  re lative  posi tion  of the  mean  CFP  (µ,  µA  for product A and  µB  for product B) .  That i s :  

 ( )
( )




><

<<
=

BABA

BAAB

  where,

  where,

µµ
µµ

CFPCFPP

CFPCFPP
FS   

I t  i s  importan t to  note  that there  i s  often  correlation  among  l i fe  cycle  activi ti es  across  a  
product of i n terest and  a  basel ine,  particu larl y for downstream  activi ties  such  as  the  grid  
m ixes  associated  wi th  use  phase.  

I n  assessing  the  d i fference  between  the  uncertain  impact of a  product of i n terest and  a  
basel i ne,  therefore,  consider correlation  ( i . e .  the  degree  to  wh ich  two  or more  variables  are  
related  i n  some  fash ion)  to  avoid  stati stical  b ias.  To  that end ,  the  analysis  shou ld  probably be  
conducted  s imu l taneously for both  the  product and  basel ine  such  that for each  Monte  Carlo  
run  the  same  sample  sets  are  used  for the  correlated  activi ties  and  parameters.   
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Another form  of resolu tion  metric wh ich  i s  often  reported  i s  referred  to  as  the  comparison  

i nd icator (β) ,  wh ich  i s  defined  as  the  probabi l i ty that the  ratio  between  the  product of i n terest 
and  the  basel ine  i s  l ess  than  one,  that i s  
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
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where  

β  i s  the  comparison  i nd icator;  

P  i s  the  probabi l i ty;  

CFPB  i s  the  CFP for the  product of i n terest;  

CFPA  i s  the  CFP  for some  basel ine  comparison  product.  

Th is  enables  characterization  of the  l i kel ihood  that the  basel ine  has  lower impact than  the  
product of i n terest.  

A decis ion  regard ing  the  su fficiency of the  analysis  can  then  be  made  when  β  i s  g reater than  
a  prescribed  threshold .  Th is  threshold  i s  a  decision  parameter that con trols  the  l evel  of ri sk 
that a  decis ion-maker i s  wi l l i ng  to  take  and  shou ld  be  set by the  decision -maker for a  g i ven  
con text.  I f the  metric of i n terest does  not i nd icate  that there  i s  h igh  statistical  confidence  i n  
the  comparison  resu l t  ( i . e .  there  i s  h igh  risk that a  conclusion  d rawn  on  th is  resu l t  wi l l  be  
d i rectional l y i ncorrect) ,  the  analyst has  the  option  e i ther to  declare  the  products  not 
d i fferen tiable  or to  attempt to  col lect add i tional  more  precise  data  to  improve  the  resolu tion  of 
the  analysis.  

An  example  of a  hypothetical  benchmark cou ld  be  the  use  of the  same data  d istribu tion  for a  
product of i n terest d isplaced  by a  d i fference  threshold  establ ished  i n  the  goals  of the  study.  
Th is  d i fference  threshold  d istance  cou ld  be  defined  as  a  percentage  of the  magn i tude  of the  

mean ,  i . e .  sh i fting  the  mean  of A (µA)  by 1 0  %.  The  reason  for th is  sort of a  benchmark wou ld  
be  i f data  for another product were  not avai lable.  Another example  cou ld  be  a  product 
analysis  for a  l arger or smal ler screen  s ize  i n  the  case  of a  l aptop.  

An  example  of the  above  calcu lations  for a  hypothetical  comparison  i s  shown  in  Table  1 .  

Table  1  – Depiction  of how streaml ined  CFP fi ts  in to  comprehensive  CFP 
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4.2.3  Principles  of CFP  from  IEC  TR 62725 

4.2 .3.1  Li fe  cycle  th inking  (LCT)  

I n  the  development of methodology to  quan ti fy the  g reenhouse  gas  emissions  throughout an  
e lectrical  and  e lectron ic (EE)  product’ s  l i fe  cycle,  take  a l l  s tages  of the  l i fe  cycle  of a  product 
i n to  consideration .  

4.2.3.2  Relevance 

Select and  use  data,  methods,  cri teria  and  assumptions  that are  appropriate  to  the  
assessment of greenhouse  gas  emissions  and  removals  from  the  goal  and  scope  defin i tion  
being  stud ied .  

4.2.3.3  Completeness  

I nclude  a l l  g reenhouse  gas  emissions  and  removals  that provide  a  s ign i fi can t con tribu tion  to  
the  assessment of greenhouse  gas  emissions  and  removals  aris ing  from  the  goal  and  scope  
defin i tion  being  stud ied .  

4.2.3.4 Consistency 

Apply assumptions,  methods  and  data  i n  the  same way th roughout the  greenhouse  gas  
emissions  for an  EE  product’s  l i fe  cycle  to  arrive  at conclusions  in  accordance  wi th  the  goal  
and  scope  defin i tion .  

4.2.3.5  Accuracy 

Reduce  bias  and  uncertain ties  as  far as  i s  appropriate  to  the  goal  of the  study.   

4.2.3.6  Transparency 

Address  and  document a l l  re levant i ssues  in  an  open ,  comprehensive  and  understandable  
presentation  of i n formation .  Fu l l y d isclose  any relevant assumptions  and  l im i tations  and  make  
appropriate  references  to  the  methodolog ies  and  data  sources  used .  Clearly expla in  any 
estimates  and  avoid  b ias  so  that the  greenhouse  gas  emissions  throughou t an  EE  product’s  
l i fe  cycle  study report fa i th fu l l y represent what i t  pu rports  to  represent.  

4.2.4 Uncertainty 

4.2 .4.1  General  

There  i s  an  extensive  l i terature  characterizing  sources  and  types  of uncertain ty i n  l i fe  cycle  
assessment and  methods  for analysing  the  impact of uncertain ty on  l i fe  cycle  impact 
assessment.  A good  summary of th is  l i teratu re  can  be  found  in  a  review article  by Lloyd  and  
Reis.  Existing  l i terature  and  footprin ting  standards  have  d iscussed  terminology for types  of 
uncertain ty for both  l i fe  cycle  i nven tories  (LCI )  and  l i fe  cycle  impact assessment (LCIA)  
methods  i nclud ing  parameter,  scenario,  and  model  uncertain ty.  Al though  LCI  and  LCIA have  
the  same  types  of uncertain ty,  the  sources  of and  methods  for evaluating  uncertain ty wi l l  
probably be  d i fferen t.   

•  Parameter uncertain ty refers  to  the  uncertain ty i n  observed  or measured  values,  and  
provides  a  measure  of how close  the  data  and  calcu lated  emissions  are  to  the  real  data  
and  emissions.  For LCI  and  LCIA th i s  appl ies  to  the  inpu t data  used  in  the  i nven tory or 
impact assessment method ,  respectively.   

•  Scenario  uncertain ty refers  to  the  variation  of resu l ts  depend ing  on  methodolog ical  
choices  (e. g .  CFP model l i ng  princip les,  a l l ocation  procedures),  and  represents  the  choices  
that are  made  when  conducting  a  Li fe-Cycle  Assessment (LCA).  These  choices  are  made  
i n  order to  manage  the  scope  of the  analysis  and  because  of the  inheren t variation  i n  
cond i tions  under wh ich  products  and  processes  operate  (e. g .  d i fferent l ocations  or types  
of user).   
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•  Model  uncertain ty refers  to  i nsufficien t knowledge  of the  stud ied  system  (e. g .  em issions  
from  the  supply chain  for transportation),  l ead ing  to  omission  of data  or i ncorrect 
assumptions.  I t  resu l ts  i n  uncertain ty i n  the  mathematical  relationsh ips  used  to  develop  
LCIs  and  LCIAs.  

There  are  several  s ign i fican t sources  of uncertain ty related  to  computers  and  mon i tors.  
Though  not subjected  to  uncertain ty analysis  i n  most LCA stud ies,  there  are  s ign i ficant 
variations  i n  the  b i l l  of materia ls  and  parts  for I T  products.  

Wh i le  d isassembly of a  particu lar mach ine  reveals  the  materials  and  parts  for that model ,  the  
purpose  of most LCA stud ies  i s  to  understand  a  type  of product (e. g .  a  l aptop  computer)  
rather than  a  particu lar model  (e . g .  a  Del l  Lati tude  E5450 1 ) .  Wi thou t i n formation  on  how 
materia ls  and  parts  vary among  models,  i t  i s  d i fficu l t  to  j udge  how to  general ize  resu l ts  from  a  
sample  model  to  a  product class.  

Other sources  of data  variabi l i ty and  uncertain ty i nclude  variabi l i ty i n  suppl iers  for various  
components  over d i fferen t time  scales,  uncertain ty i n  secondary data  for components,  and  
uncertain ty i n  overhead  of production  (e. g .  waste  management).  One  cri tical  source  of 
variation  stems from  geograph ical  variabi l i ty i n  production  faci l i ty energy efficiency and  
e lectrici ty g ri d  m ix,  and  variabi l i ty i n  del i very d istances  and  supply chain  freigh t movement.  

I n  add i tion  to  model  variations  among  brands  wi th in  a  g iven  year,  computer and  mon i tor 
products  evolve  s ign i fican tl y over time.  Thus  trends  i n  the  b i l l  of materia ls ,  parts  and  
manufacturing  burden  can  s ign i ficantly affect the  product carbon  footprin t.  Th is  cri ti cal  source  
of uncertain ty stems  from  the  rapid  change  i n  processes  through  advancement and  i nnovation .  

Detai led  model l i ng  i s  recommended  around  a l l  of these  aspects  of uncertain ty −  each  quan ti ty 
and  impact has  an  associated  uncertain ty wh ich  a l lows  the  user to  get tota l  product 
uncertain ty.  For example,  there  i s  uncertain ty on  quan ti ty i n formation  ( includ ing  b i l l  of 
materia ls ,  process,  user profi le)  and  type  (e. g .  mode  of transport,  type  of steel ) .  Where  
empi rical  data  exist,  d i stribu tions  can  be  fi tted  accord ing ly.  Having  enough  data  to  fi t  a  
d istribu tion  can  be  qu i te  rare.  Therefore,  other approaches  are  necessary to  make  th is  effort 
manageable.   

One  framework proposed  i n  the  academic l i teratu re  to  accommodate  l im i ted  data,  i nclud ing  
cases  where  on ly one  data  poin t i s  avai lable,  i s  to  estimate  uncertain ty through  a  secondary 
data  qual i ty i nd icator method .  Where  mu l tip le  data  are  avai lable,  s imple  d istribu tions  can  be  
used  to  model  uncertain ty (e. g .  un i form  d istribu tion  i n  the  case  where  two  poin ts  are  avai lable,  
triangu lar d istribu tion  where  a  cen tral  tendency can  be  estimated).  Data  qual i ty i nd icator 
(DQI )-type  approaches  are  usefu l  because  they on ly requ i re  a  s ing le  data  poin t for a  un i t  
process  or e lementary fl ow of a  un i t process.  An  example  of a  DQI  approach  i s  found  i n  the  
ped igree  matrix publ ished  for the  ecoinvent2  l i fe  cycle  i nventory database.  Data  poin ts  are  
evaluated  along  metrics  of rel iabi l i ty,  completeness,  as  wel l  as  temporal  and  geograph ic 
representativeness.  Lack of data  for e lectron ics  makes  i t  d i fficu l t to  ascertain  empi rical  
underlying  uncertain ty d istribu tions  in  most of the  un i t  processes  and  inven tories  used .   

4.2.4.2  Examples  of appl ication  of uncertainty analysis  

Example  1 :  CFP  i s  assessed  i n  two  d i fferent stud ies  for two  l aptop  products  made  by a  
manufacturer,  products  A and  B.  The  calcu lated  d i fference  in  the  CFP  between  A and  B  i s  
25  %.  The  estimated  uncertain ty of the  analysis  i s  50  %.  I n  th is  case  i t  i s  not possib le  to  j udge  
i f A or B  i s  a  better product wi th  respect to  CFP,  a l though  the  resu l t  va lue  ind icates  a  clear 
d i fference.  

_____________ 

1  Th i s  i s  an  example  of a  su i tab l e  product  ava i l abl e  commercia l l y.  Th i s  i n formation  i s  g i ven  for the  conven ience  
of users  of th i s  d ocumen t and  does  not  consti tu te  an  endorsemen t  by I EC  of th i s  product.  

2  Ecoi nven t i s  an  example  of a  su i tabl e  product  avai l abl e  commercia l l y.  Th is  i n formati on  i s  g i ven  for the  
conven ience  of u sers  of th i s  documen t and  does  not  consti tu te  an  endorsemen t by I EC  of th i s  product.  
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Example  2 :  CFP is  assessed  for two  desktop  computer products  that use  d i fferent 
arch i tectures  and  materia ls  (new product versus  business-as-usual  scenario) .  The  estimated  
uncertain ty of the  CFP  analysis  i s  50  %  i n  th is  case  as  wel l ,  bu t the  calcu lated  improvement i n  
the  CFP when  applying  the  new arch i tecture  and  materials  i s  a  factor of ten .  I n  th is  case  i t  
can  be  concluded  that the  new product clearly has  the  best performance  even  though  the  
uncertain ty associated  wi th  the  analysis  impacts  the  absolu te  value  of the  CFP.   

