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1 INTRODUCTION 
 

1.1 Food packaging to prevent food waste and to ensure the food safety 

 

The main function of the food package is to protect the food. A food package, in addition 

to prohibiting food to be wasted in the first place, may diminish the amount of food wasted 

even to a greater extent, by preserving the food quality for a certain period (Wikström et 

al. 2018; Grönman et al. 2012; Koivula et al. 2016).  

 

FAO (2013, p. 6) states that the annual amount of food waste is around 1.3 billion tons, 

and approximately one third of the total amount of food produced globally is either mis-

placed or thrown away in its supply chain. In Finland, the annual food waste figure is 

estimated to be around 400-500 000 tons (Ministry of the Environment 2018). One of the 

United Nations (UN) Sustainable Development Goals (SDGs) is to reduce the current 

annual amount of food wasted by 50 per cent by 2030 (Goal 12) (Wikström et al. 2018, 

Ministry of the Environment 2018). 

 

The packaging sustains the good quality of the food by providing food safety, both by 

protecting the food and by preventing possible misuse or tampering (Koivula et al. 2016). 

Simultaneously, it enables logistics, both transportation and storage (Wikström et al. 

2018), and informs the consumer in many ways (e.g., brand, nutritional values, and aller-

gens) (Koivula et al. 2016).  

 

Yet packaging should be sustainable and not burden nature or use excessive amount of 

raw materials (Wikström et al. 2018). Balancing the required characteristics of a food 

package is therefore essential (Koivula et al. 2016). Consequently, food is packed in sev-

eral ways to identify the optimum packaging option for each food type (Raheem 2013, 

Robertson 2010, p. 4, Robertson 2012, p. 6, Russell 2014). Distinct materials, such as 

glass, metal, paper and plastics, have varying optimum amounts when used for packaging 

(Russell 2014).  Therefore, they have different environmental footprints (greenhouse gas 

emissions, air or land pollution, exhaustion of minerals, etc.) during various stages of the 

product life cycle (Russell 2014). 
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1.2 The littering problem and tightening legislation as drivers for future food 

packaging 

 

1.2.1 Littering problem 

 

The globe is facing a severe littering problem, especially due to the excessive amount of 

plastic waste in the oceans. Plastic litter can be found all over marine areas: on beaches, 

on seabed and sediments, in water, and floating on the surface of the sea (Gallo et al. 

2018). Most of the plastic littering is caused by single-use plastics (SUP), used commonly 

by the packaging industry (Civancik-Uslu et al. 2019).  

 

According to UNEP (2018, p. 4), the annual production of plastics was over 400 million 

tons in 2015. Packaging industry totals 36 per cent of the total amount of plastics pro-

duced, which is equivalent to around 144 million tons every year (UNEP 2018, p. 4). 

Figure 1 shows the rapid increase of the plastics production from 1950, and its expected 

development until 2050 (Tenhunen and Pöhler 2020, p. 13).

 
Figure 1. The development of the global plastics production volume, 1950 to 2050 (Tenhunen and 

Pöhler 2020, p. 13). 

 

Depending on the source and calculation methods, the amount of total packaging waste 

in 2015/2016 was estimated to be between 141 to 260 million tons, yet only approxi-

mately 10 to 16 per cent of the plastic waste was recycled (UNEP 2018, p. 7, TEM 2019, 

p. 16-17, McKinsey & Co 2018). Over 50 per cent of the plastic waste is used in so called 

nondurable applications (i.e., the plastic will be thrown away immediately after its use), 
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and almost one fifth of the plastic waste ends up into nature (TEM 2019, p. 16-17, McKin-

sey & Co 2018). In Finland, the amount of post-consumer waste from plastic packages 

was annually approximately 18 kg per person in 2014 (Dahlbo et al. 2018).  

 

1.2.2 Legislation and regulation 

 

The use of plastics is expected to grow in the future and within next 20 years the produc-

tion of plastics might even double (EC 2018, p. 6). Therefore, governments are looking 

for alternatives and new ways to enhance municipal waste handling and thus diminish the 

littering problem (EC 2018, p. 9).  

 

There are several changes, either already implemented, under reading or planned, in the 

legislation for the use of plastics in the packaging industry. The legislation is becoming 

stricter, for example through the Extended Producer Responsibility (EPR), SUP ban 2021 

for specific plastic items, and amendments to EU packaging directive (Milios et al. 2018, 

Ragaert et al. 2017, European Parliament News 2019). As Gallo et al. (2018) explain, 

such strong policy actions are needed to ensure that the amount of plastic litter can be 

diminished in the future.  

 

The EU packaging directive (94/62/EY, 2015/720/EU, 2018/852/EU) sets several targets 

for plastic packaging, for instance, restricting the annual consumption of plastic bags to 

be maximum 40 bags per person by the end of 2025 (UNEP 2018, p. 23, EUR-Lex 

2018b). Also, the European Union (EU) is planning to diminish packaging material usage 

(EUR-Lex 2018b).  

 

The EU’s Strategy for Plastics in a Circular Economy was adopted in 2018 (EUR-Lex 

2018a). It includes several ambitious targets for the manufacturing, use, and disposal of 

plastics (PRI 2019, EC 2018, p. 9). One of the goals is to reuse or recycle all plastic 

packages by 2030 (PRI 2019, EC 2018, p. 9). As a result, the higher recycling rates lead 

both to a need for changes in the food packages (i.e., a need for redesign of packages) and 

for large investments in the infrastructure to meet the needs of the increased recycling 

rates (Pauer et al. 2019). 
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Perhaps the most significant directive is the SUP directive, i.e., Directive (EU) 2019/904 

on the reduction of the impact of certain plastic products on the environment, which was 

approved by EU in May 2019. According to the SUP directive, all the member countries 

agree to reduce the consumption of specific SUP products and prevent their existence in 

the market in the future. (EUR-Lex 2019)  

 

The SUP directive restricts the use of food packages which are intended for food eaten 

immediately (either on-the-spot or as take-away), eaten directly from the package, or 

eaten without any further preparation such cooking, boiling or heating. Examples of such 

food containers are fast-food containers, meal, sandwich, wrap, and salad boxes contain-

ing either cold or hot food, and food containers for fresh or processed food that do not 

need any further preparation (for example fruits, vegetables, and desserts). The SUP di-

rective applies also various type of containers for beverages such as bottles or composite 

packages for beer, wine, water, juices, instant beverages, or milk (valid for containers up 

to three litres). For beverage containers, a requirement of separate collection systems, a 

requirement of the cap fixed in the container, and use of recycled plastic by 2030 (con-

sisting of at least 30% of recycled material) are introduced. (EUR-Lex 2019)  

 

Part of the SUP directive are the Extended Producer Responsibility (EPR) schemes and 

their establishment for the banned SUP products. The EPR schemes include covering 

various costs such as costs of raising the awareness of SUP products (especially the con-

sumers) and the waste collection of certain SUP products including the littering. This 

means that the EPR schemes of the SUP directive include the costs of the clean-up of 

litter (including its transportation and waste management), which is caused by the specific 

SUP products. Such food containers can be both rigid (i.e., boxes) or flexible (i.e., packets 

or wrappers) which are used for food intended for immediate consumption from the pack-

age and do not need any further preparation. Also, there are recommendations for the 

beverage containers up to three litres, and restrictions for the use of extended polystyrene 

(EPS) as a packaging material. (EUR-Lex 2019) 

 

1.3 Packaging waste management in general 

 

As plastics are currently seen as a severe environmental problem due to their non-de-

gradable nature and low recycling rates (Ellen MacArthur Foundation 2017, p. 12-14), 
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there are actions to replace and reduce the amount of plastic waste, and to recycle it more 

efficiently. Plastics, as explained later, also have several beneficial characteristics that 

promote their use in the future.  

 

The reuse and more efficient recycling of plastics, together with the replacement of con-

ventional plastics with biodegradable plastics, are opportunities to reduce the negative 

environmental impact of leaked plastic waste (Ellen MacArthur Foundation 2017, p.14). 

It is noteworthy though that the plastic biodegradability is achieved, in most cases, 

through industrial composting process only, i.e. most of the biodegradable plastics do not 

degrade in home composting conditions, nor in nature or in the ocean (Gallo et al. 2018, 

Guillard et al. 2018). 

 

As Suokko and Partanen (2017, p. 266-270) state, recycling should also be sustainable, 

i.e., it is not worthwhile to recycle if it creates more environmental harm than the use of 

virgin materials (see also Pauer et al. 2019). Often recycling is rather energy intensive 

and therefore it should be considered, for example, how the energy for the recycling pro-

cess is produced (Suokko and Partanen 2017, p. 266-270). The energy is preferably pro-

duced by using renewable resources or as a coproduction of heat and power (Pauer et al. 

2019). In many cases the energy is still produced by fossil fuels (Suokko and Partanen 

2017, p. 266-270), like oil or natural gas.  

 

Gallo et al. (2018) also add that high costs limit the scale of recycling. As the post-con-

sumer material (the primary packages returned by consumers) is very diverse and includes 

contaminants, it is the most expensive food packaging waste to recover (Baldwin 2009, 

p. 108). Also, building the infrastructure for the efficient plastic waste management re-

quires investments (Gallo et al. 2018). Therefore, a situation where there would be no 

plastic waste leaked at all is still financially very challenging (Gallo et al. 2018).  

 

More efficient recycling of plastics, through mechanical or chemical processing, is be-

coming an important option, and gaining growing interest instead of incineration and 

landfill (Ragaert et al. 2017, Robertson 2012, p. 667-669). Yet, preventing, minimizing, 

and reusing plastic waste are the most favoured options (Figure 2) (Ragaert et al. 2017, 

Robertson 2012, p. 647, see also Pauer et al. 2019). 
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Figure 2. Grading of the solid waste management. (Robertson 2012, p. 647) 

 

In circular economy, instead of the traditional linear model of the raw material use, the 

products and raw materials keep their value for a longer period (Kaur et al. 2018, Vanha-

mäki et al. 2019). This means that waste is seen as a raw material for something else and 

can be reused several times (Vanhamäki et al. 2019). The EU has chosen circular econ-

omy as a scheme to maximize the resource efficiency and at the same time to minimize 

the production of waste (Vanhamäki et al. 2019).  

 

1.4 Substitution of plastics 

 

Nowadays especially the climate change and its mitigation has increased interest in bio-

economy, which emphasises the use of renewables extracted from bio-based resources as 

a raw material (McCormick and Kautto 2013). The more sustainable food packaging (re-

duction both in food and packaging material waste) could at European level mean a net 

reduction of 370 million tons of CO2-equivalent, which corresponds to a net saving of 

approximately 10% of EU’s greenhouse gas (GHG) emission (Guillard et al. 2018). The 

calculated savings of CO2-equivalent are achieved by both from the reduction of the food 

waste in consumer and retail level (saving of 100 million tons of food, corresponding an 

absolute decrease of 250 million tons of CO2-equivalent), and by partially substituting 

the packaging material with organic waste-based materials (one in two of food packages 

are manufactured from the bio-based packaging materials instead of fossil-based 
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materials, corresponding of an absolute reduction of GHG emissions of 120 million tons 

of CO2-equivalent at EU level) (Guillard et al. 2018). 

 

On the other hand, the political decisions encourage finding new solutions for packaging 

materials, which would be more sustainable and minimize the amount of plastic waste 

(Korhonen et al. 2020). One of the major reasons for littering caused by plastics is mis-

managed plastic waste, especially in coastal areas (Civancik-Uslu et al. 2019). Often the 

major contributor for this problem is the use of single-use plastic (Civancik-Uslu et al. 

2019). Yet in most cases, the life cycle assessments (LCA’s) ignore the aspect of the 

littering problem totally and concentrate only to the one side of the environmental assess-

ment, like global warming potential (Civancik-Uslu et al. 2019). When evaluating the 

environmental impacts of the packaging materials, the results might be contradicting if 

only the global warming potential or the littering potential is analysed (Civancik-Uslu et 

al. 2019), instead of assessing both of them simultaneously. Therefore, as Civancik-Uslu 

et al. (2019) propose, some kind of “littering indicator” would be beneficial for the LCA 

analysis when analysing the environmental impacts of various packaging materials. 

 

Bioeconomy is defined in various ways. The focus varies, for instance the EU emphasizes 

the use of bio-resources when at the same time OECD has a focus on biotechnology 

(Asada et al. 2020). The variety, and even contradiction of the various goals, sets chal-

lenges by creating a competitive situation between different targets; for instance, the on-

going debate if wood should be used as an energy source or for novel solutions only 

(Asada et al. 2020).  

 

The trade-offs are inevitable when sustainability is seen as a three-dimensional concept 

(economic, social, and environmental) (Asada et al. 2020). Asada et al. (2020) found that 

the transfer into bioeconomy is likely to be the most significant when raw materials are 

processed further on a notable scale. Meaning, for instance, that wooden biomass is not 

burned as an energy source but refined further into novel material solutions. Sustainability 

in the context of sustainable substitutes for traditional plastics could mean “biodegrada-

bility”, “recyclability”, and “renewable material base” (Korhonen et al. 2020). 

 

In Finland, the so-called “Plastics roadmap for Finland” (Figure 3), introduces several 

measures to diminish damage, especially environmental harm, caused by plastics 
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(Ministry of the Environment 2019, p. 4). This includes actions such as avoiding the un-

necessary consumption of plastics, improving the recycling of plastics, and finding alter-

native solutions to replace plastics (Ministry of the Environment 2019, p. 4).  

 

The actions might be creation of economic incentives (such as investigating the possibil-

ity to create a specific plastic tax), education (such as improving the identification of 

various type of plastics, or changing consumer habits e.g. by trying to change the habit of 

littering), or investments (such as investing in alternative solutions for plastics or intro-

ducing opportunities to utilise recycled plastic) (Ministry of the Environment 2019, p. 9-

29). The target is to gradually move towards a new, more sustainable economy of plastics 

(Ministry of the Environment 2019, p. 4). 

