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SUMMARY

It is considered important to reduce environmental impact of human activities and to con­

tinue sustained growth. LCA is a tool for analyzing environmental burden of industrial goods 

and services throughout their life cycles and for assessing their environmental impact. Chap­

ter 1 compares a range of tools for supporting sustained growth with LCA to reveal LCA's 

features and significance.

Chapter 2 examines, in the light of the progress at ISO forums, methods for making public 

the case studies of the inventory analyses pursuant to the ISO Standards, and presents ways 

for documentation of the outcomes of the studies completed in the previous fiscal years, in 

order to demonstrate how case studies should be pursued in future.

CHAPTER 1

The issues relating to LCA are summarized as follows :

(a) LCA describes the entire system.

LCA is a tool that quantifies energy carriers, wastes and discharges and, therefore, is con­

ductive to revealing opportunities for efficient use and management of natural resources as 

well as for reduction of environmental impact.

(b) LCA deals with a variety of environmental categories.

LCA is designed to assess a variety of environmental impacts ranging from those on a global 

scale like greenhouse effects to those on a micro scale like effects on human health of working 

environment. Since the existing assessing method of each category is not necessarily rigorous 

and accurate from scientific viewpoints, frameworks have yet to be established to compute the 

accuracy and confidence level of the assessment of each category.

(c) Potential damages are assessed.

Since LCA assesses damages to be inflicted in the distant future such as greenhouse effects, 

the assessment is made not in terms of real damages but in terms of potential damages due to



time constraints. Though the method for assessing the impact on human health resembles 

the risk assessment techniques, which is designed to estimate real damages, it has limited 

application for assessing such damages because of its spacial constraints, namely, inability to 

identify sources of discharge.

(d) Emphasis on the life cycle makes it difficult to assess damages on a micro scale.

If the chains of manufacturing and other economic activities are emphasized, it is difficult to 

identify every source of discharge throughout the entire life cycle, and, therefore, so is to 

assess damages on a micro scale.

LCA is not capable of assessing every environmental impact by itself.

Because there are many other tools for assessment concerning sustained growth, LCA has to 

be used with such other tools in a mutually complementary manner.

CHAPTER 2

Comparative examination has been made between the description in CD14041.2, which has 

become nearly final through discussions at ISO / TC207 / SC5, and that in a series of LCA case 

studies into a refrigerator presented in this paper.

In the beginning, the description and interpretation made by CD 14041.2 are summarized, 

followed by the evaluation of the case studies into a refrigerator corresponding to each ISO 

clause, so that its contents will be understood concretely and this study report will serve as a 

text book in conducting LCA analysis in accordance with the ISO Standards. Because the 

study has been made through international cooperation,the English translation has also been 

provided, so that it will be readily used by overseas researchers and others.
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1.1.1 7^T>±#^:j:6*T3'V t*rv 7 7 7 'J -¥-'> 3 y2>

wifr>j

- 1/reserves
yr"1 BDF

mmmigfb kg COz-equivalent GWP

prymoi&m kg CFC-ll-equivalent ODP
AfiaStiE kg body weight HCA,HCW,HCS

£MSti m3 water, kg soil ECA,ECT
ftfc¥n:jry\-£i& kg CzH4-equivalent POOP

m&m kg SOz-equivalent AP

g*#<b kg P04’'-equivalent NP

#m MJ 1
m3 air 1/OTV

## Pa2 *s 1
m2 • s 1

#&% - 1

-4



I S V ^;K7)$ t'(DH3H M$ tit -f

> h &o/f P V

■r-^wjRittc^ff l-cv'So l c Aogft

TOfflf &f-:M::t# <##f&0T\ LCA^b^'BO-r-^-xoS 

S £ -o v>T <7)£ESfF^ -x•eoEIro^'SS'e^&o 1995#! 0B£BJ£.LA:L C AB 

$7 LT##f

M(±, L C A<7)/f L#f@^ LT, {pT^^O<t a ^Wiffi-ti>^(i$6EB$tL-Cv^

L CA<7M (7)f
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1) Nordic Council of Ministers:”Nordic Guidelines On Life-Cycle Assessment”,1995

2) Heijungs.R. .Guinee, J.B. ,Huppes,G. .Lankreijer, R.M. ,Udo de Haes.H.A., 

Sleeswijk,A., Ansems,A.M.M.,Eggels, P.G., van Duin,R.,and de Goede.H.P.: 

Environmental Life Cycle Assessment of Products.Guide and Backgrounds. Oc­
tober 1992. CML,Leiden University, Leiden The Netherlands,1992
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v-xty yniz'-j i.2.ista^/:ri3T^;

\"J~)V\ (i, LT Fnx-bXhJ Z D

Fx-^J (i, tc |6Ht T (?) M £ tSU ® 1"SirS£ t) F^xtXbJ bf&&

^f-cLCA^mv^c

\";-)v\ ti ^ 89 &ttz[±^y\La.-?if#r;v3*-; Xaos-eESi$ti#£ &<9

C ^ 6 "C# &0 tzb k. ti\ fall HI® (Definition and Scoping), 'i y^y 

b V (Inventory) x-Y X/<X bIF iffi (Impact Assessment) i3 <£ tb'^SIFiffi(Improvement) <£># 

X-f y 7#L CA#m<9#4?)XTy 7tm#$fL(S ETAC, 1 9 9 3 ¥) 2\

® osfc ti fc &3Iri»£> MWi t x~<d F*S co ffl tB tJ £ ftM t & tz tt> iz j£fg t & M-t r ;w± 3 y 

tY j. - y its 7 ;i/33j XAtts;u?ti^o
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&^ZB&)tt&%h,&m%!®J&tt:tey--¥xizmiX£y4 7V'f?)i'izt>tzZ>m

^(7)S# tz OV' T(7)##^#g C^r^o

a#^-eemfactt-e#ao "Tf/av-f 7" (#m,

k. "^3^7^ 7" (m:%7ny:c? h

MHfioSffit, (Do^t^hiz^E LTV'&Mffljg-e

& a o
mmfame^ ntwKHBOffij t r^miu & r=?^t7H ^ ry-^j ^

#^m#7a±r^#-e^ao re^^SJMJ FIIiES!Kretrpspective)J t fMM

m(prospective)] £*«§ aQ FEIESJ (i, iMr* <%##&,

U ft#S£|iJ t) titit r h Hfijg-e £ a otit LT JS11J ##$

r^MWfflSMJ I^MIttawao^ LO'a^^^<^£^&a0$J;tmi£

#df&a„ -eLr, ^©ift^itaMtiiLiv^t^ao L/;^t,

%#iMJ T(±^F##@#"(assite specific focus)J^F##(non specif ic)_KF#- 

(multi-site focus)JKfrM$ fta 0

o) LTCDftm

F3>t7hJ (i, L/;fot, F7-;vj tiiLT*!

a ^ a«r^-^j h*i?<dx 1 

tzttzitfiszw^x, 5:^1"a^tv»7#A-efi-mta0

F7-;i/j a rs#j t±, z3
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a F7-;i/J i>&&0 Mx.lt #%±<9#Z##m&KLCA^mv'%%&#(:#LT, 3@
I A (Environmental Impact Assessment)

tttzov'f, 3£MK)%M&frb<D FMJ ^7-;wi#in$tL^>0

\y~)\'\ t±, i? #m $ fta c ^ r#mjcm
A^#< rT;vn"U XaJ &S%f a
i><Di>&2>o a2^^BM^fa<7)(:#LT. tj^'JX
A(±i I) #lx.l£L C Ati, ##f a n > H:x - 7 if#^r;i/ottE

$r^#ta kv^

1 *TT^3''J XAMIl7-;H:'^a tw? £ tifiX%Z>0 EIACii)

*m $ ^ a c ## 4 & 7 a/ =f v x & &## -? # & t ^ 9 .& ?, #mm% 7 - ^
T*a2:#9 ^h^r&ao

F7-;VJ li, i^^Miaaifcf^^tfo ^(7)Bfferb^(7)SSWEh & a <> $1
KA LCAt:j3wajt#m$a LT(±.

F###@(functioiial unit)] m>&o EIA^jt##$^LTIj: F#m%#J M&o

(4) L C 3:#e(7)@mA

(±%#CKI#LTv^o ±iLT, ^(OAM#-e# a« 
-t^«Xnir^-e®i^\ It#fa#(7)##b&ao 

-T^v%7^7^aT*a#^m'm'(d:#m#$/:(±-eo#%%^w: r^#j
T#ss^a0 a«

— F^FSStlSJMJ ti> MUt-'OV^Tco F#^R( interpretation)] Ot^trFn^Mi-^a Cl bff

2:hi#.

smk^ao

fUx.ti\ ^a7-;w7>ai*x-^ zm<D'y'-)i(D\tir-? t Lxmm-t^ a0
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cmm<v r-? & 7 - & 0

LCAT)\yX 0 X A £m#f37-;W±. LCAttTMk^M@^*#f&W# 

mix.lfLCAh#m» (allocation problems)] d%C&RT##

M&o LCAC^^tli, SST'n-fexu^v^TEEoEnp^SSiL^S^-t-#!]1)®t) 

1:^60

* L C I (Life Cycle Inventory) OMUSn L C AOSlf^f t LTfliR't'.?>iz.t><D%M-

1R"#"— (environmental thema method) (NOH> 1 9 9 2^) 3)j£\ A-*<05^ 

tASiS (willingness to pay) h /&##SAv7.T A

(Environmental Priority System) (Steen & Ryding, 1 9 9 2 #) #d)7 —;!/

7-;i/^ 1:(±fsr6c: h60 hM

fk^ZU%#%OM6^trLC Al:(i, L C A^Ol&fflft WsfEA bfrlz L

Taikf & L C I wtf ^,0 L C Al*IX'<7)L C I 0®#J{±, S F A (Substance Flow 

Analysis) <L I S CM (Integrated Substance Chain Management) coHUf^ ioitFEM 

A(Energy and Material Analysis) t E P E (Environmental Performance Evaluation) 

i A (i### A (Environmental Accounting) b LTV'& <,

1) Bea De Smet, Christine Hemming, Henrikke Bauman, Sarah Cowell, Carlo Pesso, 

Lars Sund, Vanja Markovic, Tuula Moilanen, Dennis Postlethwaite,Life cycle 

assessment and conceptually related programmes, SETAC, (1996)

2) SETAC(1993).Guidelines for Life=cycle assessment: A ’Code of Practice’, 

Burussels, Belgium, SETAC

3) NOH(1992).Environmental life cycle assessment of products, Guide-October 

1992

NOH report 9266, National Reuse of Waste Research Programme, Heijungs, R 

(ed.), Centrum voor Milieukunde, Leiden,NL

4) Steen,B. and S.-0.Ryding(1992). The EPS Enviro-Accounting Method. An ap­

plication of environmental accounting principles for evaluation and valu­

ation of environmental impacts in product design. APR report 11, Swedish 

Waste Reasearch Council, Stockholm.
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1. Z 3 F=i>izy bj (DVcML

w3#m:&&o # r=ry-b7°bj -eti

-e'tuT) |" 3 7 -b 7° H #12 3-

1 Et-i±, S ETACc737-^7^^;i/-7°{Ci f 3 7 -b 7° 1J
1) o

(1 ) 7< 7#< ^;Hv#(Life cycle thinking)

LCAll r 3 7 -b 7° b J t \y-)V] (SPOLD, 1995

$)o LCA(± r37tyhj t L-ni, 7^74M?;bm#tlif#fLazt6&&o%&K:

N'r&%a#a-cj

7^7-9-^ yat^$^(±-9—bTT.
07^ 7-9-^ ^;i/(7)f T. aSB#<9*t:^#&m3cT#&v'2:V'9mA#

#-^fLT^3o L^^cT, tD%##, #^J&##, mm##, /He##, 3.-4f-g-LTmi#

7-9-^f

( 2 ) milMEtt (D F E)
DFE^m%

##3Am-am&mw&& (OECD, 19 9 5#)« #1 (i, m##

9T6&o #2(±, m#h?)#Rmi%Z:k)-C 
(±<e<, #&^^%^#:(7)-m<7)mfLh 9 tvHMia]?&&o #3 l±, #

9T&3.2%% 30m
#lP](it^T, ^VHfLT

(3) 7iJ->7l7 7Pv- 
^ 1 J-7r^ny-n

^ a 79##%^*^ 2: f & k &.

^v-> T^yay-(±,m#69t:%^f
(^ V7 h,

1 9 9 5#)LT&, f <0t&t:±m#at#Tm#?)7'O'l:;%(:
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1. 2. 3 - 1 S ETACt:rny-b-ZhJ (DffiM

CONCEPT Life cycle 

thinking

DFE Cleaner technology Industrial ecology TQEM

Overall objective Linking environ­

mental effects

generated along the

life cycle of a 

human activity

Designing products

with the enironment

in mind

Cleaner and more

efficient process 

technology

Understanding 

synergies between

industrial activi­

ties, i, e. indusrial

metabolism

Reapplying TQM 

principles to

environmental

management: 

optimising the use

of technical and

human resources for

environmental

performance

Use by:

Industry

-To broaden the

environmental

debate from single 

issues.

-Strategic product 

activity planning

-Product design 

applications

-To improve/design

processes

-To establish

environmental

synergies with

other industrial

partners

-in operational 

implementation

Government -Strategic policy 

planning without

adverse effects

-Understanding the 

life cycle implica­

tions of political

decisions

Not applicable -Prolicy objective 

for instruments, in­

centives, education

etc.

-General policy 

objective to 

facilitate imple­

mentation

-Local planning

-Not applicable

NGOs -Environmental

NGOs use concept 

in support of their 

thinking 

-To identify a 

single issue focus

Not applicable -Awareness raising 

-Techology diffu­

sion

-Consept diffusion -Not applicable

Object analysed Human activities Marketed products Industrial processes Industrial pro­

cesses, Indus tral

activities

Industrial opera­

tions/services

Focus Technosphere Technosphere Techonospere 

(sector specific)

Technosphere Technosphere

Time axis Not specified Future Limited by eco­

nomic feasibility

Not specified Continuous

Spatial axis Not specified Not specified Site specific appli­

cations

As in ecology:from 

site specific to 

general

Site/organisation

specific

Strengths Forces consider­

ation of trade-offs 

along the life cycle

Facilitates

consideration of

environmental

factors in design

Encourages focus

on process

efficiency & waste

minimisation at

source

Encourages

establishment of

symbiotic links

Harnesses available

human and financial

resources tomards

continuous improve­

ment

Weaknesses Lack of spatial and 

temporal detail

Design focus limits 

general applicabil­

ity

Process/technology 

focus could con­

strain search for so­

lutions

Power to implem,

ent is offer

dispersed amongst 

different players

Requires attitude 

changes and

maintenance of

momentum
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a Z 9 t:li, 7^ 7^^ 7 ;%##(: Z a %A

^nTktctz&oLtzft'oX? V~y f^/ny-(7)gi(;i/:ot!i7^ 7-W f
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XM&ffimg. Tab Z>^t /mE&tJT&a o?V->T?/n '7-^&<7)B?Ilti^ > V - 7

vyfT&at#, -y/fi)

(4) l|l3Py-

^9 fcv^SeT^M^&aiSyn-feT.tT)* -7 h 7-7 £, SSKjott^^nnv-

aci:^T#a (77^7-^;!/, 1 9 9 2#)«. ^jUi, 

f a kv^ AT,

m###m:%&^LT#&a$^7'ntx&v >?$-&,

(^]/-T;i/, 7 1x7 If-, V^/^l/h, 199 

3$)4>o C^L(i, 7^^ 7^(7)m±T^ (bA,

a 2: v' 9 AT? ^ 7-w ? a 2 ^ g % a L,

l^#r) < 7 a, 77, -7? a ^ b^T# a#AZ: wl

a« 4)--lf7T(±^ < trLa%#7ct%^f 0^###K^^ao

(5)

^pnpSSifl (T Q EM) h(±, lifl^ pBn®^a (TQM)

/:ittafti T&a0 TQEMiiTQMi |W]-$LtH& *)7i:«±^iV>< o^©Sl^ 

If^^ICSotv^o

1) E^^mgu: mm,

<7HJ: t) nDpg^$ ac

2) ##%%#: #1:, y^T7fr;7t:, ynt^<7)%#t^fao

3) ®®x%$LLtzt £Mgta : #&T#&<mB&gg#t:L,

± iK#&&ao

4) y^fAiltiT : ^l=SO#fl5^(i'>7 7A t#x.<b*ia0 1 ooi/X-r A|;

i±, at&<om@, am, A^(D#s#m, a«

'>7r A t LT#9 C ^ t:Z 0 T(D^A^%#^^ ()%#M#2:^ao



(±> P-D-C-A (Plan, Do, Check, Act) ^4 9 JU t sfcti&o

& (Do-Act) fci&£{±, 4rti%mMtZ (Plan-Check) £«5^4i©g 

o T QEMli, &#&-?*&,

#=#3tE

1) Bea De Smet, Christine Hemming, Henrikke Bauman, Sarah Cowell, Carlo Pesso, 

Lars Sund, Vanja Markovic, Tuula Moilanen, Dennis Postlethwaite.Life cycle 

assessment and conceptually related programmes, SETAC, (1996)

2) Cl ift,R.(1995). Clean Technology-An Introduction. J. Chem. Tech.Biotechnol. 

62,321-26

3) Ausubel, J.H.(1992). Industrial Ecology:Ref lection on a Colloquim. Proc. Natl. 

