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Abstract

This study aims at life cycle assessment on valuable sorting/recovery from small household
appliances was carried out. The recycling process mainly consists of 1st-stage crushing,
manual dismantling, magnetic separation, 2nd-stage crushing and wet gravity separation
process. This process is designed to process about 8 tons of used small household appliances
per day, but it processes 800kg per day for efficient sorting/recovery of the downstream wet
gravity separation process.

GWP was estimated to be about 9.24E+02kg CO:-eq./f.u when each valuable resource was
sorting/recovered from 1 tonne used small appliances. The environmental impacts on GWP
among the environmental impact categories for sorting/recovery by valuable resources were
about 65.7% for PS/ABS 6.07E+02kg CO:-eq., about 29.0% for PP 2.68E+02kg CO-eq.,
about 2.9 % for ferrous metals 2.72E+01 kg COz-eq., and 2.22E+01 kg COz-eq. for copper And
about 2.4 %.

The effects of environmental and economic benefits are analyzed compared to the amount of
virgin material recycled as recycled material, and the environmental impacts of 1.93E+03 kg
CO; vield were analyzed. If it translates into carbon emissions reduction, it will result in an
economic impact of about 5,777 thousand won per year.

In addition, environmental avoidance effects were analyzed to reduce carbon dioxide levels of
about 237.8 tons per year. Recycling process including gravity separation techniques used in
recycling process, which is used in the recycling companies, the environmental avoidance
effect on the sorting/recovery of the final valuable resources is inefficient. In addition, when
the wet gravity separation system for sorting plastics is applied, it is analyzed that the
environmental load is caused by the use of the water and the treatment of the generated

wastewater. It 1s urgently required to develop a crushing, disassembling technique and sorting

WAL #H9-Z wg (18323)471 % Al FEs o4 17, Tel: 031-229-8126, Fax: 031-222-468, Email:
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technology in order to efficiently sorting and recover the valuable resources generated in the
recycling process of used small household appliances made of various constituent materials.
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HAFH7EA 1,478.400kg
A = 347,794 kw
L e i
|« H|4ST7FME 1,478,400kg ¥ I
Poe Mg 138,600kw _ * A FIRH OIS |
: 125 Tha] 1,478,400kg !
|- HIAETREREE !
| 1,478,400kg 3 i
R 4,065_6kw __ . dapRe :
: PR [ pay | ZHES 270k
| EaETReOpE !
: 1,155,000kg . !
. M2g 12,936kw . '
: Aped sy s 232 151,536kg |
| EAEIRHEREE !
! 1,003, 464kg i
b Ay 92,400kw * H AR OES '
i = 2 = - (i !
i 2 A} Iy 1,003,464kg |
| - EASTFe IS !
! 1,003,464kg i
| 2 49,896kw ¥ :
| 2 560w = :
! s4Hlsd39 (3D * ZYS(PP)  240,240kg |
i 1
| - AT S (EED) :
: 763, 224kg '
' 2 49, 896kw :
- S60m SAH| =AY : PS/ABS  545,160kg !
: (22D s A= 218,064kg
i 1
i 1
e, e e e e e e —————— ————— 1
Figure 2. H 2g 7M™ sl A, ut2f 2 MH/3+ SHET
Table 3 H A~ IHM s A, ot 2 MHEH/3|5 FH &K
F e = = o EE =
- AT 1ton - Fz 0.15000 ton
- M 235.250 kw - Hasg 0.17125 ton
A 3 _
24 0.568 m - Z2|AEF -PP 0.16250 ton
- Z2}AER - PS/ABS 0.36875 ton
- XA = 0.14750 ton
2 AT AxZ7de A28 T dste] dAdRItE FPsslon, Ay
o] 543 9 kst wyow e M 9 dFEUE HEe] A¢ #7459 TOTAL =1
BE ol gy, HagtdozRy faAde] A/ FA Wi 8AIFES YBategl
ow, F8AAES A/t AL gFonA BAsE AT g 2 AAH ZHE AT
SFSHGWP)oll tih 34 FFHFE o] &ate] vl A5k




oA 7MY F AGALEG S 2 iAo AAl T AIZES A7 264 A2 JHA sk 3k A
g3t om, ¥ Fule 7heAztE VA AALFS VFoR Fusd £, 72H7e] F
oA Ad/3lrE s FEAde] SENE AYs Bjete] A ITFS AFsetdnt FebaE
FE A/ gete 54 veAY FAHNA PP 2F 016250 ton, PS/ABS ¢F 0.36875 tono] A1/
S| o] FHIFEoR AYAEFS Tty AT S A AT FFE FeaY EEE
o] &3to] Al ete] Hlag b= AESHA A o] &ekste] sl LCI DB % fAFSE &4 3 vjalst
A Th

