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ABSTRACT : The objective of this study was to estimate the practical recycling rate of plastic products, so that the study
was conducted to build material flow diagram for PVC profile. For this objective, product generation, waste generation
and recycling status were investigated. Using collected and analyzed status data, analysis of material flow by product and
building material flow diagram were conducted.

As result of estimating the recycling rate by product, The sum of domestic demand was 525,448 ton and waste generation
was 105,853ton in PVC flooring and profile. The sum of generation of recycling product and raw material was investigated
to be 76,004ton(14.46%), which is higher compared to recycling obligation(8.5%) in 2009. To build the material flow diagram
in the years(5~20years) ahead, prediction of future demand was based on the assumption that there will be no difference
in annual generation of current and future. As the recycling rate of flooring and profile increases, it is estimated to reach
20% in 2013 according to the material flow diagram.

Keywords : PVC Profile, durability plastic, voluntary agreement, recycling
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Figure 1. Annual incidence estimator of disposal products (life
time : 30years)
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Table 1. Status of generations and exports and imports (2008) (unit: ton)

synthetic resins generation import export stock domestic consumption
LDPE 694,512 18,723 216,190 79,001 453,232
LLDPE 913,606 9,386 408,927 62,538 498,365
o HDPE 2,057,606 9,017 1,203,909 130,538 878,269
sub total 3,665,724 37,126 1,829,026 272,077 1,829,866
PP 3,267,303 23,171 2,026,392 204,684 1,276,117
PS 646,805 29,536 461,074 42,071 206,277
EPS 348,393 2,463 134,954 11,219 221,462
ABS 1,234,095 7,237 1,092,780 62,968 154,285
PVC 1,398,264 27,624 533,906 81,372 858,477
total 10,560,584 127,157 6,078,132 674,391 4,546,484
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Table 2. Annual changes of demand and supply of PVC (unit: ton)
. release . omestic
generation N stock import .
domestic export sub total consumption
2004 1,254,718 838,324 392,291 1,230,615 65,461 21,298 859,813
2005 1,333,815 839,455 499,482 1,338,937 60,340 50,768 890,223
2006 1,361,309 855,506 517,841 1,373,347 48,306 47,516 903,022
2007 1,374,178 950,604 462,755 1,413,359 48,409 26,301 976,905
2008 1,398,264 830,853 533,906 1,364,759 81,372 27,624 858,477
Table 3. Annual release weight of PVC profile (unit: %)
pipe& profile extrusion .
calendar component extrusion film/sheet compound shoes hosepipe others total
2004 39.5 12.8 24.2 1.7 12.3 0.0 1.9 7.6 100
2005 373 11.9 28.2 1.2 11.8 0.0 1.3 8.3 100
2006 35.8 10.9 30.3 1.0 11.0 0.1 1.4 9.5 100
2007 36.8 12.3 32.0 0.9 11.2 0.0 2.0 4.8 100
2008 34.6 12.9 31.6 1.5 12.6 0.1 1.8 4.9 100
Table 4. functional release weight of PVC (2008) (unit: %)
pipe& profile extrusion .
calendar component extrusion film/sheet compound shoes hosepipe others total
rate 34.6 12.9 31.6 1.5 12.6 0.1 1.8 4.9 100
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Table 5. Annual generation of PVC profile (unit: ton)
PVC profile
company status data(Statistics Korea)

generation release raw material input generation release
1995 61,819 61,951 48,322 83,811 83,312
1996 65,879 66,425 51,811 86,148 84,671
1997 75,661 75,687 59,036 91,067 87,973
1998 57,193 57,726 45,026 64,149 64,795
1999 76,482 75,493 57,375 83,660 80,478
2000 98,595 98,431 74,808 123,936 122,021
2001 155,100 150,079 114,060 178,002 170,811
2002 189,968 189,029 143,662 205,093 204,012
2003 178,659 174,707 137,333 202,528 201,165
2004 185,453 183,406 142,104 206,731 205,357
2005 192,592 184,196 127,550 214,121 209,780
2006 199,000 185,000 130,407 233,268 228,357
2007 - 186,139 129,214 256,813 235,563
2008 - 187,591 134,200 236,814 226,032

