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Abstract

This study was conducted to develop an appropriate methodology for economic and
environmental values evaluation of recycling technologies. As a result, it was suggested that two
separate evaluation methods be applied based on the Eco-efficiency theory.

When compared between competing recycling systems, recycling materials and recycling
processes were major concern, as opposed to recycling materials, the virgin materials, and waste
treatment when compared between recycling and the final disposal. In addition, the selling price
of the material and incurred cost of recycling were chosen as economic indicators while the LCA
result as an environmental indicator. Some limitation still exist that in this study the entire
processes of recycling system are not included such as infrastructure due to data relevant
although the indicator selection principle was employed for the suggestion of suitable indicators
for recycling technologies. It is expected that further studies with actual cases will help improve
the suggested methodology.
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of A= AFEE Tlwd W FEA JHAe AAFH HAE FeHer JUME £ de
HHES eyl s FAEHAY. AT 23 84-AA Z&4(Eco-efficiency) ©| 2
Hero =z Adg AAHES Hlusts A9 ALy #Hrl AHZE vlustes AR Ul
B7F s AASAT AgE A=RES Husts A9 AgE AL ALEEE Aol
23e g3doen, A& A7) AE vlusts A9 AR AAS AA, 28 HYE
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1. A8

A&Ael el F=7h AA AF B ZAEE AYD AR A HrE HAS JFEEA T2

2 THMinghua et al, 2009). 53] ofAlo} Bl = oA BA Addom | gro}

AnjAel AARAe A& EIVled &Ml Fdo] vyt Juk(Chiu ASF, 2004). #H7]=-2
| S e 2

T2 WY, &7, A& Al JHA wEo R Ayetal e, vy 27 2k Aol fd]lo
2 Bk ooiyet Al nd S E mpghA e gk iy wig o] aztolgte FAH
A A7 =AM EHues HAEFER AT oOFFH 9 EYGLAS oplsta, &A7E &7 A
HEs= 2§ 7F22 d9F t71e9d e 87 ATHDOE of UK, 1995).

Chiu®} Ward, Massard(2009)= Al A &4 2 X & 7}z Auj9p Aitoz o] whxr o]
A& Thed AFS R Wt Fa olfrolxt = dAlga Ataed, #H7IES AEES

I Ades Ande P55 O 8% A4 T surh D Zlolth f-Euhehs 2011d A
71 AgE wgo] 83%E FAE O] OECD =7b FolA AZE ngol A =& +%F
Ueta ok a8y ok e &g The Abee] 56%7F M E L gl AR eIt (R Ed, 2013).
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el w7t FaatA ek

@ ABE AQE BYAAIY] AT FARGE ABE JEel dF AHE wg
Feld o Brhskel A4se Aol Aasth A, o\ AFL ABE el v chgstn,
O owgEe] BE @AMoR AN 9 AL & FE A =@ AAAINAE
FARY ohiet AAE FLF fiolrh AVEL e sol BPHoE I suvkE
AAHE eggel Aoslol Arkd A8/ olels Aol ATAA ABEA e
@R AN Hhss AT AdE AW 874 AR ARgR Fags ol
gov) AAMoRE ARG Al TYHE vgel 1 2HL BFEL A olAT YT WL
Ae AEe Bl QA R AL WAN A A7) A A FeoRM AL F
= AAH, BRA AN reEs Adg zddd oo B Aol #7444 18
AME ES] ABE )% ds BRAAAMeR ANNE ANE IPHow
HEFORM ARE /€ Boh FelHow ] A WEE At
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2. °]&3 Hﬂ7é
2.1. 373 -3 A &E&4(Eco-efficiency)

B -AA EEALL TIFERE ofdel Sl AR H ogE A Eo] 2 AMY, AlF ko
A&7V s S Hrkske WHEo|t ‘Eco-Efficiency 2l &9+ 1989 Schaltegger®t Sturmo©|
& AFE3E & 19921 WBCSD(World Business Council for Sustainable Development)ol 4]
wagt A “Changing  Course(Schmidheiny, 1992)7¢]  ¢l&] EAHozw  I#x|7]
A 28tk (Ehrenfeld, 2005).

Eco-Efficiency°l A Ecox 7 A (Economy)¢t A E(Ecology)®] F+ 7HA] ¢u=
Rom, webA FAA AEAFHR AH29 JHA)I S oA TAATIE FAEAEF8HY
H &2 YEeRd T (WBCSD, 2000).

