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Greater uncertainty but easier communication
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* wans:znudunaiw (Midpoint Impact)

Global warming Kg CO,

— Wuwans=nuluaunuaaviodrunin
Nanuaondadal 13U N1SINASSD

lolsuluduusssinia n1snainsie Ozone depletion ~ Kg CFC 11

wwulaunninuld ussiausunruanao Carcinogens Kg B(a)P
Acidification Kg SO,
Eutrophication Kg PO,
Heavy metal Kg Pb
Mineral Kg

Fuel MJ
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* wans:znuyuuan®y (Endpoint Impact) wans:=nu

— 1Wuwans:nuniiaduaatliovd®1n  Human health
wansznudunalotaaolu@iuadu
. , . , - Ecosystem quality
[donne 1Wu aduldgnignaduounly

ADVIAYINN9MOS=UUUTIDGA 9aY Resource

nuog
DALY
PDF*m°yr

MJ surplus energy

DALY= Disability adjusted life years; this means different

disability caused by diseases are weighted
PDF*m>yr; PDF= Potentially Disappeared Fraction of

plant species

f‘

ez

MJ surplus energy= Additional energy requirement to
compensate lower future ore grade

i NS < s el
Agricultural S e Drinking 7 =, l s
Runoff Urban R‘”“’" __Water am — -
Industrial Outfalls s TOXiC Algae Swimming &
& Sewage S Recreation
Shorebird Lake
Droppings Circulation
~amm - mm Ty - 4
= SR -
Migration through W
Groundwater

Resuspension
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* navwans:NUNINgIyooNU&a1SuIY7

anav (Biotic resources)

Unly

wans:znu MD08Y10 StAUADIUAIATY
dnanwnilrnnsweainssssusianiuo Wowaouwoada bl
. . globa
YOG (Abiotic resources) S510
dnsnwnrmlnnswennssssusaniusda aoligdano o
globa

ﬂ'lS'ltf'lﬁuﬁ (Land use)

global/region/local

ﬂ']S]tfﬁ’l (Water use)

global/region/local
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* naywans:nUNINgdgaoNuUa1sy1oan

wans:znu AD0810 StAUADIUANATY

a1suaulaoonlya (CO,)
mslAinano:lansou Omnu (CH,) global
(Global warming potential) Tuasaoonldan (NZO)

nadlsWaooalsasuau (CFCs)

nadlsWaoalsasuau (CFCs)

mstildinassolalsu ,
lolasaaslswWasslsaisuau (HCFC) global

(Ozone layer depletion) _ g
wsaluslua (CH,Br)

nisnliinadnnsanlula .
Tulasiouoanlda (NOx)

paNTIAdU ) e local
Tolasasuounluldbmnu (NMHC)

(Photo-oxidant formation)
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* nauwans:znUNINgddouNUa1su100n

wansznu

01.9.

S:AUADIUENATY

nisilAinano:=nsa (Acidification)

dawlosoonlda (SOx)
Tulasiouoanlda (NOx)

nsalslasasoan (HCI)

region/local

nisliussialudiunninuld

(Eutrophication)

darsUsznoudodila (PO,")
Tulasiouoanlda (NO)

lulasulasonlya (NO,)

noulutds (NH,)

country/region/local

nisnolAinanau (Odour)

local

n1snolAinadsy (Noise)

local
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* nisUsziduwansznuiguaoudiany 9 aol
— misinuagtia Uszinndovwans:znu (Category definition)

— misnunnavwans:=nu (Classification)

— N1SNIUAUNUIN (Characterization)
— NSYANAUIAzINguUnUd® (Normalization)

— mislHununuazadwdnany (Valuation, Weighting)

® Mandatory elements Optional elements @
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e msUsafuwans:znufvunaudinry 7 aod
— NMsMnuasia Uszinnygoowans:znu (Category definition)
— NIsYUNNayvwans:=nu (Classification)
— N1SNNNUAUNUIN (Characterization)
— N1SYANAUIaziNgunud8 (Normalization)

— misliumunuazadudany (Valuation, Weighting)
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Y,

* [Jumslaannauwans:znuinaeomsanyigolszinnuevwans:=nu
diary 9 hundnisdanun laun
— misiasundavaniwnidonnad (Climate change)

— mismlnrlansou (Global warming)

— misrianelelsuluguussennia (Ozone depletion)

— n1sautdaoonswenns (Resources depletion)

— nsAUIUADOWAVU (Energy depletion)
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* Junsidennauwansznunaeomsanuydouszinnyaowansznudiamy 9 n
uninsanwlaun

— misinanmo:zaduidunsaluaunazlunnaoun (Acidification)
— msinaasynidusuasigfogunIwauIly (Human toxicity)
— nIsinaan12=nIduiiyaoUnadINgINIIN=ta (Ecotoxicity)

— msiiums:aunssinemslutasinnoailudgnmsinamsiindsveo

unaoun (Eutrophication from nutrients)
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— misldlundinsunodsivauunazsiosalu

— msinaWuazeavgunalan (< PM10) 9niaSovauaaidana:
INYIVSNYUG

— NSINAIEYVAY
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— misiaan1o<lansauvinnisiwnnyidoway
— misinan1=aduidunsavinnisiwn nyigoway

— msinaaowiduiiyaesivnguuydiazszuuling souldfio
nsinalolau
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* nsUsuduwans:znuiguneudiary 9 Aol
— Msmnuasia Uszinndovwans:znu (Category definition)
— n1svuunnavwans:=nu (Classification)
— NISAMMUAUNUIN (Characterization)
— N1SYANAUIAzINgUNUD8 (Normalization)

— misliununuazadudiany (Valuation, Weighting)
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— My CO, na: CH, WumuiSauns=ondvluansznuaoenio:zlansou