The  above  examples  i l l ustrate  that both  uncertain ty analysis  and  sensi ti vi ty analysis  
(d istinction  rate)  are  important tools  to  understand  the  resu l ts  of a  study and  what conclusions  
can  be  made.  

5 Approaches  to  streaml ined  CFP 

5.1  General  

Whi le  there  are  d i fferen t approaches  to  streaml in ing  a  CFP,  the  two  most common  
approaches  i nclude:   

•  s impl i fying  the  data  col lection  process,  or  

•  reducing  the  number of data  i npu ts  requ i red  to  do  the  CFP calcu lation .   

Some streaml ined  methods  use  one  or the  other of these  s impl i fication  processes,  others  use  
both .  

5.2  Streaml in ing  of data  col lection  

5.2 .1  General  

Data  col lection  involves  obtain ing  underlying  data  for the  analysis.  There  are  several  types  of 
data  that can  be  used  i n  a  CFP  analysis:  primary,  primary aggregated ,  and  secondary.  
Primary data  are  typical l y the  most d i fficu l t  to  obtain ;  secondary typical ly the  s implest.  

•  Primary data  are  expected  to  be  fu l l y representative  of the  particu lar product being  
analysed .  Primary data  are  often  thought to  be  the  best representation  of that speci fic i tem,  
and  are  often  the  most resource-in tensive  approach  to  data  col lection .  For an  i ndustry 
such  as  the  ICT i ndustry,  i n  wh ich  s ing le  components  can  be  sourced  from  mu l tiple  
suppl iers  each  wi th  mu l tip le  faci l i ties  and  mu l tiple  downstream  suppl iers,  primary data  for 
every i tem  are  impossible  to  col lect.  

•  Primary aggregated  data  are  representative  of a  class  of products  or processes  as  
opposed  to  an  i nd ividual  product or process.  Primary aggregated  data  can  be  l ess  
resource  i n tensive  to  obtain  than  product-speci fic primary data  and  are  often  more  
consisten tl y up-to-date  than  secondary data.  I n  th is  process,  data  on  a  product type,  not a  
speci fic product,  ( i . e .  data  col lected  on  in tegrated  ci rcu i ts  ( ICs)  used  i n  computer products  
rather than  data  col lected  on  a  particu lar IC)  are  obtained  from  suppl iers  and /or i ndustry 
associations  and  then  aggregated  to  obtain  an  “average”  CFP value.  

•  Secondary data  are  not speci fic to  the  stud ied  product as  a  substi tu te  for product-speci fic 
primary data.  Secondary data  are  not necessari l y l ess  accurate  than  primary data,  
a l though  l ess  representative  of the  speci fic process  or product being  evaluated .  Typical l y,  
secondary data,  particu larly when  sourced  from  commercial l y-avai lable  databases,  are  
much  less  resource-in tensive  to  col l ect,  and  thus  represent a  widely-used  approach  to  
streaml in ing  CFPs.  

5.2.2  Approaches  to  streaml in ing  data  col lection  

Streaml ined  methodolog ies  use  two  main  approaches  to  s impl i fying  data  col lection  for 
assembl ies/components/processes:   

•  secondary data  avai lable  i n  i ndustry databases;  and /or  

•  primary i ndustry data  that have  been  aggregated .  
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Th is  often  means  that more  work i s  done  upfront to  col lect and  analyse  data,  bu t resu l ts  i n  a  
reduced  burden  for the  user of the  methodology.  As  wi th  the  data  i npu t reduction  process,  an  
i n i tia l  CFP is  often  done  to  understand  the  largest impacts  and  thus  where  to  focus  add i tional  
data  col lection  efforts.  

5.3  Streaml in ing  of data  inputs  

5.3.1  General  

Reducing  the  number of data  i npu ts  i s  the  second  aspect by wh ich  CFPs  are  often  
streaml ined .  Wh i le  a  comprehensive  CFP attempts  to  characterize  a l l  i npu ts  and  ou tpu ts  to  a  
process/product,  etc. ,  streaml ined  CFPs  often  apply ru les  to  reduce  the  number of i tems  to  
track.  Th is  reduction  i n  i npu ts  can  be  ach ieved  through  various  cu t-off ru les  and /or 
parameterization ,  both  of wh ich  exclude  certain  i tems  that have  less  effect on  the  overal l  
impact.  

5.3.2  Approaches  to  streaml in ing  data  inputs  (processing)  

Streaml ined  methodolog ies  use  a  s im i lar approach  i n  wh ich  product envi ronmental  impacts  
are  calcu lated  using  fewer d i rect i npu ts  by users.  Two main  approaches  to  streaml in ing  data  
i npu t i nclude:   

•  u s ing  a lgori thms  that au tomatical l y re late  attribu tes  of a  product (d isplay s ize,  prin ted  
wi ring  board  d imension ,  energy use,  etc. )  to  a  product carbon  footprin t va lue;  and   

•  u s ing  standard  impact data  for common  components.   

Often ,  a  prel im inary comprehensive  CFP is  performed  i n  order to  understand  the  l i fe  cycle  
processes  wi th  the  g reatest impacts  so  that these  can  be  fu rther evaluated  and  included  i n  
the  streaml ined  calcu lation .  

For the  a lgori thm  approach ,  data  are  col l ected  from  LCA databases  and /or d i rectl y from  
suppl iers,  aggregated ,  and  then  used  to  develop  a lgori thms  embedded  wi th in  a  methodology.  
Th is  a l l ows  users  to  s imply en ter i n formation  on  a  product i n to  an  assessment tool ;  the  tool  
then  uses  the  embedded  a l locations  to  estimate  a  carbon  footprin t  value  for each  component 
and  process.  These  are  then  summed  up  in  order to  obtain  a  total  product carbon  footprin t.  

The  common  component approach  has  embedded  wi th in  the  methodology,  envi ronmental  
impacts  of common  assembl ies,  components  and /or processes  for ICT products.  These  can  
be  product speci fic or can  be  based  on  average  product data.  Someone calcu lating  the  CFP 
of mu l tip le  products  cou ld  use  the  same  “product-type”  data,  selecting  a  process  or 
component and  i ts  associated  carbon  footprin t,  i nstead  of having  to  col lect product-speci fic 
data.  These  values  are  l i kewise  added  together to  get a  total  CFP.  

6 Comparative  study on  existing  CFP methodologies  

6.1  Examples  of current worldwide  streaml ined  CFP  methodologies  

6. 1 . 1  General  

Summarized  resu l ts  of a  comparative  study on  existing  re levant,  worldwide  streaml ined  CFP  
methodolog ies  are  described  i n  6 . 1 . 2  to  6 . 1 . 6 .  More  detai led  i n formation  on  these  
methodolog ies  can  be  found  in  Annex A.  Each  of these  methodolog ies  involves  some level  of 
streaml ined  data  col lection  or data  inpu ts.   
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6.1 .2  Product attribute  to  impact algori thm  (PAIA) 3  

Th is  i s  a  streaml ined  carbon  footprin ting  approach  that maps  product attribu tes  to  thei r 
envi ronmental  impact th rough  the  use  of a lgori thms.  Un l ike  most methodolog ies,  PAIA 
i ncludes  uncertain ty i n  the  resu l ts.  PAIA currentl y covers  notebooks,  desktops  and  mon i tors;  
tablets  and  a l l - in -ones  are  i n  development.  

6.1 .3  iNEMI  eco-impact evaluator4  

Th is  i s  a  streaml ined  “bu i ld ing  block”  approach  to  assessing  the  envi ronmental  impact of ICT 
products.  The  envi ronmental  impacts  of assets/sub-assembl ies  for ICT products  are  
embedded  wi th in  the  methodology.  These  are  summed  up  to  g ive  the  en ti re  product 
envi ronmental  footprin t.  The  iNEMI  eco-impact methodology i ncludes  other envi ronmental  
impacts  besides  carbon .   

6.1 .4 Orange  Telecom  environmental  methodology5  

Th is  i s  a  streaml ined  methodology that measures  the  envi ronmental  performance  of mobi le  
phones.  Ou tpu t impacts  i nclude  a  carbon  footprin t of a  product (manufacture,  transport,  use,  
etc. ) ,  energy efficiency,  resource  preservation  and  recyclabi l i ty.  Th is  methodology i s  s im i lar to  
PAIA in  that product attribu tes  are  mapped  to  thei r envi ronmental  impact.   

6.1 .5  Japan  CFP method  

Th is  i s  a  product-speci fic methodology wh ich  requ i res  the  user to  assess  the  en ti re  
envi ronmental  footprin t of a  product.  Primary data  l ess  than  1 2  months  o ld  have  to  be  used  
and  greater than  95  %  of the  impact has  to  be  i ncluded .  However,  i t  a l so  requ i res  approaches  
that use  a lgori thms  that au tomatical l y re late  attribu tes  of a  product to  an  envi ronmental  
impact.  Th is  a l lows  users  to  s impl i fy data  col lection  and /or reduce  the  number of data  inpu ts  
wh i le  sti l l  a l l owing  the  necessary goals  of the  CFP to  be  ach ieved .   

6.1 .6  Ch ina  CFP  method  

Th is  i s  a  CFP  methodology being  developed  by i ndustry,  consu l ting  and  academia  wi th  
fund ing  from  regu latory agencies.  Th is  methodology,  wh ich  i s  product-speci fic and  based  on  a  
fu l l  CFP,  i s  s ti l l  i n  the  research  phase.  Curren t focus  i s  on  the  assessment of supply chain  
data  col lection .  Th is  method  has  the  poten tia l  to  become a  streaml ined  methodology 
depend ing  on  research  resu l ts.  

7  CFP product category ru les  

7.1  General  

Clause  7  defines  comprehensive  product ru les  for computers  and  mon i tors.  Detai led  ru les  for 
other aud io,  vi deo  and  mu l timed ia  products  can  be  added  in  fu ture  revis ions  of th is  Techn ical  
Report.  

Clause  7  covers  the  fol lowing  product category (PCR)  topics:  

_____________ 

3 PAIA i s  an  example  of a  su i tab l e  product  ava i l abl e  commercia l l y.  Th i s  i n formation  i s  g i ven  for the  conven ience  
of users  of th i s  d ocumen t and  does  not  consti tu te  an  endorsemen t  by I EC  of th i s  product.  

4  The  iNEMI  eco- impact  eval uator i s  an  example  of a  su i tabl e  product  avai l abl e  commercia l l y.  Th i s  i n formation  i s  
g i ven  for the  conven ience  of u sers  of th i s  documen t and  does  not  consti tu te  an  endorsemen t by I EC  of th i s  
product.  

5 The  Orange  Telecom  envi ronmen tal  methodol ogy i s  an  example  of a  su i tab l e  product  avai l ab le  commercia l l y.  
Th i s  i n formati on  i s  g i ven  for the  conven ience  of users  of th i s  documen t and  does  not  consti tu te  an  endorsemen t 
by I EC  of th i s  product.  
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•  goal ;  

•  scope  ( i nclud ing  uncertain ty and  a l location);  

•  functional  un i t;  

•  l i fe  cycle  stages  (production ,  d i stribu tion ,  use  and  end  of l i fe) .  

For each  topic,  th is  Techn ical  Report recommends  curren t “state-of-the-art”  data  and  
processes  that users  can  employ in  order to  determine  the  streaml ined  CFP of computers  and  
mon i tors.  The  inpu t recommendations  ou tl ined  i n  th is  clause  are  the  curren t best methods  for 
calcu lating  streaml ined  CFPs.  Other methods  can  be  used  to  do  the  calcu lations.  

State-of-the-art data  and  processes  are  best practice  processes  and  data  recommendations  
for determin ing  the  CFP of computer products  as  viewed  and  researched  by the  i ndustry for 
the  development of th is  Techn ical  Report (refer to  Clause  6).  Because  these  are  state-of-the-
art,  they can  recommend  d i fferent methods  for performing  calcu lations  (e. g .  using  area-  or 
mass-based  emission  factors) .  These  are  based  on  the  curren t best known  estimations  for 
each  speci fic subassembly.  The  state-of-the-art recommendations  described  in  Clause  7  
cou ld  change  over time,  as  the  industry gets  better at col lecting  and  analysing  data  and  
product i n formation .  

Clause  7  a lso  i ncludes  gu idel ines  i f a  user wants  to  i nclude  add i tional  i npu t data  (e. g .  7 . 8 . 2 ,  
7 . 9 . 2).  

7.2  Goal  

The  objective  of a  CFP is  primari l y to  bu i l d  knowledge  regard ing  the  envi ronmental  
performance  of a  product.  Al though  th is  Techn ical  Report g ives  detai led  gu idance  for 
estimating  g reenhouse  gas  emissions  for computers  and  mon i tors,  i t  i s  importan t to  
understand  what i t  can  be  used  for and  what not.  