Acad. Sci. USA 89:879-884

4) Graedel, T.E., B.R.Allenby and P.B. Linhart(1993). Implementing Industrial 

Ecology. IEEE Technology and Society Magazine, Spring 1993.
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1.2.4 (DVcWl

F 3 y -b 70 F J ^ F7-
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w&o #f-#7;i/3"vXA^±fL32k F7-;i/j (±,
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1. 2. 4 - 1 S ET AC -;i/<9#m(l/2)

TOOL LCA ERA EIA EAu

Overall objective To ensure improvements 

on a lifecyle basis

To identify improvement 

priorities

To understand the 

environmental profile of 

a system

To evaluate the likeli­

hoods of adverse effects

on the environment

associated with a

specific hazardous

situation

To assess the positive 

and negative impacts on 

the environment of a

plannes(future)project

To verify compliance 

with given requirements 

and that common 

standards are being used, 

by means of third party 

checking

Use by:

Industry

-Communication 

-Focus for improvement 

plans

-Long team strategic 

planning

-To check the acceptabil­

ity of the risk

-To meet legislative 

requirements 

-To identify the need for 

changes to the project to 

mitigate impacts

-To check and demon­

strate compliance with 

legislation, policy and/or 

a standard

Government -Tosupport lifecycle 

thinking uses

-To defind acceptability

criteria

-in allocating regulatory 

resource priorities

-As an input to decisions 

on planned projects

Not applicable

NGOs -Support use of lifecycle 

thinking but sceptical of 

appliocations

-To challenge the 

acceptability of hazard­

ous situations

-To challenge the 

acceptability of planned 

projects

Not applicable

Object analysed Specific good or service Specific hazardous

situation

Specific planned(usually 

constructionjproject

Company or site 

operations

Focus for change/ 

improvement

Technosphere Technosphere Technospere and 

ecosphere

Technoshere and

ecosphere

Time axis Not specified Specific current or future

situations

Future Past and current

activities and future

trends

Spatial axis Not site specific Defined site/area Defined site/area Specific to company or 

site operations

Strengths Considers global and 

regional impacts.

Facilitates consideration 

of impacts in terms of 

service to society

Assesses local and

regional effects on 

specific targets

Assesses both positive 

and negative effects 

Considers local impacts 

of project

Provides a means for

third party, independent, 

checking

Weaknesses Cannot address time and

location dependent

effects

Can be time and

resource consuming

Cannot address whole 

life cycle

Cannot easily address 

regionavglobal effects or 

effects along the life 

cycle

Compliance focus means 

emphasis is more on

weaknesses than on

improvement

Which effects are

considered?

Overall potential 

environmental impacts

of all resourcus used and 

wastes generated

Effects on the health of 

specific human and 

envionmental targets

All effects of the 

planned project on the

local environment 

(including humans and 

other species)

The local environmental 

effects of the activity 

being audited

Input/output focus Input and output Output Input and ouput Output

Interpretation impact assessment, 

Valuation

Comparison with 

acceptability standard

Environmental costs and

benefits

Procedure/

algorithm focus

Algorithm Algorithm Procedure procedure

Basis for 

comparison

Functional unit Actual or predicted risk 

with acceptability

standard

Input to political 

decision

Current performance 

versus requirements
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1. 2. 4 - 1 s ETACK
TOOL EPE SEA EMA ISCM PLA

Overall objec­
tive

To provide reliable, 
objective and 
verifiable informa­
tion about the

environmental 
perfomance of an 
organisation

Accounting of 
inflows and
outflows of one 
particular sub­

stance through the 
material economy

To assess the 
energy and 
material balances

associated with a 

specific operation

To assess and 
reduce the overall
environmental 

impact of sub­

stance chains

To evaluate 
potential environ­
mental, economic & 

social impacts of a 

good or service 
along its whole life 
cycle

Use by:
Industry

-To measure
enviromental 
performance and 
its improvement 
-To identify 
strategic business 
opportunities

-To highlight 
opportunities for 
environmental 
improvement 
related to the
substance

-To identify 
opportunities for 
improvements

-To develop a 
practical action 
plan for reducing 
enviromental 
impacts of 
substance chains, 
products and/or 
companies

-To identify 
improvement 
priorities for 
products or services

Government -To track progress 
towards policy 
objectives

Not applicable Not applicable -To establish 
improvement 
targets for compa­
nies and industrial
sectors

-To define policy 
objectives and 
targets

NGOs Not applicable Not applicable Not applicable Not applicable? Are pushing its use
Object analysed Activities of an 

organisation
Specific substance Specific operation 

or phase of life 
cycle

Substance chains, 
but also products, 
companies, 
industrial sectors

Specific good or 
service

Focus Technosphere and 
ecosphere

Technoshere Technosphere Technosphere Technosphere

Time axis Past and current

activities and
future trends

Not specified Not specified Current situation

and future options

Current situation

Spatial axis Specific to the 
activities of the 
organisation

Not site specific Specific to 
operation or phase 

of lifecycle

Not site specific Not site specific

Strengths Provides measure
of enviromental 
pertformance with 
direct link to policy 
objectives and 
targets

Can take account 
of potential 
environmental 
impacts along the 
life cycle

Provides structured 
way of identifying 
and assessing 
potential impacts 
of operation etc.

Enables consider­
ation of economic
and environmental 
aspects in inte­
grated tool

Integrates environ­
mental, economic 
and social aspects 
within one tool

Weaknesses Provides relative
not absolute
measure of 
performance

Focus on one
substance could 
give misleading 
results

Forcus on one 
phase of life cycle

Is a macro-scale not
a micro-scale tool

Cannot assess 
specific, local 
impacts

Which effects
are considered?

Those most
relevant to the 
organisation's 
activities

Potential environ­
mental impacts of 
all resources used 
and wastes 
generated

Use of energy and 
materials and 
wastes generated

Potential environ­
mental impacts of 
all resources used
and wastes 

generated, impacts

Potential environ­
mental impacts of 
all resources of all
resources used and 
wastes generated, 
economic and social 
impacts

Input/output focus Input and output Input and output Input and output Input and output Input and output
Interpretion Identifying most 

relevant measures 

of performance

? Environmetal 

impacts of energy 

and material flows

Impact assessment, 

economic effects

Impacts on environ­

ment, society and 

economy
Procedure/ 
algorithm focus

Procedure Algorithm Algorithm Algorithm Algorithm

Basis for 
comparison

Trends over time Substance Defined system Current vs. future Functional unit
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aroo LCA#%##RkL t *9 Z><kUr- f ^ESLT^-xa * T-f

^anu u^L^m,

j: *) M<V^r- ? Zftmt Z> Z. 2> t&frti&0 Z<D&

Pf£MU ^ h 'Jr-ftDMt-Z-tiZmzL-C'f y*9 

T&<

L C A(i'E-iL/5lt-eML-C^:ro$i^o>f h ML#^7-;Kii^v^ #

a%M5&m n# t) & 7 -;%/ (i L c A t: & m# < ^. L c A t:# t>
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Z >%ES L C A<7) I S

LTI SO 1 4 0 4 Ov'i-Xo

so/Tc2 07/scs(LCA)
btix^&o 19 9 7#m:cL i so 14 o 4 o#6 ~ 7

u ^ y^y h -& i s o i 4 o 4 i i sfk^»
StiJ: 9 ^ StiTv^o 2(7)Z 9 C, L C 

Mfet LT($MS5tLo-9^,^0

( 1 9 9 5$) g, $##^^^##89^7^ 7f^ 7 bOUflJi LT

r^iES^y ^ 7^M 7;i/^ b V Jo5H/f£E^SSLTV'S02fU;t^ >/<7 h^-fr

22T(±2##%#^&a#m&@#t LT, Z i)^A^^3LCA&3V'|j:

LC I (Life cycle inventory) jsif L

tzo 2;h-ti, LCA^^vMiLClMfffitLt

LIWIBfiZ,

(D ##89^##CL L'$oTV'6##<7)Mi#C#LT,

<7)ZA^BM^LT^f9t<7)T&&o r^#$(T)74'7^4'^;i/4'7^7l'Vj

jNrktltmT&adf, %^Tf(7)m#$r#mL^6(0^, 1 9 9 6^7^ : (A

t:T9m$fiTV'&, 2fLe##%^m#^LTisoi404o^z[f

1 4 0 4 1 T#&TV'& F#^ (Reporting)J

L c A L-cv^##g
titzi>(DX\*%\,'tz)&' 2 2 tfffi L C titS LArASL

cTv^&3 2^6SAf, $ ^ ^ $

fL&2L^^#LT^#/:Wo L^L^^*^, K4ra.;< 7 h

$r2 2(:##f ^ 2 tX\ »L C Alt^O K^aA >r-y a 7 • 7 * -7? M95I3: 

&2hgr%#L^v^
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nWM(D=7^ 71M >/<> MJ -

—ft# 7 o i 6 —

SMS &

* * #

n HSR

n urn u

n mm 4

n

>1 igfe fa#

n JEBB

» &E

11 X#

n Oj* &-

n mm

# L A c

>/<-

m±SE^s

SR7iO-
BStol|X®*'XVSS|5±
#

-aw

a#s;±@mgtj##

mmmmm

$*srx#
I^xx^-7'J 
m$s/xf A##^gp@

MH^X^E5±*X^

IIcI5 7^ 7-tM

m&ommwwm^m t
WZti, @mct)8SM;£B*ILi:iS0X 
mmgfbxv^A;, &m$titz 
'pt£ <, xlt%mx

gfx*;i/**- • m
a#m^-m###(NEDO)#^#s%k Lx, 
^m#$-#c lca m%it'&$>
Tv^o CCT^, f©4>F4i§tUt, 7d 
>»»t®^l|Cit5 C02WS02

-7(i, B#g" tLX#e2fiXW&. w-$ & 
X6»<, LCA TFFffl £ ft -6 E =□ CMX 5 j# 
tijlti, *
ESfcxmi L * m#©Mr - 7

&^C

ft&tffttif&S&v^ ::-?ii, StitiSSFti© 
%^^L, LCAm^ommcmxaca 
$-g%LX6.

#@x##

1. x — 7 <7)fFJ&

i.i - mm - #mcmf %x
— 7

$##xK, a#:m#xm#^m*a##p5
-#*±©|i];t£*rt,

1994 *£ 9 /! CM • iib7ri^lS©i 
TGT-7^{EfflL/c0 COMXB, WIE&E



oftffimmftt & a
tztzh, USM^EE 

t0K, ^E^SoESr-^ £SE 
c, ^a«jk®*>^s#s-r«ijf**fftoitrv»
So

Cit, mMMT-7»*£tifWIS14 
»*®v>fc©kLT, e%T±A#@kLT7^ 
y/y/§ti, Rtf(0S2p:fcftoTV»S 1)?^

4001 ##, 3) 4Wb 
7^7v—r-^^ry, 4)#%o##f±#01>
<0 (»Efi^©^7°'7a ytiftV»fc©) A#

ft# 7 o yaffle J: SgPitifioEfcfcMihr 
SteiMUi, 7£SS<£>7n ytt%m'&(Dr-7 
S-ESr6Ck^'gT$So LmMiZit
m±th, fW7 n XbK J: 
x h7yy©>Pit^%iUTv^or, Mil 
mx± < im—f±#(D t(DK#%U»v^ 
•?T±IB69lHgTkt, 7oy*m#@##f- 
7 5^-XCLT, «©#£7ny0ttiE

sum beeves

jtE-r s ztix^z0
S#OT*k:-ov^-cti, fcSfcBS© 1 &S

1 0 J: ^ KmaLMKML^o Sfc, ##

ov^Tt), ±|Bfl§t:l§e>;fTfr££^£^2® i 
oizmmLmisLtzo

mm% t (Dffism o xnta t\ 
mm*fLT#o, mmvBMitmmx&z„ * 
CT, £M^(DMm*¥®i-Z>mtL?, E 
£ • ^E^irM^T-S^ys ktftEU je 
^-CES5tLS®m^#9:jtSLT, ^©¥ 
Wk UTSiii5tv-Cv^0 c c-c#10t h 
7'^ilffl§^{)0tLtftllfco #3 
K^fo
mmmmvmmmimz^nt, m&m*

(1995 ¥ 4

m 7ay*m#0#^A^ISO
rjis-B^j c

«k5#^#m$^SC kC^c-Cv^6o -kl3E

1 teB$<DE*m@#IS£ (ffl&#£i|-tr)

##•#R$

Snan£tii9S»

H-£±®43y$7ny
mm

7tzy
Kfflk

#R«g 10.31 10.82 SiEU&oS+j&S

&?S*g 11.18 11.07 ®st: #mm=l: l

Xf >!/%*& 0.24 0.56

«m«g 2.96 . 2.95

8.62 8.73

3.59 4.10 GBaecan*

*g1 /J# 36.90 38.22

1.38 1.56 mat?
mBEmmsh1.80 1.68

m /J'H- 3.18 3.24

7^$ 0.98 1.07

tmAAR 0.07 0.07 mm
ABS 6.27 6.19

PS 8.71 8.65

PP 8.55 8.66

PE 0.40 0.40

PVC 2.20 2.20

PET 0.01 0.01

eomawmmm 1.38 1.40 ps can#

PUR 6.82 7.66

7i/-^ 0.06 0.06 pur canm

df'jxxr^ 0.00 0.00 pur am
7 7 U;p% 0.14 0.14 pur Kaos

tmmmEikawK 0.16 0.16 pur can®

JMSE #%7c> 0.20 FC-12
ft|7D7 0.18 HFC-134a

%SSJ #S7ny 0.84 CFC-11

ft#7oy 0.69 CFG 141b

0.18 mm
XX77U

0.24 mm

#7X 0.24 0.24

*# 0.34 0.33

m 6.53 6.76

eroffi 1.70 1.81 mm
pH- 85.84 88.40

Sff«0ii^itlt, JQA (HWdI
ummm) imtz ^eb u^mssbeb-c
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m 2 • mmm
*«• ftffi *

*R s«8fflr nmk H-J?±0MS
®St kWh 70.76 70.76
S® l 1.83 1.83
ffrft l 0.41 0.41 gilfifcL-C&lI
S5tfJtfX m3 2.19 2.19 LNG k I.X im.
LPG m3 5.45 5.45 LNG k l-mS
* t 4.87 4.87
1 7;v* v% kg 0.05 0.05

#*& kg 0.04 0.04 mm
kg 0.19 0.19 mm

m9 kg 0.04 0.04 mm
*@@#8 kg 0.08 0.08 mm
«* kg 0.00 0.00 mm
mm\ kg 0.00 0.00 mm
ffizvm kg 0.01 0.01 mm
n»a kg 0.10 0.10 mm

kg 0.05 0.05 mm

1
• is

»«* kg 0.01 0.01 mm
PS

• PE kg 0.00 0.00 mm

(@@)
l 0.78 0.78 101 h y v 9

6 kg 0.06 0.06
m% kg 0.19 0.19

me kg 0.22 0.22

M§
** kg 2.90 2.90

m • 7^5 kg 0.04 0.04 tmSffiitTjgO
fttt

3$na ^ *£* kg
(x^x^-y xtm 0.23 0.23

mr* kg 0.12 0.12
kg 0.17 0.17 mm

3 #mm©%@ -

me-
^f"S±©MSmtmmm nm

E?6 / 4.68 4.68 101 1 7 v 7

1994 4p 8 a —ssr-
7 ZffiJEtoX.1- £ £ t E «fc 0, $9 63 kWh/J3 • 
skSttisn-cvi-Bo 7 a >*##©#*## 
&tt, 7 a <k 5ft®lE <£ 9

©JtSRrtg& ©r, 7 n y*^#© 

HWS-^-xk, 7o7dvS

mma omMaais^^v) &©&##$%
TV^o CCTK, ^ES
©?4 7:M A&l2^kLTmmsa:S:&#
ttilfco

i.2 ?$mm<vmmi~mTzr-2 
^ll0M©Hl^lt5 c him

£> n 6 4> r»it k i 5 ®#®i * m& l
fco M07n-|01C^to ^7ny(i

gfL6 6©^: U^o
wati,

5-7A, ^A:|ENR$fi3 6©k L, ^rES 1 
£iaft 9©^tl^l©[I]lK2££, ^5©d:5^

4 ^m*©mmmi#©m#^^;i/f-

mmmvm

#* • mms.
##±©#S

IS kWh/S- 63.4 66.7

yxf 77-Y A
12^h LX

kWh
9129.6 9604.8

E/7;u$-7A/gi

mi ^ii©^i#0®^©7o-



3?5 4WS5EBT<9gm m,

R±## ** m 7;l/5x<^A

@JR^(%) 97.4 36.4 36.4

sk, i ^©sfi^wsB^L^o me
fug, & o)

t Lfco
S/n-l/y h 6DS»S;T COT £ tL5

x*;i/^-&, gtfAtiZ'fr 1 kg H5fc 9 ©$ 
#kLT#7 U*o *6 
<DEi±5*®sc^ 5i^H*-nt mmn 
ffiv&mmz im s tfc«
mi-5Snnn#0^jtfrStt#SL»*^yco

ftJSitt h 7 y * Tfrt>^6 feOfcU * ©& 
5fi^9©i-5CjgJEfSo 7nyJtM

6 $F$$MM!i8i'V(Di$ifflz-%'})/$'-

m § & # m m
±mx& # 1000 t/d

mti 34 ^ kWh/£ 5/3.1/7 y—
= 1.55 7J kWh/d ##B»22d/^

Ett 600 l/d

7 #af###©x^/i/f-m#<a

7°o-feX S A tl

SS^S
gw-Aftra. i kg

Ei& 9.4X10- //kg

s aamffl&fr*&x^n/^-jgat

/D-feX a A # W & Vl

SttixkSS
gtfAftc:'* lkg 2.0X10- kWh/kg

5ma#

FeCla 1.3X10- kg/kg BOD* 2.8X10* mg/kg
iS^ 2.6X10- kg/kg COD* 6.8X10* mg/kg
/?/-/[/(50%) 8.5X10- kg/kg ss* 6.0X10* mg/kg
iStiiK 1.6X10- kg/kg

mg" 1.6X10- m3(Wet)/kg

(&) * m&mmcittiir—mTju*)

