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Abstract – The upcoming packaging material trend is bio-polymeric materials since it has 

shown tremendous potential in practical scenarios. Even though there have been experiments 

performed regarding material developments, there is still no confirmation about how 

uncertain the developments will be. A few statistical approaches were carried out in this work 

to identify the role of biopolymers as a packaging material based on their thermo-mechanical 

and physical properties and potential compared to other packaging materials. To determine 

the potential of biopolymer, it is compared with other package materials currently in demand. 

There are three main steps in the research. The first stage is an analysis of selected different 

packaging materials based on Multi-criteria decision making (MCDM) technique. 

The material properties are analysed through the criteria of TOPSIS analysis. The ideal and 

negative ideal alternatives have been identified. Biopolymers have an outcome as the final 

best alternative among others. To confirm the TOPSIS results and its uncertainties, 

a sensitivity analysis is performed. This sensitivity analysis was performed in two phases. 

The first step is a regression analysis of the weighted parameters and input variables of the 

TOPSIS scheme. The second step is the variation of weights in a unitary variation ratio to 

identify the order of the TOPSIS results at each variation. Finally, all the results have 

concluded that the research intention has been fulfilled by performing TOPSIS and the 

sensitivity analysis has also confirmed this decision. 

Keywords – Biopolymers; multi-criteria decision making; packaging materials; 

sensitivity analysis; TOPSIS 

Nomenclature 

A1, A2, ..., Am Feasible alternatives out of which decision-makers have to choose  

C1, C2, ..., Cn Criteria that alternative concert are evaluated over each other  

nij Normalized value  

xij Ratings of the alternative “A” to criteria “C”  

wj Relative weight of the jth criteria or attribute  

vij Weighted normalized value  

Ωb, Ωc Sets of benefit attributes and cost attributes, respectively  

Si
+ Separation of each alternative from the ideal solution  

Si
– Separation from the negative-ideal solution  

Ci
+ Relative closeness to ideal solution  
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1. INTRODUCTION 

Packaging is an application in most food and pharmaceutical industries designed to contain 

the goods and protect them during manufacture, distribution, and storage at a minimum cost 

until the goods reach the customer [1]. After they reach the consumer usage stage, the main 

role of the packaging is fulfilled. Other industries also use packaging materials at least at one 

stage of their production process. The main function of packaging is to protect all types of 

materials with its design and keep the product apart from the outside environment at a 

considerable level [2]. It is an absolutely necessary aspect for each product to add to its value 

[3]. Packaging also prevents both chemical and physical damage to the product. Also, the 

containment ability of packaging determines the size of each product. Barrier properties from 

moisture, chemical, microorganism, and oxygen are also important for packaging materials 

to retain the product’s quality [2], [4]. The convenience of these properties helps consumers 

with their day to day applications such as reuse, microwaving, resealing, etc. Soft drinks, fruit 

drinks, beer, and other liquid products require pre-dispensing before use, thus the packaging 

facilitates this and the processing requirement, such as with canned foods. 

Hence, the research intention is to perform an analysis of different packing materials in 

terms of comparative package materials, their nature, and inherent properties, all of which are 

to be analyzed in this work. 

The selected package materials are glass, paper, textile, plastic, composite material, and 

biopolymers. The material selection is based on current demand, technological effectiveness, 

and potential for reducing future problems [5]. Since there are a lot of varieties in the above 

materials in the market, basic chemical structures have used for analysis for this analysis. In 

past research, scientists have used these basic chemical structures to enhance material 

properties [5]–[7]. To calculate the uncertainties of output properties these basic structure 

material properties can be used. Further information regarding the selected materials is 

provided in the sections below. 

1.1. Glass 

Glass is widely used as a packaging material in every industry. The main reason glass is a 

suitable material for packaging is not only due to the chemical inactivity of silica but also due 

to its long term reusability, barrier properties, transparency, strength, and ability to mold 

easily. Nonetheless, the breakability quality of glass packaging under shocks, heaviness and 

its vulnerability under temperature shocks are the negative aspects of using glass for 

packaging [8], [9]. The production of glass includes high temperature (around 1500 °C) 

conditions. Glass mixture melting, pre-molding, final molding using compressed air and 

cooling are the basic stages in the production of glass before it becomes a consumer product. 

Breakability under shocks means the use of glass as a primary packaging material is limited 

in industries. In this research, soda-lime glass [8]is used for the evaluation. 

1.2. Paper 

Paper is very popular among most industries as a cheap, widely higher abundance and 

flexible packaging material. Paper can be used in both flexible and rigid applications. 

