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Environmental Impact Assessment of EPS Box for Fresh Food in Korea

and Europe
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Abstract Expanded polystyrene (EPS) is the most commonly used fresh food refrigeration insulation in Korea and
Europe. Moreover, as the use of disposable packaging materials has increased significantly along with non-face-to-face
delivery services since the COVID-19 crisis, social issues related to waste disposal are also being raised. Therefore, in
this study, the life cycle of EPS boxes for fresh food is focused on the factors that have a large difference between incin-
eration and landfill including recycling in Europe and Korea in the disposal process after use, and raw materials and
energy in the manufacturing process, which account for a large portion of the environmental impact value. We tried to
compare the environmental impact of evaluation. Overall, the raw material production stage, box manufacturing stage,
and packaging stage have similar processes in Europe and Korea, but unlike Europe, Korea, which lacks landfills and
incineration facilities, has focused on expanding the recycling rate. It was necessary to do an environmental impact assess-
ment. Data affecting the environment were derived based on 2019 and 2020 data for Korea and 2017 and 2020 data for
Europe. In order to predict the future environmental impact assessment, assumptions about the disposal rate in 2025 and
2030 were introduced and evaluated. As a result of this study, it was found that the raw material production stage of EPS
boxes, which have similar processes in both Korea and Europe, has the greatest effect on the global warming effect of
Korean EPS boxes. However, Korea, which has a relatively high recycling rate in the disposal process compared to incin-
eration and landfill, showed better environmental performance than Europe in most impact indicators except freshwater
eutrophication. In particular, Korea has increased the overall recycling rate compared to Europe by replacing various recy-
clable materials such as building materials and sundries with XPS (extruded polystyrene) recycled materials. In con-
clusion, it was found that increasing the recycling rate rather than incinerating and landfilling EPS boxes for fresh food
in the domestic EPS industry has relatively less environmental load compared to Europe.
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Fig. 1. Overall expanded polystyrene industry situation.

SE7F FI Aozt A, i gA]7E f5a A 2go] FEst
3 o {7 EPSHA AEE-E-S 2020 7 45%
g Blal S 88%= A YERAL, &7, wige] A
L A7H9.17%), "IH(2.83%)2 52l 27t (28.7%), i
F(263%)HT} e Aog BAEL B A7E 35

® A

A, EPHEAAR F=2 AREH 79
ZTEAQ XPSE AMEE= wHH
yHEEAl, 15 59, M=% 9
SHAl, Azt 84 W F O 85E
S8 g=tak o] A EPSAK @l
Fig. 1o Yeblct 71¢] EPSe] $H7 &kl
= oFE EFse ul AR-EE EPS uf
FEx]uk2 - PP(polypropylene)it2=,PS(polystyrene)
F7 wkx Aol A FFH7HLife Cycle
Assessment, LCAYS 53| v #23 A, WAL ¥
o] AL&¥ EPS ¥#Aiol HIPS(High Impact PSYES 3
7¥etal AjgE Aol AFE vl Ag A, L
3 AAAEE EPS EAgA o tisl 7R d9) #H7)%
2] A wet 7] A7ty BlEE 2850l mE 2
3P HAEA] AT Fol o, olejgt Ay FE
Al e AR Qlo] 2zt i gl 7t
sl B FFoIJ 0D weha ) B Ao 4l
A2 5-& EPSEREC el gkt fre] AEE AlAwTt
H71A g vlge] Zolg XS AP FTS vast

4Nk

0
A
dob B
tt
AL

1o,
ol
o
o

o
X
Jo
Hi
ot
59
= 4y
S

M

>~
ob
it o
O

l e 2
£ o o

i rQ rlo
|

mﬂﬁ

o
[y 2 & of

=
ojft
o

AC)

b o

25200
sheets

flower pots and
seedling containers)

Material
recycling as EPS

cavity wall
insulation

soil conditioner

1. Functional unit and system boundary

1.1. 15 &%l (Functional unit)

