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AN ECOLOGICAL COMPARISON OF PACKAGING MATERIALS 
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Abstract:The goal of every company is to offer the market a product with the best possible quality, i.e., high 

useful value, which will meet the needs of consumers and thus influence their decision to purchase the product. 

Nowadays, these decisions are increasingly influenced by environmental aspects. To achieve optimal packaging, 

various requirements must be met. The evaluation and decision on alternative packaging solutions are influenced 

by a large number of criteria, which include, first of all, technical-economic criteria, followed by aesthetic, 

ergonomic, and ecological criteria. It follows from the above that packaging can be seen as a multi-criteria 
problem, and for its evaluation, generally recognized multi-criteria evaluation methods can be applied. The paper 

will compare different types of packaging based on environmental criteria such as product protection, circularity, 

and the environment. 

Key words:environment, packaging, comparison 

1. INTRODUCTION 

Everyday life without packaging is impossible to imagine nowadays. It is important because, first 

of all, it protects and extends the sustainability of foodstuffs and also protects the environment from 
the contents. In addition, it enables the transportation and storage of products. It is desirable that the 

packaging allows easy handling and provides the necessary information. 

At the same time, it is a fact that all packaging harms the environment and nature. A special 
problem is the large application of plastic packaging materials, which also causes the appearance of 

plastic packaging waste [1]. Due to the current state in which plastics are designed, produced, used, 

and discarded, the European Union adopted the "Strategy for Plastics in the Circular Economy" in 

2018 [2]. For example, even at the beginning of the design phase of a product (design), all phases of 

its life cycle should be taken into account, in which various environmental requirements may arise [1]. 

Consumers nowadays are increasingly concerned about the environmental consequences of 

packaging [3]. Also, companies are under increasing pressure not only from consumers but also from 
governments to offer environmentally friendly products to the market. Various packaging materials are 

used for the production of packaging. In principle, the approach to packaging should be such that 

packaging is avoided wherever possible, and if it is not possible, then the one with the least impact on 

the environment is chosen. 

When designing the packaging, one must take into account several different, often conflicting, 

criteria arising from the requirements placed on the packaging. For example, the functions of the 

packaging must be taken into account, as well as the requirements of the different actors in the 
supply chain who have their own requirements. It follows from this that packaging design is a complex 

multi-criteria problem [4]. 

In the literature, there are different approaches to evaluating packaging [5, 6, 7]. By reviewing the 
literature, it could be established that the most common works are on the topic of environmental 

evaluation of packaging. Thus, in [8,9], a multi-criteria method was used to evaluate the eco-

performance of food packaging. A tool for decision support and evaluation of various ecological 
packaging alternatives based on the application of life cycle assessment—LCA (Life Cycle 

Assessment) and the hybrid multi-criteria method was developed in [10]. In [11], the process of 

environmental evaluation of packaging is described, in which all stages in the life cycle of packaging 

(production, use, and disposal) and their impact on the environment are taken into account. It starts 
from ecologically oriented requirements for packaging, description of criteria, determination of their 
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significance, and determination of ecological values of certain criteria to the final evaluation and 

selection of the best ecological packaging. 

The goal of the present article is to compare three types of packaging, with emphasis on 

environmental protection criteria. After the definition of "ecological packaging," different types of 

packaging materials will be analyzed, and then a proposal will be made for the evaluation of 
packaging based on selected environmental criteria such as product protection, circularity, and the 

environment, based on [12]. 

2. SUSTAINABLE PACKAGING 

There are many different names for sustainable packaging. For example, in addition to the term 

sustainable packaging, one can hear terms such as eco-friendly packaging, environmentally friendly 

packaging, eco-packaging, ecological packaging, green packaging, eco-design, design for the 
environment, and environmentally conscious design [3]. The most widely accepted definition of the 

term sustainable packaging is: "Sustainable packaging is beneficial, safe, and healthy for individuals 

and communities throughout its life cycle; meets market criteria for performance and cost; is sourced, 

manufactured, transported, and recycled using renewable energy; maximizes the use of renewable or 
recycled source materials; is manufactured using clean production technologies and best practices; is 

made from materials healthy in all probable end of life scenarios; is physically designed to optimize 

materials and energy, and is effectively recovered and utilized in biological and/or industrial cradle-to-

cradle cycles" [13]. 

3. ECOLOGICAL CRITERIA 

A comprehensive environmental assessment of packaging takes into account the entire life cycle 

(material cycle, use, and recycling), including effects in the use phase, packaging, and packaged 

product as an overall system and all relevant environmental effects [14]. 