 

 
Figure 3. Proposals for measures introduced in a plastics roadmap for Finland (Ministry of the 

Environment 2019, p. 9). 
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1.5 Defining the research topic 

 

The research topic of this thesis is to find out how the food is packed from the packaging 

material perspective. In other words, what types of packaging materials are used in food 

packaging, what is the weight of packaging material(s) used, and what is the number of 

items packed in plastics.  

 

The target is to identify, which materials, especially fossil-fuel based plastics, could be 

substituted with more sustainable alternatives to diminish the impacts of the ever-increas-

ing littering problem, especially due to single-use plastics (SUP). While littering is often 

seen as a social behaviour issue (Russell 2014), this aspect is not dealt with in this thesis 

work as the thesis concentrates on the material aspect only. 

 

The research questions are: 

1. Which packaging materials are used for food packaging and what is the volume 

of packaging material used (weight in grams, sales volumes in retail)? 

2. Which plastic packaging materials are the most promising in restraining the litter-

ing problem, and why (e.g. large volumes, polymer type used is difficult to handle 

/ recycle, possible impact of the SUP directive)? 

 

Both the product data provided by Global Standards 1 (GS1) and the sales share of the 

total sales volumes provided by the Päivittäistavarakauppa ry (PTY) are collected from 

Finnish supermarkets, and therefore this thesis is restricted to cover Finland only. For the 

data analysis, the combined data from these two sources form a packaging material atlas 

of the single items sold in Finnish supermarkets. The atlas, including approximately 

56 000 rows of product data, forms the core of this thesis. 

 

1.6 Research objectives 

 

The main objective of this master’s thesis is to identify the replaceable and replace worthy 

plastic from food packaging through a statistical data analysis of the obtained packaging 

data (product data provided by GS1) from the supermarkets, e.g., by using pre-determined 

criterion such as large volumes, the polymer type suitability for recycling, or the possible 

impact of the SUP directive. Additionally, product groups with largest sales volumes can 
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be identified through the total sales volume in Finnish supermarkets in Q1/2020 (given 

as the sales share (%) of the total sales volume in euros) (see Chapter 5). 

 

Moreover, a prevailing weighted distribution of the plastic packaging through average 

weights in grams used for the pre-defined food product groups is calculated. The figures 

are used to define the strategies for a potential reduction or substitution of the materials 

to maximize the impact of plastic replacement with novel material solutions. Besides, the 

analyses will be linked to recyclability of different food packaging solutions containing 

plastics. As a result, the most harmful and non-recyclable plastics are identified for po-

tential substitution with more sustainable solutions, for instance, biodegradable materials. 

The existence of the sustainable solutions for replacement is studied for three product 

groups (snack products, fresh / unprepared meat, and meat products / processed meat).  
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2 FOOD PACKAGING – MAIN FUNCTIONS AND MATERIALS 

USED 
 

2.1 Food packaging in general 

 

The prevailing packaging materials for food are glass, metals, plastics, cardboard, and 

paper (Raheem 2013, Robertson 2010, p. 4). The materials used in packaging can be di-

vided into two categories: rigid packaging and flexible packaging materials (Raheem 

2013). Rigid packages, like bottles, pots, cans, cardboard boxes and tubes, provide pro-

tection from mechanical damages unlike the flexible packages, such as plastic films and 

paper (Raheem 2013), which are mainly used due to either their permeability or superior 

barrier properties against various gases, light and water vapor. 

 

Plastics, which are rather recently developed compared to the more traditional packaging 

materials, have been widely adopted in various food packaging applications, and they 

have substituted many traditional packaging materials, like glass, metal and paper (Ra-

heem, 2013, Lagarón 2011, p. 1). Main drivers for the change have been the convenience 

and ease to use plastics in addition to their low cost (United Nations Environment Pro-

gramme 2017, p. 20). This has underlined the littering problem as the amount of dispos-

able plastics has increased manifold (UNEP 2018, p. 2, United Nations Environment Pro-

gramme 2017, p. 20). 

 

There are recent innovations related to the packaging materials, such as development of 

biodegradable or bio-compostable materials, and active or intelligent packages (Brandelli 

et al. 2017, Robertson 2012, p. 425). Fibre-based materials have been studied a lot re-

cently, and in addition to a more traditional use, like for milk and other beverage cartons, 

there have been new solutions, for instance for meat.  

 

According to Robertson (2012, p. 178-180), fibre-based materials such as paper and pa-

perboard have a good mechanical strength, but they have poor barrier properties against 

gases and water vapor. Due to the poor barrier properties, fibre-based materials need to 

be coated in most cases when used for food packaging (Robertson 2012, p. 178). As a 

coating material, plastics, in some cases also waxes or other chemicals, are commonly 
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used depending on the needed barrier or sealing properties for the package (Robertson 

2012, p. 178-180). 

 

Active packages target to extend the shelf-life of the food by keeping the quality of the 

food product stable or even improving it (e.g. by use of moisture removing sachets) (Bran-

delli et al. 2017, Robertson 2012, p. 400-401). Intelligent packages inform the consumer 

about the freshness of the food (Brandelli et al. 2017), and therefore the food safety 

through a specific indicator, which monitors for instance the unbroken cold chain of fish 

products (Robertson 2012, p. 402, Russell 2014). 

 

2.2 Definitions of food packaging 

 

Primary package is the smallest unit: either portion pack, unit package or consumer pack-

age (Järvi-Kääriäinen and Ollila 2007, p. 10). It is the package, which is in direct contact 

with food and bears the most significant barrier properties to protect the contents (Rob-

ertson 2012, p. 2). 

 

Secondary package is the package that combines the packages sold to the consumers, 

usually a distribution or retail package (Järvi-Kääriäinen and Ollila 2007, p. 10, Robert-

son 2012, p. 2). This category includes also the multipacks and display packages (Järvi-

Kääriäinen and Ollila 2007, p. 10). 

 

Tertiary package is in most cases the transport package that combines the secondary 

packages into transportable format (pallet load, roll container) (Järvi-Kääriäinen and Ol-

lila 2007, p. 10, Robertson 2012, p. 2). In addition, in the international trade quaternary 

package is used to combine tertiary packages into bigger units for shipments by sea, air 

or train (Robertson 2012, p. 2). 

 

2.3 Barrier properties of food packaging 

 

The barrier properties of the food packaging are essential to sustain the food safety. Bar-

rier properties mean the permeability of the packaging material, for example a polymer 

(Ebnesajjad 2013, p. 27, 71, Robertson 2010, p. 4). The gases are permeable through 

sorption, diffusion, or desorption depending on the concentration inside and outside the 
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package (from high-concentration to low-concentration), or through a leakage in the 

packaging material (e.g. through a hole) or in the seam (Ebnesajjad 2013, p. 71, Robertson 

2010, p. 6). 

 

For food products, it is essential to keep specific gases, like oxygen and carbon dioxide, 

water vapor, light, aromas and flavours as well as grease either inside or outside of the 

food package (Ebnesajjad 2013, p. 1, Di Maio et al. 2017). The barrier properties might 

also be managed to extend the shelf life by a selective permeability.  

 

In the selective permeability the oxygen and carbon dioxide can permeate through the 

packaging material in a controlled way (Ebnesajjad 2013, p. 27). For this application, 

even biodegradable materials could be used; Peelman et al. (2013) state that for medium 

shelf life products using modified atmosphere packaging (MAP), like fresh or processed 

meat, the use of polylactic acid (PLA) films is possible by improving the barrier proper-

ties of the PLA films using suitable coatings. 

 

In the following paragraphs, the barrier properties for snack food packaging and for meat 

packaging (both fresh and processed meat) are briefly explained. Additionally, some of 

the latest innovations of these types of food packaging are introduced. 

 

2.3.1 Barrier properties for snack food packaging 

 

Barrier properties for snack food vary. For potato chips, the light barrier is needed to 

prevent the potato chips from oxidation (Robertson 2010, p. 349). In addition to the ul-

traviolet radiation, the oxygen and water vapor must be kept outside the potato snack 

packaging (Ebnesajjad 2013, p. 39). Therefore, in most cases the snack food package is a 

multi-material structure containing a thin metalized layer for barrier against light and for 

improved oxygen and moisture barrier, and polymer(s) for improved heat sealability and 

puncture resistance (Ebnesajjad 2013, p. 39, Robertson 2010, p. 349). 

 

For other salty snacks, the oxygen barrier is the most critical. The snacks contain a lot of 

grease and if the packaging material is not a high oxygen barrier, the fat might become 

rancid (Ebnesajjad 2013, p. 39, Robertson 2010, p. 346). The oxygen and grease barriers 

are achieved either by metalized polymer or by adding a barrier polymer, like ethylene 
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vinyl alcohol (EVOH) or polyvinylidene chloride (PVDC) (Ebnesajjad 2013, p. 39). The 

amount of oxygen inside the package is diminished by vacuum packaging or by flushing 

the package with nitrogen (N2) or carbon dioxide (CO2) to prevent the rancidity (Robert-

son 2010, p. 347, Vähä-Nissi et al. 2017). 

 

Vähä-Nissi et al. (2017) have studied cellulose nanofibrils, or nanocellulose, to be used 

together with bio-based polyolefins for MAP. Their solution was found to obtain a good 

oxygen barrier, which could potentially be used for packages of nuts. However, further 

research is needed. The snack packaging is still rather challenging due to a combination 

of specific product characteristics and several barrier properties needed in a single pack-

age. 

 

2.3.2 Barrier properties for fresh meat packaging 

 

Fresh meat is sold mainly in packages with protective gas, but larger supermarkets also 

pack red meat in trays (usually made from expanded polystyrene EPS) with absorbent 

filling (Ebnesajjad 2013, p. 184, Robertson 2012, p. 455). The trays are overwrapped with 

a transparent film with a high oxygen permeability (Robertson 2012, p. 455). For the 

overwrapped trays, the shelf life is very short, only few days (Robertson 2010, p. 265-

266). 

 

In general, the packaging material for meat should have a good barrier against aromas 

and flavours, prevent possible moisture loss from the package, and diminish the colour 

changes from oxidization (Ebnesajjad 2013, p. 184, Robertson 2010, p. 260). As Robert-

son (2010, p. 260, 2012, p. 460-461) explains, for pork and beef packages, the protective 

gas usually contains also oxygen (70 to 80 per cent), as it maintains the red colour of the 

meat which is found appealing by the consumers (so called MAP). 

 

Latest innovations related to the fresh meat packaging have been both new materials and 

new package designs. By redesigning the package, a significant reduction (over 50 per 

cent) in the amount of plastic packaging material used to pack minced meat can be 

achieved (Atria 2020, Wipak 2020a). In the market, there exist already some fibre-based 

trays with an easy-removable multi-layered barrier film for meat packaging. Both the 

cardboard tray and the plastic film can be recycled separately, and the amount of plastic 
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can be even 85 per cent less compared to the traditional meat package (Jospak 2020, Sitra 

2020, DeLight 2020). 

 

2.3.3 Barrier properties for meat products / processed meat packaging 

 

For processed meat, like sausages, the main criterion to preserve the food is to prevent 

permeation of oxygen inside the package (Ebnesajjad 2013, p. 38). The package must be 

easily sealable by thermal sealing (for instance by using linear low density polyethylene 

polymer (PE-LLD)) (Ebnesajjad 2013, p. 39). The packaging material should withstand 

well mechanical wear and tear and possess good characteristics for printability (Ebnesaj-

jad 2013, p. 39). Such materials are for example polyethylene terephthalate (PET) and 

polyamide (PA) (Ebnesajjad 2013, p. 39). Therefore, processed meat packages are mainly 

made from multi-layered materials to achieve all the required properties for the package.  

 

For processed meat and cold cuts, there exist a few innovations. One is so called “SKIN 

base tray” which is claimed to be 100 per cent recyclable (Pyroll 2020). The tray itself is 

from renewable fibres, and the plastic film can be recycled (Pyroll 2020, Packaging In-

sights 2020). A similar solution, so called “skinbottom carton” is also available in the 

market (Wipak 2020b). 

 

2.4 Characteristics of plastics and their use in food packaging 

 

The history of the use of plastics as a packaging material starts quite recently compared 

to the other artificial materials (Raheem 2013, Geyer, Jambeck and Law 2017). Yet the 

amount of plastics in the packaging industry has grown rapidly (Raheem 2013, Geyer, 

Jambeck and Law 2017). Plastics are widely used due to their excellent characteristics; 

they are light, easily mouldable and low-cost (UNEP 2018, p. vi, 2). In food packaging, 

in addition to the previous characteristics, their formability, easy printability and heat 

sealability are clear benefits (Raheem 2013).  

 

There are disadvantages though, as polymers are permeable to light, gases, and vapours, 

varying by polymer type (Raheem 2013). In addition, the mechanical properties vary be-

tween different polymer types (Raheem 2013). Therefore, the plastic packages are often 

a combination of several polymer types, combined with other materials like paper and 
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aluminium, or they are made from multi-layered plastic films (Raheem 2013, Aznar et al. 

2011). 

 

The multi-layered plastic films enable the use of cheaper polymers and recycled materi-

als, and in most cases, they enable reductions in film thickness (Ebnesajjad 2013, p. 21, 

Kaiser et al. 2018). The multi-layered plastic films also provide superior barrier properties 

against gases combined with high mechanical and optical characteristics in a cost-effi-

cient manner (Kaiser et al. 2018) which is often valued in a food packaging business.  

 

2.4.1 Definitions of plastics 

 

Plastic (shortened from thermoplastic) is a commonly used term for polymer(s) and ad-

ditives which can be moulded several times, when heated (UNEP 2015, p. 12). Synthetic 

polymers are traditionally fossil-fuel based, but the bio-based plastics made from biomass 

(maize, plant oils) are becoming more common (UNEP 2015, p. 12). Biopolymers are for 

instance cellulose, chitin, starch, and lignin, and they descent mainly from side streams 

and waste material, but also from cultivated plants which might be competing with food 

production (UNEP 2015, p. 16). Bio-based polymers are still higher priced than fossil-

fuel based polymers (UNEP 2015, p. 16). 