B A7 LCATS B2 3 9] EPSuR:9]
ALY #H7] & G877 Y] GRS Blael H7t
(cradle-to-cradle)g-22M | 31=ro] 21X12)E8 EPSE29] |
g W #H71AE] vl 2A% 31888 ekl
A5k Aotk & A7l AREE g EPSHRA
Al EPSEtAE Alehs AR thde® =il Aldd4s
v frgoll 7P 8ol ARSEA e BkAE AR
FAL 355x285x250mm, EHE 176 g0 AT} F
EPSEtAE ZgtroA o} /e 5 o] ARSEE BRAE o
olEEA e 7|EoR I em A4S 398 x 264 x 137 mm,
T 9601 AT . AAFHIE YL A% JEHE
EPS 1kgo] 191 AME & H7|=]= AlelE 132 g8kt

Al

|
= Jo o r
o 7 @ q

Mo 1

i

=

1.2. NAH B9|(System boundary)

B oJto] A2E W= EPS YEFHSUANAEE
FAGA, WA 2GA|, A, F7 A A7A]
sl 7t GAlolA WA EXe} ouX|, 1o wE )
B2 Aot 8 AT (EPS production)=

=]
o
=
=



Vol. 28, No. 3 (2022) BHTE 20| AMALER EPSHIAON CHEH FITbE Sh2iQistezt 203

EPSYEE Atslr] 913k Al
9} AquyA] 1o mE wEEe] EFEHITE HiAE2TA
(Polymer Foamingy= ¥8E W¥3s] EPS BIAE ALk
sl ek A8, &, A8 9 72t 2 vAE
ZAAA(Box Packaging)?] 79 EPSEIAE X Asl= d] AL
== 23R (LDPE(low density polyethylene) film, PP
band, PE(polyethylene) plastic bag)’} XESH=|iTt. #7114
ZA(End of life)e] 749~ EPSHR:o] Aj&g, Azt 2
iy 3ol XFEJ oM AL wAlE #H7|E EPSHRE
o] 4, o=, =, AEEF Ax 3780 =AY =
Y EPS AE-EAA SAF A wh=AH A EPSER-S]
AEE F EPS LEFAATAZ AL HE HE2 50%
oln] PSE AJTE H& HIE-S 50% 1 2O YeRgth EPS
wkse] ARG WAl vk Al g ukse] HE AR
279 ARl - EPS 92 AlxA 9 AMAE F

HAZE HHRE AL A2l Salste] 9, H7|AE =

BN
&
[

N
&
2
<)
ko
o
i
Y

15 km=, EPSERAAE L] AARTE] vk H7|71A)9] Agle
Bt 434 kmE ZAEJLE FES 201735 AF o 9
s, who] ARE A A Bk A=A A— 7R 9] A
= Hat 800 km, 2= AZAJANA S7iA|2] Ale
7+ 93 km, FollA i AA7EAE] A-l= B+t 600 km,
ZeH| 7| Al EPSEFE 7| A 2k A] o] Age
50 km=, EPSEF=IE 0] ALHLE dhx H|7|71A] 9] A”l=
H 1543 kmZ ZAFEITE =] tha 7Azgl7) ol 3
A7l fElgk Hol s & o, fHe AR,
7P, AzA 2 A6HE SEUAVE Baslar Hapk
7 g3t AR vlashed] e BAE 4 AL, Ef =
1M BE FFlUR] 7} ARGl HlFo] g Yol 2
Al H9lelA AlQlskE, S =gt A Adelg st
ul2 A2 A 9] ouA] ARS-RFE B7] OAl (R
vigE 12]3 AEE-E8)E FTHOE LCAE YH 7B
o} Fig. 2= ol¥l A 3 H7telA] 248 d=i} fH9

AMETR] DAk Foll Alis] Slof, BRse] AAlE Ak
oA Wk AxGA7IA ] Agls Bt 378 km, Wk Az
AN AV E A=A 7R ] Al Bt 64 km, A
ANE AzJA A B2 9] AYE QA (22F] 2. £2 M7 QA Main assumptions)

g, AFFAA, SR A gl uet Ha et 22 7P B AR JES velE A 3 =Y
41 km, ZH|A| A EPSERE R S8A4A7EA 0] Arle H+t I A AFe] A Abele] ApolE FolHal Atk

EPSHF A|2H]o] WeolE A3ty 9t} Table 1,2 722t

@33t fo) fF e s vei

Production of
Expandable PS

é Polymer Foaming ~ ==---- S Y

! Moulding !
_______
e f — , LLDPE film, PP band, |
i N —— PE plasticbag |
______ I T
i Use i
- I
[

| | End of life (Europe)

