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Comparative Life Cycle Assessment of Reusable and Disposable Distribution
Packaging for Fresh Food
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Abstract In this study, we conducted a comparative life cycle assessment (LCA) of two different products, considering
reusable and single-use packaging for fresh food distribution. For reusable packaging, we utilized expanded polyethylene
(EPE), while for comparison, a disposable box made of widely used expanded polystyrene (EPS) was selected. We com-
prehensively analyzed the environmental impacts of production, transportation, reprocessing (for reused boxes), and dis-
posal across 18 impact categories. Upon analyzing the actual reuse of 300 rounds of fresh food, the cumulative global
warming potential (GWP) values for the EPE box were found to be 280.21 kg carbon dioxide (CO,) eq, demonstrating
a significant 75% reduction compared to those of the EPS box. Furthermore, it was observed that the GWP values for
the EPE boxes became equivalent to those of the EPS boxes after 12 rounds of reuse. In conclusion, reusable packaging
shows substantial potential to contribute to the reduction of environmental burdens, aligning well with global envi-
ronmental requirements for sustainable food distribution and related industries.
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Fig. 2. Measurement of Thermal Conductivity for EPE Boxes.
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Table 1. Weight, thickness, and specifications of each box at
functional unit.

EPS box EPE box
Weight (kg) 0.26 1.74
Thickness (mm) 24.7 35.75
Specification (mm)| 452x360x336 471x371x241
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Fig. 3. System boundary of EPS box.
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Transportation km Description
Transport of raw materials 500 From EPS material supplier to EPS box manufacturing plant
Transport of box 120 From EPS box manufacturing plant to fresh food manufacturing plant

Transport of box with fresh food and ice pack (41

From fresh food manufacturing plants to consumers near the market
(average distance according to distribution ratio by distributor)

Transport of box for recyling 15

From consumers to EPS box recycling company

Table 3. Transportation and Reconditioning transportation distance of EPE box

recovery

km Description
X From overseas box material manufacturing plant to box
Transport of box material and box K e
1798 manufacturing plant and then to domestic distribution
center
Transportation
From consumers to box treatment center (average
Transport of box for treatment 15 . ( g
distance)
X From domestic distribution center to sub-terminal
Transport of box with fresh food 44 X
(average distance)
Transport of box with fresh food and 8.7 From domestic sub-terminal to customers (average
ice pack : distance)
Reconditioning
transportation Transport of box for washing 8.7 From customers to sub-terminal (average distance)
From customers to domestic recovery center (average
Transport of box for recovery 60 )
distance)
Transport of box for reuse after 65 From recovery center to domestic fullfillment center