 

Biodegradable plastics can be made from either bio-based or fossil-fuel based polymers 

(UNEP 2015, p. 9; Cooper 2013, p. 109). They biodegrade under specific conditions into 

water, carbon dioxide (aerobic conditions) or methane (anaerobic conditions), and bio-

mass (Cooper 2013, p. 113). The conditions are met through an industrial composting 

process defined by the EN 13432 standard (Cooper 2013. p. 114).  

 

These terms (bio-based plastic, biodegradable plastic) are often still misunderstood by the 

consumers, and incorrectly interpreted to be the same as home-compostable or decom-

posable in nature (Guillard et al. 2018). 

 

2.4.2 Polymers used in food packaging 

 

Polymers are molecular materials and they have rather exceptional properties as each 

molecule is either a long chain or a network of repeating units (Robertson 2012, p. 13). 
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There exist two main classes of the synthetic polymers; thermoplastic (often shortened as 

plastic) is re-mouldable when heated and thermoset which cannot be remoulded (UNEP 

2015, p. 12). Polymer(s) together with additives, such as colourants and plasticisers, can 

be synthesised into plastics when heated (UNEP 2015, p. 12).  

 

In food packaging, the most commonly used polymers, derived from fossil-fuel based 

materials, are polypropylene (PP), polyvinyl chloride (PVC), polystyrene (PS), polyeth-

ylene terephthalate (PET), and polyethylene (PE) in diverse grades (Brandelli et al. 2017). 

Polylactic acid (PLA), polyhydroxyalkanoates (PHA), polyvinyl alcohol (PVOH), starch-

based polymers, and some cellulose-based polymers are biodegradable polymers, which 

are utilized in food packages (Cooper 2013, p. 116).  

 

Figure 4 describes some polymers and their biodegradability in various environments. 

The graph clearly shows that the environmental conditions (temperature, marine versus 

land) play a significant role, if the polymer can be considered as a biodegradable or not. 

 
Figure 4. Description of biodegradable polymers in various environments (modified from nova-

Institut GmbH 2020). 



18 
 

In the following paragraphs, the most common polymers in food packaging are briefly 

introduced including the biodegradable polymers which are already used in food packag-

ing or can currently be seen as potential ones (see also Appendix 1 for a short sum-up). 

 

Polypropylene (PP) is used in various ways in food packaging, both for rigid and flexible 

packages, for instance candy wrappings, bags for snacks and ready-made meals (United 

Nations Environment Programme 2017, p. 22, UNEP 2018, p. 3). Polypropylene has 

properties of high quality for heat sealing, and it shows low-level water permeability (van 

Willige et al. 2001). PP is resistant against chemicals (Lagarón 2011, p. 201), and it is 

rather inexpensive (van Willige et al. 2001). For food packages is mainly used the biaxi-

ally oriented film type of PP (BOPP), especially for MAP packaging applications 

(Lagarón 2011, p. 201). 

 

Polyethylene (PE), both low and linear low density (PE-LD, PE-LLD) and high and me-

dium density (PE-HD, PE-MD), is widely used in food packaging (van Willige et al. 

2001). PE-LD is mainly used for flexible packages, such as bags and films, and PE-HD 

for rigid packages like bottles for dairy products (United Nations Environment Pro-

gramme 2017, p. 22, UNEP 2018, p. 3). PE-HD is additionally used for freezer packages, 

both bags and boxes (UNEP 2018, p. 3). PE has excellent characteristics for heat sealing, 

low-level water permeability, and it is reasonably priced (van Willige et al. 2001). PE 

permeates gases easily, and therefore it is necessary to add an extra barrier material, e.g. 

aluminium for gases, if this barrier property is needed in a food package (van Willige et 

al. 2001). 

 

Polyethylene terephthalate (PET) is used for water and soft drink bottles (United Nations 

Environment Programme 2017, p. 22) due to its good CO2 gas barrier properties (Robert-

son 2010, p. 171). PET is transparent, light, resistant against fragmentation, and it pos-

sesses good characteristics against mechanical tear (van Willige et al. 2001, Lagarón 

2011, p. 201-202). In addition to its fine barrier properties against oxygen and carbon 

dioxide, PET holds superior barrier properties against moisture, aromas and flavours (van 

Willige et al. 2001, Lagarón 2011, p. 201). PET can endure rather high temperature for a 

short time, which makes it suitable for ready-made meal packages (Lagarón 2011, p. 201-

202). 
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Polystyrene (PS) is highly transparent and a high tensile-strength polymer, but its barrier 

properties against gases and water vapor are insufficient (Lagarón 2011, p. 203). Instead, 

it can be used as a window material in multi-material packages where breathability of the 

package is valued (Lagarón 2011, p. 204). In food packages, the more often used form of 

PS is expanded polystyrene (EPS). It is used for storing and transporting fresh fish, trays 

for meat and for takeaway food (Ellen MacArthur Foundation 2017, p. 19, United Nations 

Environment Programme 2017, p. 37). The recycling of EPS is problematic, and therefore 

it is mainly burned to produce energy or landfilled (United Nations Environment Pro-

gramme 2017, p. 34, 36). Due to its vast use for fast food packaging, EPS is one of the 

major causes for littering (United Nations Environment Programme 2017, p. 37). 

 

Polyvinyl chloride (PVC) is used as flexible films (Lagarón 2011, p. 201). It holds good 

barrier properties against permeants (Lagarón 2011, p. 201). PVC is preferred material 

due to its good heat-sealability, superior chemical resistance, transparency, rigidness and 

mechanical properties (Lagarón 2011, p. 201). A copolymer polyvinylidene chloride 

(PVDC) possesses excellent gas, aroma and flavour barrier properties, and has a compar-

atively low water vapor transmission rate (WVTR) (Mokwena and Tang 2012, Lagarón 

2011, p. 202). Therefore, PVDC has traditionally been one of the most significant poly-

mers used as a high barrier polymer in food packages (Mokwena and Tang 2012). It is 

rather expensive polymer though, and as it contains chlorine, there are problems in both 

processing and recycling the PVC / PVDC (Mokwena and Tang 2012) due to its hazard-

ous nature. 

 

Ethylene vinyl alcohol (EVOH) is a copolymer which owns excellent barrier against 

gases, especially oxygen (O2) as well as aromas and flavours but holds a low barrier 

against water vapor (hydrophilic material) (Mokwena and Tang 2012, Lagarón 2011, p. 

202, Jakobsen and Risbo 2008). EVOH is mainly used in multi-layered films, between 

hydrophobic polyolefins, as a barrier material against oxygen (Mokwena and Tang 2012, 

Jakobsen and Risbo 2008). 

 

Polyamide (PA) is rather expensive polymer, which restricts its use as a packaging mate-

rial (Lagarón 2011, p. 202). Some of the PAs are known as nylon, which is a hydrophilic 

material (Lagarón 2011, p. 202) and therefore its barrier properties against moisture are 

poor (Hahladakis and Iacovidou 2018). Nylon holds first-grade barrier properties against 
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aromas and flavours and relatively good barrier properties against oxygen (Lagarón 2011, 

p. 202). Nylon 6 is typically used in food packaging (Lagarón 2011, p. 202). Due to the 

high cost and limited characteristics of the nylon, it is mainly used in multi-layered ma-

terials only (Lagarón 2011, p. 202). 

 

Polylactic acid (PLA) is manufactured from bio-based monomer and lactic acid by a 

chemical process (Cooper 2013, p. 116). PLA is the most common industrially composta-

ble plastic in manufacturing volumes (Cooper 2013, p. 117). It owns several excellent 

properties like high transparency and shine, high rigidity, easy printability and sealability 

and great mechanical properties against tear (Cooper 2013, p. 118). PLA has a rather low 

resistance against temperature though, and it is not suitable for hot or heated products 

(Cooper 2013, p. 118). Other drawbacks of PLA, which restrict its use in packaging films, 

are its brittleness and high processing costs (Cooper 2013, p. 121). PLA’s barrier proper-

ties vary; it is a good barrier against flavours, aroma, grease and oil but its barrier prop-

erties against oxygen and carbon dioxide are rather poor and it is moisture sensitive 

(Cooper 2013, p. 119). Briassoulis and Giannoulis (2018) claim that the WVTR of PLA 

can be even four times higher than in fossil-fuel based polymers. 

 

Polyhydroxyalkanoates (PHAs) include group of aliphatic polyesters that are manufac-

tured by a fermentation process (Cooper 2013, p. 116). Compared to PLA, PHAs own 

better barrier properties against water vapor, oxygen and carbon dioxide, and they retain 

better proof against oils and heated water (Cooper 2013, p. 124). Briassoulis and Gian-

noulis (2018) state that PHAs water vapor transmission rate is close to WVTR of LDPE. 

Yet PHAs, for instance PHB (Polyhydroxybutyrate), have been expensive to produce as 

the production process is demanding e.g. due to the low thermal stability of PHA-based 

films during the melting process (Cooper 2013, p. 123-124, see also Chen et al. 2020). 

Therefore, the recent research has focused to find significant improvements especially in 

the bioprocess to lower the costs of PHAs through e.g. less complex production process 

and enlarged properties of PHAs (Chen et al. 2020). Fragility is typical for PHAs (Cooper 

2013, p. 124). The restrictions can be avoided by copolymerization with other monomers 

(Cooper 2013, p. 124). PHAs, unlike for instance PLA, are also fully biodegradable in 

marine conditions (Guillard et al. 2018) (see also Figure 4). 
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Polyvinyl alcohol (PVOH) bears excellent barrier against oxygen, even better than 

EVOH, but it dissolves in water, which restricts its use for food packaging (Mokwena 

and Tang 2012). Additionally, processing of PVOH, especially melt extrusion, is chal-

lenging or even impossible as its melting temperature and degradation temperature are 

not very far from each other (Mokwena and Tang 2012, Lagarón 2011, p. 203). 

 

Starch-based polymers hold superior barrier properties against oxygen (Lagarón 2011, p. 

527, Siracusa et al 2008). Starch is used for films, bags, containers and various fast-food 

packages in a foamed format (Lagarón 2011, p. 530-531). Due to its easy moldability into 

foamed format, starch-based packages might replace PS as a tray or disposable dish ma-

terial in the future (Siracusa et al 2008). To improve the hydrophilic character of the 

starch-based polymers, it is often mixed with other polymers or additives, when for ex-

ample, composite Starch-PCL (Polycaprolactone) or thermoplastic starch (TPS) are 

formed (Peelman et al. 2013).  

 

The Figure 5 explains briefly how various polymer types are used within the packaging 

applications including food packaging (Ellen MacArthur Foundation 2017, p. 19). 
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Figure 5. Short overview of the main polymer types and their applications in packaging (Ellen 

MacArthur Foundation 2017, p. 19).  
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3 CIRCULAR ECONOMY OF PLASTIC WASTE AND 4 R’S (RE-

DUCE, REUSE, REPLACE, RECYCLE) 
 

The current legislative changes in the littering problem concentrate on reduction of the 

single-use plastics and replacing the conventional plastic with more sustainable solutions. 

When replacing the material, also the recyclability issues should be considered, as well 

as the possible reuse of the food packages. As plastics still have several superior proper-

ties in food packaging, the reuse and recyclability of the plastics should be emphasised if 

it cannot be replaced by novel solutions. 

 

Geueke et al. (2018) emphasise to optimise the amount of the packaging material used 

for food packaging, and to reuse the packaging materials (so called Zero waste shops). 

The amount of packaging material used for food packages cannot just be diminished, but 

it must be optimised to ensure food safety, transportation, and logistics in general. The 

reduction of packaging material can also be achieved by decreasing the packaging to food 

volume ratio (for instance by increasing the portion sizes for durable food) or decreasing 

the transportation of the food by favouring local production and consumption. (Geueke 

et al. 2018) 

 

On the other hand, the reuse can either be promoted by encouraging customer to bring 

their own reusable packages when visiting shops or through deposit schemes for returna-

ble food containers that can be easily refilled. The biggest challenge is probably the hy-

giene and cleaning the reusable packages to preserve the food safety. Glass for instance 

is a good material for reusable food packages as it is rather easy to clean for reuse. 

(Geueke et al. 2018) 

 

Reuse is widely exercised for beverages as the bottles are used more than once (Baldwin 

2009, p. 107). Additionally, for instance plastic cases are used in retail to transport goods, 

both as primary package for fresh products and as a secondary package (Baldwin 2009, 

p. 107). During the packaging development phase, it is important to consider the end of 

life of the package (reducing, reusing, and recycling), to minimise the possible conflicts 

and trade-offs between various stakeholders (Geueke et al. 2018). 
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3.1 Recycling of plastics  

 

Globally the recycling rate of plastics is still very low (estimates vary from 10 to 16 per 

cent, depending on the source and calculation methods) (UNEP 2018, p. 7, TEM 2019, p. 

16-17, McKinsey & Co 2018). Only minority of the plastic waste is burned as energy 

(UNEP 2018, p. 7). A significant amount of the plastic waste still ends up both in landfills, 

and in a worst case, into the environment through littering creating harm for the nature 

due to the long lifespan of plastics (the figure varies between 60 to almost 80%, depending 

on the source and calculation methods) (UNEP 2018, p. 7, TEM 2019, p. 16-17, McKin-

sey & Co 2018). Majority of the plastics are not biodegradable (UNEP 2018, p. 2). In-

stead, they will gradually fall apart into smaller pieces and eventually into microplastics, 

which might end up back into the food chain (Gallo et al. 2018, UNEP 2018, p. 2, 13). 