Th is  Techn ical  Report can  be  used  to:  

•  provide  supporting  data  for i denti fication  of a  l i fe  cycle  stage,  subassembly or process  that 
have  s ign i ficant g reenhouse  gas  emissions  (hot spot) ;  

•  priori tize  reduction  efforts  across  the  product l i fe  cycle;  

•  create  a  basis  for quanti fying  and  reporti ng  CFP  performance  over time,  etc.  

At th is  time,  on ly computers  and /or mon i tors  wi th in  a  company shou ld  be  compared  using  
in formation  in  C lause  7 .  However,  i t  i s  a  step  towards  being  able  to  even tual l y compare  a l l  
s im i lar computers  and /or mon i tors.  

7.3  Covered  products  

7.3.1  In  scope 

Notebooks,  desktops,  i n tegrated  desktop  computers,  s lates/tablets,  th in  cl i en ts,  workstations  
and  mon i tors,  i nclud ing  thei r packag ing .  

NOTE  Other aud i o,  vi deo  and  mu l timed ia  products  (e-readers ,  phones,  s torage  equ i pmen t,  etc. )  can  be  added  
du ri ng  a  fu tu re  revi s i on  of th i s  Techn ica l  Report.  

7.3.2  Out of scope 

Accessories/peripherals  (external  keyboard ,  mouse,  docking  station ,  camera,  speakers,  
external  storage,  e . g .  hard  d isk d rives  (HDD),  etc. )  and  consumables  (e. g .  batteries)  as  wel l  
as  manuals/CDs.  

Any other aud io,  video  and  mu l timed ia  product.  
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7.4 Use  of primary,  primary aggregated  and  secondary data  

7 .4. 1  General  

Th is  Techn ical  Report recommends  using  primary or aggregated  primary data  for l i qu id  crystal  
d isplays  (LCDs),  prin ted  wi ring  boards  (PWBs),  and  i n tegrated  ci rcu i ts  ( ICs).  I t  a lso  
recommends  using  secondary data  for a l l  other data  needs.  

7.4.2  Al location  methods  

I EC  TR 62725  recommends  avoid ing  a l location ,  bu t i f done  use  the  fol lowing  methods  ( in  
order of preference):  

•  subd ivide  accord ing  to  d istinct processes;  

•  subd ivide  accord ing  to  physical  re lationsh ips  (mass,  energy,  etc. )  tied  to  the  product's  
functional  un i t;  

•  subd ivide  accord ing  to  economic value;  

•  subd ivide  accord ing  to  a  combination  of the  ru les  l i sted  above.  

Suggestions  on  how to  perform  al locations  of overal l  faci l i ty carbon  data  for LCDs,  PWBs,  and  
ICs  can  be  found  i n  the  scien ti fic  arti cle  ti tl ed  “Product Carbon  Footprin ting  Al location  Project 
Resu l ts”  l ocated  on  the  E ICC websi te .   

7.5 Relevant emission  factors  and  databases  

When  feasible,  the  most curren t and  appl icable  emission  factors  shou ld  be  used .  A l i st  of 
relevant databases  of emission  factors  for the  I T  i ndustry can  be  found  i n  Annex C.  

7.6  Functional  un i t  

7 .6. 1  General  

Fu l l  l i fe  cycle  of a  notebook,  desktop,  i n tegrated  desktop  computer,  s late/tablet,  th in  cl i en t,  
workstation  or mon i tor wi th  i ts  designated  l i fe  time.  

7.6.2  Li fe  cycle  stages  included  

The  fol lowing  l i fe  cycle  stages  are  included :  

•  product manufacturing  ( includ ing  raw materials  extraction ,  production  of components  and  
subassembl ies,  and  fi nal  product assembly) ;  

•  d i stribu tion ;  

•  product use;  

•  end  of l i fe  (EoL).  

7.6.3  Li fe  cycle  stages  excluded  

Li fe  cycle  stages  that are  excluded  from  th is  PCR include  main tenance,  refurbishment,  and  
second  use.  

7.7  Production  

7.7.1  General  

Production  covers  a l l  stages  from  raw material  extraction  to  the  product l eaving  the  final  
assembly s i te.  I t  therefore  includes  raw materia l  extraction ,  manufacturing  of components  and  
subassembl ies  i nclud ing  fi nal  product packag ing ,  and  assembly i n to  the  fi n ished  product.  The  
i tems  mentioned  below shou ld  be  i ncluded  i n  the  calcu lation .  To  go  beyond  state-of-the-art,  
add i tional  components  and  processes  shou ld  be  included  in  the  CFP.  
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7.7.2  State-of-the-art calcu lation  recommendations  

7.7.2. 1  General  

The  state-of-the-art method  for calcu lating  carbon  emissions  from  manufacturing  processes  
for notebooks,  desktops,  i n tegrated  desktop  computers,  s lates/tablets,  th in  cl ien ts,  
workstations  and  mon i tors  requ i res  summing  up  a l l  of the  subassembly and  process  impacts  
associated  wi th  that product’s  production  stage.  

7.7.2 .2  Recommended  input data  for calcu lation  

The  carbon  footprin ts  of the  component/process  l i sted  below are  summed  to  obtain  the  total  
production  carbon  footprin t:  

•  raw materia l  extraction  ( included  i n  the  manufacturing  of each  subassembly) ;  

•  chassis  manufacturing ;  

•  popu lated  prin ted  wi ri ng  board  (PWB)  manufacturing  (exclud ing  in tegrated  ci rcu i ts);  

•  i n tegrated  ci rcu i t  ( IC)  manufacturing ;  

•  d i splay manufacturing ;  

•  data  storage  device  manufacturing  (hard  d isk d rive  or sol id  state  d rives);  

•  optical  d isk d rive  (ODD)  manufacturing ;  

•  power supply manufacturing  (PSU ,  i n ternal  or external ) ;  

•  battery manufacturing ;  

•  fi na l  assembly;   

•  fi na l  packag ing  manufacturing .  

NOTE  I f a  product  d oes  not i ncl ude  a  parti cu l ar componen t,  i t  can  be  excluded  from  the  cal cu l ati on  (e. g .  d i sp l ay 
manu factu ri ng  can  be  excl uded  for desktop  compu ters).  

7.7.2 .3  Addi tional  considerations  for input data  

Other major components/processes  can  be  i ncluded  i n  the  calcu lation .  

7.8  Chassis  

7.8.1  State-of-the-art calcu lation  recommendations  

7.8. 1 . 1  General  

State-of-the-art recommendations  for th is  calcu lation  assume  that the  summed  carbon  
footprin ts  of a l l  major chassis  materia ls  are  equal  to  the  tota l  product chassis  impact.  Major 
chassis  materials  shou ld  i nclude  steel ,  a l umin ium,  magnesium,  thermoplastic and  copper.  For 
notebooks,  the  keyboard  and  touchpad  shou ld  be  included  i n  the  chassis.  

7.8.1 .2  Recommended  input data  for calcu lation  

The  carbon  footprin ts  of the  component/process  l i sted  below are  summed  to  obtain  the  tota l  
chassis  carbon  footprin t:  

•  mass  of main  chassis  materia ls ,  i nclud ing  scrap  (main  chassis  materials  i nclude  steel ,  
a lumin ium,  magnesium,  thermoplastic,  carbon  fibre  and  copper);  

•  em ission  factor of each  chassis  materia l .  

7.8.2  Addi tional  considerations  for input data  

To move  beyond  state-of-the-art wi th  chassis  materia ls ,  add i tional  i npu t data  to  consider 
i nclude  the  fol lowing :  
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•  speci fic  emission  factors  for chassis  materia l  wh ich  include  detai l s  on  

– materia l  production  approach ,  i nclud ing  the  actual  materia l  production  process  used ,  

– energy sources  used  at that materia l  production  faci l i ty (e. g .  fuel  source,  e lectrici ty 
g ri d  m ix) ,  

– material  l osses  at the  material  production  faci l i ty,  

– scrap  i n  raw materia l  production ,  i nclud ing  d isposal  of scrap;  

•  energy sources  for manufacturing ;  

•  add i ti onal  materia ls  and  process  chemicals  used  i n  manufacturing ;  

•  add i ti onal  em issions  generated  during  manufacturing ;  

•  scrap  in  manufacturing ,  i nclud ing  d isposal  of scrap;  

•  yie ld  of chassis  parts .  

7.9  Popu lated  printed  wiring  board  (PWB)  (exclud ing  in tegrated  ci rcu i ts)  

7 .9.1  State-of-the-art calcu lation  recommendations  

7.9.1 . 1  General  

State-of-the-art recommendations  for th is  calcu lation  assume  that the  summed  carbon  
footprin ts  of a l l  s ign i fican t PWBs are  equal  to  the  tota l  product PWB  impact.  Area  shou ld  be  
used  for calcu lating  the  impact of prin ted  wi ring  board .  

Th is  calcu lation  excludes  both  prin ted  wi ring  boards  associated  wi th  a  subassembly,  as  wel l  
as  i n tegrated  ci rcu i ts.  Prin ted  wi ring  boards  that are  associated  wi th  a  subassembly are  
i ncluded  i n  that subassembly’s  calcu lation .  I n tegrated  ci rcu i ts  are  not i ncluded  due  to  thei r 
l arge  impact and  un ique  method  for calcu lating  thei r impact (see  7 . 1 0).  

7.9.1 .2  Recommended  input data  for calcu lation  

The  data  l i sted  below shou ld  be  i ncluded  i n  the  carbon  footprin t ca lcu lation  to  obtain  the  PWB 
carbon  footprin t:  

•  area  of motherboard ;  

•  areas  of a l l  other prin ted  wi ring  boards  not associated  wi th  a  subassembly;  

•  n umber of l ayers;  

•  em ission  factor of motherboard /prin ted  wi ri ng  board .   

PWBs  smal ler than  1  cm2  or those  that are  associated  wi th  a  subassembly are  excluded .  

7.9.2  Additional  considerations  for input data  

To move  beyond  state-of-the-art wi th  the  PWB,  both  for th is  PWB and  for a l l  subassembl ies  i n  
wh ich  PWBs are  used ,  add i tional  i npu t data  to  consider i nclude  the  fol lowing :  

•  n umber of s ides  used  on  the  PWB;  

•  scrap  in  PWB production ;  

•  n umber of components  on  the  PWB,  i nclud ing   

– i n tegrated  ci rcu i ts  not i ncluded  e lsewhere,  

– capaci tors,  

– resistors,  

– connectors,  i nclud ing  i n formation  on  con tact materials  and  con tact coating  materia ls ,  

– heat s inks,  
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– other e lectron ic components;  

•  manufacturing  methods  used  to  produce  PWB;  

•  energy sources  for manufacturing ;  

•  add i tional  materia ls  and  process  chemicals  used  i n  manufacturing ;  

•  add i tional  em issions  generated  during  manufacturing ;  

•  scrap  in  manufacturing ,  i nclud ing  d isposal  of scrap;  

•  yie ld  of PWB parts.  

7.1 0  In tegrated  ci rcu i ts  ( ICs)  

7 . 1 0.1  State-of-the-art  calcu lation  recommendations  

7. 1 0.1 . 1  General  

State-of-the-art recommendations  for th is  calcu lation  assume  that area  i s  the  best method  for 
calcu lating  the  impact of i n tegrated  ci rcu i ts.  Th is  calcu lation  i ncludes  a l l  i n tegrated  ci rcu i ts  
that are  not associated  wi th  a  subassembly.  ICs  that are  associated  wi th  a  subassembly are  
i ncluded  i n  that subassembly’s  calcu lation .  

7.1 0.1 .2  Recommended  input data  for calcu lation  

The  data  l i sted  below shou ld  be  included  in  the  carbon  footprin t  ca lcu lation  to  obtain  the  IC  
carbon  footprin t:   

•  area  of a l l  i n tegrated  ci rcu i ts;  

•  em ission  factor for i n tegrated  ci rcu i t  manufacturing .  

ICs  associated  wi th  a  subassembly are  excluded .  

7.1 0.2  Additional  considerations  for input data 

To move beyond  state-of-the-art wi th  ICs,  both  wi th  these  ICs  and  wi th  a l l  subassembl ies  i n  
wh ich  ICs  are  used ,  add i tional  i npu t data  to  consider i nclude  the  fol l owing :  

•  n umber of d ies  i n  an  IC  package;  

•  package  s ize;  

•  mask l ayers  (reflects  complexi ty of IC  manufacturing) ;  

•  feature  s ize  on  d ies;  

•  wi re  material  type;  

•  I C  type;  

•  manufacturing  methods  used  to  produce  ICs;  

•  energy sources  for manufacturing ;  

•  add i tional  materia ls  and  process  chemicals  used  i n  manufacturing ;  

•  add i tional  emissions  generated  during  manufacturing ;  

•  scrap  i n  manufacturing ,  i nclud ing  d isposal  of scrap;  

•  yi e ld  of IC.  
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7.1 1  Display 

7 . 1 1 .1  State-of-the-art calcu lation  recommendations  

7. 1 1 .1 . 1  General  

State-of-the-art recommendations  for th is  calcu lation  assume  that area  i s  the  best method  for 
calcu lating  the  impact of d isplays.  

