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gy ¢ At A7EAR FREHA 1978d vl=, =90,
A9 Abgo]l FXEHAT 19859 = tF 59
A ATFHEL AsEsR A AT FAAE
2] Asted: SAZY. 2EE A w=EHE,
St=3teha, FAaHstEsRA, FhaEfEAYm= 7“?}519.3 ARg-ol =A
(Phase out)ﬂﬁb} M-S F0ok(Phase down) sk AlstE W E 2ol
#2016\ 12€ 71 N8 7F ABEeEM ARlss THoRE F2Ed)
o] thgk grAle] =o® FAIF R AyHI Y F A A =TES 2EYE
NN A YujEALS W=A] A7 (Phase down) T+ A (Phase
out) 7} E7H38t7oll, o]& tiAle] gt dikk(GE AAgH)) o]l Aty 35U=
olgljstal A=Al thh] AAE AASkY vk suE 7148 A g3 i
E5lehA AREqfAle HFC(18F) & WA e=E 2024dFE fAE A &3t
2045 7HA] &5 =H o Ao, 20459 HRXE TEH 202449 7]%#‘
80%E #HFH= %EE stoh, ok, 2 HFCol tist ARSrAl7F A5F-3star
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IR '93.03.10 '95.03.02 '99.11.19 '04.04.08 24. (OI78)
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<E 2> ZEZ|Z 2|™¥M o|F et Fa WHE (WHEHY dui=E)

25 HEM MELHE (AFHEHE
HE THE A CFC 103, MY3EtA HEEEEXE FIXE
('90.06.29) THOAEE = 20502 & H
[HESHA 7HH M HCFC 403, HBFC 343, 2 EZ0I0|E FIHX|H
(192.11.25) THOAEE &= 95502 St
2EZ|Z2 71EAM HEEZ00|E A YE Z=hMEl= 2005E, 7H== 2015 T
('97.09.15) 200092 HZSE0 CHet == S7HH = Al
=4 7HEAM BCM(EE RS E22M|EH =THX|H
(199.12.03) THOAEE & 96522 =i

HFC 185 Aty =2 F7HKIE

AHFC-134a((0l8t 2= & GWP X|= 1,430) AHFC-143(353)

7142 7HEM AHFC-245fa(1,030) AHFC-365mfc(794) AHFC-227ea(3,220)

('16.10.15) AHFC-236¢b(1,340) AHFC-236ea(1,370) AHFC-236fa(9,810) AHFC-245ca(693)
AHFC-43-10mee(1,640) AHFC-32(675) AHFC-125(3,500) AHFC-143a(4,470)
AHFC-41(92) AHFC-152(53) AHFC-152a(124) AHFC-23(14,800)

A7 0 7% - A ARE FEEA vk, AsEsehe FAFES
et 2= Y (Refrigerant) =2 24 7] - AxpA|Zo FHYSA AFL¥ 1 o}
Y& FE7)eA A0 EAolA A wiskel 120 EAE HElTE wWiA R A,
A7) - AAAFAAE B8, ool AE7] ol FE ARk ARAE HEE
ARA SR FobA™ 19909 ~ 2000t FE AMEE Wrule ZH& Y2 A,
B4 (0), 40, E4AF), 281 A2 CHEAa=E FAEH-Z 449 {54
et @stEstes, FAESEA FAYASESHAR TR AM, AR
FARESEAE FAI, AF7], ddA T H7|DAANA
ARz A dadn. £ 9 AFEHeE AvEd, WAdng A7g5r]d F2
AHg-E Yull= CFC—-12(GWP: 10,890) 4] HFC—134A(GWP: 1,430) % W3}
PEdl, ol CFCAIYE Wl ¥ GWP=E <ls] HFCYw =z W3} (A7}
TAALS A s A AAEHAT] WEolt. HITove FaEsIEA A
Yol 2 A4 GWP7} 0°fl 717k A=) (R600A) 9] A= datsirt. <& 2>
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=5 IS =XtZ | ODPY | GWP2 g