[endof ife (korea) . | o
: ( ) X% v% 2%

x% y% 2% |
Recycling 1 Recycling 1 |
Material I Incineration I | Landfilling [ Material | energy recovery \LOSN’ i
recycling as EPS recycling as EPS (MSWI,RDF) 3
[T T 1 ) shredder |
|
{_insulation EPS granules insulation EPS granules
soil i soil i
| I|_conditioner compactor i|_conditioner compactor
| export |

| | Material recycling as PS Material recycling as PS +

compact granules (polystyrene recyclates) |>---J compact granules (polystyrene recyclates)

internal insulation
XPS for : " | XPS for
. N Construction moulding . :
insulation . insulation
sandwich panel
l—¢ fiber coating agent 1

refractory materials i

insulation frame moulding, foothold insulation

application picture frames, door and window frames application

L

Fig. 2. System boundary of Korea and Europe EPS box.
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Table 1. Distribution average distance in Korea (by truck)
Korea km Description
Transport of raw materials from supplier to transfor- 378 From Yeosu Petrochemical Complex to EPS Box Manu-
mation stage facturing Plant in Gyeonggi-do
Transport of empty packaging from EPS box plant to From EPS Box Manufacturing Plant in Gyunggi-do to Fresh
fresh food manufacturing plant 64 Food Manufacturing Plant in Gyeonggi, Incheon
Online (delivery service) average distance 150 From Gyeonggi, Inc‘heon Fresh Food Manufacturing Plant to
consumers by courier
From fresh food manufacturing plants in Gyeonggi-do,
Average distance through the seller 41 | Incheon, through Seoul, Gyeonggi-do, and Incheon market to
consumers near the market
Average distance between Agricultural and Fishery Mar- 14 From agricultural and marine products markets in Seoul,
ket and Consumers Gyeonggi, and Incheon to consumers near the market
Transport of empty packaging from fresh food manu-
facturing plant to customer (Average distance according | 41
to distribution ratio by distributor)
Waste transport before treatment 15 E;(;I:d(c)onsumers to EPS box recycling company in Gyeo-
Average distance from acquisition of raw materials to dis-
posal of EPS boxes 498
Table 2. Distribution average distance in Europe (by truck)
Europe km Description
Lr;rilzﬂoztta; raw materials from supplier to transfor- 800 | France, Denmark
Transport of empty packaging from plant to harbour 93 | 80 km (France), 100 km (Spain), 100 km (Denmark)
Transport of fresh fish from harbour to central market | 600 | 300 km (France), 300 km (Spain), 1200 km (Denmark-France)
Waste transport before treatment 50
Average distance from acquisition of raw materials to dis- 1543
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Table 3. Waste Disposal Ratio Scenario in Korea and Europe