*'09 company status of voluntary agreements and data of Statistics Korea



134

Chaegun Phae. et al. / Elastomers and Composites Vol. 47, No. 2, pp. 129~140 (June 2012)

Table 6. Investigation result of actual use of PVC propile

persisting loss of . production
use . . using rate | .
period | construction time(year)
ngiff 304 0.5% 50% 1976
window 30 1% 40% 1976
others 304 1% 10% 1976

1%%] Z1 0% FAH QI PVCER I 9] &1
ZAbs A} FEo] oF 50%, Fwt 71E
10%2) Bl&2 AFS 2 g

H AR
o] Zh2} 40%2}
= Aoz ARSI

Table 8. Survey results of treatment rate of PVC profile

window frame | window others

plr);;i(lje disposal 10% 5% 5%

separation 90% 95% 95%
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Table 7. Generation and treatment status of waste plastic (unit: ton/day)
2003 2004 2005 2006 2007
total 3,956.4 4,086.2 4,078.2 4,510.2 4,530.9
sub total 2,605.7 2,641.9 2,490.0 2,721.3 2,859.1
) landfill 1,615.9 1,582.8 1,278.5 1,310.6 1,196.5
combustible —— -
domestic incineration 931.3 1,020.9 1,172.4 1,319.7 1,569.0
waste recycling 58.5 38.2 39.1 91.0 93.6
plastic sub total 1,350.7 1,444.3 1,588.2 1,788.9 1,671.8
recycling landfill 36.1 40.1 14.8 13.4 0.0
product incineration 16.3 10.8 12.2 12.8 0.0
recycling 1,298.3 1,393.4 1,561.2 1,762.7 1,671.8
total 4,320.5 4,561.1 5,790.3 6,858.5 6,176.5
industrial landfill 380.8 321.6 208.0 285.4 204.3
waste incineration 2,993.8 3,071.0 3,957.7 42457 3,381.5
plastic recycling 945.9 1,168.5 1,624.6 1,369.8 2,589.9
others 0.0 0.0 0.0 957.6 0.8
total 1,445.3 1,687.2 1,003.5 946.8 947.7
Convsvt:sltcsion landfill 3713 305.2 91.7 1.6 0.7
plastic incineration 750.9 947.8 574.2 792.2 792.1
recycling 323.1 4342 337.6 153.0 154.9
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Z 0.01%~0.08%2) )&= F3Eo] 7|y Q= HAoFE weighted average(%) | 0.008 0.024
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Table 12. Investigation result of actual use of PVC propile

REZAE o R dAE] VRS A= 41 use persisting | loss of usine rate production
2 o]g3lo] AF A WESH= AT 97| = WAl gl X7 period | construction J time(year)
2P o] A W ARIGA H7|E dAE gidste] s \X;indow 30years 0.5% 50% 1976
A2 WATFe AEIIT 1 A% ol Foll eI fame : :
on], PVCERAA L 5530, 0447%2 2H7t AHEH gl window | 30years 1% 40% 1976

others 30years 1% 10% 1976

Table 9. Generation status of PVC profile on sample survey

(industrial waste facility)

A B C
incineration incineration treatment analysis results
facility facility facility

generation (kg) 0.1 - 0.21 total (kg) 0.31

PVC composition weighted average
propile D o 0.04 - 0.05 composition 0.024

ratio (%) ratio(%)

recent treatment (ton) 33,834 28,668 4,489 total (ton) 66,991

Table 10. Generation status of PVC profile on sample survey

(domestic waste facility)