Production of the paper consists of a few steps. First, moistened cellulose fiber pulp is derived 

and secondly dried into flexible sheets [10]–[11]. Examples of these flexible sheets are bags, 

wraps, waxed paper, glassine, kraft paper, and greaseproof papers and liners.  Kraft papers 

are used as the comparative material for this research. Dried meat scraps and grains, 

granulated sugar and powdered milk are packed with kraft paper sacks. Also, kraft paper is 
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used for making the outer secondary packaging of paperboard and cardboard cartons. 

The manufacturing of frozen food packs and liquid packaging containers use PE-kraft paper. 

Polyester-coated kraft paper containers and trays have a higher resistance to the temperature 

which means that these materials can be applicable for electric ovens and microwave ovens. 

The main reason for the remarkable popularity of paper packaging is its eco-friendliness [11], 

[12], price, long-term reusability, and biodegradability. However, when it comes to surface 

properties such as moisture and liquid absorptivity, the paper is not the preferred packaging 

material. 

1.3. Textiles and Composites 

Potatoes, tea leaves, coffee, sugar, and dried cereals are used in textile package synthesis. 

However, plastics and composite material bags are fast to overtake the use of cloth bags 

within the past few decades since its enhanced barrier and strengthened property containing 

packaging material is composite [13]. Typically, packaging containing composite materials 

are used by the beverage and dairy industries for soft drinks, fruit juices, and dairy products. 

Glass, paper and textile materials have been used as packaging materials in different ways 

due to their abundance. Composites have been applied to all the materials to enhance their 

properties and to reduce their negative points. The development of technology [12], [13], 

population growth and urbanization has led packaging technologies into an alternative – 

plastics. 

1.4. Plastics 

Plastics for packaging can be categorized as commodity plastics or barrier plastics. 

Polyethylene(PE), polypropylene (PP), polystyrene(PS), and polyvinyl chloride (PVC) are 

examples of commodity plastics [10], [14]–[17]. Compared to barrier plastics, commodity 

plastics are cheaper with poor oxygen barrier property. Polyvinylidene chloride and 

ethylene-vinyl alcohol copolymer are barrier plastics, which are high in price but perform 

excellently in terms of oxygen barriers when compared to commodity plastics. PE is the most 

popular packaging material among industries. Plastics can be produced in most of the density 

conditions, and the most common example is low-density polyethylene (LDPE) [17] and 

high-density polyethylene (HDPE) based on density difference [18]. Lots of plastic 

applications are nowadays abundance in different material property conditions . 

Although plastics are a good packaging material for industries in terms of consumer 

friendliness and cost-effectiveness, they have a negative impact in terms of environmental 

sustainability as they result in unrecoverable damage due to their low degradation rate under 

normal environmental parameters. In addition, under oxidation reactions and burning 

conditions, plastics emit a higher number of greenhouse gases (GHG) and gases which are 

toxic to humans and living things [14]. A considerable amount of research has been carried 

out on bio-packaging with an intention to overcome these problematic issues with plastics. 

Plastics manufacturing uses a huge amount of fossil fuels, energy and chemical components 

and also heat is released to the environment as a sub-product during the process [19]. 

Resource depletion and harmful waste releases have caused unrecoverable damages to the 

environment due to this product manufacturing. Therefore, recent researchers have focused 

on environmentally friendly natural materials as their next packaging material step in 

industrial applications. For this analysis, HDPE [18] has been considered in terms of being 

representative for the ‘plastics’ material type. 
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1.5. Agro Fiber-Based Plastics 

To overcome the non-degradability problem of plastics currently, material scientists are 

carrying out research with the intention of inventing biodegradable plastics. Already they 

have achieved some properties such as matrix breakdown from sunlight exposure. The starch 

plastic combination is the recent achievement regarding matrix breakdown from sunlight. 

Even so, it has still not reached the 100 % breakdown under the sunlight [20]. 

1.6. Bacteria-Based Plastics 

Another type of bio-plastic material is bacteria-based plastics. PHA polymer chains which 

are synthesized inside bacteria cells are used to make the films. Mechanical properties can be 

changed depending on the intention. The type of bacteria and growth condition can influence 

the polymer outcome. PHA enhances the biodegradability, thermal resistance property and 

mechanical flexibility of a packaging material [21]. 

The very recent invention is genetically modernized bacteria which has an ability to produce 

biodegradable plastics via cell metabolic reactions. Yet it  is not very cost-effective for the 

industries. Nowadays, a polyester material named as Ecoflex also applied to food packages. 

But the issue of CO2 releasing to the atmosphere made it as a failure. By looking at the recent 

developments, the main focus (requirement of sunlight to degrade) of biodegradable plastics 

need to be diverted in another way. Because it will not help the already buried landfill 

waste [14], [21]. Therefore, it will last in the environment for a long time period. 

