e : PRI
X O I FRIEETEH A @“{\ ‘. K‘-*g
E- 1 i} ¢ i

NEDO-GET-9613 T
"'1'5’-"‘5&’3‘2-"«:-’.{;’&';! - LY erprons sm

2l

1B i kA

T3 X - AAELFE

?M)—W'&QM Qo“!- 1.“!““1 T fl’ 4 [ t
; 4'

_DISTRIBUTION OF THIS™ DOCUMENT 5 UNLMITED |
FOREIGN SALES PROHBTED i

!“.
i 3

TR R AL T

p L AN L

ER9EIH \

BT OV X — - EEREIRR A B TR
K% HHEBAEZERREAEGS



DISCLAIMER

Portions of this document may be illegible
electronic image products. Images are
produced from the best available original
document.




T 8 FEEBERBEE
NEDO-GET-9613

I AVF —EHGEL T IEE R A

FERIEI A

FTANF — - BETWRAHIERERE
Rite HHEEANEEREBIAHR




4K
B
iy
Hu
g
S

HHE OYHEW

H €6 M

CAYLTNHER TN Y LORHMEO > SUNSYNLRE 0 Y RIAHEEEY
YN BH T B

BEVOT VHEIPHOL 2ACIRYMENEHBOUWEYO T YL TEW I
¢ LBFINHEY FLHECSMUEC T NSy WY R 2 1HERME 42 b Y
A2 O TEHFIME "2 (WALLFLAL VLV £) VITZN LU
REBLNIBEQAY Y LM NEES 2~ AL TY N WL 2D HOBLY O Kk
CYCLRMNER BRL (SHERRYERLEYESMH —FALT) TUDW
BOTXLENNTESEES IMSYURSEHEEAVRER " RO2NgG LMLy
“YRLOIYUATE (G T ZEWO
[(BECHUEDLVES M~ 5 ¥ T] Y INENHS S WAUSURSHUETY P
ET CGTRE0G¢ (0TIN) HHBMSWWLRT - — £ ¥ TY “HEIHY



(£ & & & E&]

IANVF-ERGEATFEERRERZES

ZRE W ¥ B AEESEARATET BBURFLEE
£ g F % B BEEFFEFIIVE-8 FRAZE

) Z M ok Ik EIREFET REEEFEEE

C EFD & % WELRAHARFANESZH TEFKA

T s m B A BARRG) RERSEETRT WARE
ZAREHE () EXRSEENAHECER

AEERREE (GDEXRBEEEGRXEBEE & 0 B B



IxNF¥—ERASELCFEERRAE

= X

¥ X A&

RRESAW

BE 2 (Summary)

VN i

}‘; ............................................................................. 1
1. %ﬁm%ﬁb:@ﬁb%%mﬁ%(%k%@*f@LCA ............................. 3
1.1 LC Aﬁ%@ﬁ;‘k ........................................................ 3
L. L1 LC A@ﬁ,[k .......................................................... 3
1.1.2 LCAIZBITAAL YIS FPTFHODTFIE  cervcrrreeeatreactcricactencennnns 6
LL3 LCAIBUIAAL YIS FEFHEDRIEEE  ccvvrvreerecamcaseacoseaciacaes 14
12 %ﬁﬂg%ﬁn%b%}%jﬁ%ﬁ@w%ﬁﬁ%& ................................... 19
.21 ﬁﬁ%%@@%% ...................................................... 19
122 ﬁﬁg@%ﬁ%iiéjyhj}\t/_)p ................................. 29
1.23 I-:‘/uhj]\J g)ﬂ_z‘@‘é ................................................... 34
124 |'\y ....)1,_' a)l—kﬁ)fz ....................................................... 38
.25 LCA &4&@%&@@%{t@ﬁfﬁgﬁ ..................................... 46
1.3 LCALMOFEDAL )37 FEEMODILEL  cccceereeneriiiriiiiiiiiiieenes. 48
14 LC A@’—L}fﬁo)ﬁﬁﬁ ...................................................... 56
2 BEBEELCADI SOBEBNDEESMHIZOWNT  errrierertiiiitiiiiiiieiees 58
2.1 ‘(%ﬁ@@ﬁ/(7qj-47)y./f‘/&y}\l)%ﬁ)’( ............................. 59
2.2 @%%@ﬁ%@;ﬁbéwg@ﬁa‘ .......................................... 80
2.2.1 _ﬂQEEU@g;}‘{ ........................................................ 30
222 LCARKBROMEZNEHTNRNERNZ  crccccrcrrcrtiocrtscsiettinnncenss 80
2.3 47’\‘7}")%*7?0155‘3'6&.%15014041 ........................... 95

3 t.j—()\ ................................................................... 135






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
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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 CD14041.2 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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CONCEPT Life cycle DFE Cleaner technology | Industrial ecology TQEM
thinking
Overall objective | Linking environ- Designing products | Cleaner and more | Understanding Reapplying TQM
mental effects with the enironment | efficient process | synergies between | principles to
generated along the | in mind technology industrial activi- | environmental
life cycle of a ties, i, e. indusrial | management:
human activity metabolism optimising the use
of technical and
human resources for
environmental
performance
Use by: -To broaden the -Product design -To improve/design | -To establish -in operational
Industry environmental applications processes environmental implementation
debate from single synergies with
issues. other industrial
-Strategic product partners
activity planning
Government -Strategic policy Not applicable -Prolicy objective | -General policy -Not applicable
planning without for instruments, in- | objective to
adverse effects centives, education | facilitate imple-
-Understanding the etc. mentation
life cycle implica- -Local planning
tions of political
decisions
NGOs -Environmental Not applicable -Awareness raising | -Consept diffusion | -Not applicable
NGOs use concept -Techology diffu-
in support of their sion
thinking
-To identify a
single issue focus
Object analysed | Human activities Marketed products | Industrial processes | Industrial pro- Industrial opera-
cesses, industral tions/services
activities
Focus Technosphere Technosphere Techonospere Technosphere Technosphere
(sector specific)
Time axis Not specified Future Limited by eco- | Not specifled Continuous
‘| nomic feasibility
Spatial axis Not specified Not specified Site specific appli- | As in ecology:from | Site/organisation
cations site specific to specific
general
Strengths Forces consider- Facilitates Encourages focus | Encourages Harnesses available
ation of trade-offs | consideration of on process establishment of human and financial
along the life cycle | environmental efficiency & waste | symbiotic links resources tomards
factors in design minimisation at continuous improve-
source ment
Weaknesses Lack of spatial and | Design focus limits | Process/technology | Power to implem, | Requires attitude
temporal detail general applicabil- | focus could con- | ent is ofter changes and
ity strain search for so- | dispersed amongst | maintenance of
lutions different players momentum
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62, 321-26
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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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HEFRTRCEHBENIBEEYEZHEFICL > TO “MiflE” ODEMM-) TETIENTE
579, il - ZEHEOFMATEICE S,

LCADTZRHMDAT vy 7THAHLCI (Life Cycle Inventory) DA ICBWTIL, et
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TOOL LCA ERA EIA EAu
Overall objective | To ensure improvements | To evaluate the likeli- To assess the positive To verify compliance
on a lifecyle basis hoods of adverse effects | and negative impacts on | with given requirements
To identify improvement | on the environment the environment of a and that common
priorities associated with a plannes(future)project standards are being used,
To understand the specific hazardous by means of third party
environmental profile of | situation checking
a system
Use by: -Communication -To check the acceptabil- | -To meet legislative -To check and demon-
Industry -Focus for improvement | ity of the risk requirements strate compliance with
plans -To identify the need for | legislation, policy and/or
-Long team strategic changes to the project to | a standard
planning mitigate impacts
Government -Tosupport lifecycle -To defind acceptability | -As an input to decisions | Not applicable
thinking uses criteria on planned projects
-in allocating regulatory
resource priorities
NGOs -Support use of lifecycle | -To challenge the -To challenge the Not applicable
thinking but sceptical of | acceptability of hazard- | acceptability of planned
appliocations ous situations projects
Object analysed | Specific good or service | Specific hazardous Specific planned(usually | Company or site
situation cohstruction)project operations
Focus for change/ | Technosphere Technosphere Technospere and Technoshere and
improvement ecosphere ecosphere
Time axis Not specified Specific current or future | Future Past and current
situations 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 Assesses local and Assesses both positive Provides a means for
regional impacts. regional effects on and negative effects third party, independent,
Facilitates consideration | specific targets Considers local impacts | checking
of impacts in terms of of project
service to society
Weaknesses Cannot address time and | Can be time and Cannot easily address Compliance focus means
location dependent resource consuming regionavglobal effects or | emphasis is more on
effects Cannot address whole effects along the life weaknesses than on
life cycle cycle improvement
Which effects are | Overall potential Effects on the health of | All effects of the The local environmental
considered? environmental impacts | specific human and planned project on the effects of the activity
of all resourcus used and | envionmental targets local environment being audited
wastes generated (including humans and
other species)
Input/output focus | Input and output Output Input and ouput Output
Interpretation impact assessment, Comparison with Environmental costs and
Valuation acceptability standard benefits
Procedure/ Algorithm Algorithm Procedure procedure
algorithm focus
Basis for Functional unit Actual or predicted risk | Input to political Current performance
comparison with acceptability decision versus requirements
standard