 

When considering the recyclability of the plastics, the quality of the plastic waste is es-

sential (Milios et al. 2018). There is a remarkable potential to recycle the plastics several 

times, if the plastic waste is processed properly (Milios et al. 2018). Ideally the waste 

stream is homogeneous, consisting of only one polymer, and it is as clean as possible, i.e. 

do not contain, or at least as little as possible, food residues or other materials (Milios et 

al. 2018). Therefore, the post-industrial plastic waste is not that hard to recycle as the 

post-consumer plastic waste since the polymer type is known in post-industrial waste, and 

the purity level of the waste is high (Ragaert et al. 2017). It is noteworthy that plastics are 

often containing additives (like coatings, colorants, ink) which might affect the waste 

processing negatively (Hahladakis and Iacovidou 2019). 

 

Today, most of the plastics are recycled through a mechanical recycling process (Ragaert 

et al. 2017). The other option is to process the plastic waste chemically. Chemical recy-

cling methods are still rather expensive, more complicated and energy intensive, and re-

quire high volumes of plastic waste to be economically viable (Ragaert et al. 2017, Rob-

ertson 2012, p. 656). However, these technologies are developing fast and there already 

exist commercial processes for the chemical recycling (Thiounn and Smith 2020). 

 

In mechanical process, the plastic waste is first sorted by plastic type (Hahladakis and 

Iacovidou 2019, Robertson 2012, p. 655). This can be done either manually or by using 

a technology to identify the plastic type (for instance near-infrared (NIR) technology) and 



25 
 

sort the plastic waste into waste streams by plastic types (Hahladakis and Iacovidou 2019, 

Robertson 2012, p. 655). The technology has its limitation though as it might falsely iden-

tify the package to be some other material than the majority of the material that the pack-

age is made of or it might not identify the package at all (currently black materials) 

(Hahladakis and Iacovidou 2019). Therefore, other methods are needed to sort the plastic 

types when mechanical processing is used (for instance, methods based on sink-float 

characteristics of different polymer types or manual sorting) (Hahladakis and Iacovidou 

2019). This increases for instance the overall use of energy and water. 

 

Due to food safety, the use of recycled plastics is not allowed for primary packages, which 

are in direct contact with food (Kaiser et al. 2018). This is to prevent the possible migra-

tion of substances from the recycled packaging material into food, thus ensuring the food 

safety (Kaiser et al. 2018, Geueke et al. 2018). If the recycled material is separated from 

the direct food contact with some other material(s), like a barrier material, it can be used 

also in the primary packages (Kaiser et al. 2018). 

 

Hahladakis and Iacovidou (2019) highlight the importance of the product design from the 

recycling perspective (see also Gallo et al. 2018). They state that the package should be 

designed in a way that it enables profitable recyclability of the package (see also Geueke 

et al. 2018). For instance, the use of multi-layered plastics, packages with various colours 

or the use of flexible plastics make the recycling of the plastics challenging, or even im-

possible (Hahladakis and Iacovidou 2019). 

 

Hopewell et al. (2009) explain that rigid packages manufactured from a single polymer 

are easier and more cost-effective to recycle than packages which are made from multi-

layered films or include several different plastic types (see also Hahladakis and Iacovidou 

2019). PET, PE and PP are mechanically recyclable, whereas PVC and PS create prob-

lems if mixed with other polymer types (Hopewell et al. 2009).  

 

On the other hand, the bio-based polymers like bio-PE and bio-PET, can be processed 

together with the fossil-fuel based polymers, either in a PE processing line or PET pro-

cessing line (Hopewell et al. 2009).  
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Biodegradable plastics most likely create problems and hamper the recycling process, if 

they are mixed with conventional, non-degradable plastics when collected (Song et al. 

2009). If the amount of biodegradable plastic waste will increase in the future, and they 

can be sorted efficiently, for instance, PLA can be recycled mechanically once or twice, 

and still it will sustain its characteristics without any major losses (Song et al. 2009, 

Hahladakis and Iacovidou 2019). So far, this has not been economically feasible (Song et 

al. 2009, Hahladakis and Iacovidou 2019). 

 

Most challenging to recycle are the multi-material packages, especially the ones contain-

ing polymer(s), paper or cardboard and aluminium (as an example: PE-cardboard-PE-

aluminium-PE used in containers of Tetra Paks® for beverages) (Tetra Pak 2020; Diop et 

al. 2017). This is due to the high cost of the separation of the different materials (Baldwin 

2009, p. 103). 

 

Eriksen and Astrup (2019) emphasised the cleanliness of waste streams. They stated that 

this could be promoted by restricting or even banning the use of multi-layered and black 

materials together with PET, PE and PP packages which create the most plastic waste 

streams in volumes and can be processed several times.  

 

Eriksen and Astrup (2019) continue that educating the consumers is important, in order 

to prevent unwanted materials from the recyclable materials (for instance removing foils 

from trays in meat packages). Additionally, the plastics from food and non-food sources 

should be set apart from each other already by consumers. They also encourage to make 

political decisions, for instance to use specific polymers for food packages only (PET, 

PP) and specific polymers for non-food packages (PE). (Eriksen and Astrup 2019) 
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4 SUSTAINABILITY IN FOOD PACKAGING AND SUSTAINA-

BLE FOOD PACKAGES 
 

To analyse the data and to evaluate the possible substitution of plastic as a packaging 

material, understanding the sustainability of the food packaging is essential. According 

to Pauer et al. (2019) a sustainable packaging is favourable through its whole lifecycle 

meaning that it is sourced (the acquirement and pre-process of raw materials), manufac-

tured, distributed (logistics) and handled in a sustainable way at the end of the lifecycle 

e.g. through reuse or recycling (see also Han et al. 2012, p. 362, Baldwin 2009, p. 112). 

This means that the use of renewable or recycled raw material is maximised, the produc-

tion processes utilise the latest technology and at the end of its life, the package is recov-

ered and utilised efficiently (Baldwin 2009, p. 112, see also Rezaei et al. 2018 and Guil-

lard et al. 2018). Costs are considered throughout the whole lifecycle (so called lifecycle 

assessments, LCAs), for instance the package is designed in a way that it optimises the 

use of materials, water and energy (Baldwin 2009, p. 112, Russell 2014).  

 

In general, the reusability and returnability of packaging materials (such as plastic cases 

used for primary and secondary packaging) reduces the energy and waste compared to 

the single-use materials and might even promote the quality retention of the food (cooling, 

homogeneous ambient temperature) (Han et al. 2012, p. 375). 

 

Recycling of food packages creates both benefits and disadvantages. Recycling saves re-

sources, reduces emissions such as CO2 emissions, enables energy savings, decreases 

solid waste and potentially supplies cheaper raw materials to be utilised for packaging 

(Baldwin 2009, p. 108). The main disadvantages are that the recovered material might be 

more expensive compared to the virgin material (as the price of the plastics is still rather 

low (United Nations Environment Programme 2017, p. 20)), the functional properties will 

decline during recycling process and the availability of the recycled material might be 

inadequate (Baldwin 2009, p. 108). Recycling also requires energy and water (Baldwin 

2009, p. 108). 

 

The sustainability of packaging can be evaluated, for instance, through the dependence 

of non-renewable resources, total use of resources, total waste generated and the energy 
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use (Baldwin 2009, p. 113). Guillard et al. (2018) state that when the next generation of 

the food packages are considered, the new generation should remarkably contribute both 

diminishing the waste created (both food waste and packaging material waste) and reduc-

ing the negative environmental impacts such as use of resources, GHG emissions and 

pollution. It is also noteworthy that if the complete lifecycle is neglected, solving one 

problem (e.g. bio-based raw material instead of the fossil-fuel based material) might cre-

ate a problem in some other part of the lifecycle, such as an increased energy use (Russell 

2014).  

 

Kauer et al. (2018) have found similar aspects and present following four key questions 

for the circular plastic economy: 

1. Source of plastics, i.e. what is the raw material of the plastic (feedstock)? 

2. How the plastics are made (the manufacturing process)? 

3. In which applications the plastic is used (functionality and performance)? 

4. How the plastic is recovered and reutilized (after-use)? 

 

Gallo et al. (2018) bring up following viewpoints to observe when sustainability of the 

packaging material is considered: 

1. Marine biodegradable polymers 

2. No competition with food production 

3. Best options to recycle (incineration creates harmful, even toxic emissions) 

4. Potential harm for nature (for instance through ingestion, microplastics). 

 

The aspect, which is often neglected, is the primary function of a food package, namely, 

to protect the food (Yam and Lee 2012, p. 4, Russell 2014, Guillard et al. 2018). If the 

package is considered to be sustainable from the environmental point of view, for instance 

due to its biodegradability, that might not be the case if it does not protect the food 

properly and is therefore rejected by the consumers (Yam and Lee 2012, p. 4, see also 

Grönman et al. 2012). This is essential to also keep in mind as this fulfils the third aspect 

of the sustainability (society) by ensuring to the consumer that the food is safe to consume 

(Yam and Lee 2012, p. 8-9, see also Guillard et al. 2018).  

 

Figure 6 introduces a simplified flow chart of the food and packaging production and the 

waste streams created during the process (modified from Han et al. 2012, p. 367). The 
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area which is highlighted in green colour is focusing on a food packaging, but as Han et 

al. (2012, p. 366) emphasise, the entire food supply chain must be considered in order to 

achieve a truly sustainable food packaging (see also Molina-Besch 2016). This includes 

also the production of the food itself. It is noteworthy that the use of energy and the costs 

should be considered during each step of the whole lifecycle of a food package (Han et 

al. 2012, p. 365-366), and recycling is a resource potential for package manufacturing 

(dotted line). 

 
Figure 6. A flow chart (simplified) of food packaging system including food and packaging waste 

production (modified from Han et al. 2012, p. 367). 

 

Still in most cases the LCA is done for the package only, focusing to analyse the direct 

impact of the packaging material from cradle-to-grave, often in order to minimise partic-

ularly the amount of packaging material used (Molina-Besch 2016). Yet, both the direct 

environmental (the impact of the packaging material) and the indirect environmental (the 

influence on the lifecycle of the food itself through e.g. food waste and efficiency of the 

logistics) are necessary to consider when creating the LCAs for food packaging (Molina-

Besch 2016). 

 

Norton et al. (2013, p. 343) introduce the four principles of a sustainable packaging: Ef-

fective, Efficient, Cycling, and Safe (Figure 7) (see also Han et al. 2012, p. 366-368). 
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Effective (Society) means that the packaging provides added value to the society by pro-

tecting food through the whole supply chain. It also enables responsible consumption by 

reducing product waste and preventing over-packaging. Efficient (Packaging system) 

means that the package is designed in a way that it enables the efficient material and 

energy use throughout the product lifecycle. The design improves the ratio of a product 

and package, efficiency in logistics, material use as well as in energy and water use. It 

adds the use of recycled materials and reduces waste to the landfill. Cyclic (Packaging 

materials) is tightly related to the concepts of returnable, reusable, and recyclable and 

biodegradable packaging materials. Safe (Packaging component) emphasizes the safety 

of the packaging that any of its components do not create any risk to the human health or 

ecosystems. A sustainable package reduces emissions (airborne, waterborne, greenhouse 

gas) and toxicity as well as impacts of littering. (Norton et al. 2013, p. 343.) 

 

 
Figure 7. Four principles and levels of a sustainable packaging (modified from Norton et al. 2013, 

p. 344). 

 

For each principle, Norton et al. (2013, p. 345-347) give also key performance indicators. 

For Effective, those include functionality of the package and its each component as well 

as the social and economic benefits of a packaging system. For Efficient, there are key 

indicators such as total weight of material used, weight ratio of a package and product, 

Effective
(Society)

Efficient 
(Packaging 

system)

Cyclic
(Packaging 

material)

Safe 
(Packaging 
component)
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energy consumed during the lifecycle of a package and various food waste indicators. For 

Cyclic, the indicators relate to the collection and reprocessing of the package waste, re-

usability and recyclability rates, percentage of recycled material or material made from 

renewable source used in a package and number of separable components. Safe includes 

lists of items related to non-pollution and non-toxic materials. These are related to the 

heavy metal-based additives, possible health or environmental risks of a package but also 

which transportation method has been used in various phases of the lifecycle of a package. 

(Norton et al. 2013, p. 345-347.) 

 

From each of the above-mentioned principles and key indicators can be found those that 

are especially interesting for this thesis work. Indicators such as total weight of material 

used, weight ratio of a package and product, use of materials from renewable source (es-

pecially biodegradable plastics), use of reusable materials, and use of materials that might 

create a possible health or environmental risk are among those.  

 

The possibilities to substitute the most harmful materials by more sustainable materials 

is evaluated by analysing the total packaging material use in weight, followed by deeper 

analysis of the primary packaging material (weight in grams, materials used, amount of 

plastic used etc.). The substitution potential might include aspects such as reduction of 

the material, reuse of packages, replacement, or recycling of the material.  

 

In Figure 8 presents a flow chart, which introduces criteria for substitution to prevent 

littering. These criteria are called as indicators for substitution. The substitution should 

be started from the most harmful materials that are indicated here with “Replace” and 

“Consider replacing”. The packaging material should not be considered alone, therefore, 

there are additional indicators to take into consideration. Additional indicators include 

product groups which create most of the packaging material (in weight, or they are sold 

in large quantities) and therefore cause an increased possibility for littering. The product 

groups might also include harmful materials which cannot be recycled or incinerated, or 

the product group is affected by the single-use plastics (SUP) directive. Depending on the 

aspect and the driver of the substitution, the flow chart can be varied. Here is taken the 

littering point of view as a driver for substitution. 
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Flow chart – why substitute? 

 
* Additional factors for substitution: 

 
Figure 8. Flow chart of indicators for substitution to prevent littering.  
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5 MATERIAL AND METHODS 
 

5.1 General 

 

The product data used in the research were obtained from the Synkka service system 

managed by the GS1 (Global Standards 1). The data was provided by the VTT Technical 

Research Centre of Finland Ltd., which is a commissioner of this thesis. This thesis is 

performed as a part of the Package-Heroes research project (2019-2023), which is a re-

search project funded by the Strategic Research Council functioning under the Academy 

of Finland (Package Heroes 2020). 