9 b9y*|ft&0@fcBM
7°n-feX lij® sw a#ma

®m/£->0JKSS 21 1.2t(6SJ) 30 km

BIJKSW-'tWSSEE 4 t 2.4t(6SJ) 50 km

4*rBmssE-»ms^ 201 12 t (6 fRl) 40 km

7^i-7A 20 t 12 t(6SJ) 40 km

5/JL1/ y 7*— 7* X h lOt 6 t(6SJ) 10 km
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&©?###
m, m, by
y 7Hfl£lt#%&o 
#j£7 n

rmmmz,

X—7

a) mttvmmtmnmfczmia,

K^fco mt\--c<Dmtt<D±m.temm-&-f, ± 
SET£ ivC v> 3 „ B

10 #$7n yoBiEBS

7 ay-11 7 a y-12

&A
Ca(OH)2 kg 0.00123 0.00140
HC1 (35%) kg 0.00007 0.00008
* kg 0.033 0.033

kWh 0.650 0.650
m3 0.00018 0.00018

#ai%
me kg 0.00028 0.00064

CaCl2 kg 0.00120 0.00091

co2 m3„ 0.000162 0.000184

^:@F,g©E±liSltt#S5nTV^v^
m^©#m k j: ssfajatmffl* ifjfcero 

©mm k t * fe au#" K&^fco
^fcu, co,fc S02©SPffieov»-rtt® 

*5g©r-7fctTMEU f©f&©#mKc 
v>Tti: BUWAL2) ©§Ifflfc*oTViS„

(2) h5'^iIeltSiffl
$#&?#, ^#©&jtjiHiExi^oi

a*#it$*vrviS0 ±fcbt

byy 7asffifflZtiZo m©mmS@S!l©#E
kBEStittry x f- y 7 mmem%#©#^' 

i^?WlS0x^S02!;U®lLfco #11 
C^fo uOf-^aBUWAL2)Of-^t
i£Stu co2©#ma^f^»<, sojBHf?
(Ultfc&y ti/>5o

2. #t # $& m

$#%T© r - 7 it, M BUWAL ©
co2k so2KoviTW® 

©r-7 k UTBlEUTVi-S.0 # 12 C C021
so2©#m©#f#Bm^^fo

C02©iiEiJif±7n y#^#©^A^#

ii

CO, SO2 NOx

(km//) (kg/km) (kg//) (kg/km) (kg//) (kg/km) (kg//)

20 t b 7 y 7 (E%) 2.2 1.180 2.596 0.00145 0.00319 0.00364 0.008008

151 h 7 y 7 (E?6) 2.7 0.962 2.5974 0.00118 0.003186 0.00297 0.008019
101 b y y 7 (Srfi) 3.5 0.742 2.597 0.00091 0.003185 0.00229 0.008015
41 b y y 7 (S56) 6.5 0.472 3.068 0.00056 0.00364 0.00145 0.00943
21 b y y 7 (E?6) 8.0 0.323 2.584 0.00040 0.0032 0.00100 0.00800

(km//) (kg/MJ) (kg//) (kg/MJ) (kg//) (kg/MJ) (kg//)

BUWAL (E?6) 2.63 0.07603 2.96 0.0000941 0.00362 0.0011706 0.0450

(E?6 9200 kcal//=38.484 MJ//)

#i2 co2k so2©#m©#bmmm(iA^^o)

7 a y*#8# 7ay###

mm mm mm ±m&m. mm mm mm
CO:
SO:

4070.74 kg 

3.413 kg
5.32% 94.60%
7.39% 92.50%

0.08%
0.11%

4274.55 kg 

3.582 kg
5.16% 96.78%
7.20% 92.71%

0.06%
0.09%



v>0 co
9, 7 v V >

k & «t$&6 LX v» 5o S02 & S BT
maiois^issto

#®PEro C02©#ffl&& 13 K^-To 9H3S
Mogpttsi:© mmmim mim

ftZtiZo EiSlWEffl$tizmm*7 n y*f
Itfi7n y^luJ: DSTH^Ufi
o, %<Dmsco2mitimimmzJ3-z.T^z>

2 K 7 o
5kTo 77Xf y i$53%£

fi»5o Mk£;b-ti:S k$87%k&S0 @

13 C02 Sttifi((kg/S)
7 D y##@% 7□yftmm

A#aim 4070.74 4274.55

mmx.n 216.43( 5.32 %) 220.47(5.16%)
am 51.81 52.40
77 X f- v 7 78.12 78.92
m 4.02 4.09

7/k S 1.98 2.16

^77 0.46 0.46

m 10.91 11.29
* 0.04 0.04
7oy# 2.74 4.76
(/MHO (150.08) (154.12)
e*s;t 51.60 51.60
Hitt 14.75 14.75

Effl 3851.09(94.60 %) 4051.56(94.78)

mm 3.23( 0.08 %) 2.52(0.06 %)
y j. v "j 7— 0.64 0.66
S^ST 0.11 0.11

0.04 0.04
#3^ 1.66 1.71
(/!#) (2.45) (2.52)
7ny®l 0.78

BI2 »Jg«F©#*#OS4(7n
y*m#)

^#k y^-;i/A#7%&6
&TV1-2.0

ft#7d y©^ji
tt#^7D y©M5i©^j2f5©C02S£ti^!l

#^7o yj:s co2#m
Z^tbX Mt#7 n yoEiiTlEttiSftS 
C02i 9 <, #^7oy^f^T|a|iRf
5CkA*T#6»6K C02#m##Jk LTti 

7 n y £Effl 13 cojpffi v»„
fc^u co2#titiffl]SimwMfb©E^-c, 

n y©SfcBWt±* y’yJI©f$E© 
EArm*ZtiX&O, co2#*m^^^6#
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7 o 7-f 7-y-^f 7;v-e
©co2k so2©saj*^S£tib^0 ^es® 
M5i • OTKM1-5T-7 tt, 8*%#%##

mmmi#©f-7 «, m&<Dmm*imtz - 
fc-ofz<D~c, ±mssmtmsnsc:
h»?5®^$tLTVi^,0

ffttitzt, mz'omvzt-cte&ztf, mu

&w„
f & co2#m^±#©^95%^mLi:^o,
m@^±, ffi/B£&tf$gv»fii?C02#£Bfifc

i® J:-5 *^HMppCML
t t±, #am©j±0m#©Mem#!&g a $ 

tLi -50

«s©if-SEStt, g!j#ca<L^m^T
UTi/^So

^-e$5o
c cK$m%©^m^^tztz^tzm

a. ttz,
B^r^tztz^tz j&m-X¥<d

U5H3o
%)

# # £ 6*

ry-f 7iM 7^7-bxy y h ceitsiiMo
s>;tr-7j, mm#m, si,

6, p. 72—84(1995)

2) “OEKOBILANZ VON PACKSTOFFEN 

STAND 1990”, Schriftenreihe Urn welt Nr. 132, 

herausgegeben vom Bundessamt fur Umwelt, 

Wald und Landschaft (BUWAL), Bern Februar 

(1991)
3) r/yxf-y ?mshomm&muibmmmmizjsi. 

\$tmw-mm}, yyxfyx^mfsmm#, ¥$5

¥ 3 ^ (1993)
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T% a±lann 1 fr 9 (Dr — ? k
briMSfitaa 

SfiitiK: <k aE£-£$:fck bfr0 &
A:, ^

f-AA#K&*\b&#aa##g ^a 10 k
bTMbfro

7 9-^o##T^, &af-?& 
0, tfu z 9 a f-?
aia*l^£ftak, ffiEO^-y^XDIf-S 
*^Hjtgfc*£o SmA^MT-ti:
rxu-siidbj cm##&9, z.ti*wmt 
ak5m©##ci$)#^fra% ec-r^mm 
»?<&E t$ti, smAUfUla* £ fr## § ti 
aQ Z (DM&si'—y&fflM-t a fr £>, SmA* 
-c&Eksiiammti: FAU-m##j es«
b, ffLmi#0##*^l#^bfr, X77y^ 

v-tM x7?yy$- m
##J kbTT-7EE®bfr= atUiXXy 
y 0 k^»f C k&m*U-CV)
a„

n aus © m x'&m. & #s.
#f, #^T0#m^i%<z)Lci&#mfao

a^fctitiStti-ra*$,
u^^o-c,

Lei ^$na^A^a#e-K^, nus»5W
a#A$ nai^snE^ a © t% 

atie><D±SK»^^a lci £HS$-ta, 2) 
uS0#±#mc#m g kiax^^¥-©fi^

a Lci a c kk #a„ Eft©
B±H3I 6 #S, b&Znofro

2. ^ ^(7)^- ? (7)#m

2.1 ftilx-* (WttHiA • JLZJIs^-M
mm)

&#om% cc-cA, #^-e±m$fiaus
©m±#m, #t°d -tz x vriEffl $ na 
mm • x-mm# • xa-acd^9®^k
ov>T£Ha0

(1) #AK^'g»m@k f ©^^vt/f-

mtzv&zmmvxmnikgmtz o t lt 
Stij b t v> a r - 7 3> zmm
bfro XdaEB,

bfr0 SSk LT©S?6Efflti:<t aSttitt,
BUWAL4) rix^lfflbfro LNG7y*-©S 

^a*v^d-7©LNG t 
LNG©d<^;v*7K«fcaS

BUWAU)0^XfXOjmKj:a#m
e, »AX k LNG ©mm##K X 9®IEb 
TiEfflbfro

(2) Yb5^M0#mk#m
wb#z##©#e

fi^^lfflbfro 7-XX©E3ir-7tin 
-XXFOUSJRSd: 9#ffibfr0 ##©#:

aQ
ftE«S©MS'JfSIftfi k C02 #*##{&
6"^ dzofr.

mm, ms, ^^x©m#KMf a
r-7ttBUWAL4>^SK, B»?@©iEfflS 
^©M^SbTMbfro 3 6C, CO, 
KoviTtiStidJUSiSS-fflV), S02 £0 v>T 
tt, f4^M/T©^»8> ^ a 31 b 
s'j©so2 #&#^k####©mm^wm^ 

-m^iia^asifflbfr 
84%©ii%m$$'#af ac kT#m#^^» 
fro LNG (DmMit, C02,S02 ^MLT©^.± 
E©BELHtv^, f$^©PdjUtiA^*'X© 
Stijfi’k #### Lttfefro

(3) US
mm 1 kWh § 3.6 MJ kb, Mt) 1 MJ &&!

mf afr^©#ax±,
m^j:a#m&mm#^Kj: otbmiE^-bfro 
a#®mmmi$t±, 6 ^mmsssE#^ 
<ta 1992 ¥SBWE^fflv^fr0 %m#m«^ 
»V^©T##bfro
f fuf fb©^#K «k amu i Mj ^Eit-ta

fra####, m#o^akm#o#m%
m^j: omM&mz#®, 
icMOAa =b©k brstijbfro 
Ea^coutli, F¥E5

®MkHiJ:o, mm
45.2% k lim 54.8%^{Effl ta ^)®k b, fif



titicoviTfctEWS
tZo

m 1 B$©
ftEWCllSfc D © CO, SitiEmti, 
me.7’ K«fc & CO, SffiEM£fflV>*:0 SO: 
COMTB, ZZffi&tm
m, ^I^^SKK$5H$T'B87.9% 
k Lfco

lMJOS&fc&afci&K: 
100 kg©*Fi&ET'£> 5 t> © k b, gfffitt*

© k b fco If*^t©f-^(i

BUWAL4) M Pre-Simapro10’ *» §|/B bfc0 
Ef^##©AAOf/<TE##k LTIBSS 
tir^Zo E?#%m©#mf-?K,

A:ft#§SK:.fcfc^TWiE&T-X k 

&OTV1&. CO:, SO:^©^#CMf 
ffifitt, BUWAL4,^e.!lfflLt^5©-C> 3
- p y /n°-p©¥^»®.^W k a c k

tf-eSSo ^2C, ff-Jfcg£k bTtf^tia 1 
kWhMSfc D ©C02 fc SOjCSPfflSr^l-o ft 
oj <=> ©h-sh> v a, ® ft © Co, ©#m o
0.3923 kg/kWh T&0, a##©## CO: #

^st*immwmzmnmfre
^«)TViSo ^©S#h,WxbiL5o 

(4) X ft—A
Xf—AB, EftlFK<k pT<ftEk & a

/Pf-**#»&**, iutlUf-Alkg^ 
ft 9 *7* 3.3 MJ k t/tSofeo

2.2 @1
il©J:9Cf-^«Uo fttim© 

>^y h#msafL&&©ku&o rtui, e 

ft So
(1) P-XX©Mii
*%##%#%#©###"' *##E bt 

3-XX#m©E#!&&#3©,l:pK$&, ^
%©/<7yX^eCO:#aja$-^»^o SO:

-X xF**x © Sb, ft©5 t 
P-XXFT#m$^6 59.915 m3 fcfflUSfta 

84%«5tlS9> t)©k bft0 
EMi^© S #W»kt 0.67% k b, p-XX

K: 62%, 3 —?XF#XK= 38%#gg&fL& 6
©kb *8)0 Co,, so, & t\-commit
BUWAIft iOgifflLfco 

(2) BF&iflesp

i®^0iSS12) lti 3 © J; ^ C
$&ft„ #yotxr©cO:#*mo, $£A 
##©###k C0:#EE#&^^/<xyx

e, EEE, p-xx, m
E, iUFtfx, x p x'&Eft k bft/-f ft >x K 
J: DStitibfto SISE, EEH, P-XX, 5 
#, ##, x7/©m###&of 4%
0.01, 0.05, 0.6, 0.67, 0.02, 0.99% k 16$ 
bftG

CfL6©0m&!l&@fta k, p-x x-F** 
x, 3-XX, iSFtfx, #F#x##:j:a

C kFT# 6o S4C 
mto Zti*><DM&VHC02, SOtJXM&
tii0#SdtLTv^vio

o) ws©@m
mmE - -u/ y h - - @m©mmE#&

*fg5E3Sbft0 @#Df-X#, mtvFkE 
F^#A,Tv^o

(4) >f yp*y h©Elt
fflfflK7xD7ol £HAftactT### 

©4 > K y h ifi-cn aD

MUSfiTr© M13> »> S 31 ffl b ft <, tfc7i 
oral ©smEi&E&Ee 
m©<mi3> *>^§ifflufc0

(5) mmse
bs, »o§, iifc^§©xg

T#E t
S12)^#fiati6©J;a E$*fto &E 

#?©zpcis*fTpi)© 
t bfte m#%@©^'E^4vPf-^%»© 
T% BK@t|5|#tl6$L^.

^±©i6$©TT^mm©mmf - x 
LA:o ilt, #F^X©#m#0^%v^©T 
Mb, iSF^x&^EFyyxtti!is^*©-e 
^©SilSttiSlfe, Sfc, Mb*S?626 
i/ LPG ema-cmam# b&„
t*aKSt©»3iKtt, 0.75 kWh/m3 ©#%
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TB$i‘X1i LNG^Cfr m?u zk#

36® 1 kg JE?ti 0.548 kg LNG i kg mm 0.55555 kWh * 100 kg
@*S?6 0.452 kg kg 0.00272 kg

5# 2.467 MJ
0.009 MJ
1.159 MJ

Particle 0.00126 kg Particle 0.00082 kg Particle 0 kg Particle 0.000236 kg

C02 2.351 kg C02 3.089313 kg C02 2.6884 kg C02 0.3273 kg
NOx 0.000761 kg

S02 0.00158 kg S02 0.00264 kg so2 0.00000145 kg so2 0.001545 kg
NOx 0.000761 kg

C,H, 0.00003 kg C,H„ 0.00004 kg C^H, 0.00027 kg C,H, 0.000034 kg
NOx 0.00850 kg NOx 0.0082 kg NOx 0.00874 kg CO 0.000019 kg
N20 0.00044 kg n2o 0.00062 kg N20 0.00023 kg HF 0.000005 kg
CO 0.00293 kg CO 0.00062 kg CO 0.00138 kg

ymmmm F 0.001005 kg
SO, 0.000213 kg
NO, 0.000238 kg
CL 0.000013 kg
Na 0.000165 kg
NH, 0.000466 kg
Fe 0.000002 kg

mmt&vs CaF, 0.001173 kg
0.001903 kg

wm,ii a mm 25.93xFcoal MJ mm 43.08xFoil MJ mm 54.38 X Fgas MJ mm iooo.o mj mm i.o mj



Si 2 1 kWh HSfc D ©SEtH

C02 (kg/kWh) S02 (kg/kWh)
electricity Japan kWh 0.421825 0.000345757

I A M BE @

ssft b<Dt u ns
fa 5 #, ±a&#A#^7 tLfco

2.3 ## A#
a) m

m<DE5txg$m 2 ©j: a ksml^o m
HEttSA^faSo mm, m%m, mm&om

S8 0J:^CS6fto
(2) 7/!/$-•> A
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3 mm • ®sp • a - x

iEfc3 Wp 3-XX'JP

1239.82 kg 1.834 kg
^<1/ y h 121.976 kg 0.001 kg

1031.6 kg
mms 264.206 kg 146.24 kg

3.474 kg 0.863 kg
5R5 2.559 kg 361.16 kg
#5 0.085 kg 2.193 kg
KnV'f h 1.702 kg 138.74 kg
x x x v y 10.778 kg 113.162 kg
zm 0.003 l
E?ti 0.026 l

2.82 l
Mi 0.018 / 0.149 l 0.053 l
Cl?fi 1.861 / 0.005 /

LPG 0.174 kg 0.742 kg 0.01 kg
21.394 kg 0.049 kg 1451 kg

Ek 70.355 kg 2.391 kg
3 —XX 427.594 kg 3.277 kg
5?63-Xx 1.859 kg
3—xxFtfx 19.657 kg 4.497 m3 59.915 m3
iSiFifx 385.052 m3 0.065 m3 575.231 m3
WPXfX 16.141 m3 0.077 m3 9.305 m3
17/ 62.166 kWh 50.118 kWh 36.744 kWh

