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Abstract

The development of the electrical, electronic, and telecommunication industries has increased the share of electricity in total
energy consumption. With the enforcement of the Act on the Promotion of the Development, Use, and Diffusion of New and
Renewable Energy in 2021, the mandatory supply ratio of new and renewable energy is expected to expand, and the amount of
waste cables generated in the stage of replacing and discarding cables used in the industry is also expected to increase. The
purpose of this study was to quantify the environmental burden of waste cable recycling through the life cycle assessment
(LCA) method. The results showed that the higher the amount of glue contained in the waste cable, the greater was the amount
of fine dust and greenhouse gases generated. In addition, by assigning weights to 10 environmental burden items, it was
confirmed that the marine aquatic eco-toxicity potential (MAETP) and human toxicity potential (HTP) had the greatest
environmental burden. The main causes were identified as heptane and ethanol, which were the glue contained in the waste
cable and the cleaning solutions used to remove them. Therefore, it is necessary to refrain from using glue in the cable
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production process and reduce the environmental burden by reducing the use of waste cable cleaning solutions used in the

recycling process or using alternative materials.

Key words : Life Cycle Assessment (LCA), Waste Cable, Fine Dust, Green House Gases (GHG), Environmental Burden
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Fig. 1. Recycling process of waste cables.
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Table 1. Process, Product, Function, Functional unit and
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Functional | Reference

Function .
unit flow

Process Product

Waste- Recycling | Recycling
Re-resource Cable of 1kg
waste-cable | waste-cable

lkg Waste-
Cable

Hov], JYS HolElS BIH- AR RS o] AT
o] 2402 3t

4.2. A7 89| Ho|

42.1. A AH 9] 7=

A2g78710A <716 (Function)2 574 Aol Al
Sl Allag wekh 2 o] gugel HEae v

o] TaH A} oA Tsks EddAdS o

Ao 2 5l on, E3| dAgko] 7]-;4 oo A - B AL
2 oo Sgich o714 7152 Haa) A
s} Holsiolrt.

422715099 7| Z 52
7]% ©+9](Function Unit)'= 8 E 7|52 AHsl6}
0]31 ‘7|5 SE(Reference Flow)’2 F0i%] 7]5
sl Sgeir] Wast AEe] ok oulai). & AT
oA 71% I Table 19]] LJERH Bl2} ZFo] A4 1k,
R3] 71 552 WA 1kg O &2 Holstqlrt.

423, A]/\Eﬂ AA

2 Y7t H= HAAS FAste], 1A,
E—JH 741*7‘” AR FEjet ZRAE(PVC, PE )g A
a7 |7HA 9] e AlLE BAIR O}Odo‘ll Al
iRt Hlolg 2] =3l A7} 9lel, sig dAIE shte]
7402 A5t HlolHE ARSI

424.dol8 4 82
B ATe] A A wAlE ARgtshe A

Aol S Al 318 Al 13, 2022



40 o)A - g4 - vtg

o 20219 FHLATCIENS PO Shgict EF
SRA0IA AgE FBYE Put F7t doleolx
£ B8,

4.2.5. 714 2 A5k Ay

© 27 24 A3 WA skl WARIYS Felst
k. 1o, ARHUS} ARI) LAElolE ] A9,
2] 9wk AMEShA) Slo, HAle] HAA) o
S 0%, 2%, 5% Lol 37 Q%S YRkt 7.,
Bk 2839k

@ AU 3L B S Tl e et
o Xjol7h Qick. whebAl, st AN At o
o|8E Erfz ARstels MHH0) F B, 60%7
Fejer 7pgsteck

® 248 ARl g %
System tte] FHO 7}
HYBLE Sstech

drolel 2 olsf, A
1stol 228 9 2

42.6. GFHF L JPYHYUE
2 oa;mﬂ% AR AU} FHNA AEE
37 A SISIck oI A, 2%

83lo] JPWIE St
o, S]AJe12) WA A2 GWP) el o
T 87 9L Bk

EA519c}h Z22 Table 2011 L}E}‘ﬂ Zﬁx}zﬂ A
>AdolEet sie] LCI DBE Etiz 2Hd5t3lom,

H2A ol Wk 0%, 2%, 5%2] Al 7HA] Aluel e g
0] Tables 3 ~50] eI

I3 34 FUE T i AEAE =3E FEHY

S48, EAAE AR = YAIE @eH(Heptane), gt
2(Ethanol), °o]AZ 29 A3 -2(Isopropyl alcohol), TZ
I ojA|E|o] E(Propyl acetate) 4719 JE O & FLE5}o]
EEAE 6o, TS AAA 40kgZ 712
2 247} 65%, 20%, 10%, 1%2 2-&5t0] FJak tlo|E]
= zHgsher}.