7.1 1 . 1 .2  Recommended  input data  for calcu lation  

The  data  l i sted  below shou ld  be  i ncluded  in  the  carbon  footprin t ca lcu lation  to  obtain  the  
d isplay carbon  footprin t:  

•  area  of d i splay;  

•  type  of backl i gh t technology;  

•  screen  resolu tion ;  

•  em ission  factor for d isplay manufacturing  (dependent on  backl i gh t technology,  screen  
resolu tion ,  PFC abatement) ;  

•  total  mass  of the  popu lated  d isplay PWB,  i nclud ing  ICs;  

•  em ission  factor of a  popu lated  PWB,  i nclud ing  ICs;  

•  fug i ti ve  emissions  during  manufacturing ,  i nclud ing  fl uorinated  g reenhouse  gases.  

NOTE  Impacts  from  fug i ti ve  em iss i ons  du ri ng  manufactu ri ng  are  appreciab l e  due  to  fl uori nated  g reenhouse  gas  
em iss i ons.  

7.1 1 .2  Additional  considerations  for input data 

To move  beyond  state-of-the-art wi th  d isplays,  add i tional  i npu t data  to  consider i nclude  the  
fol lowing :  

•  manufacturing  methods  used  to  produce  d isplays;  

•  energy sources  for manufacturing ;  

•  add i tional  materia ls  and  process  chemicals  used  i n  manufacturing ;  

•  add i tional  emissions  generated  during  manufacturing ;  

•  scrap  i n  manufacturing ,  i nclud ing  d isposal  of scrap;  

•  yi e ld  of d i splays.  

7.1 2  Data  storage  device  

7. 1 2.1  State-of-the-art calcu lation  recommendations  

7. 1 2.1 . 1  General  

State-of-the-art recommendations  for th is  calcu lation  assume  that mass  i s  the  best method  for 
calcu lating  the  impact of a  data  storage  device.  

NOTE  Data  storage  devi ces  can  be  hard  d i sk d ri ves  or sol i d  s tate  d ri ves  or other data  s torage  devices .  

7.1 2.1 .2  Recommended  input data  for calcu lation  

The  data  l i sted  below shou ld  be  i ncluded  in  the  carbon  footprin t ca lcu lation  to  obtain  the  data  
storage  device  carbon  footprin t:   

•  mass  of the  data  storage  device;  

•  em ission  factor of data  storage  device  manufacturing ;  

•  total  mass  of the  data  storage  device  popu lated  PWB,  i nclud ing  ICs;  
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•  em ission  factor of the  popu lated  PWB,  i nclud ing  ICs.  

7.1 2.2  Additional  considerations  for input data 

To move  beyond  state-of-the-art wi th  data  storage  device,  add i tional  i npu t data  to  consider 
i nclude  the  fol lowing :  

•  type  of storage  (hard  d isk d rive  (HDD)  or sol id  state  d rive  (SSD)).  I n  the  case  of an  SSD,  
the  i npu t data  re levant to  ICs  are  cri tical  and  the  mass-based  approach  of the  state-of-the-
art method  shou ld  not be  used ;  

•  n umber of d ies  i n  an  IC  package;  

•  yie ld  of data  storage  device.  

7.1 3  Optical  d isk drive  (ODD)  

7. 1 3.1  State-of-the-art  calcu lation  recommendations  

7. 1 3.1 . 1  General  

State-of-the-art recommendations  for th is  calcu lation  assume  that mass  i s  the  best method  for 
calcu lating  the  impact of an  optical  d ri ve.  

7.1 3.1 .2  Recommended  input data  for calcu lation  

The  data  l i sted  below shou ld  be  i ncluded  in  the  carbon  footprin t  calcu lation  to  obtain  the  
optical  d ri ve  carbon  footprin t:   

•  mass  of the  optical  d i sk d rive;   

•  em ission  factor for optical  d isk d rive  manufacturing ;  

•  total  mass  of the  popu lated  PWB,  i nclud ing  ICs;  

•  em ission  factor of the  popu lated  PWB,  i nclud ing  ICs.  

7.1 3.2  Additional  considerations  for input data  

To move  beyond  state-of-the-art wi th  ODD,  add i tional  i npu t data  to  consider i nclude  the  
fol lowing :  

•  manufacturing  methods  used  to  produce  ODD;  

•  energy sources  for manufacturing ;  

•  add i tional  materials  and  process  chemicals  used  i n  manufacturing ;  

•  add i tional  em issions  generated  during  manufacturing ;  

•  scrap  in  manufacturing ,  i nclud ing  d isposal  of scrap;  

•  yie ld  of ODDs.  

7.1 4 Power supply un i t  (PSU,  in ternal  or external )  

7 . 1 4.1  State-of-the-art calcu lation  recommendations  

7. 1 4.1 . 1  General  

State-of-the-art recommendations  for th is  calcu lation  assume  that mass  i s  the  best method  for 
calcu lating  the  impact of a  power supply un i t.  

7.1 4.1 .2  Recommended  input data  for calcu lation  

The  data  l i sted  below shou ld  be  i ncluded  in  the  carbon  footprin t  ca lcu lation  to  obtain  the  
power supply un i t  carbon  footprin t:  
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•  mass  of the  power supply un i t;  

•  em ission  factor of power supply un i t  manufacturing ;  

•  total  mass  of the  power supply un i t  popu lated  PWB,  i nclud ing  ICs;  

•  em ission  factor of the  popu lated  PWB,  i nclud ing  ICs.  

7.1 4.2  Additional  considerations  for input data 

To move  beyond  state-of-the-art wi th  PSU ,  add i tional  i npu t data  to  consider i nclude  the  
fol lowing :  

•  cords  i ncluded  wi th  PSU ;  

•  manufacturing  methods  used  to  produce  PSU ;  

•  energy sources  for manufacturing ;  

•  add i ti onal  materia ls  and  process  chemicals  used  i n  manufacturing ;  

•  add i ti onal  em issions  generated  during  manufacturing ;  

•  scrap  i n  manufacturing ,  i nclud ing  d isposal  of scrap;  

•  yi e ld  of PSUs.  

7.1 5  Battery 

7. 1 5.1  State-of-the-art calcu lation  recommendations  

7. 1 5.1 . 1  General  

State-of-the-art recommendations  for th is  calcu lation  assume  that mass  i s  the  best method  for 
calcu lating  the  impact of a  battery.  

7.1 5.1 .2  Recommended  input data  for calcu lation  

The  data  l i sted  below shou ld  be  included  i n  the  carbon  footprin t ca lcu lation  to  obtain  the  
battery carbon  footprin t:   

•  mass  of the  battery;  

•  em ission  factor of battery manufacturing ;  

•  total  mass  of the  popu lated  PWB,  i nclud ing  ICs;  

•  em ission  factor of the  popu lated  PWB,  i nclud ing  ICs.  

7.1 5.2  Additional  considerations  for input data 

To move  beyond  state-of-the-art wi th  the  battery,  add i tional  i npu t data  to  consider i nclude  the  
fol lowing :  

•  battery chemistry;  

•  materia l  composi tion  of battery (e. g .  cathode,  anode,  e lectrolyte,  separator,  passive  
components);  

•  manufacturing  methods  used  to  produce  battery;  

•  energy sources  for manufacturing ;  

•  s team  use  i n  manufacturing ;  

•  add i ti onal  materia ls  and  process  chemicals  used  i n  manufacturing ;  

•  add i ti onal  em issions  generated  during  manufacturing ;  

•  scrap  i n  manufacturing ,  i nclud ing  d isposal  of scrap;  

•  yi e ld  of batteries.  
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7.1 6  Final  assembly 

7. 1 6.1  State-of-the-art calcu lation  recommendations  

7. 1 6.1 . 1  General  

State-of-the-art recommendations  for th is  calcu lation  assume that the  l argest impact i s  due  to  
the  e lectrici ty used  i n  assembl ing  the  product.  

7.1 6.1 .2  Recommended  input data  for calcu lation  

The  data  l i sted  below shou ld  be  included  in  the  carbon  footprin t ca lcu lation  to  obtain  the  final  
assembly carbon  footprin t:   

•  total  e lectrici ty used  to  perform  final  assembly and  testi ng  of a  product;  

•  em ission  factor of grid  e lectrici ty i n  the  fi nal  assembly coun try.   

The  impact due  to  transport of a  subassembly to  final  assembly shou ld  on ly be  taken  i n to  
account i n  the  case  of a i r transport.  

7.1 6.2  Additional  considerations  for input data 

To move  beyond  state-of-the-art wi th  the  final  assembly,  add i tional  i npu t data  to  consider 
i nclude  the  fol lowing :  

•  add i ti onal  materia ls  and  process  chemicals  used  i n  the  fi nal  assembly;  

•  scrap  i n  the  fi nal  assembly,  i nclud ing  d isposal  of scrap;  

•  transport d i stances  of components  from  production  to  the  fi nal  assembly;  

•  transport modes  of components  from  production  to  the  final  assembly.  

7.1 7  Final  product packaging  

7. 1 7.1  State-of-the-art calcu lation  recommendations  

7. 1 7.1 . 1  General  

State-of-the-art recommendations  for th is  calcu lation  assume  that mass  i s  the  best method  for 
calcu lating  the  impact of the  fi nal  product packag ing .  

7.1 7.1 .2  Recommended  input data  for calcu lation  

The  data  l i sted  below shou ld  be  i ncluded  i n  the  carbon  footprin t  ca lcu lation  to  obtain  the  final  
product packag ing  carbon  footprin t:   

•  mass  of cardboard /paper packag ing ;  

•  em ission  factor of cardboard /paper packag ing ;  

•  mass  of p lastic/polystyrene  packag ing ;  

•  em ission  factor of p lastic/polystyrene  packag ing .  

7.1 7.2  Additional  considerations  for input data 

To move  beyond  state-of-the-art wi th  packag ing ,  add i tional  i npu t data  to  consider i nclude  the  
fol lowing :  

•  mass  of a l l  packag ing  components,  i nclud ing  non-cardboard  and  non-polystyrene  
packag ing  (e. g .  other natural  fi bres,  other polymers);  

•  mass  of a l l  packag ing  components,  i nclud ing  overboxes/sh ipping  boxes,  i nstruction  
manuals,  etc. ;  
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•  em ission  factors  for each  speci fic packag ing  materia l ,  i nclud ing  speci fi c emission  factors  
for recycled  materia ls  as  compared  to  vi rg in  materials ;  

•  manufacturing  methods  used  to  produce  packag ing ;  

•  energy sources  for manufacturing ;  

•  add i tional  materials  and  process  chemicals  used  i n  manufacturing ;  

•  add i tional  em issions  generated  during  manufacturing ;  

•  scrap  in  manufacturing ,  i nclud ing  d isposal  of scrap;  

•  yie ld  of packag ing .  

7.1 8  Distribution  

7. 1 8.1  State-of-the-art calcu lation  recommendations  

7. 1 8.1 . 1  General  

State-of-the-art recommendations  for th is  calcu lation  assume  that fi nal  product d istribu tion  
covers  the  fol lowing  transportation  processes:  

•  d i stribu tion  of products  from  fi nal  assembly to  a  cen tral  hub  wi th in  the  reg ion  where  the  
product i s  being  used ;   

•  transport from  the  reg ional  hub  to  the  coun try where  the  product i s  being  used .  

7.1 8.1 .2  Recommended  input data  for calcu lation  

The  data  l i sted  below shou ld  be  i ncluded  i n  the  calcu lation  to  obtain  the  carbon  footprin t from  
the  fi nal  product d istribu tion :   

•  mass  of final  product and  i ts  packag ing ;  

•  transport d istances  from  fi nal  assembly to  reg ional  hub;  

•  transport d i stances  from  reg ional  hub  to  coun try where  the  product i s  used ;  

•  transport modes  for each  transport rou te;   

•  em ission  factors  of d i fferen t modes  of transport (a i r,  sh ip,  g round ,  etc. ) .  

7.1 8.2  Addi tional  considerations  for input data  

To move  beyond  state-of-the-art wi th  d istribu tion ,  add i tional  i npu t data  to  consider i nclude  the  
fol lowing :  

•  i ncreasing  the  number of coun tries  considered ,  thus  i ncreasing  the  speci fici ty of the  
calcu lations.   

7.1 9  Use  

7. 1 9.1  State-of-the-art calcu lation  recommendations  

7. 1 9.1 . 1  General  

State-of-the-art recommendations  for th is  calcu lation  assume that product energy 
consumption  during  i ts  service  l i fe  shou ld  consider:  

•  u se  profi l e  consisting  of time  spen t i n  d i fferen t operating  modes,  based  on  the  actual  or 
estimated  usage  patterns;  

•  power consumption  correspond ing  to  the  d i fferen t modes.  

