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Abstract : In this research, we quantified the environmental load while using and not using secondary resources. During the process
of primary processed product of metal resources (copper, aluminum), we applied LCA technique and analyzed by dividing into 8
environmental impact categories that affect the environment. Furthermore, we analyzed the greenhouse gas that occur during the
process of primary processed product domestically and globally according to the changes of each metal resource's recycling rate.
Consequently, when producing 1 ton of copper using secondary resources, the environmental effects were found to be 6.09E + 01
person-yr/f.u. and 7.23E + 01 person-yr/f.u. Additionally, as the recycling rate increased both globally and domestically, the amount
of greenhouse gas decreased. Producing 1 ton of Aluminum using secondary resources, the environmental effects were found to
be 2.34E + 02 person-yr/f.u. and 3.01E + 02 person-yr/f.u. Moreover, as the recycling rate domestically decreased, the amount of
greenhouse gas increased, however the globally was decreased.
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Table 1. Input and output in company in copper and aluminum

Copper Aluminum
A Com- B Com- CCom- D Com- E (Ulsan) E (Yeongju) C
pany pany pany pany Company Company Company
Copper ore 1,345,000 ) ) ) Aluminum (ton) 192,363 153,691 10,500
(ton) Recycled scrap (ton) 61,225 95,394 500
C%z;terfl(ﬁ; _ 108602 0 8,148 B-C Oil (1) 18,833,579 19,712,170 1,660,743
LNG (ton) 3,771 17,072,262 -
Reoycled 41520 50071 1,800 106778 LPG (ton) 1,000 - -
Input scrap (.ton) Input B-A Qil (L) 260,469 - -
B-COil (L) 23,958,000 20,515,780 170,820 - ) )
LNG Refined oil (L) 3,039,308 - -
(Nm?) 5,476,000 - - 2,937,312 Diesel (L) 451,642 - -
ioti Water (ton 470,981 475,511 -
El(eCCiU\I/ﬁ)Ity 522 115 ) 66,015,508 Electricity( (kV)Vh) 144,609,000 173,111 -
Water (m®) 3,685,000 - - - Zinc (ton) - - 10,500
Production Elggt&))lﬁio P'rjor::n;sasréd Latten Brass bar Production Alggﬁiirr:;m Al:gﬂiir?gm AluarF(i)r;um
Output Product Output
aiﬁgﬂ?ft('g;) 466192 175340 1460 100,607 ;:gﬁatct'g;) 078047 199,110 20503
Table 2. Results of inventory analysis
Copper Aluminum
Flow Material Flow name Units
Recycling used Recycling unused Recycling used Recycling unused
INPUT Resource Aluminium kg 4 13E-07 4 44E-07 1.54E-07 1.49E-07
INPUT Resource Ammonia kg 291E-04 3.14E-04 1.15E-04 1.06E-04
INPUT Resource Bauxite kg 2 15E-02 2 29E-02 1.69E+03 2 14E+03
INPUT Resource Bentonite kg 3.34E-02 3.46E-02 1.97E-01 2 44E-01
INPUT Resource Carbon dioxide kg 4 14E+01 4 55E+01 5 24E-05 4 83E-05
INPUT Resource Carbon kg 1.78E-03 1.94E-03 2.86E-04 3.64E-04
INPUT Resource Clay kg 1.79E-04 1.77E-04 3.65E-04 4 B4E-04
INPUT Resource Coal kg 1.74E+02 1,78E+02 1.11E+02 1.15E+02
OUTPUT Air Acetaldehyde kg 4 36E-04 4 B66E-04 3.28E-04 4 16E-04
OUTPUT Air Acetic acid kg 8.31E-03 9.24E-03 1.32E-05 1.24E-05
OUTPUT Air Acetone kg 2 61E-04 2 85E-04 1.25E-05 1 56E-05
OUTPUT Air Aluminum kg 9.65E+00 1.21E+01 4 83E-08 6.54E-08
OUTPUT Air Ammonia kg 1.08E-01 1.12E-01 2.33E-03 2 95E-08
OUTPUT Air Carbon dioxide kg 4 89E+02 5,04E+02 1.92E+03 2 48E+03
OUTPUT Air CFC-11 kg 3.37E-09 3.39E-09 1.79E-08 2 23E-08