CFC—11 | CCIsF 137.37 1| 4,750 | - digeoj 5, AAYAEA

CFC—-12 | CCIL.F, 138.92 110,890 | - WA, A% S, SAAPAFEA
29 Y5AA 242 iy

CFC—-13 | CCIF; 139.15 1| 14,420 (A A )

CFC-113 | CCI,FCCIF, | 222.39 1| 6,130 | - &S BlR WE7], AAGRIEA

CFC—114 | CCIF,CCIF, | 223.93 1110,040 | - 3AL=7], 23A 5, AAYAEEA
-3, AFAF oA 5

HFC—134a | CH,FCF 102.03 0| 1,430 )

e . (CFC—12 WA1&) mEFF At

. 01 71-]‘, Z % L= 2=

HCFC-22 | CHCLF, 142.48 05| 1,810 I =8 48

2030 @ HE ALgEA

oA A9, oojA A 7= CFC-11(GWP: 4,750)9dl7} =
AbEE e, HCFC-22(GWP:  1,81004{Wiz Agd F  AAe=
HFC-410A(GWP: 1,725) Wwi7} =2 ARgH 1 vt W&, A7 4d714
a7 A 2, ARAE FE AFEEHE AW el= ODPst GWP7F @& 24 =2
ZEstA diAE A vk |, TH7] - AXAE D AEAe] Adede
T HE) o BAEA ol MABYFE dFeHA I AFHAYI]) & 22
MZE FEHo 7HAAZFAE Wizt FHH7] 2ol &5 HA vHFE elA
AUsA ATF2dsREELS B - Aok & Fojn <& 3>

rA7] - ARAAE 2 A5 Aol At HE, o =29, HAAF
Z?Jﬂ Yl EdS #H7] 9 AGEAAG A HARstA srEe] AZtAFAAR
ANAl QA ok Fet. o] % HAMAFA Y= AR FuE FA - A B
G Fde AA AAA HF HEstolor sk, =, FujE It AL E
AP HFEA YA AN FA AR BFolA #Ee g5 7 HuEth

M
o

4

1) @ &SI A]
2) R F2HetA|

(Ozone Depletion Potential)
(Global Warming Potential)
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o3 A2, TA7] - ARAZE 9 2Ex19 AY5so] B3 HE, o 93,
Meds 424 FREE BER 35 - B85 BuHolok 3t} o]F 8,
At o2 AGFAAF A= 2 e %ﬂ/ﬁ}ﬂﬁ S AR At

A#E A s 9 (Capacity) & & : 1AL s rlE Ak AY
Trjske WvlE 3 3, %Ei Y - Bag, <ad 1, 2>
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ENGINEERING

38 1] ofoiHE Wi+ (23 2] H71H4718 Y247

20199 84 3d= 7IEo R, A AT = Tadviakide) e s gl
AP Dol st AFAnE dxte], T7|ARAH, I} T2
AT, oM FH FAHRL A= Y3 F17] ke ustrbie] dEiME

kA HoloA A QEe gHoT Folon, 7 AR YulAR FAAH
(https://www.rims.or.kr) ol 5" WujaF717] 72 2 As57]Ee] @
T = €5 YsF7IE o8-8 o, dAsiEge] 87} %iﬁbl AG sk
olef wzl, HXMY - AAAFOZFE LT IR Ige 1
TAZTYH AFEAEE, AFERE 358 5+ = o] P_E‘r G =
FAHOE AT A7 T IA 7T AoE Hlrh
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1719 B 3ol A ool F=A-a
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S, AR, CSAR A u =
k. o 15E/99 AeFRAM #8444 AW/IAFE S AT
?_

(GWP)= ¢F 8.60E+00 kg COs—eq/ton® 2 EAFHJY. =, A

B
° X

o
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By 1 ToE7 Wi w2 AR B4 3E, FAA

, AZF oF 213,225" A2 AAA adst LA

e
X
ftlo
{t ol-m
2

o GWP Het2l SHAYY AN 23t
T ) 78E+03 213,225 A¥4/d
(375319 51.41%) (kg CO2—eq/ton)
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Park, Jihwan et, al,.(2019)2 &42@xl= 9SS U AL A
Agsto], AA| #HA7] - AAAEF AL Fh s AF2dst AdadE
AT AT TA7] - AAAIE 2 AE Y] Apdesol #s BE) oA

o
=]