=

1 gl ol dist SFGES 7h7te] Ao
FHFHEE A ow, 11 ARE AAEA 3HIIFHTE 24 A AF&ESHGWP) =
oF 924E+02kg COseq. o2 ¥4 E Qo ASAMHTP)E 9 6.62E+06kg 1,4 DCB eq., A
=/J(TETP) ¢F 516E+04kg kg 1,4 DCB eq. 59 4 d o] HAst= Aoz AT dx
P o2 HE FE&AYLS AE/35 & A9 FHIFE stEststd o, vtk A3 s
J(TETP)oll gt 34 JaFe] 6.84E-03Ptx A $FaFe] oF 9357 %E AA|st= Ao w 45
ATt I ggorE QA=A HTP) 470E-04Pt® °F 643 %% EAEon, e d4gate

o
mE g Aoz 2AE A,

Table 4 HAEIIM ®e&e IHM Ao 3ol st stdds Hat
71 HA"IHE 1 ton)

o Bk F EM3 A1} V&35 Aot

ADP 4.20E+00 1/yr 5.12E-08
AP 1.80E+00 kg SO, - eq. 2.21E-09
EP 6.84E+01 kg PO, - eq. 1.99E-07
GWP 9.24E+02 kg CO:z - eq. 6.78E-08
HTP 6.62E+06 kg 1,4 DCB ea. 4.70E-04
ODP 1.85E-04 kg CFC 11- eq. 1.33E-09
POCP 1.17E+00 kg ethylene eq. 9.02E-09
TETP 5.16E+04 kg 1,4 DCB ea. 6.84E-03
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ok PPOl A AU aZ(ADP) 839E-02 1/yr, AHd3HAP) 4.08E-02kg SOs-eq., A 7-&3}
(GWP) 241E+01kg COs-eq. Sollew, PS/ABS? 4% A9 Z(ADP) 1.90E-01 1/yr, A4 3}
(AP) 9.25E-02 kg SOq-eq., A T+&F3HGWP) 547E+01 kg COr-eq. 52 EAHAT F4 035
Al FAAA BAsE FAE] A9 AYAZ(ADP) 7.62E-02 1/yr, AH3HAP) 3.70E-02 kg
SOz-eq., A T2F3HGWP) 6.838E-03kg COseq. 5ol oH, o5 &7zt Agd ¢ A 3HAP)
1.33E-01 kg SOs-eq., AT2F3HGWP) 1.81E+01kg CO.-eq., ¢17F=A(HTP) 1.99E+00 kg 1,4
DCB eq. 5o2 ATt =3 F24 vsxd FAHNA B d5o AT 4§ L4
3HEP) 6.83E+01 kg PO,” - eq., AT2HF3HGWP) 7.890E+02 kg COs-eq., 1754 (HTP) 6.62E+06
kg 1,4 DCB eq. 522 w45}

Figure 391 A2/ A2 SHANA 22he] #8429 AW/A5E 2 T BYsE
AAE L AAE 273 ALAe] he ATLIHGWP) GG mwste] ArE el
FAW AN 50 ALg T orgsE A%

ok A dsHGWP)oll sk g e F24 v -

=2 Ay 4$ 789E+02kg COr-eq. o2 ¢F 7261 %= 7Fd & Ao g EAFEdoen vgsow
#7247 1.81E+02kg COreq.o& ¢F 16.66 % PS/ABS 547E+01kg COs-eq. o2 ¢k 5.03 %,
PP 241E+01kg CO.-eq.o2 °F 222 %,Aa4F 875E+00kg COreq. o2 °F 0.81%, T2
7T1TE+00 kg COs-eq. o2 °F 0.66 % 5o =2 A 5T

