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Sataporn Sridowtong 2011: Life Cycle Environmental Impact Comparison of Juice Packaging.
Master of Engineering (Chemical Engineering), Major Field: Chemical Engineering, Department of
Chemical Engineering. Thesis Advisor: Associate Professor Thumrongrut Mungcharoen, Ph.D.

160 pages.

In this research, the life cycle environmental impact comparison of juice packagings, i.e. PET
bottles, aseptic cartons, aluminium cans and clear glass bottles, were compared using life cycle assessment
(LCA) technique. The functional unit was defined as 18,000 milliliters (mL) of juice packaging, which is
equivalent to 60 units of 300 mL PET bottles, 100 units of 180 mL aseptic cartons, 75 units of 240 mL
aluminium cans and 72 units of 250 mL clear glass bottles. SimaPro program version 7.1 with CML 2

baseline 2000 method was used in calculation according to the ISO 14040.

To compare the environmental impacts among four packagings, the data of juice filling (excluding
juice production) from the Royal Chitralada projects and products distribution from the distributor were used.
The data of waste management composed of recycling, incineration, landfill and reuse (for glass bottles only),
were obtained from Thai waste management scenario. It is found that the environmental impact, in
descending order, of clear glass bottles, aluminium cans, PET bottles and aseptic cartons were 0.047, 0.026,
0.022 and 0.016 nano-Points (nPt) respectively, mainly from the packaging production step. The main
environmental impact was from crude oil and natural gas consumption as fuel in electricity production except

for aseptic cartons, which was from aluminium consumption in aluminium foil production.

The appropriate waste management method for PET bottles, aseptic cartons and aluminium cans is
recycling. If the recycling rates have increased from 25.07, 13.48 and 52.98 to 51.00, 31.00 and 96.50%,
which are the maximum recycling rates from foreign countries, the environmental impacts will be reduced by
6.88, 8.40 and 63.65 %, respectively. The most appropriate waste management method for clear glass bottles
is reuse. If the reuse rate has increased from 12.02 to 60%, the environmental impact will be reduced by
29.26%. If there is a campaign to increase the rates of recycling and reuse to match the maximum rates of
foreign countries, the environmental impact, in descending order, of clear glass bottles, PET bottles, aseptic
cartons and aluminium cans would be 0.033, 0.021, 0.015 and 0.009 nPt, respectively. The sensitivity analysis of
PET bottles and clear glass bottles is studied by changing the dataset of packaging production. It is found that

the environmental impacts have changed not more than 1.32 and 2.53%, respectively.

Student’s signature Thesis Advisor’s signature
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2.2.2 M39ANNIYF319M3 (Life Cycle Inventory: LCI)
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Mandatory Optional

|Classification||Characterization|| | Normalization | | Grouping | | Weighting |

Inventory item | Impact category |
Ozonelayer depletion |——’4I"| Cont. to OD

o Human toxicity H”l Cont. to Human tox.
Pb -
Ecotoxicity Cont to Ecotoxicity

Def. impact
category

CFC

Dust
Global warming |—T’| Cont. to GW
Photo. oxidant |———”|I Cont. to PO
= 7| Acidification | ——%] _Cont. to Adidification
2
NO, 7| Eutrophication |——‘I"| Cont. to EU
P //'I Resource consumption l—‘l"l Cont. to RC
ol = |
/vl Land use |———I—’| Cont. to Land use

Single index

VOC

Resourcce
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mMslsziiupansznuAUIadey
#30: International Organization for Standardization (2006)
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potential)
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Abiotic Depletion Potential = Z ADP xm, 4)

e ADP, =[DR/R)7]x[(R_)/DR_]
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= 1
YUNINGIY)
Ao Usnavesnsnens i Agnanauly (ATansu)
= a [ ) a [
R Ao Ysuansnensdises (M lansw)
A (% [ [ a [ 1A
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42 dneanlumsiliTandeu (Global warming potential)
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A A

3 A ' Y 1 Y a
Wusremsiinsaransznunnasilaesguiseins udane liinaniiz Tan
[3) 4 ¢ 3 a @ o

Fou Tasldmasarsuoulason lomiluaisdrens dneainlunisniililandou (Global

Warming Potential: GWP) f1udss Ida1naumsh (5)

Global Warming Potential = Z GWP, xm, (5)

We  m, e Yswmans i Nldesgdunadon (Mansw)

GWP. A dnenimlunsneldinaniaz lanfouvesats i (Alanswy, eumn

maasueulaoan loa)
naz  GWP,, = { [ ac, (0 dth/{ [ accen (0 dt)

A v A 1 Y 9 A A d? [9) A .
a, A LUTINNTIFTAONUIYANWVNUUNWNUUYDINILLIDUNTLAN 1
Jd D = 1Y
(L’JL“]JEJWI?JGH?NL?JG]W]E]T]IE]ﬂﬁll)
A Yy v o A LA ) '
c, () A9 ANWUNVUUDINILLIOUNTSIN 1 NLIA twmmﬂgﬂﬂaaﬂaaﬂm
a 1Y 1 4
(N TaniudagnuIANLAT)

t Ao a1 1))
4.3 dnemnlumsi 1y Te Teuluduussenniranad (Ozone depletion potential)