E^^fx 106.167 m3
HFtfx 1594.894 m3
3 —XXllptfX 408.198 m3

1000 m3
fflil 1000 kg
3 —XX 1000 kg
x?y 310 kg 130 kg

4 3-xx*ptfX • 3-xx • 55F**x • E'JF**X(7)ESC <£5 SOzffiltii%$L

3 — XX ’ft3 iS X 3—XX iff:\PiS7, EF#X

SOz#Llj#% (kg-S/m3) 0.00905 0.0060274 0.0001388 0.00179
SO,#aifK%(kg-SO:/m3) 0.0181 0.0012054 0.0002766 0.00358
84%m#(kg-SO:/rn3) 0.002896 0.000192864 0.0000442 0.0005728

2.4 y7Xf7^1^tf»np 
/7Xf 7?iCO^ttt,

#6) h/7Xf7^ MiSSS#151 ©®tLfc 0f 
%%Wh 0, t° V Xf- y y (PE)15>, d?V yo 
t° y y (pp) 15>, a? V x f y y (ps)6), *° V 

(pvc) 15>, dfv yyf

m3)%3\mLi-zo mm&<DmMX'(Dm%L-£t 
w±m&(D}kmimmm^m.i4) ©sw-Ati 

HJU
OtftUco



m5

msh i kg ■''S v h 1kg 8681 kg mmikg

m$g& kg 1.23982 0.00123
s<ls y h kg 0.002818 0.121976 0.000002
88 kg 0.712114
885 kg 0.0943836 0.897087 0.264206 0.009812
'T'ffi kg 0.00187 0.003474 0.000579
5K5 kg 0.155903 0.030664 0.002559 0.035573
#5 kg 0.000085 0.002101
Knv-f h kg 0.027256 0.061572 0.001702 0.009634
X^7y/ kg 0.010778 0.377745
mm 1 0.000688
mm 1 0.001716 0.000538
LPG kg
WMM kg
5^ kg 0.007764 0.018797 0.091749 0.001647
3 — 7% kg 0.04493 0.008516 0.427594 0.004129
5m=>-7x kg 0.001859 0.000153
n-^xFtfx kg 0.00002 0.013591 0.003308
iEF#x m3 0.001683 0.000051
EFti'x m3 0.000554 0.000085
LNG kg 0.000057

kWh 0.036637 0.064968 0.062166 0.183698
m3 0.019679 0.049567

B6 S2S • • # •

use*-? §

mm kg 0.000656 0.00149 0.000913 0.000033
mm kg 0.005524 0.00422 0.00765 0.00009
iUFtfx m3 0.01056 0.00737 0.01463 0.00057
3—fxF#x m3 0.02557 0.01786 0.03543 0.00137
e*F#x m3 0.00766 0.00535 0.01062 0.00041

LNG kg 0.00218 0.00152 0.00302 0.00012
m3 0.00082 0.00057 0.00113 0.00004
kWh 0.0931 0.1454 0.0957 0.1526

7 x

xt yvxS9®

mm 10 10 1 0 20 10 10
10 10 10 1 0 10 20

10

1 0 1 0
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E8£E

M2

1 EX7?y7

m/E@
T

mm u ^EEA^mmxi

Es ee• mmm•

EE 1kg SfCEl kg EEdpI kg

Earn kg 2.33612

EE kg 1.27516
BfCE kg 0.4176
Ex 7 7 y 7 kg 0.27418 0.00672 0.5981

1m kg 0.001559 0.0170637
®?6 kg 0.0791297 0.006291 0.00589
LNG kg 0.00315 0.03612

kg 0.01209
5^ kg 0.10761 0.00205 0.0268
n —7X kg 0.01011

kWh 0.34579 0.26853 1.19383

IS #
■/ □ f u- > 1.19 kg 

NH, 0.47 kg

>Tj!i]oi|.i]«. 1 kg —

>y7> 0.055 kg
T-fe h - h 'J iu 0.025 kg 
(yT>ib/f ;i-)

waste water 2,6 kg

IS ft
V0.17 kg-> 
X -f > 0.60 kg -> 

T 7 0 u- h 'In- 0.22 kg->-
■>■ ABS 1 kg

A » a*.
BOD 0.00098 kg 
COD 0.014 kg * 
SS 0.000035 kg__
mnmm® 0.0077 kg^_

% A 0.2 kWh 
ifrai* 0.3 kg 
Yo t 2.3 kg

HI 3 ABS CDEiiX

fit- tft
HL 0.71 kWh 
Xf-A 1.7 kg 
-fra* 330 kg 
ffi nil 1.046 MJ 
to K 0.0013 kg 
K % 0.0285 kg 
#All% 0.030 kg

i/- h (PET)14)Cov^Tti^iie.^^imU 
fco 77 ') v-b V 7i/7'7 y'xyxT-yy#:W 
(ABS), V 7 y 7 y (PUR)
L*0

7° 7 7 f- y 7 E6DM k & £

Lfc„ fcfc'U 7-77-^Il^l-hfS/o-feXt 
fcfc, f

ttl6)o
(1) ABS (7 7 V o - h V ;i//7* 7 '7x y/ 

xfyy)
ABS ©Eii:m<DiK3[£H 3

(2) pur (iKV 7y^y)
*° D 7 y 7 y ©XUMtt, TDI ( h 7k x y 7'

-< v yr*- h) k ppg (*°v t°d t°y y7*
V 3-71/) PPGttPO (7d t° y y
*77-/f K) frzmmztl&o 0 4IC3?f, 
TDI, PPG, PO CDJEStt CMC ©M17) £#
#effrSUfc0

(3) ABS k PUR (owm
ABS k PUR<Dm#k»&m#I±, SS15)

S9Cito
2.5 # 7 X

a y 7X"»$-#
#CMU*o ^9XO»ljgXSS:®5
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h /ux.> 0.65 kg.>.

■> TDI 1 kg
Hz 0.95 nv

Cl2 0.94 kg

HC1 0.92 kg
m tft
Xf-A 0.011 kg 
% fi 1.25 kWh 
ifrifl* 12 kg — TDI 0.6kg-> 

--- PPG 0.4 kg->
PUR 1 kg

IF. #
Ciz 1.4 kg

7-afuy 0.9 kg 
(PP)

m
PO 1 0 kg ->■ PPG 1 kg

* %
% t) 0.2 kWh 
X-f—A 10 kg 
ifriO* 300 kg

(ft #
H£ tl 0.3 kWh 
X-f—A 2kg
ifrai* 100 kg

m 4 *°v 7 i/^ xD'amiLt

9 abs t pur

1 1 m3 CO 1 m3 -ni&tfX. 1 m3 1 kg
■0fScn X — A 0.68 kg 0.7 m3

i- 7-tk 0.333 kg tS-E**X 1.429 m3 i-yy- 0.32 m3 C 4 2 kg
ms 0.013 kWh mS 0.263 kWh ms 0.015 kWh as 0.16 kWh

0.1 kg h 0.0006 kg
C02 0.7 kg BOD 0.0001 kg
NOx 0.0002 kg COD 0.00044 kg

7^-7 0.28 kg
0.055 kWh
1.673 MJ

0.001
0.00084 kg
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BK #
Ti0c?f 0.04 kg->-

ft?i 0.03 kg->- 
K 0.73 kg-> 

V-fR 0.20kg-> 
Ko-7-f h 0.17 kg->

#"7 X 1 kg

w titi
CO2 0.857 kg --- ►
NOx 0.004 kg --- ►
SOx 0.00002 kg --- ►
mrm&m 0.0001 kg—►
waste water 4.4 kg --- ►

fit Ift
H 1} 0.000381 kWh 
S. till 0.264 kg

H5 **7X<9§tilX@

to

2.6 jf'SrF-—)V •

7">d(-/i/k^#(Of-71i, T°7 7fy7
MMBtS :£l5>6 31 til L i:0 7*ytf-/K0

N#h L Wl$tmi:{Etil$ft5
«t 0, 0.3225X106 kcal/t h

2.7 7 □ > E
7o yEtilfc/BSrii, 7 d y li, 70 y

12;WB2;n,5WkL,
rii, RFC-134a, HCFC-141b##til*fL&

(1) 7o y li, 7o y 12 

7o y li (CFC-11) S.7/7oy 12 (CFC- 
12) y-iAy-19> J: Dll

fflLfco diLSli, E3^-fb##k7 v<b*#^

^fttiE-S. t S-f SfcBtJk LXmmLtZo
t, y-^Ay-»9> 

7^yi/7oy^ Fk7f-yy7 

oyyf ^tl6aipnp^tf
-7^Mu^0 m#a^ammii, m##E
Ltillfco 7?7-;H±Aa#A2fi&.

cor, 6cotwigr{Mur0 W±<o
7°o -fe X COJR^^H 6

(2) HFC-134a
ft#7oyr&% HFC-134a cOSSBiMte 

li, “Process Evaluation/Research Plan­
ning”20' 6 %tz0 CFC-11,12 (O#-^ hUb 
<, MMim£%ltfr%Lt:o h V
7 o ojc.f-y ycolSBIHiji&li, y—xAy 
—19> X 0 tilffl LtCo h !) 7 a Ojn-f-y y k/\° 
— 7 o oxfi/ y^±M^t^-5o

& tcoa LTf-7$-mmU
fco H 7 o

(3) HCFC-141b
HCFC-141b S

&v><or, 6<Oi##TM#L%c H
8

3. C02 j&Z/ S02 wm&.

M^rii, #X#(0 C02 &T/ S02 coSfcti 
§i^i(0f-^tltlIlTV^o 15^(0 
SitiKrv>Tli, liBUWAL4'£ til tilt
TV)&. Cir^oT, C02 h S02 WTHi*! 6

$#^r#6iL^##(0M(0C02 h S02 
co#m, &t/m#(o#mK:#Bk »a<b5m% 
£ It 10 C ^ Xo $ fc, H 9 K C02 t S02 <0 
sm»*7,7 7<bLr5x-tc 

$m^cof-7 co#±#$-#mf itztbiz. 
li, 4#Ba'<om&Bm h Kti5



If #
/ 9 / — >u 0.40 kg-> 

Clz 0.88 kg-> 
eys 0.05 kg->

T

# %
% 7) 0.35 kWh 
xf—6 3.6 kg 
ifrfllTk 300 kg

■>■ CCU 0.5 kg ----------
4 K 0.2kg

/fu>?o7-( K 0.3kg

f #
3? S 2.2 kg»

& 2.9 kg>

ft
# aj
CaFj 0.020 kg 
SZi 4.0 kg 
waste water 10.0 kg

# A
% 7l 1.0 kWh 
-To-tx* 10.0 kg 
ffl n6 0.22 Z

If. #

CCU 2.46 kg*» 

HF 0.49 kg •>

CFC-11 1 kg 
CFC-12 1 kg 

-> HC1 0.85 kg

# A
ffi 7? 0.440 kWh 
X-f— A 2 kg
ifrill* 200 kg

HI 6 7 o y 11, 7d y 12 QEilJCg

If #
0.232 kg» 

Cl2 1.721 kg-> 
NaOH 0.001 kg>

1. ij fooxfikg 
^ /s-— y □ o jL-f i/ >

HC1 0.831 kg 
->- xf > 0.014 kg

# A
% A 0.2 kWh
Xf—A 4.5 kg 
S rfi 0.044 / 
Atil* 300 kg 
•/D-teX* 25kg

if 95 kcal

If #
HJ ?DOXf l/>

1.627 kg

HF 1.038 kg >

»-HFC-134a 1 kg

HC1 1.318 kg

T
# A
% A 0.723 kWh 
iftSl* 180 kg 
X-f— A 4.340 kg 150 psig 1.84 kg 

50 psig 2.50 kg

H17 HFC-134a (DSBiJuS

fc V IZ

gE6© LCA ©Wimm# 6

j: D®jeurv^0 tom#
Tkt, C &T0LCA

h MW ^ ti 
60 u, & mm: LCA ©

fLGOf-f k©it#e

u xm

Lift''S.-So
C£X: IIS »)

# # a a

1) fliS &, f 7 7M
4zxyy bvy h-yxy "NIRE-LCA" ®H9E, B 

73, 12, 1075—1079 (1994)
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■> HCFC-141b 1 kg

IS # —
/-?- _>
0.7 kg

Cl2 0.8 kg ->

HC1 0.6 kg —^
A

E #
(• ij ;nni^>

1.27 kg_^_
I i) 7ddi^> 1 kg 

■> HC1 0.6 kg HF0.2kg_>

J

>• HC1 0.35 kg

fit to
% A 0.5 kWh 
%-f—A 5.0 kg 
ifi-ai* 200 kg

(ft to
tE f] 1.0 kWh 
X-f— A 3.0 kg 
Yo-fcX* 2.0kg
ifrifl* 200 kg

[218 HCFC-141b OgiiiXg CaCO, 0.1 kg

10 mummmm
SEftifi -fbBSS

N\
C02

(kg/kg)
S02

( g/kg)
5#

(kg/kg)
5*

(kg/kg)
LNG

(kg/kg)
i-yy-

(kg/kg)
SB

(kg/kg)
LNG

(kg/kg)

PUR 3.375 5.047 0.1017 1.1894 0.0989 0.7665 0.0760 0.0034
PET 2.798 3.363 0.0457 1.0937 0.1658 0.7517 0.0541 0.0058
ABS 2.541 3.643 0.0392 1.1628 0.0381 0.7391 0.0548 0.0013
PS 2.290 3.042 0.0256 0.9566 0.0249 0.3756 0.0383 0.0009
PVC 1.478 2.294 0.0483 0.5815 0.0470 0.3484 0.0278 0.0016
PE 1.254 2.084 0.0184 0.7781 0.0179 0.8045 0.0453 0.0006
PP 1.078 1.989 0.0176 0.7558 0.0052 0.7984 0.0444 0.0002
S8IS9E

3.273 4.903 0.4026 0.4198 0.1287 0.0697 0.0045
mm 1.545 1.608 0.5316 0.0871 0.0440 0.0235 0.0015
mg 1.468 1.584 0.5485 0.0800 0.0399 0.0228 0.0014
?&S# 1.430 1.569 0.5422 0.0727 0.0345 0.0203 0.0012
m^*o § 1.356 1.445 0.5446 0.0678 0.0339 0.0225 0.0012

1.288 1.387 0.5382 0.0578 0.0276 0.0220 0.0010

771/5 2.020 3.494 0.0335 0.5466 0.0376 0.0158 0.0013
lSoap 1.265 1.921 0.1470 0.1722 0.0981 0.0275 0.0034

1.928 2.182 0.0293 0.3119 0.0014 0.0257 0.0001
71/ 1.671 1.454 0.0610 0.1305 0.0145 0.0216 0.0005

2) ## », 4>0j@f!: “NIRE-LCA” C

B^x^l/^-^gig, 74, 1, 46-52 (1995)

3) MS#© x * 4? -f®tirf!eSg£SJ, Wfb#

P- 38 (1993.9)

4) “OEKOBILANZ VON PACASTOFFEN 

STAND 1990”, Schriftenreihe Umwelt Nr. 132,

herausgegeben vom Bundessamt fur Umwelt, 

Wald und Landschaft (BUWAL), Bern, Februar 

(1991)

5) P3lij#WJ, > h 0x4'

IRS^J, Y90015 (1990)

6) : msec do* n % bps (#%* v x
f-i/» 971/Wfb#
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12

10

6 •

C02 (kg/kg)

!■■■■■ !■ llliiiB ii ill
2 * * ? ? * : g g g T Mg
A £$ & £ £ & t~ EIE ^ o U '

1 g £ a I §

« H 52 5P o w ou3 M m Hi > a. a,

m *it S!
p v
£ £ &
g JK

s g ^ e &
cl, < cl, CL,

K
1 8

[219 CO,&I/ S0:#tW#@

X¥£, (1993.3)

7) i%m x.
17, 8, 27—39 (1991)

mmmmmvmu, xwrnmm (1991)
9) mff: vtnvvmmt&m, setmsm^sm

(1990)

10) "Simapro, the software tool to analyse and 

develop environmentally sound product”, Pre 

Consultants, Bergstraat 6, 3811 NH Amesfoort, 
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z 2 BEsemtDS&s mg###

Z Z 1 -j&EIUcDES

i so 14 o 4 oa#ia

t%2>ZtZffiCtzi6lz&<(D wmt £ titzUmZWLtfX^' h o :MDIS (Draft for 

International Standard) icds v>-cliHLlZ

shal 1

tv'iem-c&^fLao i sfi^fL&imziashaii#
r • • • t'i' &j 
r • • • iz z h j
r • • • -2> C b j

r • • • {(D) ^ t]

r - - - (L) &U-iUf&%&W
r • • • t io D kt*£J

r- • *1--5)j

(£JL± J IS Z 8 3 0 1 - 1 9 9 0 J: DSIffi)

Z Z 2 L C AE^eT) (#S#/\(7))

D I S 1 4 0 4 0 tz J:tUi\rS=#$a^*(±^nT(7)5i^E®LTv^^iUf^ib^v^ 

(Shal 1) Jo hhh0 L/d?oT, :: tr(±#JgB lz|H LTH-IiP$(z D ,

r j e#-e#BL/Zo
h y h%t\ Bti£tiTV'&V'Jgg t * 3 ^ •etUzpt'C
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[-rag]

(1 ) L C A#m, L C AUS#

(2) ms

I" 1 9 9 5¥7 )3J

(3) W [sTMMZ titcz ton

[g£$ (Goal) £ |60 (Scope) (DSH]

(1 ) lift (Goal)

(D LCA^^fVtMa (shall)

TE^litcjolt^ L C

(D L (shall)

rft#? n

(D *mm# (sham

( 2 ) 160 (Scope)

(D

2=M:MLT(±, m@ W# 1 L£v'0

a: (sham

• wm## 4 o o i##
• 4Mb y ~f~7 V --y- ? 4 7"
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b : jt#c±3(t6#An%##(D#%m#

(shall)