7.1 9.1 .2  Recommended  input data  for calcu lation  

The  data  l i sted  below shou ld  be  i ncluded  i n  the  calcu lation  to  obtain  the  carbon  footprin t from  
product use:  
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•  yearly power usage  of the  product (see  Annex D).  

•  l i fetime  of the  product;  

•  em ission  factor of the  e lectrici ty g rid  i n  coun try or reg ion  of use.  

7.1 9.2  Additional  considerations  for input data  

The  most accurate  use  stage  assessment wi l l  seek to  represent actual  usage  patterns,  and  
u ti l i ze  g reenhouse  gas  emissions  associated  wi th  the  national  g rid  where  the  use  stage  
occurs.  I EC  62623  g ives  a  standard ized  testi ng  protocol  for the  measurement of computer 
power consumption .  

The  determination  of the  use  profi le,  i . e .  the  du ty cycle  scenario  ( time  spent i n  on /active,  i d le ,  
s leep  and  off modes)  and  the  assumed  product l i fetime  can  be  based  on :   

•  a  manufacturer’s  own  use  phase  stud ies  and  service  l i fe  i n formation ;  

•  publ ished  i ndustry use  phase  stud ies  and  service  l i fe  i n formation ;  

•  publ ished  national  or i ndustry gu idel ines  that speci fy gu idance  for development of 
scenarios  and  product l i fetime  for the  use  stage  for the  product being  assessed ;  

•  technology changes  that impact the  power consumed  during  the  use  phase  – for example,  
proxy network connectivi ty or connected  standby technolog ies  can  be  assessed  and  
appropriate  mod i fications  made  to  use  phase  assessment gu idel ines.  

7.20  End  of l i fe  (EoL)  

7.20.1  State-of-the-art  calcu lation  recommendations  

7.20.1 . 1  General  

State-of-the-art recommendations  for th is  calcu lation  assume  that EoL  covers  transport of the  
product to  the  recycl i ng  faci l i ty,  the  impacts  by recycl ing  the  product and  impacts  by land fi l l i ng  
of those  materials  that cannot be  recycled .  Any material  cred i ts  for recycled /recovered  
materia ls  are  not i ncluded  at EoL.  Cred i ts  are  included  i n  product manufacturing  via  the  use  
of recycled  materia l .  

7.20.1 .2  Recommended  input data  for calcu lation  

The  data  l i sted  below shou ld  be  included  i n  the  calcu lation  to  obtain  the  carbon  footprin t  due  
to  the  product's  final  d i sposal ,  such  as:   

•  estimated  transport d istance  to  recycl i ng /final  d isposal  faci l i ties;  

•  recycl ing  percentage  of the  product and  packag ing  mass;  

•  d i sposal  of materials  that cannot be  recycled ;   

•  em ission  factors  for materia l  d i sposal  (for recycled /recovered  product and  packag ing  
materials ,  for materials  that cannot be  recycled ,  etc. ) .  

7.20.2  Additional  considerations  for input data  

The  recyclabi l i ty rate  as  determined  by I EC  TR 62635  shou ld  be  taken  i n to  account.  

8  Documentation  

8.1  General  

See  I EC TR 62725  for gu idance  on  documentation  of CFP stud ies.  
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8.2  CFP  database 

Once  an  IEC  standard  i s  publ i shed ,  i t  can  be  3  to  5  years  before  a  main tenance  or update  
cycle  beg ins.  I n  the  envi ronmental  fi e ld ,  where  regu lations,  state-of-the-art processes  and  
i ndustry technology advances  are  evolving  rapid ly,  th is  main tenance  schedu le  i s  i nsu fficien t 
to  keep  pace  wi th  g lobal  requ i rements.  I n  response  to  the  chal lenge,  I EC  has  developed  a  
“database”  process  that enables  techn ical  commi ttees  to  main tain  relevant i n formation  on  a  
more  frequent basis  (e. g .  1  to  3  updates  per year).   

The  procedures  for establ ish ing  and  main tain ing  an  I EC  standard  i n  database  format are  
ou tl ined  i n  Annex SL  of the  I SO/IEC  D i rectives  Supplement: 201 6.  Typical l y,  a  database  wi l l  
be  establ ished  in  con junction  wi th  an  I EC  standard  and  a  Val idation  Team  (VT)  i s  establ i shed  
to  main tain  the  database.  The  standard  wi l l  con tain  the  business  process  ru les  or 
requ i rements,  wh ich  are  expected  to  remain  constan t over a  l ong  time  frame  (3  to  5  years),  
wh i le  the  database  wi l l  con tain  i n formation ,  ca lcu lations  or data  that requ i re  more  frequent 
updates  (e. g .  1  to  3  updates  per year).   

The  speci fic i n formation  con tained  in  the  standard  versus  the  database  i s  l eft to  the  d iscretion  
of the  techn ical  commi ttee  (TC)  that i s  developing  the  standard  and  i s  based  on  the  speci fic 
needs  of the  standard  being  supported .  For example,  I EC  TC 1 1 1 :  Envi ronmental  
standard ization  for e lectrical  and  e lectron ic products  and  systems  has  p i loted  th is  database  
concept wi th  I EC  62474,  where  the  standard  con tains  the  business  requ i rements  for product 
con ten t reporti ng  and  e lectron ic data  exchange  ru les,  wh i le  the  database  con tains  the  
declarable  substance  l i st,  wh ich  i s  updated  approximately once  or twice  per year depend ing  
on  the  changes  i n  g lobal  regu lations.  

A database  process  cannot be  set up  for a  Techn ical  Report such  as  th is  one.  However,  a  
standard  shou ld  be  pursued  for streaml ined  carbon  footprin t methodolog ies,  wi th  an  
accompanying  I EC  database.  Th is  wou ld  be  very usefu l  i n  main tain ing  the  re levance  of 
streaml ined  CFP methodolog ies  due  to  thei r rapid ly evolving  state-of-the-art processes  and  
data,  as  wel l  as  expand ing  product category ru les.   

9  Communication  and  veri fication  

See  I EC TR 62725  for gu idance  on  commun ication  and  veri fication  of CFP stud ies.  
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Annex A 
( informative)  

 
Results  of a  comparative study on  existing  relevant  

streaml ined  product carbon  footprinting  methodologies  

Table  A. 1  g ives  the  resu l ts  of a  comparative  study on  existi ng  re levant streaml ined  product 
carbon  footprin ting  methodolog ies.  
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Table  A.1  – Comparison  of "streaml ined"  product carbon  footprinting  methodologies  

Cri teria  S treaml ined  methodolog ies  

 iNEMI  eco-impact  evaluator  Orange  PAIA Japan  PCF   Ch ina  PCF  

Model l i ng  topics  

Model l i ng  
approach  

The  approach  fo l l ows  the  
I SO  1 4040  methodology.  

U ses  s impl i fi ed  techn i ques  and  
a l gori thms  for estimati ng  GHG  
em iss i ons.  

The  fol l owing  LCA stages  are  
eval uated  i n  the  I CT estimator:  

–  Manu factu ri ng  /  Assembly of 
I CT Products  

– Transport,  D i stri bu ti on  and  
I nsta l l ati on  of I CT Products  

–  Use  and  Servici ng  of I CT 
Products  

– End -of-Li fe  Treatmen t of I CT 
Products  

The  fol l owing  steps  defi ne  the  
basi c pri nci p l es  i n  the  s impl i fi ed  
I CT LCA estimator:  

–  S i nce  the  tool  i s  product  
speci fi c,  the  goal  and  scope  
are  pre-defi ned .  Defi ne  the  
functional  u n i t  and  system  
boundari es .  Set  the  base  fl ow 
for the  fu ncti ona l  un i t,  e . g .  
one  I CT product/asset  that  
operates  over a  g i ven  l i fe time.  

–  Break down  the  I CT 
product/asset  i n to  a  s tructu re  
that  descri bes  how the  
d i fferen t parts  fi t  together,  
and  i den ti fy the  component  
l i s t  based  on  the  pre-defi ned  
factors  i n  the  too l .  

–  Group  the  componen t l i s t  
accord i ng  to  common  ICT 
componen t categori es .  

Looks  at  raw materi a l s ,  
manu factu ri ng ,  d i s tri bu ti on ,  use  
and  end  of l i fe  of a  mobi l e/smart  
phone.  

Focus  on  PWB  (area ,  #  l ayers),  
I Cs  (are  of s i l i con ) ,  d i sp lay 
(area) ,  battery (mass),  charger 
(mass) ,  housi ng  
(mass/materi a l s) .  

Transport  taken  i n to  accoun t  i f by 
a i r for upstream  (PWB,  battery,  
e tc. )  and  for downstream  (un ti l  
warehouse) .  

Ou tpu t  (PCF)  i s  ca l cu l ated  i n  
"b l ack box" ,  possi b l y wi th  
ADEME/Ecoi nven t  LCA data  and  
primary data  col l ected  by Orange  
at  thei r supp l i ers '  premises.  

The  overa l l  methodology has  
been  devel oped  for d i spl ays,  
desktops,  l aptops  and  te l evi s ions  
and  wi l l  be  deve l oped  for a l l - i n -
ones  and  tab let/s l ates  (mobi l e  
compu te  devices).   

L i fe  cycle  s tages  i ncl uded :  
materia l s ,  manu factu ri ng ,  
transportati on ,  u se  and  end -of-
l i fe .   

For each  product  the  method  
beg i ns  by devel opi ng  a  h i gh  l evel  
assessmen t  of " i ndustry average"  
product  assembled  from  exi sti ng  
data  on  g l obal  warm ing  poten ti a l  
for that  product.  The  b i l l  of 
materia l s  i s  essen ti a l l y an  
average  of products  wi th i n  that  
category (1 5"  l aptops,  for 
example).  U ncerta i n ty i s  
q uan ti fi ed  as  exp l a i ned  be low 
and  then  s tati s ti ca l  tri a l s  are  run  
to  determ ine  where  more  preci se  
data  are  needed .  Data  q ual i ty 
and  primary data  are  expl a i ned  
be l ow.  Based  on  the  s tati sti cal  
ana l yses  run  i n  the  uncertai n ty 
ana l ys i s  data  are  refi ned ,  where  
poss ib l e .  Then  equati ons  that  
map  characteri sti cs  of the  
product  to  envi ronmen tal  impact  
are  d evel oped  for the  most  
re l evan t a ttri bu tes  and  acti vi ti es  
that  con tri bu te  to  impact.  

The  en ti re  l i fe  cycl e  of the  
product  i s  i ncl uded :  

– raw materi a l s   

–  manu factu ri ng  

– l og i sti cs  

– u se  phase  

– d i sposal /recycl i ng )  

Obj ect:  main  body,  peri pheral s ,  
package.  

Raw materi a l s ,   

Parts/componen ts  manu factu re ,   

Log i sti cs  (raw materi a l s  to  
parts/componen ts,  parts/  
componen ts  to  brand  
compan ies) ,   

Assembly,   

Log i sti cs  from  assembly s i te  to  
customer,   

U se  phase,   

Recycl i ng .  

The  research  phase  focuses  on  
the  en ti re  product  l i fe-cycl e ;  
i n ten t  i s  to  requ i re  primary data  
for the  d i fferen t phases.  
S treaml i ned  methodol ogy and  
cri teri a  wi l l  be  d evel oped  
accord i ng  to  the  research .   
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Cri teria  S treaml ined  methodolog ies  

 iNEMI  eco-impact  evaluator  Orange  PAIA Japan  PCF   Ch ina  PCF  

 –  Obta i n  LCIA parameter 
i n formati on  for key 
componen ts  defi ned  (e . g .  for 
pri n ted  wi ri ng  boards:  board  
s i ze,  l am inate  l ayers ,  su rface  
fi n i sh  type,  e tc. ) .  

–  Determ ine  the  transportati on  
d i s tances  from  the  I CT 
product  /  asset  assembly 
l ocati on  to  the  warehous i ng  /  
d i s tri bu ti on  ( l og i sti cs)  cen tre,  
and  then  from  the  l og isti cs  
cen tre  to  the  customer’ s  /  
end -user’ s  po i n t  of u sage.  

–  Determ ine  the  energy 
consumption  du ri ng  the  “use  
phase”  of the  I CT product  /  
asset  over i ts  i n tended  or 
d esi gn  servi ce  l i fe .  

–  Determine  the  probabl e  
d i stri bu ti on  of end -of- l i fe  
treatmen t methods;  u se  the  
tota l  approximate  materia l  
d ecl arati on  for the  I CT 
product  /  asset  as  the  i npu t  
for such  treatmen t.  

–  Ca lcu l ate  the  eco-
envi ronmen tal  impacts  per the  
estimator too l .  