$124—1FK SETACKIA®EEHY - IOHE(2/2)

TOOL EPE SFA EMA ISCM PLA
Overall objec- | To provide reliable, | Accounting of To assess the To assess and To evaluate
tive objective and inflows and energy and reduce the overall | potential environ-
verifiable informa- | outflows of one material balances environmental mental, economic &
tion about the particular sub- associated witha | impact of sub- social impacts of a
environmental stance through the | specific operation | stance chains good or service
perfomance of an material economy along its whole life
organisation cycle
Use by: -To measure -To highlight -To identify -To develop a -To identify
Industry enviromental opportunities for opportunities for practical action improvement
performance and environmental improvements plan for reducing | priorities for
its improvement improvement enviromental products or services
-To identify related to the impacts of
strategic business | substance substance chains,
opportunities products and/or
companies
Government -To track progress | Not applicable Not applicable -To establish -To define policy
towards policy improvement objectives and
objectives targets for compa- | targets
nies and industrial
sectors
NGOs Not applicable Not applicable Not applicable Not applicable? Are pushing its use
Object analysed | Activities of an Specific substance | Specific operation | Substance chains, | Specific good or
organisation or phase of life but also products, | service
cycle companies,
industrial sectors
Focus Technosphere and | Technoshere Technosphere Technosphere Technosphere
ecosphere
Time axis Past and current Not specified Not specified Current situation | Current situation
activities and and future options
future trends
Spatial axis Specific to the Not site specific Specific to Not site specific Not site specific
activities of the operation or phase
organisation of life cycle
Strengths Provides measure | Can take account Provides structured | Enables consider- | Integrates environ-
of enviromental of potential way of identifying | ation of economic | mental, economic
pertformance with | environmental and assessing and environmental | and social aspects
direct link to policy | impacts along the | potential impacts aspects in inte- within one tool
objectives and life cycle of operation etc. grated tool
targets
Weaknesses Provides relative Focus on one Forcus on one Is a macro-scale not | Cannot assess
not absolute substance could phase of life cycle [a micro-scale tool | specific, local
measure of give misleading impacts
performance results
Which effects Those most Potential environ- | Use of energy and | Potential environ- | Potential environ-
are considered? | relevant to the mental impacts of | materials and mental impacts of | mental impacts of
organisation's all resources used | wastes generated all resources used | all resources of all
activities and wastes and wastes resources used and
generated generated, impacts | 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 ? Environmetal Impact assessment, | Impacts on environ-
relevant measures impacts of energy | economic effects | ment, society and
of performance and material flows economy
Procedure/ Procedure Algorithm Algorithm Algorithm Algorithm
algorithm focus
Basis for Trends over time Substance Defined system Current vs. future | Functional unit
comparison
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H E] % % 1 %
2HAR #1000 t/d
HExANF— B |347FkWh/B vabvy ¥ —E0KREHA
=1.5573 kWh/d BEhH%224d/8
#2yh | 600 2/d HWEY aNVE

R7 EUFERO L N F —[FRE(Y
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'8 A Y

EAvA L
BUIANIH lkg

i 9.4X10~ [/kg

R8 BN, & BEKLBICHD 5 2 30X —HE L REAR RN

VAo g AW 2/ I
Bk BHANERFOHBES
BYANRT % kg 2.0X10-* kWh/kg
BHAMBECHET 2ELE Jiv&ih =t
FeCl, 1.3X10~* kg/kg | BOD* 2.8%X10' mg/kg
=V 2.6X10"¢ kg/kg | COD* 6.8X10" mg/kg
AZ 7= (50%) 8.5x10~5 kg/kg | SS* 6.0%X10" mg/kg
EHER 1.6X10~* keg/kg
5 1.6X10"* m*(Wet)/kg
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sat X ExRY H RILATAE IR IERE
IRFEIE— B 25 T 2t 1.2 t(6 5) 30 km
B — ch LB R R 4t 2.4t(6 &) 50 km
FREALE R > B S&/7TNVE/EE 20t 12 t(6%D 40 km
R HEE > s FIE= A 20t 12 t(6 &) 40 km
PRUMEMER ~RRAME | YaVvyd—FXb 10t 6 t(6%) 10 km
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BROFERC & 3HRUERL LT
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2 LT, CO & SO,DHHIZO>VLTRR
PEOTF—-7 ELTREL, ZoMofkEHic>
WTiE BUWAL? D[l ER>Tnd,

(2) by rEmRcET 28R

AHRETE, EHOHBEHAILITE~NOH
5, BGEENOEE, BELSCrhb 8%
BERINTVS, EARE LRI, LT
oy 7 dMEREN D, ERNOEREERIOHE
HIREAMIE TS X F v 7 B REBEOWEY
»55|FL SOx %2 S0, & LTAREL ., %11

Jur-11| 7ar-12 WiRT, TOTF—F X BUWAL?DF—7% &
A &L, CO,DHHBET R, SO,ZIFIR
Ca(OH), kg | 0.00123 |0.00140 Rg&EZoT5,
HCI1(35%) kg 0.00007 0.00008
& kg 0.033 0.033 2. it E # B
EX kWh | 0.650 0.650
AT m’ | 0.00018 ]0.00018 FRFETO T — 5 {ERIE, HE BUWAL O
b2/ daaky) PEH 7 — F 12y, CO,E SO DWW TEHE
HAE kg 0.00028 | 0.00064 DF—FELTRELTWS, £1212CO, &
CaCl, kg 0.00120 | 0.00091 SO,DHEH D EERE 2R,
F 11 BEr#EXOFEHFEER
REREE Co, SO, NOx
(km/!) | (kg/km) (kg/!) | (kg/km)  (kg/l) | (kg/km)  (kg/l)
20t b7y 7 (8H) 2.2 1.180  2.596 0.00145 0.00319 |0.00364 0.008008
15t b I v 7 (&) 2.7 0.962 2.5974 [0.00118  0.003186 | 0.00297  0.008019
10t b7 v 7 (&) 3.5 0.742 2.597 0.00091 0.003185 | 0.00229 0.008015
4t b7 v (B 6.5 0.472  3.068 0.00056 0.00364 | 0.00145 0.00943
2t bT v 7 (k) 8.0 0.323 2.584 0.00040 0.0032 0.00100 0.00800
(km/1) | (kg/M])  (kg/8) | (ke/M])  (kg/D) | (kg/M))  (kg/D)
BUWAL (&) 2.63 0.07603 2.96 0.0000941 0.00362 | 0.0011706 0.0450
(B2 9200 kcal/!=38.484 M]/!)
£12 CO, Lt SO,NHEHDFEZER(1&H4Y)
7 O VxR VA=D1
SHEHE f& Ed] B3 eHHE BhE A FEE
CO, |4070.74 kg |5.32% 94.60% 0.08% |4274.55 kg |5.169% 96.78% 0.06%
SO, 3.413kg |[7.39% 92.50% 0.11% 3.582kg |7.209% 92.719% 0.09%
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£z 13 CO, HEHiE ((kg/B)

A=B%5y: L1 7o R

SR 4070.74 4274.55
ETRE 216.43( 5.32 %) 220.47(5.16 %)

i 51.81 52.40

TIAF VY 78.12 78.92

$ 4.02 4.09

FINE 1.98 2.16

i A 0.46 0.46

14 10.91 11.29

/N 0.04 0.04

A% 2.74 4.76

(/N1 (150.08) (154.12)

HAHILT 51.60 51.60

Lo 14.75 14.75
Ed] 3851.09(94.60 %) 4051.56(94.78)
e 3.23( 0.08 %) 2.52(0.06 %)

Yavyd— 0.64 0.66

HHIIT 0.11 0.11

AL 0.04 0.04

X 1.66 1.71

(/INgH) (2.45) (2.52)

A=k 0.78

H52 0% K 0% 788 2%
TS 1% L0
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SHLOREL 21TV, ErOHHEMERRLT AD
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B X P 2 BIRMEALC & Y EEfEES L 7,
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£ 1 RHBEHNORBEOIZ 2T, BED
{CEREOEREY Y O CO, HEH FEALI,
BiEo" Ik 3 CO, HEHFEHAL 2 AV iz, SO,
Z2OWTR, {EARHNOREC L2 LR
B, RS 2EWBRMEEZHATIL87.9%
L7,

KARETHE, IMJOBRE2BIHIC
100 kg DABHBETHEdbDE L, kR
WHDE LT EFNEEDT —F i
BUWAL® KU Pre-Simapro® 2553 L7z,
BRFHEBEOATTRCTEMRI L UTREEE
nTw3, RFAREOHEHT -5 1%, KEHE
HmeE&H, KNIRBRHEXTERLT -5 L
LoTw3, CO, SO, Llﬂ@%%({lﬁﬁ?%ﬁ?
H&ZiX, BUWALY »55|[HLTWwADT, =
— B v N TOIHRERURMTEEZ 2 Z &
BTER, K2, AAEHRELTHESLS 1
kWh¥7: b D CO, & SO, DHEH 2573, A
WesDHEYTE, EAHOCO, DHH I
0.3923 kg/kWh TH b, FFFEDHH CO. B
HOBKE W, FRETCRIEESREHTE» S
ROTW3B, ZORELBEbh3,