OUTPUT Air CFC-114 kg 3.47E-09 3.46E-09 1.83E-08 2 29E-08
OUTPUT Air Magnesium kg 5,49E-03 6.01E-03 1.72E-08 2 33E-08
OUTPUT Air Manganese kg 2 96E-02 3.23E-02 1.48E-05 2 00E-05
OUTPUT Air Mercury kg 1.67E-04 1.85E-04 1 59E-06 2 12E-06
OUTPUT Air Methane kg 5.24E-01 5 54E-01 2.39E+00 3.01E+00
OUTPUT Water BOD kg 1.91E+00 2 15E+00 3.00E-02 3.85E-02
OUTPUT Water Ethylbenzene kg 7 46E-05 7 44E-05 4 19E-04 5 25E-04
OUTPUT Water Fluoride kg 1.04E-01 1.21E-01 2 78E-02 3.57E-02
OUTPUT Water Heavy metals kg 1.97E-06 1.99E-06 1.09E-05 1.37E-05
OUTPUT Water Zinc kg 4 81E-05 5 25E-05 1,23E-04 1.56E-04
OUTPUT Product kg 1.00E+03 1.00E+03 1.00E+03 1.00E+03
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Fig. 3. Results of impact assessment (in copper).
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Fig. 4. Results of impact assessment (in aluminum).
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C';ngg:y Copper Aluminum
Recycling used Recycling unused Recycling used Recycling unused
ARD Coal (57.5%), Oil (19.0%) Coal (51.0%), Copper (20.4%),  Bauxite (86.3%), Natural gas Bauxite (89.3%), Natural gas
Copper (11.7%) Oil (18.4%) (7.7%), Coal (6.0%) (5.8%), Coal (4.9%)
CO» (98.2%), CH4 (0.1%), CO2 (99.3%), CH4 (0.1%), o o o o
GW NO (0.01%) NoO (0.01%) CO2 (99.8%), CH4 (0.1%) CO2 (99.8%), CH4 (0.1%)
oD Halon-1301 (99.9%), CFC-11 Halon-1301 (99.9%), CFC-11 Halon-1301 (99.9%), CFC-11 Halon-1301 (99.9%), CFC-11
(0.05%), CFC-12 (0.01%) (0.06%), CFC-12 (0.01%) (0.05%), CFC-12 (0.01%) (0.05%), CFC-12 (0.01%)
POC Methane (89.2%), Ethane Methane (88.8%), Ethane Methane (98.0%), Ethane Methane (98.0%), Ethane
(4.1%), Propane (2.0%) (4.3%), Propane (2.1%) (0.7%), Propane (0.4%) (0.7%), Propane (0.5%)
AC SOx (94.3%), SOz (5.5%), SOx (94.4%), SOz (5.5%), NHs NOx (50.4%), SOx (38.3%), NOx (50.6%), SOx (38.3%),
NHs (0.1%) (0.1%) SO, (11.2%) SO, (11.0%)
EU COD (62.8%), BOD (34.7%), COD (62.3%), BOD (35.1%), NOx (98,0%), COD (1.4%), NOx (98.1%), COD (1.3%),
PO, (2.5%) PO, (2.6%) N2O (0.2%) N2O (0.2%)
eT Oil (93.4%), Phenol (2.4%), Oil (93.2%), Phenol (2.5%), Oil (90.8%), PAH (2.6%), Qil (90.7%), PAH (2.7%),
Toluene (2.3%) Toluene (2.4%) Phenol (2.4%) Phenol (2.4%)
Air SOx (58.9%), NMVOC SOx (51.5%), NMVOC (21 .9%), NOx (28.3%), CO (21.7%), NOx (28.9%), CO (22.7%),
HE (20.4%), CH4 (17 8%) CHa (17 .8%) SOx (21.5%) SOx (21.9%)
Water PO, (48.7%), F (36.8%), PO, (50.1%), F (36.4%), Oil (65.5%), F~ (22.3%), Oil (65.3%), F (22.6%),
Oil (9.6%) Oil (8.8%) Fe (2.9%) Fe (2.9%)
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Table 4. The range of greenhouse gas emissions in copper re-

source
Recycling used Recycling unused
Category (ton CO») (ton COy)
221,695
Mining step 221,695
21,260
Global
34,629
Transport step 34,629
3,321
) 376,800
Ore smelting 351,267
) 244 532
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Table 5. The range of greenhouse gas emissions in aluminum

resource
H7F Uehs AE 291 o A3l Category Recycling used  Recycling unused
ol AT F7H24%, 50%, T0%)ete]l wket S (ton CO) (ton COy)
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Fig. 5. CO, emission by the resource circulation rate (in copper).
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