^tUCMLT(±^*tC (±#C#

-frw*ia®{±*$ti,rv'*v'0

©

a I (shall)

b : BElfcfEH(shall)

c : (shall)

rS6$iivE,-^6<j^<tjSS(7)M

(±#Xr

© y^fA##

a : LT(7)Enn'>^.T

## 4'lili'/^tA ## C ±3 (t 6 

AffitJdHi LtW«h U« 

## • Sa(t#MtbtLTV^V^^

2 imrmtfTV'&o

b: f-f

C tLt:cv'"C(±#^f C (±15® $

±ITV'&V'0

c : 9 4 7-9-4

B§7°n-fex, gmr- ? (shall)

Ny.T<7)S]gH$-3'§, 9\-&%'£tr

t Ltz0

2 2 1% WOHMKSIJM 

(@^#^^tr)

##•
ssfatiti^aa

M*±<oaa7o y 7oy

10.31 10.82 #&%>?8+iaB
&?@#K 11.18 11.07 sm:#sm=l: i
xryyxaits 0.24 0.56
mmmm 2.96 2.95

8.62 8.73
-emwwm 3.59 4.10 %aamcine

n /j# 36.90 38.22
1.38 1.56 m\ it-r 

mmmsh1.80 1.68
/]# 3.18 3.24

Til'S. 0.98 1.07
0.07 0.07 mm

ABS 6.27 6.19
PS 8.71 8.65
PP 8.55 8.66
PE 0.40 0.40
PVC 2.20 2.20
PET 0.01 0.01
nomm^wmsm 1.38 1.40 ps

PUR 6.82 7.66
7iy-^| 0.06 0.06 pur cine
dCUxxr;u% 0.00 0.00 pur cine
7 7 ■; 0.14 0.14 pur cine

0.16 0.16 pur cine
#* ffi7D7 0.20 FC-12

fWxoy 0.18 HFC-134a
56S9J §1707 0.84 CFC-11

<t@7oy 0.69 CFG 141b
0.18 mm

IXf)!' 0.24 mm
*'7X 0.24 0.24

0.34 0.33
K 6.53 6.76

1.70 1.81 mm
off 85.84 88.40
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• B^m-eos# •

d : (shall)

r## • Wa^fm^MUk^hfomBum, D

tztzLs M07n-ft- h &##f & C k^#$ U'0 

e : (shall)

r#m%x7^-^ (Mm#)

(D

a : f“^73*'J (Ofcfe

b: #t- ?*T=fv

: coz^z^sozj

c : ol*;i/^’-Jr-XitijjVTESIt (shall)

d: macwf (sham

rmTK^f k js Do

- m% 1 M J

###gij <7) ^ ti rtiv mm k <£ & ffi & & z m«$ ic b c x it m ss^ l t

Hjo

H$0IWI

1 9 9 Lmm5&mK

##o

■mmmu imj

(Dffl&mmM&mMizitmirz i><vt ltsBo

tfwxti%n

MMSr6<7)flJfflJt$^ 4 5. 2:5 4. 8 kgS^Lt. &

ko ^ x 6 # t iwi^ t« l rits0
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*) 1 M J 1 0 0 kgfDMfctfRl^ bti& i> <D t

BUWAL 4) WPre-Simapro 1 0) t fcJBKMf&SfcisltS A

CBUWAL4) frb^lMo

2. 2. 2 z (7# 2. 2. 3 #6 ?)##?'## $ 1 kWh^^^COzfc S

2.2.2 m
LNGlkA **

sxr^t)© 5* 1 kg WM 0.548 kg LNG i kg mm 0.55555 kWh * 100 kg
®*Si6 0.452 kg kg 9 0.00272 kg

sm 2.467 MJ
0.009 MJ 
1.159 MJ

Particle 0.00126 kg Particle 0.00082 kg Particle 0 kg Particle 0.000236 kg
CO: 2.351 kg CO, 3.089313 kg CO, 2.6884 kg CO, 0.3273 kg

NOx 0.000761kg
SO, 0.00158 kg SO, 0.00264 kg SO, 0.00000145 kg SO, 0.001545 kg

NOx 0.000761kg
C,H, 0.00003 kg C,H„ 0.00004 kg C,H, 0.00027 kg C,H, 0.000034 kg
NOx 0.00850 kg NOx 0.0082 kg NOx 0.00874 kg CO 0.000019 kg
N,0 0.00044 kg N,0 0.00062 kg N,0 0.00023 kg HF 0.000005 kg
CO 0.00293 kg CO 0.00062 kg CO 0.00138 kg

F 0.001005 kg
SO, 0.000213 kg
NO, 0.000238 kg
CL 0.000013 kg
Na 0.000165 kg
NH, 0.000466 kg
Fe 0.000002 kg
CaF, 0.001173 kg

0.001903 kg
%mm*fi %& 25.93XFcoal MJ mm 43.08xFoil MJ mm 54.38XFgas MJ mm looo.o mj mm i.o mj

2. 2. 3 m 1

C02 (kg/kWh) S02 (kg/kWh)
electricity Japan kWh 0.421825 0.000345757

e : ### (shall)

i<7)Jgi tidbi
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f:5a

a I Mj3«tra^Sfr<7)E® (shall)

rm s 2.2. i e#ej

tz tz l x m ti m$i ic mt £ to & mm <n tm it & $ nx ^ ^ 0

b (shall)

l:MLT##2a&d*&$fL'CV'&V'o

c fzn-si,

m 2. 2.1 is: (if ffi) tS <£ (f# 2. 2. 1 ~ 2. 2. 6 J

tztzL, #te1:NLT(±IB^$fiTV'&w<,

^<7)SjS1-MLT(± I SO 1 4 0 4 0<7)E^S-oXiBj£ti£$;h-TV'&V'y6Mttoo 

X&T<D£ 7 12|BE$iLTV^0

• 0$mSXS^ltESMSH$M#WSS^-*-#tt<7)|W|S^#T, 1 9 9 4#

9 ^ i:#& • mmLtzn%^m^m%r~ ? *\m0

stiio

IS #
7*o Cl/ > 1.19 kg 

NH, 0.47 kg

->- t> 7 i) o :=. h ij n- 1 kg---

->■ x 7 > 4k*S65 0.055 kg 
->-7-fe k — h ') 'U 0.025kg

Wtti
waste water 2.6 kg

ffctfr
% A 0.2 kWh 
ifriP7k 0.3 kg 
T'o-fcXTk 2.3kg

is n
■77 i-'x> 0.17 kg-> 
7- -f i > 0.60 kg ■ 

TMo-l U 71- 0.22 kg *>
->- ABS 1 kg

ffi if,
BOD 0.00098 kg 
COD 0.014 kg * 
SS 0.000035 kg__
mmmn 0.0077 kg^

At is
% A 0.71 kWh 
x-f—A 1.7 kg 
ifriflTk 330 kg
ff( htl 1.046 MJ 
*& E 0.0013 kg 
St m 0.0285 kg 
<#0# 0.030 kg

#2.2.1 m ABS^gjllg
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0.65 kg->J

TDI 1 kg

Cl2 0.94 kg

HC1 0.92 kg
fit tft
Xf-A 0.011 kg 
% t> 1.25 kWh 
ifrfll* 12 kg

IF #
I--- TDI 0.6 kg->

I--- PPG 0.4 kg->
PUR 1 kg

IF #

Cl2 1.4 kg -
.1t'J 7 of I' > 0.9 kg - 

(PP)
CaC03 1.14 kg->]

IF#
PO 10 kg

T~
fit
1$. t> 0.2 kWh 
Xf — A 10 kg 
i£$n* 300 kg

->- PPG 1 kg

1
fit R
HI fi 0.3 kWh 
X-f—A 2kg 
ifr£fl* 100 kg

2.2.2 1 # >; * u * xom&xm

IF # —
?iE7f 0.04 kg-> 

gTf 0.03 kg->

> U »-9"> K 0.73kg->

V —f"E 0.20 kg -> 

t-'o-z/f 1 0.17 kg->

A

try X 1 kg

til
COz 0.857 kg --- *■
NOx 0.004 kg --- ►
SOx 0.00002 kg ----►
@B#til# 0.0001 kg--- ►
waste water 4.4 kg --- ►

fit Ifr
% t> 0.000381 kWh 
ffi ill! 0.264 kg

2.2.3 m
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® ft 

/ 9 S — JU 0.40 kg-> 

Cl2 0.88 kg- 

mil 0.05 kg-

CCU 0.5 kg ---------------- 1

A&>\,9 D7-(K 0.2kg 1

S -f- u > 9 ° 7 A. K 0.3 kg 1

T
# ft
n. -h 0.35 kWh 
X-f— A 3.6 kg 

300 kg

K ft
S 2.2kgi>

ffi & 2.9 kg:
->■ HF1 kg

T
» u
CaF2 0.020 kg 
&Z 7 4.0 kg 
waste water 10.0 kg 

fit ft
% f] 1.0 kWh 
7"n-t;X* 10.0 kg 
ffl % 0.22 Z

224

1 K ft
1

— CCU 2.46 kg 

HF 0.49 kg *>

->- CFC-11 1kg 

->• CFC-12 1 kg

HCI 0.85 kg

T-
fit «
% % 0.440 kWh 
X-f—A 2 kg 
ft£0* 200 kg

7 n > 1 1 , 7 n > 1 2 Offijgxg

® ft

0.232 kg* 

CI2 1.721 kg 

NaOH 0.001 kg>

f?. ft

I. IJ ? V Dif-U > l ^ HJ 7DDifU>
1.627 kg

->■ HCI 0.831 kg

i-f-u > 0.014 kg HF 1.038 kg >

T
fit ft
® % 0.2 kWh 
X-f—A 4.5kg 
$ % 0.044 Z 
ifriflTk 300 kg 
7"o-t:X* 25kg 
ft if 95 kcal

->-HFC-134a 1kg

-> HCI 1.318 kg

1-----
fit ft
% J] 0.723 kWh 
ftifl* 180 kg
Xf—A 4.340kg 150psig 1.84kg 

50 psig 2.50 kg

2.2 5 m HFC-1 3 4

® ft

j£4bt-n-* s-7—.
0.7 kg

Cl, 0.8 kg-

HC1 0.6 kg-

® ft

h ij 9 o ojl9> 
1.27 kg.

>■ 1 ij fnoif > 1kg 

> HCI 0.6 kg HF °-2 kg-

fit ft
HE A 0.5 kWh 
X-f—A 5.0kg 
ftifl* 200 kg

>■ HCFC-141b 1 kg

>• HCI 0.35 kg

fit ft
tE i] 1.0 kWh 
X-f—A 3.0 kg 
-To-bX* 2.0kg 
ftifl* 200 kg 
CaCOa 0.1 kg

22 6 H HCFC- 1 4 1 bOSijtlDfl
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[<>a:> h'JM]

(1)

•#m#

r B n
( 1 9 9 4^9 

HHJfe) K £%> BWMtffi# 

t LTSEto^m^itjEST'- *

£ £ <7)fi, ±EMS<t)I#St- 9

t-SSo 2. 2. 4 #(:

TFITo}

4 9J\/7 text's Viz# ft & &#

" $r#mo

COah S OzOM^fiLTfi 

U*mftT-9t ItlElo

T(iBUWAL4) £3U§=

2 30: (if

tB) &J:U:'%2. 2. 5S(C^toJ

c: mmmpg

r
m, iot by y ?\nm (##m

#) £4E5eo

'E-OAS&B2. 2. est^toJ

224m

• a#a# If- itfttifi
#3i 5tf®mr warn @mjb<o4&a
ms; kWh 70.76 70.76
ffi?E& / 1.83 1.83
*ra l 0.41 0.41 grfikLT&S
tpm a-x m3 2.19 2.19 lng t lx mm
LPG m3 5.45 5.45 LNG b Lxmm
* t 4.87 4.87

1 7;v» V% kg 0.05 0.05 am
kg 0.04 0.04 am

a*4 kg 0.19 0.19 am
mm kg 0.04 0.04 am

kg 0.08 0.08 am
m£ kg 0.00 0.00 am
mmm kg 0.00 0.00 am
mzvrn kg 0.01 0.01 am
a*%i kg 0.10 0.10 am

kg 0.05 0.05 mm

1
*# • % 
-mm kg 0.01 0.01 mm

lira PS 
• PE kg 0.00 0.00 mm

(Eiti)
l 0.78 0.78 101 h 7 v 9

Kilti kg 0.06 0.06
Si$ kg
(■>i 0.19 0.19

ms kg 0.22 0.22

** kg 2.90 2.90
1
m #- 7;>S kg 0.04 0.04 m
asa < -r ug
(7*7 X7 7? Kfr) 0.23 0.23

me*- kg 0.12 0.12

e 0# kg 0.17 0.17 mm
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2. 2. 5:

Sfctift ibE##

CO,
(kg/kg)

SO:
( g/kg)

E#
(kg/kg)

Bid
(kg/kg)

LNG
(kg/kg)

f 7?
(kg/kg)

Ste
(kg/kg)

LNG
(kg/kg)

PUR 3.375 5.047 0.1017 1.1894 0.0989 0.7665 0.0760 0.0034
PET 2.798 3.363 0.0457 1.0937 0.1658 0.7517 0.0541 0.0058
ABS 2.541 3.643 0.0392 1.1628 0.0381 0.7391 0.0548 0.0013
PS 2.290 3.042 0.0256 0.9566 0.0249 0.3756 0.0383 0.0009
PVC 1.478 2.294 0.0483 0.5815 0.0470 0.3484 0.0278 0.0016
PE 1.254 2.084 0.0184 0.7781 0.0179 0.8045 0.0453 0.0006
PP 1.078 1.989 0.0176 0.7558 0.0052 0.7984 0.0444 0.0002

7sTVV% 3.273 4.903 0.4026 0.4198 0.1287 0.0697 0.0045
mm 1.545 1.608 0.5316 0.0871 0.0440 0.0235 0.0015
ME 1.468 1.584 0.5485 0.0800 0.0399 0.0228 0.0014

1.430 1.569 0.5422 0.0727 0.0345 0.0203 0.0012
@3Wo# 1.356 1.445 0.5446 0.0678 0.0339 0.0225 0.0012
KM 1.288 1.387 0.5382 0.0578 0.0276 0.0220 0.0010
W#A#
7/l/S 2.020 3.494 0.0335 0.5466 0.0376 0.0158 0.0013
mm & 1.265 1.921 0.1470 0.1722 0.0981 0.0275 0.0034
z<om
#7X 1.928 2.182 0.0293 0.3119 0.0014 0.0257 0.0001
?>jS-}U 1.671 1.454 0.0610 0.1305 0.0145 0.0216 0.0005

226#

me-
tf-S±©S3

mm / 4.68 4.68 101 h 7 y 7

d : ffifflgli&vffi&niJM

r^TO?fliJ^1i#v\ fo6 3 kw t /ft-i3tfe$>tzo

us-m : r j i s - b&j ( i s om##m) czaK# (-gKf-f&mm 
unx)

mfemw.: jqa (B$nnpiraii)

: 1 9 9 4^8^

7 a : 7 a L-c- s % t ^

: 12 #

z.M<r>n^%2. 2 oJ
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2. 2. 7 8 ^-

mm•mm&
fm±<Dmm

*t$FJ *$#

liv kWh/S-E 63.4 66.7

7-f 7^-f A
12*Fb LX

kWh
9129.6 9604.8

• *) (DMW^ZM 2. 2. 8 #0 Z 9

-*Rmmmi^r(D#m^^^4r-(±#2.2. gst-s-^s.MS 1 i^as^jt

• ->n. 1/ -7 Aiir<a. 1 kg

$2 2 1

• t- ^7)^ ^ 7- ;v *c-mm t mmnffi km lx it ^ 2.2.11

m:;#f #&## LmmTKmmTmmf u-c
(±#%L^o

h 7 7 ft: za & ok ##g#a&$2 2 1 2

%<o J: 9 cm^L/:o I' 7 7
^(D^SOx$r##Mt:S Oz 

2:L-cmm^m*^:o f<%m#&$2 2 13#t:^i-o

K*1-«{£fflL£0J

$ 2. 2. 8 s ^Fiailltwli, m, 7;i/5-7A<7)@»

wmm m 7A/5-7A

®JR^(%) 97.4 36.4 36.4
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2. 2. 9 8 if Fe9ttkMMWLX' <7)^ ^ ^-
m b * # # #

Amxm m 1000 t/d

mti 34 To kWh/£ i/n.Uy ¥—^<DW-Sfrffl
= 1.55 To kWh/d ##B»22 d/B

mm 600 lid

2.2. 1 OS

7°n-bX & A #

StfA^r* 1 kg
®l6 9.4X10- //kg

2.2. i IS

7°n-tzX # A # # HI #

1kg 2.ox 10- kWh/kg

sai*5a@rMWf 6 ma#
FeCl3 1.3X10- kg/kg
m? 2.6X10-6 kg/kg
X 7 7-71/(50%) 8.5X10- kg/kg 
@#!K 1.6X10- kg/kg

im-m
BOD* 2.8X10' mg/kg
COD* 6.8X10' mg/kg
SS* 6.0X10' mg/kg

fW 1.6X10- m3 (Wet)/kg

m * mmmmc ns c t & r~j^tj©t%c*)
** 3f§9B

12.2.1 2S h 7 v ^$##(7)##^%#

7°n-kx aga# SM

ES/S-BSS# 21 1.2t(6Sl) 30 km
4 t 2.4t(6#J) 50 km

%/7/kS/m 201 12 t(6SJ) 40 km
201 12 t(6#J) 40 km

i/ a. \y 7 7*— /X 1 10 t 6 t(6 SJ) 10 km

2.2.13 s
CO, SO: NOx

201 h 7 y 7 (Eto) 
151 h 7 7 7 (Effi) 
101 b 7 7 7 (E#)
41 b 7 7 7 (Effl)
2 t h 7 7 7 (E#)

(km//) 
2.2
2.7
3.5
6.5
8.0

(kg/km) (kg//) 
1.180 2.596
0.962 2.5974
0.742 2.597
0.472 3.068
0.323 2.584

(kg/km) (kg//)
0.00145 0.00319
0.00118 0.003186
0.00091 0.003185
0.00056 0.00364
0.00040 0.0032

(kg/km) (kg//)
0.00364 0.008008
0.00297 0.008019
0.00229 0.008015
0.00145 0.00943
0.00100 0.00800

BUWAL(Effl)
(km//)

2.63
(kg/MJ) (kg//)
0.07603 2.96

(kg/MJ) (kg//) 
0.0000941 0.00362

(kg/MJ) (kg//) 
0.0011706 0.0450

(Effi 9200 kcaI//=38.484 MJ//)
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2 2 14*

7 0 >-11 7 n >-12

&A
Ca (OH)2 kg 0.00123 0.00140
HC1 (35%) kg 0.00007 0.00008
* kg 0.033 0.033
n% kWh 0.650 0.650
CT?6 m3 0.00018 0.00018

Sititl
#5 kg 0.00028 0.00064

CaCl2 kg 0.00120 0.00091

C02 m3N 0.000162 0.000184

(D -teT.OtejIKk (shall)

L £ $# ya-h%l:^L, (#m

g2. 2. 1 - 2. 2. 6 H)J

© (shaii)

r 6 ft* r-9 mit&TCD t &*)-?&& o

###m. s i. 6.

p. 7 2 — 8 4 ( 1 9 9 5)

blBUWAL:“OEKOBILANZ VON PACKSTOFFEN STAND 1990”,Schriftenreihe Umwelt 

Nr.132, herausgegeben vom Bundessamt fur Umwelt, Wald und Landschaft 

(BUWAL), Bern Februar (1991)

«5g3J!(1993)J

® #t##& (shall)

N I RE-LCA^ffl^tiftl/;J

© t- 9 <7)jtE 

a : t -^naE<7)IFfffi (shall)



b : - ? om % (shall)

© '>XtA(7)SE^07(:*<7)S$^W (shall)

£ ftfcKI L X \$UM L X V'* V'o

a : (shall)

\W8M8h yn -bX Ktt LX ic X Z>Lfc0J
b : ^S<7)-S^OT (shall) 

rfiStt 1C <£ *ilmift££T<D -7n -b* (c*.f L Tiiffl Ltz0J

(2)

z.tuzmLXl±r-?&W.WM.

