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Evaluation Model of Beverage Packaging via Combination of Multi-Stage
Weights and PROMETHEE II
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ABSTRACT: The work aims to evaluate a variety of feasible beverage packaging schemes and select the optimal one that
meets the multi-dimensional needs of consumer market, so as to promote beverage sales and improve the market share
of beverage enterprises. An evaluation index system of beverage packaging function hierarchy was established under the
driving of value engineering. The index value of all beverage packaging alternatives was solved through fuzzy group de-
cision-making method. Multi-order weights were combined to fuse the effective weighting information. PROMETHEE I
was adopted to evaluate multiple beverage packaging alternatives to avoid the compensation of decision-making. By
sorting the net flow of all the beverage packaging alternatives, the data were analyzed and compared. The four beverage
packaging alternatives were ranked as J,>J,>J;>J; in terms of strengths and shorts. The pop-can beverage packaging al-
ternative (J,) was the optimal. Through the case studies of evaluating four kinds of fruit juice packaging alternatives, the
effectiveness of the evaluation model proposed in this paper is verified. It shows that this model can be applied to the
comprehensive evaluation and optimization of beverage packaging, and can provide support for the design of beverage
packaging.
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Tab.1 Evaluation index system of functional hierarchy
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Tab.2 Fuzzification of the nine-order scaling method
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THRUT(VCA) 3 (1,11/9,13/7,7/3)
FRE5E(VC5) 1 (1,1,1,1)
TR 2E(VC6) 1/3 (3/7,7/13,9/11,1)
B 2(VCT) 1/5 (1/4,1/3,7/13,3/2)
JEH 22(VC8) 1/7 (1/9,3/17,1/3,3/7)
e H 2 (VC9) 1/9 (1/9,1/9,3/17,1/4)
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Tab.3 Fuzzy evaluation results of packaging alternative J; in 14 evaluation indexes
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Tab.4 Index values of four packaging alternatives
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Tab.5 Outflow, inflow, net flow and ranking of
four beverage packaging alternatives

UES Ui A WA L fErP
Ji 1.3419 1.2618 0.0801 3
J 1.3192 0.8680 0.4512 1
Js 0.8857 1.6367 -0.7510 4
Js 1.4365 1.2168 0.2197 2

U0 XSSt (R BT 3 5 SR DR SRR AT 2 B 4R
EEE (£ 5) W, WS PREALTTSR (1) 7EfR R
e (L), BFishditk (L), BiClRrE (). M5
P Ly ). #EERE (1) SFFEARAHES T ot 3 FhJ7
R G LR, SRR (J) %
AR R R TT R

4 %iE

O AR A R b R Z T
7 1 R D e 5 S P e
S RGBT R 2 g K
SRR B B IR, T, SR



a2 F1oW g -

T Z AL EZH 4 F PROMETHEE T (/K (A2 25 At A 754 - 177 -

IS EE AT VE AT S, SR A B A A & kAT
AT, FEME TREEE IR T, M TR
UG )2 R EE TG Fa bR R, it — 24 TR T2
Wy A% 8 2H 4 A1 PROMETHEE 1T 4 2K i £ 355 3 i #65
AU (AP 3E E XAR h f 2 B) PA RN A 358 T 45 BEELRD
B, AR T A PEAG SR T — i i S
T AR IS A PR AR IR R SO TR R AR T A,
1 TR R A i e . AN, SO LS
D7 AT SR 2R ) 22 0 DU TEAR P 3R 1) LR 5 5

e

(1] M550, B, PORMELE A I i 4 B2 5 i i
[J]. & &SP, 2018, 34(10): 109—112.

XIAO Yu-qiang, DAI Rui. Research on Fashion Di-
mension and Fashion Design in Beverage Packag-
ing[J]. Food & Machinery, 2018, 34(10): 109—112.

2]  H % WA PORMD 2 iR R S T S LR (0] 2
B2, 2017, 27(6): 34—37.

XIAO Jun. Plastic Bottles for Liquid Beverage Pack-
aging and Their Market Observation[J]. Plastics Pack-
aging, 2017, 27(6): 34—37.

31 R&EF, EANJF, 8HARL QU BRI PoRH R BT
s MR GIRHT]. B TR, 2017, 33(5): 99—100.
SONG Yan-yan, WANG Xiao-fang, SHAO Zhi-gang.
Analysis of Design Concept and Cases of Innovative
and Environmental-Friendly Beverage Packaging[J].
Light Industry Science and Technology, 2017, 33(5):
99—100.