 

GS1 is an international standards organisation. It manages the GTIN (Global Trade Item 

Number) system, which identifies companies and their products and services by using 

EAN or other barcodes (GS1 2020b). Synkka solution, provided by GS1, enables that the 

up-to-date trade product information is available (GS1 2020d). The product data from 

GS1 Synkka service (downloaded on December 2019) form the basis of the packaging 

material atlas of the single items sold in the Finnish supermarkets (Figure 9).  

 

Additionally, the sales share (%) of the total sales volume (in euros) for each product 

group used for the analysis was obtained from the recent statistics of the Finnish Grocery 

Trade Association (PTY) for Quarter 1, 2020 (Finnish Grocery Trade Association 2020). 

The product categories in PTY data occasionally differ from product categories used in 

the GS1 data, therefore, product categories that do not include sales volume data are 

marked “N/A”. 

 

Synkka service operates globally according to the international product information 

standard, and it provides consistent product information of the goods sold in the super-

markets (GS1 2020d). As the data include all the product related information of a single 

item sold, part of the data which was not found relevant for this survey were left out, and 

only the packaging related data (for instance materials used, weight in grams) were ana-

lysed together with the product specific basic information. The data does not contain 

packaging details of the food sold through service counters or data about the food packed 

for consumers in the supermarkets (e.g., meat, and bakery products). However, the 
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packaging materials of the food items delivered for further processing at the supermarket 

(for instance sold through service counters) are included in the data. 

 

As a limitation of the data, it is known that as the data are fed in by people with varying 

knowledge of packaging materials, so there might be inconsistency for instance in poly-

mer types, if not identified correctly. Therefore, the data of the packaging material type 

are partly analysed as plastic only, and not by polymer type. In addition, the structure of 

the multi-layered packaging materials is not known based on the product data provided 

by GS1 and those might be included under various packaging material codes.  

 

In more detailed analysis, such as analysis of the prevailing material types for each prod-

uct group, the polymer type is also used. It is fairly well-known which polymer types are 

used for specific food packages and therefore the possible inconsistencies can be better 

detected. 

 

Despite the limitations, the data set is large (over 56 000 rows), therefore, the validity and 

reliability of this study is expected to be in a satisfactory level. 

 

5.2 Data handling 

 

For the data analysis, a packaging material atlas of the single items sold in Finnish super-

markets was created; the atlas forms the core of this thesis (Figure 9). The product data 

provided by the GS1 is partly supported by the share (%) of sales volume figures obtained 

from the PTY (Q1/2020). The sales volume figures are given in euros only, i.e. no figures 

of sold units in number of pieces were available. Therefore, the total amount of packaging 

material waste created by the various product categories cannot be determined as it would 

require more specific sales volume data in number of pieces for the single items sold in 

the supermarkets. Nevertheless, this study gives an indication of which product categories 

there is a potential for substitution. 
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Figure 9. Flow chart of the data processing and creating the packaging material atlas of single 

items sold in the Finnish supermarkets. 

 

The data were first processed in Excel by utilising some parameters (Ingredients [Ingre-

dientStatement] and Trade item type [TradeItemTradeChannelCode]) to remove all the 

non-food data (e.g. tobacco, magazines, toiletries, cosmetics, detergents) (Figure 10). Pet 
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food was also left out from this survey. Only mild alcoholic beverages (such as beer, 

cider, and long drink) were included in the survey. For product group Wines it would not 

have been possible to identify which wines are sold in supermarkets and which ones are 

sold only in the special liquor stores. Displays, often considered as a secondary packag-

ing, and other tightly food related items are included in the data (for instance dispensers 

for candies).  

 

Rows without any ‘Ingredients’ [IngredientStatement[0]] data are most likely non-food 

and ‘GROCERY’ category refers to food; these columns were used when filtering the 

data (see Figure 10). 
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Before removing any data, the rows were double-checked to ensure that only non-food 

data was removed as for instance the secondary or tertiary packaging did not include the 

‘Ingredients’ data but are an essential part of the food package and therefore included in 

the analysed data. The correct categorisation was double-checked through the name of 

the manufacturer [Information Provider Party Name] (Figure 10). 

 

The data were categorised according to the given product groups [GPC Category Name] 

(altogether 44 product groups) (Figure 10). Therefore, the blank cells of the categorisation 

were filled in. Only around 25% of the cells were filled in by the information providers, 

others were blank (approximately 42 000 cells). Therefore, the categorisation was mainly 

done by the data analyser, based on her best understanding by comparing similar products 

and how they are categorised, and by using Google Search to look for more information 

about specific products.  

 

When going through the data, some inconsistencies were found in how the categorisation 

was done i.e. similar type of products had been categorised in several product groups. 

The inconsistency was corrected by the data analyser if it was noticed and it was clear in 

which group the specific row(s) should have been included.  

 

Also, some numbers related to the volume of the packaging materials have been corrected, 

for instance very high or very low figures (such as 0.001 and over 10 000 grams). These 

were double-checked and corrected by comparing similar products and/or weight data 

([TradeItemMeasurements] fields, see Figure 10). It also seems that in some cases the 

food weight was included in the packaging material weight (counted from the net weight 

(i.e. food weight excluding the weight of all packaging materials) versus gross weight 

(i.e. food weight including the weight of packaging materials) (GS1 2020a)). The figures 

have been corrected if it is clear, what the correct figure should be. Otherwise, those have 

been left unaltered. In addition, some clear typing errors were detected.  

 

All weight data were analysed in grams (Packaging (xx) fields, Figure 10). Therefore, if 

the given value in the data were in kilograms [KGM] or in milligrams [MGM], the value 

has been changed into grams [GRM]. In few rows a term [H87] was used for weight data 

instead of grams. This term could not be identified in grams and therefore it was left 

unaltered. Either this term [H87] was used due to a typing error or it could mean number 
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of pieces as indicated in the Synkka instructions (GS1 2020c). The possible error is not 

significant though as the amount of these data rows is very small (less than 10 rows) and 

the values are in line with other values, i.e., the values do not significantly differ (very 

high or very low) from the other given values. 

 

The numbers in the analysis are counted in a way that in the secondary packaging is in-

cluded all data identified as [Case], [Display_shipper] and in few product groups also 

[Pack_or_inner_pack] in [Trade Item Unit Descriptor Code] column (Figure 10). The pri-

mary packaging data include all the items marked under [Base_unit_or_each] in the 

equivalent column. Tertiary packaging form the rest of the items. The tertiary packaging 

figures were also double-checked by counting the values of the items marked under [Pal-

let]. Partly tertiary packaging material has been falsely categorised under other packaging 

types, mainly secondary. If the false categorisation was evident (the packaging material 

was a wooden pallet (weight data combined with code PX) with wrapping film (code 

STR/SW)), those figures were corrected under tertiary packaging.  

 

Part of the data handling was to prepare the data for the further analysis. For instance, the 

number of items per material type is counted based on prevailing (primary) material 

method. Many of the items include several types of packaging materials, for instance the 

cap or lid might be made from different material than the container itself. These are in 

most cases listed in separate columns in the data (Figure 10, Columns [Packaging (xx)]). 

When listing the TOP3 material for each product group or calculating the number of items 

by packaging materials, the prevailing materials of each item are counted. If there exist a 

same amount of specific packaging material, both are included in the numbers.  

 

Polymer types marked as [PLASTIC_BIO_PLASTIC and [POLYMER_PLA] are cate-

gorised under the category “Biobased polymer”. In the further analysis material groups 

(see Appendix 5) are also used. Polymers / plastics include all the polymer and plastic 

types. Glass include all glass materials (both bright and coloured) and metals all metal 

type materials (aluminium, steel, stainless steel, tin, iron, other, brass, and metal compo-

site). Paper includes also corrugated and cardboard types ([PAPER_PAPER], [PA-

PER_PAPERBOARD], [PAPER_CORRUGATED], [PAPER_OTHER]). Corrugated on 

the other hand includes various types of cardboard ([CORRU-

GATED_BOARD_OTHER], [CORRUGATED_BOARD_SINGLE_WALL], 
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[CORRUGATED_BOARD_DOUBLE_WALL]). Composite and Laminated carton are 

so called single categories. Reusable materials were identified both by fields such as 

[PackagingTypeCode] (especially codes AA, CR (partly), CS (partly), PU/PUG (partly), 

PX, RK and ZU, which indicate the use of reusable materials such as boxes, cases, racks 

and pallets) and by [PackagingMaterialTypeCode] where materials such as composite, 

various plastic/polymers, metals and wood were checked. Also, the weight and measures 

were partly used for identification (Figure 10, [TradeItemMeasurements] fields). 

 

5.3 Data analysis 

 

After completing the atlas, various variables were explored. In order to analyse the pack-

aging material data of single items, both the material type and weight must be given. If 

either was missing, that part of the data was omitted from the analysis. This applies to 

few cells only. 

 

The weight comparisons of various packaging materials across product groups were ex-

amined by statistically analysing the packaging material weights for each product group. 

The weight of different packaging materials or material groups (plastic/polymers, com-

posite, glass, metals, laminated carton, corrugated and paper) were further analysed by 

number of single items by product groups. The priority was in the primary packaging 

materials. These analyses answer to Research question 1 and provide weight and material 

information to be processed further to answer the Research question 2. The analysis of 

the share of plastics and examples of average weight of the primary packaging materials 

answer especially to Research question 1 providing deeper analysis of the packaging ma-

terials. Additionally, the analysis quantified the ratio between the primary packaging ma-

terial and food, calculated from the net and gross weight values. The ratio helps to identify 

the possible littering potential (Research question 2) together with the additional infor-

mation of the sales volumes in retail provided by the PTY and the weight and material 

data by product group. 
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6 RESULTS 
 

6.1 General results of packaging materials used for all packaging levels 

 

There are significant differences in all packaging categories (Figures 11, 12, and 13, see 

also Appendix 2 for more detailed analysis) between the product groups (total 44). The 

average weight of packaging materials used, and the division between the primary, sec-

ondary and tertiary packaging varies depending on the product group.  

 

The primary packaging material used is analysed more deeply in the following chapters 

but in general can already be seen that the average weight values vary a lot (Figure 11). 

Product categories such as Fish unprepared, Jams, sweet spreads, honey, and syrups, 

Alcoholic beverages (mild), Fish prepared/processed, and Fats and oils each use on av-

erage over 150 g of primary packaging material, when single items by product group are 

counted. 

 

 
Figure 11. Primary packaging material used, average weight in grams. Note: The values include 

only single items of food packages within each product group, i.e. these values do not indicate 

total amount of packaging materials used as it would require sales volume data in number of 

pieces (not available). 
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For the secondary packaging material used (average values in grams) most of the pack-

aging material used is for product groups Fruit and vegetable juices/drinks, Chocolate 

(confectionary), Processed meat, Sausages, Unprocessed meat, and Milk and cream 

products & substitutes (Figure 12). In these product groups each use on average over 1 

500 g of secondary packaging material, when single items by product group are counted.  

 

 
Figure 12. Secondary packaging material used, average weight in grams. Note: The values in-

clude only single items of food packages within each product group, i.e. these values do not 

indicate total amount of packaging materials used as it would require sales volume data in number 

of pieces (not available). 

 

The highest amount of packaging material in total (average values in grams) is used for 

product groups Packaged water, Spices, baking/cooking additives, Desserts, and 

Ketchup, mustard, and other sauces, when the average weight of total packaging material 

used is counted. These are followed by Meals/products (not ready to eat), Jams, sweet 

spreads, honey, and syrups, Flavoured drinks (ready to drink), and Biscuits (Figure 13). 

All these product groups use on average over 6 000 g of packaging material each, when 

single items by product group are counted. 
 

 



43 
 

 
Figure 13. All packaging material used, average weight in grams. Note: The values include only 

single items of food packages within each product group, i.e. these values do not indicate total 

amount of packaging materials used as it would require sales volume data in number of pieces 

(not available). 

 

Partly in the primary, secondary and total packaging material figures are included reusa-

ble packaging materials / containers such as, pallets, warehouse trolleys, so called “Trans-

boxes” or similar type of boxes for transport of for instance meat, fish, or bakery products 

(see Chapter 5.2 for further clarification). This applies for the majority of the product 

groups (Appendix 2). Reusable boxes are made from polymers such as HDPE and PS and 

can be reused several times. The use of the reusable material can be significant in specific 

product groups (Figure 14). It is noteworthy, that the reusable packages in most cases 

contain several single items, for instance primary packages. Also, the reusable packaging 

materials, such as pallets, might contain items from several product groups. 

 

Around 30% of the product groups (13/44) include bio-based polymers whereas over 70 

per cent (32/44) included polyvinyl chloride (PVC) and/or polystyrene (PS) as packaging 

material (Appendix 2). Especially PVC, PS, and expanded polystyrene (EPS) should be 

replaced with more sustainable solutions, and EPS is listed by the SUP directive as a 

packaging material which should be restricted and not used for single-use food and bev-

erage packages (Ellen MacArthur Foundation 2017, p. 37, EUR-Lex 2019).  
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Note: In some product groups such as Eggs and egg products all reusable pallets cannot be identified from non-reusable ones. 

 

Figure 14. The average weight of total packaging material used (in grams) by reusable material 

included and by reusable material excluded. Note: The values include only single items of food 

packages within each product group, i.e. these values do not indicate total amount of packaging 

materials used as it would require sales volume data in number of pieces (not available). 
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6.2 General results of the primary packaging 

 

The further analysis concentrates on primary packaging, which is used and disposed by 

the consumers, either by recycling, or through littering.  

 

The size of the product groups counted as the number of items (n) in each group varies 

from 67 to 1 653 (Appendix 3). Product groups such as Alcoholic beverages (mild), Can-

dies (sugar), Chocolate (confectionary), Cheese & cheese substitutes, Meals/products 

(ready to eat), Processed meat, and Unprocessed meat include over 1 000 items each.  