— d1s CFC Twalrhifianisaaavvovdulolauluussennie

* padls 1 sumorvnoliinawans:znulanalgaiu

— 4 NOx  1Wumdnozmliiianiozaouilunsa nazlaganuauiavoo
NOx vziUuiiyfouuyy
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JYYs19N1S wans:=nu

Global warming potential [=] kgCO,,

Eutrophication [=] kgPO 4

tot

tot

NH
NOx
SO
VOC

Acidification [=] kgSO,,

Summer smog [=] kg C,H,

N

GWP 910 CO, 1 NsU = CH, 1 NSV ?°?
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* nsUsuduwans:znuiguneudiary 9 Aol
— mMsmnuadia Uszinngoowans:=nu (Category definition)
— msvnunus:=inn (Classification)
— N1SANMNUAUNUIN (Characterization)
— N1SYANAUIAzINgUNUD8 (Normalization)

— misliununuazadudiany (Valuation, Weighting)

23



MSMKUGUNUIN

v/

o

* Juniswosnuifowansznului@ousuirunvzinagudnasano 9 NingogovvInuusd
519N15d0IDAdDUIazN1SNS=18YdVWaNSNUGanduwans=nuaiv 9 niduds:ziaun

aulolun1s@dnun LCA goowaanmunla 9 91nN1531aS1:NUNES19N1SA0NDAADU

GWP =20+ 2 + 0.1 ??%
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Jyg5189N1S wans:=nu
Characterization Factor
Co, 1
N O - 298
CIZ—I 25 Global warming potential [=] kgCO,,
4q
042
NO —
3 042 Eutrophication [=] kgPO,,
T 3.
tot /
0.3
tot 0.1 1.8 Acidification [=] kgSO,
0.
NH3 /
NOx Summer smog [=] kg CZH 4
042
502 /
VOC NN : Fourth Assessment IPCC Report, 2007
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Characterization  factor  1dumudaavdngniwlunisnolriing
wans:nuyovlfaztolya

M.9. 13U CH 4 U@ Characterization factor = 25 kgCO,,/kgCH,,
NU19ADWI1 CH, 1 kg Dwansznuao GWP Nauin1nu Co, 25
kg nSeonaidno CH, Jwans:znuao GWP uU1nNd1 CO, 010 25

n
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* nsaawans:numlalagsovdeyavnydsionisnuananiwlu
nisnaliinawans:znuigadenu
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msmKuaunuIn (GWP1)

wannmun A dwans=nuluadd GWP = ? eaidnisdaalaod

— CO, = 20 nn.aonn. wannmn

— CH, = 2 nn. MoNn. Wwannmumn

— N,0 = 0.1 nn. MoNn. Wwannmumn

s1gn1sdoua Usuanu GWP Characterization factor GWP

CO, 20 1 20x1 = 20
CH, 2 25 2x25 = 50
N,O 0.1 298 0.1x298 = 29.8
Sou 99.8

28



mMsmKu@unuIn (GWP2)

* wannnun B Uwansznuluagd GWP = 2 Wwoln1suanUaog

— CO, =

— CH, =

50 NN.0oNN. Wannmn

0.5 nn. AonnN. wannmn

— N,O = 0.2 nn. Gonn. waannun

s19nI1syoua

USuiru

GWP Characterization factor

GWP

CO, 50 1 50x1 = 50
CH, 0.5 25 0.5x25 = 12.5
N,O 0.2 298 0.2x298 = 59.6
SOU 122.1

2



wannun A dwans=nuluasd

iWeoln1sUaalaoy

— NH, = 0.03 nn.¢onn. waanmun

— NOx = 4.5 nNn. Gonn. wannmun

— SO, = 7 nn. Gonn. wannmun

sngn1sdoya USuru ADP Characterization factor ADP
(kg) (kgSO,/kg) (kgSO,,)
NH, 0.03 1.88 0.0564
NOx 4.5 0.7 3.150
SO 7 1 7
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iWeoln1sUaalaoy

— NH, = 0.05 nn.¢onn. waanmun

— NOx = 3.5 nNn. Gann. wannmun

— SO, = 5 nn. Gonn. wannmun

sngn1sdoya USuru ADP Characterization factor ADP
(kg) (kgSO, 7kg) (kgSO,)
NH, 0.05 1.88 0.094
NOx 3.5 0.7 2.45
SO 5 1 5
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. waanmun A
B waanun B

121.5 kgCO,

-+
®)
®
Q
=
(e

9O

-—
Q!

N
|-
O

-—
O
©
[ -
®

-

@)

10.21 kgSO,
7.544 kgSO,

waanmun A 159 B ndowanssnuaaaoudaasyvuinndi ?2°?
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* wans:=nunlavinnIsnInuaunuIndovlifazwans:znuY=onudy
naNaAIAUIUNUUSINNYovwans:=Nu

* mnaavnisiUsSeuliisuwans:=nutaazUussNnnnlaoinnIsinnua
UNnuIngavwannmunaio 1 nu szudaowalusdidosigua
W3suiieus=nitowannnunniwansznuuin (100%) nu
wannurniwansznuusendn
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* msulawans:nunlannnisinuavnuineziileldonensnms
ndawans:=nuvinunudsignislagasy agrvlsnaiwdrunio=lu
lAaduninwanisiUseulisuwannmrinladeaadaonulunn
wans:znu nalunsiinwaannriniolidiwans:znugons1dn
wannmurintoluuioasd v:nalhinaaowduaulumsaslua
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GDoE1YWANS:NUINNMISMKUGIUNUIN
UDVINPNSOIGUDONONS:GNUlIA:NOWaNd@N LDPE