1A 27T EE5S EF AEE @ F e ARE dteE AAFst, 1d
TQH2016d) AL =4S =HIZFEAS T EFsHT olF,
o A o AnE A7), dHATEHS COy—equivalent® 3HAFSES] CO2
DA (Emission) & AHFg3ty, W2 AlE ol Rst W] 5SS S35t
o A &3 (Offsetting) & HA Ak A723, 20161 Fefol #Hx17] - A}
AF =5 (QJ/E3) 2 AEE AolA oF 4,097 COz—eq ton/yr = HAAZ
or, Hitf= °of 5. 154 g Qv 2l Fall oF 28,770 COz—eq ton/yre] 74
a7k YeERst AZE AF2dst At wiEadro oF 7.024 B2
1o% e <:L1‘“% 3>, AFE ATES T3, JAA7] - AAAEFY AL
T30l AF=2dsE AATIE 2% 38Ye 8 & 3o, O IAERE
3]s Fsk COp Aas, A= AHge® A% 2 9 ouyx] dzt, 19
AR A2/ AE) el wE COp WAH Azas Fo] 79 2= #AE3th

O

o
off

713t

ot

>\l

|

o%

fd
o

WG WG G MG+ MG MEc Offsetting effects

Emission effects

Refrigerant recovery | 1 :-287018
& OVelY | G2 28

L . G1:2811.345 G4:143
Electricity use  u_u_—— G188 GS:085H
G3:15444  Etc,: 7436
) _— Gl:841246  G4:4.279
Refrigerant emission g GI: 3166  GS:0287
G3:4621  Bte,:2225
G1:0.129

G3: 0001

G4:0.001

Lubricating oil & grease

G1:8.525 G4 £ 0.043
G2:0.032 G5 : 0.003
G3:0.047 Ete.,: 0,023

Vehicles

= . G1:53.126 G4 :0.27
Forklift # G0z G5: 0,016
G3:0292  cie.: 0041

T G1: 20954 G4:0.107
Boiler G2:0079  G5:0.006
G305 ete,: 0,055

GL: 0079

Electricity generation
G2 0.001

(Emergency)

G1:144.698  G4:0.736

Transport (In; WEEE) Ml G2:0545  G5:0.044
G3L0795  Ele,: 0383
£ GL: 14745 G4:0.736
Transport (Out; Resources/wastes) Ml G2:0555 G5 0.044
G3:0795 ete,: 0383

-30000 -25000 -20000 -15000 -10000 -5000 0 500
Unit : tonne of CO2 eq, per year

[A3 3] £ HFZAD (Park et, al.(2019))
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: o] #H7bd ALE D A
S| Txe od FAFE Hlo]E (Actual
survey) ¢t A=A ol EA/EH TN AlFskE Hlo]H (Licensed
disassembling plant) & FZ ©]&st= oz LENH

Song, Xiaolong et, al,. (2018)2 T= W MAH7] &
ARF7E S Sl AuA A ¢
A79 Solde T CRT TV A<+
dA AR =, (2) T=9 WEEE A2 AHS wgst A= 5, 223 3)
7l e mE AYge o&2 vro] 4 EAEITE 919 4 Al e whE
2A7A wlE AEES 47 19.59, 20.43, 25.82 kg COs—eq o2 AHY ST
A=, 32 CRT TVel thst dAe A (AEE) FEdMe 247 A%
2 B H glew, olF O SUststr] flaiM= = Wl WEEE A g
ARG NeTEs US FIAZE Zedo] =2 AS AT + 9l

Yang, Haichao, et, al,.(2020)> #HA7] - AAAF ASES T3l AA =/

) AL 2 AAFY *FoE Qi FAHE X233} AZEHAE A58k,

X]:rL%‘r_P@r AaTte
DEA) & WA g
H7l= g g4 A8 3 a&s 7Stk Ad el wEW, 2013dFE
2017974 = ARE7]1E 29709 AR 9] T MEF FAE = 639140004