Table 5 WS IIMe REARY Mu/54 ZHeo| stAdHs A}
(Z1= : Ha2g7E 1 ton)
ADP AP EP GWP HTP ODP POCP TETP
T = 1hyr kg SO2 - |kg PO - kg CO;z - kg 1,4 kg CFC | kg ethylene| kg 1,4
y eq. eq. eq. DCB eaq. 11-eq. eq. DCB eaq.
T2 2.39E-02 | 1.21E-02 | 2.25E-03 | 7.17E+00 | 1.60E-03 | 1.62E-03 4.96E-03 | 2.90E-10
HEE5HF | 3.05E-02 | 1.48E-02 | 2.75E-03 | 8.75E+00 | 1.93E-03 | 2.01E-10 6.06E-03 | 3.54E-10

PP 8.39E-02 | 4.08E-02 | 7.58E-03 | 241E+01 | 545E-03 | 5.84E-10 1.67E-02 | 3.02E-09

PS/ABS 1.90E-01 | 9.25E-02 | 1.72E-02 | 547E+01 | 1.24E-02 | 1.33E-09 | 3.79E-02 | 6.85E-09

= 7.62E-02 | 3.70E-02 | 6.88E-03 | 2.19E+01 | 4.95E-03 | 5.30E-10 1.51E-02 | 2.74E-09

o= 2| | 373E+00 | 1.47E+00 | 6.83E+01 | 7.89E+02 | 6.62E+06 | 1.84E+06 1.07E+00 | 5.16E+04

H 7| &2 7.40E-02 | 1.33E-01 | 1.80E-02 | 18.1E+01 | 1.99E+00 | 1.27E-06 | 2.02E-02 | 8.89E-05
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Table 6l A2@71AE ARE TANN FeAgon AW/FH5FHE 7o, A2EF, PP
PS/ABS 5o% 717 f8A490S H5se] ABET A9 ATFLIHGWP)ol e 873
G zzke] AAE AT Ao ATLHHGWP) U BAIRL B ARE

MRS Aol fARAER nustglon, S LCI DB(RAYAEA 95 huld, 29, &
AAATEA MEAFCEE MEAS), FAAN071£ 9, 201559 T, FYZeBH, ojaw
UEY B seld, Fesgd 52 Agagth 24 2% 43744 1 onomtE %
2o 84S /5ol ABET AF] ATLUHCGWP) e B FFE 924E+02
kg COreq. 0 vhehgtom, 8158 717he #8493 AT Fo] AAS ARG e A7
SdsHGWP)Ol tfe BAAFES 193503 kg COr eq. 0.2 HAHAT 2 TN 717te] -8
A Aw/s 5] ABEE A AAE ANSE FARG ATLHHGWPl TF $7
ol ©lste] LO0E+03kg COreq.ol #7333 Zatrh wAsIgdom, 84982 474 2355

598E+02kg COz-eq., 7-8] 4.99E+02kg COq.-eq, 1217} 521E+02kg COz-eq.®] 7 3|v & 37}
Akt ey, PPel 49 9.15E+01 kg CO2-eq., PS/ABS 4.11tc+00 kg CO2-eq. 52 37 <
ol LAtz Ao EAHeH, o= 54 HleAE $AHAN &7 AHE B AR Qlske]
HAGF ol =2 ow yprhE
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Table 6 FE&Ae| Mud/s|4 M-S AX| Mate| 2HAPSF vl
(2Hl @ kg COz-eq./ton H A8 7+H)

T2 2.22E+01 5.21E+02 - 4.99E+02
Ha5F 2.72E+01 6.25E+02 - 5.98E+02
PP 2.68E+02 1.76E+02 9.15E+01
PS/ABS 6.07E+02 6.03E+02 4 11E+00
2 A 9.24E+02 1.93E+03 - 1.00E+03

) AR ED dad g xwA LCI DB ©avEAS 44

Table 791 A&7HA9) AZE TAANA FEANE AVS T A5 B3 ZAT W
aEY ANNAL olgstel FAH EAE Aol ANSFAL ¥ AN AelF Gl
WaEHol AR el e FEANY FE 19 ATHkgEE AL o 12080 FEAL
Aol bed Ao BAHAG AxFAAOZRY FEA4AS WE/H 5] AT EFOE
A OBAEE B05S BauEn AdtAoR B e FAH G Az o 57774
Aolm, ol gk o 2378 B9 olkst@a A7 Tt wAtE 4H
Table 7 S8 Atele] Mw/sl 2ol Cheh AlEIE F3 24