I ~ a A Y a 5’
WusienseansenuNdsdunisanadvedd1snne 1vMinAn1TanadvedIyy
Y
ToTaru Taeldans@end-11 (CFC-11) Wua1391983 Anommwlunsinli Te Taulusuussorns

aAa3 (Ozone Depletion Potential: ODP) dnaldanaunisn (6)

Ozone Depletion Potential = Z ODP Xm (6)

e m, Ao Ysmmas i Nlasegaanadon (lansw)
A @ o Y Oglj .
opp. fe Angamlumsiilvleleuluduusseinisaanaivosds i
(M Tan3w, MeUMFRNG-11)

Tag  ODP.= 5[0,]/5[0,]

CFC-11
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Human Toxicity = Z Z m X HTP @)
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4.6 MIPINFIATUNAAVINUNNToUAUAN (Photochemical oxidation)
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5.1 Tnaenawsnsvnuaa (Polyethylene Terephthalate, PET)
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Abiotic depletion kg Sb eq. 7.26E-02  2.68E-02 4.52E-03 1.04E-01
Global warming kg CO, eq. 5.49 1.99 6.47E-01 8.12
Ozone layer depletion kg CFC-11eq.  3.17E-09  2.79E-10  1.01E-07 1.04E-07
Human toxicity kg 1,4-DB eq. 2.47 1.15E-02  1.10E-01 2.59
Fresh water aquatic kg 1,4-DB eq. 7.64E-03 1.27E-03  2.22E-02 3.11E-02
ecotox.

Marine aquatic kg 1,4-DB eq. 42.44 1.17 48.22 91.83
ecotoxicity

Terrestrial ecotoxicity kg 1,4-DB eq. 3.28E-03  7.63E-05 1.26E-03 4.62E-03
Photochemical kg C,H, eq. 2.99E-03  7.13E-05 1.17E-04  3.17E-03
oxidation

Acidification kg SO, eq. 5.89E-02  4.93E-03 3.50E-03  6.73E-02
Eutrophication kg PO43- eq. 2.65E-03 8.25E-04 7.55E-04  4.23E-03
Land use m2><yr 0.00 9.89E-05 4.89E-03  4.99E-03
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Abiotic depletion kg Sb eq. 1.20E-02 3.30E-02 4.36E-03 4.94E-02
Global warming kg CO, eq. 5.53E-01 2.45 6.23E-01 2.85
Ozone layer depletion kg CFC-11eq.  5.38E-06  3.43E-10 9.73E-08 5.48E-06
Human toxicity kg 1,4-DB eq. 2.00 1.42E-02 1.06E-01 2.12
Fresh water aquatic kg 1,4-DB eq. 2.37E-01 1.56E-03  2.14E-02 2.60E-01
ecotox.

Marine aquatic kg 1,4-DB eq. 324.73 1.44 46.49 372.66
ecotoxicity

Terrestrial ecotoxicity kg 1,4-DB eq. 8.73E-03  9.42E-05 1.21E-03 1.00E-02
Photochemical kg C,H, eq. 3.81E-04  8.80E-05 1.13E-04  5.81E-04
oxidation

Acidification kg SO, eq. 5.53E-03 6.08E-03 3.37E-03 1.50E-02
Eutrophication kg PO, eq. 8.75E-04  1.02E-03 7.28E-04  2.62E-03
Land use rn2><yr 5.75 1.22E-04 4.72E-03 5.76
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Abiotic depletion kg Sb eq. 1.62E-01  2.57E-02 4.38E-03 1.92E-01
Global warming kg CO, eq. 14.02 1.91 6.27E-01 16.56
Ozone layer depletion ~ kg CFC-11eq.  2.20E-09  2.68E-10 9.78E-08  1.00E-07
Human toxicity kg 1,4-DB eq. 3.87E-01 1.11E-02  1.07E-01 5.05E-01
Fresh water aquatic kg 1,4-DB eq. 1.49E-02 1.22E-03  2.16E-02 3.77E-02
ecotox.

Marine aquatic kg 1,4-DB eq. 1,065.27 1.12 46.73 1,113.13
ecotoxicity

Terrestrial ecotoxicity kg 1,4-DB eq. 1.74E-03 ~ 7.33E-05 1.22E-03 3.03E-03
Photochemical kg C,H, eq. 4.88E-03  6.85E-05 1.13E-04  5.06E-03
oxidation

Acidification kg SO, eq. 7.64E-02  4.73E-03 3.39E-03 8.45E-02
Eutrophication kg PO43' eq. 6.35E-03  7.92E-04 7.32E-04  7.88E-03
Land use m2><yr 0.00 9.50E-05 4.74E-03 4.84E-03
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Human toxicity kg 1,4-DB €q. -3.53E-01 2.91E-02 1.71E-03
Fresh water aquatic kg 1,4-DB eq. -1.11E-02 8.49E-04 1.97E-04
€Cotox.