&V'0

® '>X T A##

riKT^y^rAift^fco

• ## • n&mv mw-OLmm' ^ ^ m u p$, wm^im *9 #

tztzL^ ^f©7n-ft“ tv'o

© r~? pDnKM t iotff, titzMfo&ft

© MIe^M

LT(i#HEE$tvcv’>^v^0
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[nmmmmm]

(±V'f t) BiL^tLTV^V'-o

(1) #pm#m 

( 2 )

[##]

TV'&V'0

(1) *##

(2)

(3) T— ? nnKWMo

[^'Jj^il/ • Ulf ZL-]

L CAISmo&StcriLT^ V T -f * ;v 1/ Ha.- (±M-e& ^

Cl LT(±##&T#$%#-?& n , #(cSitL^tLTV^v^o

(1) S$M (reviewer) <7)55:%i tWrMo

(2) ? ') t 4 1jfr • l/bfa.-#^#0

(3) ###^12#-^(responses)

Jt®c±?I^i3V'-CCi, l*T<Dmm&£L & tt tUi'& 6 & ^ (Shall) fc

Ltf'U & -E" & ifcE^ES1 B 69 <!: Ltzi><DX

&%\s'fztb, KE6#^?'iI'Eh

(1) e me & j: v'x. x %-m
(2) r-?(omm,

(3) #nni/%T A(D#@#(D#B#

(4) * ') Tl hfr • Hf
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2.3 OsO b'J&#ilzmtZ%Lfc I SOI 4 0 4 0
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1. Examples of developing functions, functional units and reference flows

In order to define a functional unit, the following steps must be distinguished :
- functions
- functional unit

- ways of calculating performance

- reference flow.

The flow of these steps is depicted in Figure 1-1 with an example of paint.

Paint A

Covering 100 m

The Function for LQA

Covering surface

50 kg of Paint A

Reference flow

Paint A :
0.5 kg / m2 covering

Product performance

- Coloring wall 
■ Covering surface 
■Waterproofing....

Identification 
of functions

Selection 
of a function

Determination 
of FU

Identification 
of PF

Calculation of RF

Figure 1-1 Calculation procedure for reference flow



1.1 Context of the Standard

DIS14041 states in 5.2.1 that:

■ In defining the scope of an LCA study a clear statement on the specification of the 

performance characteristics (functions) of the product shall be made.

■ The functional unit defines the quantification of these identified functions. The 

functional unit shall be consistent with the goal and scope of the study.

■ One of the primary purposes for a functional unit is to provide a reference to 

which the input and output data are normalised.

■ Assuming a given functional unit the amount of product which is necessary to 
fulfil the function shall be measured. The result of this measurement is the 

reference flow.

and in 6.3.3 that:

■ Based on the refined flow chart and systems boundary, unit processes are 

interconnected to allow calculations of the complete system. This is 

accomplished by normalising the inputs and outputs of a unit process in the 

system to the functional unit. The calculation should result in all system input 

and output data being referenced to the functional unit.

1.2 Functions

The purpose of the functional unit is to quantify the service delivered by a product. The first 

step is thus to define the purpose served by the product, i.e. its function.

Examples:
■ light bulb : to provide the consumer with a certain quantity of luminosity during 

a certain period of time,

■ glass bottle : to deliver food beverage to the consumer,

■ paper towels and hot air drying machine : to dry one’s hand.

There might exit systems fulfilling more than one function. In case of comparisons between 

several technologies or processes, it is then important to ensure the consistency of the systems, 

by taking into account several functions.

Examples :
■ paper recycling : dispose of wastepaper and produce de-inked pulp,

■ cogeneration plant: produce steam and electricity.
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In these examples, the same functions could be supplied by equivalent systems such as:

- incineration + newsprint production from virgin fiber,

- electric power plant + steam boiler

1.3 Functional unit

The functional unit is the quantification of the previously identified function, which may be the 

combination of different parameters.

Examples :
■ bottle : 150,000 litters of food liquid delivered to the consumer (or 1 liter ....),

■ hand drying products : 1,000 pairs of hand whose moisture must be decreased 

from 90 % down to 25 % (or 1 hand pair

In the case of multifunctional units, the different quantities are sometimes linked together.

Examples :
■ paper recycling system : dispose of 1 tone wastepaper and product 800kg 

newsprint,

■ cogeneration plant : produce 300 ton/h steam at 125degrees Celsius, 3 bar and 

100 MW electricity.

1.4 Product performance

Assuming a certain functional unit, the purpose is then to define the number, amount or 

quantity of product which are necessary to fulfill the quantified function represented by the 

functional unit. This is obviously related to the product’s performance, which may be 

expressed in various ways.

Examples :

■ glass bottle : it will be a certain number of bottles, taking into account their capacity, their 

break rate, their return and reuse rate.

Scenario 1 : If the bottles were only one-way, the performance would only be 

calculated by dividing the volume to pack (150,000 liter) by the unit
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capacity of bottle (1 or 1.5 liter).

Scenario 2 : Another scenario would be that 1 % of 1 liter bottles and 2 % of 1.5 

liter bottles break during transport.

Scenario 3 : A third one would be that additionally the bottle are collected with 

respective return rates of 80 % and 90 % (which means that in average 

each bottle serves respectively 5 and 10 times).

■ hand drying : this will be in one case the number of paper towels (knowing their mass, their
absorbency, their strength).

The running time of the drying machine, which defines subsequently the electric 

power consumed (operating cost), plus the life span, which is obviously to be taken 

into account in the calculation of performance (off-paying of the investment costs).

1.5 Reference flow

When comparing different products whose purpose is to fulfill the same functional unit, a 

similar way of calculating the performance is used (typically a standardize test), as described 

above. But of course, the results of this calculation are different depending on the products.

Examples :

■ Paints : Dealing with paints and varnishes, for the single following functional unit:

- covering 20 m2 of wall with an opacity of 98 %

There will be different reference flows depending on the different paints. These will be, for 

instance,

- 2.31 kg of paint A,

- 1.86 kg of paint B,

-1.74 kg of paint C, etc.

These reference flows will have been calculated thanks to a standardized test which will 

determine the performance of each paint.

■ glass bottle: If we calculate the reference flows for the different scenario dealing with 

bottles exposed in the above section, the results are the following, respectively for the 1
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and 1.5 liter bottle :

- one way bottles without breaks: 150,000 and 100,000 bottles,

- one way bottles with breaks: 151,515 and 102,041 bottles,

- multi way bottles with breaks: 30,303 and 10,204 bottles.

Recycling of reusing, breaks and losses are obviously linked to the technical quality (solidity ...) 

of the product but also all the operating chain. They must therefore be integrated in the 

calculation of the performance of all the system.

1.6 Functional unit and goal of the study

All this shows that the definition of the functional unit is closely bound to the goal of the study. 

If the goal is to compare equivalent product, a special care will have to be paid in order to 

ensure that all functions are fairly taken into account. A study focusing on waste management, 

for instance, should not forget that recycling systems perform other functions than simply 

disposing of waste, function which should be specifically addressed.

There are many cases where the goal definition of a study gains much and efficiency when 

getting a feedback of a first approach of the functional unit.
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2. Examples of distinguishing functions of comparative systems

2.1 Context of the Standard

DIS14041 states in section 5.2.1 that:

■ Comparisons between systems shall be done on the basis of the same function, 

measured by the same functional unit in the form of their reference flows.

■ If additional functions of one or other of the systems are not taken into account in 

the comparison of functional units then these omissions shall be documented. For 

example, systems A and B perform functions x and y which are represented by the 

selected functional unit, but system A also performs function z which is not 

represented in the functional unit. As an alternative, systems associated with the 

delivery of function z may be added to the boundary of system B to make the 

systems more comparable. In these cases, the processes selected shall be 

documented and justified.

2.2 Worked examples from case study on refrigerators

2.2.1 Overview

Purpose of the study: analysis of variations of environmental emissions by adopting
alternative refrigerant.

Systems to be compared:

■ refrigerator using refrigerant-A,

■ refrigerator using refrigerant-B

Specifications of the products are as follows: 

refrigerator with freezer, 

effective inner volume of 400 liters,

4-door, top-freezer type,

no optional accessories such as ice maker,

lifetime: 12 years

This type of refrigerator is most popular for household use and be regarded as a “standard” 

refrigerator by manufacturers. In the analysis, material recycle is not taken into account.
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2.2.2 Definition of function, functional unit and reference flow

According to the study of the refrigerators, both systems are assumed to perform the same 

function, which is “to conserve a given amount of food stock by freezing and refrigerating in a 

given time”.

The functional unit may be defined as “to ensure the conservation of an average food stock for 

a day, in normal conditions”.

Since no additional function had been taken into account, the reference flows for each type of 

refrigerator can be simply defined as follows:

Reffigerator-A : one “standard” refrigerator using refrigerant-A

Reffigerator-B : one “standard” refrigerator using refrigerant-B

Some examples are introduced to show how the reference flow will be influenced when 

additional functional units are taken into account.

2.2.3 Adjusting performance difference

Example-1 A need of rapid cooling down
If a refrigerator performs to cool down the internal food stock rapidly, it may be ajpowerful 

advantage for retailing. To evaluate such performance, the functional unit will be defined as 

follows:

functional unit: to ensure the conservation of an average food stock for a day, in normal 

conditions ...by cooling down the food stock within 30 minutes

It may be possible that a refrigerator using alternative refrigerant has lower ability for rapid 

cooling down because of its disadvantage of running efficiency. For simplification, assuming 

that refrigerator-A has an ability to cool down the average food stock within 30 minutes, while 

refrigerator-B requires 60 minutes, some modification should be needed for the definition of 

new functional unit. Although it might be lacking some physical accuracy (an accurate 

estimation should be held considering their heat capacity, heat transfer etc. in order to evaluate 

the difference between their performance), approving the additional simplified assumption that 

refrigerator-B has an ability to cool the half of the average stock within 30 minutes, another 

couple of reference flow provides the equivalent basis.



Reffigerator-A: one “standard” refrigerator using reffigerant-A
Reffigerator-B : two “standard” refrigerators using refiigerant-B

In this brief discussion, additional influences, e.g. increase of the floor occupation, additional 
requirements of peripheral such as a wall socket for AC power, are neglected.

Example-2 Difference of product’s lifetime
If reffigerator-B is inferior in terms of lifetime duration, it is assumed that reffigerator-B will be 
replaced earlier than reffigerator-A terminates its life. Obviously, the substitute should have 
the same specification as reffigerator-B.

Assuming that the lifetime duration of reffigerator-B is only 6 years, which corresponds to just 
a half of the term described in definition of function, rearranged reference flow leads the 
equivalency.

Reffigerator-A: one “standard” refrigerator using reffigerant-A
Reffigerator-B : two “standard” refrigerators using refiigerant-B

Example-3 Difference of performance of rapid cooling down and lifetime
Finally, if the reffigerator-B is assumed to be inferior in both ability of rapid cooling and lifetime 
duration, the last couple of reference flow is introduced.

Reffigerator-A : one “standard” refrigerator using refrigerant-A
Reffigerator-B : four “standard” refrigerators using reffigerant-B

2.2.4 Reconsideration of function or system boundary

When the functions of the life cycle of each systems are compared, there might be some obvious 
differences. In some cases, the differences are not relate to their mass, volume or performance, 

it is impossible to normalize the functional unit by numerically arranging the reference flow as 

described above. In such cases, the function or the system boundary should be reconsidered.

Example-4 Incompatibility of functions
For instance, assume to conduct LCA for the two types of refrigerator shown below. The 
initial goal of the study is to compare each refrigerator from the LCA point of view. It is clear 
that the systems describing the life cycle of these refrigerators can not be compared directly
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since the services provided by each system are different. Therefore, these functions are not 

equivalent.

Refrigerator-C : Without freezer

3-door

Volume:300 liters 

with standard specifications 

Reffigerator-D : With freezer

3-door for the refrigerator part 
1-door for the freezer part 

Volume: 300 liters for the refrigerator 

100 liters for the freezer part 
with standard specifications

In order to achieve the functions to “ refrigerate and freeze”, the life cycle of a freezer can be 

added to the life cycle of the refrigerator-C. Taking a freezer whose capacity is 100 liters into 

account, the services provided by refrigerator-C are rearranged, and the comparison can carry 

out on the basis of the same function (Figure 2-1).

FunctionRefrigerate and Freeze

Freezer: Manufacturing

Freezer: End of Life

Product!: Manufacturing

Freezer: Use

Freezer: Distribution

Product 1: End of Life

Product 1: Use

Product 1: Distribution

Product 2: Use

Product2: Manufacturing

Product 2: Distribution

Product 2: End of Life

Refrigerate Freeze

Figure 2-1 Adding the life cycle of a freezer to achieve the same function

Example-5 Handling of co-product
In order to compare the whole life cycle of products, co-products which are produced in 

manufacturing processes of the materials should be also examined. In the scope of this study, 

since the manufacturing processes of refrigerant are different from each other, the sorts or the
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amount of the co-produced substances also vary. Table.2-1 shows the co-products from each 

processes to produce two types of refrigerant. Each amount corresponds to manufacturing 

one “standard” refrigerator.

Consider the case where a chemical product-X (co-product) is produced 0.7 kg more in 

the process of producing reffigerant-A than in the process for reffigerant-B as shown in 

Table 2-1. It is possible to deal with the generation of co-product (X) as an additional 

function. The systems might be regarded to serve “refrigerate, freeze and provide some 

amount of product-X” (Figure 2-2). In this point of view, the functional unit will be as 

follows.

functional unit: to ensure the conservation of an average food stock during one day, in 

normal conditions, and deliver 1.4kg of product-X

Table 2-1 Summary of generated co-products from each production system
Refrigeratdr-A Refrigerator-B

Product
Ref.-A 0.8kg Ref.-B 0.7kg

Co-products
Product-X 0.7kg Product-X 1.4kg

Others 0.64kg Others 0.58kg

Refrigerator with 
Refrigerant-A

"X" production 
System

(0.7 kg produced)

♦ 4

Refrigerate, Freeze and produce 1.4 kg of “X”

Refrigerator with 
Refrigerant-B

Refrigerate, Freeze, and produce 1.4 kg of “X”

Figure 2-2 Example of consistent system with co-product-X



3. Examples of establishing Inputs, outputs and boundary of unit process

The goal of an LCA study provides direction for the selection of the individual data categories. 

The selection of individual data categories may include a comprehensive listing of inputs and 

outputs or may be specific to the particular questions that the study is examining.

All energy flows are typically included in an LCA study since information on these flows are 

readily available and energy flows have a significant effect on natural resource use and on 
emissions. While emissions to land, air and water are mainly goal dependent.

Decisions regarding the material flows that are selected for inclusion in the scope of an LCA 

study will impact on the results. It is important to include all material flows that could affect 

the interpretation of the study. However, LCA studies have budgetary and time constraints 

that force an analyst to concentrate only on those material flows that have a significant effect on 

the questions that the study is examining

3.1 Context of the Standard

DIS 14041 states in 5.2.4 that:

■ The initial identification will typically be made using available data, and inputs and 

outputs should be more fully identified after additional data are collected during the 

course of the study, and subjected to a sensitivity analysis.

■ The criteria and the assumptions on which they are established shall be clearly 

described.

and in section 5.2.4 that:

■ 1) Mass : an appropriate decision rule, when using mass as a criterion, would 

require the inclusion in the study of all inputs that cumulatively contribute more 

than a defined percentage to the mass input of the product system being modelled.

■ 2) Energy : similarly, a criterion should be established to require the inclusion in the 

study those inputs that cumulatively contribute more than a defined percentage of 

the product system energy inputs.

