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Abstract

In 2018, the demand for silver (referred to as Ag) in the electrical and electronics sector was 249 million tons. The demand
stood at 81 million tons in the solar module production sector. Currently, due to the rapid increase in solar module installation,
the demand for silver is increasing drastically in Korea. However, Korea’s natural metal resources and reserves are insufficient
in comparison to their consumption, and the domestic silver ore self-sufficiency rate was as low as 2.2% as of 2021. This
implies that a recycling technology is necessary to recover valuable metal resources contained in the waste plating solution
generated in the metal industry. Therefore, this study compared and analyzed, the results of the impact evaluation through life
cycle assessment according to an improvement in the process of recovery of valuable metals in the waste plating solution. The
process improvement resulted in reducing GWP (Global Warming Potential) and ADP(Abiotic Depletion Potential) by 50% and
67%, respectively. The GWP of electricity and industrial water was reduced by 98% and 93%, respectively, which significantly
contributed to the minimization of energy and water consumption. Thus, the improvement in recycling technology has a high
potential to reduce chemical and energy use and improve resource productivity in the urban mining industry.
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Table 1. Goal and Scope Definition
Goal and Scope Definition
« Comparative analysis of environmental impact of improvement process in preparation for the existing
Purpose . . .
by improving the recovery rate of Ag from plating wastewater
Target « Recycling Ag in plated waste liquor
Functional and unit * Recycling Ag in plated waste liquor (1 kg)
» Raw material extraction and manufacturing
(including transportation)
System Boundary Transportation
Raw mat-erlal Manufacturing |—> Recovery
extraction
Table 2. Inventory analysis of current and improvement silver recycling process
Type Unit Current Improvement Transportation
Plating spent liquor 5.41E+02 4.69E+02 210 km (truck)
Urea (CO(NH,)») 2.03E+00 1.03E+00
Borax (Na,B;0s(OH)4-8H,0) 8.26E-02 3.95E-02
Nitric acid (HNO;) 3.41E+01 2.18E+01
kg 21 km (truck)
IN Ethanol (CH;CH,OH) 2.98E+00 2.15E+00
PUT Sodium hydroxide (NaOH) 4.69E-01 7.69E-01
Sodium nitrate (NaNO;) 5.30E-02 2.82E-02
Water 1.13E+03 8.27E+01 -
Electricity kWh 3.92E+02 6.26E+00 -
half-finished 10 km
recycled silver ke 1.00E+00 1.00E+00 (diesel car)
Ag 1.00E+00 1.00E+00 -
OUTPUT Waste water kg 4.56E+02 2.92E+02 -
Waste liquor 4.69E+02 2.84E+02 -
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Table 3. Applied LCI DB and sources

Type Material LCIDB Source
Urea (CO(NH,),) urea production RoW . 2
Borax (Na,B4Os(OH)4-8H,0) borax production, anhydrous, powder ecoinvent 3.8
Nitric acid (HNO;) Nitric Acids
Raw material and energy Ethanol (CH;CH,OH) Edible Ethanol
production Sodium hydroxide (NaOH) Caustic soda(50%)
Sodium nitrate (NaNOs) Sodium nitrate
Water DrinkingWater Korea National LCI DB'
Electricity Electricity
Waste treatment Waste water waste water treatment
Spent liquor hazardous waste landfill
Transport .Truck road transportation-truck -
Diesel car - 2006 IPCC Guideline
Table 4. Evaluation coefficient
Material GWP ADP ODP AP EP POCP
(kg CO, eq.) (kg Sb eq.) (kg CFCl1 eq.) (kg SO, eq.) (kg POs™- eq.) (kg CoHy eq.)

Urea 1.61E+00 1.36E-02 9.11E-08 7.73E-03 2.49E-03 9.41E-04
Borax 1.42E+00 9.01E-03 9.03E-08 6.56E-03 1.73E-03 8.31E-03
Nitric acid 3.47E-01 2.03E-02 1.50E-07 6.52E-03 1.08E-02 1.05E-03
Ethanol 2.78E+00 1.26E-02 8.16E-07 2.71E-02 1.35E-02 6.92E-03
Caustic soda 6.29E-01 6.88E-03 9.71E-08 2.34E-03 2.86E-04 6.33E-04
Sodium nitrate 1.02E-01 1.61E-03 1.07E-08 2.50E-03 1.64E-04 1.70E-04
Water 2.37E-04 1.53E-06 1.45E-12 4.28E-07 8.29E-08 1.56E-08
Electricity 4.95E-01 3.13E-03 1.37E-11 8.37E-04 1.56E-04 3.53E-06
Waste water (m°) 1.17E+00 6.12E-03 2.55E-08 2.65E-03 6.80E-04 2.46E-04
Waste liquor 1.80E+00 1.15E-03 4.24E-09 9.17E-04 2.42E-04 6.72E-05
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Table 5-1. LCA Results