 

The highest numbers in average grams of the packaging material weight (Figure 15, see 

also Appendix 3) can be found for product groups Fish unprepared (353 g), Jams, sweet 

spreads, honey and syrups (230 g), Alcoholic beverages (mild) (180 g), Fish pre-

pared/processed (162 g), and Fats and oils (158 g) when reusables are included. The 

smallest numbers in average grams of the packaging material weight are in Snack prod-

ucts (14 g), Nuts and seeds (16 g), Sausages (19 g), Grains and pasta (22 g), and Fruits 

and vegetables (fresh) (24 g) (reusables included). When reusable materials (e.g., Trans-

boxes and similar) are excluded, the product group Jams, sweet spreads, honey, and syr-

ups (230 g) is followed by Alcoholic beverages (mild) (180 g), Fish unprepared (161 g), 

Fats and oils (158 g), and Sauces (ready-made) (149 g). 

 

The average grams vary within the product group though, and the average grams can be 

significantly smaller for those product groups that use a significant amount of reusable 

materials as a primary packaging material (Figure 15, see also Appendix 3). This can be 

especially noted in product groups Fish unprepared and Pies, pastries (sweet). Addition-

ally, the median weight might vary from the average weight (see Appendix 3). The vari-

ation in the sizes of the food packages (single vs. family pack) and the variation in the 

food packaging material type have an influence on the average and median values. 
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Figure 15. Average weight in grams of the primary packaging materials, both including and ex-

cluding reusables. Note: The values include only single items of food packages within each prod-

uct group, i.e. these values do not indicate total amount of packaging materials used as it would 

require sales volume data in number of pieces (not available). 
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It can be generally seen that even though there are several product groups (13/44) which 

include biobased polymers as a packaging material, the amount is still very low (less than 

one (1) per cent in almost all categories, the only exception is Nuts and seeds (1.1%)) 

(Appendix 3). The share of the PVC / PS is in some product categories rather high, in 

Yoghurts and other dairy products (drinkable) 7.1%, in Nuts and seeds 6.5% and in Des-

serts 4.3%. For Seafood, Fish unprepared, and Fish prepared/processed PS is used for 

transportation boxes, which can be reused for a certain period. 
 

The sales share in percentage from the total sales volume in euros indicates the most sold 

items in the Finnish retail business with a certain period of time (Q1/2020). The highest 

share (%) in sales volume (€) is for product groups Alcoholic beverages (mild), Cheese 

and cheese substitutes, Processed meat, Sausages, Meals/products (ready to eat), 

Meals/products (not ready to eat), and Fruits/vegetables (fresh) with a sales volume over 

4% (Table 1). Also, for product groups Bread, Pies, pastries (sweet), Biscuits, and Cakes, 

the sales volume is rather high (between 3 to 4%). 

 

The further analysis show that the average weight figures vary within the product groups 

(Figure 16). In some product groups, like Fish unprepared, Alcoholic beverages (mild), 

Fats and oils, Fruits and vegetables (preserved), and Fruits and vegetables (frozen) the 

variation is higher than for the other product groups. Additionally, there exist some single 

higher values. These might indicate possible reporting errors, but also exceptional pack-

aging materials/sizes, such as large buckets, or barrels, wooden chest for confectionary, 

or reusable materials (Transboxes, or similar). 
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Various packaging materials are very different, especially when weight is considered (Ta-

ble 1, Column TOP3 materials, weight in grams and number of items). Plastic has a low 

density (mass per unit of volume) whereas glass has a high density (Taulukot.com 2020). 

Therefore, for the complete comparability of the data, also the number of items must be 

known. With the same weight of packaging material in grams, the difference between e.g. 

glass and plastic is significant when number of items packed is considered (see Table 1, 

Flavoured drinks (ready to drink) where the number of glass items and plastic items is 

almost the same but the weight difference is almost tenfold). Also, the total weight of 

primary packaging in grams is higher when glass is used as a prevailing primary packag-

ing material compared for instance to paper or plastic packages. 

 

The product groups which have the highest figures for average weight in grams (Table 1, 

Column Total weight (grams) without reusables) include a significant amount (in grams) 

of glass as prevailing packaging material for primary packages. Product group Fish un-

prepared is an exception, as it uses mostly plastic, paper, or cardboard as a prevailing 

packaging material. In this product category it is not always clear, if the package is reus-

able or not. This applies especially the plastic containers (barrels, buckets).  

 

In some cases, the number of items might be the same, yet the weight in grams might 

differ significantly. Such product groups are Alcoholic beverages (mild) (glass versus al-

uminium; the share in grams over 90% to 5%, but in number of items 61% to 36%) and 

Flavoured drinks (ready to drink) (glass versus PET; the share in grams close to 85% to 

8%, but in number of items 35% to 32%). Interestingly for Fish prepared/processed the 

figures are reverse (paper corrugated versus glass; the share in grams 33% to 16%, but in 

number of items exactly the same 11%). Partly this is due to the use of more heavier 

packaging materials for frozen food (for instance use of cardboard instead of plastic), or 

the food package contains bigger portions of food. 

 
Table 1. Summary of the TOP3 primary packaging materials by weight (reported as a share in 

percentages of total weight) according to product groups. Sorted by sales share (highest first). 

Product group 
Sales share 
(%) of the to-
tal sales vol-
ume in euros 

Average 
grams 1) 

TOP3 materials, weight in grams 
(number of items) 1) 

TOP3 materials, 
share in % (of total 

weight g) 1) 

Alcoholic beverages (mild) 
1.22 29)  
0.58 30)  
5.89 31) 

180 

1. Glass (541) 1. 66% 

2. Glass coloured (200) 2. 25% 

3. Metal aluminium (443) 3. 5% 
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Cheese & cheese substitutes 4.98 35 

1. Wood other (163) 1. 29% 

2. Paper corrugated (70) 2. 21% 

3. Plastic other (349) 3. 16% 

Processed meat 4.77 21)  
1.44 22) 32 

1. Plastic other (748) 1. 32% 

2. PP (247) 2. 22% 

3. LDPE (256) 3. 10% 

Sausages 4.77 21) 19 

1. Plastic other (493)          1. 34% 

2. PP (97)                   2. 22% 

3. LDPE (186)    3. 13% 

Meals/products (ready to eat) 4.65 17) 46 

1. Paper paperboard (73) 1. 15% 

2. PP (309) 2. 15% 

3. PET (163) 3. 14% 

Meals/products (not ready to 
eat) 4.65 17) 39 

1. Plastic other (50) 1. 14% 

2. PET (17) 2. 13% 

3. Metal tin (14) 3. 12% 

Fruits and vegetables (fresh) 
3.77 13)       
4.30 14)   
0.92 35) 

24 

1. HDPE (35) 1. 42% 

2. Other (29) 2. 18% 

3. LDPE (17) 3. 16% 

Bread 3.83 4) 21 

1. Paper corrugated (26) 1. 25% 

2. Corrugated board single wall (9) 2. 15% 

3. Paper paperboard (63) 3. 10% 

Biscuits 3.18 3) 31 

1. Plastic other (151) 1. 27% 

2. Paper paperboard (99) 2. 14% 

3. Paper corrugated (63) 3. 14% 

Cakes 3.18 3) 63 

1. Paper paperboard (54) 1. 25% 

2. PET (97) 2. 19% 

3. Paper corrugated (58) 3. 17% 

Pies, pastries (sweet) 3.18 3) 29 

1. Paper corrugated (28) 1. 30% 

2. Paper paperboard (82) 2. 13% 

3. PET (62) 3. 9% 

Milk and cream products & 
substitutes 

2.66 18)  
2.86 19) 45 

1. Laminated carton (238) 1. 26% 

2. Paper corrugated (29) 2. 19% 

3. Wood other (10) 3. 14% 

Flavoured drinks (ready to 
drink) 2.74 32) 124 

1. Glass (189) 1. 78% 

2. PET (185) 2. 8% 

3. Glass coloured (15) 3. 6% 

Energy and sports drinks 2.74 32) 42 

1. PET (110) 1. 30% 

2. HDPE (50) 2. 22% 

3. Metal aluminium (111) 3. 11% 

Candies (sugar) 2.39 46 

1. PP (343) 1. 31% 

2. Corrugated board single wall (57) 2. 22% 

3. Plastic other (350) 3. 17% 

Unprocessed meat 
1.69 25)  
0.70 26)  
0.14 27) 
2.23 28) 

37 

1. Plastic other (573)          1. 32% 

2. PP (453) 2. 26% 

3. LDPE (180) 3. 9% 

Pies, pastries, pizza 1.87 68 

1. Paper corrugated (71) 1. 38% 

2. Paper paperboard (44) 2. 19% 

3. Corrugated board other (10) 3. 14% 

Yoghurts and other dairy 
products (drinkable) 1.87 29 

1. Laminated carton (159) 1. 18% 

2. PP (192) 2. 17% 

3. Glass (19) 3. 13% 

Fruit and vegetable 
juices/drinks 1.83 102 

1. Glass (202) 1. 71% 

2. PET (173) 2. 11% 

3. Laminated carton (108) 3. 4% 

Coffee and tea 1.77 5)  
0.22 6) 51 

1. Glass (45) 1. 34% 

2. Paper paperboard (163) 2. 19% 

3. Paper paper (26) 3. 7% 
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Fats and oils 1.75 158 

1. Glass (111) 1. 63% 

2. Glass coloured (25) 2. 17% 

3. Paper corrugated (14) 3. 3% 

Chocolate (confectionery) 1.64 66 

1. Paper paperboard (347) 1. 25% 

2. Wood other (1) 2. 22% 

3. Plastic other (256) 3. 12% 

Fish unprepared 1.36 34) 161 

1. Plastic other (43) 1. 25% 

2. Paper corrugated (36) 2. 17% 

3. Laminated carton (27) 3. 14% 

Sauces (ready-made) 1.09 149 

1. Glass (58) 1. 95% 

2. Plastic other (7) 2. 1% 

3. PP 6) 3. 1% 

Nuts and seeds 1.06 36) 16 

1. Glass (7) 1. 21% 

2. Plastic other (99) 2. 15% 

3. Paper corrugated (9) 3. 15% 

Ice cream 1.01 33 

1. Plastic other (77) 1. 20% 

2. Paper paperboard (127) 2. 18% 

3. PP (59) 3. 17% 

Fruits and vegetables (pre-
served) 

0.59 13)  
0.99 14) 108 

1. Glass (322) 1. 68% 

2. Metal aluminium (55) 2. 5% 

3. Metal other (47) 3. 4% 

Grains and pasta 0.22 15)  
0.95 16) 22 

1. Paper paperboard (123) 1. 40% 

2. Plastic other (129) 2. 18% 

3. Paper corrugated (23) 3. 16% 

Fish prepared/processed 
0.69 7)       
0.93 8)    
0.29 33) 

107 

1. Paper corrugated (84) 1. 33% 

2. Glass (84) 2. 16% 

3. PP (133) 3. 10% 

Nutritional supplements and 
dietary aids 0.93 20) 55 

1. Glass coloured (49) 1. 30% 

2. Glass (55) 2. 25% 

3. Plastic other (79) 3. 9% 

Fruits and vegetables (frozen) 
0.47 13)       
0.45 14)   
0.92 35) 

86 

1. Paper corrugated (44) 1. 67% 

2. PE (16) 2. 9% 

3. Corrugated board single wall (3) 3. 6% 

Packaged water 0.77 61 

1. Glass (12) 1. 55% 

2. PET (75) 2. 39% 

3. Metal aluminium (13) 3. 3% 

Eggs and egg products 0.76 127 

1. Corrugated board other (6) 1. 33% 

2. Paper paper (13) 2. 26% 

3. Fibre other (41) 3. 20% 

Spices, baking/cooking addi-
tives 0.62 50 

1. Glass (99) 1. 38% 

2. PET (121) 2. 15% 

3. Plastic other (169) 3. 10% 

Snack products 0.58 24) 14 

1. PP (250) 1. 19% 

2. Glass (8) 2. 17% 

3. Paper corrugated (14) 3. 12% 

Cereal products 0.47 36 

1. Paper paperboard (194) 1. 60% 

2. Paper corrugated (47) 2. 16% 

3. Paper paper (20) 3. 5% 

Flour, sugar, cocoa, flakes 
0.45 9)  
0.14 10)  
0.11 11)  
0.23 12) 

38 

1. Paper paperboard (132) 1. 31% 

2. Paper other (15) 2. 20% 

3. Paper paper (77) 3. 13% 

Baby/infant food 0.45 55 

1. Glass (163) 1. 65% 

2. Paper paperboard (34) 2. 5% 

3. Paper corrugated (20) 3. 5% 

Jams, sweet spreads, honey, 
syrups 0.43 230 

1. Glass (256) 1. 53% 

2. Wood other (17) 2) 2. 21% 

3. PP (40) 3. 20% 
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Seafood 23) 104 

1. Paper corrugated (17) 1. 40% 

2. HDPE (52) 2. 15% 

3. PP (16) 3. 8% 

Ketchup, mustard, mayon-
naise and other sauces/dress-
ings 

N/A 109 

1. Glass (225) 1. 53% 

2. Plastic other (115) 2. 9% 

3. Paper corrugated (19) 3. 8% 

Flavoured drinks (not ready to 
drink) N/A 59 

1. Glass (14) 1. 44% 

2. PET (44) 2. 44% 

3. Paper paperboard (7) 3. 6% 

Desserts N/A 34 

1. Glass (6) 1. 24% 

2. Paper corrugated (3) 2. 17% 

3. PP (38) 3. 12% 

Baking/cooking mixes (dry) N/A 25 

1. Composite (83) 1. 37% 

2. HDPE (7) 2. 15% 

3. LDPE (21) 3. 9%      
1) Excl. reusables. Reusables = Transboxes or similar used e.g. for meat, fish and bakery products (codes such as AA, ZU, CS, see 
Chapter 5.2 for further definitions). 
2) Part of primary packaging, unclear if pallet or something else. 

 

3) “Other bakery products” combined category including biscuits, sweet pies and pastries as well as dried bread. 
4) Excluding dry bread. 

