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Environmental Evaluation of Protein Based Oxygen High Barrier Film
Using Life Cycle Assessment

DongHo Kang' and YangJai Shin?

'Korea Institute of Industrial Technology
’Korea University Department of Food Bioscience and Technology

Abstract Environmental evaluation of two different oxygen high barrier films were performed using life cycle assess-
ment. One of the films (traditional film) was composed of aluminum oxide coated PET film, ink, LDPE and LLDPE.
Another film (new film) was consists of PET, ink, protein based coating material, LDPE, LLDPE. Main layer to achieve
the high oxygen barrier for traditional film was aluminum oxide coated PET film, whereas the protein based coating
material act as oxygen barrier layer for new film. Functional unit of this study was 1000 pouches made of traditional and
new film. System boundary was factory to gate. The results of this study revealed that the new film shows better envi-
ronmental performance for most of impact indicator than traditional film, except marine eutrophication and fine par-
ticulate matter formation due to extra coating process in new film system.
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Materials & Method

1. Materials

Traditional filme] 4% Fig. 191 Y<}1% AlOx coated
Polyethylene terephthalate (AlOx-PET), Ink, Low density
polyethylene (LDPE), Linear low density polyethylene
(LLDPE)®] F2& o]Foj#9lem AlOx-PETS] 3% ¥
£ %3}, LDPEY] 7% LGS}S), LLDPE?] 7% 54l
oldlla], ko] 739 FFYoNA AAFEATE New filme]
749 PET, Ink, J= =®A (NB), LDPE, LLDPES]
TEE o|FolX3len PET?| 7% IQF, ke A
THYA, M= ZEA ] A oHAE AAZE, LDPE
°] 79 LG3}e}, LLDPE®] 73-¢- &4 o|l=ellx Aikst

AlOx coated
PET (Film) 12.5 um

Ink (+EA) 5 um
LDPE (Resin) 23 um

LLDPE (Film} 65 um

PET (Film) 12 um
Ink (+EA) 5 um
NE{Ccating) 1 um

LDPE {(Resin} 23 um

LLDPE (Film)} &5 um

Fig. 1. Schematic draw of film structure for traditional film (a)
and new film (b), and SEM picture of traditional film (c) and
new film (d).

Atk MoconAte] OX-TRAN 7025 &-g3dle] A4 2t
5 2338192™ Traditional filme] 7% 0.30 cc-mil/m> -
day, New film2] 7% 1.04 cc-mil/m?-dayS 7]1=3}3]t}.

2. Functional unit and system boundary
AAAE 7t e 21 71% F (Functional unit) A%
S 2= 100001<] 3% A (135 mmx170 mm)E THE7]
$18 Z 23k Traditional 2 New filmeZ A3t} (Fig.
2). = Z&3to] 1000e] se-A1E Aabste] 3 F e
WA A7HA] (Factory to gate) AHEHE RE 2419} 9
YA 2o wE wiEEE ARSI 7% frulell B Ab
5 Z7te] A ' E4 B AR Table 19 ek
t}h Fig. 39} 4= o A 34 7kl 24 Traditional
film3} New film A|&§le] 9IS Asial Qiek o 4
HolXe T A3 £4S folsl ab7] S8l Zhzke] Al
25 8 AF FAE e AR Folx s a1
o] ©AIE= Material production, Intermediate process, Tran-
sportation 12|37 Waste management® 43°g 3131 T}
Traditional filme] Material production ©A]2] 7% PET
resin, aluminum, Ink, Solvent (Ethyl acetate), LDPE %
LLDPE A4to] E3EQIT). Intermediate process®] 7%
PET film AJ4FS- $1$+ Extrusion, Aluminums- &-83F &
2k aeprjol Y 9 gudlolA7bA] EehE T
Transportation ©A12] 74-¢- Z}e] 98 E HjEo] xE
ATt Waste treatment ©A19] 73-¢- Lamination 374 &
WshE 3%C] BEFE At 378004 EAskE 7% &
FE 2 PR #H71EY] A #Ho] EESeH o
H Aol E 47F (Incineration)yS 3l X123kt Alth

34 2 AEF 299 A% New film 34 A28 &
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Fig. 2. Pouch made of new film (a) and traditional film (b).