D E F G .
landfill facility|landfill facility|landfill facility|landfill facility analysis results
generation (kg) - 0.018 0.08 - total (kg) 0.098
PVC composition weighted average
propile P o - 0.009 0.04 - composition 0.008
ratio (%) ratio(%)
recent treatment (ton) 14,042 73,803 13,889 44,190 total (ton) 145,924
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Table 13. Estimation of window frame waste generation (Life time : 30years) (unit: ton)

19761977] 197819791 1980| 1981|1982 1983 | 1984| 1985| 1986| 1987|1988 198911990| 1991 | 1992119931994 |1995{1996|1997] 199819992000 200120022003 | 2004|2005 2006|2007| 2008|2009

1976 0|1 1]2[4]5]7][9[11]13]15|18/20/23|26(29]32|35|38(41[44]47|50|53/56|59|62|65|67[70|72|74|76
1977 0/112[3/4]6/]8[10[12]15]17/20/23|26/30[33]36[40[43[47|50|54|57|61|64|67|70|73|76|79|82|84
1978 0|1 12[3[5]6]9]|11[14]17]20|23|26|30(34|37|41|45|49(53|57]61|65]|69|73|76/80|83|87]90|93
1979 0| 1]12|3[5]7]10[13]16[19]22]26|30/34|38[43[47|51[56]60[65[69|74|78[83|87]/91/95/98|102
1980, 0/112]4]6|8|11[14[18]21]25]|30/34/39/43[48|53|58[63[69(74|79|84[89]94|99|103]108]112
1981 01 112]14]7]19113/16[20[24]29|34/39/44|49|55|61|66|72|78|84|90|95[101]107/112/117)122
1982 0|1 3|58 |11]14]18[23]28]33|38/44|50(56/62]69|75|82|88|95|102/108115[121]127)133
1983 0l 113]6[9112]16[21[26(31]37]|43|50|57|64|71|78|85[93[100108115/123[130137/144
1984 0[2]4]6[10/14[19/24]29|36|42|49|57|64|72|80[89|97|106114/123/131|140/148156
1985 012147 [11]16]21[27(33]40]48|56/64|73(82]91|101/110120130[139/149/159168
1986, 112 [5]8]13]/18(24]31|38]|46|55|64|73[83]93[104{114{125[136/147|158169/180
1987 1[2]5]91]14[20(27|35]|43|52|62|72|83]94106/118130142/155/167]180/192
1988 1[3]6]11]16]23[31(39]49]59|70/82|94|107120134147]161/176/190204
1989 1[3]71]12]19]26(35]|45]56|67/80/93]107121)136/152/167]183]199216
1990 1/4]8]14]21[30({40|51]63|76|91]106/122/138]155/172/190208226
1991 114191]16[24[34[45|58|72|87]103]120/138|157/176/196216236
1992 1 [5]10]18]27[38[51]66|82]99|117/136/157]1782002221245
1993 1 [5[11]20]31[44|58]75]93|112]133]155/178202227252
1994 216 [13]23]35(49]66]85[105]127]151]176202229258
1995 219 120]35|53[75]100128159193]229267306348
1996, 219 120]35]54]76]102]130162/196232271|311
1997 219 121]36[56]79]106136/168204241]282
1998 2|7 115|27[41|58]78]100]124]150178
1999 2 19119(33]51]72]97(124154186
2000, 3 113]29(51|78]110147|188233
2001 5118]41|71]109]154205263
2002 6 [22]48|85[130/184245
2003 512214883 128]181
2004 612214985131
2005 6123|5087
2006 6 125|154
2007 6 |25
2008 6
total 1125 15124136|51|71[96127]1652101265[330407/497|602|726/871|1040|1236|1461|1717|2012|2351|2743|3194|3712| 430349745730
ezmd 1124 12119(29|41|57|77(102/132({168212264{325397/482|581/697|832(989)1169|1374|1610| 1881|2194 2555|2970 3442|3979 4584
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Table 14. Estimation of window waste generation (Life time : 30years) (unit: ton)
1976|1977 |1978{1979]1980| 1981 | 1982| 1983] 1984 1985|1986/ 1987|1988 | 19891 1990|1991 19921993 1994| 1995|1996] 1997|1998 1999120002001 |2002 2003 | 2004|2005 |2006|2007| 2008 | 2009
1976 0101 [2]3]4[5]7]19]10[12]14]16]19]21|23|26|28|31|33|35[38[40[43|45[47|50|52|54|56|57|59|61