■ 3) Environmental relevance : decision rules for environmental relevance criteria 

should be established to include inputs that contribute more than an additional 

defined percentage to the estimated quantity of each individual data category of the 

product system.

and in section 5.2.4 that:



■ All of the selected inputs identified by this process should be modeled as elementary 
flows.

3.2 Determining the unit processes

The unit processes that comprise a product system may be established by reviewing previous 

published studies. If such studies are not available, an description of the product flow is 

completed for the product supply and use chains. With this information, specific processes 
that perform the transformations may be established. Subsequently, a listing of specific sites 
that are relevant to the goal of the study is prepared.

In order to establish the unit process boundaries, the sites within the population of interest may 
be contacted to determine the smallest portions of the product system for which data are 

available. Since there is variability in the specific processes that are performed by a particular 

site, unit process boundaries are established with a view to minimizing the need for allocation 
procedures.

Once the unit process boundaries are established, it is necessary to determine the individual data 
categories for the inputs and outputs that are applicable to each unit process. This may be 
accomplished by the use of a data availability survey. A data availability survey is sent to a 
representative sample of sites to establish those inputs and outputs for which information is 
available. The data availability survey may include information on the material flows, energy 
flows and individual emissions to land, air and water together with actual or estimated data 
applicable to those inputs and outputs.
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Since there is normally a large number of possible material inputs that could be included on the 

survey, guidance is provided to the sites to only include those material inputs that will be 

significant to the goal of the study. It is helpful therefore to establish a suitable cut off criteria. 

A typical cut off criteria is to include material inputs that have a mass greater that one percent 

of the output from the unit process. For example if the intermediate or final product from the 

unit process is 100,000 tones per year then only those material inputs that have a consumption 

of greater than 1 000 tones per year need to be listed. However, if there is a specific individual 

material of interest to the goal of the study then those materials should be included regardless of 

consumption (e.g., chlorinated solvents).

Raw Material t 
inputs

Energy_____}
inputs

Emissions Waste 
to land for treatment

Unit Process

Emissions
to air

Reference
Product
Co-products

Emissions 
to water

Figure 3-1 Example of unit process description

3.3 Decision rules for inputs to a unit process

The initial scope of a study will establish the process flow and related data categories as 

outlined above. In the generic process flow diagram found to the right, the product system 

comprises three unit processes, (Unit Process A through Unit Process C). The main process 

flow is depicted by the raw material No.l which is processed through Unit Process A into 

intermediate product No.5.
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X 1

Subsequently, No. 5 is further refined into 

the final product in the system. In addition 

to the raw material inputs, the ancillary 

inputs to each unit process are shown to the 

left of each unit process block. For 

example, Unit Process A has three ancillary 

inputs, namely, No.2 through No.4.

After preparing the process flow diagram, 

an initial estimate of the material and energy 

flows for the product system is prepared.

The information is established from a 

survey of sites associated with these three 

unit processes as mentioned above or could 

be developed from published secondary sources. The inputs to the product system are then 

related to the functional unit and Table 3-1 is prepared.
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Table 3-1 An example of analysis of material inputs

Material Flow Total Mass Total Energy

Contribution Contribution

Raw/Intermediate

1 73.8 12.0

5 **** 54.7

final product 9 **** 23.4

Ancillary

2 1.2 0.9

3 0.1 0.1

4 0.1 <0.1

6 1.7 0.6

7 1.4 0.7

8 0.2 2.7

10 19.8 4.5

11 1.7 0.4

12 <0.1 <0.1

included in the mass of primary raw material No. 1

3.4 Decision rules for mass contribution

Decisions for excluding material inputs based on mass have been used frequently. Rules of 

thumb such as excluding materials that contribute less than five percent to the mass of a unit

process or those that contribute less than one percent to the overall mass of the system have 
been popularized in the literature. However, from a data quality viewpoint, preference should 

be given to decision rules that are based on the cumulative contribution to the system under 

study rather than the contribution of any individual materials. An appropriate decision rule 

would be to require the inclusion of all materials that have a cumulative total of more than a 

fixed percentage of the total mass in the product system.

Example 1 :
In Table 3-1, one may establish that the sum of all materials to be included in the study shall be 

more than 99 % of the total identified mass in the system. Based on this decision rule, material



Nos.3, 4, 8, and 12 may be deemed negligible ancillaries since the cumulative mass of the 

remainder is over 99.5 % of the total. Negligible ancillaries can be removed from further 

analysis. If the resulting number of inputs to be examined is still too large for the budget and 

time available, the cumulative target could be reduced to say 95 % or lower.

Example 2:
Another method of reducing the effort while maintaining the quality of the study is to make a 

distinction between material inputs that require data from primary sources and those that could 

be accounted for with secondary data sources. A decision rule could be established that 

requires primary data sources for all raw materials that have a cumulative mass greater than 

90 %. In this case, raw material No. 10 would be held as a primary ancillary and Nos.2, 6, 7, and 

11 would become secondary ancillaries. This distinction is important since the treatment of 

secondary ancillaries may be less rigorous than primary ancillaries.

3.5 Decision rules for energy contribution

Some LCA practitioners end the scoping exercise with an analysis of the mass contribution.

This practice can however result in valuable data being discounted. While mass is an important 
indicator of the significance of materials, some materials are much more energy intensive than 

others. It is therefore advisable to repeat the mass contribution exercise using energy as the 

main criteria.

Example 3:
A decision rule for inclusion may require that the cumulative total of the energy contributed by 

raw materials exceed 99 %. That being the case, the previous decision to treat material No. 8 

as a negligible ancillary would be overturned due to it is energy contribution.

As with the mass contribution decision rule, the threshold value for the energy contribution 

could be reduced to make the analysis more manageable. The same analysis to distinguish 

between primary and secondary ancillaries can be performed using the energy contribution 

criteria.

3.6 Decision rule for environmental relevance

An appropriate decision rule for including material inputs based on environmental relevance is
contingent on the purpose of the study. In general terms, a decision rule is formulated based
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on percentage of additional loading which the material may contribute to the quantity of an 

individual data category. A possible decision rule is to include materials whose additional 

contributions exceed 5 % of the calculated quantity of an individual data category. This 

analysis is based on the elementary flow of the materials flows in question. Estimates may be 

taken from published sources or the threshold values may be calculated to determine which 

materials may surpass that threshold. This analysis is performed for each individual data 

category in the scope of the study.



4. Examples of applying allocation procedures and handling recycling

Examples of different allocation procedures are included in Annex B of DIS 14041. This 

section provides additional examples of allocation and recycling.

4.1 Allocation procedure

4.1.1 Context of the Standard

For allocation procedures, DIS 14041 states in section 6.4.2 that:

■ [...], the following stepwise procedure shall be applied:

(1) Wherever possible, allocation should be avoided by
- dividing the unit process to be allocated into two or more sub-processes [...].

- expanding the product system to include the additional functions related to the co­

products [...].

(2) Where allocation cannot be avoided, the system inputs and outputs should be 

partitioned between its different products or functions in a way which reflects the 
underlying physical relationships between them; i.e., they must reflect the way in which the 

inputs and outputs are changed by quantitative changes in the products or functions 

delivered by the system. [...].

(3) Where physical relationship alone cannot be established or used as the basis for 

allocation the inputs should be allocated between the products and functions in a way 

which reflects other relationships between them. For example, environmental input and 

output data might be allocated between co-products in proportion to the economic value of 

the products.

4.1.2 Example-1 Physical basis (1)

Distribution transports of packages filled with food from packaging industry to 

wholesalers/retailers cause significant energy consumption and air-borne emissions. If a life 
cycle inventory study on the packages is carried out separately from that on their contents, then 
it is needed to allocate the inventory data between the packages and contents for ascertaining 

the environmental impacts caused exclusively by the packages.

The amounts of fuel consumption and emission releases by the transports depend upon various 

factors such as load, speed and road conditions, but this example focuses on weight and volume 

of the load only. For simplicity, a linear interdependence of the fuel consumption and the load
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weight is applied to the truck with load. On the other, the fuel amount consumed by the truck 

without load on the return way is assumed to be constant, regardless of what is transported (see 

Figure 4-1). Emissions are also assumed to be caused correspondingly by the transports.

fuel consumption

payload share

deadweight share

weight of load

Figure 4-1 Fuel consumption of a track in dependence on the load

The purpose of a transport is moving the largest possible amount of commodities, but a part of 

the truck capacity is always consumed by packages needed for the transport. Hence, the mass 

of packages as well as their design have a considerable effect on the maximum load of 

commodities. For the allocation, first, it has to be checked whether the truck is used up to 

mass capacity or volume capacity, and the share of the package must be determined. This 

requires five basic values as follows:

- maximum mass capacity of the truck

- maximum volume capacity of the truck

- density of the contents

- actual load of the contents

- actual load of the packages

The followings are two examples of allocation for mass and volume capacity uses of the truck
on the assumption that the maximum capacity of the truck is equal to the actual load:

1) Mass capacity use: A truck with a maximum load weight of 40 tons and a maximum 

payload of 25 tons transports 25 tons of filled packages, i.e., its full mass capacity. The 

share of packages is 5 tons. This means that 20% of the capacity is consumed by



packages, and, correspondingly, 20% of environmental impacts caused by this transport 

(deadweight and payload) have to be assigned to the packages.

2) Volume capacity use: The same truck is loaded up to volume capacity and carries 17
tons of packages filled with the same commodity. 2tons of 17 tons of the maximum 

payload are package. Due to the large volume of the packaging material used, the load 

of commodities carried is only 15 tons which corresponds to 60% of the maximum 

payload. 40% of the truck capacity are consumed by packages and, in correspondence to 

this, 40% of the deadweight transportation of the truck are partitioned to packages. 

With regard to the overall payload, however, the percentage of packages is only 12%, 

which means that only 12% of environmental impacts caused by the payload are assigned 

to the packages.

4.1.3 Example-2 Physical basis (2)

In the LCA study of the following production step:

Crude Milk => Cream + Law Fat Milk 
1000 g 100 g 900 g

12.6 % fat 99 % fat 3 % fat

inventory data of the production process can be allocated to the cream and low fat milk either in 

mass or in % fat. The choice of this allocation rule changes largely the impacts allocated to 

the cream and the low fat milk.

The choice must be made according to the goal of the study, and can be tested using a 

sensitivity analysis as shown in Example-3 of Section 8.3. However, considering the cream 

which contains 99% of fat is more economically significant product of the process, the 

allocation procedure based on the fat content might be appropriate in some cases for this 

process. The allocation factor for the cream is calculated as (0.99x100)/(0.126x1000) = 0.79. 

This is a physical allocation procedure in cooperation with economical consideration.

4.1.4 Example-3 Economic basis

Bitumen is produced from petroleum refineries as well as other co-products such as gasoline, 

kerosene, gas oil and fuel oil. The refinery process may yield 5 % by mass of bitumen and 

95 % by mass of the other co-products. For simplicity, the petroleum extraction, 

transportation and refinery process are considered as one unit process with a set {DJ of input 

and output data, including depletion of petroleum resources, fuel consumption and emissions by
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transportation and emissions, e.g., VOC, and waste, e.g., spent catalysts, from the refineiy 

process, as shown in Figure 4-2.

Consumption of resources 5 % by mass

95 % by mass

gasoline 
kerosene 
gas oil 
fuel oilEnvironmental emissions

bitumen

Petroleum
extraction

■t RefineryTransport­
ation

Figure 4-2 Example of bitumen production

There is no way to avoid allocation by identifying a process which only produces bitumen, 

because all the co-products are made from the same input as crude oil. It would not make 

sense either to expand the studied system to include all the other co-products, since the bitumen 

is used for purposes fully different from those of the other co-products.

Therefore, an allocation factor F has to be found which shares the set {D;} of data into bitumen 

and the other co-products in an appropriate way. All data {D;} multiplied by this factor F will 

represent of the environment loads which have to be attributed to the bitumen.

The next step is to find out a procedure of physical allocation, i.e., to identify (and justify) a 

physical parameter which can be used as a basis for calculating the allocation factor. 

According to ISO 14041, these physical relationships must reflect the way in which the inputs 

and outputs are changed by quantitative changes in the products delivered by the system.

One procedure which is used to find such a physical parameter is to vary the ratio between the 

different co-products in order to find out which parameter should be kept constant to keep the 

data set {Di} unchanged. In the example of the lacquering of different metal parts A and B 

(see ISO/DIS 14041, Annex B, example 6), a physical parameter (the specific surface of the 

products to be lacquered) could be identified and justified by such quantitative changes in the 

products delivered by the system, i.e., by varying the ratio of the two sorts of lacquered metal 

pieces.

This procedure fails because the ratio between the mass of bitumen and the mass of the other 

co-products can only be varied in a small range which involves a significant change of the
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process parameters including energy consumption. A variation within this small range which 

keeps all data {Dj} unchanged is not possible.

In such a case, any physical parameter, e.g., mass, feedstock energy, thermal conductivity, 

viscosity, specific mass, etc., could be taken into consideration in order to identify the physical 
parameter which reflects the underlying physical relationship between bitumen and the other 

co-products, but none of all these parameters can be justified to be preferable to the other ones. 

The fact that in this example the ratio between the bitumen and the other co-products cannot be 

varied with all data {D;} being unchanged, indicates that the physical allocation cannot be 

applied.

Therefore, the third choice proposed in ISO/DIS 14041, i.e., the economic allocation, can be 

applied. It may be assumed that, as an average of the last three years, the market price of 1 kg 

of bitumen is 50 % of the market price of the average of the other co-products. This means 

that the causation of drilling, pumping, transporting and refining oil is rather the production of 

the other co-products than the production of bitumen. Then the allocation factor is F = 0.5 x 

0.05 = 0.025, which means that 2.5 % of each of the data {D;} will be allocated to the bitumen 

and 97.5 % of these data to the other co-products. Note that in the case of mass allocation 

bitumen would have carried 5 % of each of the data {D,}.

4.2 Recycling

4.2.1 Context of the Standard

For recycling, DIS 14041 states in section 6.4.3 that:

■ The above mentioned allocation principles and procedures also apply to reuse and 

recycling situations. However, these situations require additional elaboration for the 

following reasons:

(1) Reuse and recycling (as well as composting, energy recovery and other processes 

which can be assimilated to reuse/recycling) may imply that the inputs and outputs 

associated with unit processes for extraction and processing of raw materials and final 

disposal of products are shared by more than one product system.

(2) Reuse and recycling may change the inherent properties of materials in subsequent use 

and these changes shall be taken into account into the calculation.

(3) Also, specific care is needed for system boundary definition regarding recovery 

processes.
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■ Several allocation procedures are applicable to reuse and recycling, some of which [...] are 

distinguished in the following to illustrate how the above constraints can be addressed:

(1) A closed loop allocation procedure applies to closed product systems. It also applies 

to open loop product systems, where no changes occur in the inherent properties of the 
recycled material(s). In such cases, the need for allocation is avoided since the use of 

secondary materials displaces the use of virgin materials.

(2) An open loop allocation procedure applies to open loop product systems where the 

material is recycled into other product systems and the material undergoes a change in its 

inherent properties. The allocation procedures for the shared unit processes mentioned 

above should use, as the basis for allocation:

- physical properties,

- economic value (for example scrap value in relation to primary value), or

- the number of subsequent uses of the recycled materials (for example, rubber used in a 

tire to rubber in a shoe sole to energy recovery from rubber incineration)

■ In addition, particularly for the recovery processes between the original and subsequent 

product system, the system boundary shall be identified and justified.

physical properties,

economic value (for example scrap value in relation to primary value), or

the number of subsequent uses of the recycled materials (for example rubber used in

a tire to rubber in a shoe sole to energy recovery from rubber incineration).

4.2.2 Example-4 A closed loop assumption

A manufacturing process for HFC-134a, used as an alternative fluorocarbon refrigerant, is 

supplied with ethylene as one raw material, but a portion of the ethylene leaves without reaction 
and is handled as substance to be recycled.

Ethylene 
0.232 kg E=> RFC-134a

manufacturing process Ethylene 
0.014 kg

Figure 4-3 Example of ethylene input and output for production of 1 kg

A closed loop allocation procedure can be applied to this scenario. The ethylene of the output 

displaces some of the input ethylene needed for the next batch, and the net consumption of 

ethylene is decreased to 0.218 kg per manufacturing cycle.



The ethylene leaving the process is possibly not as clean as the virgin ethylene entering the input 

stream. A cleaning step might be added to the process to bring the recycled ethylene to the 

same level of quality as in the virgin material, which results in an expansion of the boundaries of 

the system studied. The closed loop allocation procedure remains applicable to the expanded 

system and avoids the need for allocation.

Ethylene 
0.232 kg

r-^. Ethylene 
0.014 kg

Losses = 0 kg

Figure 4-4 Example of adding an unit process

The net consumption of ethylene remains the same in the example, but other consumption and 

releases, for example electricity consumption, are added to the studied life cycle inventory of 

this system.

4.2.3 Example-5 Expansion of the system boundaries (1)

There are cases where recycling in a product-specific system participates in product- 

independent material pools for glass, steel, aluminum, etc.. The product-specific system 

delivers secondary raw material as a co-product into that pool and is supplied with secondary 

material from that pool. If the export and import of secondary raw material between the pool 

and product-specific system are equivalent, the product-specific system can be modeled as a 

closed loop recycling without any problem. If there is a net export or import of secondary raw 

material, an allocation problem comes up and further considerations are necessary regarding the 

handling of the co-product recycling. The following example is to clarify the problem and give 

a possible approach.

Figure 4-5 is an example of tinplate production based on the BOF (Basic Oxygen Furnace) steel 

production. Tinplate scrap displaces virgin metals, but the BOF technology allows only a 

fixed percentage of scrap input. Therefore, the amount of scrap metal recovered is 

significantly higher than the input capacity of the steel and tinplate production process. The 

net scrap output into the pool is a co-product. That is why a net scrap output participates in
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an open loop recycling outside the product-specific system.