Yo

100 -
90
80 1
704
60 -
50 -
40
30 1
20
10 1
|:|.

greenh. ozone acidif. eutroph metals carcin. w.smog s.smog

.Life cycle paper bag .Life cycle LDPE bag

NONS=a1Y/nowandnn dowansznuAdAOUIAAdUUINNIT 22
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e misUsafuwansznuigunaudinry 7 aod
— Msmnuadia Uszinngevwans:=nu (Category definition)
— msuunus:zinn (Classification)
— N1SANNUAUNUIN (Characterization)
— NSYANAUIAzINgUNUDY (Normalization)

— nmislriununuazadudiany (Valuation, Weighting)
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* [Junisuaaoldiiucinavwans:znuldaznauiadiud1anyao
Jrumaonoadaulassovegluszaula dov=dosdausziaudum
nasvosnunlulalunsiinnduuwansznuuuninoudraryioy
WarisunuUrumaoiuonaaulagsou

Impact score = Category indicator for product

Normalization value
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Normalization value [UuMNIGazUsSsInAGD0vONIUDY WdanJuaina

Normalization value 1aip1nn1stnsusuus=ginsluiluninrinnis3veludoo
du 9 UTRas ndoarvnanlasiiiwanssnuasdouondsunaiusnule
9INYUADU Characterization UNUS8UIRguslusuouls=s1ns 1 au i
THinawans:=nulatalnu
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Global Warming
Global Warming

, CH,....

@ refrigerator

Ozone Layer Deletion

Ozone Layer Deletion

\
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MINNISYANAUINYUNUDY d:=inliwansznunuanaonuaIuISn

wWseumseunulaluidousuinu

naywans:=nu AWansznuIN Normalization value Resullts
N1SNINMuaUNUIN (Japan) (Japan)
Global warming 8.63x10° 1.36x10'¢ 6.38x107°
Ozone layer 0.151 1.86x10° 8.16x107°
depletion
Acidification 10.9 2.21x10° 4.91x107°
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HE-F -
TE-F -
BE-F -
SE-F -
4E-F
3E-F
2E-F
1E-F

ml NN .

. 0zone  acidif. eutroph metals  carcin. w.amog ==

rEe

.Life cycle paper bag .Life cycle LDPE bhag
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e misUsafuwansznuigunaudinry 7 aod
— Msmnuadia Uszinngevwans:=nu (Category definition)
— msuunus:zinn (Classification)
— N1SANNUAUNUIN (Characterization)
— N1SYANAUIAzINgUNUD8 (Normalization)

— mislHunnunuazadwdnany (Valuation, Weighting)
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10U

Impact score = Weighting factor x @1nlavinnas Normalization
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Pt
100 - 94 .5
g0
60
40
20

Life cycle paper bag Life cycle LDPE bhag

.greenh. .n:uzn:une
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]+ smog = =mog

Weldihnunuasv:=wusinowanadnliwans:nugonidnnons:=ay tazwans:nuniauinnaaluas.
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* wan1s@nun LCIA Tuawnsaundavlninuadutanaivog1obusdiany
S:11010NAUWAaNSNUAI0 7 [19991N

— YOV INAYOVNISWEIUNIUUVIADVNISNN characterization

— dosnageduns3asiA LCI 1du MSinuagaunagooszuuily
asouaauns:zusumMsgesMUulUldnonuadnsu 1 szuuwanntun nso
NNSSOUANSUNEAza1SY100NNINUAYTOONN ] NSUDUNISE08 NSOMS
Ndoyamamsiu
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LCA Case Study



Defining the goal
+

An LCA Case Study e e s

Estahlishing houndaries

of the system

+
Callecting data
( foreground)

Subject product: Water Kettle Collectiang data

(background)
+

Water kettle TEFAL model(4) ralcation

Inwentory Results
4

Classification)

4
Chatracterization

1
Nammalization

1
Weighting)

1

Interpretation

99



Defining the Goal Deiing he g
Defining the scope
The LCA study of a water kettlie was undertaken to secure data for )
improving environmental aspects of a product and for E;E};h;;;fefnhummes
communicating environmentcad aspects of the product to the market. r:uuect{tg iaia
The LCA data wili then be used to identify environmentally weak (foreground)
points jor product improvement for product designers, developers, cDuequ;lg data
and mandgers within the company. In addition, environmenicl (bmgriund}
aspects of a product will be communicated to retail level as well as Calmla‘iﬂﬂ
institutional level consumers in the jorm of environmertal product Inventory Results
declaration (EPD) cmmﬁ%ﬁnn}
Why do vou undertake LCA study? Chafa“f‘imm
To secure data and to identifyv environme ntally weak points jor Aosmalization
improving environmental aspects of a product. waghﬂt o
To compare the disposal method based on the scenario. 1
Who are the potential audience? Interpretation
Product designers, developers, and managers within the company
What are the applicdation areas of the LCA resulis?
To be communicated to retail level as well as institutional level
consumers in the form of environmental product declaration
(EPD)
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Defining the Scope of the study Detiing e g

Defining the scope

Product: . si o
Water kettle TEFAL model(A) Dift;m lsysiffn prnes
L
. Collecting data
Product system. (foregronad)
Water kettle TE FAL pius its upstream and downstre am +
Collecting data
processes. (hackground)
- components and materials manyfacturing, distribution, use +
. calculation
and disposal. B
-all transport occurring and energy used not only for the Inventory Results
product but also for all elements. Classiﬁtamn}
L
Function: Chm':tfmmn
Heating portable water jor preparing tea or coffee NaﬂMﬁmﬁm
Weighting)
Functiondl unit (fi1): +
Interpretation

Heating 0 5 liter of portable wdler to boiling point (100°T)
Reference flow of the water kettie:

The fimction of the water kettle can only be realized by one
water kettle. Thus, one water kettle is the reference flow.