(average distance)
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Table 4. Potential impact results for scenarios (1 cycle).
EPS box EPE box
. . Recondition-
I || | o Tomsporaon] e i Mt | B o pen| g | Ve
transportation
W(i‘;'ﬁg kg CO, eq | 7.2321677 |0.000743299 | 0.81838871 | -4.3841203 | 26795749 | 7.7601193 | 0.74455432 | 0.73761155 | -0.258535
Stratospheric
ozone  |kg CFCI1 eq| 1.01825E-06 | 2.98933E-10 | 2.7752E-07 | -1.706E-07 | 2.7117E-05 | 2.73909E-06 | 2.83287E-07 | 4.48524E-07 | -9.42E-07
depletion
g&f&% kBq Co-60 eq 0.31517866 | 8.92939E-05 | 0.01517696 | -0.1771265 | 0.29073504 | 0.75063409 | 0.016242856 | 0.037909374 | -0.046492
Ozone forma-
tion, Human | kg NOx eq | 0.015152298 | 1.59221E-06 | 0.00484212 | -0.0078073 | 0.0535876 |0.023382114 | 0.005384806 | 0.002685086 | -0.00062
health
Fine particu-
late matter for{kg PM2.5 eq| 0.00551332 | 1.61123E-06 | 0.00120578 | -0.003972 | 0.0274197 |0.016443483 | 0.001662761 | 0.001338758 | -0.000345
mation
Ozone forma-
tion, Terrestrial| kg NOx eq | 0.017954741 | 1.60476E-06 | 0.00491815 | -0.0081885 | 0.05547656 | 0.024928475 | 0.005456726 | 0.002750864 | -0.000637
ecosystems
agf(;ﬁg:f‘(}ﬂ kg SO2 eq | 0.014790439 | 2.43193E-06 | 0.00289729 | -0.0112167 | 0.08209379 | 0.028149044 | 0.004496616 | 0.002521579 | -0.000653
Freshwater | 0 p o0 10,000995489 | 3.56341E-07 | 8.3019E-05 | -0.0005087 | 0.00206594 | 0.002086395 | 7.43667E-05 | 0.000210588 | -0.000137
eutrophication
Marine |10 N g | 9.72113E-05 | 3.08828E-08 | 7.9983E-06 | -3.599E-05 | 0.00030093 | 0.000529946 | 6.84013E-06 | 1.94068E-05 | -2.71E-06
eutrophication
;f)f:;ﬁ‘; kg 1,4-DCB | 3.9932675 |0.000518852| 8.4632869 | -1.2863629 | 12.883838 | 14413244 | 7.5676979 | 42198004 | -0.367396
Siiii‘ﬁ?ffyr kg 1,4-DCB | 0.066827366 | 1.55397E-05 | 0.02393586 | -0.0169556 | 0.23764676 | 0.21419801 | 0.017512034 | 0.02778697 | 0.000302
M?f)‘;ecify“" kg 1,4-DCB | 0.091940621 | 2.1577E-05 | 0.03669731 | -0.0230074 | 031248568 | 0.29367092 | 0.027590192 | 0.038249026| 0.000159
Human
carcinogenic | kg 1,4-DCB | 0.18982602 | 3.34867E-05 | 0.06940025 | -0.0972214 | 58588 | 04517906 |0.055259097 | 0.050798055 | -0.017065
toxicity
Human
non-carcino- | kg 1,4-DCB | 1.8702914 |0.000579612| 0.7367031 | -0.5994994 | 5.0290474 | 6.9667197 | 0.54867688 | 0.65430739 | -0.094006
genic toxicity
Land use |m2a crop eq| 0.05813456 | 2.74118E-05 | 0.02893741 | -0.0245537 | 0.25580595 | 0.80057552 | 0.026360893 [ 0.033319454| -0.010638
Mineral
resource | kg Cu eq |0.002904452 | 343194E-07 | 0.00223544 | -0.0012236 | 0.0200941 |0.010170758 | 0.001665193 | 0.001840143 | -0.000652
scarcity
F"Sz‘c];fcsi‘t’;“ce kg oil eq | 3.2049929 |0.000183694 | 026865742 | -2.1355768 | 13.01902 | 20065544 | 024103882 | 027516648 | -0.10787
Conggf;;rﬁm m? 0.089905962 | 5.68578E-06 | 0.00166167 | -0.0594499 | 0.76711465 | 0.17085749 | 0.001454591 | 0.016124851 | -0.002426
