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Analysis of environmental impact reduction effects of unclassified
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ABSTRACT: This study conducted the environmental load comparative analysis between unclassified thermoplastic wastes
incineration/landfill and recycled thermoplastic blocks manufacturing with considering the avoided burden effects of concrete bricks
manufacturing by using the LCA methodology and quantitatively calculated the environmental advantages of recycling unclassified
thermoplastic blocks manufacturing. As a result of the environmental impact assessment of the recycling unclassified thermoplastic
blocks manufacturing, ODP was decreased by 1.49E-05 kg CFC-11-eq./unit, and the reduction ratio was 99.95% which implies
removing most of all environmental impact. POCP also decreased by 1.64E+00 kg C,H4-eq./unit, and the reduction ratio was 99.88%.
AP also was decreased by 2.30E+01 kg SO,-eq./unit, and the reduction ratio was 97.92%. EP also was decreased by 2.79E+00 kg
PO4*-eq./unit and the reduction ratio was 96.86%. The reduced amount of GWP also was 1.49E+03 kg CO»-eq./unit and the reduction
ratio was 83.77%. But, ADP was decreased by 1.92E-01 kg Sb-eq./unit and the reduction ratio was 15.09% which is the least reduction
effect among the six environmental impact categories. The results of this study imply that recycling unclassified thermoplastic wastes
can eliminate most of all environmental impacts in the four categories (ODP, POCP, AP, and EP) compared to thermoplastic waste
incineration/landfill. In particular, the reduction of CO, emission can be visualized at the same level as the amount of annual greenhouse
gas absorption of 634 pine trees or 421 oak trees. The implications derived from this study have a clear purpose as macroscopic basis
data for the necessity of recycling waste thermoplastics and business strategy, and this suggests the possibility of derivative research
through a more sophisticated data collection process in future research.

Key words: Unclassified thermoplastic waste, Recycled thermoplastic block, Life cycle assessment, Environmental impact assessment,
Thermoplastic recycling technology
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Table 1. Plastic scrap price trend (2020, 2022)”

Plastic wastes price Price

(unit: per won/kg) increase
2020.11 2022.11 rate

PET .
(Compressed) 210.9 451.1 113.89%

PE .
(Compressed) 269.4 498.2 84.93%
PP 240.3 406.6 69.21%
(Compressed) ) : L1/
Average 88.16%

U= PEQ| 7H42 1 kg & 498.2¢, o= PPY 714
406.6902 Jepgth o] 20209 11¥ oy =
PET(210.99¥)= 113.89%, ¢+3 PE(269.49)%: 84.93%,
o1& PP(240.3Y)= 69.21%= B 88.16% ZES3F %
oA 717} F A=l o] It Table 1)”.
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Unclassified plastic waste
Processing
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flakes
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<Plastic Shredder>
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Plastic block
manufacturing

Plastic block which is
made from unclassified
plastic wastes

Fig. 1. Process of plastic block manufacturing made from un-
classified thermoplastic waste
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Table 2. Purpose, scope and functional unit of LCA

Analyzing the difference of environment

effect between

(D unclassified plastic wastes
incineration/landfill and

@ recycled plastic blocks

Purpose

D Disposal
(2 Raw material extraction and production
— product manufacturing

Scope

1) Unclassified plastic wastes
Functional incineration/landfill 2,880 kg
unit 2) Recycled unclassified plastic blocks
2,880 kg
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Fig. 3. System boundary of unclassified plastic wastes in-
cineration/landfill
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Fig. 4. System boundary of Recycled unclassified plastic
blocks
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PSS, =471 2 k&7 A9 A&
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Table 3. Input and output of unclassified thermoplastic wastes
incineration/landfill

Input Unit Qty LCIDB Source
Mixed plastic . 5 g80.00 Mixed plastic J umsty of
wastes Environment
Output  Unit Qty LCIDB Source
Plastic waste Plastic waste
(andfill) ~ ¥€ 213490 " Gandfill)  Ministry of
Plastic waste | 5,5 | Plastic waste Environment
(incineration) (incineration)

Table 4. Input and output of recycledthermoplastic wastes
blocks manufacturing

Input Unit Qty LCIDB Source
Mixed plastic kg  2.880.00 Mlqu Mlplstry of
wastes plastic  Environment
Ministry of

. . Trade

Electricity kWh 582.40 Electricity Industry and

Energy

Output Unit Qty LCIDB Source
Mixed plastic Mixed Ministry of
block kg 2,880.00 plastic block Environment
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Table 5. Impact category and equivalency unit

Impact category
ADP

Equivalency unit

(Abiotic Depletion Potential) kg Sb-eq.
(Global Wa(r}r?l)\i]rI:g Potential) kg COz-¢q.
(Ozone layer ]%Elition Potential) kg CFC-11-eq.
(Acidiﬁcatﬁ Potential) kg SO,-¢q.
(EutrOphica]tEi}c:n Potential) kg PO, -eq.
o kg C,Hs-eq.

(Photochemical oxidation Potential)
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o
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Fig. 5. Comparing environmental effect between unclassified thermoplastic wastes incineration/landfill and recycled plastic
blocks (visualized).

Table 6. Comparing environmental effect between unclassified thermoplastic wastes incineration/landfill and recycled thermo-
plastic blocks

Impact Unclass.i fied Recycled Environmental . N
category thenir;lc::;i)ilaesrt;:i;;astes thermoplastic impact reduction Redu(clt}?]g /il;;o( %)
(Unit) /landfill(A) blocks(B) effect(A-B)

ADP(kg Sb-eq./unit) 4.23E-01 1.08E+00 -6.57E-01 -155.32%
GWP(kg COx-eq./unit) 1.42E+03 2.88E+02 -1.13E+03 --79.72%
ODP(kg CFC-11-eq./unit) 1.35E-06 7.97E-09 -1.34E-06 --99.41%
AP(kg SO,-eq./unit) 2.30E+01 4.88E-01 -2.25E+01 --97.88%
EP(kg PO, -eq./unit) 2.82E+00 9.07E-02 -2.73E+00 --96.78%
POCP(kg C,Hs-eq./unit) 1.57E+00 2.05E-03 -1.57E+00 --99.87%
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Fig. 6. Comparing environmental effect between unclassified thermoplastic wastes incineration/landfill and recycled plastic

blocks with avoided burden effects (visualized).

Table 7. Comparing environmental effect between unclassified thermoplastic wastes incineration/landfill and recycled thermo-

plastic blocks with avoided burden effects

Impact Unclass.i fied Recycled Avoided Environmental Reduction

category therrﬁl(z:[ﬁlaesrzfi:rflastes thermoplastic ~ burden effects impact reduction ratio(%)

(Unit) /landfill(A) blocks(B) (Clay brick)(C) effect(A-B+C) (1-{B/(A+C)})
ADP(kg Sb-eq./unit) 4.23E-01 1.08E+00 8.49E-01 1.92E-01 15.09%
GWP(kg CO,-eq./unit) 1.42E+03 2.88E+02 3.55E+02 1.49E+03 83.77%
ODP(kg CFC-11-eq./unit) 1.35E-06 7.97E-09 1.36E-05 1.49E-05 99.95%
AP(kg SO,-eq./unit) 2.30E+01 4.88E-01 4.50E-01 2.30E+01 97.92%
EP(kg PO,*-eq./unit) 2.82E+00 9.07E-02 6.51E-02 2.79E+00 96.86%
POCP(kg C,Hs-eq./unit) 1.57E+00 2.05E-03 7.64E-02 1.64E+00 99.88%
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