Table 1. General specification and mass of each material for 1000 pouches

Film type Materials Volume (cm®) Density (g/cm?) Thickness (um) Mass (g)
AlOx PET 550.8 1.38 12 760.1
Traditional Ink+EA 229.5 1.05 5 241.0
Film LDPE 1055.7 0.93 23 981.8
LLDPE 2983.5 0.94 65 2804.5
PET 550.8 1.33 12 732.6
NB 45.9 0.95 5 43.6
New Film Ink+EA 229.5 1.05 1 241.0
LDPE 1055.7 0.93 23 981.8
LLDPE 2983.5 0.94 65 2804.5
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Fig. 3. System boundary of traditional film.
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Fig. 4. System boundary of new film.
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Table 2. Summary of database used in this study

Product name Simapro product name

Database

Description

Polyethylene terephthalate,
PET granulate, amorphous {RoW}|
production | APOS, U

Average data for the production of amorphous pET out

Ecoinvent 3 |of ethylene glycol and PTA. The data include material

and waste as well as air and water emissions.

Polyethylene, linear low density, granu-

LLDPE late {RoW} | production | APOS, U

Ecoinvent 3

Aggregated data for all processes from raw material
extraction until delivery at plant

Extrusion, plastic film {RoW} |

Film production production | APOS, U

This process contains the auxiliaries and energy demand

Ecoinvent 3 |for the mentioned conversion process of plastics (1 kg

of this process = 0.976 kg of extruded plastic film)

Carton board box production service,

Gravure Printing with gravure printing {RoW} | APOS, U

Exclude cartonboard, This module includes the production
of boxes out of cartonboard. It contains the steps of cutting,

Ecoinvent 3 |folding and printing with a gravure machine and therefore

ink and glues are considered as well as the electricity
consumption

Extrusion Laminating service, foil, with acrylic

Estimation of electricity use for the laminating and cut-
ting of foils. Only glue for laminating process included.

CLarpmatmg binder {RoW} | APOS, U Ecoinvent 3 Estimation process of glue overspray included. Mate-
utting process . . . .
rials with are laminated are not included
. . Waste incineration of plastics (PET)
Incineration — - - ELCD
Waste incineration of plastics (PE)
Aluminum  |[Environmental Life Cycle Comparison of Aluminum based High Barrier Flexible Packaging Lamintates, Theses,
deposition Jacob A. Bayus, Rochester Institute of Technology
NB-A and B Used in nature material database of SimaPro

FEI A TG00 BASE 7% BEFE 2 7HR
g #H71=9 Ay #FFo] AT o Ao E
&g (RecyelingyS Sl A2]ataict. Al 34 & 2%
A 2409 7-¢- Traditional film &4 X283 2HEE=
FRoz o AgellA AlLlEIATh

3. Main assumptions

et 22 7HES 8 A 38 2d3 A AlEe
A I Atole] AjolE FolHal vt 53 Hloly H|o]
25 BEs7] 98 v 22 7P 9 Al HEel 3
A=At

AN I 2 x} @AY 7S Traditional film}
New film Afo] xte]7} EA8EA] edot wAJellx] | e]si3iTh,

- GFEE FE 3 G vlolH Hlols FEo0= <
3] Bayus et al.®] =< Environmental Life Cycle
Comparison of Aluminum-based High Barrier Flexible
Packaging Laminatesol|4] T|o|E]1E F&3lo] A&

- NB ¥ 349 7% HolE] o]k FFoz <l
A7t 223 Aol EAlste dlolEHMo]Z F Film
coating 38& FE31 AME-

- t2] Intermediate processell EFE g Ho|H
HlolAs S 7IEeR FHEAUS

- Transportation THAoIA &-8¥ EF gl shE4o] 4
AT VS AAA EEL EokE wle W AE A
oz 71y

4. Life cycle inventory analysis

ok A3l % System boundaryol]l 3 12} =3 dlolE]
ole]of] §=3 Data2] 739 o AellA 83 Simparo
8.5 (Pre Sustainability, Netherlands) 2~ZE¢]o]2] Database
E Z8319e Mgt A2 Table 20 WAISHAH. &
Fulg 5% (Aluminum deposition)e] -9 Jacob A.
Bayus'V9] =& Z=sITh YHA] Al 9 3] 4
% Ecoinvent 3 (Ecoinvent, Switzerland)2] DatabaseS &

sttt

5. Life cycle impact assessment

kA Life cycle inventory analysis®] 235 si4sl7] #H
3171 S8l e 339k W (Life cycle impact category)
2 EFete] SEGEE B4 BrRIslH o Agtelld=
Goedkoop et al.'? o] 7Ndat A =g FgF Hr} el
ReCiPe2016S Z-8-sI3it). o] wWhHolx 2735 e7d7at
a2 v 2