By affiliating the above techniques synthetic polymer and biopolymer mixture (agricultural 

raw waste) are proposed for the packaging due to their inexpensiveness, wide availability and 

user-friendliness but the expected material strength properties did not achieve. 

1.7. Lignin-Based Plastics 

Lignin-based plastic is another low cost renewable biodegradable plastic option and it 

enhances the compatibility of the matrix polymer and UV stability [22]–[24]. 

Positive compatibility with both natural and synthetic polymers will occur because of the 

interaction in between diverse functional groups of matrix and lignin. Lignin has resulted in 

high modulus value from the reinforcing action and thermal stability. Thermal insulation 

values also are a bit higher than the other materials. 

1.8. Soy-Based Plastics 

Soy-based plastic is another alternative for biodegradable plastics. Hence it has a limited 

number of proteins with fats and oils which allow soy to become molded into films and plastic 

material. Commonly it has been used in food coatings and vehicle applications. Due to its 

low availability, this material is not applicable [25]. 

1.9. Natural Fiber Reinforced Plastics 

Nowadays, natural fiber reinforced plastics are used due to their low cost, high modulus 

value, abundance, low density, the high number of reactive ends on the surface, ease of the 

process and high biodegradability. As reinforcing agents, bamboo, flax, hemp, pineapple , and 

kenaf are added for the polymer matrix. But it shows a brittle property for the tensile test. 

PLA and natural kenaf fiber complex have increased modulus value with heat resistivity. 

Also, high flame retardance is enhanced by adding phenol novolac and aluminum hydroxide 



Environmental and Climate Technologies 

 ____________________________________________________________________________ 2019 / 23 

 

370 

in PLA. Carbon dioxide absorption ability of natural fibers also has an extra advantage [1], 

[20], [21].  

Due to non-renewable raw material usage and accumulation of non-biodegradable 

materials, it has become an environmental problem. As a result of that, biopolymer packaging 

comes into play [23], [26]. 

1.10. Biopolymer 

Biopolymers have resulted in biodegradable packaging by reducing the shelf life of plastics 

and also enhanced plastic recycling programs. Polysaccharides, proteins, lipids, and 

polyesters are the four types of biopolymers that are widely used in packaging. Polysaccharide 

and protein composed films show better mechanical and optical properties. On the contrary, 

lipid-based and polyester-based packaging films showed fine water vapor barrier properties 

[9], [27], [28]. The reasons are described below.  

1.11. Polysaccharide-Based Packaging Materials 

For the packaging purpose cellulose, starch, chitosan, alginate , and pectin like 

polysaccharides are commonly used. These polysaccharides have the capability to synthesize 

films with better gas and vapor barrier properties. Also, considerable tensile strength and 

percentage of elongation have been achieved too. The tensile strength values of each 

polysaccharide-based packing material types are different from each other, but some are close 

to the observed synthetic polymers values [29]. 

Initially, in film synthesizing process of polysaccharides, the raw materials are dispersed in 

a polar solvent or a mixture of polar solvents [30]–[34]. Lately, after adding antimicrobial 

agents, plasticizers and coloring additive agents to the mixture pH and heat conditions are 

adjusted. Film casting is done in either dipping or dispersing method by drying. 

The polysaccharide-based materials have a cost-effective and functional property nature [35], 

[36]. Therefore, these packaging methods are highly available among the industries . 

High-density polyethylene and polysaccharides are sometimes at a competitive level when 

it comes to some properties, such as tensile strength and percentage of elongation of thin 

films that are made out of unmodified chitosan and amylose, which are quite comparably 

equal in values. Currently, ongoing polysaccharides based research projects have mainly 

focused on the improved barrier and mechanical developments. Chitosan is the lead among 

them so far. The final intention is to produce a biopolymer that can be replaced by all the 

existing synthetic polymeric materials on the market [37], [38].  

1.12.   Protein-Based Packaging Material 

The base unit of the proteins is amino acids. 20 amino acid unit get together to form a 

protein. Due to the variety of amino acid composition of a protein makes a higher number of 

different polymer chains and also, a large variety of chemical and physical property changes. 

Polysaccharides have limited types of monomers only. But for proteins, there is a large 

number of monomers due to different types of functional units in monomers  [39]–[41]. 