Product or Service Yalue

Eco—efficiency =
Environmental Impact

B4-AA a&AY NI Asd B dolxE =rbel wel e old @A A whet
Tt zkel7h Qo (dE, AAE, olFf, 2010) =2 ¥ 4 -AA &84 Ao Table 1.7
2},

Table 1. Definition of Eco-efficiency
XS el
29 AIPAN AR 9FS FaEA A BES Frhestol
WBCSD
BAA, A FakE sAl FEATIE A
OECD | AEM AHISS Qo] 872 FFA717] 98] g0z A8 3
EEA | RIS @ HEAZIEA o BR28 BAIE A ot A
JEMAI A& FAA 7Rt AlE ZAlL A4 =7l A agolA oy A|et
AFAEYS S5t HPITY A AeE UEUE A=
et wWERe A SAstEA AIE AN sbsd @ Al
BASFA}
AR Z AA AH&st= A

d, The European Environment Agency

7\'
234 B2 3 3], Japan Environmental Management Association for Industry

< WBCSD, A}3] HAE B
AW = 22 BASFAE AlFol did 38

fo rir

A& OECDSE EEA, A% 344 7+g 2
JEMAIF 743 o] 2] 4
#7434 EeHe BAA APVS BEA @3 AAH A9L FA ;s g

A7 o] Axgro] He Holy, W= =Ao] 93 A ¢k} dtueE BAF A, AE B A A
Sl =

il
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H
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StHESE, oS, AdE, AF, 2013).
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22. 3444 &4 28 A
73 & oh

el ek Aeh 82 5d dES FASE o|FoA gt 53], dE2

JEMAII A 20008 93] 3Jdrs Az 243 AFd od 8444 e 54

Al E EEe] ea 3k JEMALE Aol Wid AAA Axzes As dnfEdem 344
Afzs A44 F49FS SA4AHETSE 5, 2013)

dEolA 719l 874484 &4 Bk A8E AHdE BY AAA AxEs ey, 8744

AFZ= ged AHSE, 227t e, AVle EFe] F2 ARSE I Au(HA &, S,

273, slE, 2006). WHA, AlEe] #4- 7“Xﬂ 284 HrtlA= AAH THAE AES] 750l

F2 AREEH A

Ao ArIHAdAE 4 -AA Z&Ade HE(Factor) IS HEstal vk HAEE=
1990 off Z¥F =< e oA (Wuppertal Institute)e] ol 22E Z ufo] =#|#(Ernst U. von
Weizsacker)7} 7123 Ad o AAA 7hx7F 2u] FAA7|HA 4RSS 128 ZFo|d
Aol 4ui7F He Zelw ol& HE 4= At AH Nde 7EY] FEd AEE T
Hlaste] dshe solBn= AFe] 3A4-AA 284S &t v fFE&sir

gl

<
=z
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tio o}‘u

FA2= AHFHY 84-BA EEAs SAHst=d AA AZE 715A 849 CPU clock
speed(GHz), "WlXg £IFWMB), st=tlx~=a £F(GB)S, 374 ANxE2E= AA4HH7 AxE
A48}t (Oikawa, Ebisu, Fuse, 2006).

EAubE A4 &84 7 Al QFD9E LIMES Abgstar vk, LIMES o<
275 F A T2 (AIST, National Institute of Advanced Industrial Science and Technology)7}
ARG 7rE vtgom Jde 344 H7F Eolvk. Aoy H7lelA QFD #H7b= ol 9
g golA, Asl e, HAF Fol AHEEHUAT
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Fig. 2. eco-efficiency evaluation method of Toshiba
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Eco-efficiency portfolio:
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Fig. 3. Eco-efficiency portfolio of BASF

23 B74-AA 584 A A
231 AFS #A-AA &3 AFAME
AW 2 E 2} E 323 3] (Japan Auto Parts Industries Association)™= 2005958 20073 7FA
ol muAplel] g A5 TR, o] ATl Asak FFEo - AA 2E&H A7 Al
BAA AxZE QFD H7F A48 44 Ax=E AAAR7 A+-E AHEsEA T
Shinichiro Nakamura(2007)= el Z1e] sl 2002 #1F o] 20054 Xﬂ%J 373 - A A A
A&7be & Hastr] flste] $HA-AA eSS HUFeATh o] Al A B, AA AxEE
ARGy 7tel AHAHEL(LCC, Life Cycle Cost)S Abgstgrt. AT 734 2005 9] AlE
ARE A Y] E&o] FTobAWA AR @AY B]&o] AA FAT ASE F9

ojitateta wiEd} vyl e @A e A AHAE AT

Hagh AAdH, ofdx, #E&71(2006)= HsAtel &3-FA e HF WRES JNdss
ATE TS o] ATelM @AY FEol Wi Hel I deAe 54& agsto]
ARz Axs &8kt AAl AR AxRs Mg #AS Bol wa =
A AEdn. AL 7M1 R skl AEstdded, A WA Axes deake M
FaI Ve 9 FF 2HE wFo] FEAHE FF THeE Uw +FEREUMY F
A= AAA 7Rl T3S Fol EEAol AddEddt. gy Ay &84 28
Aoz F2 SFGTFA o8 dEwen, AAl AxEA FIEES AeEAe g,
TEAG T olsdAALSEe] oAt E ) niAE Y &8 F s Ao UERH