Sl



Defining the Scope of the Study

System boundaries:
(Cut-off) Decision rule for mass contribution is made to

exclude less important processes from the product system

using the following criteria.
i) Inchude all unit processes up to 75 % cumilative
weight of the total prochict weight. (cuit offis 25%).
This turns out that we fook only three components,
“Housing w/handle”, “ Packaging” and “Heater”
under the decision nile for mass contribution in this

Stidly

Defining the goal
1
Defining the scope
1
Establishing houndaries
of the systemn
1
Caollecting data
[ foreground)
\

Caollecting data
(background)
1

calculation
e
Itwentory Fesults
\

Clazsification)

1
Characterization
1
Normalizntion

e
Weighting)

e
Interpretation

Component Matenal weight (g) Mass (%)
Housing w handie PE 330,00 38%
Fackaging Card board 200,00 23%
Heafer Stainiess steel 12000 T4%
Fround plafe PP a0 a0 2%
Cable (FWViC) PV 7200 8%
Crable fGL) il 48.00 5%
Swifch unit FPA 20.00 2%

Tofal

870,00

FO0%
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Defining the Scope of the Study

System boundaries:

(Cut-off) Decision rule for mass contribution is made to
exclude less important processes from the product system

using the jollowing criteria.

if) If the unit process, however, is considered
environmentally significant (e.g. toxic chemicals),
then the process should be included in the prodhict
system. If we find the environmentally significant
items later in the Life Cycle Inventory Analysis and
Impact assessment, we should include those in the

Stucty.

Defining the goal
1
Defining the scope

!
Establishing houndaries

of the system

:
Collecting data
[ foreground)

:

Collecting data
(background)
:

calculation

!
Iwentory Fesults

!
Clazsification)

1
Characterization

1
MNaormnaliznion

1
Weighting)

1

Interpretation
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Defining the Scope of the Study pemges
Drefining the scope
. 1
Environmental Impact Category & Inventory Parameter Establihing boundaries
of the system
'
Collecting data
Environmental Impact Types Inventory Parameter (foregmfnd)
Collecting data
Global warming CH,, CO,, N,O, CFC-11, (hackgrifm}
Halon-1301, HCFC-134a, .... calculation
1
Ozone layer depletion CFC-11, Halon-1301, fnventory Results
HCFC-134a, SF,, .... massiﬁiatinn)
- . Characterization
Acidification NH,, HCL, HF, NOx, SOx, .... }
Noarmalization
1
Eutrophication NH,, HCL, NOx,COD, e
Total N, Total P, .... Interpretation

Photochemical oxadant  111-TCE, CH,, NOx, MVOC, CO....

Abiotic resource depletion Crude oil, Coal, Iron, Chromium, ....
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Defining the Scope of the Study

Charactenzation Factor

Characterization

Impact category Symbol £ ctor unit
Global warming GWP g CO,-eg/g
QOzone layer depletion QODP g CFC11-eq/g
Acidification AP g SO.-eqfg
Eutrophication EP g PO,*-eq/g
Photochemical Oxidant POCP g C.H,;-edg/g
Abiotic resource ADP

depletion

U/D;

Defining the goal
:
Drefining the scope

:
Establishing boundaries

of the system

s
Collecting data
[ foreground)

:

Collecting data
(baclkground)
4

calculation

4
Irentory Fesults
4

Classification)

4
Characterization
4
MNormalizotion

4
Weighting)
4

Intemretation
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Defining the Scope of the Study

Limits

The used data are on the waterkettle assembly technology of
our company. Therefore, the manufacturing processes of our
company may be different from other companies.

As for electric power, the average figure in Korea is used.
Though electric power energy differs depending on regions, the
regional differences are not considered for the research.

As for transportation, import of raw materials and transp ortation
of waste products are excluded.

The mplementation of the LCIA has reached to “weighting”
The results are to be used only for internal use.

The results of “characterization™ do not indicate impact volume
at the end point of the category.

Defining the goal
1
Defining the scope

1
Establishing boundaries
of the system

1
Collecting data
[ foreground)

Collecting data
[baclkground)
1

calculation
:
Inwentory Fesults

4
Clazasification)

4
Characterization
4
Narmaliziion

4
Welghting)
4

Intempretation
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Defining the goal
Process Tree }
Defining the scope

1
—————————————————————— Establishing boundaries

of the system

:
Collecting data
[ foreground)

2

UpstreamProcess Collecting data
(background)
4

* v { calculation

4
Water kette mamufacturing ; assenbly Inventory F.esults

+

______________________ Clazsification)

4
Characterization

4
Normalizntion

A
DovnstreamProcess Weightifg)

Intempretation
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. * Drefining the goal
Process Tree with material balance I
Drefining the scope
4
PP Stainless steel cardboard Establishing boundaries
of the system
] 4
330 170 200 Gram of materials Collecting data
0.38 0.14 0.23 Actual fraction of each compeonent tothe | (foreground)
product weight S
0.51 0.19 0.31 Based on the 75% decision rule Collecting data
[backoround)
| Housing | ‘ Heater ‘ Packaging 4
calculation
l—‘ :
Inventory Fesults
1 870 ?
| Water kettle manufacturing: assembly ‘ 1 Fraction of the water Kettle Classification)
4
Characterization
4
PP Normalization
Distribution 1 N
Weighting)
- 4
Product Use 1 Interpretation

End of Life 1
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Data Collection

Collecting data
( foreground)

Data

Manufaciuring
ciaita

(inG luding
COMPONENts
manufaciuring)

The manufacturing is mostly dominated by Injection
molcing of housing / handie / ground plate / switch
unit

Nate: The welight of each component Is shown in
matenal composition tabie In chapter 1. Up to 75 %
cumliative welght is considered in this studyy 25%
ciecizion rules for mass contribuiion)

There are two fypes of product assembled,
model A and model B, Production volume of
model 4 and B s 7850 ahd 8900 unitsimont
respectively. Total electricly consumed in
manufacturing is 10 000RNVR per year.