Results and discussion

1. Results

1) Global warming

T A" 224 A3 New film (233 kg CO2 eq)°l
Traditional film (88.6kg CO2 eq)EUTI= 73% AE T %
2 Global warming FFEE HATh 7PF & Aol o=
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Table 3. Impact categories of ReCiPe2016 used in this study

CHIBEL 7168 Oxygen High Barrier 2AH2] FBtAL7 IS Eot 5t4 A

Impact category Unit
Global warming kg CO2 eq
Stratospheric ozone depletion kg CFCI11 eq
Ionizing radiation kBq Co-60 eq
Ozone formation, Human health kg NOx eq
Fine particulate matter formation kg PM2.5 eq
Ozone formation, Terrestrial ke NOX eq
ecosystems
Terrestrial acidification kg SO2 eq
Freshwater eutrophication kg P eq
Marine eutrophication kg N eq
Terrestrial ecotoxicity kg 1,4-DCB
Freshwater ecotoxicity kg 1,4-DCB
Marine ecotoxicity kg 1,4-DCB
Human carcinogenic toxicity kg 1,4-DCB
Human non-carcinogenic toxicity kg 1,4-DCB
Land use m2a crop eq
Mineral resource scarcity kg Cu eq
Fossil resource scarcity kg oil eq
Water consumption m?

Waste management @AoA] Traditional filme] 73-%-
Zto| w2 wlEEE°] Global warmingdll 2 9L v
Aoz YeRgth @A MZE Traditional filme] 7%
Waste treatment, Material Production, Intermediate Pro-
cess, Transportation =22 J&S 1|5 2™ New Filme] 7
- Material production, Intermediate Process, Transportation
o2 JeS njxth MRS 2 Material productiontH|
|4 Traditional filme] 739~ LLDPE A§2to] 714 & 7]
£ 312 Waste management®] 74§~ Ink®} LDPES| 4
zZto] 71 & 7195 SIATh New filme] 739~ Material
production ©AIA E7+o] LLDPE AJ4te] 718 & 71
£ 3192 Intermediate process®] A At ¥4 = &
|4 3 ATt 7P & 719 E sislnh

LB

2) Stratospheric ozone depletion

T AlzE 14 A3 New film (3.42 x 10°kg CFC-11
eq)°] Traditional film (3.58 x 10°® kg CFC-11 eq)®Ul%
44% %= © 2 Stratospheric ozone depletiond &S
Bt 7P 2 2o 22 Waste management THA| oA
Traditional film®] 7d-¢- &7ztel W& wj&&E°] Strato-
spheric ozone depletiondl] & JIFS v|X Ao=Z Vel
o}, @A HZE Traditional filme] 739 Material Pro-
duction, Intermediate Process, Waste treatment, Transpor-
tation <=2 QS mH O™ New Filme] 7% Material
production, Intermediate Process, Transportation =22 %

g 5

G
Iy

90

I Material Production
[0 Intermediate Process
[ Transportation
I W aste treatment

Global warming (kg CO2 eq)

Traditional film New film

Fig. 5. Global warming potential of traditional film and new film.
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Fig. 6. Stratospheric ozone depletion of traditional film and new film.
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3) lonizing radiation

T A" 24 A3 New film (0.64 kBq Co-60 eq)©]
Traditional film (0.67 kBq Co-60 eq)RTH=. 4% H= T whe
lonizing radiation®d &2 HATE 7P & AolHo 2=
Material production @A LYERE O™ Traditional filme]
Waste management Ao M = 9418 W] w2 s
H71Ee] 7P & 7198 g A= et

4) Ozone formation, Human health

F Al2" B4 A3} New film (0.035 kg NOx eq)©l
Traditional film (0.042kg NOx eq)® U= 16% A= U
e Ozone formation, Human healthd =S BT}, 7}
& Ae|H S 2= Waste management THAIOIA YERLS
™ Traditional filme] Waste management THASIME <
=9} LDPE®] &7to] 7P & 7]oE 3 Ao = JEpsth
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Fig. 7. lonizing radiation of traditional film and new film.
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Ozone formation, Human health

Fig. 8. Ozone formation, Human health of traditional film and
new film.