AAsE, AAES, ol t(2010)= AAlel e} 7IE AFCHED) WE] F7E AEFAIER)S]
H4-A3A 2EAde vasts A7E FdSAY. G AxdANA e B 24d7EAe
Fom, AFe A= AdHeR dAsv vl £4 A AE g AFe] JbE g AE
nop @444 m&del s el FAHAUT. AN o] AFeM= AFE THAY] Ax=
AFERt e l7] Wzl AHHEE moluA o] Eolxl AlxdvtE A AHe] WEE
# e = ve AP =Esld

232 A&l 3 84 -AA B&4d ATAH

Ame Eik(200)€ A2 A2gst dsaANAe 87434 284S B 8 AES
AEGE ATE FAAAT. AAH AxZ ABE AxWAE E L BAH Awa:
ARARAE Fa 4E © UA 20T D COMELH Ao ABE W8S welat Aol
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Agatrta Atk 2y AAAD A&l we e AAHd s &8 F 9
AE AAsER T A7 FAAA Ho]S4le] MASIAY J&E T Tl EY
E4do] WAstE Agoe SAEAoRE 545 JAAAA=Y 5)7F FHHeE 28 @
QEf, o] &, olHdE(2000)% ZHAAEF H7|gAd A 3
WHES JNEE] %‘3}@] #H A7 AgEA
TS AA AEAFF)E AE 7HeEo dsEAdE AFEsE
At ATtk o] AFeA = A&
< ARAHILE T AFES S FFHUFE AEE /\}%’5}‘31‘:}. ol Fall AlE7Y
AAMe] ZF AAFF)ER F4-FA B&HS B A3, transformer’t 7Y =7
o7 yeiwt 22y dubdor Q&g FE9
. 7HA S HrIdA A e B s W& (3], BaAdE, FA#Y, dAE AYHE 5)&
WA kol #7444 EEAS XL & Ak $HE FAReR AHSTh

Jaco Huisman¥ Ab L, N. Stebels(2006)= A9 #HAZMAAE 35 A~ 8 (take-back
system)& FH37] 98 FATel dul ARMAe] gks sl & = Qe AF-FA T8
H7b s st dE Fdsad. Hrh wye 2EZE FddaA g g
QWERTY/EE(Eco-efficiency) & &&33th. QWERTYE d#H7|dAdA 2 AUz s HA
AAGT 2L FHA HS(FHAY AVE ), HAd $#E YT 2 Ho v &(Ho Avee) B AA
G B e (A VAR ol A4 A AR E AlAbsteE ARS8 H
BA mdoltt &8 ® AAA Axe AVIE A v 9 Fojo] AMEHSla, A A
Eco-Indicator99=+-¢ 4% ® LCA #<S &8sttt d+5 &8 i+ —’—“‘T% 3%3}3’— AU
AFel gk M3 345 Fole WIFoRE A2dEs dAdsts Ao dasites
APME summary report(2011)+= =A% ¥ 7] & (MSW, Municipal Solid Waste)3}
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A Aol W@ 8444 G£8de BASAT o ATAE Zeay
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AAN AEE SR, A, BYEA, A", ABEHY 99 AT, dnzA Ass7] @
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weste] HUbsraTh ool 100% w YT 15%, 25%, 35%, 50% = #Al AL H&Z
ol 670 AlvE] Q9 - AAEeAdS HUt 3 A 15%9] Qg v&S A AvE et
7 w2 FA-AA 284S BT 50%2 g v&o Ay s 6719 AvEe T M

e ) g d9BeR FAAL AAS dHIA. o5 ¥ ARE vES
ol Aol 349 8744 BEHoE 445 Dee @ 4 AAeH EH o W ol
2849 718 A7 Bk AAe] B8 A 4+ AL Ao wA

24 714 AkEleh Ao+ Abel 24
Aol A 2AEE 719 AlleF A AMEIE S8k 38 4A &84 7 AwE AeEls| 2 Table 2.9F 2tk
Table 2.9 Az WE&S 248 v 3444 284 F7F A 344 AZZE 1) BF
A7 A AgEAT 14 A F 20E ARAEsE Ao dRd 2ds @gE

