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Abstract

This study aims at evaluating the environmental impacts on recycling process for used small
household appliances. The recycling process mainly consists of 1st-stage crushing, manual
dismantling, magnetic separation, 2nd-stage crushing, eddy-current separation and near—
infrared ray(NIR) separation. The overall capacity of the process is about 15ton per day to
treat used small household appliances. In this study, life-cycle assessment(LCA) methodology
is applied to analyze major environmental parameters such as GWP, ADP, POCP, EP, etc. One
of the major impact categories on the weight basis in the recycling process is global
warming(GWP) 57.1 %, next to ADP 354 % and POCP 4.8 %, respectively. As a result of
environmental impact on recovery of valuable resources/ton, the GWP of plastics for ABS is
highest(51.41 %) compared to ferrous(8.61 %). The effects of environmental and economical
benefit are also analyzed to compare with the amount of virgin materials to be recycled by
recycled materials. In addition, recycled materials are also more economical in comparison to
virgin materials due to the environmental avoiding effect by recycling. In conclusion, the key
environmental issues related to the recycling of e-wastes are analyzed and therefore, the
effective recycling process will contribute to mitigate global warming potential in the near

future.
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b Ao FAEJoH, ofE vraviEA AYrtASRE e A gole AzF oF 213225 1
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== : B2g siA-dd] |—— ’._%_j'ﬁéf 500::9 i
| g 230kg :
| HAYAH
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i ]
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| EE 7k mYE Y= PrBUE I7skg
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! ;4;11—3 9,695kg i
! ol 13.Tkw YHE M ., Al 900kg !
! “ +Cu 1,010kg :
i
ST 1 :
! oy = 7,785kg - ABS 5,192k i
| -mET  eskw SMM(NIR)ME | PP 1796k
: * HIPS 732kg :
i 1
I 1
i 1

+ ZESTAE 65kg

Table 391+ #H4&
w AR
T2 ¥ 0.114 ton,
0.025 ton, %E}}\F’]

o, o

0.004 ton®] &

Fhste] sfAl, v B A 8 Sg 349
g 260kwhelth 2 FHE& F3ke] 1tono HAixF Ao RFH
0.060 ton, I °F 0.015ton, dF&F oF

346 ton, PP °F 0.120 ton, HIPS ¢}

Table 3 HAEIIM shA, ut2f 2 MHH/3|+ JHel SHTX|
Fd = = M EE =
- HAFEIIN 1ton - 7 0.114 ton
- e 17.34 kw - 2dR0|gm 0.060 ton
- 157 0.015ton
- Ha35R 0.267 ton
- duF 0.025 ton
- Z2fAE &/ - ABS 0.346 ton
- Z2tAE R/ -PP 0.120 ton
- Z2I2E &/ - HIPS 0.049 ton
- ZelrE R -2 ECIAE 0.004 ton
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HALP7HAES A, 3 L /35t FA- dste] A ITFS 449 dASFHFER
EAAeH, 1 AAE Table 40 AAstdth. A FeFHTE 4 A3 A F=2GF3HGWP)=
°F 860E+00kg COs-eq. 0.2 A HAoW, AHIsHAP)= °F 145E-02kg SOs-eq., Az
(ADP) °F 3.00E-02 1/yr 5] 37 o] TAs = Aoz AT A4y rbde] 2 344
AHIFE Tttt o, AF2dsHGWP)el tigh 3H7 d o] 448E-04Pt= A 3P o

o

2

% 57.1%E AAs= Aom AN O dgoRs AUaZ(ADP) 278E-04Pt= °F 354

%, 43tetitstE @4 (POCP) 376E-05Pt= oF 4.8 %, 4 sHAP) 1.32E-05Pt= °f 1.7% So=

TAHA e, JAAEHHTP), ££5 937 (0DP) 2 Y= (TETP)Ol tat & gF2 vv
AL R A .

Table 4 H AN s, mhaf 2 ME/3|+ FHo st@dder Ant ZlE : "Ha2g71™ 1 ton)
AekH=F SAMst Zdat 7t&3 21
ADP 3.00E-02 1fyr 2.78E-04
AP 1.45E-02 kg SO, - eq. 1.32E-05
EP 2.71E-03 kg PO - eq. 7.85E-06
GWP 8.60E+00 kg CO; - eq. 4.48E-04
HTP 1.92E-03 kg 1,4 DCB eq. 1.36E-07
ODP 1.98E-10 kg CFC 11-eq. 1.42E-09
POCP 5.96E-03 kg ethylene eq. 3.76E-05
TETP 3.47E-10 kg 1,4 DCB eq. 461E-11
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Table 501= FALG7bdE Fete] afal, s 2 Ad/3 st o4 T dodEeo] ey
= TS AEEe] TR d9sdion, 89 Ad/3e A Y 4TS +4
sto] 1 A3E el e Adfols ALaZ(ADP)Ol WE 4 9F2 2.13E-03 1y,
23 3H(AP)+= 1.03E-03kg SO»-eq., A 7-=F3HGWP)= 6.11E-01 kg COz-eq. 522 AL
H, HEEFe B9 AL Z(ADP)> 257E-03 1/yr, A SHAP) 1.25E-03kg SOs-eq., A&
sH(GWP) 7.40E-01 kg COs-eq.o.2 YEFGT ABS®| 75 A2 (ADP) 1.54E-02 1/yr, A4 3}
(AP) 747E-03kg SOs-eq., AT=H3HGWP) 441E+00 kg COz-eq. Toll o, PP 725 24
1Z(ADP) 5.32E-03 1/yr, AHJ3HAP) 258E-03kg SOs-eq., A7-&3HGWP) 1.53E+00 kg

