Research Article A 718138]R)
Korean J Life Cyle Assess 2026;27(1):31-40 Korean Journal of Life Cycle Assessment
https://doi.org/10.62765/kjlca.2026.27.1.31 pISSN: 1229-599X, eISSN: 3058-5937

2{gt THALS R AJARIT} HRIAE STX| BIAO| St Hgk Hlw

THALS

o
i

zl1e)1,2 =1 =1L *
URR'?, YZS', OIF, AT

7|"

1

ol

MY ISR T RV S MIE, “eitistn SteMmastt

r

Environmental Performance of Reusable Packaging compared to Single-Use
Corrugated Boxes considering Reuse Cycles

Chaewon Im'?, DongHo Kang', Junhyuk Lee', Jin Kie Shim""

'Korea Packaging Center, Korea Institute of Industrial Technology, Bucheon 14449, Korea
’Department of Chemical and Biological Engineering, Korea University, Seoul 02841, Republic of Korea

ABSTRACT

The increasing demand for packaging driven by e-commerce and fresh food distribution has intensified environmental con-
cerns associated with single-use packaging systems. Reusable packaging has emerged as a promising alternative; however,
its environmental performance depends strongly on operational conditions, particularly reuse frequency. This study conducted
a cradle-to-grave life cycle assessment (LCA) focusing on a reusable plastic container (RPC) incorporating post-consumer
recycled (PCR) material, with comparison to a single-use corrugated box (CB). The analysis was based on real distribution
data, and the effect of reuse cycles on environmental impacts was evaluated. The results show that RPC exhibited higher
greenhouse gas emissions than CB in the first use cycle. However, the cumulative environmental impact of RPC decreased
rapidly with reuse, becoming lower than that of CB from the second cycle onward. In addition, the environmental impact
of RPC was primarily governed by the material supply stage. These findings indicate that reuse frequency is a key factor
determining the environmental performance of reusable packaging systems, and that the combination of PCR material and
repeated reuse can significantly enhance environmental benefits. This study provides a quantitative basis for the design of
sustainable packaging systems under real distribution conditions.
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Table 1. Technical characteristics and material compositions of the reusable container types (FC-R and corrugatec

box)
Sample Reusable plastic container (RPC) Corrugated box (CB)
Image
Weight 1,320 g 540 g
Material Virgin PP(50%) + PCR(50%) Pulp-based
Dimensions 550*366*199 mm 460*342*210 mm
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Fig. 1. System boundary for the cradle-to—grave life cycle assessment of reusable plastic containers
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Table 2. Life cycle inventory (LCI) inputs for the RPC system

Stage RPC LCI database Amount Unit
Polypropylene, granulate {GLO}| market for | APOS, U 7.E+03 kg
Hydrogen peroxide, without water, in 50% solution state {GLO}| market for
. 2.E+01 kg
Material supply | APOS, U
Polypropylene, granulate {GLO}| market for | APOS, U 1.E+02 kg
Electricity, medium voltage {KR}| market for | APOS, U 3.E+03 kWh
Electricity, high voltage {KR}| production mix | APOS, U 1.E+04 kWh
Packaging film, low density polyethylene {RoW}| production | APOS, U 1.LE+01 kg
' Transport, freight, lorry 3.5-7.5 metric ton, EURO6 {RoW}|APOS, U 9.E+03 kgkm
Contalr.ler Tap water {RoW}| market for | APOS, U 4.E+03 kg
production
Citric acid {GLO}| market for | APOS, U 6.E-01 kg
Soap {GLO}| market for | APOS, U 3.E-01 kg
Electricity, high voltage {KR}| production mix | APOS, U 3.E+02 kWh
Waste Waste plastic, mixture {RoW}| treatment of waste plastic, mixture, municipal
o 4E+02 kg
management incineration | APOS, U
Table 3. Life cycle inventory (LCI) inputs for the CB system
Stage CB LCI database Amount Unit
Material supply Corrugated board box {RoW}| production | APOS, U 6.E+03 kg
Distribution Transport, freight, lorry 3.5-7.5 metric ton, EURO6 {RoW}|APOS, U 4 E+07 kgkm
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Table 4. Life cycle environmental impacts of RPC by life cycle stage