Watfe: This will be aliocated to Model {A) based
an economic value.

Distribution data

The distribution distance is approximately 3000 km
within Eurape by 40 ton trucks

Use data

Use scenario

- preparing ¥ iiter of tea in an office

(requires 54.5 W

- 3times a day

- 5 dlay's a week

- 50 weeks a year

- the fofal uses sum Up to a 2250 fimes
aver 3 years liietime of the product

Electricity consumed 0.0545 KWhtime

Note: This electncity consumption is the data
tesed on scenario, which should be checked
In the sensitivity analysis in the section of
Chapfer 4, Life Cycle interpretation.

Disposal ciata

Disposal via municfoal waste

The ratio of recycling, ncineration, and lancfill
Is 50%, 20%, and 30%, respectively
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Example of the LCI database(l)

Defining the goal
4
Drefining the scope
4
Estahlishing houndaries
of the system
4
Collecting data
[ foreground)

Collecting data
(baclground)
4

calculation
\’
Inventory Fesults
4
Clasafication)

\’
Characterization
+
Narmalization

’
Weighting)

\’
Interpretation

Fararmeter Category LI it Total
Crude il Faw 0 1,200
co, Air ] 1,800
PP MO, (as NO Air 10
S0, (a5 50.) Adr 0 11
WOC Air 0 9.60
Crude oil R ay 0 114
Cardhoard .
(1 kg co, Alr ! 467
MO, Alr 0 3.98
Crude il = any 0 284
Coal Raw 0 779
Stainless steel .
Chrarmidm Raw 203
(1 kg) :
[ron ore Raw 0 655
Co, Alr 0 3,650
Coal Raw 0 a0
Electricity CO, Al g 2490
(1 RWh) M ethane Air g 0.53
50, Alr 0 1.18
Transport Crude oil R awy ] 28
(A0t Truck, 1ton-km, co Aijr 0 0.51
L}
50% loaded) ca, Air g 53
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Definingthe goal
:
Example of the LCI database(2) Defining the scope
:
Estahlishing boundaries
of the systermn
Farameter Cateqory LInit Taotal 3+
Collecting data
Coal Faw 0 016 (foreground)
Incineration (20%) Crude ail Raw 0 0.70 o tiJ/ i
1kg waste - HUEEUNG CA
(Tkg ) CO, Alr g 3.56 (backgronnd)
NO, (a5 NO,) Air g 0.13 +
- calculation
Crude oil Faw 0 0.95 1
Lancill (30%) Co, Air g 19 Inventn?RESMts
(kg waste) Methane Alr g 1.97 Classification)
50, (as 50 Alr 0.03 +
x 2) d Characterization
Coal Rau o 7.88 1
; Normalization
Recycling (50%) Crude oil Haw 0 -7h N
(kg waste) Iran (ore) Raw 0 -108 Welghting)
: 1
CO; all d -200 Interpretation

MNote: A negative value for the recycling means that there is an environmental benefit or
positive environmental impact accrued from recycling, not adverse emvironmental impacts.
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Defining the goal

. 1
Data from Disposal stage Defining the scope
Establishing houndaries
of the system
20% of the water ketile will go info incineration, 30% fo landfiil _~L
and the remainine 50 % into recycline C ollecting data
[ foreground)

Collecting data
background)
Calculation of environmental foad (EL) for the scenario B. +

DB incineration (20%)/kg X 0 87kg/unit water kettle caleulation

DB fandfifl (30%)%e X 0. 87kennit water kettle Inventory Results

DB recycling (50%)/kg x 0. 87kg/unit water kettle . lassiﬂia o

Characterization
4
MNammalimaiion
4
Weighting)
4

Interpretation
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Life Cycle Inventory of the water kettle ——
a) EL from the upstream processes

Housing Fackaging manufactunng Heafer manufactuning Total

Parameter - Caftl- - Stalnliess - ELf
PP Electricity board Electricity steel Electricity 075
Crudhe aif 3.08E+02 2 295+07 3.53E+07 & 055 +02
Cog! 2.48E+0Y B.00F+30 B.35E+07 FAIE+DT 2. 70E+02
CArorriLim 2 44E+07 3. 25E+04
fron F.BaE+07 T.O05E+02
CO, 5 04E+027 T A45E+02 Q 34E+07 5 BOE+OY 4. 38E+02 4 35E+02 2 35E+03
Methane 2.68E-07 T.06E-07 FYBEOF 1.58E+00

o

o0 A FEHID 4 225+00
NO, (Air) 3. 30E+00 FO2E-Of 5 46E+00
=0, (Al S.EIEHI0 500507 2. 38804 1. 77EHOD 8. 30E+00

Mote: 0. 75 s the mass fraction Included in the product system as defined by the decision rlie for mass coniribution. 75%.
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Life Cycle Inventory of the walter kettle

b) EL from the manujaciuring stage

Defining the goal
L
Defining the scope
L
Establishing boundaries
of the system
1
Collecting data
[ foreground)
1

Collecting data
(background)
1

calculation
L
Inwentory Fesults
1
Clagsification)