205

% KO (as present) K1 K2 EO E1l E2
Recycling 85.4 88 100 33 45 50
Incineration 11.16 9.17 0 35 28.7 26.1
Landfill z 3.44 2.83 0 32 26.3 23.9
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Fig. 3. Example of System boundary of Korea and Europe EPS box in 2020.
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Table 4. Input Materials in cradle-to-grave LCA of EPS box in Korea and Europe
. Amount . o
Simapro product name Unit Description
Korea Europe
nputs from Aggregated data for all .
EPS technosphere: Polystyrene, expandable 0.95 0.95 processes from raw material
production oSphere: {GLO}| market for | APOS, U ’ ’ extraction until delivery at
material/fuels
plant
Water, unspecified 3
Inputs from nature natural origin, RoW 0.00253 0.015 m
Electricity, medium voltage {KR}|
market for | APOS, U 1.005 kWh
Polymer & — -
Foaming Inputs from Electricity, medium voltage {FR}| 125 Wh
technosphere: | market for | APOS, U
electricity/heat Heat, district or industrial, natural gas
{GLO}| market group for 24800 36000 kJ
| APOS, U
Pentane 0.015 0.015 kg
Emissions to air
Polymer Water/in? 0000136 | 0000136 | m’
Foaming
Emissions to water| Water, RoW 0.000525495 | 0.000525495 | m?
Packaging film, low density polyethylene
{GLO}| market for | APOS, U 0.0329 0.0329 kg |LDPE film
Inputs from
?;liabi?lx technosphere: El};pgélgneij granulate {GLO}| market 0.009 0.009 kg | PP band
PACRABIng | haterial/fuels ’
Polyethylene, high density, granulate HDPE plastic bag (frecon
{GLO}| market for | APOS, U 000113 0001151 ke |0
Replacement amount of soil
. " conditioner per kg of EPS
Perlite {GLO}| market for | APOS, U x*0.225 kg when recycling EPS in
Europe
Replacement amount of
Polystyrene, expandable {RoW}| <0225 K cavity wall insulation per kg
production | APOS, U ’ € | of EPS when recycling EPS
in Europe
Replacement amount of
Polystyrene, extruded {GLO}| market for | 40,55 K XPS insulation per kg of
APOS, U ’ & | EPS when recycling EPS in
Europe
Waste Outputs to techno- Replacement amount of
sphere : Polystyrene, extruded {GLO}| market for | internal insulation per kg of
management| . x*0.34 kg . .
Avoided products| APOS, U EPS when recycling EPS in
Korea
Replacement amount of
construction moulding and
Polysyene, gnerl pupose ROV | ke |sandwich panl per kg of
’ EPS when recycling EPS in
Korea
Electricity, medium voltage {KR}| elec-
tricity voltage transformation from high to y*CV kJ Energy. 'recoYerecll from
: waste incineration in Korea
medium voltage | APOS, U
Electricity, medium voltage {FR}| elec-
tricity voltage transformation from high to y*CV kJ Ezzi{aﬁzgvﬁf;mewm
medium voltage | APOS, U P
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Table 4. Continued
Amount
Simapro product name Unit Description
Korea Europe
.. . consumption of electricity/
Electricity, medium voltage {FR}| elec- ke o fcolr)npaction and shret(}il-
tricity voltage transformation from high to 027*EPS | kWh ding of waste EPS packag:
Inputs from techno- medium voltage | AP! OS, U mg in Europe
sphere: electricity/
.. . consumption of electricity/
heat Electricity, medium voltage {KR}| elec- P . A
.. . . " kg of compaction and shred-
tricity voltage transformation from high to| 0.3*EPS kWh dine of waste EPS pack
Waste medium voltage | APOS, U ang packag
management] ing in Korea
Waste polystyrene {RoW}| treatment of
Outputs to techno-| Waste polystyrene, municipal incineration | y y kg | Incineration
sphere : APOS, U
Waste and emis- | Waste polystyrene {RoW}| treatment of
sions to treatment | waste polystyrene, sanitary landfill | APOS, z z kg |Landfill
U
(functional unit : EPS 1 kg)
£0 0.025
10 — EO
E1 £2 KO yq = i E
. M= 0.020 | €0 == | €0
B o K = e m = e
KO k1 | ==l (] = Ko |
6 - = 2 B g E1 0.015 . .« el T
m w0y B & E0 g1 E2 mieEEEE =
= ] k[ |HE B L | LA
% 4 - LI ik KO K1 gp % 0.010 H o | || -
2 I H K2 g — |
ER T HH E Hee e -
6 i H 3 0.005 - -
£ 0 = - oo £ mim(®
.g . HHL B UUH = 0.000
2 L J |-
4 0005 4 LI | Ll - B
6 L -0.010 o L
-8
. Ozone formation, Human health Ozone formation, Terrestrial acidification
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(kg 1,4-DCB)
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Fig.