Therefore, when we use protein as a packaging material it will result in a variety of properties 

which are very important for the packaging purpose. Protein packaging films have prominent 

barrier properties, transparency and gloss of final product under general environmental 

conditions and humidity conditions than in polysaccharides and lipid films  due to the vast 

number of monomers in structure [42]. Development of protein matrix has overcome the low 

mechanical properties of protein package films by enhancing the tensile strength.  
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1.13.   Lipid-Based Packaging Materials 

Lipids are naturally abundant biopolymer macromolecules, which have a small number of 

repeating units to make a large network structure. Therefore, their properties are 

comparatively different from polysaccharides and proteins. Lipid structure is a low polar. 

Usually, lipid polymeric packaging materials are used as protective layers only. Usually, lipid 

films are not self-supportive and they are most fragile. Lipid has high moisture barrier 

properties due to wax layers that have been used as edible packing materials [42]–[44]. 

Even though the growth of microbes and greasy texture gives a negative drawback for lipid 

while using it as a packaging material. But lipids together with other biopolymer types shows 

higher performance than when they are alone. This is a point that should be concerned.  

Biopolymers were mainly developed with the main intention of environment-friendliness 

but also, its competitive properties (temperature resistance, thermal conductance, oxygen 

transmission rate tensile strength and water vapor transmission rate) compared to other 

materials as a thermal packaging are excellent. Meanwhile, the bulk material abundance, 

renewability, and recyclability are providing better colors to biopolymers [4], [16]. For this 

research work analysis industrial cellulose bag package materials have been used since they 

have a very low modified structure composition as concerned in the analysis. The reason for 

this is that cellulose is the most abundant biopolymer material among the others and most of 

the research has concerned cellulose as an icon in their developments.  

2. METHODOLOGY  

All the extracted responsible literature values for alternatives found and criteria and 

alternatives were defined. 

By following the principal steps of TOPSIS, calculations were performed as in the below 

description [45]. The mathematical expression and conclusion were gathered by using 

computer technology. Also, for this research, work sensitivity analysis has been carried out 

under two different pathways [46]. The reason for using two different types of methods for 

identifying uncertainty is due to that initial calculations of first stage sensitivity analysis 

mainly considered on the relationship between the input variable and outcome of TOPSIS 

results. After that, another stage of calculations has been processed to identify the 

uncertainties in the weighted parameters of TOPSIS calculations. 

2.1. Material Selection 

Glass, paper, plastics, textiles, composites, and biopolymers were selected as comparative 

alternatives. Temperature resistance (ºC), thermal conductance (W/(m·K)), oxygen 

transmission rate – OTR (23 ºC/cc/m2/24 hr), water vapor transmission rate (g/m2∙day) and 

tensile strength (MPa) values for above materials were sorted out for further TOPSIS 

calculations as criteria. Industrial competitive abundance, potentials for reducing unforeseen 

problems and literature value available for each criterion are the main reasons which have 

been considered to choose material types [28], [45], [47], [48].  

2.2. TOPSIS (Technique for Order Preference by Similarity to the Ideal Solution) Analysis 

Multi-criteria decision making (MCDM) methodology has been widely used among most 

industries and decision making parties to solve problems and to attain an optimal 

decision [47]. This MCDM technique has robust advantages in failure sorting operations.  
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Nowadays, the below-mentioned techniques are used widely problem-solving MCDMs 

among decision-makers: 

− SAW (Simple Additive Weighting); 

− TOPSIS (Technique for Order Preference by Similarity to the Ideal Solution);  

− ELECTRE (Elimination and Choice Translating Reality); 

− AHP (Analytical Hierarchy Process); 

− SMART (Simple Multi-Attribute Rating Technique); 

− ANP (Analytic network process). 

The Technique for Order Preference by Similarity to the Ideal Solution (TOPSIS) method 

is a classical successive method among the other MCDM techniques [46], [49]. The final 

resultant alternative of TOPSIS describes the closest to the ideal solution and furthest from 

the negative ideal solution. The intent of this paper is to discover a packaging material from 

a set of alternatives based on their thermal, physical and mechanical properties by using 

TOPSIS analysis. It sequentially reduces the number of alternatives from a set of possibilities. 

TOPSIS has been proven as an optimized procedure when finding the best from a set with 

similar characteristics. 

Normalization is the specialty of this technique. It helps to linear the value by using linear 

normalization vector normalization. In the first period of TOPSIS usage, decision-makers 

were only using vector normalization. By the time past, a new development of data 

linearization was adopted by decision-makers. 

In this method two artificial alternatives are hypothesized: 

− Ideal alternative – the best attributes valued one (high benefit attributes and low-cost 

attributes); 

− Negative ideal alternative – the worst attribute valued one (minimum benefit attributes 

and maximum cost attributes). 

The TOPSIS method selects the alternative that is the closest to the ideal solution and 

furthest from the negative ideal solution. The basic concept of this technique is to separate 

the best alternative from a set of alternatives compared to similar characteristic properties. 