The key question is “What is the benefit of the net scrap output in the steel production?” The 

answer is that the additional amount of scrap in the steel market:

- displaces pig iron, and

- increases the percentage of the EAF (Electric Arc Furnace) steel production, as the EAF steel 

production is relevant on the average steel market as well.

With an expansion of the system boundary to avoid allocation it can be modeled as a closed 

loop recycling system based on a technology split of the BOF and EAF steel productions 

(Figure 4-6). This closed recycling model can be established with the following conditions:

- to produce the same amount of tinplate as in Figure 6-5, namely 100 kg.
- to recover the same amount of scrap as in Figure 6-5, namely 80 kg.

- to observe the fixed scrap rate on the BOF process, namely 11%.

- to adjust a split between the BOF and EAF steel productions, which split is determined by 
the remains of scrap outside of the BOF steel process, namely 76 kg.

Note that this kind of the system expansion may change the original object and scope of the 

study as well as the system boundaries.



recovered 
scrap 
12 kg

recovered 
scrap 
68 kg

into the steel pool

recovered 
scrap 
20 kg

system boundaries

recovered 
scrap 
60 kg

used 
package 

80 kg
recovered 

scrap 
60 kg

waste 
20 kg

Disposal

Recycling

Package
Production

Pig Iron 
Production

BOF and 
Tineolate

Figure 4-5 Recycling in case of tinplate packages
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system additional process as a result of 
expanding the system boundaries

35.7 kg

34.2 kg 65.8 kg 80 kg scrap for 
reuse in the 
product systemtinplate 

100 kg

recovered scrap

package 
80 kg

used package 
80 kg

recovered scrap

Disposal

Package Production

Recycling

Pig Iron Production

Tinplate Production 
based on EOF steel

Tinplate Production 
based on EAF steel

Figure 4-6 Closed loop recycling model for tinplate packages recycling 

with a product-specific rate and adjusted technology

4.2.4 Example-6 Expansion of the system boundaries (2)

A product system may include a recycling process that produces a product different from the 

recovered product or material from which it is derived.

A way to account for this type of recycling is to subtract from the inventory of the studied life 

cycle, the inputs and outputs of an equivalent production process using raw materials. This is 

an example of expansion of system boundaries to avoid an allocation issue.



Recycling process

Classical process 
of production

Recovered 
product or 
materials

Primary
resources

(minus)

Xkgof 
product P

Xkgof 
product P

Figure 4-7 Example of subtracting an equivalent

4.2.5 Example-7 Expansion of the system boundaries (3)

Material recycling Energy recovery

1 kg of plastics 1 kg of plastics

Consumption

Collection

Transport Environ­
mental Consumption

Collection

Transport
of resources Sorting emissions of resources Sorting

Treatment e.g., CQ, 
wastes,

Treatment
e.g., primary 
energy, water Material

e.g., primary 
energy, water Energy

recycling effluent recovery

Environ­
mental
emissions

e.g., CQ,
wastes,
effluent

Product Product
1 kg of plastic film 26 MJ of heat

Figure 4-8 Example of material recycling and energy

Plastic packaging materials, after consumer use, can be processed into different products, 

depending on the recovery option. As an example, Figure 4-8 shows inputs and outputs 

associated with either material recycling to produce plastic film and heat energy recovery. 

Since material recycling and energy recovery yield different products, the consumption of 

resources and the environmental emissions due to these two options cannot be compared 

directly.

To facilitate a comparison of the inventories of these two options, an expansion of the system
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boundaries can be applied, as illustrated in Figure 4-9.

This method expands the system boundaries so that the two modified options produce the same 

amounts of the same final products. The material recycling pathway is supplemented with an 

equivalent process (also known as a complementary process) generating 26 MJ of heat from 

primary resources. Likewise, an equivalent process generating 1 kg of plastic film from 

primary resources is added to the energy recovery pathway. Since this method guarantees that 

both the options produce the same amounts of plastic and heat, the overall resource 

consumption and environmental emissions can be compared.

The same approach can be used for comparisons of more than two recycling options with 

different products.

Material Equivalent process 
recycling for heat generation

1 kg of plastics primary resources

Energy Equivalent process
recovery for film production

1 kg of plastics primary resources

of resources

e.g., primary

Collection Mining

Transport Transport

Sorting Steam

Treatment
generation

Material
recycling

Environ­
mental
emissions

e.g., CQ,
wastes,
effluent

Consumptior 
of resources

e.g., primary

Collection Mining

Transport Transport

Sorting Refinemen

Treatment Film

Energy
productior

recovery

Environ­
mental
emissions

e.g., CQ,
wastes,
effluent

Products 
1 kg of plastic film 
and 26 MJ of heat

Identical products Products
26 MJ of heat and 
1 kg of plastic film

Figure 4-9 Example of an expansion of the system boundaries



5. Examples of conducting data quality assessment

5.1 Context of the Standard

DIS14041.2 states in section 5.2.5 that

■ Data quality requirements should be established which define the following 

parameters:

- time-related coverage;[...]

- geographical coverage;[..]

- technical coverage;[...]

■ In all studies, the following additional data quality requirements shall be considered

[...]
-Precision^...]

- Completeness^...]
- Representativeness;^..]

- Consistency;[...]

- Reproducibility;[...]

■ When data are collected from published literature, the source shall be specified. For 

those data collected from literature which are significant for the conclusions of the 
study, the published literature which supplies details about the relevant data 

collection process, about the time when data have been collected and about further 

data quality indicators, shall be specified. If such data don’t meet the initial data 

requirements, this shall be stated.

■ For each data category and for each reporting location where missing data are

identified, the treatment of the missing data and data gaps should result in:

— a data value which is justified;

— a "zero" data value if justified; or

— a calculated value based on the reported values from unit processes 

employing similar technology.

■ The interpretation shall include a data quality assessment and sensitivity analyses on 

significant input and outputs in order to understand the uncertaintyof the results.

5.2 Data requirements to establish the specific listing of sites

In general, a comprehensive life cycle inventory involves the collection and integration of 
hundreds upon thousands of pieces of data regarding the product, process, or activity under
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study. Depending on the scope of the study, information is gathered from different companies 

and even continents. As such, it is essential that the management of data quality is an integral 

part of the overall process.

The following describe several data quality requirements and data quality indicators that may be 

used in a life cycle inventory. The goal of the study establishes the basis for defining the time- 

related, geographical and technology requirements of a study. This scoping activity is an 

important first step to establish data quality requirements.

5.2.1 Time-related coverage

Several decision needs to be taken regarding the vintage and source of the data to be used in the 

study. A distinction may be on the age of the primary which are site specific, and secondary 

(e.g., published sources).

Example-1 The targets may be established using both type of sources
The targets may be established using both type of data collected from different sources. They 
are,

a) primary data collected from specific company within the last year

b) secondary data using published sources within the last five years 

When the age of data deviates from these targets, it should be noted.

Actual measured data is considered the best since it provides an understanding of variability 

inherent in the processes to be modeled. However, properly documented ,calculated, or 

estimated data provide valuable input. Where possible, data are collected for a minimum 

period representing 12 consecutive month. Such data provide clarity on potential seasonal 

effects, natural process variation and accidental events. In addition to specific period of study, 

it is useful to review the previous 12 month period to check the consistency and to help identify 

any anomalies or potential reporting errors.

5.2.2 Geographical coverage
The spatial boundary may included the site specific facilities that are part of the product system 

for a study, which may be further specified to a specific region or market sector. A study could 

equally extend to a local. In a site specific situation, each participating company initially 

determines the amount of product that is included, which is subsequently traced back through 

the supply chain and forward to recovery, recycling and disposal. The supply chain may 

extend beyond the specific region where the product is sold, especially when raw material 

suppliers are participating in the study.



The documentation of this product flow is important since it sets the framework for the 

management of information and subsequent data quality assessment. This list also provide the 

basis for the assessment of completeness.

5.2.3 Technology Coverage

The listing of the specific sites that report data is used to define the inherent characteristics of 

the production, process and environmental control technologies. Summaries from trade 

associations and government agencies provide a useful inspection for subsequent review of 

repesentativeness of the industry sectors.

This outline is used to decide the mixture of technology and the number of locations by 

technology type that will be included. The goal of the study will dictate the mixture (e.g. best 

available, maximum age). Generally, a production weighted actual mixture is preferred, since 

it provides a good baseline for subsequent evaluation and sensitivity analysis to define the other 

possibilities, assuming sufficient participation in each category.

5.3 Requirements to characterize the quality of the data

DIS14041 shows the five indicators to characterize the quality of the data and the collection 

and integration methods.

5.3.1 Precision

This is a measure of the variability of data values for each data category expressed. It measures 

the spread or variability of the data set values about the mean of the data set. For each data 

category, the mean and the standard deviation of reported values is calculated and reported for 

each unit process in the product system. These precision measures may be used to assess the 

uncertainty of reported values and aid the sensitivity analysis of the study results.

5.3.2 Completeness

The percentage of locations reporting primary data from the potential number in existence for 
each data category in a unit process. The completeness is assessed by the portion of the primary
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data values used in the analysis divided by the number of possible data points associated with 

each data category for each unit operation. The quotient is the actual number of reported data 

values divided by the listing of possible sites that was compiled as part of the spatial boundary 

activity. An agreed target is generally defined before data collection begins in a comparative 

study. With the goal that each product system have the equivalent level of completeness. 

Targets should typically set at a certain level (i.e.70%). As with the precision measure, 

completeness is also used to assess the uncertainty of the reported values.

5.3.3 Representativeness

An indicator of the qualitative assessment of degree to which the data set reflects the true 

population of interest. This indicator measures the degree to which the data values used in the 

study present a true and accurate measurement of the population of interest. The degree of 

representativeness is normally judged by the comparison of values determined in the study with 

existing reported values in other analyses or published data sources dealing the subject matter. 

Any major variances identified are examined and explained.

Example-2 Biased sampling with completeness
In order to introduce the unit emission of carbon dioxide per regulated electric energy (per 

kWh) in a certain region, surveying each conversion plant to summarize for averaged value may 

be a proper approach. Nevertheless, if the survey is achieved to investigate the majority 

according to the number of the power plant, the result must be less representative when almost 

all samples are restricted to nuclear or hydropower.

This assessment may also determine the level of production represented by the participants in 

relation to the population of interest. In essence, this assessment is similar to completeness 

but is focused on the geographic, temporal and technological dimensions of the product system.

5.3.4 Consistency

Consistency is a qualitative understanding of how uniform the study methodology is applied to 

the various components of the study. This quality measure is one of the most important to 

manage in the inventory process. There are a number of steps that must be taken to ensure 

consistency. The most significant of these is communication. In a study which involves a 

number of different companies which in turn collected data from different sites in different 

countries and continents, there must be a clear understanding of what data is being requested, 

how it is measured, how it is reported, and how it is used.
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Example-3 Reported value from a number of manufacturers
In order to assemble the energy consumption of each material for input of the production 

process, it is required to collect numerical data from a number of manufacturers. Some of them 

may be reported using the published data such as national standard, while others introduce their 

own status by actual measuring. Since they are not uniform in collecting method or precision, if 

it is difficult to avoid mixing of distinct approach, a preliminary assessment should be held to 

check the deviation.

For instance, investigating the emissions to air, the comparison may show that the emission of
C02 reported by individual measure is slightly smaller than the published value of national 

standard while that of S02 is identical.

5.3.5 Reproducibility

This measure describes the qualitative assessment of the extent to which information about the 

methodology and data values allows an independent practitioner to reproduce the results 

reported in the study.

This quality measure is used when some form of public claim is to be made regarding the results 

of a study. Anti-trust legislation may also excluded the attainment of the level of transparency 
needed to satisfy its' use in the public arena.

5.3.6 Identification of Anomalies/Missing Data

Anomalies are extreme data values within a data set. These values are normally identified 

through statistical analysis and/or as the result of expert review. Whenever anomalies or 

missing data are identified and either removed from the data set or replaced by a calculated 

value, they are identified in the study report. These data values may exist as a result of 

misinterpreted requests for data input, misreported data values, improper analysis of data 

samples or simply not available.

The anomalies are identified during a comprehensive review of each data category for each unit 

process. The anomalies are returned to the reporting location or internal company experts to 

determine their validity for inclusion in the database. Where the anomaly is explained in terms 

of a process upset or accidental release, they are retained in the data set. If an explanation 

cannot be found or a reporting error cannot be corrected, the anomaly is removed from the data 

set and properly documented.

Once the anomalies are dealt with, missing data are evaluated to determine the appropriate
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inputs for individual data categories. A basic guideline is that each data category for each 

reporting location shall have either:

- an acceptable reported data value

- a zero value where applicable

- a calculated value based on the average of reported

- values from unit processes with similar technology
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6. Examples of performing sensitivity analysis

6.1 Context of the Standard

CD14041.2 states in 5.2.4 that:

■ Where the study is intended to support a comparative assertion made to the public, 

the final sensitivity analysis of the inputs and outputs data shall include the mass, 

energy and environmental relevance criteria, as outlined in this section.

and in 6.3.4 that:

■ Reflecting the iterative nature of LCA, decisions regarding the data to be included 

shall be based on a sensitivity analysis to determine their significance,^..]

6.2 Needs to conduct the sensitivity analysis

A sensitivity analysis has to be made when a significant result of the inventory analysis depends 
on values which are either:

— determined by a choice,

— or with an uncertainty range

(or when the effect of a choice or an uncertainty is not clear).

This decision is related to the goal of the study.

The sensitivity analysis may result in:

— the exclusion of life cycle stages or sub-systems when the lack of significance can be 

shown by the sensitivity analysis,

— the exclusion of material flows which lacks significance to the outcome of the results 

of the study,

— the inclusion of new units processes that are shown to be significant in the sensitivity 

analysis.
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6.3 Possible approaches

Example-1 General
Sensitivity analysis can be carried out by changing a key parameters of the Life Cycle analysis 

and recalculating inventory in order to compare the results to the reference situation. More 

specifically,

1) introducing parameters corresponding to the key points to be tested,

2) changing those parameters in order to recalculate the inventories for each analysis,

3) evaluating the sensitivity of the parameters by comparing the resulted inventories.

In conducting the sensitivity analysis, some parameters have to be determined to characterize 

each analysis. The number of calculations depends on the number of sensitivity analysis the 

user determined.

The examples of key elements to be considered include:

— the choice of the functional unit

— uncertainty of data value (inside a range)

electricity consumption, transport distance, etc.
— uncertainty of system boundaries (geographic, time)

choice of the electricity production model (e.g. OECD average for 1994, or 

Statistics of Country-A’s Electricity Demand and Supply (1993)), etc.

— other methodological choices

allocation rules , cut-off rules, recycling rules, avoiding the study of the 

production step of a non-elementary flow, etc.

Example-2 Prioritization of the parameters to be tested
Sensitivity analyses are performed to test the effect which key assumptions and data variability 

have on the results of an life cycle inventory study. A common approach to sensitivity analysis 

is to change the data input for a selected independent variable by plus or minus a defined 

percentage (e.g., change the fuel oil consumption in a unit process by plus or minus 10%).

Assuming a life cycle inventory has 15 unit processes with an average of 10 material inputs, 4 

energy inputs and 25 individual emissions per unit process; this would results in 15,000 

combinations that could impact the results of the inventory calculations. The brute force 

approach of changing each variable individually to determine the effect on the inventory results 

is neither cost effective nor necessary. Therefore, a method to identify the important few 

independent variables that should be included within a sensitivity analysis would be beneficial.

In an attempt to prioritize the independent variables, a variance Index may be utilized to
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determine which of these variables strongly influences the results of the study. The conceptual 

thinking behind a variance index suggests that four factors may influence the significance that 

an independent variable has on the results of the study:

- the contribution of the quantity of a unit process data category to the quantity of a 

product system data category,

— the relative importance of the data category (sensitivity factor),

— the variability of the unit process data to the unit process data category,

- the completeness of the inputs to the data category.

Unit processes with higher percentage contribution have greater influence on the inventory 

results. Data categories have different environmental effects related to material flows, energy 

flows and emissions. The precision of a data set is directly correlated to the uncertainty of the 

inventory results while the completeness of a data set has an inverse correlation.

Example-3 Selection of allocation procedure
In the LCA study of the following production step:

Crude Milk => Cream + Low fat milk 

1000g 100g 900g

99 % fat 3 % fat

Inventory data of the production process can be allocated to Cream and Low fat milk either in 

mass or in % fat. The choice of this allocation rule changes the impacts allocated to cream 

and Low fat milk.

This choice can be tested using a sensitivity analysis. If the goal of the study is to compare 
two butter productions using Cream, the results of the comparison will not be sensible to the 

allocation rule (because it is the same for both productions). However, if the goal of the study 

is to compare butter with vegetal oil as cooking agents, the results of the comparison will highly 

depends on the allocation rule.

If the results of the sensitivity analysis shows that the results for Cream Life Cycle are always 

under the results of Vegetal Oil Life Cycle, then the choice of the allocation rule is indifferent 

(results #1). If not (results #2), then it will have to be documented (e.g. choose an allocation 

rule based on fat (%) because fat is the active principle that cook)
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Results # 1 Results #2

Figure 6-1

■ Cream (mass)

□ Cream (% fat)
□ Vegetal Oil

4—-------—h

Sensitivity to allocation rule selection

Example-4 Energy consumption

When electricity consumption (E ) on a site ranges from 1 MJ to 3MJ to produce 1 kg of 

product (average: 2 MJ, uncertainty range: +/- 100%), a possible approach of the sensitivity 

analysis is to compare the results when E = 1 MJ and E = 3 MJ.

If the results of the comparison of the inventory data show a small deviation (e.g. 5%) around 

the reference value, then the inventory results are not sensible to this parameter E, and the 

average value can be taken (E = 2 MJ).

On the contrary, if the results show a large deviation (e.g. 100%), then this electricity 

consumption has to be studied in more details (the global results have no significance at all).
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