(4) AF—»1

AF—AlE, EHECE>THELERZ LA
NE—WNREZN, TITHAF—As1lkgH
T2DEMIIM] ELTHE -

2.2 & i

HK1D&S7—% 2#H L. ThZEhD
FRCHEDOEE&KITBHOBIIME 5h, 4
vy bEEENBBDE LT, ThiZ, &
SHOBERRBMANZTENTHLRWT L 2EKE
T 5,

(1) a—7208LE

REBEEMBESOREE? 2EFL T
I—-7 AEEDREMERIDOLIKED, K
FONTAD5 CO, HHEZKD L, SO,
DHHERRROHOWENT v ADoHED
—J RAIFHFADSEFREHLL, TDI B
a— 7 RFCHERAENS 59.915 m? HHE T B
B Eh, 84Ymishs? dDE L,
FEREROSEEFEIX0.67%& L, 23—7 A

12 62%, a— 27 APH R IBYA/EEIND D
D& L 7::8)0 COz: SOz .LX ﬂ‘ D yF Hj %
BUWAL® X 95| L7,

2) BFRUER

R R UBRAR D SR HE A IR 8500 %SRBSR R E:
MREOHREFIEZSFRXCLTRIDEIK
EH, BTOEATDCO, BEHE X, BA
REORARE L CO, FFHFEHEM N S/NT R
TRDIz, BIFAACEENIHEIE, HE
8, %A/, 3—-7 R, AREADEL, #
%, BIFAAR, A7 BHEAELENT VR
XVEHLE, REL, 88H, 12— X, &
R, $t8k, R 7 OMBSERE T AL ZFN
0.01, 0.05, 0.6, 0.67, 0.02, 0.99% & 1K &
L7z, _
INSOHERE2EETLYL, -7 AFH
A, A—=F7 R, @IFH R, EFATAREE &5
SO, HEE R 2 RDB Z L8 TE B, X4
AT TS DRRBETIE CO, SO, LIS D HE
HIFERERLTHRY,

3) HfHDELE

BERESE - vy b - $i8k - SO RS FEAT
RS WCRLL, BEOT—5 13, BERIFLE
FEEATHS,

4) 4>y bORLE

A7 zo7 04 2BAT S I L CEHE
DAYy MBI TE S, ThThOEKEAEIE
BRFAEMOERHY »65|A LT, £/ 7=
O 7 aA{ OEGECHERER LR L EFERRAE
FROER »55|A L7z,

(5) SHiRELE

BE, WIE, BEt- &%, BERH-Z2DTEE
TRLRER 2R 2 REBERMBESOHRE
BOEBELE LTEODISICED Iz RiT
BERELE T, BTDLICTERTOIHLOD
LT, BETRBOLELANVY —HBTHELZO
T, BETRLAFLIRELI,
UEDREDT CEIUMRDOBLE T — & %1ER
Lize 22T, EFFAOERERSRWOT
ERL, BFFARVEFRD R GEIEDRZOT
ZTORETEIRER L, £7-, RIAZEHR
ULPG z#BTEMBE L, EIETCLE
LR ZEBRROEE WX, 0.75kWh/m® DESK




x1 MEEHNOFRBOINE

HB4 BRXN Py Y oa) LNGXH RFH bi\A]
BAT2H0 | BR 1 kg 58] 0.548 kg LNG 1 kg EL 0.55555 kWh | 7K 100 kg
HWHEM 0.452 kg kg v VA 0.00272 kg
Ak 2.467 MJ
=W 0.009 MJ
KRA A 1.159 MJ
KIEHELT | 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 0.000761 kg
SO, 0.00158 kg SO, 0.00264 kg SO, 0.00000145 kg SO, 0.001545 kg
NOx 0.000761 kg
CxH, 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 6(0) 0.000019 kg
N.O 0.00044 kg N.O 0.00062 kg N.O 0.00023 kg HF 0.000005 kg
CO 0.00293 kg CO 0.00062 kg CO 0.00138 kg
7KEHE ) F 0.001005 kg
S0, 0.000213 kg
NO; 0.000238 kg
CL 0.000013 kg
Na 0.000165 kg
NH; 0.000466 kg
Fe 0.000002 kg
EEEELY CaF, 0.001173 kg
IE3E7 0.001903 kg
HKEEHRE BR 25.93XFcoal MJ BR 43.08XFoil MJ | EX 54.38XFgas MJ | EX 1000.0 M]J EX 1.0 MJ




2 1kWh¥7-b O
CO. (kg/kWh) | SO,(kg/kWh)

electricity Japan kWh 0.421825 0.000345757
#E Y
I ]
(] So (572
&
I & 57&] LX7‘7-7'7' j
L & & iﬂtfe‘iiﬁ
I i J
% &
A T 7
&% SEH% L&k
[z7-vzm ] [ & ®m |
(e w ]
[(eamEERER__
[(emEZE ] BRERE BEIERE
% & | L w | [T s |
| iREIEE |
——
GRLEE SR [ BEE#mH-5 |
H - & 3 it
[Cazmm ] [ & s |
WML 6 Bt % 84 T A E (i@ | z7ovz | Lasmmg_ ]
M K - &R - X R E] 1"

1 B EETRO T — 5

BHBELbDEL, BHRIRERREESNEE FOETEEZK 2 D & 5 L,
nan, £BREEBAENELL, REmA S NS, M, EXHE, FAMfon
23 EHER EREME, REDELSCED,
(1) A (2) FHI=9A




R3 BEF - -B&F - 27 RFOFERREIFEEAL

AR 7 a—7 RfF
e 1239.82 kg 1.834 kg
vy b 121.976 kg 0.001 kg
gk 1031.6 kg
i) 264.206 kg 146.24 kg
748 3.474 kg 0.863 kg
alkE 2.559 kg 361.16 kg
HA 0.085 kg 2.193 kg
Fa=wA b 1.702 kg 138.74 kg
A7S97 10.778 kg 113.162 kg
KTk 0.003 ¢
L2301 0.026 !
RALAK SR 2.82 1
A B 0.018 ¢ 0.149 | 0.053 ¢
CEH 1.861 ! 0.005 !/
LPG 0.174 kg 0.742 kg 0.01 kg
R 21.394 kg 0.049 kg 1451 kg
ax 70.355 kg 2.391 kg
a—7 A 427.594 kg 3.277 kg
AlI—7 R 1.859 kg
a—7 AFEHA| 19.657 kg 4.497 m? 59.915 m?®
EIFA A 385.052 m?® 0.065 m? 575.231 m?
ERIFS A 16.141 m? 0.077 m® 9.305 m?
BN 62.166 kWh 50.118 kWh 36.744 kWh
ERAF A A 106.167 m®
BFEA A 1594.894 m?
a— 7 RIFH R 408.198 m?
3 1000 m?
Gzt 1000 kg
a—7 A 1000 kg
A7 310 kg 130 kg

KL TI—JRFEHFR+ T—7 R « BIFREFT A « GIFEH ADREE X 5 SO, B R

a—7 RFH A a2—7 R BIFEY A ERIR Y A
SO, HEd % (kg-S/m?) 0.00905 0.0060274 0.0001388 | 0.00179
SO, HEH %% (kg-SO,/m?) 0.0181 0.0012054 0.0002766 | 0.00358
84% iHit% (kg-SO,/m?) 0.002896 0.000192864 | 0.0000442 | 0.0005728

TIE =y AOBEREAIZ, {LFEREWR
i 25|A L7, EERGOEETOFME L
BHAEMSOLERZERKTERYORT AN
DHE,PSEHL, FHESILBHAZINE D
D ERE LTz

2.4 TSRAF v BB

TIRAFy 7BIZOwTIE, BicfbEITY
ST ATy 7 NB{RERES OFENIH
xBIHHH, KY=Fr> (PE)®, ®Y 7o
Ery (PP)®, RYRXAF vy (PS)9, RY
ge=r (PVO)®, RYZFVvrFVv7¥



