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ABSTRACT

For development of environmentally friendly detergent, we have applied LCA method to a laundry detergent.
The procedure of LCA was followed to goal & scope definition, classification, characterization, normalization,
weighting by using CML method. Therefore, we have achieved the life cycle inventory of laundry detergent,
and have done with impact assessment about acidification, ozone layer depletion, eutrophicaiton, greenhouse
effect and ecotoxicity. Especially, the ecotoxicological classification factor for aquatic ecosystem was derived
from basis of detergent ingredient toxicity data. As a result of impact assessment, we have found that the most
environmentally loaded impact category was ecotoxicity and the most envjronmenta.lly loaded process was raw
material production stage. In addition, we derived environmental indicator from each detergent ingredients.
Finally, we have developed the method of design for environment that is minimized the environmental impact
considering environmental, economical, and washing performgnce properties in coincidence. By using this, we
have developed the environmentally friendly detergent that has improved on the ecotoxicity.
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Table. 1. Types of impact Categories

De fetion

Pollution

Damage

depletion of shiotic ®sources enhancement of the greenhouse effect
cepletion of the ozone layer
human toxicity

depletion of biotic resowces

ecotoxicity
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photochemical oxidant formation

acidification
mitnfication
waste heat
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Table 2. Impact Categories

T faA
Acidification SOX, NOX
Ozone Depletion CFC, HCFC %
Eutrophication Ammonia 5
Greenhouse effect CO2, CFC %
Ecotoxicity AOX, Phosphate %

E oA £52 $AFPEFES 1D A

_62_



A - olANF  LCAE o143 AgA A A 3

Table. 3. Category Indicators

ervimonmental effect effect score urit clagsification factor

degletion of abiotic resources abiotic depletion - 1ireserves

depletion of biotic ®sources biotic depletion yr-1 BDF

enharcement of the greerhouse effect greenhouse effect kg GWP

deetion of the ozone layer ozone depletion ke ODP

human toxicity human toxicity kg HC4, HCW, HCS

ecotoxicity anuatic ecotoxicity m3 ECA
terrestrial ecotoxicity kg ECT

photochemical oxidant formation oxidant formation kg POCP

acidification acidification kg AP

eutrophication eutiophication kg EP

waste heat agquatic heat M i

odor malodowrous air r3 19OV

noise roise Pa2 -5 1

damage to ecosysterns & landscapes  damage m2 s 1

victims victims - 1
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Fig. 1. Laundry detergent system.
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Table. 4. Life Cycle Inventory
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(1) Classification
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(2) Characterization
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EffectScore= X (W€ % X characterization factor)
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Article Units Li¥e cycle Raw m aterial Use End of e

InFlows: (r) Bauxite (Al203, ore) Kg
(r) Bentonite Kg
{r) Clay {in ground) Kg
(r) Coal (in ground) Kg
() Dolom ite Kg

0.14096 0.14096 0 0
1.55E- 086 0.00000155 0 ]
6.69E- 07 0.0000006689 0 0
0.150022 0.132568716 0.0171034  2.00E-05
2,63E- 05 0.0000263 0 0

0
0

1.70E-07 0.00000017 0
0,00380333
(r) Lead (Pb, ore} 3

Outfiows: (a) Aldehyde (unspecified) g 0.00352 0

(a) Aldehydes g
(a) Ammonia (NH3) ]
{a) Carbon Dioxide {(C0O2) g

0.0072627 0.006436334 0.000811102 1.24E- 06
0.29232 0.291990411 0.000323172 5.23E-07
1139.86 998.05686 113.873 9.1376

g 0.664534  0.58532987  0,0709472 0.00487613
0.00000027 0
{w) Chiorides (CI-) s

{w) Chrom ium g 0.000940 0
(w) Cobalt 9 0.00363475 0.00363475 0 0
{w) COD g 1,45926 1.458558056 0.000690714 9.36E- 07
{w) Copper (Cu+, Cu++) g t.53E- 05 0.0000153 0 0
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Fig. 2. Characterization.

(3) Normalization

Characterization® 5314 €& $x5& nor-
malization® E344 3% % HF el A
% 7|9 =g Wrisidch

Normalization Score = Effect Score / Normalization Factor

normalization score AFEe] AM-%l normal-
ization factort 2 A WellM Z+ % yFde
WHs= emissionEe] A7t RS dijt Hle]
HE da= 3, e o7 AlEA e
dlolel7t AR QA Yol € delAe CML
ofl4] ¥3F normalization 3+ GNP B|EE 4
& 2B AFsigo) D 12

Fig. 3& 53A7(21¥ #AF)el 9§ normali-
zation Z}E viehd Zojck

Nommalized 8core
8

E =

Fig. 3. Normalization.
AetAlA A ot 9% Hrh Asy

ecotoxicity7} 7F¢ A vhet Wb 2EF I
ol &gk g A9 vehix] ¥ ¢ F At

(4) Weighting

127k normalizations 53 i3 AFe A
27 dspiFe digt 719 %E gepsisicl. e,
A9E e 37 A48 HFE] F8%d g U4
2] o)z} & 5 sloH ol AolE Y FH
ZH49q 379 H=E i) Al 3T
W2 7)}%x|(Weighting Factor)& #J3slsck

Weighting = Normalization Score X weighting factor

71 #ojuplell: Distant to Target Meth-
od, Environmental Damage Cost, Environ-
mental Control Cost $¢] gl Fjelle #43
2] 3%z 5o A’ dlolelr} oF7A] flen &
3], ¥ A7l ¥3% e S4(Ecotoxicity)o] &
T 715A A4 1 Al wel el UA dck

_65_



6 Z\if};‘d;ﬂy} [(AM1yA 1%,1999]

Fig. 4. Weighting.
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Table. 5. Weighting Factor

33 W Weighting Factor(%)
Acidification 12
Ozone Depletion 16
Eutrophication 9
Greenhouse Effect 16
Ecotoxicity 15
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Fig. 6. Improvement assessment.
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Fig. 5. Assessment of product competition.
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