T2 | %Y kg/Y) | 5 (BAD) | ZAHE 53 (Re/d) ol MEHEA W2 (lon/d)

T2 840 222 2,688 - 110.6
Has® 959 253 3,678 - 1514

PP 910 240 534 + 220
PS/ABS 2,065 545 54 +22

2 A 4,774 1,260 5,777 237.8

s 1) A2Pob AE/35 B4 A% 2649 THE
2) BanlEA AUt A A 201 10 119(F) T7H71F 24,3009 /&

o 3
=A(TETP) ¢F 516E+O4kg kg 14 DCB eq. 59 3G %‘%6}% ﬁ_@
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C kA, ke FAEER o] Rl HAY

Zy A 8493 =3t 23 AR EA(TETP)o| whah 374 9d3ko] 6.84E-03Pt= A 3
o3kl oF 9357%, ¢1ZF=A(HTP) 470E-04Pt= ¢F 643 %= EAEgon vt 37493k
2 g Aoz FALEHS

ang
A FEAdY] Al /g FAe] AF2ESHGWP)Ol ek 3 g 9.24E+02 kg
COreqolom #4 Ay 78E+02kg COreq. o2 ¢ 7261 %, #A7|E47 1.81E+02kg
COreq.o® ¢ 1666% PS/ABS 547E+01kg COseq. o2 ¢F 503%, PP 241E+01 kg
COz-eq. 0% °F 222%, HFEF 875E+00kg COsreq.o® ¢ 0.81%, 2 7.17E+00kg
COreq. o2 9F 066% oz EAHA
S

19/3]F38te] A& A AA ABioz HAs= A
T233HGWP)ol 3 74 dadrt oF 1.93E+03kg COs-eq.o] €743 9(27ol5) &37}
WAsE Ao Jehgon ol waujEA AdrtFdoR @ik A fole A7k oF 5777
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w2 A FA0 A FE8ALe] A/ 5o vggHolrt we Fehage] QAL
S 9% 54 A TS A4 Ao £ AFE 2 3 H5o A S wE
FARE7E DA Aoz FAEgon, o] /3 Aek AAA &3 B o
Absteba A7 & E v ek 2

ol

sHow A

&
o~
)
&
_O|L
N
o
_0|L
2
&
2
:IOL_A‘

This study was supported by the R&D Center for Valuable Recycling(Global-Top R&D
Program) of Ministry of Environment(Project No. : 2016002250002)

1)

2)

3)

4)

6. Reference

Buenkens, A. and Yang, J., Recycling of WEEE plastics : a review, J. of Material Cycles
and Waste Management, Vol.16, p. 415~434

Choi, W. Z. et. al, Status and Prospects of Plastics Recycling of Used Small Household
Appliances, The 13th International Symposium on FEast Asian Resources Recycling
Technology, Proceeding, p. 592~596

Park E. K. et. al,Analysis of Physical Characteristics of Waste Plastics Generated from
Used Small Household Appliances, J. Korean Soc. Miner. Energy Resour. Eng.,Vol.54, p. 48~56
Park E. K. et. al.,, Study on Life-Cycle Assessment for Recycling Process of Used Small
Household Appliances, Kore J.of LCA, Vol.17, p. 101 ~112

- 82—



5))

6)

7)

8)

9)

Park E. K. et. al., A Basic Study on Sorting of Black Plastics of Waste Electrical and
Electronic Equipment(WEEE), J. of Korean Inst. of Resources Recycling, Vol.26, p. 69~77
Choi, W. Z. et. al., A Study on Physical Characteristics and Plastics Recycling of Used
Small Household Appliances, J. of Korea Inst. of Resources Recycling, Vol.25, p. 22~38
Korea Environment Institute, System technical support measures for promoting recycling
scrap metal resources, p. 24~25

Choi, W. Z. et. al, Environmental Impact Assessment on Dismantling - Crushing + Sorting
Process for Recycling of Used Small Household Appliances, J. of Korea Inst. of Resources
Recycling, Vol.25, p. 17~24

Kim J. J, A Study on the recycling optimization through material flow analysis of

household electric appliances, p. 9~11

- 83—