RS BEEEL - vy b - $E8R - HEAOBLEFEA

IR BEES L kg| RV y blkg| S8k 1 ke | ¥ 1 ke
o3 1A kg 1.23982 |0.00123
~_Uy b kg |0.002818 0.121976 | 0.000002
gk kg 0.712114
i3/ al kg | 0.0943836 0.897087 | 0.264206 | 0.009812
1A kg | 0.00187 0.003474 | 0.000579
AKAE kg | 0.155903 0.030664 | 0.002559 | 0.035573
HA kg 0.000085 | 0.002101
Fa=4 b kg |0.027256 0.061572 | 0.001702 | 0.009634
ATT797 kg 0.010778 | 0.377745
&l 1 0.000688
Eil 1 0.001716 | 0.000538
LPG kg
JERH B kg
Ak kg | 0.007764 0.018797 | 0.091749 | 0.001647
I—2 R kg |0.04493 0.008516 | 0.427594 | 0.004129
AMI—2Z kg 0.001859 | 0.000153
I—7 AFEHA kg |0.00002 0.013591 0.003308
EIE A A m® | 0.001683 0.000051
TRIF A A m® | 0.000554 0.000085
LNG kg 0.000057
B kWh | 0.036637 0.064968 | 0.062166 | 0.183698
B m? 0.019679 | 0.049567
R6 BE - B BED-E - BEROH-> S IR TOLERER
FIE BIE | BREID-E | BRHoE
L kg 0.000656 | 0.00149 | 0.000913 0.000033
Bl kg 0.005524 | 0.00422 | 0.00765 0.00009
BHA A A m? 0.01056 | 0.00737 | 0.01463 0.00057
I—JRFHFA m 0.02557 | 0.01786 | 0.03543 0.00137
ERIRA A m? 0.00766 | 0.00535 | 0.01062 0.00041
LNG kg 0.00218 | 0.00152 { 0.00302 0.00012
[ m® 0.00082 | 0.00057 | 0.00113 0.00004
B kWh | 0.0931 0.1454 | 0.0957 0.1526
R7 BEAFRMEOLE SO LR
WIESIR | Rl - SR | EXD - &R | BEMIK | A7VVAEKR | ERER
IE 1[E 1@ 1 E 2 [H 1M 1@
W 1 E 1E 1 & 1@ 1@ 2 @
BRiD - & 1E
BRb- & 1[E 1=




AT %8 JH - R - G OISR
ﬁ'ﬁ 5 1 kg | FEEHTL kg | SIME] ke
T ELEF LA kg 2.33612
SRS 57 kg 1.27516
| EXH kg 0.4176
HSYIF R $RA77v7 kg 0.27418 0.00672 0.5981
| i ke | 0.001559 0.0170637
e &if ke | 0.0791207 |0.006291 |0.00589
I LNG kg 0.00315 0.03612
TR AMI—7RX kg 0.01209
[ AR kg 0.10761 0.00205 0.0268
BEHR  gry5y7 277 kg |0.00U
peyy— __, EX kWh 0.34579 0.26853 1.19383
-
2 MEAEL 1 MR OME T
[} <

H &

7oL 119 kg ——>T77Y0=}FY) lkg----

—> o T > {tk#A% 0.055 kg

f——3 74 b=} )t 0.025kg
(T ferFn0)
He

waste water 2.6 kg

NH, 047 kg

|

5

T 71 0.2kWh
wHIK 0.3 kg
7utx Ak 2.3kg

3 ABSORLETHE

v—b (PED)WIzDOWTEINAS25AL
oo 7200 UNT IV RF VR
(ABS), ®Y v ¥ > (PUR) &7 {ERK
L7z,

TIAFy 7EORFE R BFEHOEE RV
F 7Y FEOT 1%, {LETESY »55(H
Uiz, Ief2L, 779 %2FEEETHTO0LRT
X, 7 YOG EERNORBFR T 35%25,
B 65%lE, FEMSEMAINEIHDEL
7':16)0

(1) ABS (F7ZVua=tryn/79oxv/
RAF- )

ABS OSLETREDOIEZ %M 3 IZRT,

7Ty 017 kg >
Z F = >~ 0.60 kg > —> ABS lkg

T7Ua=F"n 0.22 kg >

B o

BOD 0.00098 kg

COD 0.014 kg

SS 0000035 kg___
B RS 0.0077 kg,

{3

g‘:' 1

L 71 0.71kWh
RAF—L LTkg
ik 330 kg
il 1.046 MJ
i@ 8% 0.0013kg
K % 0.0285 kg
{+hn%n 0.030 kg

(2) PUR (RYwviv)
RYvvyroxERE, TDI (b Yy
AVY¥Y7x—1) EPPG (RY Fuv s/
Ya—n) ThHs, PPGIZPO (FubEly >
FEFAF) pofEEINZ, 4T T,
TDI, PPG, PO DIz iz CMC &R 2
FER U7z,

(3) ABS & PUR DOJF¥

ABS & PUR O ER & iz 2 R, BFED
ZEROTHIZCER LI, RIWCRT,

25 H 2 R
HIADHEET - 3T Iy 7 A%
FBRER LT, 7 ADSETEE2RS5 IR



R %
Pz 0.65 kg

HNO; 0.93 kg 3

CO 0.33m® ——> TDI 1kg
Ha 095 m? )
Cla 094 kg 5|
# W
[HC1 0%2kg
# 8
25— 24 0011 kg )
T 51 1.25kWh
— T X
HIK 12 kg Pl 08ke> ——> PUR 1kg
r— PPG 0.4 kg->»
Bo#
Cl l4kg > e
,,gn)?’nt‘(ll;[;/)o,gkg._) PO 10ke > PPG 1kg
CaCO; L.14 kg >
A
#t # &
% 1 02kWh % 71 0.3kWh
AF—2L 10kg AF—L 2kg
WwHIK 300 ke iHEK 100 ke
E4 RVTVvErOoMETRE
&9 ABS & PUR OFEHOSEREN
IR S 1 1m?®|CO 1 m? |[EERAR 1 md |7¥vzy 1 kg
HER|AF—4b 0.68 kg [KFE 0.7 me
BA | F7Y 0.333 kg |SHARA 1.429 m® |+ 7% 0.32 m®* |CH4 2 kg
B 0.013 kWh|EX 0.263 kWh{EX 0.015 kWh{EX 0.16 kWh
AF—4L 0.1 kg | bz 0.0006 kg
e | CO, 0.7 kg BOD 0.0001 kg
NOx 0.0002 kg COD 0.00044 kg
(&9 D00&)
e 1 FveE=7 1 m® | FEER 1 kg
preEs
BA +7Y 0.68 kg 7E=7 0.28 kg
BR 0.2 kWh| ESX 0.055 kWh
i 1.673 MJ
i | CO, 0.95 kg
NOx 0.001 kg
SOx 0.00084 kg




Bo#

TiIRTi 0.04 kg >

BF 0.03 kg

) A% F 0.73kg->
v — 7K 0.20 kg —>»
Fo=4F 017 kg

—> 7 A lkg

#
A
®

#

c02 0.857 kg —
NOx 0.004 kg —
SOx 0.00002 kg —_—

EFzHEh% 0.0001 kg —>
waste water 44 kg —>

4

71 0.000381 kWh
it 0.264 kg

5 ¥7ADEETE

ES

2.6 FUR—=I KM

o R—NWERMDT -5, 75XFv7
MEBREHESY HSF|ALI, Y R—VD
FR e 3ARMOFy 7O LEEZERCOWTIE
N#E LHBERAZERAEN S EREL,
{LEEEPERD & D, 0.3225X10% kcal/t &
L7z,

27 7oy
JovERASEETRR, Jurll, 7av
RXERsNs OEL, RE7uVEEE
Tix, HFC-134a, HCFC-141b #fER & h 3
bOELTTF—% 2ER LTz

(1) 7or1l, 7ar12

7u 11 (CFC-11) RU*7u > 12 (CFC-
12) OELEFEMIZ, Y—T Ay —19 kD3]
AL, 2hoid, MEREL 7 vibkEE
FReLT8iEshs, EBRBHESNDY,
IhidR AR s FHEME L TRE LT,
PE{LRBEDOESEREM G, Y —x by —1
EVBIALK, AFNVZUSA FREAFLYY
U4 FBHEEINDE, ThoRBBEREATT
— ¥ BERR LTz, FRIE R BRI, FMEE
LTHMBEB LIz, AF/—VIEEBHAZIHS,
7 v bAFEOSLEREMIIEMNR Y- 520
DT, BEESEH»SDERTIER L, UED
7o ADIEER 6 WTRT,

(2) HFC-134a

KB 7 o> ThHs HFC-134a D BE R H AL
&, “Process Evaluation/Research Plan-
ning”? i & B 7z, CFC-1L,12DFE LA U
<, EBRZHEEeAR Lz, FRERZ MY
zunxF v rORERENMIE, Y—x2by
—EDEIHAL, MY ZooxzFrren
—zunxFVvrBREEENDG, KRG FV
VRERAATLIIDOELTT -5 20EL
2o BIT7WRT,

(3) HCFC-141b
HCFC-141b O8LEF BT BN R Y 5
BWOT, BEEREDSDERTER L, B
82T,

3. CO, RU' SO, HiHZ

KW T, F£ILED CO, KU SO, DHEH
EEBEDTF - ELTRELTWS, EHD
BFEHic oW T, £ < X BUWALY #5|FL
Tw3, Lo T, CO, & SO, BASHIZHEE
PMEWEEDNI B,

FHETH SN2 RM DBED CO, & SO,
D, RUEHOSSELE L 2 5 baE
PRIOKCERT, £/, M9CO, £SO, D
BEH&E R 77 74 LTRSS,

THEOT—s ORELERXFEMT 20
&, SERELOWRERLEBRFT T2 L8



N < 4
2% 7= 040 kg -]