X
=
it}
2 R
e
o
ol

(

519t A5 XA (Data Envelopment Analysis;

(Direction Distance Function; DDF)3 2 o]83}lo] H =}
]

3) A Ee AR thsh A R 58S FEste ol AAEHE AVIMoRA, At 7Y &3t

O 2ye  KEITI #2uss
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Ak(=¢F 1x 7009)ollom Hi WEF FLE &S 0.8808th COL4 W&
A |leE 39 9w Eolly, B WlE A 8L 0.828 yEETh £3
2 Za Y @S wEF AL 5970009 (=< 960%), 4 EE&S
0.99¢to 7 Yelth uA HA7E3 S0,9 wWE FAEFHE 47 5397000%
FIk(=2F 9,0009) 7 49 flk(=eF 67090, T2 wiE FArE &2 0.89°]th
A AFNME FAE AAEIE AFS pEste] AELES T HAEA S
AA G FelA 297t gtk AR IE AL A 73] FAF/EHE
OF F= AHTA gHE e fE ATFFAR B F Uk
o

A B0 AALHE A B A, Menikpura, SNMS NM et, al,.(2014)2 A|EH7],
W, oo, ddud @l E5)S At AR EAS 3 AT

ey FAS AT 482 W Uk AR e VISR
= S, AFEe +F, ALE, 29 AAFH;E/FE) NE
£ T3 2A7A ARHES FdFHor BANY. d7AT wEd, Ag7],
WA, oo, TEla dyulde] As @9 SREe AZedE w, A4 17.70,
27.34, 45.62 18] 3.61 kg CO.—eqd 2A7IA A7Fadrt #A;s= Ao=
ZAFE AT <™ 4>,

ok

B GHG emission from recyeling process chain

20.0 - B GHG emission from virgin production of an equivalent amount of materials
- HENet GHG emission =
T 600 - =
E =
= =
= ——§
& 400 4 =
& =
£ 200 —
=z =
2 00
S Television -3.61
5 =200
©
= 2400 4

-45.62
60,0 <

[AE 4] F2 AFZE (Menikpura, SNMS NM et, al..(2014))
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A AAH R AFedst ARas &, ARYF PAES 44T F 47A
AFEES BN A, 19999FE 20159 Alole] W3he AR §7

ASHEU) Y AAH7E #E)XH (WEEE Directive) 3 =79 AR 7)E A4
(WEEE Regulatory measures)”} AAl® A]7]9] A|7F 55 we} &gt A7)
A8y H Ao F FGE Yt Rodriguez—Garcia, G and M. Weil. (2016).

B Waste Manag

EU's WEEE Directive recast | Sci Total Environ

7 China's WEEE regulatory
W Resour Conserv Recy
measures

o m Other
China's circular

economy law ® ) Ind Ecol
t ISO 14040:2006 b rercscs
3 EU's WEEE
) Directive Int J Sust Manu
‘ I I ® Int J Life Cycle Assess
I I I ‘ ‘ ‘ I W |EEE conference

199920002001 2002 2003 2004 2005 2006 2007 2008 2009 201020112012 20132014 2015 m Environ Sci Technol

=

[ 5] MXH 7|20 ciet MapPdEIt AR5 E (Rodriguez-Garcia and M. Weil. (2016))

AR OoT A3 A= gatoe R ‘159 HA Y=o wE /1A E uw, dxt
Hr7|E AARAH7 SteE=FEe el sEX]EE “Journal of cleaner

Q) =¥z KEM vawpwien
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<E 5> m7Pd MXH7| 20 et MapPgE7t H+SE (Rodriguez-Garcia and M. Weil. (2016))

=7} AA =7} AA 5 =7} AA
ol gz]o} 8 = 4
Efo] 2t
> 7 o 57t 3 QAEFo}
@ ] 5 A= Ik
i=2 Ke= kel AN O] A 7 hy>
IR 5 *AEf Yo} 2 E]R=A=las
29
ul = 4 Bakd 2