COseq. 522 F4HAG

Table 5 HAEHIIMe RSAAYE MU/s|+ SHe| sdds Ao (7l - "Ha2"IHE 1 ton)
ADP AP EP GWP HTP ODP POCP | TETP
Sy 7I& x|
= e |kG SOz ka PO | kg COz | kg 14 | kg CFC ethklgene kg 1.4 (%)
eq. - eq. -eq. |DCB eq.] 11-eq. gq DCB eaq.
22| 2.13E-03| 1.03E-03| 1.92E-04| 6.11E-01| 1.37E-04| 1.41E-11 | 4.23E-04| 2.47E-11| 8.35E-04| 7.11
t2 0| & | 1.53E-03| 7.40E-04| 1.38E-04| 4.38E-01| 9.80E-05| 1.01E-11 | 3.03E-04| 1.77E-11| 5.99E-04| 5.10
I23F | 1.36E-04| 6.61E-05| 1.23E-05| 3.91E-02| 8.73E-06| 9.00E-13 | 2.71E-05| 1.58E-12| 5.35E-05| 0.46
M2 L2 | 257E-03| 1.25E-03| 2.33E-04| 7.40E-01| 1.65E-04] 1.70E-11 | 5.12E-04] 2.99E-11| 1.01E-03| 8.61
MMF | 5.75E-04| 2.79E-04| 5.19E-05| 1.65E-01| 3.69E-05| 3.80E-12 | 1.14E-04| 6.67E-12| 2.26E-04| 1.92
ABS 1.54E-02| 7.47E-03| 1.39E-03| 4.41E+00| 9.87E-04| 1.01E-10 | 3.05E-03| 1.79E-10| 6.04E-03| 51.41
PP 5.32E-03| 2.58E-03| 4.80E-04| 1.53E+00| 3.41E-04| 3.51E-11 | 1.06E-03| 6.17E-11| 2.09E-03 17.78
HIPS 2.17E-03| 1.05E-03| 1.96E-04| 6.22E-01| 1.39E-04| 1.43E-11 |4.31E-04| 2.51E-11| 8.51E-04| 7.25
ESHE2IAE! 1.10E-04| 5.35E-05| 9.93E-06| 3.16E-02| 7.07E-06| 7.27E-13 | 2.19E-05| 1.28E-12| 4.33E-05| 0.37
Figure 291+ Z}2te] f8A1dd XAd/3 4 FAHo gt AF23FsHGEGWP) 9SS duste] 2
& Yeuoey, AF2dsH(GWP)ell gt #7938 ABS7F 441E+00kg COs—eq. o2 9F
5141 %= 7} & Aoz EAHSY g2 PP7} 153E+00kg COs—eq. o2 ¢F 17.78 %, HAF

&57F7F 740E-01 kg COs-eq.o.2 °F 861 %, HIPS7F 6.22E-01 kg COz-eq. 2.2 ¢F 7.25%, 27}
6.11E-01 kg COy-eq. 2.2 ¢F 7.11% o2 FAF AL}

- 108 -



4.50E+00

ct

—

2| : kg CO,-eq.fton

4.00E+00

3.50E+00

3.00E+00

2 50E+00

2.00E+00

1.50E+00

1.00E+00D

3.00E-01 - I
0.00E+00 -

22 ¥TOE  2PE  WIRF R

Figure 2 F8Ataly Mud/s4 Z ™o et X[F2:t5 S&

Table 6 ALIALE A L AAT § 3 B4 QYARAE 2, T2, TR0
DER, AFEF, AAF, ABS, PP, HIPS, E4Zehad 5 470 44902 f5a Ahe
@ A9e ATELAGWDIN AT DAL A4S AAE BT AT AFLTHGWE)
dee Pt AnE e