—> CCl 0.5kg

1
Cl; 0.88 kg > > 2FL7054F 02kg :
§Ke 0.05 kg o) > 2 5L > 27074 F 03kg
!
1
" #® '
m 71 0.35kWh :
AF—L 3.6kg )
Wk 300 kg '
: B #8
! | _
Ro# L ol 246kg > ——> CFC-11 1kg
# A 22kgiy > CFC-12 1kg
——> HF1kg = HF 0.49 kg > -——> HCI 0.85 kg
% & 2.9 kg ES
7 # 8
B O® £ 77 0.440kWh
CaF, 0.020kg AF—4 2kg
Az 40kg wHIK 200 ke
waste water 10.0 kg
#® %
® 51 1.0kWh
7ot AK 10.0 ke
& i 022/
H6 7uvll, 7ovl2ofETe
B # F
Fue s
41> 0232kg> —— F R E Lo ke PI7EEIEY S > ——> HFC-134a 1kg
Clz 1.721 kg > |——> HCl 0.831 kg
NaOH 0.001 kg > l —> .91 > 0.014 kg HF 1.038 kg 2> ———> HCl 1.318 kg
A )
B % # &%
® 51 02kWh T 5 0.723kWh
2F—214 45kg wHEK 180 kg
1 wh 0.044 / AF—24 4340 kg 150 psig 1.84kg
WK 300 kg 50 psig 2.50kg
7at K 25kg
@& 95 keal
7 HFC-134a OELETE
BLETH 5, BB, IICEREOETEL W1
5 b Y I IAINF — « EERNREHERECEL TR

EHETIE, BEDOLCADWESEHTES
NTWw3F—F OB - BEEHLELT, R
ROBALAEC L VBEL TV, ZDE%
T, TTRRLEF—FiEwE £TOLCA
DEFIFHETCOREFOEB LAE[MIT SN
3, Lo L, BIASERSHC b RSz LCA O
WMREHEZ v, SREINSDT—F L DHE
2155 FETH 5,

HOBERERT S, ¥/, BART—SEEHEF
mo Tl it RBAEOBHRE K 25
LaiR3,

CCE (fEE 2

£ 5 X R

1) JNEROEHE FREE B, BWER: SA T4 LT
¥AAYIY T PO L7 “NIRE-LCA” 0%, A
AL ZNFE—FLEE 73, 12, 1075~1079 (1994)




R # B o#
24k = — by 7oaoxyr
Elee =< 6.77kg > 1.27 kg > ————> HCFC-141b 1 kg
Cl, 0.8 kg —» ———> Y 7uox s lkg
———> HCI 0.6 kg HF 0.2 kg —
HCI 06 kg —>] ———— HCI 0.35 kg
#t 5
i £
T 7 ok 2 5 Lo
N : 24—L 3.0kg
wHEK 200 ke 7aRk 20kg
wHIK 200 kg
8 HCFC-141b 0ffiETiE  CaCOs 0lkg
£ 10 FEHELEDFEEN
BEH & ey ¥ LE#xA
CO, S0, aix A LNG F 74 Hifl LNG
(kg/kg) | ( g/kg) | (kg/kg) | (kg/kg) | (kg/kg) | (kg/kg) | (kg/kg) | (kg/kg)
FSRFy 78E
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
SRS
AT VR 3.273 4.903 0.4026 0.4198 0.1287 0.0697 0.0045
B 1.545 1.608 0.5316 0.0871 0.0440 0.0235 0.0015
B 1.468 1.584 0.5485 0.0800 0.0399 0.0228 0.0014
BRID- & 1.430 1.569 0.5422 0.0727 0.0345 0.0203 0.0012
BIiH- & 1.356 1.445 0.5446 0.0678 0.0339 0.0225 0.0012
WEE 1.288 1.387 0.5382 0.0578 0.0276 0.0220 0.0010
ESER
TIVE 2.020 3.494 0.0335 0.5466 0.0376 0.0158 0.0013
FAEEi O 1.265 1.921 0.1470 0.1722 0.0981 0.0275 0.0034
Z Dfth
HI A 1.928 2.182 0.0293 0.3119 0.0014 0.0257 0.0001
SR —n 1.671 1.454 0.0610 0.1305 0.0145 0.0216 0.0005

2) NBREHE, FRE %, JulES: “NIRE-LCA” &
FBT7ANI=TADOBECRETEHEMRROLE,
BAT A VF L5, 74, 1, 46~52 (1995)

3) [ZEEEHOANX—-EITHAERES], MLF
EFEHIZRAT, 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) WILER, XS : [RES7 v PO 2N F—
WS ), B PRBTIeRrE4:, Y90015 (1990)

6) {LFEI%S: (HEH el s EPS (RERXY R
FV ) ORVTETIVF OBRERETE], b




12 r

10}

2
0
X g o A !a s 02 [
A ¢ ¢ 2 & 2 B
N B S £ £ € ~ B
U # IR
X I =
12r
10 SO, (g/kg)
8-
6-
4
2
0 X # #® W =
FAT 1) we 0F
N o0 2 P 2
N B O £ £ £ ~ =
i~ & K
X CE

CO. (kg/ kg)

ABS

=
m
A

PS
PVC

s
FoK—n
CFC-11, 12

HFC-1340
HCFC-1416

PS

PVC

PE

PP

TR
FrR—n

HFC-1340
HCFC-1416
CFC-11,12

9 BFEMD CO KU SO HrhiF &

I#£, (1993.3)

7) BHREEE, BTG B HERBUSRIE L BRI, =
FN¥ -5, 11, 8, 27~39 (1991)

8) [7Y7nxan¥—FIMA LR, BERH
TR PINBORIT AR, AEAMRIR (1991)

9) RHREY: HEROFHERLEN, IR
(1990)

10) “Simapro, the software tool to analyse and
develop environmentally sound product”, Pre
Consultants, Bergstraat 6, 3811 NH Amesfoort,
The Nertherlands, (1993)

11) ALER, WEES: RES7 ~ F ORBILEE
o), BAPRWRAERSE, Y91105 (1990)

12) BUEAEMFEY R 7 AMEO 2D OEBRREN
R, BEREB—EBFHMA oMY —F—5—,
KBNS BEARYFMEERRS, TR 7

#3A

13) [&FE - =2 VF—Hbd S OBERFEMcET 3R
EHESRTELEPLE LT—], BEENTER
HERR

14) RIFEHEHER, BEAKEEREASTHKIE (1993)

15) [FZ2AF v 7 WG OERIEINSHIRBE IC R
B RETM]), 77 A F v 7 AB{EHEHS (1993.3)

16) AMEEIZEORRK, AMLEIEBS, p.4
(1992)

17) D94 BAREERKEO IR P L), v—2 Ay —
(1994)

18) 753y Z7Xx:18, 3, p. 214 (1973)

19) [80 FERD{LEAa R b—5 2 BEEHEMSAL, &
—x A¥— (1979)

20) “Process Evaluation/Research Planning”




22 BEREERROKRD 3ATORE

221 —mEROEX

ISO014040 CRReNs—HFEANCE., HEHNDLVEHVEVEERAFZIATY
AHEFLEL . KBENEHEOTWEVIEEREFL TS, LI L. BZE~OHE (L
R—F 4 27, BEABICEER, AFTH5.) 27 ) BICEAMEHCKRBELLLVA-}
EBZ 2B -0l E Ll DHBELENHHERITTCwE, ZhidDI S (Draft for
International Standard) IZBWTIXEIC

shall

EVIHIRFTREND, BEEERKES] I SILEN BT shall i3
[« .- &3]
2k 3]
-FBHIE]
() 2t
- (L) Z20hid%skwn]
SEeBYETH]
- 5]
RELREND, BRHBVIERTHS (MEJIS Z8301-1990%Db35H)
b, TORNEHTRLEEL D,

-/ | | - b} -
. . . . . .

222 LCAKR®D (F=&F D) KEBIrEGTRNERNR
DIS14040CINE.[EZEREEI.DTOoHEEZREBLTCVWRTRIZRL2W
(Shall)le & B, LW o T, TCTREHBICHLTE-EREICLLEY, ZDR
TEFIEL L THEEREZITIZCLET S, HEIL Lo TEFIHMALA TRV D,
AEELZODIBETHD, KO THRBTEEL DO [ | EBETRLA, $7/2, 41 V%7
FT7HARXRV MR E, 25 FDDOHATELHMIAOLATVWRWEHB 555, ERICHAL T
DEHEOFELTIZHREL T 5,



[—H&EA]

(1) LCAZR. LCARKEE
[Za V¥ -—ERERLFRERAEIEZRR]

(2) HEH
r199547#)

(3) AMEFFEFEFRIBICEILL TERENEZZENDEE
IHRICHLTRBEBSACRERTAZILERETH S,

[B# (Goal) &%EH (Scope) DEZ]

(1) B® (Goal)
® LCARYF+1+ERBDENE (shall)
[BAREICBITALCAMEDERICET 5729

@ LCA#REDH®E (shall)
[ty o oFERRIC: 2BEATOHE]

® X&#HEHE (shall)
[EED—FKFE]

(2) #E (Scope)
O E4MZEETILZEAR
NI LTI, BEHAEIE 1L ARFTOLDEBICEA L kY,

@ #Hig
a . MEESEEORER (shall)
[DTFICRTOIECR O IBEN R G REE
- BRI R
- BHHER4 00 1%
YR A A R Rl A




- FOMEHOBEEMLAFEDOD O (BK
BEEEDF S ariihvndon)]

b I HEIZBIT 2 MBBREOERAR

(shall)
CHICHLTREBEETICIECE
KHRRRIE R S TVRV,

A BN

a . E#& (shall)