Based on literature sources [15] a proposal of general environmental requirements for packaging 

are shown in Figure 1. 

 

 

 

 

 

 

 

 

 

 

Figure 1Ecological criteria for evaluation of packaging 

However, for the evaluation, optimization, and the design of sustainable packaging solutions, a 

holistic approach is necessary, which takes into account other aspects, such as product protection. 

Therefore, the following evaluation criteria will be used in this work: product protection, 

environmental impact, and circularity [12]. 

 

1. Material (production of materials, use of combined or 

mixed materials, application of recycled materials, reuse, 

release of hazardous materials, ecological disposal) 

2. Production (energy consumption, waste, generation of 

harmful substances, flammability and dangerous substances) 

3. Recycling/environmental disposal (labeling of 
materials, separation, reuse, amount of waste, disposal of 

residual waste, inks and adhesives) 
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4. METHODS 

As earlier mentioned, packaging could be observed as a multi-criteria problem. Various methods 

of multi-criteria decision-making - (MCDM) have been developed to solve complex decision-making 

problems. These methods should assist decision-makers who are faced with numerous and conflicting 

alternatives to make an optimal decision [16]. During the decision-making process, difficulties can 
arise, first of all, due to the number of alternatives and criteria, conflict when setting priorities, 

uncertainty, quantitative and qualitative criteria, and decision-making by several people (group 

decision-making) [16]. The reliability of the evaluation results depends on the reliability of the 

available data (quantitative or measurable) or qualitative. 

Different scales are used to assess the fulfillment of requirements for individual criteria, and the 

total value of individual packaging alternatives is obtained by adding up the values of individual 
criteria. However, for a more reliable evaluation, in addition to the evaluated values of the criteria, it is 

necessary to take into account the importance of the factors of individual criteria. 

Certain criteria can be determined both quantitatively and qualitatively. For example, quantitative 

criteria include life cycle results, the possibility of recycling; the amount of recycling; recycled 
content; the share of renewable raw materials, etc. For qualitative criteria, expert assessment is 

required, for which we can use different scales.In this paper, a scale from 0–2 will be used, whereby 0 

means unsatisfactory, 1 means satisfactory, and 2 means above expectations. Qualitative criteria 

include product protection criteria and disposable/reusable packaging. 

5. ANALYSISANDDISCUSSION 

To compare the various packaging according to the selected ecological criteria, three types of 

packaging for pureed potatoes, which can be found in domestic stores, were tested (Figure 2). The 

packaging is composed of the following materials: 

1. Pureed tomatoes in multi-layered packaging made of cardboard, aluminum and plastic without 

closure (opening by cutting), with an amount of 500 mililiters-Figure 2a; 

2. Metal can made of tin-coated steel with paper label, with an amount of 400 grams-Figure 2band 

3.White disposable glass packaging with a tin-coated steel lid and a paper label with an amount of 

700 grams-Figure 2c. 

The selected criteria are: 

 Product protection with sub-criteria: mechanical and non-mechanical protection, 

migrations, resealability; 

 Circularity with sub-criteria:the possibility of recycling, the share of renewable raw 

materials, and disposable/reusable packaging; 

 The environment with sub-criteria: life cycle assessment. 

 

 

 

 

 

 

 

 

Figure 2 Examples of investigated packages 
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5.1 Criterion of protection against mechanical and non-mechanical influences 

For the packaging to provide the product with optimal protection, it must protect the product from 

mechanical influences (impact, deformation, etc.), as well as from non-mechanical influences (oxygen, 

air humidity, microorganisms and UV radiation). In addition, the packaging should be such that it can 

be resealed and, ultimately migrations are minimized. The evaluation of the protection of the 

packaging depends on the packaged content because some products have higher requirements. 

5.2Criterion circularity 

Circularity means that the packaging is designed in such a way that the materials used are 
recycled as much as possible. The goal is to preserve resources and extend the life of the product. 

Also, packaging should be designed in such a way that it is primarily produced from recycled and/or 

renewable raw materials, that it can be reused (reusable solutions exist), and/or that the used raw 

materials can be used to a high extent as secondary materials after use (recycling). 

For the overall assessment of the circularity of the packaging, the recyclability, the recycling rate, 

and the proportion of recycled content in the packaging must be taken into account. Also, the share of 

renewable raw materials, as well as disposable or reusable packaging, are important criteria. 

5.3 Environment 

Life Cycle Assessments or Life Cycle Analyzes (LCA) have been developed in recent years as an 

established instrument for environmental assessment. They describe the potential environmental 
impacts associated with the production and disposal of a product (or service). A full LCA always 

covers the entire life cycle of the product (including all transport and disposal of the product, i.e., 

"cradle to grave". 