1
Characterization
1
Nopmalization

4
Weighting)

L
Interpretation

Manufacturing
fotal

e Electricity
Crude oif
Coal 247E+01 2 47E+01
Chromium
fron
CO, 1.45E+02 1.45E+02
Methane 2.66E-01 2.66E-01
cO
voC
NO,_ (Air)
SO, (Air) 5.90E-01 5.90E-01
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Life Cycle Inventory of the water kettle

c) EL from the distribution stage

Distribution T ol

Farameter Transport
Crude oif 7.33E+01 7.33E+01
Coal
Chromium
fron
CO, 2.41E+02 2. 41E+02
Methane
co 1.33E+00 1.33E+00
VOC
NQ,_ (Air)

Defining the goal
+
Defining the scope

2
Estatlishing boundaries

of the system

L
Collecting data
[ foreground)

L

Collecting data
(baclkground)
+

calculation
2
Inwentory Results

4

Clazsification)

4
Characterization

4
Nosmaliztion

1
Weighting)

4

Interpretation

SO, (Air)
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Life Cycle Inventory of the water kettle

Drefining the goal
2
Defining the scope

+

E stablishing boundaries

of the system

L
Collecting data
[ foreground)

Collecting data
(background)
L

calculation

4
Inwentory Foesults

4
Classification)

1
Characterization

1
Narmnalinfion

4
Weighting)

1

Interpretation

d) EL from the use stage
Lke
Farameter Flectricity Totat
Crude oil
Coal a.07E+03 6.07 E+03
Chromim
ron
cir, J.S30E M 3.56FE+HM
Methane 6.52E+01 G.32E+0]
o
voc
NC (Air)
SO, (Air) 1 45E+02 145E+H02
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Definingthe goal

] |
Life Cycle Inventory of the water kettle Detain theseope
4
Establishing boundaries
e) EL from the disposal stage of the s?ftfm
} Collecting data
Disposal ( foreground)
FParameter  mcineration Landfill Recyelin Total b
Y = Collecting data
(20%6) (30%) (50%) (background)
4
Crude oil G.41E-01 8.308-01 -aSiEH0D | -G 37E+C] calculation
4
Coal 1.40E-01 6.86E+00 | T.00E+00 Inveatory Result
: 4
Chromium Classification)
Tron ~9.22E+0] | -9.22E+0I b
Characterization
Co, 3AO0E+00 F1.a3E+0i LR | -1 S5 E+0OL 1
Normalization
Methane I.7IE+CK) 17 EHID i)
W eighti
o eigh fg)
o8, Intemretation
NO | (Aiy) 1 A0E-cl T IOR-01

73



Life Cycle Inventory of the water kettle v entory resuls
f Sum of EL

Parameter Ufﬂztt';nr:lw Manufacture Distribution | ProductUse | End of Iife Total
Crude ail 605.48 73.34 6371 615.11
Coal 124 64 169.94 6,069 .94 7.00 6,371.52
Chromiurm 32.48 32 48
Iron 104.80 -92.22 12.58
co, 1500.53 995 59 24143 3556125 | -154.93 38,143 87
Methane 183 65.24 1.71 68.78
co 133 1.33
YOC 422 4.22
NO, (Air) 5 46 011 557
S0, (Air) 484 4.05 144.70 0.03 153.62
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Life Cycle Inventory of the water kettle

EL per inventory parameter

4 40E+04 -
@ 4 00E+04

2506404
€L

== 3.00E+04

& 2506404

g 2 00E+04
oo G0E+04

3 1.00E+04

W o0E+03
0.00E+00 J . . . : . l . L

5.00E+03 L -

R
¥
2
C*‘\ﬁ

O ™
# ¢ ¢ & &
parameter

Defining the goal
4
Defining the scope

1
Estahlishing boundaries

of the system

4
Collecting data
[ foreground)

b

Collecting data
(background)
1

calculation
4
[nwentory Fesults

b
Clasaification)

4
Chatracterization

1
Normalimtion
4
W eightin g}
1

[ntemretation

Environmental load of the entire product system per inventory parameter
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LCIA: Classification

Characterization categories

parameter G 0 Al Brr B ARD
Criice ol v
Coal v
Chromiim v
Iran v
Y, W
Methane v v
0 W
Vo v
NO_(Air) V7 v Vv
SO (A V7

Defining the goal
1
Defining the scope

1
Establishing houndaries
of the system
s
Collecting data
[ foreground)

Collecting data
(bacleground)
1

calculation
1
Inventory Fesults

’
Claszzification

|
Characterization

1
MNormalizmaion

4
Weighting

|

Interpretation
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Characterization
LCIA: Characterization factor
Characterization factor

Parameter GWP AP EP POCP ADP (1/y1)

(g CO, (g S0, (g PO, (g ethene | Reserve-to-Use

eq/g) eq/g) eq/g) eqig) method
Crude oil 0.0248
Coal 0.00344
Chromium 0.00381
lron 0.00721
co, 1.00
Methane 23.00 0.006
coO 0.027
vOoC 0.416

~
~



. . Charactetizati on
LCIA: Characterization
Characterized Impact (G
G AD EU POC ARD
Parameter Load o GO, eghwater {0 S0, el water (g PO eqf water (g ethene eqf water {watar kettle -vr
kittle) kettla) kettle) kttle) (o ¥
GYWP cl AP cl EP cl FOCP cl ADP Cl
Crude oi 15,11 0.0248 | 1525
Coal B,371.52 0.00344 | 21.97
Chrarmiurm 3248 00038 | 012
Iran 12 58 0.0072 | 009
co, sata3e7 | 100 | BUED
Methane B8 75 7300 | 158164 0,006 041
co 1.33 0.027 0.04
YOG 477 0,416 1.76
MO, (i) 557 0.70 3.0 0.13 0.72 0,078 016
50, (Air) 153 62 100 | 15362
Tatal 39'?5'8 157 52 0.72 297 37 38