Marine aquatic kg 1,4-DB eq. -1,050.66 1.91 4.56E-01
ecotoxicity
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oxidation
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Ozone layer depletion kg CFC-11 4.96E-06 4.52E-07 1.51E-07  -7.65E-07
eq.

Human toxicity kg 1,4-DB -5.88 3.82E-01 2.35E-02 -6.38

Fresh water aquatic kg 1,4-DB -4.82E-01 9.37E-03 2.70E-03 -5.21E-01

€Cotox. eq.

Marine aquatic kg 1,4-DB -2,672.32 21.58 6.27 -2,800.00

ecotoxicity eq.
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FIUMTHANTTNUAUNIARDY MUY AT - — -
U3 PET NABIATOIAY nizilosogiifion waudala

Abiotic depletion kg Sb eq. 8.11E-02 3.98E-02 3.31E-02 8.42E-02
Global warming kg CO, eq. 6.34 3.41 2.93 10.51
Ozone layer depletion kg CFC-11 eq. 1.01E-07 2.79E-07 1.83E-07 6.25E-06
Human toxicity kg 1,4-DB eq. 3.81E-01 1.69E-01 1.52E-01 1.38
Fresh water aquatic ecotox. kg 1,4-DB eq. 2.44E-02 2.87E-02 2.66E-02 1.54E-01
Marine aquatic ecotoxicity kg 1,4-DB eq. 53.65 62.08 62.47 501.20
Terrestrial ecotoxicity kg 1,4-DB eq. 1.75E-03 1.77E-03 1.83E-03 1.27E-02
Photochemical oxidation kg C,H, eq. 5.99E-04 3.24E-04 2.57B-04 8.61E-04
Acidification kg SO, eq. 2.21E-02 1.33E-02 1.02E-02 4.08E-02
Eutrophication kg PO, eq. 3.16E-03 2.28E-03 1.64E-03 7.10E-03
Land use m’Xyr 4.99E-03 4.84E-03 4.84E-03 7.80E-03
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2 ) , M3 a1
FIWMTNANTENVTUNIAGY WY e - — -
V29 PET NADIATOIAN nszilosegiiiion wau la

Abiotic depletion kg Sb eq. 1.04E-01 4.95E-02 1.92E-01 1.34E-01
Global warming kg CO, eq. 11.19 3.65 16.61 14.17
Ozone layer depletion kg CFC-11 eq. 1.17E-07 5.49E-06 1.41E-07 1.74E-06
Human toxicity kg 1,4-DB eq. 2.64 2.14 5.34E-01 7.64
Fresh water aquatic ecotox. kg 1,4-DB eq. 3.28E-02 2.60E-01 3.85E-02 6.45E-01
Marine aquatic ecotoxicity kg 1,4-DB eq. 94.10 373.35 1,115.03 3,195.10
Terrestrial ecotoxicity kg 1,4-DB eq. 4.71E-03 1.08E-02 3.07E-03 2.89E-02
Photochemical oxidation kg C,H, eq. 3.19E-03 5.95E-04 5.08E-03 3.86E-03
Acidification kg SO, eq. 6.80E-02 1.55E-02 8.51E-02 1.11E-01
Eutrophication kg PO, eq. 4.34E-03 2.70E-03 8.00E-03 1.08E-02
Land use m’ Xyr 4.99E-03 5.76 4.84E-03 3.26
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929 PET naowunsoan  nivilesegiiion  waaudala e la

Abiotic depletion kg Sb eq. 1.04E-01 4.95E-02 1.92E-01 1.31E-01 7.12E-02
Global warming kg CO, eq. 8.58 3.65 16.57 13.73 6.53
Ozone layer depletion kg CFC-11 eq. 1.22E-07 5.49E-06 1.11E-07 1.44E-06 5.18E-07
Human toxicity kg 1,4-DB eq. 2.60 2.12 5.06E-01 7.28 8.73E-01
Fresh water aquatic ecotox. kg 1,4-DB eq. 3.17E-02 2.71E-01 3.79E-02 6.38E-01 1.15E-01
Marine aquatic ecotoxicity kg 1,4-DB eq. 92.96 375.25 1,113.59 3,179.79 373.51
Terrestrial ecotoxicity kg 1,4-DB eq. 4.63E-03 1.34E-02 3.03E-03 2.84E-02 5.91E-03
Photochemical oxidation kg C,H, eq. 3.27E-03 6.27E-04 5.07E-03 3.74E-03 7.16E-04
Acidification kg SO, eq. 6.75E-02 1.62E-02 8 46E-02 1.06E-01 2.64E-02
Eutrophication kg PO, eq. 4.27E-03 2.97E-03 7.90E-03 9.79E-03 4.44E-03
Land use m’ Xyr 4.99E-03 5.76 4.84E-03 3.26 2.42E-01
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