Impact Assessment Result
Material GWP (kg CO, eq./kg) ADP (kg Sb eq./kg) ODP (kg CFCl11 eq.)
Current Improvement Current Improvement Current Improvement
Silver-containing | 5 g,y 1.89E+01 1.38E-01 1.20E-01 3.71E-02 321E-02
waste liquid

Urea 3.28E+00 1.65E+00 2.76E-02 1.39E-02 1.41E-05 2.63E-05
Borax 1.18E-01 5.62E-02 7.44E-04 3.56E-04 5.74E-07 1.01E-06
Nitric acid 1.20E+01 7.55E+00 6.92E-01 4.41E-01 2.39E-04 5.60E-04
Ethanol 8.30E+00 5.98E+00 3.76E-02 2.72E-02 2.29E-05 5.68E-05
Caustic soda 2.97E-01 4.84E-01 3.23E-03 5.29E-03 3.26E-06 1.97E-05
Sodium nitrate 5.62E-03 2.88E-03 8.51E-05 4.53E-05 3.64E-07 7.22E-07
Water 2.68E-01 1.96E-02 1.73E-03 1.27E-04 1.64E-12 1.20E-13
Electricity 1.94E+02 3.10E+00 1.23E+00 1.96E-02 5.36E-09 8.57E-11
Waste water (m®) 5.35E-01 3.43E-01 2.79E-03 1.79E-03 1.16E-05 7.46E-06
Waste liquor 8.44E+02 5.11E+02 5.41E-01 3.27E-01 1.99E-06 1.20E-06

r?:;ilgg‘:ﬁjgr 5.34E-06 5.34E-06 . . . .
Total 1.08E+03 5.49E+02 2.53E+00 8.37E-01 3.74E-02 3.28E-02

Table 5-2. LCA Results
Impact Assessment Result
Material AP (kg SO, eq.) EP (kg PO, eq.) POCP (kg C;Hs4 eq.)
Current Improvement Current Improvement Current Improvement
Silver-containing | 7 59p; g 6.57E-06 6.02E-03 5.21E-03 4.58E-02 3.96E-02
waste liquid

Urea 1.57E-02 7.93E-03 5.06E-03 2.55E-03 1.93E-03 9.74E-04
Borax 5.42E-04 2.59E-04 1.43E-04 6.84E-05 6.87E-04 3.28E-04
Nitric acid 2.23E-01 1.42E-01 3.70E-01 2.36E-01 3.62E-02 2.31E-02
Ethanol 8.08E-02 5.83E-02 4.02E-02 2.90E-02 2.07E-02 1.49E-02
Caustic soda 1.10E-03 1.80E-03 1.35E-04 2.21E-04 3.00E-04 4.93E-04
Sodium nitrate 1.32E-04 7.04E-05 8.75E-06 4.66E-06 9.47E-06 5.04E-06
Water 4.84E-07 3.54E-08 9.37E-08 6.86E-09 1.76E-08 1.29E-09
Electricity 3.28E-01 5.24E-03 6.11E-02 9.76E-04 1.38E-03 2.21E-05
Waste water (m3) 1.21E+00 7.75E-01 3.10E-01 1.99E-01 1.12E-01 7.18E-02
Waste liquor 4.30E-01 2.60E-01 1.14E-01 6.87E-02 3.15E-02 1.91E-02

r‘:f;;i‘g‘:ﬂggr 5.34E-06 5.34E-06 - - - -
Total 2.29E+00 1.25E+00 9.06E-01 5.41E-01 2.50E-01 1.70E-01

CO; eq./kg, 2.68E-01 kg CO, eq./kg L 1.18E-01 kg CO, Z v I A A7HE Ao UeRdt}
eq./kg® e O™, 7|4 F4L-3.10E+00 kg CO, eq./kg, 7 Atto] 4L GWPE 7|& 274 2.97E-01 kg CO,
1.96E-02 kg CO, eq./kg & 5.62E-02 kg CO, eq./kgZ 7] eq./kg, 7§41 57 4.84E-01 kg CO, eq./kgZ 7] TH]
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Table 6. Impact Assessment Result and Reduction Effect

. Reduction effect
Impact Category Current (A) Improvement (B) Reduction amount (A-B) (A-B/A*100)
GHG Emission o
(ke COneq./kg) 1.08E+03 5.49E+02 5.31E+02 49.17%
Resource Use \
(ke Sb eq./kg) 2.53E+00 8.37E-01 1.69E+00 66.92%

oF 1.87E-01 kg COreq/ke Z7}51%Ich E3L, ADPE 7]
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