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ABSTRACT

This study analyzes the environmental impact of the epoxy manufacturing system, which is widely used across various
industries, and explores measures to improve its environmental performance. Additionally, the study conducted an environ-
mental assessment in accordance with the EU PEF methodology to contribute to the establishment of the national LCI
database. Among the impact categories, climate change was identified as having the greatest influence, primarily due to
the effects of Bisphenol A and epichlorohydrin, which are key raw materials in the epoxy manufacturing process.
Therefore, the development of technologies to reduce carbon dioxide emissions during the production of these key raw

materials is necessary.
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Table 1. Function and functional unit

Category Definition
Epoxies are commonly used in a variety of
. industries, including electrical and electronics,
Function

civil engineering, and construction, as adhe-
sives, composite materials, and paints.

Functional unit 1 kg of epoxy produced

Reference flow 1 kg epoxy
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Table 2. Data categories

Category Name
Raw Bisphenol A, epichlorohydrin, phosphoric
In materials acid, nitrogen, sodium hydroxide
put
Utility  Electricity, steam, diesel, industrial water
Product Epoxy
Waste Solid waste

Out  Air emission
put

Nitrogen, water(steam)

Water

.. Chlorine, waste water
emission

By-products Industrial salt
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Table 3. Data quality requirements (Pedigree)

Indicator score

Category
1 2 3 4 5
Time Less than 3 years of Less than 5 years Less than 7 years Less than 10 years =~ More than 10 years
coverage difference to year of study of difference of difference of difference of difference
Regional data that closely resembles domestic
Geographical Data that reflects domestic Other non-similar
coverage production (KR) (RoW, RER, GLO, (US, IP) (CN, IN) data
EU) ) )
D ith simil D ith diff D ith oth
Technology Data with the same  Data with partially the ata Wft sm.n a ata. with di .eren't aa Wl.t .Ot °
. . techniques in techniques applied in non-similar
coverage technique same technique .. . .
principle principle techniques
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Table 4. Assumptions and limitations

Category Contents
Commonali - Direct air emissions from fuel combustion are calculated by applying emission factors from the guidelines of
ty IPCC 2019 and the Ministry of Environment[8].
- Transportation distances for field data are calculated and applied using the shortest distance.
Production - Bisphenol A and NaOH (50%) data are mixed with other products and it is not possible to accurately measure
process the actual amount recovered, so theoretical values are used.
(onsite) - For wastewater, process water and water balance were applied accordingly.
- For industrial salt, a by-product, the theoretical value for NaOH (50%) is applied.
Production - T.he transportation distance of the waste from the factory to the recycling company is assumed to be 30
Focess kilometers.
I()paper) - To drive the basic value, it was assumed that all waste generated by the business site is recycled, which may

result in an underestimation of the environmental impact.
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Table 5. LCI| database lists

Category Source
Bisphenol A (BPA) US: Bisphenol A, Sphera, 2023
Epichlorohydrin (ECH) US: Epichlorohydrin (by product calcium chloride, hydrochloric acid) Sphera, 2023
Phosphoric acid US: Phosphoric acid (75%, purified), Sphera, 2022
Nitrogen Nitrogen (gaseous), Sphera, 2021
Sodium hydroxide (NaOH) RER: Sodium hydroxide mix (50%), Sphera, 2022
Steam Steam production, in chemical industry, Ecoinvent (v3.8), 2021
Diesel RER: Diesel mix at refinery, Sphera, 2019
Electricity Market for electricity, high voltage, Ecoinvent (v3.8), 2021
Industrial water GLO: Process water from surface water (for regionalization) - open inputs electricity and water, Sphera, 2022
Epoxy -
Wastewater RoW: Treatment of wastewater, average, capacity 1E9l/year, Ecoinvent (v3.8), 2021
Industrial salt RER: Sodium chloride (rock salt), Sphera, 2022

Waste (truck transport) Small lorry transport incl. fuel, Euro 0-6 mix, 7.5 t total weight, 3.3 t max payload, Truck, 2022

Transport (ocean) RNA: Transport, ocean freighter, average fuel mix, Sphera, 2022
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Table 6. Characterization LCA results
Characterization results
Impact category Unit
Total BPA ECH Electricity Steam Etc
Acidification mol H+ eq. 1.48E-02 3.57E-03 4.31E-03 5.89E-04 2.74E-03 3.62E-03
Climate change kg CO; eq. 6.25E+00 1.81E+00 3.35E+00 1.74E-01  7.27E-01 1.85E-01
Ecotoxicity, freshwater CTUe 1.31E+03 2.37E+01 3.85E+01  5.46E-01  3.20E+00 1.24E+03
Eutrophication, water kg P eq. 245E-04 2.03E-06 1.90E-05 1.26E-04 8.42E-05 1.39E-05
Eutrophication, marine environments kg N eq. 441E-03  1.30E-03 1.41E-03 1.88E-04 3.81E-04 [1.12E-03
Eutrophication, land mol N eq. 5.40E-02 1.43E-02 1.64E-02 1.84E-03  4.02E-03 1.74E-02
Human toxicity, cancerous CTUh 1.62E-09 4.96E-10  5.04E-10  5.15E-11  1.47E-10 4.24E-10
Human toxicity, non-cancerous CTUh 7.79E-08  1.05E-08 2.62E-08  1.42E-09 2.86E-09 3.69E-08
Ionizing radiation kBq U-235 eq.  2.58E-01 247E-02 1.33E-01 4.87E-02 1.92E-02 3.27E-02
Land use pt 4.82E+00 4.29E-01 2.26E+00 3.97E-01  7.92E-01 9.37E-01
Ozone depletion kg CFC-11 eq.  7.23E-08 1.07E-12 5.76E-12  523E-09  6.66E-08 5.09E-10
Particulate matter emissions disease incidences 1.29E-07 2.51E-08 4.84E-08 1.83E-09 3.12E-08 2.21E-08
Photochemical ozone formation kg NMVOC eq. 1.33E-02 4.50E-03 4.17E-03 4.64E-04 1.29E-03 2.92E-03
Resource use, fossil MJ 1.24E+02 4.89E+01 5.89E+01 3.29E+00 1.01E+01 3.00E+00
Resource use, minerals and metals kg Sb eq. 1.32E-06  4.35E-07 3.71E-07  2.32E-07 1.99E-07 8.79E-08
Water usage m’ 2.33E-01 1.94E-01 3.52E-01 3.59E-02 3.76E-02 -3.86E-01l
Chamterization LCA results Normalization LCA results
Human toxicit, cancer - total [CTUH) - | ST S 3.00E-03
Eutrophication. terrestrial [Mole of Neq] - [NNESNII S-S 2.50E-03
Eutrophication. marine [ke N eq) ISR - s . 2.00E-03
Eutrophication. freshwater [k Peq] 188 s B & 1.50E-03
Ecotoxicity, reshwwater - total [CTU¢] - EiE 1.00E-03
Climate Change - total [kg CO2 eq] [N 9% ER ) 5.00E-04 I
Acidification [Mole of Feq] [ EEEEE o4 0.00E+00 i b ow o I
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Fig. 3. Normalization LCA results.
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