In life cycle assessments, a large number of different impact categories are taken into account 
(climate change, eutrophication or acidification of waters, etc.), with the CO2 balance being certainly 

the best known. 

Table 1 shows the evaluation and comparison of all three packaging materials. The evaluation was 

done using a three-part scale from 0-2, with the following meanings: 

 The evaluation of the protection criteria was done as follows: 0-packaging does not 

sufficiently protect the product from mechanical influences; 1-packaging provides 

appropriate mechanical protection; 2-packaging provides excellent mechanical protection. 

 The evaluation of non-mechanical protection criteria was done as follows: 0-insufficient 
protection; 1-adequate protection; 2-very good protection. 

 The evaluation migration criteria was done as follows: 0-materials with high migration 

potential; 1-materials with moderate migration potential; 2-inert material. 

 The evaluation of the resealability criterion was done as follows: 0-packaging cannot be 

resealed; 1-the packaging can be resealed, but without a positive effect on the shelf life 

after opening; 2-the packaging can be resealed, with a visible positive effect on shelf life 
after opening. 

 The evaluation possibility of recycling criterion was done as follows: 0-packaging cannot 

be recycled; 1-the packaging can be partially recycled; 2-the packaging can be recycled. 

 The evaluation of the share of renewable raw materials criterion was done as follows: 0-

packaging is made of non-renewable materials; 1-the packaging is partially made of non-
renewable materials; 2-the packaging is made of renewable materials. 

 The evaluation of the disposable/resuable packaging was done as follows: 0-packaging is 

disposable; 2-the packaging is resuable. 

 The evaluation of criterion environment, namely climate change was done in terms of 

greenhouse gas emissions expressed as CO2e. 

Evaluation of the sub-criteria (migration, recycling possibilty and LCA assessment) was done 

using available literature data [12,18], other evaluations have been done on the author's own 

experience. 
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Table 1: Evaluation and comparison of the selected packaging  

Criterion Sub-criterion Multi layered packaging Metal can  
 

Glass packaging 

Protection of the product Mechanical protection 0 2 2 

Non-mechanical protection 2 2 13 

Migration 1 2 2 

Resealability 0 0 2 

Circularity Possibility of recycling 1 2 2 

Share of renewable raw materials 1 0 0 

Disposable/reusable packaging 0 0 2 

Environment  Life cycle assessment 2 0 0 

 

The study has several limitations. First of all is that some criteria are omitted due to a lack of data 

(primarily numerical), e.g., LCA analyses are very extensive. The presented valuation is rough, with a 

simple scale and without giving a significance factor. The aim of this paper was to point out the 
complexity of ecological valuation. Future research would focus on researching a more effective 

method for ecological valuation, primarily with less subjectivity. 

6. CONCLUSION 

In the present article, we investigated how it is possible to evaluate the selected three different 

types of packaging, considering the impact on the environment. The selected criteria are product 

protection, circularity, and the environment. 

A packaging material has ecological advantages as well as disadvantages. It can do very well in 

one example and very badly in the next. Plastic materials have always been problematic in the public 

eye from the aspect of environmental protection. Certainly, their consumption should be reduced. 

However, replacing the packaging material with another packaging material, such as e.g., paper 
(which has a much better environmental "image") or glass, does not immediately mean environmental 

advantages. 

For example, although large quantities of glass and metal packaging are recycled, due to their 
large mass, large CO2 emissions as well as hazardous substances occur during production and 

transportation. Paper packaging has a relatively low consumption of non-renewable resources because 

it is made from renewable wood. On the other hand, pollutant emissions are high because paper 

production, for example, pollutes wastewater heavily. Likewise, several types of materials are used to 
produce functional paper packaging for food (a large number of chemicals, as well as aluminum and 

plastic coatings). It should also be noted that not all plastic is the same. For example, polyethylene or 

polypropylene can be easily recycled. 

In principle, the rule should be to use as little packaging material as possible and avoid waste. The 

packaging that cannot be avoided must be recyclable. 

Therefore, companies have to take a more differentiated approach to packaging design. In 
addition to an ecologically sensible selection of packaging materials, this also includes the 

development of new reusable systems and a significant increase in the proportion of reusable 

beverages. 
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In order to obtain even more precise data on the environmental evaluation of packaging, it is 
necessary to research in the field of multi-criteria evaluation, with a special emphasis on ecological 

evaluation. 
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