(AR oEEEETL2EEOHEE
1 AFET 5 aiENHEE]
B LEBE L OXESMH (shall)
[EEHEZHERLTVS]
D HEEE O R (shall)
[8E S N b — kB 2 W RE O Mgk
BEAFR%ETH 5]

VAT LIER

a (BEERFELTCOELZIAF AN

DAAB X UHHEE

REPICR AT LERICBTS
AHTICEL TREEXRRELTO
EE - EHRIFCTOR TRV,
ZFofbh LT RANF—, EKR
EREMZE 22 1 RCEBFTVE,
T =Y DORA - FRAOHM R

ROV TREERICEERS
Tz,
54T VR OEBEBRER. 4
7ot x, EHT—4% (shall)
[MTFToREFICEIE, Akt
WELZRE)OEHEBREZRETR
& L7,

$£221% wEEOCEMHENER

(Ba#Hzed)
WS H R
- HEEA 7oy | 7oy | HE LWL
REWIR 10.31] 10.82 | BRH > & +HE
H o &R 11.18| 11.07 | B&K : JEWR=1:1
AFVVRHEIR| 0.24| 0.56
MRESHEIR 2.96| 2.95
WEERR 8.62| 8.73
O BsE 3.59| 4.10 | HEMIICHNIT
53 NEE 36.90 | 38.22
k] 1.38| 1.56| X@l44
AEE, 1.80 | 1.68 | SHEER:
E:5| /NEE 3.18| 3.24
FIs 0.98| 1.07
Z DR 0.07| o0.07 | #EH
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| o0.01
FOfzATTEksAs | 1,38 1.40 | PS wing
PUR 6.82| 7.66
Tz /—LF 0.06| 0.06 | PUR izt
HYZRFLFH 0.00| 0.00{ PUR &/msk
7Y nEk 0.14| 0.14 | PUR izhni
F OB LERIE | 0.16 | 0.16 | PUR i
B |(BHEvor]| 0.2 FC-12
REg7o> 0.18 | HFC-134a
Feram | BE7o | 0.84 CFC-11
RE7a> 0.69 | CFC 141b
Wi | 0.18 i3]
Fith AT 0.24 | 88
HIA 0.24| 0.24
A 0.34| 0.33
#® 6.53| 6.76
z0ft 1.70| 1.81)4EH
&&t 85.84 | 88.40
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RS, EHBRRE. B X URERRK]
22l ER0o70—-F - R2RFTHILDIEST L,
e . BWESDRE (shall)
[EWNT A—5 (RREE) CLIAWESZHRA]

® F—sA7ITY

a:F—¥ATFIT)DORE
[KR&ERWHE]

b :&7—%A7I) OFMEH
[KRARBEEWE : CO2BLUS02)

CITANF—BMICLEZANF—-ABNOEEI (shall)
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d I EBHICHET 5H11R% M (shall)
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TR OFERFEFRRIICLD 199 2EEERBETRA L LBARER
i
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- KARBE
KIRBILIYIMIDEN2B270I121 0 0kgDBEAPHVORE DL
FHE, COBEHFLEWHEOHRIE L L,

-BFNREE

BUWAL 4) EUPre-Simapro1 0) 22565|HB, F-EFAREICBITEA
DETRTEHE L LTEHR L CO2. SO :UN0FELEYEOHEN I FH
CBUWAL4) »55[H,

F222KBIUF223FRIC.LEOHRTERSINAZENL kWhHZHDCO:2ES

O::DHHEZRT
£222FK BHEEHNOREDINZ
HE& BRXH <y Dol LNGK 1 FF7 x5
BATELD | AR 1 kg =%::} 0.548 kg LNG 1 kg BR 0.55555 kWh | & 100 kg
BHE® 0.452 kg kg | v 8B 0.00272 kg
Ak 2.467 M]
pick::| 0.009 M]J
RBFA 1.159 M]
KLBEENY | 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 0.000761 kg
SO, 0.00158 kg SO, 0.00264 kg SO, 0.00000145 kg SO, 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
N.O 0.00044 kg N.,O 0.00062 kg N.O 0.00023 kg HF 0.000005 kg
cOo 0.00293 kg (el0] 0.00062 kg cO 0.00138 kg
REEE F 0.001005 kg
S0, 0.000213 kg
NO, 0.000238 kg
CL 0.000013 kg
Na 0.000165 kg
NH, 0.000466 kg
Fe 0.000002 kg
Bkt CaF, 0.001173 kg
Btk 0.001903 kg
REAOER |5 25.93XFcoal MJ BR 43.08XFoil M] | & 54.38XFgas M] | BK 1000.0 MJ g5 1.0 MJ
$£223% 1kWhIh ol
CO, (kg/kWh) S0, (kg/kWh)
electricity Japan kWh 0.421825 0.000345757

e . BABEE (shall)

COHBICEHLTEAXRREICZFEDEN TR,



f I EThBEHEAILY
[ARECHEELT ]

® PHMADBIUTCRDOBHICEThLHEBORIE

a : BEB X ORiREHF DR (shall)
(Bl %22 1KBE]
7eZ UAHTIBRICHET 22 BEORKRIE R SR Tnin,

b #ERICET2EROZE (shall)
COHBIHLTRERFZEATVERV,

c .BAShIEE, “ANVTB I UBRIBEWRE
(22 1% (Fil) BXUE221~226FIRT]
L, BRECHEICHELTERERERTVEY,

@ F-yamEICHETIERER
COFEFICHLTIEIIS01404 00ERCESSEBREZSATV VY bo
TUTFTDEHIZERERT NS,
-HABRBILESGBERNEMEREPABEA — I —&HOREZHET, 1994 4%
IBICHRE - EML-BRARBEDHKTT — ¥ 2EH,
- BEADOKHEER L L TR R ERELER,
CRERBRDBLIEI DD, EENFORBET -5 2 EBEIC. FENLEDILF
%R,

W o®
7y xr 017 kg >
B o# A F x> 0.60 kg > ———> ABS lkg
7oLy 119kg > ——>770a=F Y 1k8---~p 5 o=} ) 022 kg
NH; 047 kg . f—> o 7 > {bAk#EE 0.055 kg A O
> 7 b=} U 0025k BOD 0.00098 kg
(2P AbAFn) COD 0.014 k
e 7 S5 000003 ki
s g
waste water 26 kg B FZRE3ESy 0.0077 kg
it £
£ 71 0.71kWh
&
%*ﬂh 02 kWh 2F—2 17kg
. i HIK 330 kg
inHk 0.3kg .
X 23k K 1.046 MJ
7akAK 2.3ke R 4 00013 kg
® % 0.0285kg

f+n%h 0.030 kg
$£2218 ABSOZEILRE




R #
Pz 0.65kg

HNO; 0.93 kg o

CO 033 m’ > ——> TDI lkg

H, 0.95m*_y,
Cl 0.94 kg 5]

# W

B &

2 F—2L 0011 kg
T H 125kWh
wHK 12kg

R #

HCI 0.92 kg

R #
—— TDI 0.6 kg -

—— PPG 0.4 kg >4

—> PUR lkg

Clz 14 kg —> 74t
PO 10kg

#Y 7oL s 09kg
(PP)
CaCOs 1.14 kg->

——> PPG lkg

A

1 B &
# H 02kWh ® B

0.3kWh

%F— 1 10kg 2F— 1 2kg

@K 300 kg iEIK

222K K

Ko

100 kg

ULy OBETRE

FilkAi 0.04 kg -3

£Fi 0.03 kg >

Sy AaHs F 073 kg
v =5k 0.20 kg
Fa=e4t 017 kg->

——> 77 X lkg

A
E o
CO. 0.857 kg —_
NOx 0.004 kg —

SOx 0.00002 kg —_—
ERzHEH S 0.0001 kg—>
waste water 4.4 kg —>

#®
T 5 0.000381 kWh

$£223H

B
¢ il 0.264 kg

ToADRETRE
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29 =1 040 kg->]

