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Abstract

Eco-efficiency refers to a ratio between environmental impact and value(or cost) and it has
been used as a sustainable index widely. However, the debate on eco-efficiency has somehow
left behind the question of limits; no consideration of a relative size as well as the impossibility
of weighting among evaluation factors(parameters). Therefore, eco-effectiveness using a vector
concept which represents the position of an object in space in relation to an arbitrary reference
point is proposed as a new evaluation index. The case study of washing machine in the end of
life stage was performed and the comparative analysis with the eco-efficiency was conducted.
Although frame(steel) is the most economic material(or part) in the washing machine, the
priority is low in eco-efficiency but the highest priority in eco-effectiveness. As shown in
eco-effectiveness formula, it is possible to consider the relative size which can not be
considered in the eco-efficiency. Furthermore, it has a benefit to give a weighting factor among
evaluation factors(parameters). Although the concept of eco-effectiveness is more beneficial than
that of eco-efficiency, there still needs to confirm whether distortion occurs in the result when
convert the normal value into the relative value.

1. A&
1987\ do)] Wi g ‘989 vl(Our Common Future)'dts BIuAE F3] FALAN #4104
olgte F WL FAd @AsnA st ‘A&rMed 2A Jldol FAE € olF, AL
HAS A% =¥ FAFY, ARAA € AFeT T UIdTE JHE JHASEH gt ol
B =852 9 =g A(Peter F. Drucker)d] “SAT # flod AT & gid"= 2AH
A2 E 93 I} SATHES AEsle HLs em Qloh 53], o7 olgrd UAE 7Y
AAE ALH5A A AEE AFHoE AT £ JE I F/IARE NLsto 71d &
Folu} AF/Mu|2e A& A AL A7 FR(EAT, dazoARl Fol HEd fev
olm] Ae] & &4 (eco-efficiency) 7]'d0] F&3 ZEE ALEEHI gt}
Ecology®t Economicol419] ‘Eco-'9t &&2 YelE ‘efficiency’d] #Aol% BHEEAS
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‘AT ARTE WY <olA AeiA e IF L AY AILFL AT FA Azt &
T-(needs)$t &9 AL FFA 7= EF(goods) E MU|2E AFFozZH AT 5 = A"
2 R F A1) F, 2o 583 Aol &1 FHLAEA wEAZoFgE F4H &
29 BAAZolEE BAA 847 A¥E Adez, AAAY F&H AR S Fa #4d 0
Ae 9FS HAs819A BANEE FAd F18 5 o= FFoloh

B EEFL AlF(] AdFA ‘AlF(products)’ e 'EF3} A H|A(goods and service)'E T
3t £o2 AMRSIgTh 7 E @AYo Uik Foz AN, AHEsA FALS YA
T AF M BF, BAIF AL BE o] F /HAE FAd @Ak @t =, APYEEHL
AF 7HAh 8743 v&2A A A g AAE st gled, o0& Agaed @
R E FafAute] 2 g Zted A&7bse AEEA AHEeA AdL 20009 ZukR
B 4& 7IF9ES TALZ JIEAE iy AHAFY 834 L JA(ER 5 HH AEE B
E T U M E44A HHAERA g AMEHo] 3 glg(2].

A AFYURl AL AF] 7Hx 9 oo wE B J o] w2 A4td. Fig. 1914
AE BAFFE XFo, 7HAE YFo] Yeliod 7z Ade WPELAHL XF 02 RE 9 ztx9l
07t =2 #& /MEAFE FYagAde o gdn & F Yok
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Ha7iged Bl & Ade 283517 fiel 7t5XE nesidets o A9 g Folrt YA &
. oA 23 Fig. 1904 X5 83 9F E£= Y5 714 & ZolAY 59 4% 74 AA
dlMel e gL WA Hu, Z AL FFA v &L FUHA derdch =3 YHE L
W& NS G4 271 £49 dig Rrbe sbsske, 2 ol de Ao i@ Fb w1
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o9} 22 THE BFsn A Mdol A&7t eAE Hrkste AEE g AHSHn
AE olf F s 47 REE FUAIIA ¥odN FFHOEE J|E BA A&H0] F
EZ 3ta g AA AEE FuUsE F7stn A7) g AdAY ARl EF FHo|
ek BAEA, A3 HYER, AR FAME A ARE ofUAT FHA NEZ WolSo
3 Qe dAdot, 2y 71F AF g AA AFY ‘FHGIF 0] FUtsg stoEx, THA’
o #7180 o 2 A% AHELEAL Fstez, AdF oz YyasAde AAEY srzt=
#4L A odstd e e T2 Ee&S 24 " olgy AHA Y ATl A
E 71N 9 849 vz Yyepgoz A3 AF/AY 49 A A7) e F &
o] uHlgd o3 o] f& F7| wEo] ‘A&(efficiency)E FAY FE Yoy ‘A
(effectiveness)' & SAA = Xt