78




Characterization

LCIA: Characterized Impact per life cycle stage

Life cycle stage
Impact category s of Distributi | Product | Endof | Total
ravy Manufacture )
. on Use Life
Material
g CO, eqgf
cwW water 1,500.53 1,037.65 241.43 37,061.70 | -115.50 | 39,725.81
kettle
g 30, eqf
AD water 8.66 4.05 144.70 0.1 157.52
kettle.
g PO eqf
EU water 0.71 0.01 0.72
kettle
g ethene
POC eqf water 1.92 0.00 0.04 0.40 0.01 2.37
kettle
ARD | 9 water 16.32 0.58 1.82 20.88 2.22 37.38
kettle-yr
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LCIA: Normalization

a) Normalization reference (N)

N:‘
Impact ]
Categor ~ Geographical | ., Unit
¥ boundary
G Giobal 5.66E+06 g CO,eq/PE-yr
AD Regional 5.64E+04 g SO, eq/PE-yr
EU Regional 8.90E+03 g PO eqPE-yr
POC Regional 7.37E+03 g ethene eq/FPE-yr
ARD Global 1.87E+04 Q/PE-yr
Referchoes

7. Reference year = 7995

2. World popuiation = 5,675,675, 676

3. Regional popuiation (ecerain region invesiern Eurgne) = 45 003,000

Defining the goal
1
Defining the scope
1
Establishing boundaries
of the system

1
Collecting data

[ foreground)

Collecting data
(background)
4

calculation

1
Inventory Fesults

1
Classification)

a8
Chatracterization

a8
MNormalizntion

a8
Weighting

a8
Interpretation
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LCIA: Normalization

b) Normalized Impact
Normdlized Impact (NI) = C1,/ N,

Total (million pe-yriwater kettle)

cI;:ep:::y Use of _raw Manufactur | Distributio Product En:d of Total
Material e n Use Life
GW 265.12 183.33 42.66 6,5648.00 -20.41 7,018.70
AD 153.52 71.83 2,565.60 1.95 2,792.90
EU 79.78 112 80.90
POC 259.46 0.00 5.41 54.05 1.35 320.27
ARD 872.49 31.26 97.33 1,116.58 118.72 | 1,998.94
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LCIA: Normalization

8 00E-03
o — T.00E-03
o Q

==

ST 600E0
 00F-03
4 00F-03
3. 00E-03

2.00E-03

Normalized i
{PE+yriwater ke

1.00E-03
0.00E+00

Normalized impact per impact category

Gy AP EU

POC ARD
Impact category

Lefining the goal
\

Diefining the scope
\

Estahlishing boundaries

of the system

L
Collecting data
[ foreground)

Collecting data
[hackground)
d

calculation

1
Inwentory Fesults

1
Classification)

L
Characterization
L
Narmalimiion

L
Welghting)

1
Intempretation

Normalized impact of water Kkettle in its entire life cycle per impact category
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Defining the goal
4

L L] D ﬁ . th
LCIA: Weighting eining th scoe
Establishing boundaries
a) Weight of Impact categories (W) based on the panel method of the Slftfm

EXAMPLE Collecting data
{ foreground)
s

Collecting data

] . (background)
impact Category Weight (V) 1

calculation

<lid 0.29 4
Inventory Fesults

AD 0.16 i
EU 0.14 Classification

4
POC 013 Characterization

s
ARD 0.28 Normalization

a
Weighting
a

Intempretation
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Definingthe goal
1
. . Defining the scope
LCIA: Weighting !
Establishing houndaries
of the systemn
1
i i Collecting data
Weighted Impact per life cycle stages (foregroun)
J80E-03
Collecting data
3.00E-03 (background)
s
= 2.80E-03 caloulation
o s
= 200E-03 Inventory Fesults
-~ 1
E 1-20E-03 Classification
S 1.00E-03 +
o Characterization
= 5.00E04 1
J Normalimiion
0.00E+00 : : L ' : i
upstream  manufacturing  distribution use disposal Total Weighting
-5.00E-04 J
life cycle stage [ntetpretation

Weighted impact per life cycle stage
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Defining the goal
:
Defining the scope

Interpretation ]
Establishing boundaries

of the system

+

A . . . e . Collecting data
» Identification of the significant i1ssues (foregronnd)

based on the results of the LCI and LCIA cﬂnemﬁg st
phases of LCA, (rackround)

calculation

« Evaluation which considers completeness, !
Inwventory Results

sensitivity and consistency checks, 4

Claszsification

» Conclusions, recommendations and Ctmcaci i

: +
reporting. Normalization
+

Weighting
b

Interpretation
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LCIA: Characterized Impact per life cycle stage (Interpretation)

m oo | memtactars distribution | productusm | sndcflils | totel
Global werming [y CO, equisimt]
co, 1500.53 Qo5 53 24143 J05061.25 -185.93 JB14381
IMethane 42.08 150045 39.43 1681.94
Torel [ 87 277 287 [ ¥ 1) 2350 -0.99 6o o0
Acidificwtion [ 50, maaraient]
Oy, 3.8 0,08 3.90
=0, 4 84 4,08 14470 0.03 153.62
Toral £ a5 257 L& aar TG0 6o
Eutrophication (g PO/ equyalsat]
MOy, 0Tl 0ol 0T
Torel [T 801 109 1086 6g
Flyrtoclemic ol oxdet cresiion [y w5 sow sy st
IMethane 001 .40 041
oo 0.04 0.04
WG 1.7a 1.7a
MO, 0.1h 001 0.1a
Toiu! 57 X058 o485 152 I8 57 057 Jog o0
Crude oil 1501 182 -1.58 15.85
Coal 0.42 0.58 20,88 0.0z 21.02
Chrominm niz niz
[ron 0.Th -1 A6 009
Toisl FN7 i3 &F 1a8 ¥ o5 &F -5 104,60
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Interpretation
- Identification of the significant issues -

« Most of the impacts in the categories global

warming (93,30%) and acidification (91,86%)
occurs during product use, while most of the
impacts in the category eutrophlcatlon (98,01%)
and photochemical oxidant creation (80,88%)
results from the raw matenal stage. Meanwhile, the
impact on the abiotic resource depletion 1s almost
equally distributed between product use (55,86%)
and raw material stages (43,66%).

