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Abstract : An environmental evaluation was conducted by employing LCA methodology for a mechanical seal manufacturing
process that uses recycled silicon recovered from end-of-cycle PV modules. The recycled silicon was purified and reacted with
carbon to synthesize [3-SiC particles. Then the particles underwent compression molding, calcination and heat treatment to
produce a product. Field data were collected and the potential environmental impacts of each stage were calculated using the LCI
DB of the Ministry of Environment. The assessment was based on 6 categories, which were abiotic resource depletion,
acidification, eutrophication, global warming, ozone depletion and photochemical oxidant creation. The environmental impacts
by category were 45 kg CO» for global warming and 2.23 kg C,H, for photochemical oxide creation, and the overall environmental
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impact by photochemical oxide creation, resource depletion and global warming had a high contribution of 98.7% based on
weighted analysis. The wet process of fine grinding and mixing the raw silicon and carbon, and SiC granulation were major
factors that caused the environmental impacts. These impacts need to be reduced by converting to a dry process and using a
system to recover and reuse the solvent emitted to the atmosphere. It was analyzed that the environmental impacts of resource

depletion and global warming decreased by 53.9% and 60.7%, respectively, by recycling silicon from end-of-cycle PV modules.

Weighted analysis showed that the overall environmental impact decreased by 27%, and the LCA analysis confirmed that
recycling waste modules could be a major means of resource saving and realizing carbon neutrality.

Keywords : End-of-life PV module, Silicon, Mechanical seal, Life cycle assessment, Environmental impact
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Table 1. Scope definition

SiC used in the manufacture
of the mechanical seal products

Amount of SiC 1 kg
1 kg of SiC

Function

Functional unit

Reference flow
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Raw material
recycle Si

Low grade Si
purification

Powder mixing

B-Si synthesis

Water emission

B-SiC particle
granulation

Mechanical seal

molding Solid waste

006
)0

Calcination

Product
mechanical seal

Figure 1. Process flow diagram of Si recycling from end-of-life PV
module in mechanical seal manufacturing process.
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Table 2. Results of life cycle inventory analysis
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* B-SiC & FAJ(B-SiC synthesis): A&]E3} 7Ho] 23tE
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* 3% (mechanical seal molding): ¥3%H B-SiCE Y7t U
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. Data Source .
Group Material Data category - — unit Amounts
Survey Calculation Estimation
Recycled Si from waste . .
PV module Main material v kg 17.7
Sulfuric acid Sub-material v kg 39
Nitric acid Sub-material v kg 19.4
Hydrogen peroxide Sub-material v kg 1.9
Hydrogen fluoride Sub-material v kg 1.9
Input Ethanol Sub-material v kg 44.6
Carbon Black Sub-material v kg 12.7
Oxygen Sub-material v kg 0.9
Phenolic resin Sub-material v kg 5.8
Lubricating oil Sub-material v kg 0.01
Silicon chunk Sub-material vV kg 159
3 Electricity v kWh 837.8
Utility & Industrial water v m’ 84.4
Energy
Cooling water v m’ 4,515
Mechanical seal Product v kg 223
Waste water Water emission vV m’ 113.9
Output -
Solid waste Land fill v kg 27.7
NMVOC Air emission v kg 42.3
Transportation Vv km 900
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Table 3. Results of characterization
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Impact . Low grade Si |  Powder B-SiC B-siC Mechanical N
categories unit Purification mixing synthesis granulation seal molding Calcination Total

ADP kg Sb-eq/kg 2.18E-02 9.91E-02 4.90E-02 1.02E-01 2.53E-02 6.15E-02 3.59E-01
AP kg SO»-eq/kg 2.07E-02 2.58E-02 1.31E-02 2.57E-02 6.79E-03 3.16E-02 1.24E-01
EP kg PO -eq/kg| 1.38E-02 3.79E-03 2.43E-03 3.34E-03 1.26E-03 4.16E-03 2.88E-02
GWP kg COs-eq/kg 1.07E+00 1.05E+01 7.73E+00 1.03E+01 4.00E+00 1.14E+01 4.50E+01
ODP |kg CFCll-eq/kg| 3.18E-07 4.32E-06 4.45E-10 3.94E-06 1.50E-09 2.83E-07 8.86E-06
POCP kg CoHs-eq/kg 5.57E-02 1.03E+00 5.69E-05 1.07E+00 3.89E-05 6.55E-02 2.23E+00
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Figure 2. Characterization for abiotic resource depletion (ADP).
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Figure 3. Characterization for global warming potential (GWP).
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Figure 4. Impact contributions of input and greenhouse gas on
global warming potential.
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Figure 5. Characterization for of eutrophication potential (EP).
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Figure 7. Comparison of environmental impact based on input and
output materials.
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Figure 8. Improvement of environmental impact by Si recycling
from end-of-life PV module in mechanical seal manu-
facturing process.
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