=
Agsgon, e A48 te /ner s ve Brh gl AgHAt BA4 AR
% e PRt sus ugd 270¢ 2F oW, tE aut %, 5 A 24

e A =
St Zolvh Al ZbAS e AR Ao ols wd SFHor ddsdv. A
B
-

AR wgol AR ASE Fx ABs U AT A



Table 2. Eco—efficiency indicators

AR A%
A A7/B7t 58 Gl i R I S "
AL E A o
9 Z2gye] ¥ Q¥
SR = e T s | LCA %
A
g srde] ¥ 9F LIMEZ LCAE
T A8} o v QFD % LIME %t )
A 7|§to = gk
"pA T A Ak 9L opAE 5 H& LCA 3
AL A 2RI} AAA AE2 &
Armne Eik(2001) o 7| EA oA o] &7 - A 5 v & LCA 3k olojojit &
884 H7t AE Y &N ALS 7tHs
HRAE w7 |HA 9
A olE] £(2005) &7 dAaes 97 AlE | HoprrA LCA 3k
ikl
YEAZAIREZTAE | AHEAL 29
3] - dMae’d 87 X1 | QFD % LCA 3k
(2005-2007) 7)ar
SR 49
Azt &7 74xa s A A2dstr] | 71552
%] Q3 5(2006) 715 W
g7t A& 7HY 5 AL 54,
=5AE A
Huisman and = "]& LCA(Eco-Indicator'
Take-Back A|AEl 7fjgr LCA ¥
Stebels(2006) 2 429 99)
Shinichiro Nakamura 7|&2odat 2]A1 g do]
] ) LCC LCA 7t
(2007) &3-dA m& vl
27t A | AIFY] FL Ts
ZH= £(2010) AE H2r 9 oA NS % - °r
vi & g2 AAH
8889 Zetag ILARY )
APME(2011) ) ° % u|g LCA %t
Mg AR R
3. AL s U A -AA a8 HUF YHE
AGE Aol e 444 LY WS sl TR Az WA AYse Aol Fash
AgL&s Hsiae HAZES FH, Rkstdob g ALE FAHES F3 AV AAdET
A7eE A4S 9 ZEAdss 29 /BS £Y, ewela Uy Et &7 5o wyom
A7 &S A s o7l AFES T3 AAE AAE AJeZREH TEAJUE Z2A 27}
TgAt ARG TEAsG A7 ZRALY WAE WM AT L AL T4 B go]
ZgH o) & waste] YehlY Fig. 5.9 2tk
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el vs vow A7E AelE A% AZebs W7} gl H: A7 B dF AR
AR oz sterat Aol AT A7) W] AT

AZsh ARG um SAE v olAwAASIe LB A Fash A7lshs
Anch AB G o] AnmF AR Qe AAAG W@ Ade 4 2 AE Sl P

A7) WiEolrh A Aol A EE f1F HUE Al BAA A=
Q [}

P

Bl = =]
#Hag, AAdHId HAAAH, Hadhol F= AREHEIIY. &4 Foe dad #@pt
FEAoIR oY, 247 B Fetel AT AbdE JAJATHA L, A,
A gEH 249 7
AEE A LCA
Factor =
434714 - #"A7l= AL ¥E
A LCA + #HZE AT LCA
+: ZH S F2 £40 5 nEstojof 2o

4. 28

AgE 7lEel W HAE Bu dydes HUbE 5 e WHes @444 284 Bt
NHE Zgate] AZE A2"dS vussE 499 ALey #HES vussE A2 ol
Attty 719 Abdlel A&d A Al ARkl ®HI7E Wi B Sl whE AAAd AEe
#7449 ARE Aeor), 42s ¢ A7) Z2A2 WIS TAT T 4G A 24 doe
HEach A7 A ALE A2@e nasts Aede A712e 3% 2w Add A
Agg ZzAzCd s AL A & v, aga A3y @A Fes TAHoR
B4-28A &84S Hrhsta, &8I HE Hludts A= A& Ao A Aol
RS %Fa H@ri=e 97 $4s P eR xdete] @744 a84de Hobske UHE
A A 8

DeSimone¥} Popoff(1997)7} 74z A% AA P92S FZsle] 859 o] & 7[Xd Hgses
AZE Atstd oy, Al TRAAE EIeA Hoh= ARl dES WE = 4 AA

TEAe T80 E HAY FH-AA a84ds E4s7] 9% HAH(DeSimone and Popoff,
1997)0l 22 AAAA H7F HL&E& B3l 2 AFolA ASke 7|Ho] A&HEHo=m JAETE

7] e gt

5. ALAL

B oATE 35 G8A4AB 8 ENMAGEY 40 8734 e BhE F
A 24 shalel ZaHe] 2w e
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