5) Fine particulate matter formation

T Alz=E B4 Az} New film (0.0091 kg PM2.5 eq)
o] Traditional film (0.0089 kg PM2.5 eq)Ethe 3%
] =2 Fine particulate matter formation®d &2 H T},
7 2 o) H 22 E Intermediate process THAIONA LFER

o™ New filme] Intermediate processAle] 74-¢- =8
349 F7o| mE H7] &MF F7PF ol AfolHE
Uepd Aoz BAE)

6) Ozone formation, Terrestrial ecosystems

F Al2E B4 A3 New film (0.038kg NOx eq)©]
Traditional film (0.045kg NOx eq)HUthHe 15% A= ¢
£ Ozone formation, Terrestrial ecosystems® &3-S H At}
7P & Ao]H O 2= Waste management THAOIA] LERS
O™ Traditional filme] Waste management THAOIM = <
=8} LDPE®] &x7te] 7Pg & 71oE 3 Ao vyttt

7) Terrestrial acidification
T AlzEl B4 A3 New film (0.053 kg SO2 eq)©]

(] .010

©]
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2 006

< (\l EEEE W aste treatment
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[T, 0.000
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Fig. 9. Fine particulate matter formation of traditional film and
new film.
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0.000

Traditional film New film

Fig. 10. Ozone formation, Terrestrial ecosystems of traditional
film and new film.

.06

I Material Production
[0 Intermediate Process
Transportation
BN W aste treatment

Terrestrial acidification (kg SO2 eq)

New film

Traditional film

Fig. 11. Terrestrial acidification of traditional film and new film.

Traditional film (0.056kg SO2 eq)R U= 5% A% ¢
SEo Terrestrial acidificationd&FE-S BT 7 & Ao]
HOZE Waste management@A|oA UEREO™  Tradi-
tional filme] Waste management @AM = T A7h
o] 7P & 719 E g AoE YERTH



Vol. 25, No. 1 (2019)

.004

[ ]

B Material Production
[0 Intermediate Process
[0 Transportation

B Waste treatment

.003

.002

.001

Freshwater eutrophication (kg P eq)

0.000
New film

Traditional film

Fig. 12. Freshwater eutrophication of traditional film and new film.
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Traditional film New film

Fig. 13. Marine eutrophication of traditional film and new film.

8) Freshwater eutrophication

T A" 24 A3} New film (0.00351kg P eq)t Tra-
ditional film (0.00353kg P eq)©] 0.5% z}o]E Hof A2
H]5=3} Freshwater eutrophicationd &8-S Btk 7P & A
o]X O 2= Intermediate Process THAIOA YERES™ New
filme] Intermediate Process THAloN = 7] A2kS 213 A
€% Lignite?} Hard coil M= & 2T #7]=<] vigo]
7 2 71995 39 Yk 3FA| 9 Traditional filme] Waste
management®] 7]&]Z <13 ZA| Freshwater eutrophication
B3 A New filme] Traditional film=.CHe WA Vigic),

9) Marine eutrophication

T Azd B A3 New film (0.000648 kg N eq)t
Traditional film (0.000651kg N eq)©] 0.4%2] Zo]& H
o] 72| H]$:3F Marine eutrophication® &F8& ®.St}. 7t
A & 2o)F O 2= Intermediate Process TAGIA] LERE
© ™ Freshwater eutrophication 3} P}F7FA]Z  Lignite}
Hard coil A= 5 2AE #H7]1E9] wigo] 71 & 714
£ 39t} SEAINE Traditional filme] Waste management
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Fig. 14. Terrestrial ecotoxicity of traditional film and new film.
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Fig. 15. Freshwater ecotoxicity of traditional film and new film.