The chosen best alternative is the closest to the ideal solution and furthest to the negative 

ideal solution [45]. 

To see packaging material scenario in a new dimension it is important to determine which 

material shows optimal condition with its low modified structure condition (without doing 

any complex chemical modification) and multi-criteria analysis technique provides 

a fascinating opportunity for the clarification of this issue.  

For this research, TOPSIS analysis weights were defined on a rating scale of 10–0 as per 

the performance value of those criteria in the package material property aspect. Such as 

excellent performance – 10, better – 9, very good – 8, good – 7, average – 6, close to  

average – 5, poor – 4, very poor – 3, very-very poor – 2, not enough to compare – 1,  

reject – 0. TOPSIS calculations were carried out according to these weights [45], [50]. 

The basic concept of this technique is to separate the best alternative from a set of 

alternatives compared to similar characteristic properties. The chosen best alternative is the 

closest to the ideal solution and furthest from the negative ideal solution. 
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The TOPSIS method has a few steps: 

1. Step 1: Construction of decision matrix with rankings by expressing it in a matrix 

format as: 

 

 

1 2

1 11 12 1

2 21 22 2

1 2 3

: : : : :

n

n

n

m m m m mn

C C C

A x x x

D A x x x

A x x x x

= , (1) 

 

where A1, A2, ..., Am is possible alternatives and C1, C2, ..., Cn is criteria that alternative 

agreement is evaluated between each other. Ratings of the alternative “A” to criteria “C” are 

noted as xij. 

 

2. Step 2: Determination of normalized decision matrix. 

This step will transform dimensional attributes into non-dimensional attributes by opening 

the pathway for different criteria comparison. This can be calculated by using Eq. (2):  
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3. Step 3: Determination of the weighted decision matrix: 

 ijjij nwv = ,  (3) 

 

where wj is the relative weight of the jth criteria or attribute. 

 

4. Step 4: Determination of ideal and negative ideal solutions: 

 
1 2 1 1
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1 2 1 1

{ , , , } {(max )·(min )}b c
m

A v v V v j v j− − − −= =   , (5) 

 

where Ωb and Ωc are sets of benefit attributes and cost attributes. 

 

5. Step 5: Separation measurement calculation. 

Separation can be calculated by using the below n-dimensional Euclidean distance 

equations Ideal separation: 
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Negative ideal separation: 

 2

1

( )i

n

ij ij

j

S v v− −

=

= − , (7) 

 

where i = 1, 2, 3, ..., m. 

 

6. Step 6: Determination of relative closeness. 

 The relative closeness of alternatives with respect to the ideal solution can be calculated 

by using this equation: 

 
i

i

i i

S
C

S S

+
+

+ −
=

+
, (8) 

 

where i = 1, 2, 3, ..., m. 

 

7. Step 7: Rank according to the preference order. 

The greater value of relative closeness designates high performing alternative of the set.  

The calculation results were illustrated in the discussion step. The obtained results were used 

to calculate the sensitivity of the outputs for a distraction in weights [50].  

2.3. Sensitivity Analysis 

Sensitivity analysis is a technique which works on the behavioral change of a model [46]. 

The percentage of uncertainty is calculated through this. On the one hand, one input is kept 

constant, on the other – the next input is varied while keeping others in a constant mode. 

There are three parameters that we need to be considered while doing the sensitivity analysis: 

1. Experimental design; 

2. Variable; 

3. Expected observation. 

These factors are the key factors while doing a sensitivity analysis. The intentions of this 

filtering factors can be used to identify the experiment path of the analysis as in Fig. 1. 

The sensitivity analysis is the main approach that provides a test of the uncertainty of data 

and results [46]. 

 This uncertainty foundation has provided a platform to find it in a statistical way. Mainly 

these techniques are based on mathematical algorithm. Sensitivity analysis is computational ly 

based. Mainly there are two types of sensitivity analysis techniques that are a presence in the 

field: 

− Modeling and simulation techniques; 

− Scenario management tools of Excel. 

In order to proceed with these techniques, there are two main approaches for the foundation 

and these techniques are an adaptation of TOPSIS initial stages: 

− Local sensitivity analysis; 

− Global sensitivity analysis. 
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Fig. 1. Sensitivity analysis factors. 

The local and global analysis is mainly differentiated from others in terms of their 

application. Local sensitivity analysis is an analysis that is used to calculate the impact of 

input factors. The evaluation is carried out using partial derivatives or gradient of the final 

output function. for the mathematical derivatives will be given as the answer. In the global 

sensitivity approach, Monte Carlo theorem has been used. No mathematical expressions are 

included. There are different types of sensitivity techniques that have been widely applied in 

the fields.  