old] wa} o] AFoME AFY 7tX 9 VAIFL v & MIE &t FAHs= AHAaLA
o FARL MAY F+ JE Ag AdE o] &7 ‘Wl APA(eco-effectiveness)’ 71'd-& A ts}
i, AT E B3 AuEsAd g F-dd S vustaz s

2. B aAY T AL

AE AAH =93 @744 5H9 H&L 13 YHEEAR NddAN 29, F 5
B Adg o4 AR NI Auadd X AFE Fig. 20 Jehlidch =, AF
25 Frdgae g aade Qe agidoel 0" ZFEHAANAREEY Z+ ForgdatA o] HEA
g2 FAEY Faz o] dpdME 7|1&E HHESAY FYsA AFY X 849 5 &
23 59g A nestRoy HE Mde AHESHA ¥ Z|ERAM Y AYE ol&ss &
A (effectiveness) NE< EYstgonz ‘A Fgaa’olgts £olE A3, ol2e &F
Aol A sy Y3l AF A o5& A A FA F)I FAF o|5(#P D
& Azholgls F kA WL Hrste Aoz stgou, HrtAbd webd X 3 Y Fo o
g HJri&gde wAstd 48 £ dd. £ Fig. 28 F 7HA £4 2 128 A5 g3 YE
9 Aoy, Al 7HA] o) Ade] £A& FAl HHE AS 3Ad FHE BZFE F Aok
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Fig. 2] vepd 2 Aande] XF2 AFQ] 43 o5&, YEL FA4 o5& Y
WA oAl geiM XF9] 834 o5 54 71EA div] @39 3oy ARHEE Ye
e, Y= B4 SddA e FdiAd o]5% vehiiil g dRdME AFY 77t 3
¥ 5 BAAHA A A detd F dsudE FAE o] =@ A= Yoy o] dF
dqAE =92 33
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O3 o] AMd £ At F, BFH o5 X @& Yehx AAA o]5o] Y gk& yeh
= A AR YHEAE e X & Yae o ge V22 U @& 2o

2[Eco—effectiveness(Z))? = (X +Y)?
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A AN BAFH o]Solv #FF o]52 "0"Bet AAY F(+)9 & Yehiol AN S
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Yo Yetle ZAH 0|59 ©97} Zolof te], SAWY R A go] AR Fo|&d F 54
< e T2 SE] Aste shed A2 HPeR F IAE & ¢ Yok e AFY
AAA 503 844 59U 25 U2 @idste] 843 o5 AAF o502 Yeh
T Aot AF(AMu2)e] &34 FdE gtz st P 4~7]0] FUddA st
A AEEol AHEHI glo] HEF o2 g vt & F Jou, FRIFE SN Y
oo 3 o] AR Ao BFFY e B F Adevtel diE =@ aAE Ao =
7= BA4 503 @744 59 47 FoF 2712 @dste 847 oS53 AAFH o5
02 Yehls Byolt. dE 5o vl Uits Ao@ HLge o) &std I 2AL=
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A F AT S Adste Aot o] AP L Ao APFFE AR Aits)
7] olg & Aol AHEE £ Y& Aol

of @A A YelEGHINE ol AFE AHH BAH o5 R FAH o5 &
F kAot oug R4 £ glomg Aol AMHNG L dotE B = WEA
g Fatdl Qe F2E 24 g@oh obgd 71E AU aAEAA 1stA Rdle 8484 59
3 AAH FAzt] NFAE FAE F Ak €lE 5ol A (DA ‘@R H o|S(@AIH) U
‘BAA O5FHA)Y 7tFA ugo] 2 1 1Y ZF, Fig. 39149 Aol gk AEARAYA Z'=
2 (2)¢F 2ol AT 5 A