–  Eval uate  the  estimator tool  
resu l ts  and  perform  a  
sens i ti vi ty ana lys i s  on  the  
resu l ts  to  con fi rm  i ts  va l i d i ty.  
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Cri teria  S treaml ined  methodolog ies  

 iNEMI  eco-impact  evaluator  Orange  PAIA Japan  PCF   Ch ina  PCF  

Un i t  of 
analys is  

The  LCA estimator tool  wi l l  
eval uate  a  product  u n i t  
cons i sti ng  of i nd i vi dual  hardware  
equ i pmen t or an  asset l eve l .  The  
product  un i t  wi l l  be  attri bu ted  to  a  
functional  u n i t  as  defi ned  by the  
product  manu factu rer.  The  
functional  u n i t  wi l l  be  defi ned  to  
have  a  speci fi ed  capaci ty or 
d e l i ver a  certa i n  type  of 
functional i ty or service  over a  
g i ven  peri od .  

–  Crad l e-to-g rave.   

Make  and  receive  cal l s  for a  tota l  
of 5 , 5  h  of commun icati on  per 
mon th  for 2  years .  

The  product  of i n terest ( l aptop,  
desktop,  d i sp lay,  e tc. )  for i ts  fi rs t  
l i fetime,  where  the  l i fetime  i n  
years  i s  part  of the  assumptions  
described  i n  the  methodol ogy.  

Functi onal  u n i t.  

Sa l es  u n i t.  

Road  test bei ng  done  on  a  
desktop  product  wi th  
mouse/keyboard / packag i ng ,  
wi thou t  d i spl ay.  U se  phase:  
5  years .  For d i fferen t  product  
categories ,  the  owners  need  to  
d efi ne  the  functi onal  un i ts  
separatel y.  
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Cri teria  S treaml ined  methodolog ies  

 iNEMI  eco-impact  evaluator  Orange  PAIA Japan  PCF   Ch ina  PCF  

Use  phase  
model l i ng  

N o  set  va l ues  defi ned ;  l eft  up  to  
the  eval uator.  

Locati on  where  product  i s  be i ng  
u sed  –  g l obal  or by reg ion .  

Power consumption  –  per typ ical  
product  con fi gurati on  and  featu re  
set.  

Functi on  of how the  product  i s  
u sed  (e . g .  acti ve ,  i d l e  /  s l eep  
modes,  etc. ) .  

I ncl ude  power to  cool  equ i pmen t 
i n ternal l y and  

external l y −  transfer heat,  con trol  
h um id i ty l evel s ,  and  cool  the  
su rround i ng  equ i pmen t l ocati on  /  
envi ronmen t,  e . g .  CRAC un i t  
wi th i n  CO  /  server faci l i ty /  
apporti onmen t of energy needed  
to  mai n ta i n  typ ical  temperatu re  /  
h um id i ty requ i remen ts .  

Power u sage  per annum  – th i s  
can  be  an  average  dai l y power 
u sage  based  on  a  typ i ca l  pattern  
of u sage  that i ncl udes  s l eep  
modes  and  other power saving  
featu res.  

Product  operati ng  l i fe  (e . g .  
typ i ca l  operati ng  l i fe  or desi gn  
l i fe) .  

Servici ng  – eco-impact 
associated  wi th  servici ng  of I CT 
product  (s i gn i fi can t for network 
equ i pmen t;  may be  i ns i gn i fi can t  
for personal  I CT products).  

(Geared  towards  mobi l e  /  smart  
phones)  

Commun icati on  time:  5 , 5  h  per 
mon th .  

Average  l i fe time  of the  product:  
2  years .  

After each  charge,  i t  i s  assumed  
that  the  charger i s  l e ft  p l ugged  i n  
for 5  h  wi th  the  mobi l e  connected  
and  fu l l y charged ,  and  5  h  wi th  
the  mobi l e  d i sconnected .  

S tep  1 :  Cal cu l ati on  of the  n umber 
of charges  per mon th ,  based  on  
the  use  scenario  and  the  
au tonomy of the  mobi l e .  

S tep  2 :  Calcu l ati on  of the  energy 
consumed  du ri ng  charge,  and  by 
the  charger when  the  charge  i s  
completed .  

S tep  3 :  Convers ion  i n to  CO
2
 

em iss i ons  wi th  the  coun try’ s  
energy m i x.  

There  are  severa l  e l emen ts ,  
i ncl ud i ng  power,  d u ty cycl e ,  
l ocati on ,  and  l i fetime.   

Du ty cycl e :  For desktop  and  
l aptop,  Energy S tar vers i on  5  or 
6  (see  B i b l i og raphy)  depend i ng  
on  reg i on  of i n terest.  For d i splay,  
on  and  off power on l y.   

Power:  Numbers  are  en tered  or 
d efau l t  based  on  Energy S tar 
d ata .  The  l ocati on  of the  g ri d  can  
be  speci fi ed  and  l i fetime  
speci fi ed  or defau l t  assumed  
based  on  l i teratu re .  

Common  ru l e  i s  used .  

J apanese  e l ectri ca l  products  
i n dustry d efi nes  a  common  ru l e  
for q uan ti fyi ng  vi a  the  "vo l un tary 
acti on  p l an " .  

Energy S tar 5 . 2 ,  see  
B i b l i og raphy.   

International  Electrotechnical  Commission

 



  
–
 3
8
 –
 

IE
C
 T
R
 6
2
9
2
1
:2
0
1
6
 ©

 IE
C
 2
0
1
6
 

Cri teria  S treaml ined  methodolog ies  

 iNEMI  eco-impact  evaluator  Orange  PAIA Japan  PCF   Ch ina  PCF  

Cut-off ru l es  Severa l  cu t-off cri teri a  are  u sed  
i n  LCA practi ce  to  d eci de  wh ich  
i npu ts  are  to  be  i ncl uded  i n  the  
assessmen t,  such  as  mass,  
energy and  envi ronmen tal  
s i gn i fi cance.   

For a l l  th ree  of these  cri teri a,  
tota l  cumu lated  fl ows  of l ess  than  
5  %  of the  benchmark fl ow can  
be  excl uded  (Techn ical  s tandard :  
BP  X30-323).  

None.  Based  on  previ ous  LCA by 
ADEME,  most  s i gn i fi can t  aspects  
are  i den ti fi ed .  

None,  assessmen t shou l d  
i ncl ude  a l l  of the  l i fe  cycle  
i nven tory,  bu t  the  l evel  of 
speci fi ci ty i n  data  depends  on  the  
goa l  of the  s tudy.  

Cu t  off ≤5  %  of the  mass  of the  
reference  fl ow.  (h ttp : //www. cfp-
j apan . j p/eng l i sh /ru les/pd f/C-09-
03. pd f)  of the  Japan  
Envi ronmen tal  Managemen t 
Associati on  for I ndustry.  

Fol l owing  PAS  2050  cri teri a  i n  
the  road  test.  Th i s  has  not  yet  
been  defined  i n  Ch i na  PCF  
methodology bu t  wi l l  be  
d i scussed  i n  the  fu tu re  
d evel opmen t.  

Al location  A  co-product  i s  defi ned  as  "any 
of two  or more  products  com ing  
from  the  same  un i t  process  or 
product  system"  
( I SO  1 4044: 2006) .  The  a l l ocati on  
of envi ronmenta l  impacts  
between  products  and  co-
products  sha l l  be  performed  
accord i ng  to  one  of the  fo l l owing  
procedures,  l i s ted  i n  order of 
pri ori ty:  

1 )   subd ivi de  accord i ng  to  d i s ti nct  
processes;  

2 )   subd ivi de  accord i ng  to  
phys i ca l  re l ati onsh i ps  (mass,  
energy,  e tc. )  t i ed  to  the  
product's  functi onal  u n i ts ;  

3 )   subd ivi de  by extend i ng  the  
system 's  boundari es  to  
i ncl ude  the  co-products  
functi on  when  i t  i s  possi b l e  to  
assess  some  impacts  that  
have  been  avoided  by 
produci ng  the  co-product.  

4 )   subd ivi de  accord i ng  to  
econom ic va l ue;  

5 )   subd ivi de  accord i ng  to  a  
combinati on  of the  ru l es  l i s ted  
above.  

No  co-  or sub-product.  Very dependent  on  the  
componen t.  Al l ocati on  i s  avoided  
where  poss i b l e  and  then  done  
primari l y by phys i cal  u n i t  such  as  
pri n ted  wi ri ng  board  area,  i n pu t  
sheet  of g l ass ,  u n i ts ,  e tc.  
Transportati on  cal cu l ated  by 
mass  a l l ocati on .  End -of- l i fe  
process i ng  a l l ocated  to  the  
product  – no  cred i t  for recycl i ng .  

D i screti onal l y.  1 )  Try to  avoid  a l l ocati on .  

2 )  Phys ica l  a l l ocati on ,  such  as  by 
amoun t.  

3 )  Other a l l ocati on  methods  
accord ing  to  a  d i fferen t status.  
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 iNEMI  eco-impact  evaluator  Orange  PAIA Japan  PCF   Ch ina  PCF  

Uncertain ty  U ncerta i n ty i n  eco-impact 
assessmen t comes  from  two  
sou rces:  techn ica l  u ncerta i n ty 
and  natu ra l  variabi l i ty.  Techn ica l  
u ncerta i n ty i s  created  by l im i ted  
d ata  qua l i ty,  i neffecti ve  sampl i ng ,  
wrong  assumpti ons,  i ncomplete  
model l i n g  and  other fl aws  i n  the  
assessmen t cal cu l ati on  i tsel f.  
N atu ral  variab i l i ty can  be  
accoun ted  for i n  the  d efi n i ti on  of 
the  LCA estimator methodol ogy 
framework as  an  average,  or 
representati ve  fi gu re,  so  i t  d oes  
not  need  to  be  quan ti fi ed .  
Because  the  natu re  of th i s  
estimator methodol ogy i nvolves  
estimates  and  j udgmen t,  there  
wi l l  be  some  degree  of 
u ncerta i n ty associated  wi th  i t.   

A  recommended  approach  for 
cal cu l ati ng  uncerta i n ty i s  to  
perform  a  Monte  Carlo  anal ys i s  
of the  a l gori thms  created  wi th i n  
the  estimator tool .  

Not  i ncl uded .  F i rst  of a l l ,  u ncerta i n ty i s  
model l ed  around  both  the  
quan ti ty and  type/impact  aspects  
of the  ana lys i s .  Quan ti ty i ncl udes  
amoun t of materi a l s ,  amoun t  of 
transportati on ,  power,  e tc.  Type  
i ncl udes  the  speci fi ci ty of the  
materia l  (non -ferrous  versus  
a l um in i um),  mode  of transport 
(road  versus  a i r) ,  l ocati on  (Ch ina  
versus  As ia) ,  e tc.  and  impact  
data  refer to  the  impact  
associated  wi th  the  type.  
Uncerta i n ty i s  represen ted  
quan ti tati vel y where  su ffici en t  
i n formati on  exi sts ,  or q uan ti tati ve  
accoun ti ng  of qua l i tati ve  
uncerta i n ty i s  made  based  on  
data  qua l i ty i n d i cators .  
Uncerta i n ty i s  typ i ca l l y l og  
normal l y or u n i form ly d i stri bu ted ,  
occasiona l l y o ther d i stri bu ti ons  
are  model l ed  where  enough  data  
exi st.  Th i s  uncerta i n ty 
i n formati on  i s  used  to  pri ori ti ze  
where  more  data  shou l d  be  
col l ected .  

Database  of bas ic  un i t  q ua l i ty i s  
not  d efi ned .  

Shou l d  eva l uate  the  d ata  
sou rces,  completeness  and  
accuracy of the  i n formati on .  
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 iNEMI  eco-impact  evaluator  Orange  PAIA Japan  PCF   Ch ina  PCF  

Comparabi l i ty  Products  cannot  be  compared  
based  on  th i s  too l .  

Not  defi ned  i n  the  methodology.  
Each  user can  defi ne  i ts  own  way 
of us i ng  the  i n d i cators ,  raw 
va l ue,  s taged  rati ng ,  absolu te  or 
re l a ti ve.  

The  metri c  that th i s  method  has  
emphasized  for determ in i ng  
whether or not  the  data  are  of 
su ffici en t  q ual i ty to  enabl e  
compari son  i s  the  " fa l se  s i gnal  
ra te"  or the  number of times  that  
a  product  whose  mean  i s  h i gher 
than  another product  actual l y 
appears  l ower i n  impact  for each  
i nd i vi dua l  s tati sti ca l  tri a l .  The  
more  narrow the  d i stri bu ti on  (or 
certa i n  the  resu l t) ,  the  l ower th i s  
number becomes.  Another 
importan t e l emen t of th i s  i s  the  
d i fference  i n  the  means  of the  
two  products .  So,  wh i l e  
compari son  i s  not  recommended ,  
metri cs  for eva l uati ng  whether 
compari son  i s  poss ib l e  has  been  
the  emphasis .  

There  i s  n o  ru l e  for comparing  
products.  

N ot  i n cl u ded .  S i nce  the  l i fe  cycle  
ana l ys is  and  scope/boundary 
cou l d  be  defi ned  d i fferen tl y,  i t  
d oesn ’ t  support compari son .  

Data  topics  

Data  qual i ty  Cu rren t  data  are  from  publ i c  or 
pri vate  d atabases  so  not  h i gh  
qua l i ty data .   