1977 O[1]1]2]3[5]6|8[10[12]14]|16/19|21|24[26]29|32[35|37]40[43[46(49|51|54|56/59|61|63|65|67
1978 O[1]1]2[4]5]7[9[11]13]16/18|21|24|27[30/33[36/39[43]46|49[52|55|58/61|64|67|69|72|74
1979 0[1]2[3/4]6/|8[10[12]15]1821|24|27|31|34|38[41]45|48|52(56|59]63|66|69|73|76|79|82
1980 O[1|2|3[5]7]9]11[14]17]20|24|27|31|35/39/43|47|51[55]59]63|67[71[75|79(83|86]|89
1981 0112 |3]|5]8[10[13][16[19]23]27|31]35/39/44/48|53|58]62|67|72|76|81|85|/90|94]|98
1982 011214169 |11]15[18]22]26|31[35/40/45|50/55|60[65|71|76|81[87[92|97(102/106
1983 0|13 |5]7]10[13]17[21]25]|30(35]|40]45|51|57/62|68|74|80|86|92|98]104110115
1984 Ol 13|58 |11]15[19(24[29[34[39|45|51|58|64|71|78|84|91|98(105/112[118125
1985 0121369 13]17]22(27|32|38[45|51|58]66|73|81|88|96][104{111]119]127/134
1986 0/2|4|71]10[14]19]24]30[37[44[51|58]66|74|83|91100/109]118]127]135/144
1987 01214|7]11]16]22]28]35]/42|50[58|66|75|85|94[104114124]134{144/154
1988 1[2[5]91]13]18]25]32]39(47[56|66|75|86|96|107|118]129/140[152/163
1989 1[3]6]10][15/21]28]36(45]54]64|74|86|97109/121]134147]160/172
1990 1[3]6[11[17]24]32]41|51[61]73|85|97|110/124]138/152/167|181
1991 1 [3[7112]19(27]36]46|57|69]82]96|110/125/141]157/173|189
1992 1]14]8]14]22(31[41]53]|65|79|94109]125/142/160/178196
1993 11419116[25[35]/47]60|74]90]106/124/142162/181)202
1994 1[5]10]18]28]40[53|68|84]102/121]141]162/184206
1995 21 7116|28[42|60]80103|127|154]183]213]245/278
1996 217 116]28[43|61|81[104/130/157/186217249
1997 2| 8117[29[45]63|85|108/135/163]193|225
1998 1]16[12]22]33]47[62[80[99(120142
1999 2|7 115]27|41|58(77]99(123/149
2000 3110/23/40/62|88|117]150/187
2001 4 [15]32]57|87]123]164211
2002 4 118]39]68104/147/196
2003 4 [17]38|67]102/145
2004 4 |18]39]68(105
2005 5118]40] 70
2006 5120[43
2007 5120
2008 5
total 011124 1211912914157 102]132168212[264{325[397/482/581/697|832/989)1169|1374| 1610|1881 |2194|2555|2970| 3442|3979 | 4584
?%imunid 0(0|1]3 10| 15]23|33|46 811105/135(170211[260/318386465/557/666|791(935/1099|1288|1505| 1756|2044|2376|2754|3183| 3667
Table 15. Recycling status of PVC profile on sample survey(2008) (unit: ton)
raw material input foreign additives reevelin recycling of
disposal products [other raw material] material output input yehng disposal products
P corp 700.0 700.0 700.0
T corp 3,600.0 3,600.0 3,600.0
pVC U corp 878.0 9.0 869.0 869.0
Fofile V corp 850.0 127.5 722.5 722.5
P W corp 1,200.0 1,200.0 1,200.0
X corp 4,800.0 48.0 4,752.0 4,752.0
Y corp 1,733.0 32.0 1,701.0 1,701.0
Table 16. Treatment status of waste PVC profile (unit: ton)
landfill incineration recycling raw material reuse throughput
P corp - - - - 700 100.0% - - 700
T corp - - - - 3,600 100.0% - - 3,600
U corp - - 9 1.0% 869 99.0% - - 878
V corp - - 127.5 15.0% 722.5 85.0% - - 850
W corp - - - - 1,200 100.0% - - 1,200
X corp - - 48 1.0% 4,752 99.0% - - 4,800
Y corp - - - - 1,701 98.2% 32 1.8% 1,733
lvsi sub weight-com- sub weight-com- sub weight-com- sub weight-com- total
analysis total position ratio total position ratio total position ratio | total | position ratio
results - - 184.5 1.34% 13,544.5 98.43% 32 0.23% 13,761
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Table 17. Current status of waste and recycling by products
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(unit: ton)