Eco—effectiveness(Z’) =

3. Alg7] s71gA N di AT

o] Ao At WAl AaLAT ofFDAl Aol7t Y=AE AHHE T3l w7
skl 7)gzte EA03, 819 AlEY] A7 IGANZETH)Y ZAH R #44 dolHE &85}
Ack. 71EFRA dolH ALS A% Ax% AA= Fig. 40 Yehd AAY HF it 9
g wiEsol Y& shaAlFol 47 A £ AEE TAHL AA A& FEALE VIEHL
ol YEEAZ AMgste AAAAZ Soi7t7] A7AA o, Ag7] HI|DANN FBHE BE
EEFTAL sl
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recycler Cu : | Cuproduct
" manufacturer
. Lt /‘:r:\ ‘I Incineration | '
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Plastics : | manufacturer
(PP, ABS, HIPS) _(fr;\ [ 2% | Pellet + [ ABS product
\__/ recycler : manufacturer
: | HIPS product
P e L e P P oSl [ L1y T
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Fig. 40 Yepd A28 Al sl daA4F71 Jie 83l 72 B2A(EE 2E)d g &
AE3E A4S, 1A, AFAZZEA4(LCI, Life Cycle Inventory analysis)2 $J3] A2~
BAZ Eolet EE FUEH WMEES A% QY. 4 22 € BEA g oA AL
< FUAESS HEETY E2F AAFAE ol 8ste #@FEa, FAY dHolHE “kg FUE/ke
BAEE 78, "kg EE/kg BA(EE £H)o2 AHYsen, FFHoz ARAZRG/} AT
EdolE o]8&std LCI A#E A&Esiddh LCI Ade AR89 FH7HLCIA, Life Cycle
Impact Assessment)E 2 83t9q ddAF3 gloy, o] v EF3 2L EA43E JFPF 29
S AHEEglon, ddAS5E WYe Lee(1999)(9]7F AIQtE WL A28

BAH SEL AFAAY 2F(EE £3F)9 7Hd 712890, F, 3AF 713 B AREZA
o] BAA o]5(EBuww)< A#AHE[10] M-S AFEF 4 (3)o] Yehd 248 o] &3t Ak
ST 4 (B)ollA SA(EE FF) 7HE (P AZLEE] #ule o AA #vjstEL u7st
dom, FFHE(Cne A7 FAA dHolgE FAEG oo, A8 &(Cp)e A ol
A AREH & 1Y F AW &E 1Bl on, FA8E&(Cwe AN, duviA, Fa, A7
7t & 5& nsdon, Yz A u|L&(Cre #7718, Zg2¢ 9 PCB 5 #H7|E Au&
& 1333,

100 S T el (OF S o GFNE IV S ') [T A (3)

4. A3 92 14

4.1 e g8 R A EAY A2

A7) H712AAEE FA)o dig 7 BEA(EE 352 ZAF o5 ¢ 44 o]5¢ A
Al 174 AlF A4 ZHE Table 10] UehliQich Table 19 Yebd 8498 2 A% 7}
Ae Zr 2AEE 99 kgT F4IF 2 BAH 050 7 BAEE 235 FAS 3
gkolth, 512 PCB 7|1®9] A$ ZAA ol50] glo] AelanAel 9ujg o 4 glome
o] A< AelE&A Aejanadzte] vlu cfFolA #9sH3it).

BHEEEL BAF S5 (BAA 7HA)E B4 A o|S(@FAIPLE Yiro] A4 = Qo
Table 1] el wpe} o] e (condenser), EE(motor), 2 A (clutch), A 71g} 2E
(others(steel)) 59 22 AYa&gdo] A debd v, ABSAl 7]E}l 2F(others(ABS)),
PPA| FA54 F(balance(PP)), ABSA| ¥7Z(cover(ABS)), PPAl M &% (washing tube(PP)) 5
o] e aEALS ¥A YeEg.