4919 A= T A ASE 28 A7=s AYsta, 44 d3A
HA7FAF7} st AFE-Z el A WHE (Systematical boundary) & ZE=A] ZA}
3t A3} #7]E e (Waste Management) £3] &8 (Recycling) @A A7}
7H st AR Ueigt. &, AARZ AYAFrr AFE JAYstHA AAH
Z1Eo] sk AANFVIE TSI A =HE AN, AA] dAFtol A AAefF7] 4
qPste #¥ volHE FHSt= AL vl oH$EE, °F 6.4%2 Aol A

AH 715 AANFIE TH3te] FA AT <a9H 5>

Q) =¥z KEM vawpwien
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Raw material extraction Whole Life
v Cycle (3)
@—» Manufacturing ‘
v

7 m  ——;  — —(—— L ——————————————— 1
Collection (2) Waste Management |
[ (19) |
! 3 I

Waste prevention (3) - Waste treatment (7)

Reuse ‘ ‘ Upgrade | Repair/ . Incineration Recycling (13) Landfill |<-4 :}-
Remanufacture |- 2

I
I

i

I I
| I
| I
| ’ |
| : ‘ Pretreatments | : I
I : : i
| Al
I : o
I 4
I |
! I
I

‘ Hydrometallurgy |

‘ Pyrometallurgy |

‘ Others |

J8 5. A7 J|H MaHHIL dA7EE (Rodriguez—Garcia and M. Weil. (2016))

s, AAHIIE T AFdde] B ATl dsl AR A3, ddAFe] ofbd
2~671 (Various) 9] AFES Al #As A77F 144 (eF 29.8%) 02 713
Zkar, HE olo] AHX 942 WEEE (Unspecified WEEE)©] 6#(12.7%),
=AM, HFE, CRT, CRT &, 28l PCBZ|#o] ZtZt 3H(6.4%) o2
ZAE QY v ere 2 sojdst, TV, LCD7F Z+2; 29 (4.3%), 183l LE|Y
A71AH7], A7, CEDSEaE S e A& 7|7t 22 18(2;1%) 25 Llepibey:
I 6>

Q) =¥z KEM vawpwien
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¥ 6. E5YH MUHHI} AFSE (Rodriguez—Garcia and M. Weil. (2016))

=7} A = =7} A= =
= ME ” 22N, ARE, CRT, 15 @& 3
(Various) CRTS.2|, PCB7| T, B
0|7 o|/H|CH &
6 S} LCD, TV 6 (22
(Unspecified WEEE) RO =2
QHEILE, AZIMIHZ|, MS7|, LEDEZ, Z2IH, ME7| 6 (&1

A AARCRE, HA7] - AAAFLY AEES S A T2t AFaze] ois)
ATE AHE B3 Ay, AdHo7 AAAGHPILE o] 43 Global Warming
Potential (GWP) Al4te] 7} #8353 RAZOZ o]gHE AFHYHESR
ZALE QT obRE, AR E 7 HHES ol gstdetE, AAHIIES] AF>4ds
AZads SHstA ENshe AL Ad7HES 2AY dAHSE Qg oy

Sust AAHOR ofHy] MR By} dANel ARG B 5 vk
d F (¢}

S48 BN, AF ARG DA AN HY] dARY ddFor g3
Faes 2 o 23u A AAAEe] AVIHY, A 2Ry HFHA
Aol 44 Feo] Zisdan(4 B grlesd). 28EE A SHelA
= W7l= AZEg #@rs A AR, Fd, AAR) 7§ #92  Aval
Arst= Al ) B2 ZoE yehdt, o, AR E9 AEEES 270

U g i Ag2ds A7 adrl 27 gl HES AQEES dA%ste AL
2 AT
npx|eto 2 A 7| & A2 s fEhE A (d) 2o T o %éﬂ%é! =
HESIGAA o] EeH FAH Aol HlF FQstth. tulh FA A €
NolA AARA, AHEH SHE nHIA s F JoEE IEAH V)&, A,
AtEEo] Aeags B AETMsAESE doE F UAESF dd AAE A
& ¢ Z

Ao A&7} Aol A¥He=® g vrtof & otk

2l
b~
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