domestic waste? incineration land#ill recycling recychng
demand generation product raw material
Polystyrene for heat 127,932 16,587 9,505 294 1,447 5,341
insulator
Covering of electric Wire 127,178 19,258 7,865 164 156 11,036
PE pipe 195,004 11,359 3,415 64 414 7,465
PVC pipe 193,578 16,315 5,715 231 131 10,239
PVC flooring 299.416 94,990 28,199 897 186 65,715
PVC profile 226,032 10,863 703 16 24 10,080
Landfill
PVC profile (ton/yr) ¥ v:‘;‘:' in:insqratian
e mem | R
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Table 18. Estimation result of recycling ratio by mass balance (unit: ton)
: : recycling : ‘
domestic Wastf: incineration | landfill recycling aw recycling 09
demand generation product material rate duty rate
PVC 299,416 94,990 28,199 897 186 65,715
floorin 100% 31.72% 9.42% 0.30% 0.06% 21.95%
2009 £ (100%) CL72Y) | O42%) | ©30%) | ©06%) | LY |, v, | s.5%
PVC 226,032 10,863 703 16 24 10,080
profile (100%) (4.81%) (0.31%) (0.01%) (0.01%) (4.46%)
2014 525,448 157,149 43,913 113,174 21.54%
2019 ﬂPV_C 525,448 204,654 55,807 148,739 28.31%
——— flooring,
2024 profile 525,448 246,133 64,786 181,177 34.48%
2029 525,448 288,044 73,011 214,788 40.88%
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1. Korea Petrochemical Industry Association, Statistics for pet-
rochemical Industry, 1992~2009.

2. Statistics Korea, Statistics for various synthetic resins pro-
duction and shipment, 2008.

3. Ministry of Environment, Statistics for generation and treat-
ment of waste, 1998~2008.

4. Ministry of Environment, Manual for voluntary agreement
of plastic waste recovery and recycling, 2009.

5. Korea Plastic Recycling Association, Statistical research on
the plastic of the production, use, disposal, treatment, 2006.
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6. Korea Plastic Technical Research Business Cooperative, A
study on waste generation and disposal of architectural PE
pipe, 2009.

7. Korea Federation Plastic Industry Cooperative, Korea electric
Wire Industry Cooperative, Korea Institute of procurement,
A study on plastic waste treatment charge system, 2007.

8. Korea Environment Corporation, A study on standard for

10.

Mixing Ratio of voluntary agreement item and process loss
probability in plastic waste treatment charge system, 2008.

. Ministry of Knowledge Economy, A study on appropriate rate

for plastic waste treatment charge, 2009.

Koresan ministry of education, Science and Technology,
Ministry of Environment, Application of life Cycle Assess-
ment Techniques to Recycling of waste Plastics, 2003.
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