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EPS box EPE box
Recondi-
Impact cat Unit Material Box  |Transporta- mWaste Material Box Transpor- | tioning mWaste
pact category production | production tion anage- production | production | tation | Transporta- anage-
ment . ment
tion
Global warming | kg CO, eq | 2.17E+03 | 2.23E-01 | 246E+02 | -132E+03 | 1.07E+02 | 2.87E+01 | 3.10E+00 | 221E+02 | -7.76E+01
Stra“’jg;gt‘; nozone kg CFC11 eq | 3.05E-04 | 897E-08 | 833E-05 | -5.12E-05 | 1.08E-04 | 1.01E-05 | 1.17E-06 | 1.35E-04 | -2.82E-04
lonizing radiation | kBq Co-60 eq| 946E+01 | 2.68E-02 | 4.55E+00 |-531E+01 | 1.I6E+00 | 2.95E+00 | 6.71E-02 | 1.14E+01 | -139E+01
Ozone f°”$tl‘t‘l’1"’ Human| 0 NOx eq | 455E+00 | 4.78E-04 | 145E+00 | 2.34E+00| 2.14E-01 | 7.72E-02 | 222E-02 | 8.06E-01 | -1.86E-01
Fine particulate |\ b\ 5 eq | 1.65E100 | 483E-04 | 3.62E-01 |-119E+00| 1.09E-01 | 6.06E-02 | 6.82E-03 | 4.02E-01 | -1.03E-01
matter formation
Ozone formation, |\ oy o | 5.30E400 | 481E-04 | 148100 | -2.46E+00| 221E-01 | 832E-02 | 225E-02 | 825E-01 | -1.91E-01
Terrestrial ecosystems
Terrestrial acidification | kg SO2 eq | 444E+00 | 7.30E-04 | 8.69E-01 | -3.37E+00| 328E-01 | 9.89E-02 | 1.84E-02 | 7.56E-01 | -1.96E-01
[Freshwater eutrophication kg P eq 299E-01 | 1.07E-04 | 2.49E-02 | -1.53E-01 | 8.24E-03 | 1.17E-02 | 3.09E-04 | 6.32E-02 | -4.11E-02
Marine eutrophication | kg N eq | 2.92E-02 | 9.26E-06 | 240E-03 | -1.08E-02 | 1.20E-03 | 2.09E-03 | 2.85E-05 | 5.82E-03 | -8.13E-04
Terrestrial ecotoxicity | kg 1.4-DCB | 1.20E+03 | 1.56E-01 | 2.54E+03 | -3.86E+02 | 5.14E+01 | 3.49E+01 | 3.1SE+01 | 1.27E+03 |-1.10E+02
Freshwater ecotoxicity | kg 1,4-DCB | 2.00E+01 | 4.66E-03 | 7.18E+00 | -5.09E+00 | 9.48E-01 | 8.02E-01 | 7.36E-02 | 834E+00 | 9.06E-02
Marine ecotoxicity | kg 14-DCB | 2.76E+01 | 647E-03 | 1.I0E+01 | -6.90E+00 | 1.25E+00 | 1.09E+00 | 1.I6E-01 | 1.1SE+01 | 4.78E-02
Hmarioi?zf;“’gemc kg 14-DCB | 5.69E+01 | 1.00E-02 | 2.08E+01 |-2.92E+01 | 2.34E+01 | 1.64E+00 | 2.31E-01 | 1.52E+01 | -5.12E+00
Human “g)‘('iccgm"gemc kg 14DCB | 5.61E+02 | 1.74E-01 | 221E+02 | -1.80E+02 | 2.01E+01 | 2.62E+01 | 2.30E+00 | 1.96E+02 | -2.82E+01
Land use m2a crop eq | 1.74E+01 | 822E-03 | 8.68E+00 | -7.37E+00 | 1.02E+00 | 3.12E+00 | 1.10E-01 | 1.00E+01 |-3.19E+00
Mineral resource scarcity kg Cu eq | 871E-01 | 1.03E-04 | 6.71E-01 | -3.67E-01 | 8.02E-02 | 3.56E-02 | 6.99E-03 | 5.52E-01 | -1.96E-01
Fossil resource scarcity | kg oil eq | 9.61E+02 | 5.51E-02 | 8.06E+01 | -6.41E+02| 5.19E+01 | 7.29E+00 | 1.00E+00 | 8.25E+01 | -3.24E+01
Water consumption m 270E+01 | 1.71E-03 | 4.99E-01 |-1.78E+01 | 3.06E+00 | 6.77E-01 | 6.06E-03 | 4.84E+00 | -7.28E-01
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Fig. 11. Potential impact results for scenarios 4 (Icycle).
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Fig. 13. Potential impact results for scenarios 2 (300
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