    
5) Coffee 

    
6) Tea 

    
7) Dried, smoked or salted fish (incl. seafood) 

   
8) Other prepared fish (incl. seafood) 

   
9) Flour and grains 

    
10) Sugar 

    
11) Cocoa 

    
12) Other cereal products 

    
13) Fruits 

    
14) Vegetables (excl. potatoes) 

   
15) Rice 

    
16) Pasta products incl. couscous 

   
17) All ready-made meals included. 

   
18) Milk 

    
19) Other milk products 

    
20)  Incl. tobacco substitutes 

   
21) Dried, salted or smoked meat, sausages 

   
22) Other meat products 

    
23) Combined figures together with fish and fish products 

  
24) Potato chips 

    
25) Beef and veal 

    
26) Pork 

    
27) Mutton and other meat incl. organs 

   
28) Poultry 

    
29) Alcoholic soft drinks and wine-based drinks 

   
30) Berry and fruit wines (incl. cider) 

   
31) Beer 

    
32) Combined figures for soft and energy drinks 

   
33) Frozen fish and fresh and frozen seafood 

   
34) Fresh fish 

    
35) Potatoes (combined figure) 

   
36) Incl. dried fruits and berries 

   

Note: The number of items is counted based on the prevailing packaging material of each material type, i.e. the packaging material 
which comprises the highest amount of total material used per single item is counted. If an equal amount of different packaging mate-
rial types is used, all are included in figures of number of items. The weight (in grams) is counted from the total weight of the specific 
packaging material used in the product group. 
Note: The values include only single items of food packages within each product group, i.e. these values do not indicate total amount 
of packaging materials used as it would require sales volume data in number of pieces (not available). 
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A more thorough analysis by each product group can be found from the Appendix 4. It 

includes also a short description of the product types that are included in each group. 

 

6.2.1 Share of plastics in primary packaging items 

 

According to the data, when counted in number of items, there exists also packages in 

each product category that do not include any plastic (Figure 17). But it also shows the 

division between close to plastic-free product categories vs. product categories with high 

amount of plastic used. The lowest plastic share, both in number of items and in weight, 

is in the product category Alcoholic beverages (mild). Other relatively low plastic figures 

are in the product categories Eggs and egg products and Sauces (ready-made). 

 

On the contrary, product categories such as Sausages, Fruits and vegetables (fresh), Un-

processed meat, and Processed meat are mainly packed in the packages that contain 

mostly plastic / polymers (Figure 17). The share of plastic is over 75% when counted by 

weight (in grams). In product categories Unprocessed meat, Sausages, and Processed 

meat the number of totally plastic-free packages is rather small (less than 10 per cent) 

(Figure 17), and plastic is widely used at least as a part of the package. Often it is utilised 

as a prevailing material. 
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* Counted as number of items, including packages where the package composes of plastic as a majority of packaging material. 
Note: Reusable packages excluded. 
Note: Materials such as laminated carton might include polymers in small amounts (counted as fibre-based material in all figures). The 
structure of "Other" and “Composite” is not known. 
Note: The values include only single items of food packages within each product group, i.e. these values do not indicate total amount 
of packaging materials used as it would require sales volume data in number of pieces (not available). 
  

Figure 17. The share of packages in percentages including plastic as a packaging material, both 

in weight (grams) and number of items. 
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6.2.2 Examples of the average weights of the primary packaging materials by product 

groups 

 

There are distinct differences between the weights of the various packaging materials (see 

Appendix 5 for detailed analysis). Additionally, there are differences within the material 

types, which shows that there are lighter and heavier materials even between the similar 

material types.  

 

Polymers / plastics are generally light materials with low density. Glass on the other hand 

is heavy material (high density). Its average weight in grams is always at least 100 grams 

in the product groups (Appendix 5). Metals, corrugated and paper have a lot of variation 

in their average weights. The same applies also to composite and laminated carton to 

some extent. The weight difference is partly affected by the variation of the package size. 

 

It is noteworthy that even if the average weight is rather small, the total weight of the 

packaging material might be high due to a high number (n) of the items packed in a spe-

cific material. For instance, various types of meat products (Unprocessed meat, Processed 

meat, Sausages) have a rather low average weight of polymers / plastic (from 16 to 28 

grams), but the number of items is high (n from 918 to 1 452) (Appendix 5).  

 

The results show that glass is still prevailing material in certain product groups, that use 

bottles and jars (Appendix 5). These product groups are for instance beverages, various 

types of sauces / dressings, jams, fats and oils, spices and baking/cooking additives, nu-

tritional supplements, baby food, and preserved fruits and vegetables. Metals is still 

widely used for cans and include product groups such as beverages, preserved fruits and 

vegetables, and processed meat. Laminated carton is widely used for milk and cream 

products, yoghurts, and fruit and vegetable juices. Paper and cardboard are used for dry 

goods (such as grains, pasta, cereals flours, bread, biscuits, chocolate). Plastics and vari-

ous types of polymers on the other hand are used all categories to some extent.  

 

6.2.3 Overview of the primary packaging material vs food -ratio 

 

The ratio of the primary packaging material varies by product group significantly (see 

Appendix 6). Two ratios have been analysed. The ratio of the net weight to gross weight 
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(if the value is 1, no packaging material has been used). The other value is showing the 

ratio of the package weight to net (food) weight in percentages (the higher percentage, 

the higher share of packaging material is used).  

 

Product groups such as Sauces (ready-made), Alcoholic beverages (mild), and Jams, 

honey, syrup and other sauces show very high median values for the share of the package 

weight to net weight (over 55%) (Figure 18, see also Appendix 6). The average and me-

dian values might differ significantly though, and product groups such as Spices bak-

ing/cooking additives, Nutritional supplements and dietary aids as well as Coffee and tea 

have values 70% or higher. This can be explained by a notable division of the packaging 

material into heavier (i.e. glass) and lighter (i.e. paper and plastics) packaging materials.  

 

Product groups Fruits and vegetables (frozen), Bread, Unprocessed meat, Sausages, Milk 

& cream products & substitutes, Nuts and seeds, and Grains and pasta have low median 

values for the share of the packaging material weight from the net weight (4% or less). 

Again, the average and median values might be significantly different within the product 

group. These product groups use more often plastics, paper-based material, or laminated 

carton as a prevailing packaging material. 

 

If the minimum (Appendix 6, Column Min ratio or share) or maximum (Appendix 6, 

Column Max ratio or share) values vary a lot, it indicates that there are different material 

types used for packaging within the product group (Figure 19). Some groups, such as 

Eggs and egg products and Milk and cream products & substitutes the variation is rather 

small between the minimum and maximum ratio, indicating that the packaging material 

used is fairly similar (Figure 19, see also Table 1, Columns TOP3 materials weight in 

grams and share in %). The single higher values indicate possible reporting errors or ex-

ceptional packaging material/sizes, or a use of reusable packaging material (Transboxes 

or similar). 



57 
 

 
Figure 18. Share of package weight from the net weight in percentages, including both median 

and average share values. 
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7 DISCUSSION 
 

The variety of food packaging is vast. There are several reasons for that. For food pack-

aging, food safety is of utmost priority and therefore the packaging needs to be optimised 

in various ways. The shelf life, food properties themselves, temperature (perishable, 

shelf-stable, frozen products), usability, and logistics determine how the food package is 

selected to address all these requirements in the best possible way.  

 

Even though glass and metal have traditionally been the most used packaging materials, 

plastic has rapidly replaced those in many applications during the past decades (Raheem 

2013, Geyer, Jambeck and Law 2017, Lagarón 2011, p. 1). Plastic has many beneficial 

features, but the problem is its disposability, low recycling rates, and non-degradable na-

ture, which lead to a serious littering problem, especially in the oceans. Therefore, many 

countries have either restricted, or even banned the use of single-use plastics (SUP), for 

instance the use of plastic bags (UNEP 2018, p. 21-25). 

 

The next significant change will be during the year 2021, when the national implementa-

tions of Directive (EU) 2019/904 (so called SUP directive) will set several actions to be 

taken to diminish the harmful impact of the specific SUP products, by banning or restrict-

ing the use of such products or by establishing extended producer responsibility schemes 

for them (EUR-Lex 2019). The SUP directive applies to the food packaging industry if 

for instance there is a risk that the package would harm the nature through littering. The 

directive applies to a wide range of food containers such as meal, sandwich, wrap, and 

salad boxes containing either cold or hot food, and food containers for fresh or processed 

food that do not need any further preparation. Additionally, the recycling goals for plastic 

packages are set higher, and ultimately those should either be totally reusable or recycla-

ble by 2030 (PRI 2019, EC 2018, p. 9). 

 

For the overall concept of the possible substitution of packaging materials, all the relevant 

levels of the packaging must be considered (Molina-Besch et al. 2019). The possible sub-

stitution of a primary packaging material might affect the secondary or tertiary packaging 

(Molina-Besch et al. 2019) or even both. There exists clear interrelationship between the 

packaging levels (primary, secondary, tertiary), and therefore it is recommended that the 
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package is developed further as an entity, not only for instance the primary package (Mo-

lina-Besch et al. 2019). On the other hand, food package optimisation is a complex matter. 

Therefore, thorough analysis, e.g. LCA and estimation of littering potential, are always 

needed. For instance, packages made from the multi-layered plastics are lightweight, ef-

ficient, and often they enable a good protection for the food (i.e. excellent barrier proper-

ties) but as a downside they cannot still in most cases be recycled (Pauer et al. 2019). 

 

The interrelationship affects also transportation and logistics. It is one aspect to consider 

throughout the whole lifecycle, and often the reduction of the weight of the packaging 

material is a way to reduce its environmental impact (Molina-Besch 2016). For instance, 

if the transportation requires long distances (especially e.g. empty bottles), the reuse of 

bottles is not any longer beneficial, or sustainable for that matter, compared to one-way 

use (Han et al. 2012, p. 374-375). Besides, as all three packaging levels are included in 

the transportation phase, the reduction of packaging material in one level should not in-

crease the weight of packaging material in some other level. As Guillard et al. (2018) 

state, the next generation of the food packages should concentrate on the following issues: 

to reduce both food waste and packaging material waste in general, and to diminish the 

negative impacts of the food package on the environment, such as to the utilisation of 

resources, greenhouse gas emissions and pollution. Additionally, they should promote the 

transition from a linear economy to a circular economy (Guillard et al. 2018). 

 

The environmental impact of the package varies between the product groups when the 

total lifecycle of a food product is evaluated. For soft drinks, the package is a main con-

tributor to the overall environmental impact whereas for cheese or meat which are so 

called high environmental impact ingredients, the environmental impact of the package 

is smaller (Molina-Besch et al. 2019). It is noteworthy that the possible impact of littering 

is not acknowledged in the analysis. Geueke et al. (2018) underline that the material re-

duction in a package, such as a use of multi-layered plastics, might lead to the increased 

costs in the recyclability, thus a less sustainable packaging. 

 

At the end of lifecycle, if the package cannot be reused, it should be either recycled or 

composted. Recycling is often very energy and water intensive (Baldwin 2009, p. 108). 

In most cases, some amount of virgin material is needed during the production process 

due to quality and material property reasons (Geueke et al. 2018) but it also saves virgin 
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materials. For instance, wood fibres can be recycled 4 to 6 times as the fibres become 

shorter during the recycling process affecting the material properties of a recycled product 

(Korhonen et al. 2020). The plastic recycling on the other hand requires clean streamlines 

and no contamination, and preferably recycling by polymer type to be sustainable 

(Geueke et al. 2018). In the plastic industrial recycling process, biodegradable plastics 

most likely create problems and hamper the process, if they are mixed in the conventional, 

non-degradable plastics when collected (Song et al. 2009). This might change in the fu-

ture though provided that the amount of biodegradable plastic waste will increase, and 

they can be sorted efficiently (preferably as own waste streams) which would lower the 

processing costs of the biodegradable plastic waste (Song et al. 2009, Hahladakis and 

Iacovidou 2019).  

 

This thesis analyses the packaging material weight, average weight of the main packaging 

material groups, and the main packaging materials used by different product groups sold 

in Finnish supermarkets. The ratio between the weight of the packaging material com-

pared to food was analysed more deeply, and additionally the analysis included the share 

of plastics in weight (in percentages) by each product group. As the primary packaging is 

a consumer package, the research was concentrating on primary packaging materials. 

Secondary and tertiary packages are typically disposed of by the retailer. 

 

Discarded food packages are an obvious source for littering (EEA 2015, Song et al. 2009) 

and products that are most likely eaten as a snack or outdoors (during hiking, picnic, or 

other outdoor activity) create a possibility for littering. Ready-made meals, especially 

salads and sandwiches, biscuits, snacks, such as nuts and chips, sausages, and various 

types of drinks are such products.  

 

On the other hand, products with large volumes (high amount of packaging material used 

in grams or high sales volumes) indicate that a significant amount of packaging material 

waste is created that might leak into the nature. As one of the main properties of plastics 

is its lightness, it can easily be carried away by a gust of wind. In nature, the “naturally 

biodegradable” packages are therefore seen as one option to diminish the harmful envi-

ronmental impacts of plastic packages (Guillard et al. 2018). Russell (2014, p. 400) em-

phasizes though that biodegradability and biodegradable food packages do not solve the 

problem of the littering itself, as it is a behavioural problem of a society. For instance, the 
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EU’s SUP directive promotes raising the awareness of SUP products, especially by the 

consumers, to avoid littering (EUR-Lex 2019). 

 

Biodegradability is advantageous to food packaging, especially for the short-term plastic 

food packages when the package can be easily discarded together with the food waste by 

composting (Song et al. 2009, see also Grumezescu and Holban 2018, p. 432-433 and 

Raheem 2012). Biodegradable food package could also solve the problem of the severely 

contaminated food packages (such as meat with marinade or ready-made meals). The 

significantly dispersed or contaminated food packages are difficult to recycle mechani-

cally, and the recycling is not any longer sustainable (Russell 2014, p. 399). These pack-

ages could be composted instead. 