——> CCl 0.5 kg

1
Cl; 0.88 kg - > 517054 F 02kg '
t
fhEE 0.05 kg ol —> 2 F1L 7074 F 03kg ,
]
A ,
% #® '
® 5 035kWh .
2F—L 36kg X
wHK 300 kg .
: R o#
: }
R o# — CCl 246kg> —> CFC-11 1kg
Ht A 2.2kgiyd f————3 CFC-12 l kg
—> HFlkg === == HF 049 kg>1 ——> HCI 0.85 kg
A
7 gt %
# W o 7 0.440kWh
CaF, 0.020kg AF—u4 2kg
B9 40kg Wik 200 kg
waste water 10.0 kg
% %
T 51 1.0kWh
7oAk 10.0kg
i 0.22/
224K 7urll, 70r1208ETHE
R # R #
. DIA-R-EX 4y n 2 s
5L > 0.232 kg > —> ,b¢_7ng1_7.vylkg b Uu'tgé;’k/g-> ——>HFC-134a 1kg
Cl2 1.721 kg > ——> HCl 0.831 kg
NaOH 0.001 kg > > x 51 0.014kg HF 1.038 kg > > HCl 1.318 kg
A
$% 8 # B
® 51 0.2kWh T 71 0.723kWh
AF—4 45kg HEK 180 kg
® h 0.044 1 AF—4 4340 kg 150 psig 1.84 kg
wHIK 300 kg 50 psig 2.50 kg
7atAK 25kg
i 3 95 kcal
#2£225K HFC—-134an8&TiE
B o# K #
ke =1/ - FY7e0xs>
0.7 kg 1.27 kg -] ————> HCFC-141b 1kg
Cl; 0.8 kg —> —>» Y} Joox s lkg
———> HCl 0.6 kg HF 0.2 kg—»
HCI 0.6 kg —>] ————> HCl 0.35 kg
% #%
£ # 05kWh B i
24— 1. 5.0ke T # L0kWh
on 20 25 =24 3.0kg
Ak 200 ke 7oAk 20kg
#HK 200 kg
CaCOs 0.1 kg

#£226K HCFC—-141bo#ETE



BV AVE:Y i

(1) F— o PELHBEHE £004F%F BEEOEMETE  BEER
O 7 IanE—Bian | W HRER
a (HHEHAZERUVEEEKOZ AV mH xigEAT | W | HELonm

F—EH - ey LS KWh| 70.76 | 70.76
Hih ! 1.83| 1.83

[HAREB T EAGBERMNEM pos ; | o lmne Lonz

ZESORE-ZHW (199449 |y X m? 2.19| 2.19| LNG & LTz

LPG m? 5.45| 5.45|LNG & LTz

BERMR) XA EBRDEBEELER . o | 1a
ELTHENTMNZERGBRET— ¥ zg Fahv% kg | 0.05| 0.05|mm

DEHEE L E, #H | EFRF kg 0.04| 0.04] %8
R ~ B kg 0.19( 0.19 | %8

7z f: L\ %ﬁﬁ?‘]‘%ﬁ%“&b:bf: B ke 0.04 0.04 | 18
55D, FESGEOBETF— % FREALEH) kg 0.08]| 0.08|#&R
Fehigt kg 0.00| 0.00|%&H

- A £ 55} s
TR, SRNLEDONDFE B kg | 0.00] o0.00|%E
THE, 2OEREE2 24 FRIC By & U kg | 0.01] o0.01]E

Tl HrEH kg 0.10| 0.10|%&HR
Z it kg | 0.05| 0.05 4%
b ! ZMORELERFEHIC KL 58 KAt - 4
L ‘ N wg | 00| o-01|#
[ AV F—EREGEFEER )
- H| R PS 0.00| 0.00/ %8
RENRES -BEE "4 7Y : PE kg ’ T
AINTEAXAY MBI EE fﬁ;ﬁ%ﬁ ! 0.78| 0.78|10t+5v7
EHORET—¥ " 2FH, i kg | 0.06| 0.06
i k
CO2.SO:DHHICELTE  (osvmmmw | 9| OV
BAERNT—7ELTREL, 51 kg 0.22| 0.22
. /23 k 2.90| 2.90
ZOMOFERMEOHLICEHL B -
% @7 kg | 0.04f 0.04 HRIRLLTRY
TIBUWAL®Y %31/, kil
BT k -
IhOENHEEE2 23K (3 o x gy ey | 02| 0.23| THEBEERY
l'f:) BXUE225 i%‘{:ﬁ:\"j_oj #HITH kg 0.12] 0.12 | THEESREED
zof kg | 07| o0.17| %@
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[ BE - KRB O SKRESt S
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#225% EMEEOREN

Betig fEraRs b B e
CO. S0, Y=y X! LNG F7Y il LNG

(kg/kg) | ( g/kg) { (kg/kg) | (kg/kg) | (kg/kg) | (kg/kg) | (kg/kg) | (kg/kg)
T7AFv 78
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
At
ATVVA 3.273 4.903 0.4026 0.4198 0.1287 0.0697 0.0045
B 1.545 1.608 0.5316 0.0871 0.0440 0.0235 0.0015
g 1.468 1.584 0.5485 0.0800 0.0399 0.0228 0.0014
Bl - & 1.430 1.569 0.5422 | 0.0727 | 0.0345 0.0203 | 0.0012
BXH- & 1.356 1.445 0.5446 0.0678 0.0339 0.0225 0.0012
BIE 1.288 1.387 0.5382 0.0578 0.0276 0.0220 0.0010
FESER
TIVE 2.020 3.494 0.0335 0.5466 0.0376 0.0158 0.0013
S 1.265 1.921 0.1470 0.1722 0.0981 0.0275 0.0034
Z Dt
I A 1.928 2.182 0.0293 0.3119 0.0014 0.0257 0.0001
FR— 1.671 1.454 0.0610 0.1305 0.0145 0.0216 0.0005

#226F BEBEOHE - - WEERORAZFVEF—

TRV F—. | BE-HHE |
HELoMNE

REATWHE | o | o

23 4.68 46810t v Z v 7

d . FHEEOHEENE
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WEE [JIS—BE]( ISORBER) ICLMEE (—R7—FZHE
mI)
HEREE . ] QA (HARERERE) REVGERREE
MERE: 1994%48H
TOVHEHOBENEER : 70 VHRBOEIEICH L T-5%d D EHE,
WEEERYE 1 24
INLORERE2 2. 7TRIIRT,]




£227K GREOCEAREOBEEIL VT —

=pnp—. | WE-HR |
BUEETTWE | e | wiete |

BEXkWh/B-HA | 63.4] 66.7

747545
12FEELT 9129.6 | 9604.8
kWh

e . BEFEMEXFE
[PRELEBERC L Z2HEBLELZEE L,
CEE7OCE L CIREINEE P EAERER CEIN, SBLEIR5,
)Y A VRS, TVIZ YA, BIUEOAL L,
CHBE—BS)OENELE2 28KNL ) IREL L,
-PEABER CTOFRAI AV 322 9RCETEZ  SEE L EOERICKE
BB S 21T > 720
CFEENICE L TRETRZELSHBICHESINL DL L,
YAl F—FAMEODITRHROFHALINVTF - IIEL TR ZTARIA LK
U ORETEMEEZ, £22 1 0RICRTHEZFEAL -,
BRI EOBRB KRB A AN T —HE CRIBAMICBALTEE221 1
FIRTHEEERA Lo 22 LREAKLECHEBE T2 ESSORETRICHLT
T L7,
EEYOREICELTEETI Sy LI bDL L. ZOLEEYE221 2
RDEIIIBELL My 7HRICB L COBERYERL T -5 3T AF v
I MBIERSOREFICESVTHELLY, ZOESOx2HBRIICSO:
ELTMEZEDL, TORNFEE22.1 3RIITRT,
BETU L OWEABIILELIANF -RUBEYEOHRBYIEE22 14K
KRS EEFER L.

#228% THAEBECOSHME. H. TVI=TA0EINEK

HEME $x88 & FIE =T A
BN (%) 97.4 | 36.4 36.4




£229% PHLABEBRCTOEHRT VT

H B % # fi £
AR #71000 t/d
HEBELANVF— &/ 1345 kWh/B vavy Y—ZEORHE
=1.557 kWh/d BEH%22d/8
2 | 600 //d HMES a_LE
#£2210% EBEVEEHOIAINVT-REM
Vi E P4 % A W
HT{EZE 23| 9.4X10™ I/kg
ZIANTH lkg

#£2211%F BRELEEILBHAKLEICH»2 ANV —HBRLEBESMERM

Va=E¥3 '8 A Y B U Y
Bk BHANERFOHEEES
BIANI A kg 2.0x10~* kWh/kg
BUANBCHET 2EXE BIRARH
FeCl, 1.3X10~* kg/kg | BOD* 2.8%X10* mg/kg
BAF 2.6X10"¢ kg/kg | COD* 6.8X10" mg/kg
2% 7 —n(509%) 8.5%X10~% kg/kg | SS* 6.0X10' mg/keg
R 1.6X10* kg/kg
Eig 1.6X10™* m®(Wet)/kg

() * BHALBEBRREAR GHHBECHEL TRI~UTIE WS 7~ TH 20T, BAEERALL)
*r RHAMBIHEORET 2158

£2212K Iy /mEOBRBLERE

Va-EF ExY HH IR ATHE HEARERIERE
HRFERE— BN SEE WEE 2t 1.2t(6 %) 30 km
BN - AL e WEE 4t 2.4t(6 %) 50 km
rhRALE R~ A E #&/7N 3/ 20 t 12 t(6%D 40 km
R > EHEE TFNI=T A 20 t 12 t(6ED 40 km
PRLEER BN | Yaved—F X} 10t 6 t(6%) 10 km

$£2213% BELHXOZEHERENM

(km/0) | (kg/km) (kg/!) | (kg/km)  (kg/D) | (kg/km)  (kg/!)
20t bT v 7 () 2.2 1.180 2.596 0.00145 0.00319 | 0.00364 0.008008
15t M7 v 7 (i) 2.7 0.962 2.5974 0.00118 0.003186 ;| 0.00297 0.008019
10t b7 v 7 (i) 3.5 0.742  2.597 0.00091 0.003185 | 0.00229 0.008015
it VT v 7 (BH) 6.5 0.472  3.068 0.00056 0.00364 | 0.00145 0.00943
2t b7y 7 () 8.0 0.323 2.584 0.00040 0.0032 0.00100 0.00800