TABLE 1. SENSITIVITY ANALYSIS METHODS 

Method Description 

Correlation analysis This analysis finds the relationship between independent and dependent 

variables. This will show the strong bond of the used two parameters with each 

other. In order to calculate the correlation, the coefficient dependency of the 

two variable has to be calculated. Mostly computational software has been used 
for these calculations 

Regression analysis This analysis finds responses to complex modeling methods. The linearity of 
input and output will be the result 

Subjective sensitivity analysis This method is subjective for input parameters and individual analysis is carried 
out for further clarification 

Differential sensitivity analysis Simple partial derivatives have been used for making the relative comparison 

between different variable inputs 

One time at a time sensitivity 
analysis 

The most fundamental partial derivatives are used to make a comparison 
between each input variables 

Factorial analysis A factorial number is obtained as a result of input variable comparison 

 

Finding the uncertainties of a given output data set are the main function of sensitivity 

analysis. This technique has an ability to predict the forecasted information about the output 

variables if the situation turns out different or changed. Also, this can be used as a 

Sensitivity anaylsis factors

Experiemntal design

Combination of parameters and 
variables listed 

Positive and negative values 
assigned 

Variables

Number of actions

risks

Technical parameters

Expected observation 

Objective value as per the 
proposal

Filtering factors
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decision-making technique since it results in the percentage of uncertainty and expressing the 

changes in a model behavior [49], [51], [52]. The risk assessment is another benefit of the 

sensitivity analysis. This will help to take appropriate decisions with a clear mind without 

having any errors in the model. Also, sensitivity analysis is a method for upgrading the 

obtained results of TOPSIS with better certainty of the decision made [45], [50]. 

In the first stage, Microsoft Excel – what-if analysis tool was used to obtain the regression 

model for each TOPSIS output and secondarily unitary variation ratio of weights was 

performed. By considering five criteria as the distracting parameters for the assessment 

unitary variation ratio has been used in a value range of 0.01, 0.02, 0.03, 0.05, 0.1, 0.2, 0.5, 

1, 1.5, 2, 2.5, 3, 3.5 and 4.0. The weighted parameters were distracted one by one into this 

ratio so that relative closeness values can be recalculated [46]. According to those results, the 

order has been recalculated. This procedure was performed for all five parameters.  

The performed TOPSIS weighted parameters have been used for this stage of calculations. 

If we assume that the used weights are distracted in k = 1, 2, 3, ... proportion to results w1, 

w2, w3, …, wk and wn for each parameter. The distracted weighted parameter can be calculated 

by using the below formulas [46]. 

 

 
( )

1

1 2

*
'

*... ... 1 1

k

k

k n k k

w w
w

w w w w w
= =

+ + + + + +  −
, (9) 

 

where w1
1 is the value after the first distraction to the weighted parameter. According to the 

kth parameter distraction wk
1 can be obtained as in below: 
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*
'

*... ... 1 1

k k k

k

k n k k

w w
w

w w w w w


= =

+ + + + + +  −
, (10) 

 

where wk
*=wk·ɣk. 

 

The Bk can be obtained by using the above formulas in order to identify the unitary variation 

ratio of the wk disturbance: 

 1k

k

k

w
B

w
= . (11) 

 

By substituting the Bk value to the below equation ɣk can be calculated for the calculation of 

unitary variation ratio [46]: 

 
1

k k k

k

k k

B B w

B w

−
 =

−
. (12) 

 

By considering five criteria as the distracting parameters for the assessment unitary 

variation ratio has been used in a value range of 0.01, 0.02, 0.03, 0.05, 0.1, 0.2, 0.5, 1, 1.5, 2, 

2.5, 3, 3.5 and 4.0. By varying the weighted parameters one by one into this ratio , the relative 

closeness values can be recalculated. According to those results , the order has been 

recalculated. This procedure was performed for all five parameters. The results for the 

calculations are illustrated in the discussion section [46]. 

The weighted parameters are distracted six times as below: 
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− Each weighted parameter has changed one by one by keeping other parameters in settle 

mode; 

− All the parameters are changed together one time. 

The intention of changing the parameters all together is to see if the distracted values remain 

unchanged or not. Lately, the order was rearranged to check whether the order has changed 

or not. By using the previous literature theoretical analysis [46] this unchanged can be further 

clarified. Results of the calculations are illustrated in the discussion section. 