Container Waste
I t cat it Total Material 1 . Distributi
mpact category Uni otal aterial supply production istribution management
Climate change kg CO, eq 2.9.E+04 1.8.E+04 6.9.E+03 3.1.E+03 1.0.E+03
Ozone depletion kg CFCl11 eq 1.2.E-03 1.3.E-04 4.0.E-04 6.2.E-04 2.4.E-06
Ionising radiation kBq U-235 eq 4.0.E+03 8.9.E+02 2.8.E+03 2.8.E+02 6.1.E-01
Photochemical ozone \\voc o 5.7.EH01 3.5.E+01 1.7.E+01 4.9.E+00 2.7.E01
formation
Particulate matter disease inc. 9.0.E-04 6.4.E-04 8.1.E-05 1.7.E-04 1.2.E-06
Human toxicity, CTUh 6.4.E-05 5.1.E-05 4.3.E-06 8.0.E-06 3.8.E-07
non-cancer
Human toxicity, cancer CTUh 7.2.E-07 6.2.E-08 1.5.E-07 5.0.E-07 3.7.E-09
Acidification mol H+ eq 9.6.E+01 6.2.E+01 2.5.E+01 9.4.E+00 2.4.E-01
Eutrophication, freshwater kg P eq 7.7.E+00 2.1.E+00 5.1.E+00 4.5.E-01 2.7.E-03
Eutrophication, marine kg N eq 2.1.E+01 1.2.E+01 7.6.E+00 1.7.E+00 1.3.E-01
Eutrophication, terrestrial mol N eq 2.2.E+02 1.3.E+02 7.5.E+01 1.8.E+01 1.1.E+00
Ecotoxicity, freshwater CTUe 1.8.E+05 4.0.E+04 1.1.LE+05 3.0.E+04 2.0.E+03
Land use Pt 3.6.E+04 3.5.E+03 1.0.E+04 22.E+04 5.9.E+01
Water use m’ depriv. 6.6.E+03 52.E+03 9.7.E+02 3.9.E+02 63.E+01
Resource use, fossils MJ 7.2.E+05 5.4.E+05 1.3.E+05 4.6.E+04 1.8.E+02
R ineral
esource use, minerals and gy oo 1.6.E-02 7.8 E-04 9.5.E-04 1.4.E-02 3.0.E-05
metals
Climate change - fossil kg CO; eq 2.9.E+04 1.8. E+04 6.9.E+03 3.1.E+03 1.0.E+03
Climate change - biogenic kg CO, eq 3.1.LE+01 2.7.E+01 2.9.E+00 9.1.E-01 3.3.E-02
limate change - 1
Climate change - land use "y 1.LE+01 1.9.E+00 6.0.E+00 3.2.E+00 5.6.E-03
and LU change
Human toxicity, CTUh 6.3.E-06 4.6.E-06 5.8.E-07 1.1.E-06 4.6.E-09
non-cancer - Organlcs
Human toxicity, CTUh 6.2.E-05 5.1.E-05 4.1.E-06 7.0.E-06 3.7.6-07
non-cancer - 1n0rgan1cs
Human toxicity, CTUh 4.7.E-08 9.5.E-09 2.9.E-08 4.5.E-00 4.0.E-09
non-cancer - metals
Human toxicity, cancer - CTUh 7.2.E-07 6.2.F-08 1.5.E-07 5.0.E-07 3.7.6-09
organics
Human foxicity, cancer - CTUh 9.6.E-15 1.LE-15 33.E-15 5.1.E-15 5.5E-18
inorganics
Human toxicity, cancer - CTUh 0.0.E+00 0.0.E+00 0.0.E+00 0.0.E+00 0.0.E+00
metals
Ecotoxicity, freshwater -
. CTUe 3.5.E+03 7.4 E+02 42.E+02 2.4 E+03 3.8 E+H00
organics
Ecotoxicity, freshwater -
. . CTUe 2.2 E+04 43.E+03 8.9.E+03 6.8.E+03 1.9.E+03
1n0rgan1cs
Ecotoxicity, freshwater - CTUe 1.6.E+05 3.5.E+04 1.0.E+05 2.1.E+04 1.3.E+02

metals




Table 5. Life cycle environmental
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impacts of CB by life cycle stage