9] 7]ed&2 <13 ZA| Marine eutrophicationd] . A] New
filme] Traditional film=THe BA] Uttt

10) Terrestrial ecotoxicity

T Alz=E 24 A3} New film (8.18 kg 1,4-DCB)}
Traditional film (1534 kg 1,4-DCB)°] 46.7% T &
Terrestrial ecotoxicity®d &S HATE 7PE & 2fojdoz
+ Traditional filme] Waste management THAIA LFERS
om ARHogE YA, PE E PETY 27bdl whE &
o] FFe] 7P 2 719E & ZeE et

11) Freshwater ecotoxicity

T A"l B4 A3 New film (024 kg 1,4-DCB)
Traditional film (6.59kg 14-DCB)°] 96.4% T & Fre-
shwater ecotoxicity®d &2 R T} Terrestrial ecotoxicity
o} rEIRE 7P & 2ol o2 Traditional filme)
Waste management @AoA] UeRLoH AEHoz= ¢
=, PE B PETS] &zjo] we wigEe] g3l 7H &
7195 3 Ao& Yepdth
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Fig. 16. Marine ecotoxicity of traditional film and new film.
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Fig. 17. Human carcinogenic toxicity of traditional film and
new film.

12) Marine ecotoxicity

T Azl ¥4 A3} New film (0.078 kg 1,4-DCB)Z}
Traditional film (2.22kg 14-DCB)°] 96.5% T Y&
Marine ecotoxicityyd -2 BT Terrestrial ecotoxicity
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ERgom ARAHoZ= 3, PE ¥ PETY &zbe] wE
HiEES] o] 7P & 71E g AR JEiTh

13) Human carcinogenic toxicity

T AlzE B4 A3} New film (0.00298 kg 1,4-DCB)
7} Traditional film (0.00657 kg 1,4-DCB)°] 54.6% Tl
& Human carcinogenic toxicityd &8-S Rt 73
2 Ho]H S 2= Traditional filme] Waste management
SAA Yepdom ARHog2E A Azt wE wiE
20 ol 7P Z 71oE § Zlew Yehit

14) Human non-carcinogenic toxicity
T Alz"] B2 A3} New film (0.0755kg 1,4-DCB)Z
Traditional film (3.308kg 14-DCB)°] 97.7% © “&
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Fig. 18. Human non-carcinogenic toxicity of traditional film
and new film.
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Conclusion and Summary

1. Conclusion
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Table 4. Summary of results of life cycle impact assessment for this study

Impact category Traditional film| New film | Main contributor to differentiate the impact category
Global warming (kg CO2 eq) 88.6 233 Incineration of plastic waste
Stratospheric ozone depletion (kg CFC-11 eq) 3.58 x 10 342 x10° Incineration of plastic waste
Ionizing radiation (kBq Co-60 eq) 0.67 0.64 Uranium waste (nuclear power generation)
Ozone formation, Human health (kg NOx eq) 0.042 0.035 Incineration of ink, PE, PET
Ozone formation, Terrestrial ecosystems (kg NOx eq) 0.045 0.038 Incineration of ink, PE, PET
Terrestrial acidification (kg SO2 eq) 0.056 0.053 Incineration of ink
Freshwater eutrophication (kg P eq) 0.00353 0.00351 Lignite and hard coil mining to produce electricity for
coating process
Terrestrial ecotoxicity (kg 1,4-DCB) 15.34 8.18 Incineration of ink, PE, PET
Freshwater ecotoxicity (kg 1,4-DCB) 6.59 0.24 Incineration of ink, PE, PET
Marine ecotoxicity (kg 1,4-DCB) 222 0.078 Incineration of ink, PE, PET
Human carcinogenic toxicity (kg 1,4-DCB) 0.00656 0.00298 Incineration of ink
Human non-carcinogenic toxicity (kg 1,4-DCB) 3.308 0.0755 Incineration of ink
Land use (m2a crop eq) 0.888 0.885 -
Mineral resource scarcity (kg Cu eq) 0.0160 0.0126 -
Fossil resource scarcity (kg oil eq) 9.710 9.632 -
Water consumption (m?) 0.252 0.247 -
Marine eutrophication (kg N eq) 0000651 | 0000643 |-ignite and hard coil mining to produce electricity for
coating process
Fine particulate matter formation (kg PM 2.5 eq) 0.0089 0.0091 Coating process
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