A(EE 739 BHadd g A (DS HEst7]0 FolA 71&3 vke} o] 344 =
it BAA FH d9E FY&A dehfolof i o] AFAE 74 BERA(EE BE)9 a4
L A 7 FAAHJA 7] A} F 2 G ol gst AHAEAHL ALEIG
5, BAYFE2 F2FF 7] Wi 4 DE ol&sgen, AAH AE E5E F7] fia
2 (58 E83td AAA S 44 SUL FIT AoE 2ALZE Jedet AL 2
ZA 718k RE, 2E, 8%, A& (electric wire) €22 Aea Aol =4 et vhd, ABS
Al 718 #F, ABSAl 574, PPAl AT F & AHAEFHo] Fugez v Yegd.
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KAmax _’Yi

n-—"———— for ne atjve attribute .................................................................. _A_‘I (4)
X max Xmin &
X;— Xnin i ;
n= ﬁ-— for- DOSltlve attnbute P Ty e B R A P e S e e T )_s} (5)
max min

Table 1. HAEZ|e] E(EEs FH)Y e84 ¥ Yejgad AN 23

S 27 | AL |ZAHY oS ﬁﬁ,ﬁfﬁ, Ye z 2y
%"'E‘ EQ(EEC ‘?‘%) o %J\‘I S A
. (kg) | (pe-yP?fu) | (R/fu) P4 e ~9 4 %’ﬁ

1 Washing tube(PP) 35 | 229E-04 343.0 1.50E+06 | 11 0.452 12
2 Cover(ABS) 24 | 1.57E-04 235.2 1.50E+06 | 10 0.525 11
3 Balance(PP) 23 | 1.51E-04 225.4 1.49E+06 | 12 0.531 10
4 Others(ABS) 55 | 3.82E-04 335.5 8.78E+05 | 13 0.164 13
5 Frame(Steel) 116 | 5.25E-05 1310.8 2.50E+07 8 1.318 1

6 Others(Steel) 1.6 | 5.13E-06 166.4 3.24E+07 5 0.769 6
i Motor 47 | 241E-05 1005.8 4 17E+07 3 1.201 2
8 Clutch 35 | 1.41E-05 490.0 3.48E+07 4 0.932 3
9 Condenser 0.2 | 7.58E-07 41.0 5.40E+07 2 0.707 9
10 Transformer 06 | 2.28E-06 207.6 9.11E+07 1 0.797 5
11 | Small electric parts 1.0 | 3.79E-06 95.0 2.51E+07 7 0.732 7
12 Hose 1.0 | 8.24E-06 95.0 1.15E+07 9 0.723 8
13 Electric wire 1.0 | 1.66E-05 483.0 2.91E+07 6 0.924 4

42 A3 A

7t 2A(EE 388 29 %2 =43¢ Fig. 58 29 A 78 75, A4 $3% Zo] AdF
o2 AAA o5& Ay strizts FAAFe] F FHE@ABH o5 F& FHlE 2 4
HEEA & Uetd & glov, vz EJAEey 94 AP AG8] BE FAF o5
Frjgts 4G FdHoR o FE FH@AEH o5 FUHez ¢ & FPdde w2
A 2&< Uehlid €.
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Fig. 6o Uehd AelEsty 23 golAe 24 718 2%, ZHAY AAH oS0 2 A3
(EE 259 ghol § YERT Be AUEEY 2% @3t A9 FAHS ABSA 78 RE,
PPAl AE, ABSA $7, PPAl $A%4 + 59 Adnny gte Auagd ag oAz
w7l hehgeh.
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@ K o \\
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£
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3 04 - Cluteh-|
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o . E! H H
Pe Washing tube(PP) sciricwive
02/4 p Others(ABS) .
- ,/
Ny P Cover(ABS) -~ T N——
‘\\ g Balance(PF) others(Steel)
% ,’/ Hose Small elec.
0* - . - n . 4 Condensor
% 0.2 0.4 0.6 0.8 1
N Environmental benefit

b

Fig. 6. MEZ| H7ICHA(MEE ) dejgntd Mg 2o

HAE7] o ABLTANA FAEHE BA(EE 25 AHadds Yaass AddnE B
W AAH o|So] AAg FAGFo] e BA(EE 2P o Fo} ¥ AYHASH S UE
U= Ed AT (transformer)tt AAA (condenser) 59 EA (ke 73H)& AHadd @2 2
7 ¥4 @7 vehdoh wd AAA b7 3N 5 AHEed $HEdE 24 29d 4
Al E(frame(steeD))o] AEETRAY SdAE A7 7H & Aoz ey 1 %
2AEL YAZ B $AEHE dehlle Aoz Yeud.