  Data  q ua l i ty i s  eva l uated  on  
metri cs  of:  sample  s i ze,  age  of 
data  and  d ata  sou rce.  Data  
qua l i ty i s  noted  for a l l  re l evan t 
data  bu t  pri ori ti zati on  i s  made  on  
data  that  are  of l owest qual i ty bu t  
are  of g reatest importance  to  the  
overal l  anal ys i s .  

Primary data  −  I d eal l y wan t  to  
u se  data  l ess  than  1 2  mon ths  
o l d ;  however,  co l l ecti on  of a l l  
d ata  i s  very d i ffi cu l t.  

Secondary data  –  Use  a  common  
database.  

Focus ing  on  the  time-rel ated  
coverage,  geograph ical  
speci fi ci ty,  technol ogy coverage  
and  data  accu racy.  On -s i te  aud i t  
i s  requ i red  i n  the  road  test.  The  
aud i tor wou l d  check the  d ata  
q ua l i ty on  s i te .  

International  Electrotechnical  Commission
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General  s teps  
for col l ecti ng  
data  

Data  from  publ i c  and  non -publ i c  
d atabases  was  used  to  devel op  
the  a l gori thms  embedded  i n  the  
tool  th rough  regress ion  ana l ys i s .   

For basic  componen ts  ( l i ke  
capaci tors ,  res i stors ,  I Cs)  whose  
data  exi sts  i n  an  LCI  database,  
LCIA i s  performed  and  i s  
a l l ocated  based  on  the  
associated  sca le  factor (wei gh t,  
area,  package  type,  e tc. )  

For modu l es ,  data  were  
extracted  from  complete  LCAs  of 
modu l es  ( l i ke  a  hard  d ri ve)  and  
a l l ocated  by product  featu res  
( i . e .  s i ze,  wei gh t,  etc.  of the  
componen ts).   

Primary data  needed  on  "cri ti ca l  
few",  e . g .  mass  of housi ng ,  s i ze  
of PWB.  

1 )  For tool  developmen t:  h i gh  
l evel  assessmen t from  
exi sti ng  data  gathered  from  
publ i c  sou rces,  commercia l l y 
avai l abl e  d atasets,  and  
market  i n formati on .  Then  
primary data  col l ecti on  for 
re l evan t  h i gh  impact  
componen ts .   

2 )  For u se  of tool :  gather 
i n formati on  on  product  
a ttri bu tes ,  for example  screen  
s i ze,  resol u ti on ,  PWB  area,  
chassi s  materia l s  
percen tages.   

U se  common  database  for 
secondary data.  

1 )  Defi ne  product  scope.  

2 )  Co l l ect  primary data .  

3 )  Perform  i n i ti a l  ca l cu lati on  to  
he l p  defi ne  the  key 
parts/phases.  

4 )  Obta i n  better data  for the  key 
parts/phases.  

5 )  Secondary data  where  primary 
acti vi ty data  have  not  been  
obtai ned .  
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Defin i tion  of 
primary and  
secondary 
data  

Secondary data  −  Provi ded  from  
publ i c  and  pri vate  sou rces.  

Primary data :  Quan ti zed  va l ue  
from  a  d i rect measuremen t or 
ca l cu lati on  from  d i rect  
measurements  of an  acti vi ty or 
process  l i fe  cycl e  of the  product.  
Th i s  va l ue,  when  mu l ti p l i ed  by an  
em iss i on  factor or 
characteri zati on ,  to  cal cu l ate  an  
i nd i cator of impact  category.  

Secondary data  −  Quan ti zed  
val ue  of an  acti vi ty or process  
l i fe  cycl e  of the  product  obtai ned  
from  sou rces  other than  d i rect  
measurement or ca l cu lati on  from  
d i rect  measuremen ts .  The  fact 
that  data  are  secondary does  not  
mean  they do  not  remain  
i n fl uen ti a l .  

Example  for the  u se  phase:  

Primary data :  au tonomy i n  
s tandby and  i n  commun icati on ,  
t ime  and  energy for a  charge  
from  0  %  to  1 00  % ,  power 
consumed  by the  charger i n  no-
l oad  cond i ti on ,  and  wi th  l oad  
charged  at  1 00  % .  Secondary 
data:  kg  CO

2
e/kWh  

Primary data:  S i te-average  or 
s i te-speci fi c  data  from  d i rect  
measuremen t or ca l cu lati on  from  
d i rect  measuremen t,  i f from  
several  faci l i t i es,  wi th  1 8  mon ths ,  
representati ve  of technol ogy 
used  i n  product,  i ncl ud i ng  
uncerta i n ty i s  consi dered  primary 
data.   

Secondary data:  ari s i ng  from  
re l evan t  sou rces,  bu t  maybe  
i ndustry associati on ,  pub l i shed ,  
LCA databases,  governmen t 
sou rces,  etc.  

  Primary data:  co l l ected  d i rectl y 
from  the  suppl y chai n ,  i ncl ud i ng  
ti er one/two/th ree  suppl i ers.  The  
data  i s  d i rectl y col l ected  from  the  
acti ve  un i t  processes.  

Secondary data:  data  ari s i ng  
from  competen t sou rces,  such  as  
LCA database,  i ndustry 
associati on ,  nati onal  
governmen t,  offi ci a l ,  U n i ted  
Nati ons  publ i cati ons.  

Transparency    Some  "b l ack box"  ca l cu l ati on  
formu lae  are  d i scl osed .  

     

Data  Al gori thms  are  very 

transparen t −  U ses  phys ica l  
characteri sti cs  of the  product.  

I npu t  d ata  need  to  be  primary,  
suppl i ed  by manu factu rer.  LCA 
data  i n  "b l ack box" ,  possi b l y 
ADEME  or Ecoinvent  d ata .  

Agg regated  componen t  and  
materi a l s  means  and  standard  
devi ati ons  are  transparen t.  
Broken  down  by reg i ons  i n  most  
cases.  

I t  shou l d  be  shown  i f d ata  are  
primary or secondary.  

The  i npu t  i s  more  l i ke l y the  
primary data.  For the  road  test,  
data  come  from  Ch i na  CLCD,  
NDRC,  Ecoinven t  database.  

Methodology  Very transparen t.  B l ack box.  Expl a i ned  th roughou t MS  Excel a)  
too l  and  i n  separate  MS  Word a)  
d ocumen ts .  

Al l  PCR i n formati on  shou ld  be  
d i scl osed .  

B l ack box.   
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Communication  Commun icati on  of resu l ts  i s  
d ependent  on  the  practi ti oner.   

Resu l ts  reported  i n  kg  CO
2
.   

Assumptions  or reference  to  LCA 
data  not  i ncl uded .  

Resu l ts  reported  as  a  range  i n  
kg  CO

2
 by phase  and  by modu l e  

wi th i n  the  product.  S tati sti ca l  
resu l ts  are  presen ted  for 5th  and  
95th  percenti l es  as  wel l  as  one  
s tandard  d evi ati on .  

 Busi nesses  choose  thei r own  
ways  to  commun icate  resu l ts .  
Ch i na  PCF  wou l d  not  encourage  
or l im i t  the  speci fi c  
commun icati on  method  i n  the  
cri teri a .  

Practical i ty 

Ease  of use  of 
methodology  

Very easy to  u se.  U ses  
a l gori thms  to  obta i n  a  carbon  
footpri n t  for each  componen t and  
process  and  then  adds  them  up  
to  get the  tota l  product  PCF.  

Easy,  on l y primary data  need  to  
be  en tered .  

Easy,  on l y primary data  need  to  
be  en tered .  

I t  shou l d  be  easy.  

However,  a  certa i n  l evel  of 
experti se  i s  requ i red .  

Not  so  easy because  fu l l  LCA.  
Need  expert to  gu i de.  

Cost to  
complete  one  
PCF  

Very i nexpensive .    Very i nexpensive.  Va l i dati on /reg i strati on  cost.  

Data  col l ecti on  cost.  

1 7  000  to  20  000  USD  for the  
certi fi cati on  and  software.  
Depends  on  d i fferen t  product  
categories  and  th i rd  parti es.  

Time  needed  
to  complete  
one  PCF  

Very qu i ck −  J ust  need  to  gather 
data  on  the  product.  Once  th i s  i s  
done,  you  ca l cu l ate  the  PCF  of 
each  process  and  componen t  
u s i ng  the  a l gori thms  and  then  
add  them  up.  Maybe  1  h  once  the  
product  data  are  obtai ned .  

Al so  due  to  basi c parameters,  
compan ies  can  bu i l d  au tomation  
capabi l i ti es.  

Questi onnai re  i ncl udes  42  
primary data  e l emen ts  to  be  
provi ded .  Let's  say 6  h  to  8  h  per 
model .  

Once  the  methodol ogy has  been  
devel oped ,  the  time  needed  to  
complete  one  PCF  wi l l  d epend  
on  the  l evel  of resol u ti on  
requ i red ,  bu t  i s  mean t to  be  no  
more  than  a  few hou rs .  

Accord i ng  to  personal  ab i l i ty.  Abou t 3  to  6  mon ths  per product.  

Limi tations  Eas i l y sca l abl e.   

Data  are  l im i ti ng  due  to  age  and  
accuracy.  Al so,  the  a l gori thms  
may be  l im i ti ng  i f a  process  i s  
done  d i fferen tl y a t  a  certa i n  
faci l i ty.   

Easi l y scal abl e  across  products .  
B l ack box i ncl udes  d i fferen t  
parameters  for 3  categori es  of 
mob i l e  phones  –  l ow end ,  m i d  
range,  h i gh  end  –,  main l y based  
on  fl ash  memory capaci ty.   

Local  versus  worl dwide:  changes  
CO

2
e/kWh  coeffi ci en t  and  

d i s tri bu ti on  d i s tances.  

Methodology devel opmen t 
requ i red  for each  broad  product  
cl ass  (desktop,  e tc. ) .  Each  
i nd i vi dua l  tool  i s  set  up  to  l ook at  
i ndustry averages  rather than  
speci fi c  products ,  so,  i f speci fi c  
product  numbers  are  requ i red ,  
ad j ustmen ts  may be  necessary.  
Data  q ua l i ty i s  a lways  an  ongoi ng  
i ssue  so  probabl y a  l im i tati on  of 
th i s  method  as  wel l  as  a l l  the  
others.  

  The  methodol ogy i s  matu re  (LCA 
th i nki ng ) .  And  i t  cou l d  a l so  be  
u sed  domesti ca l l y and  
worl dwide .    
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Consistency 
and  accuracy 
wi th in  model  

S i nce  the  a l gori thms  are  defi ned  
and  s imple  product data  are  the  
on l y i npu t,  the  resu l ts  between  
users  shou l d  be  consi sten t.   

Model  wi l l  be  very consi sten t,  as  
focus  i s  on  cri ti cal  few primary 
data  needed .   

Shou l d  be  consi sten t wi th i n  the  
model  i f the  same  i npu ts  are  
chosen .  S tati sti cal  s imu lati on  wi l l  
resu l t  i n  some  devi ati on  
depend i ng  on  the  numbers  of 
tri a l s  that  are  run .  

Same  as  l ong  as  us i ng  common  
database.   

Depends  on  the  product  scope,  
boundary and  suppl i er data.  

Relevance  H otspots  can  be  detected .  
Unsu re  how cl ose  i t  i s  to  real i ty.  
The  a l gori thms  are  probabl y 
cl ose  to  real i ty,  a l though  agai n  
the  data  are  o l d .  

     U se  LCA method ,  very cl ose  to  
rea l i ty.  

Accessibi l i ty  Cu rren tl y members  of i NEMI  can  
u se  the  tool ,  however,  the  
methodol ogy i s  publ i cl y 
avai l abl e .  I t  i s  p l anned  to  make  i t  
free  for anyone  to  use.   

Method  i s  requ i red  to  be  used  by 
suppl i ers  to  Orange.  

Cu rren tl y method  on l y access ib l e  
to  members,  shou l d  move  to  
more  open  access  i n  the  fu tu re.  

D i scl ose  PCR;  easy access  of 
resu l t.  

N ot  mentioned .  

Updatabi l i ty 

Data  Eas i l y updatable .  Recommend  
updati ng  every other year.  

Men ti oned  bu t  not  speci fi ed .  For areas  where  primary data  are  
i ncl uded ,  annual  updates  shou ld  
be  stra i gh tforward .   

Update  of data  i s  requ i red .  U nder d evel opmen t.  Not  defi ned  
yet.  

Methodology  Eas i l y updatable .  Not  add ressed .  Methodol ogy shou l d  be  revi s i ted  
as  s i gn i fi can t  technol ogy 
advances  are  made  around  
3  years  m in imum.  

I n  case  q ual i ty of data  i s  
damaged .  

The  Ch i na  PCF  i s  u nder 
devel opmen t;  not  yet  speci fi ed .  

External  commun ication  

Assurance/ 
veri fi cation  

Commun icati on  of resu l ts  i s  
d ependent  on  the  practi ti oner.   