CO2, SOx, NOx, VOC and crude o1l are the most
51gn1f1c:ant parameters in global warming,
acidification, eutrophication, photo chemical
oxidant creation, and abiotic resource depletion,
respectively.

Drefining the goal
1
Defining the scope

4
Eztablishing boundaries

of the system

1
Collecting data
(foreground)

\’

Collecting data
(background)
e

caloulation

e
[nwentory Results

1

Classification

4
Characterization

4
Narmalizntion

e
Weighting

4

Interpretation
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LCIA: Weighting (Interpretation)

Impact

e

Distri-

product

ehd

category | materials SN BRI bution use of life el
GW 76.03 54.02 12.37 1898.92 £5.92 2035.42
AD 24.73 11.32 410.50 0.31 446.86
EU 11.17 0.16 11.33
POC 33.73 0.70 7.03 0.18 4164
ARD 24237 10.68 27.25 312.64 33.24 559.70
Total [ %] 12.54 2.45 1.30 84.95 -1.24 100.0

Defining the goal
:
Defining the scope
:
Establishing houndaries
of the system

:
Collecting data

[ foreground)

:
Collecting data
(hackaround)

calculation

b
Inventory F.esults

+

Clazsification

:
Characterization
:
Narmalfization

L
Weighting

:
Interpretation
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Interpretation
- Identification of the significant 1ssues -

Weighted impact over the product life cycle

O GW
B AD
OEU
OpPocC
O ARD

End of Life
Froduct Use
Oistribution

Foc Manufacdture

Raves it erial

Defining the goal
+
Defining the scope

4

Estahlishing boundaries

of the system

4
Collecting data
( foreground)

\’

Collecting data
(hackground)
4

calculation

2!
Inwventory Results

+

Classification

|
Characterization

1
Normalizsion

1
Weighting

Interpretation

Relative contribution of the different impact categories
along of the water kettle
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Interpretation
- Identification of the significant 1ssues -

The raw material stages causes only a
12,54% of the total impact whereas
product use causes 84,95% of the total
impact.

Global warming is the most significant

impact category — occurring in product
use.

The impact in the product use stage far
outweighs the impact in the raw material
stage. Impacts from the remaining three
life cycle stages are negligible.

Defining the goal
+
Defining the scope

s
Establishing boundaries
of the system

L
Collecting data
[ foreground)

Collecting data
(background)
s

calculation

+
Inventory Results
+

Classification

1
Characterization
4
Nornalizaiion

4
Weighting

Intempretation
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Defining the goal
1
Defining the scope

1
Establishing boundaries

of the system
1
Collecting data
[ foreground)
1

Collecting data
(background)
1

calculation
1
Inwentory Fesults
1

Clagsification

4
Characterization
4
Naormalization

4
Weighting
1

Intemretation

Interpretation
- Evaluation (Completeness Check) -
Unit process Complete? Action required
PP production A
Housing B Check inventory
Stainless steel production A
Heater manufacturing B Check inventory
Card board production A
Packaging B Check inventory
Electricity A
Manufacture A
Distribution C Check inventory
Product Use B Check inventory
Incineration C Check inventory
Landfill C Check inventory
Recycling C Check inventory
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Defining the goal
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1 Defining th
Interpretatlon e mni £ SCOpE

. . Establishing houndaries
- Evaluation (Consistency Check) - of the system

X!
Collecting data
{ foreground)

’

ltem Check Action Collecting data

(hackground)

Data source Database OK No action caleulation

+

Imrentory FEesults
Data accuracy Good OK No action ?

Classification
Database age 5 years OK No action 1
Characterization
Characterization factor OK No action 1
Narmalizotion
Characterization method OK No action _ _4*
Weighting

1
Intempretation




Definingthe goal

. +
Interpretation Defning te scop

- Evaluation (Sensitivity Check; Allocation) - Establishing boundaries

of the system

1
Collecting data
[ foreground)

:

Allocation criteria Weighted impact

{unit : million pe.yr/ water kettle) Collecting data
(baclkground;
4

Economic criteria 3,094.95 _
calculation

Mass criteria 3123.41 ¥
Inventory Fesults
Sensitivity (%) 0.92 R
Classification
1
Characterization
1
Normalimiion
1
Weighting
1

Intemretation
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Conclusions

LCA of a waterkettle of which function unit is “Heating
0.5 liter of portable water to boiling point (100°C) " was
implemented. The major findings were as follows:

Most of the impacts in the categories global warming
(93,30%) and acidification {(91,86%) occurs during
product use, while most of the impacts in the category
eutrophication (98,01%) and photochemical oxidant
creation (80,88%) results from the raw material stage.
Meanwhile, the impact on the abiotic resource depletion
is almost equally distributed between product use
(55,86%) and raw material stages (43,66%).

In our weighting method, The raw material stages
causes only a 12,54% of the total impact whereas
product use causes 84,95% of the total impact.

Global warming is the most significant impact category
— occurring in product use.

The impact in the product use stage far outweighs the
impact in the raw material stage. Impacts from the
remaining three life cycle stages are negligible.

Differences of influence on total weighted impacts by
allocations between economic value and mass basis
were small.
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