[4] ZHOUGL,GUYF WU Y F. A Systematic Review of
the Deposit-Refund System for Beverage Packaging: Op-
erating Mode, Key Parameter And Development Trend[J].
Journal of Cleaner Production, 2020, 251: 1—17.

(5] BEy, fiofh. BETISAT 8 T R PORHL A BT RN
HERAL 543H[7]. fL2E TR, 2017, 38(16): 178—182.
ZHAO Qin, JIAN Xin-yi. Accurate Quantification and
Analysis of Beverage Packaging Design Based on
Purchase Behavior[J]. Packaging Engineering, 2017,
38(16): 178—182.

[6] CHANGH C, HUANG K L, CHEN HY, et al. Evalua-
tion of Packaging Form Regarding Consumers' Senti-
mental Response to Bottled Beverage Containers[J].
Applied System Innovation, 2018, 1(2): 231—239.

(71 ATOKIE . 56 T B S UOBHE 3 BT T 5 =X Y BF 5T
[D]. HPK: PHRIRSE, 2018: 15—23.

HE Bing-qing. Establishment of Evaluation Model for
Beverage Packaging Design[D]. Chongqing: Southwest
University, 2018: 15—23.

(8]  WIMIER, FAUES. 1A 52 HARE AL )T A —
ZEF BT SPEA[T]. SR, 2020(8): 61—65.
HU Yu-xin, XIAO Ying-zhe. Design and Evaluation of
Packaging and Product Integration Structure for Interac-
tive Experience[J]. Green Packaging, 2020(8): 61—65.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

FFHE, HUE. BT OCHRAE Mk i B R Ak
FEMBFFE[T]. 3 T, 2020, 31(15): 170—175.
WANG Yu-han, GONG Xue. Evaluation of Food
Packaging Safety Based on Correlation Matrix[J].
Packaging Engineering, 2020, 31(15): 170—175.

NS, BLEAS. BTN (R TR UORHEL R (i PE
AT, M E T, 2019, 38(18): 33—37.

HU Peng, WEI Xue-meng. Value Evaluation System of
Beverage Packages Based on Value Engineering[J].
Value Engineering, 2019, 38(18): 33—37.

R, TRISE, BT, 5. ETHE TR Y R R
F R KB E B REA [J]. HLAGR T, 2020, 37(4):
133—139.

ZHU Ling, ZHANG Ling-yu, FENG Xiao-qing, et al.
Design Evaluation of High-Pressure Fire Extinguishing
Unit Based on Value Engineering[J]. Journal of Ma-
chine Design, 2020, 37(4): 133—139.

AYDIN S, KAHRAMAN C, KABAK M. Development
of Harmonic Aggregation Operator with Trapezoidal
Pythagorean Fuzzy Numbers[J]. Soft
2020, 24(15): 11791—11803.

ZHANG H J, ZHOU Y, GAN Q H. An Extended
PROMETHEE- II -Based Risk Prioritization Method
for Equipment Failures in the Geothermal Power

Computing,

Plant[J]. International Journal of Fuzzy Systems, 2019,
2(8): 2490—2509.

PAKSOY T, PEHLIVAN N Y, KAHRAMAN C. Orga-
nizational Strategy Development in Distribution
Channel Management Using Fuzzy AHP and Hierar-
chical Fuzzy TOPSIS[J]. Expert Systems with Appli-
cations, 2012, 39(3): 2822—2841.

YANG W, PANG Y. Hesitant Interval-Valued Pythago-
rean Fuzzy VIKOR Method[J]. International Journal of
Intelligent Systems, 2019, 34(5): 754—7809.
KAMARUZZAMAN SN, LOU E C W, WONG P F, et
al. Developing Weighting System for Refurbishment
Building Assessment Scheme in Malaysia Through
Analytic Hierarchy Process (AHP) Approach[J]. Ener-
gy Policy, 2018, 112: 280—290.

e, MR, BT, S BT EIRACE R &R
GALABEFEL]. HlEk A 3h1k, 2015, 37(15): 20—21.
HONG Feng, ZENG Zhi-yong, ZHOU Wan-ting, et al.
Optimization of Control System Based on the Subjec-
tive Weighting Method[J]. Manufacturing Automation,
2015, 37(15): 20—21.

R, KB . BT RIS AR Ak &
A5 A W 58— LA M i SR DR A B A
I, B ST, 2020, 40(9): 133—141.
HUANG Jun-wei, ZHANG Xiao-yue. Research on
Enterprise Patents Quality Evaluation Based on Ob-
jective Combination Weighting Model: Taking the
Knowledge-Intensive Enterprises in Wuzhong Dis-
trict of Suzhou City as an Example[J]. Science and
Technology Management Research, 2020, 40(9):
133—141.