3. RESULTS AND DISCUSSION 

The necessary values are extracted through the literature sources and units are considered 

as standard units in order to maintain a justifiable comparison between each packaging 

material. Table 1 contains the temperature resistance in Celsius degrees (0 °C), thermal 

conductance in Watts per meter Kelvin (W/(m·K)), oxygen transmission rate (OTR) in 

cc/m2/24 hr at 23 °C, water vapor transmission rate in gram per cubic meter within a day 

(g/m2·day) and tensile strength in mega Pascal (MPa). The TOPSIS analysis is carried out by 

using the below data in Table 2. 

TABLE 2. TOPSIS ANALYSIS DATA SET 

 

According to the values, glass has higher thermal resistance and the silica nature of glass 

provides evidence to that [8], [53]. Also, the OTR and water vapor transmission rate values 

are low in glass because of the compact nature in the matrix. Nonetheless, low tensile strength 

and poor shock resistance have reduced the power of the above properties. Even though 

plastic has low conductivity, it cannot be considered as a good thermal packaging material by 

itself when compare with biopolymers and composites competitive properties. According to 

the industrial rule of thumb for a better O2 barrier material, OTR should be less than 

15.22 cc/m2/24 hr at 23 °C, but plastics have a quite high OTR than other packaging materials. 

All the sorted results are compared with each other according to the TOPSIS methodology 

and a ranking of relative closeness has been made. The normalization matrix [45], weighted 

normalization matrix, the ideal and negative ideal solution, separation and relative closeness 

ranking have calculated. All the sorted values are converted into non-dimensional scale by 

  Temperature 

resistance, °C 

Thermal 

conductance, 
W/(m·K) 

OTR at 23 °C, 

cc/m2/24 hr 

Water vapor 

transmission rate, 
g/(m2·day) 

Tensile 

strength, 
MPa 

References 

Glass 1000 0.96 0.0003 7 33 [30], [54], 

[8], [29], 
[28] 

Paper 132 0.0904 800 15 22 [1], [38], [4], 
[55] 

Plastics 300 0.2 2000 120 37 [1], [4], [14], 

[16], [17], 
[20] 

Textiles 154 0.774 300 180 75 [56], [57], 
[58] 

Composites 300 0.25 11 125 250 [17], [2], [1] 

Biopolymers 220 0.12 4.9 142.76 150 [7], [33], 

[47], [2], 
[28], [54]  
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using normalized decision matrix. The relative weight of the jth criterion or attribute wij is 

calculated to construct the weighted decision matrix. The alternative that is  closest to the ideal 

solution and furthest from the negative ideal solution can be calculated by using separations 

of the ideal and negative ideal solution. Lastly, the ranking of different packaging material 

types based on thermal, physical and mechanical properties have been obtained accordingly. 

Ci or the relative closeness should always be in the 0 ≤ Ci ≤ 1 range; Ci =1 if has only best 

solution conditions. Also, in parallel Ci = 0 if the alternative has the worst conditions [51]. 

In Fig. 2 relative closeness results of the six materials have been illustrated in a graphical 

way. TOPSIS results showed that relative closeness to the ideal solution of a biopolymer is 

higher than the other packaging materials. Relative closeness signifies the closest of 

alternatives to the ideal solution and how furthermost to the negative ideal solution. 

According to the ranking, biopolymer has reached no 1 among the other materials while 

having a competition with composites.  

 

Fig. 2. MCDA TOPSIS analysis results of different packaging materials. 

The reason for biopolymers rank is its overall performance in each property. Even though 

glass, paper, and plastics show extremely high rates in some properties, at the same time show 

extremely low ratings for other properties [45], [46], [51]. Biopolymers and composites do 

not have extreme properties but they always show the necessary levels which are required for 

thermal packaging. Therefore, biopolymer materials are better in thermal packaging when 

compared to the other materials. It will not only be a better packaging material but also an 

environmentally friendly solution in the near future.  

As per the regression sensitivity analysis results, biopolymer has become number one 

among the other materials due to its low uncertainty property with the changes of the model . 

Here below is the final conclusion of the regression sensitivity analysis [49], [46]. 
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TABLE 3. REGRESSION MODEL 

RESULTS OF DIFFERENT PACKAGE MATERIALS 

Material Regression results 

Glass 0.9408 

Paper 0.8869 

Plastics 0.887 

Textiles 0.9095 

Composites 0.9678 

Biopolymers 0.9715 

 

Looking at the results, competition between composites and biopolymer is still remaining. 

Composite is a material which has hydride properties of all normal materials. Therefore, 

selective composite material might have inherent biopolymer properties. But s till, they did 

not reach the level of biopolymers levels. Therefore further analysis has been carried out to 

check whether the order has changed or not [49]. 