4. Potential impact results for Korea and Europe scenarios.
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Table 5. Potential impact results for Korea and Europe scenarios
Impact category Unit KO K1 K2 EO E1l E2
Global warming kg CO, eq | 7.30E-01 | 5.04E-01 |—5.40E-01 | 4.36E+00 | 3.33E+00 | 2.90E+00
Stratospheric ozone depletion kg CFC11 eq |—2.72E-06 | —2.83E-06 | —3.36E-06 | —1.28E-06 | —2.10E-06 | —2.44E-06
Ionizing radiation kBq Co-60 eq | 2.35E-01 | 2.34E-01 | 2.29E-01 | 8.28E-01 | 8.20E-01 | 8.17E-01
Ozone formation, Human health kg NOx eq | 5.82E-03 | 5.63E-03 | 4.76E-03 | 8.39E-03 | 7.59E-03 | 7.26E-03
Fine particulate matter formation kg PM,s eq | 1.31E-03 | 1.21E-03 | 7.64E-04 | 2.52E-03 | 2.10E-03 | 1.93E-03
Ozone formation, Terrestrial ecosystems| kg NOx eq | 7.41E-03 | 7.21E-03 | 6.28E-03 | 1.02E-02 | 9.35E-03 | 9.00E-03
Terrestrial acidification kg SO, eq | 2.97E-03 | 2.69E-03 | 1.42E-03 | 7.98E-03 | 6.88E-03 | 6.43E-03
Freshwater eutrophication kg P eq 6.39E-04 | 6.33E-04 | 6.05E-04 | 9.31E-05 | 5.01E-05 | 3.22E-05
Marine eutrophication kg N eq 6.89E-05 | 6.43E-05 | 4.30E-05 | 2.24E-04 | 1.86E-04 | 1.70E-04
Terrestrial ecotoxicity kg 1,4-DCB | 1.39E+00 | 1.31E+00 | 9.10E-01 | 2.56E+00 | 2.11E+00 | 1.92E+00
Freshwater ecotoxicity kg 1,4-DCB | 3.80E-02 | 3.39E-02 | 1.49E-02 | 1.15E-01 | 9.29E-02 | 8.36E-02
Marine ecotoxicity kg 1,4-DCB | 5.39E-02 | 4.82E-02 | 2.20E-02 | 1.60E-01 | 1.30E-01 | 1.17E-01
Human carcinogenic toxicity kg 1,4-DCB | 6.86E-02 | 6.51E-02 | 4.87E-02 | 8.89E-02 | 7.13E-02 | 6.39E-02
Human non-carcinogenic toxicity kg 1,4-DCB | 1.30E+00 | 1.19E+00 | 7.02E-01 | 3.25E+00 | 2.64E+00 | 2.38E+00
Land use m?a crop eq | 3.48E-02 | 3.42E-02 | 3.10E-02 | 3.57E-02 | 3.05E-02 | 2.83E-02
Mineral resource scarcity kg Cu eq 7.00E-04 | 6.48E-04 | 4.09E-04 | 1.10E-03 | 5.27E-04 | 2.90E-04
Fossil resource scarcity kg oil eq 8.78E-01 | 8.28E-01 | 5.98E-01 | 2.00E+00 | 1.81E+00 | 1.73E+00
Water consumption m? 1.95E-02 | 1.79E-02 | 1.05E-02 | 6.60E-02 | 5.90E-02 | 5.61E-02
Total 4.77E+00 | 4.28E+00 | 2.04E+00 | 1.35E+01 | 1.11E+01 | 1.01E+01

Table 6. Environmental Impacts in each life cycle stage in Korea and Europe scenarios in Global warming impact category and envi-
ronmental loads and environmental gains in waste management stage

Unit: kg CO, eq

Totall EPS Polerler EPS bf)x Waste a b c
foaming |packaging| management
Ko [0.73(3.62| 1.73 0.13 475  |Incineration of waste | 1o \pg o ction| ~2.14 | XPS production 1.2
polystyrene
K1 [0.50(3.62| 1.73 0.13 497 |Incineration of waste | 1o |pg o quction| ~2.21 | XPS production | ~1.26
polystyrene
Electricity production
K2 -0.54({3.62| 1.73 0.13 -6.02 used in hard coil | 0.12 |PS production| —2.51 | XPS production | —1.43
mining
E0 |4.36(3.62| 166 | 0.13 _105 |Mmeineration of waste |, ;) | XPS produc-| o ol ppg oo duction |-0.75
polystyrene tion
El [333|3.62] 1.66 0.13 —2.07 landfill of waste | o) | XPS produc-| _; 41 ¥pg production | ~0.30
polystyrene tion
E2 [2.90(3.62] 1.66 0.13 _p5o |Mneineration of waste |, o5 | XPS produc-| | 5| vpg oroduction | -0.33
polystyrene tion
a: The most environmentally responsible factor
b: The most environmentally beneficial factor
c: The second most environmentally beneficial factor
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