ABSA| 718} ®E3 ABSAH F70] UF zzre] Aejagd Ad4(Fig. 5 Fx)ok AHERY 2
FHFig. 6 F2)S vlaws] Btk ABSAl 7]e 2EFL AHESAT Adaddol 2F A ¢
Eldon], ABSA $72 AYELAL dou Aygaaye F A= Jehta o o
apol= ABSAl 70| ABSAH 7|e} BEd ula] g7 HrjGANA A&Ed] dE BAH o5
& Nz v&dhy, §43 0S| o A7) W velde Aol oA JHEE&AdR AH
Gz Aold ATyt dehdE A¢, AgEdAd 2L /e dBeME BAFH ol 5ol
IAY AYEgAo] & 2 A58 Ao dAHAT, F4AAS Ak Adse AR
NP adAdol B & $MAFoz s Ao Festn & & ok oA 2E FBAAH
Ao = ABSAl 718 RERTE ABSA $79 AL & £+ A5 vidsA 2
Aol

gAEr)e zZt BA(EE 2E)9 349, AAF o5, AHEsd 2 AHERY 4 $49E
HAPae 12, 272 022 & FNAY £2& Fig. 70 Heridoh Fig. 7& 25 R7A 34



Pil Ju Park et al. / Korean Journal of LCA 12 (2011) 54-63 62

2847 Adadydddes AR FEBAE dehlA Rstn gl $A 7l nie 2ol
A EAY L B42 o537 AAH ol5d dis] FdHd 7HFAE 2T F 7] wWEd F
18 F5 FL=Y wWE 7tFA F94E Fd JAEAAAY FEHE FE wHIT 7 Y&
Aol

1.2
uEnvironmental Impact «Economic benenfit wmEco-efficiency mEco-effectiveness
1.0
0.8
!
0'6 A
0_4 i S, . - — ——— == — - —
0-2 i1n = . N = - . - -
i i ; |
0.0 - !
QQ\ q’g\ QQ\ 06\ &Q\ ao\'.\ o ,@F "0‘ &0‘ &o S ° .;i‘&
& ¥ & ¥ g & & Y &S A
N N o P \Z S & S ) \@ ©
c,'e) & & & & (,00 & S &
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Fig. 7. ME2|2l 2t 22(Ec 73F)Y 13 -Hotgsel 4y 37|

5. 4 % ¥§F 471 ¥

of dellME 71EY ZHA o #44Fe] ulE de ol & AHagye dAE S5 +
Je AHEAAY A R AMEEE Asta ol & Mg H7|dA HEsAT. AR
< AEHEEAFANAY HE EE AR F3 J|EAHAAY AY HE AE F, &EAA
(effectiveness)& AHE3I3 o0, @98 FUdahA 2&E 42 e V22 dsozy Al
At

Ag7]e] Hr7dAE ez o] AFoA AL YejaAfds YeHaE&Ad 23 gg v
A3t BAH o]5o] AT AFFFPo] & EF(EE FH)EY ¢ Fo} L AHE LS U
Blls EJd2xopd AdA F9 2Z(EE 559 Adadde g4 &4 dehd id, 34
A ZHA7F AA 52 YHEEY FACHE ZA RUD AA Sol ARy SHANE ¥
A7t 71 52 e Jeidth AHE & Azt Foldt A3t vdeve 7
T, 719 SFAE BAA oS50 AAY AHEEH] ¥ FE MY FoE qFHATRL
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SARAL A Pse PN E ABEGA o] 2 £ $HHo2 1T vt Yo
A EgAde QUELAN neidA B FFEDY AdAd 27lE 1T F A
ol ol HrEEZ HFEAE BAT £ goe Aol dh 2y A2 & $43% @4
2 2= 3744 597 AAF SUL AU AN(EAYE B b 2 gk Aoy
g2 Aol WA EA R Fol tial Bo B AHdTFE B F9E 27t Ak
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