(km/0) | (kg/M]) (kg/0) | (kg/MD)  (kg/D | (kg/MD)  (kg/!)
BUWAL (&) 2.63 | 0.07603 2.96 0.0000941 0.00362 [ 0.0011706 0.0450

(#9200 kcal/!=38.484 MJ/1)
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®
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22145% BE70roBELE

Jary-11|7v>r-12
BA
Ca(OH), kg 0.00123 | 0.00140
HCI(35%) kg 0.00007 | 0.006008
7K kg 0.033 0.033
BR kWh | 0.650 0.650
Tl m? 0.00018 | 0.00018
B
A kg 0.00028 | 0.00064
CaCl, kg 0.00120 | 0.00091
CO, miy 0.000162 | 0.000184
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p. 72~84 (1995)

EEHDG S REEE, 31. 6.

b:BUWATL:“OEKOBILANZ VON PACKSTOFFEN STAND 1990”,Schriftenreihe Umwelt

Nr.132, herausgegeben vom Bundessamt fur Umwelt, Wald und Landschaft
(BUWAL), Bern Februar (1991)

72 Fy 7ERGOEREEMAFBRERIRIZTEZEFME], 7727y 708

RS, FHRSE3IA(1993)]
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BEERE. ERBERE. B X UBRERR]
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(1) #EEB (reviewer) DR&LFTE,
(2) 79T 14V - LY 2 -8BEE,
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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.

Identification

-Covering surface of functions

Waterproofing .....

Selection
of a function

Covering surface

- ) Determination
Covermg 100 m of FU

Paint A : Identification
0.5 ke / m? covering| °f PF

12

50 kg of Paint A Calculation of RF

Figure 1-1 Calculation procedure for reference flow
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1.1 Context of the Standard

DIS14041 states in 5.2.1 that :

B 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.

B The functional unit defines the quantification of these identified functions. The
functional unit shall be consistent with the goal and scope of the study.

H  One of the primary purposes for a functional unit is to provide a reference to
which the input and output data are normalised.

M 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 :

B 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 :
®m  light bulb : to provide the consumer with a certain quantity of luminosity during
a certain period of time,
®m glass bottle : to deliver food beverage to the consumer,
W 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 :

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

B cogeneration plant : produce steam and electricity.



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

B 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 :
B paper recycling system : dispose of 1 tone wastepaper and product 800kg
newsprint,
B 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 :

B 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




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).

B 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 :

B 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.

B 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




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:

W 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.

B f 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:
B refrigerator using refrigerant-A,
B 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:

Refrigerator-A : one “standard” refrigerator using refrigerant-A
Refrigerator-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 a_powerful
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.
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Refrigerator-A : one “standard” refrigerator using refrigerant-A
Refrigerator-B : two “standard” refrigerators using refrigerant-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 refrigerator-B is inferior in terms of lifetime duration, it is assumed that refrigerator-B will be
replaced earlier than refrigerator-A terminates its life. Obviously, the substitute should have
the same specification as refrigerator-B.

Assuming that the lifetime duration of refrigerator-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.
Refrigerator-A : one “standard” refrigerator using refrigerant-A
Refrigerator-B : two “standard” refrigerators using refrigerant-B

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

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

—103—




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
Refrigerator-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).

Producti: Manufacturing Freezer: Manufacturing Product2: Manufacturing
2 v Y
Product 1: Distribution Freezer: Distribution Product 2: Distribution
-+ Vs.
v v 2
Product 1: Use Freezer: Use Product 2: Use
Product 1: End of Life Freezer: End of Life Product 2: End of Life

. 2

Refrigerate and Freeze I | Refrigerate and Freeze | Function

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 refrigerant-A than in the process for refrigerant-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

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
Refrigerator with
Refrigerant-B
“X” production
System
(0.7 kg produced)

A 4 4 A 4

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

Figure 2-2 Example of consistent system with co-product-X
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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 :
M 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.

B The criteria and the assumptions on which they are established shall be clearly
described.

and in section 5.2.4 that ;

B 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.

B 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.

B 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 :
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B 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 6utputs.
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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).

Emissions
to air
Raw Material
inputs
Reference
!Energy Product
inputs
Co-products
» Emissions
to water

Emissions \Waste
to land for treatment

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.1 which is processed through Unit Process A into
intermediate product No.5.
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* 1

Subsequently, No.5 is further refined into 2 — Unit
the final product in the system. In addition Pro;ess
to the raw material inputs, the ancillary 4 —

inputs to each unit process are shown to the { 5
left of each unit process block. For 6 — Unit
example, Unit Process A has three ancillary 7 —— Pro;ess
inputs, namely, No.2 through No.4. 8 — * .
After preparing the process flow diagram, 10 ———— Unit
an initial estimate of the material and energy ::; ] "’°,°fss

flows for the product system is prepared.
The information is established from a Figure 32 Example of process flow
survey of sites associated with these three diagram

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.

—109—




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 ok 54.7
final product 9 *rkx 234
Ancillary

2 1.2 0.9

3 0.1 0.1

4 0.1 <0.1

6 1.7 0.6

7 14 0.7

8 0.2 2.7

10 19.8 45

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
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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.
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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:

W [..], 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
A

payload share

deadweight share

v

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

—114—




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% ofthe 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:

CrudeMilk => Cream + LawFatMilk
1000 g 100g %00 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 {D;} 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 refinery
process, as shown in Figure 4-2.

Consumption of resources 5 % by mass

/ /'| bitumen
Petroleum Transport- | Refinery 95 % by mass
extraction ation \ mm—m——m

gasoline

kerosene
gas oil
fuel oil

Environtental emissions

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 {D;} 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:

B 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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B 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)

M 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
0232 kg

HFC-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.

—118—




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.

o = HFCI3
' manufacturing
Ethylene
process y
cleaning step 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.
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Pig Iron

Production

recovered
scrap

104 kg

12kg

recovered
scrap
68 kg

# A

BOF and
Tineplate

100 kg

recovered
scrap

Package

Production

20 kg

80 kg

recovered

Use

scrap
60 kg

used
package
80 kg

recovered
scrap

60 ke

waste
20 kg

Recycling

Disposal

>
>

into the steel pool

system boundaries

e

Figure 4-5 Recycling in case of tinplate packages
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svstem .. additional process as a result qf
y \ o W;/: expanding the system boundaries
Pig Iron Production
4.0kg
35.7kg 0
76 kg
A Y \ 4
Tinplate Production Tinplate Production
based on BOF steel based on EAF
34.2kg -
658 kg 80 kg scrap for
) reuse in the
tinplate product system
100 kg
A 4
recovered scrap R
Package Production 20 kg »
package
80 kg
) 4
Use
used package
80 kg recovered scrap Recycling
v 20 kg
Disposal

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.

199 _.



Recovered X kg of

produ.ct or ————p» Recycling process y o product P
materials

(minus)

Primary ) Classical process p Xkgof

resources of production 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
Collection Collection
Environ- Environ-
Consumption| Transport [ - 0 Consumption| Transport | — = .
of resources |  Sorting | emissions of resources |  Sorting | emissions
] Z Treatment E=Z I ] & Treatment

e.g., primary e.g., CQ, e.g., primary e.g., CQ,
energy, water| Material | Wasles, energy, water] Energy | wastes,

recychng effluent recovery 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 Energy Equivalent process
recycling  for heat generation recovery for film production
1 kg of plastics primary resources 1 kg of plastics primary resources
Collection] Mining Collection] Mining
Environ- Environ-
Consumptior Transport| Transport mental Consumptior Transport] Transport mental
of resources | Sorting | Steam | emissions Ofresources [ Sorting [Refinemen} emissions
.»g Treatment] generation mo, ‘ Treatment] Film e.g. CO,
€.g., primary : wastes &8, pnmaryJ productiont \agtes
energy, watel] Material > energy, water] Energy »
recycling effluent recovery effluent
Products Identical products Products
1 kg of plastic film 26 MJ of heat and
and 26 MJ of heat F 1 kg of plastic film

Figure 4-9 Example of an expansion of the system boundaries
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5. Examples of conducting data quality assessment
5.1 Context of the Standard

DIS14041.2 states in section 5.2.5 that
B Data quality requirements should be established which define the following
parameters:
- time-related coverage;]...]
- geographical coverage;[..]
- technical coverage;]...]
B In all studies, the following additional data quality requirements shall be considered
[...]
- Precision;][...]
- Completeness;[...]
- Representativeness;]...]
- Consistency;][...]
- Reproducibility;[...]
M 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.
B 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:

— adata 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.

B 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.
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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

CO2 reported by individual measure is slightly smaller than the published value of national
standard while that of SO2 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:

B 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:

M 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
inveritory 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:

CrudeMilk => Cream +  Low fat milk
1000 g 100 g 900 g
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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Figure 6-1 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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