A, F2HA Y] FgE 0% 7t A A AluE]| e

Resources Recycling Vol. 31, No. 1, 2022

4GS PTR

Table 2. LCI DB and Source

LCIDB Source
Electricity MTIE
Industrial water MOE
Glue MOE
Heptane Ecoinvent
Ethanol MOE
Isopropy! alcohol MTIE
Propyl acetate Ecoinvent

Table 3. [Scenario 1] Glue free (0% Glue-contained) content

Input/Output Material Value Unit
Waste Cable 2,000 kg
Electricity 30 kWh
Industrial water 2,000 kg
Glue 0 kg
Input
Heptane 26 kg
Ethanol 8 kg
Isopropy! alcohol 4 kg
Propyl acetate 0.4 kg
Copper 1,200 kg
pPvC 560 kg
Output
PE 240 kg
Waste water 2,038.4 kg
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Table 4. [Scenario 2] 2% Glue-contained content

Input/Output Material Value Unit
Waste Cable 1,960 kg
Electricity 30 kWh
Industrial water 2,000 kg
Glue 40 kg
Input
Heptane 26 kg
Ethanol 8 kg
Isopropy! alcohol 4 kg
Propyl acetate 0.4 kg
Copper 1,200 kg
PVC 536 kg
Output
PE 224 kg

Waste water 2,078.4 kg

Table 5. [Scenario 3] 5% Glue-contained content

Input/Output Material Value Unit
Waste Cable 1,900 kg
Electricity 30 kWh
Industrial water 2,000 kg
Glue 100 kg
Input
Heptane 26 kg
Ethanol 8 kg
Isopropy! alcohol 4 kg
Propyl acetate 0.4 kg
Copper 1,200 kg
PVC 490 kg
Output
PE 210 kg

Waste water 2,138.4 kg
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Scenarios based on glue-contained portion

Fig. 3. Fine dust generation versus 3 scenarios(different
glue-contained portion).
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Fig. 4. Emissions caused by 7 different materials in 3
scenarios.
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Fig. 5. Weighted impacts by 10 environmental impact
categories.

Table 7. Environmental impacts caused by waste cable

COs-eq/kg) Impact factor Scenario
Material Scenario 1 | Scenario 2 | Scenario 3 ADP 1.77E-04
Electricity 7.43E-03 7.58E-03 7.82E-03 GWP 1.58E-02
Industrial Water 1.14E-04 1.16E-04 1.20E-04 ODP 2.91E-09
Glue 0.00E+00 1.72E-02 4.42E-02 AP 8.47E-06
Heptane 1.15E-02 1.18E-02 1.21E-02 EP 6.28E-05
Ethanol 1.11E-02 1.13E-02 1.17E-02 POCP 9.30E-06
Isopropyl alcohol | 2.73E-03 2.78E-03 2.87E-03 FAETP 1.65E-03
isopropyl acetate | 6.17E-04 6.30E-04 6.50E-04 MAETP 2.15E+00
Total 3.35E-02 5.14E-02 7.95E-02 TETP 9.06E-06

HTP 4.28E-01

Potentials(ODP), AHd3k Acidification Potentials(AP), Total 2.59E+00
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Table 8. Marine aquatic ecotoxicity potential(MAETP)

Ethanol Glue Electricity Heptane Industrial water IS;I; rthf ey ! Isa(l)f;) (r)?l}()) { !
Scenario 1 3.63E-01 - 5.45E-04 9.92E-01 6.24E-03 4.61E-02 4.87E-04
Scenario 2 3.70E-01 5.90E-01 5.56E-04 1.01E+00 6.37E-03 4.70E-02 4.97E-04
Scenario 3 3.82E-01 1.52E+00 5.74E-04 1.04E+00 6.57E-03 4.85E-02 5.12E-04
Mean 3.72E-01 7.04E-01 5.58E-04 1.02E+00 6.39E-03 4.72E-02 4.99E-04
Ratio(%) 17% 33% 0% 47% 0% 2% 0%
Table 9. Human Toxicity Potential(HTP)
Ethanol Glue Electricity Heptane Industrial water is;(f; rt(;fgl li?gr)ﬁg ill
Scenario 1 4.17E-01 - 1.74E-07 6.65E-04 3.21E-07 1.95E-05 5.10E-06
Scenario 2 4.25E-01 3.12E-04 1.78E-07 6.79E-04 3.27E-07 1.99E-05 5.21E-06
Scenario 3 4.39E-01 8.04E-04 1.83E-07 7.00E-04 3.37E-07 2.05E-05 5.37E-06
Mean value 4.27E-01 3.72E-04 1.78E-07 6.81E-04 3.28E-07 1.99E-05 5.23E-06
Ratio(%) 99.75% 0.09% 0.00% 0.16% 0.00% 0.00% 0.00%
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