None.  Method  i s  va l i dated  
between  B IO  I n te l l i gence  service,  
CODDE  and  WWF.  The  method  
i s  proposed  for val i d ati on  by the  
ADEME/AFNOR p l atform  for the  
Grenel l e  envi ronmen tal  l abel l i ng .  

S tati s ti cal  analys i s  of the  
uncerta i n ty he lps  wi th  assu rance  
and  variance.  Model  review by 
th i rd  party.  

Th i rd  party veri fi cati on .  Depends  on  the  data  q ual i ty.  For 
the  road  test,  i t  i s  l im i ted  
assu rance.  

Comparative  
assertions  

N ot  to  be  u sed  to  make  
comparati ve  asserti ons  between  
competi ti ve  products .  

I t  i s  the  mai n  goal .  Each  mobi l e  
phone  model  i s  l abel l ed  wi th  
3  i nd i cators  (CO

2
,  RMD  and  a  

qua l i tati ve  ra ti ng  of ecodesi gn )  
on  Orange  webs i te  and  shops  i n  
France  and  a  few other 
coun tri es) .  

H as  not  been  part  of external  
commun ication  to  d ate.  

I t  i s  acceptabl e  to  compare  
mu l ti p l e  own  products  based  on  
the  same  PCR.  

Not  supported .  

Other i tems            
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Cri teria  S treaml ined  methodolog ies  

 iNEMI  eco-impact  evaluator  Orange  PAIA Japan  PCF   Ch ina  PCF  

a)  MS  Excel  and  MS  Word  are  examples  of su i table  products  avai l able  commercial l y.  Th is  i n formation  i s  g i ven  for the  conven ience  of users  of th is  document and  does  not  
consti tu te  an  endorsement by IEC  of these  products.  
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Annex B  
( informative)  

 
Generic example of streaml ined  CFP process  for ICT products  

B.1  In i tial  analysis  

Annex B  provides  an  example  process  for completing  a  streaml ined  CFP i n  accordance  wi th  
Clause  7) .  A notebook product was  selected  as  the  example  product.  

Prior to  calcu lating  a  streaml ined  CFP,  several  steps  shou ld  be  taken .  The  fi rst step  i n  
performing  a  streaml ined  CFP for an  ICT product i s  to  define  the  goal  and  scope  of the  study 
(see  7. 1  and  7 . 2)  i n  order to  determine  i f a  streaml ined  CFP  i s  appropriate.  I f the  goal  and  
scope  of the  analysis  can  be  supported  by a  streaml ined  CFP,  the  next step  i s  to  understand  
what data  are  needed  to  complete  the  calcu lation .  The  best way to  do  th is  i s  to  perform  a  
priori tization  CFP to  understand  the  b iggest product impacts  and  therefore  where  to  focus  
data  col lection  and  analysis.  

B.2  Example  calcu lation  for a  notebook computer 

Once  the  l argest impacts  are  understood ,  a  ca lcu lation  can  be  developed  that i ncludes  the  
necessary in formation .  Below is  an  example  streaml ined  CFP calcu lation  for a  notebook 
product based  on  the  i n formation  i n  the  PCR (a l l  carbon  footprin t resu l ts  i n  kg  CO2e):  

CFPNB  =  CFFPA  +  [CFCh  +  CFPWB  +  CFI C  +  CFLCD  +  CFHDD  +  CFODD  +  CFPSU  +  CFB  +  CFPkg ]  
+  CFTP  +  CFU-N  +  CFEOU  

where  

CFPNB  i s  the  tota l  carbon  footprin t of notebook product;  

CFFPA i s  the  tota l  carbon  footprin t  from  final  assembly;  

CFCh  i s  the  carbon  footprin t  of chassis  manufacturing ;  

CFPWB  i s  the  carbon  footprin t of popu lated  prin ted  wi ring  board  manufacturing  (exclud ing  
i n tegrated  ci rcu i ts) ;  

CFI C  i s  the  carbon  footprin t  of i n tegrated  ci rcu i t  manufacturing ;  

CFLCD  i s  the  carbon  footprin t of d i splay manufacturing ;  

CFHDD  i s  the  carbon  footprin t of hard  d isk d rive  manufacturing  (or data  storage  device  and  
i nclud ing  sol i d  state  d rives);  

CFODD  i s  the  carbon  footprin t of optical  d i sk d rive  manufacturing ;  

CFPSU  i s  the  carbon  footprin t of power supply manufacturing ,  cou ld  be  i n ternal  or external ;  

CFB  i s  the  carbon  footprin t  of battery manufacturing ;  

CFPkg  i s  the  carbon  footprin t of fi nal  packag ing  manufacturing ;  

CFTP  i s  the  tota l  carbon  footprin t  of d istribu tion  of product p lus  packag ing ;   

CFU-N  i s  the  tota l  carbon  footprin t of use  of a  notebook;  

CFEOU  i s  the  tota l  carbon  footprin t of end  of l i fe  of a  notebook.  

Th is  calcu lation  can  further be  broken  down  in to  more  detai l ed  calcu lations.  An  example  of 
one  of these  more  detai led  calcu lations  i s  the  use  phase  calcu lation :  

 CFU-N  =  TECN  ×  LU-N  ×  EFU   
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where  

CFU-N  i s  the  tota l  carbon  footprin t of l i fetime usage  of a  notebook (kg  CO2e);  

TECN  i s  the  ENERGY STAR 6. 1  annual  typical  energy consumption  of a  notebook (kWh  per 
year);  

LU-N  i s  the  l i fetime  of the  notebook (years);  

EFU  i s  the  emission  factor of g rid  i n  coun try of use  (kg  CO2e/kWh).  

B.3  Data  col lection  

Once  the  calcu lations  are  developed ,  data  shou ld  be  col lected  in  order to  complete  the  
calcu lation .  For modu les  that are  considered  to  have  a  s ign i fican t impact on  CFP resu l ts  
(d isplay panel ,  memory ch ips,  ICs,  etc. ) ,  representativeness  of data  shou ld  be  analysed .  I f 
datasets  are  ou tdated  or not representative,  i t  i s  recommended  to  col lect more  representative  
data  and  to  create  up-to-date  datasets  that better represent important modu les.  

Several  types  of data  shou ld  be  col lected :   

•  I npu t data  – th is  i s  i n formation  re lating  d i rectl y to  the  product being  analysed ,  i nclud ing  
such  th ings  as  d isplay s ize,  energy usage,  transport d i stances,  product mass,  etc.  Th is  
can  often  be  done  using  a  bi l l  of materials  or by performing  a  product d isassembly.  

•  Background  data  – th is  i s  data  on  the  envi ronmental  impacts  of the  materials ,  
subcomponents,  and  processes  related  to  the  product.  Th is  i n formation  can  be  obtained  
from  secondary databases  or from  suppl iers  (material  impacts,  manufacturing  processes,  
power mixes,  transport impacts,  etc. ) .  

For the  use  phase  calcu lation  i n  ou r example,  the  data  i s  as  fo l lows:  

•  I npu t data:  

– Energy used  i n  the  product’s  l i fetime  – i n  th is  case  we  use  the  ENERGY STAR 6. 1  
Total  Annual  Energy Consumption  (TEC)  formu las  found  i n  the  ENERGY STAR v6. 1  
Computers  Program  Requ i rements.  Power consumption  i n formation  i s  obtained  by 
d i rectl y testing  the  product.  

Assumed  TEC:  20  kWh  per year 

– The  assumed  l i fetime  of the  product – th is  i n formation  can  be  obtained  by analysing  
customer product usage  or by using  common  assumptions.  I n  th is  case  we  wi l l  use  
establ ished  l i fetime  usage  assumptions  developed  by Lawrence  Berkeley National  Lab  
(LBL)  for the  EPA's  ENERGY STAR program.   

Assumed  Li fetime:  4  years  

•  Background  data:   

– Emission  factor of g ri d  i n  coun try of use  – th is  i n formation  can  be  found  in  various  
databases.  I n  th is  case  we  wi l l  use  data  from  the  I n ternational  Energy Agency.  

Assumed  Emission  Factor i n  US:  0 , 528  kg  CO2e/kWh  

•  Calcu lation :  

CFU-N  =  20  ×  4  ×  0 , 528  =  42 ,2  kg  CO2e  

Th is  i n formation  i s  then  used  i n  the  use  phase  calcu lation  above.  A s im i lar process  i s  done  for 
the  other l i fe  cycle  phases;  these  are  then  summed  up  to  get the  total  carbon  footprin t  of the  
notebook product over i ts  l i fetime.  
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Annex C  
( informative)  

 
Examples  of relevant databases  for the IT industry 

C.1  Ecoinvent 

Ecoinvent i s  an  LCA database  used  by approximately 4  500  users  i n  more  than  40  coun tries,  
worldwide.  Th is  database  con tains  i n ternational  i ndustrial  l i fe  cycle  i nven tory data  on  energy 
supply,  resource  extraction ,  material  supply,  chemicals,  metals,  agricu l tu re,  waste  
management services  and  transport services.  Ecoinvent i s  developed  by the  Ecoinvent Centre  
i n  Swi tzerland 6.  

C.2  US  Li fe  Cycle  Inventory  

The  US  Li fe  Cycle  I nven tory7  (LCI )  i s  a  database  that provides  i nd ividual  gate-to-gate,  crad le-
to-gate  and  crad le-to-grave  accounting  of the  energy and  materia l  fl ows  i n to  and  ou t of the  
envi ronment that are  associated  wi th  producing  a  material ,  component,  or assembly i n  the  US.  
The  US  LCI  database  was  developed  by the  National  Renewable  Energy Laboratory.  

C.3  GaBi   

GaBi 8  i s  one  of the  l argest LCA databases  i n  the  world  and  i s  main ly based  on  primary data  
col lection .  I t  addresses  several  i ndustries  from  agricu l tu re  to  e lectron ics  and  retai l ,  th rough  to  
texti les  or services.  GaBi  was  created  by PE  INTERNATIONAL.  

C.4 ELCD (European  Reference Li fe  Cycle  Data  System)  

ELCD 9  con tains  L i fe  Cycle  I nven tory data  from  fron t-runn ing  EU-level  business  associations  
and  other sources  for key materials,  energy carriers,  transport,  and  waste  management.  The  
database  was  developed  by the  European  Platform  on  L i fe  Cycle  Assessment th rough  the  
European  Commission ’s  Join t Research  Centre.  

C.5 PAIA (Product Attribute  to  Impact Algori thm)  Data  

PAIA i s  a  speci fic set of data  based  on  i n tegration  of several  of the  above-mentioned  
databases,  as  wel l  as  primary data  from  the  I T  i ndustry.  I t  i s  speci fic to  I T  products  and  was  
developed  by the  Massachusetts  I nsti tu te  of Technology.  

 

_____________ 

6  www. ecoi nvent. org  

7 The  US  L i fe  Cycl e  I nven tory i s  an  example  of a  su i tab le  product  avai l ab le  commercia l l y.  Th i s  i n formation  i s  
g i ven  for the  conven ience  of u sers  of th i s  documen t and  does  not  consti tu te  an  endorsemen t by I EC  of th i s  
product.  

8 GaB i  i s  an  example  of a  su i tab l e  product  ava i l abl e  commercia l l y.  Th i s  i n formation  i s  g i ven  for the  conven ience  
of users  of th i s  d ocumen t and  does  not  consti tu te  an  endorsemen t  by I EC  of th i s  product.  

9 ELCD  i s  an  example  of a  su i tab l e  product  ava i l abl e  commercia l l y.  Th i s  i n formation  i s  g i ven  for the  conven ience  
of users  of th i s  d ocumen t and  does  not  consti tu te  an  endorsemen t  by I EC  of th i s  product.  
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Annex D  
( informative)  

 
Recommended  sources for product energy consumption  

Yearly power consumption  of the  product,  calcu lated  accord ing  to  an  i n ternational l y 
recogn ized  speci fication ,  for i nstance,  the  most recent U .S.  ENERGY STAR® Speci fication  
appl icable  for the  product type  being  assessed :  

•  The  scope  of Version  6 . 1  of the  ENERGY STAR® Product Speci fication  for Computers  
covers  the  fol lowing  products:  Desktop  Computers,  I n tegrated  Desktop  Computers,  
Notebook Computers,  S lates/Tablets,  Portable  Al l - I n -One  Computers,  Workstations,  and  
Th in  Cl ien ts.   

•  The  scope  of Version  6 . 0  of the  ENERGY STAR® Product Speci fication  for D isplays  
covers  the  fol lowing  products:  Computer Mon i tors,  and  Signage  Displays;  

•  Version  6 . 1  of the  ENERGY STAR® Product Speci fication  for Computers  provides  a  
Power value  ( i . e .  W/h)  and  conversion  method  to  get a  yearly power usage  value  
(kW/year):  8  760  /  1  000  for Desktop  Computers,  I n tegrated  Desktop  Computers,  
Notebook Computers,  S lates/Tablets,  Portable  Al l - I n -One  Computers,  and  Th in  Cl ien ts.  
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