O

of g £7

AAe] Agels ArEEdEE sl oy, sl LCT DB(E24 454 A5 A, . &
2AAFA EAFGEE EAT), d=ddadried, 201559 &2, ThE, EF v
el Zedad to i e, EYzadd olaryEY FErd xgoldl, Hejxdd
e ARSI 24 23 HA97Ed 1 tone 2 RE A4 {F8AAS A/l A2 e
& A5 AF2FsHGWP)ol g &4 32 859E+00kg COr-eq. &2 HEISEOW, 359 7}
Zrel F&AAI Fdg Fo AAE AAE B9 ATF2HESHGWP) tid S FdFS
279E+03kg COy-eq. o2 4 HAY. & FAHANA 7] F8&AdS A8/3 58t 428 74

T AAE Aiete FARG AF2HESHGWP)Ol theh 87 J el tiste] 2.78E+03kg COz-eq.
o 3743y wdrt dAsA T A7 FE&AYHEE ABS7F 1.02E+03kg COz-eq. o2 7HE &
Ao FAHYOH thFoz HAFE&F7F 6.24E+02kg COz-eq, 78]7F 5.20E+02kg COs-eq., PP
1.75E+02 kg COz-eq., 714 1.43E+02kg COs-eq. 59 o= YEYT
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Table 6 REAES] Mw/a% MBS AR MYAro| BHYS BT

(2Hl kg <Eog—eq./ton H A8 JHH)
T 6.11E-01 5.21E+02 -5.20E+02
AEO0|F 4.38E-01 1.43E+02 -1.43E+02
e 3.91E-02 6.75E+01 -6.75E+01
HEEF 7.40E-01 6.25E+02 -6.24E+02
duF 1.65E-01 1.36E+02 -1.36E+02
ABS 4. 41E+00 1.03E+03 -1.02E+03
PP 1.53E+00 1.76E+02 -1.75E+02
HIPS 6.22E-01 8.87E+01 -8.81E+01
=3 Ez2taE 3.16E-02 8.32E+00 -8.29E+00
2 Al 8.59E+00 2.79E+03 —-2.78E+03

*7) AP RTIEd G EA] LCI DB S s A8

Table 70+ #HAA&F7bde] A, I, Ad/3]
HEd AY7rE S ol &ste] AAH e 4 0}01 Al A 8T 2
/3] psto] ALEsteE FE8AES 1Y 15000 kgo.=2 A =
Aoz BALYTL HA Ao zRE HAH/35| 58] A3
HiEd AgrtAdo® ke 4 Az oF 213,225 19

Table 7 #&Ata el MY/3+ ™ol et ZHAH g0t 24
T = 3|2 (kg/e) 32 (E/4) M Zaob (M{/d)
T2 1,710 513 39,808
& Fols 900 270 10,937
DER 230 69 5,276
Ha5F 4,000 1,200 47,679
HMF 375 113 10,418
ABS 5,192 1,558 78,326
PP 1,796 539 13,353
HIPS 732 220 6,722
g Z2taE 65 20 706
2 A 15,000 4,500 213,225

1) AxF7Ed Ad/E e 34 Az 300 7HE
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2) gawiEd AdsrA A A 20169 7 219(F) F7HIE 17,0009/

4, 28 € 1%

Ashe ackaw e o,

HALF7HAE sA, g 4 A¥/3) 5k TN 4o FE8Ade dd/3 5 Hge
gAded 47, A F2dsH(GWP)eol| dist 3733 860E+00kg COs-eq./ton, 2FHAd3HAP)
145E-02 kg SOs-eq./, AL Z(ADP) 3.00E-02 1/yr ¢ 37493 3Fo] LAe= Zow Fa
= Atk

7z FAE 9749 75 A3 7T85E-04PtE A E o, AF&dsH(GWP)ol ik $7
FEFo] 448E-04Pt= A A FFF] o 571 %% YEbWH AL Z(ADP) 2.78E-04 Pt®
°F 354 %, #3}stitatE A (POCP) 3.76E-08 Pt °F 48 % so& 7zt7z} ¥4 5 <)

&2 77 18 Ad/slete 349 AF2dsHGWP)Ol tig 3% ABST}

441E+00kg COs-eq./tonoZ °F 5141 %= 714 =9kew, PP} 1.53E+00 kg COs-eq./tonS
2 ¢k 1778%, AEEF7F 7T40E-01kg COseq/tono & <k 861 %, HIPS7} 6.22E-01 kg
COs-eq./tono. & °F 7.25%, 7217} 6.11E-01 kg COs-eq./tono. & °F 7.11% o= 7zZtz} &
SRS A=

A2 1R 2R Ao fEAdE /g ste] A28 By AT dSHGWP)

of 3t 73S 859E+01 kg COs-eq./tonoZ A g on o= Aol Aator u-Ag
gt AT2FsHGWP)el tigk B4 dFR T F 2.78E+03kg COz-eq.o 3739 (37 0] 5)
EaF BAsE Aom 4

HAaB S A, s B Ad/s]gete FANA T8 d¢ % qFdg o g
A3yY a3 s2uEA AUrrdes gad A9oE Ao Agakrth ¢k 213225 H Qe
AAA ZHrt dAshE o2 ZAE AT
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