According to the below Fig. 3, it shows that the distraction of parameter w1 has resulted in 

disturbances in the 0.5 to 0.75 and 1.75 to 1.90 range. These weights were sensitive until 0.5 

and again insensitive to the distraction. At 4.0 unitary ratio again it is sensitive. The relative 

closeness order (Biopolymer > Composite > Glass > Plastic > Paper > Textile) has changed 

after unitary ratio has reached to 1.0, also the order has changed to glass > biopolymer > 

composites > plastic > paper > textile. The reason is that glass has a high thermal resistance 

property [46]. Varying the weighted parameter values of glass has resulted in a positive 

relative closeness to the ideal solution. Therefore, the sensitivity of glass is low compared to 

the other materials. 

Compared to the w1 graph, w2 (Thermal conductance) and w3 (OTR) are relatively high in 

sensitivity. The reason is biopolymer has low sensitivity meanwhile its relative closeness gets 

high by close to the ideal solution [46]. But composite has less sensitivity than biopolymers. 

Also paper, glass, and textile together show little less uniformly throughout all the 

distractions. But their relative closeness value is decreasing.  

In w4 parameter condition sensitivity of biopolymer is much lower than compared to the 

other materials. Also, the relative closeness order change is not that significant because the 

values are distracted really slowly by the unitary ratio. Therefore, in parameter w2 and w3 

both scenario order is leading by biopolymers with sensitivity.  

Fig. 3 above illustrates the relative closeness values with different unitary variation ratios 

with respect to the parameter w4 (WVTR) weight change. In the range of  0.7–0.8, all the 

materials are performing a change in their variability pattern [46]. Also at the 4.0 range, all 

the materials reach a steady state with sensitivity also meaning while paper material is 

climbing up with achieving a relatively high relative closeness value compared to its previous 

stages. Also, the composites and glasses are showing a similar variability when compared 

with biopolymers. But still, plastics are showing poor properties while showing low relative 

closeness with high variations with distractions. 

Parameter w5 or Tensile strength property weights have been distracted by using unitary 

ratio values. The values are showing that biopolymer and composites compete in terms of 

reaching a maximum relative closeness value. At the value 4.0, every material reaches a 

uniform variation along x-axis by showing high sensitivity. 
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(d) 

 
(e) 

Fig. 3. Sensitivity analysis of weight distracted five parameters: (a) w1; (b) w2; (c) w3; (d) w4; (e) w5. 

However, for the tensile strength aspect, composite performs well compared to biopolymer. 

All the materials are having significant first distraction at 0.5 to 0.8 range. Glass shows poor 

relative closeness properties with a variation of weights. Fragile property of glass proves that 

property nature [46]. Since the value is getting higher the more, the breakability nature of 

glass has increased. Still, plastic is having low qualities compared to biopolymer. Even if the 

disturbances made influence to the data it has not affected the TOPSIS final results decision. 

Therefore, the biopolymer is still playing a leading role among other packaging material 

types. 

As in the previous literature sources, changing all the parameters at the same point is more 

complicated. Also, the results obtaining is really hard. Therefore, it should be carried out as 

further development. 
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4. CONCLUSIONS 

This paper contains results of the thermal, physical and mechanical performance of 

packaging materials by taking into account different criteria, which facili tates the 

determination of the best alternative from a set of alternatives.  

Looking through the calculated values, biopolymer materials have the closest value to the 

ideal solution in comparison with the other materials. Therefore, as a thermal packaging 

material, biopolymer materials have a highly beneficial attribute over the other packaging 

materials. Consequently, composites compete with biopolymers because of similar structural 

properties. Plastics are attributed to a lower rank because of their low thermal packaging 

material qualities under low structural modification conditions. Therefore, biopolymer 

materials themselves have better packaging properties compared to other competitive 

comparable materials. The introduction of biopolymeric materials will lead to optimized 

packaging material option in the near future.  

According to the investigation, TOPSIS ranking of biopolymer packaging material s has 

resulted in higher attributes. As stated by the TOPSIS multi-criteria decision-making 

technique results, biopolymer materials are better for packaging compared to other 

competitive materials. 

Sensitivity analysis results have been more deepened, sharpened and confirmed with the 

present model behaviors. Also, it has been behaved according to the previous literature 

theoretical behavior too. Therefore, by reviewing all obtained results we can conclude that 

the imposed TOPSIS method on package material analysis has given more practicable and 

consistent data with respect to the sensitivity analysis. Therefore, in the pathway of 

developing a packaging material, the decision of TOPSIS has proven that biopolymer has a 

higher potential than other present packaging material that is available in the industry and 

this final assessment was further confirmed by the results of sensitivity analysis.  
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