BT, ofs, A7)

Corrugated board box

Impact category Unit Total production Distribution
Climate change kg CO, eq 2.7.E+04 6.4.E+03 2.1.E+04
Ozone depletion kg CFCI11 eq 4.9.E-03 5.1.E-04 4.4.E-03
Ionising radiation kBq U-235 eq 2.3.E+03 8.2.E+02 1.5.E+03
Photochemical ozone formation kg NMVOC eq 4.5.E+01 1.4.E+01 3.1.E+01
Particulate matter disease inc. 1.5.E-03 3.0.E-04 1.2.E-03
Human toxicity, non-cancer CTUh 6.9.E-05 1.3.E-05 5.6.E-05
Human toxicity, cancer CTUh 5.3.E-06 1.7.E-06 3.6.E-06
Acidification mol H+ eq 9.0.E+01 2.8.E+01 6.1.E+01
Eutrophication, freshwater kg P eq 5.2.E+00 3.0.E+00 22.E+00
Eutrophication, marine kg N eq 2.0.E+01 9.5.E+00 1.0.E+01
Eutrophication, terrestrial mol N eq 1.8.E+02 6.8.E+01 1.1.E+02
Ecotoxicity, freshwater CTUe 5.5.E+05 3.5.E+05 1.9.E+05
Land use Pt 4.0.E+05 2.5 E+05 1.5.E+05
Water use m’ depriv. 2.8.E+03 1.1.E+03 1.8.E+03
Resource use, fossils MJ 3.9.E+05 8.5.E+04 3.0.E+05
Resource use, minerals and metals kg Sb eq 1.7.E-01 6.7.E-02 9.9.E-02
Climate change - Fossil kg CO, eq 2.7.E+04 6.3.E+03 2.1.E+04
Climate change - Biogenic kg CO, eq 1.2.E+02 1.1.LE+02 5.4 E+00
Climate change - Land use and LU kg CO; eq 6.5.E+01 5.5.E+01 1.0.E+01
change
Human tox;:g;’li::n'camer ; CTUR 1.1E-05 2.8.E-06 8.0.E-06
Human toxicity,
non-cancer - inorganics CTUh 6.0.E-05 1.1.E-05 4.9.E-05
Human toxicity, non-cancer - metals CTUh 6.5.E-08 3.9.E-08 2.6.E-08
Human toxicity, cancer - organics CTUh 5.3.E-06 1.7.E-06 3.6.E-06
Human toxicity, cancer - inorganics CTUh 2.6.E-13 2.2.E-13 3.6.E-14
Human toxicity, cancer - metals CTUh 0.0.E+00 0.0.E+00 0.0.E+00
Ecotoxicity, freshwater - organics CTUe 1.9.E+04 2.0.E+03 1.7.E+04
Ecotoxicity, freshwater - inorganics CTUe 6.0.E+04 1.3.E+04 4.7 E+04
Ecotoxicity, freshwater - metals CTUe 4.7.E+05 3.4 E+05 1.3.E+05
Table 6. GWP contribution of input processes within each life cycle stage
Product Stage Input Contribution
. Polypropylene production 82.58%
Material supply
Electricity for PCR production 7.63%
Reusable.p lastic Container production Electricity consumption for injection molding 86.76%
C(Egglcn)er Distribution Road transportation 61.84%
Electricity consumption 3.79%
Waste management Incineration 98.2%
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Table 6. Continued

Product Stage Input Contribution
Material supply
Corrugated box Container production Corrugated board box production 39.14%
(CB) Waste management
Distribution Road transportation 66.93%
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Fig. 2. Cumulative global warming potential (GWP)

of reusable container systems (RPC) and a

single-use(CB) system as a function of
reuse cycles.
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