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Packaging Design Guideline for PET Bottle using Lightness Index

Sun-jong Kim, Moghimi Nastaran, Si-hoon Jang, and Su-il Park*

Department of Packaging, Yonsei University, Wonju 220-710, Korea

Abstract In this study, we analyzed the empty body weight and nominal volume of different types of polyethylene tere-
phthalate (PET) bottles commercialized in Korean market. Over 780 PET bottles were collected and classified into four
types, heat resistance bottle, normal resistance bottle, pressure resistance bottle, and long period using bottle. Each PET
bottle’s lightness index was established using bottle weight and nominal volume. Based on the index value, “acceptable”
and “optimum” criteria for design guideline of PET bottle were summarized for each PET bottle type. In this paper, we
suggest the use of PET bottle lightness index as a design guideline for material resource reduction of PET bottle for
Korean beverage industries and bottle makers. For example, we can achieve 2~4 g weight reduction in normal pressure

bottle for 500 mL drinking water.
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Fig. 1. Relationship between packaging weight and nominal
volume of heat resistance PET bottle.
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Fig. 2. Trend line adjustment at the level with X axis for index
calculation of heat resistance PET bottle.
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Fig. 3. Guidelines for acceptable level at index 1.0 and optimum
level at index 0.9 of heat resistance PET bottle.
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Fig. 4. Relationship between packaging weight and content
volume of normal resistance PET bottle.
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Fig. 5. Guidelines for acceptable level at index 0.9 and optimum
level at index 0.8 of normal resistance PET bottle.
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Fig. 6. Relationship between packaging weight and content
volume of pressure resistance PET bottle.
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Fig. 7. Guidelines for acceptable level at index 1.0 and optimum
level at index 0.9 of pressure resistance PET bottle.
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Fig. 8. Relationship between packaging weight and content
volume of long period using bottle.
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Fig. 9. Guidelines for acceptable level at index 1.0 and optimum
level at index 0.9 of long period using bottle.
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Table 1. A design guideline for cosmetic container. “acceptable” and “Optimum” refer to the allowable ranges in the design process

Classification Figure Index(L) Acceptable Optimum
— Lppry = 0.77 x W x (V/0.9)03
Heat Resistance bottle ‘-‘xi; W : Empty bottle weight (g) L=1.0< L=0.9<
STTTs V : Content volume (ml)
/ Lpgry = 231 x W x (V/0.9)%%
Normal Resistance bottle W : Empty bottle weight (g) L=0.9< L=0.8<

V : Content volume (ml)

Pressure Resistance bottle

=091 x W x (V/0.9)03
W : Empty bottle weight (g) L=1.0< L=0.9<
V : Content volume (ml)

Long period using bottle

Lpgr, = 0.56 x W x (V/0.9)048
W : Empty bottle weight (g) L=1.0< L=0.9<
V : Content volume (ml)
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Table 2. Examples of acceptable and optimum Empty PET bot-
tle weight of representative Content volume

Empty bottle weight
Content volume (mL) ik g. ©®
Acceptable Optimum

350 25.69 23.12

Heat 500 30.70 27.63
Resistance

bottle 1000 43.42 39.08

1500 53.18 47.86

300 12.37 10.99

Normal 500 16.76 14.89
Resistance

bottle 1500 32.22 28.63

2000 38.23 33.99

Pressure 500 25.49 22.94

Resistance 1000 36.00 32.40

bottle 1500 44.06 39.66

) 250 26.59 23.93

Long period 500 37.09 3338
using bottle

700 43.59 39.23
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