 

One notable material group is the harmful, even toxic materials, that are still used for food 

packaging. As Ellen MacArthur Foundation (2017, p. 37) proposes, especially polyvinyl 

chloride (PVC), polystyrene (PS), and expanded polystyrene (EPS) should be replaced 

with more sustainable solutions. EPS is also listed by the SUP directive as a packaging 

material which should be restricted and not used for single-use food and beverage pack-

ages (EUR-Lex 2019). Therefore, these materials were identified in the analysis.  

 

Especially EPS is largely used for items that are packed in the supermarkets (for instance 

meat or bakery products). The exact volumes are not known as this data was not included 

in the product data provided by GS1, but as these products are sold with very short best 

before dates, the trays made from EPS should be replaceable with other, more sustainable 

solutions, such as cardboard trays with protective coating that already exists in the market. 

In the future, trays made from starch (Siracusa et al 2008), wrapped with polylactic acid 

(PLA) film (Peelman et al. 2013) might also be one solution for substitution.  

 

PS on the other hand is used as a packaging material of yoghurts, desserts, snack products 

including nuts and seeds, and also for the sweet bakery products (such as cakes, sweet 

pies and pastries) to a notable amount, and is even used as a prevailing material. PVC is 

used as a prevailing packaging material for candies in few cases.  
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Based on this study biobased polymers were used only in a minor amount, if at all. Around 

30% of the product categories included bio-based polymers, and the amount was less than 

1% of the total weight in grams in almost all respective categories. 

 

For certain product groups, such as meat products, chocolate, and cereals, the high share 

of secondary packaging can be partly explained by the use of reusable materials or the 

use of displays. The high number of the total weight of packaging material is mainly due 

to the reusable pallets and warehouse trolleys that are used for majority of the product 

groups for logistics (tertiary packaging), and partly also for display (secondary packag-

ing) (see also Figure 14). A single wooden pallet weighs between 20 000 to 25 000 grams. 

Pallets can also be made from composite materials, polypropylene (PP) or cardboard. The 

beverages use also reusable packages in the form of plastic cases and metal racks with 

wheels. In specific product groups (for instance fish and meat products) the reusable pack-

ages are commonly used as a primary packaging material, and they form a significant part 

of the primary packaging material used. 

 

Based on the data analysis performed in this thesis, product groups including indicators 

for packaging material reduction or substitution were identified (Table 2, see also Figure 

8). The cells marked with red colour show values for high sales share in euros (%), high 

average weight in grams, high share of plastics (%), high median share of package weight 

from the net (food) weight (%), use of PVC or PS, and possible impact of SUP directive. 

The green colour indicates low values or no impact for the same indicators. The possible 

impact of the SUP directive is considered by the package use only, i.e. the EPS is not 

considered as it is evaluated as a separate indicator (Table 2).  

 
Table 2. The sum-up of the product groups. The cells marked with red were analysed to indicate 

a substitution or reduction potential (see also Figure 8).  

Primary packaging 

Product group Sales share 
(%) 3) 

Average 
weight in 
grams 1) 

Share of 
plastic 
(%) 1) 4) 

Median, share of 
package weight 

from the net 
weight (%) 

Use of 
PVC or 

PS 
(Yes/No) 

SUP di-
rective 
applies 

(Yes/No) 

Alcoholic beverages (mild) High 180 < 1 61 No Yes 

Biscuits High 31 41 8 Yes Yes 
No 

Bread High 21 26 3 Yes Yes 
No 
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Cakes High 63 29 10 Yes Yes 
No 

Candies (sugar) High 46 51 5 Yes Yes 

Cheese & cheese substi-
tutes High 36 34 5 Yes No 

Flavoured drinks (ready to 
drink) High 124 10 8 Yes Yes 

Energy and sports drinks High 42 66 5 Yes Yes 
No 

Fruits and vegetables 
(fresh) High 24 80 7 No Yes 

Meals/products (not ready 
to eat) High 39 33 7 No No 

Meals/products (ready to 
eat) High 46 48 7 Yes Yes 

No 
Milk and cream products & 
substitutes High 45 22 3 Yes Yes 

No 

Pies, pastries (sweet) High 29 33 6 Yes Yes 
No 

Processed meat High 32 75 5 No Yes 
No 

Sausages High 19 82 3 Yes Yes 
No 

Unprocessed meat Medium 
/high 37 76 3 Yes No 

Chocolate (confectionery) Medium 66 19 9 Yes Yes 

Coffee and tea Medium 51 15 44 No No 

Eggs and egg products Medium 127 2 7 No No 

Fats and oils Medium 158 6 18 Yes No 

Fish prepared/processed Medium 107 28 9 No 2) No 

Fish unprepared Medium 161 43 5 Yes No 

Fruit and vegetable 
juices/drinks Medium 102 15 7 Yes Yes 

No 
Fruits and vegetables (pre-
served) Medium 108 8 14 No Yes 

No 
Fruits and vegetables (fro-
zen) Medium 86 19 2 Yes No 

Ice cream Medium 33 38 7 Yes Yes 
No 

Nutritional supplements and 
dietary aids Medium 55 26 41 Yes Yes 

No 

Nuts and seeds Medium 16 44 3 Yes Yes 
No 

Packaged water Medium 61 41 5 No Yes 

Pies, pastries, pizza Medium 68 14 6 No Yes 
No 

Sauces (ready-made) Medium 149 3 74 No No 

Seafood Medium 104 34 11 No 2) No 

Snack products Medium 14 44 5 Yes Yes 

Spices, baking/cooking ad-
ditives Medium 50 41 20 Yes No 

Yoghurts and other dairy 
products (drinkable) Medium 29 40 6 Yes Yes 

No 

Grains and pasta Low / 
medium 22 36 4 No No 

Baby/infant food Low 55 7 12 No Yes 
No 
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Cereal products Low 36 9 9 No Yes 
No 

Flour, sugar, cocoa, flakes Low 38 17 5 Yes No 

Jams, sweet spreads, 
honey, syrups Low 230 22 56 Yes No 

Baking/cooking mixes (dry) N/A 26 34 11 No No 

Desserts N/A 34 38 7 Yes Yes 
No 

Flavoured drinks (not ready 
to drink) N/A 59 46 9 No No 

Ketchup, mustard, mayon-
naise and other 
sauces/dressings 

N/A 110 28 12 Yes No 
       

1) Without reusables                
2) Used as a reusable material. 

       

3) Low = less than 0.5%, Medium = 0.5 to 2%, High = over 2% 
4) Counted in weight (in grams). 

N/A = not available.               
 

Product groups like Candies (sugar), Flavoured drinks (ready to drink), and Alcoholic 

beverages (mild) have several indicators for substitution; high values in average weight 

in grams, they include PVC or PS in most cases, and the sales volume in euros is high. 

The share of plastic (%) varies significantly between these three product groups; for Can-

dies (sugar) it is over 50 per cent whereas for Alcoholic beverages (mild) it is less than 

one (1) per cent. Additionally, all these three product categories are substantially affected 

by the SUP directive, and they constitute a high risk for littering. These three product 

groups are followed by product groups such as Meals/products (ready to eat), Energy and 

sport drinks, and Sausages which either contain several indicators for substitution, or they 

are significantly affected by the SUP directive.  

 

It should be noted that the definition of the products which will be affected by the SUP 

directive in Finland is still under work (Ministry of the Environment 2020). In Table 2 

has been indicated those product groups which are either food containers for cold or hot 

food, or food containers for fresh or processed food that do not need any further prepara-

tion, or products which are otherwise under Extended Product Responsibility (EPR) ac-

tions (see Chapter 1.2.1 for definition). Some of the product groups are affected more 

widely than the others (marked as divided cell “Yes / No”). 

 

Specific product groups such as Jams, sweet spreads, honey, syrups, Alcoholic beverages 

(mild), Fats and oils, and Sauces (ready-made) show high values for average weight in 

grams and median ratio for package to food due to the prevailing packaging material, 
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which is glass. Therefore, the Table 2 provides information for further research, especially 

in which product groups the future research should focus on.  

 

The figures are approximate, as the data has its limitations in two main reasons. Firstly, 

there were no sales volume data available from the Päivittäistavarakauppa ry (PTY) about 

the number of pieces of food products sold in each product group. The only sales volume 

data available were about the total volume sales in euros for most of the product groups. 

Also, the product categorisation was slightly different compared to the product categori-

sation of the product data provided by the GS1. This leads to a fact that the sales volumes 

are indicative only, and there cannot be made any further analysis between various pack-

aging materials, such as how many actual items are sold by different packaging materials.  

 

Secondly, the product data from GS1 Synkka service are provided by numerous individ-

uals with varying capability or education. The data are comprehensive, but for instance 

the categorisation was not done properly by the data providers. For instance, in some 

product groups the difference of the secondary and tertiary packages was not always clear 

and therefore the packaging materials might be partially mixed between both packaging 

levels (for example in the product category Milk and cream products & substitutes). The 

focus of this study was on primary packaging material though. Additionally, there has 

been few errors in the figures. Yet, the differences between various product groups are 

distinct, and therefore the results give an overview of the plastic and other packaging 

material use in various product groups of the food supplies.  
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8 CONCLUSIONS 
 

The objective of this thesis was to statistically analyse the food packaging data from the 

Finnish supermarkets. Based on the analysis, by using various pre-determined criteria, 

was identified product groups with potential for packaging material reduction or substi-

tution. 

 

Based on the results of the analysis, a table with several indicators for substitution was 

compiled. The focus was on primary packaging and especially on plastics and its replace-

ment potential. The single-use plastics (SUP) are widely used in food packages for con-

sumers, and therefore food packages are found as a one considerable reason for the ever-

increasing littering problem. Thus, several actions, the EU’s SUP directive as one of the 

most significant, has been approved to restrict the use of SUP in the packaging industry. 

The indicators provide information, where the biggest potential for substitution exists, i.e. 

on which product groups the further research should focus.  

 

The results show significant differences between the product groups of the food items 

(counted as single items by product group): The packaging materials, the weight of the 

packaging material used, the share of plastic, and the sales share in percentages varies 

between the product groups. Most of the product groups are affected by the EU’s SUP 

directive which will be effective in year 2021.  

 

As an example, the product groups Candies (Sugar) and Meals/products (ready to eat) 

have several indicators for substitution (Table 2). Both product groups are substantially 

affected by the SUP directive, and the sales share in percentages is high. Both use poly-

vinyl chloride (PVC) or polystyrene (PS) as a packaging material, and the share of plastic 

(%) as a packaging material is significant, constituting around half of the packaging ma-

terial used. Both product groups also establish a high risk for littering. 

 

Another interesting example is the product group Energy and sports drinks (Table 2). In 

this category there are also several indicators for substitution; both the sales share (%) 

and the share of plastic (%) as a packaging material are high, PVC/PS is used, the SUP 

directive applies to many items in this product group, and the risk for littering is in global 
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level high. However, in Finland the littering is significantly diminished by a deposit sys-

tem of empty bottles, which enables efficient reuse and recycling of the bottles. 

 

In general, the results need careful analysis, and some of the indicators can be interpreted 

more straightforward than the others. For instance, the average weight (in grams) and the 

median share of package weight from the net weight (%) are affected by the packaging 

material type and by the package size. For beverages these two indicators are often high 

as the prevailing packaging material is still in most items in GS1 data glass. However, in 

this thesis work, the data about the sales share between separate food items inside each 

product group were not available. This means that the actual average packaging material 

weight of the sold beverage might differ remarkably from the average weight of items in 

each product group in Table 2 which gives an average packaging material weight of all 

different kind of existing packages in the product group, and not taking account of the 

sales share of each item. 

 

In the future, the use of EPS in the food packages packed at the supermarkets would be 

one topic for further research. For the moment it is not exactly known, if or how widely 

substituting packaging materials are already in use, and how much packaging waste is 

created through the sales of service counters, or items packed at the supermarkets. Second 

topic for further research is the sales volumes of sold items within the product groups in 

number of pieces, instead of euros. This would allow more accurate figures about the total 

amount of packaging material waste created by product groups in a certain period. It is 

noteworthy that if the analyses are done based on the product data from the GS1 Synkka 

service, it is recommended to improve the quality of the data by providing clear guidelines 

and instructions for the data providers. Especially it would be beneficial to instruct which 

fields are mandatory to fill. By using same units throughout the data, a unified categori-

sation of the product groups, and the packaging levels as well as marking the reusable 

materials clearly would improve the quality of the data remarkably.  

 

Substituting traditional packaging material, such as plastics, requires careful analysis. 

Sustainability cannot merely be achieved by replacing the traditional packaging material 

with a novel solution. Often there exist also other alternatives such as reuse of the package 

or reducing the amount of the packaging material.  
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To meet the EU’s climate targets for 2050, significant actions can also be done through 

food packaging, and package optimisation. If both food and packaging material waste can 

be diminished, and part of the fossil-based packaging materials are substituted by bio-

based materials, a net reduction of 370 tons of CO2 equivalent might be possible (Guillard 

et al. 2018). For many traditional plastic packages there already exist more sustainable 

solutions. Redesigning of the package is one of them and has already been implemented 

by some manufactures by providing new packaging solutions with significantly less ma-

terial used. There also exist packaging solutions that have replaced part of the plastic 

materials with wood fibre-based materials, still not forgetting that the recycling of the 

package is not impaired (e.g. materials are easily separable). The use of reusable packages 

should be promoted, bearing in mind the logistics of the empty containers. Thus, further 

research is needed to ensure that the development of one feature does not impair any other 

property, such as food safety, which must always be ensured.   
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APPENDIX 1 
Table 3. Some of the distinct features of the most common, or most potential polymers for food 

packaging. 
Name of 
polymer 

Acro-
nym 

Characteristics and properties Used in End-
of-life 

Notes 

Fossil-based: 

Expanded  
Polystyrene 

EPS + rigid, lightweight 
+ good insulation properties 

Take-away meals, 
hot drinks, insu-
lated food packag-
ing e.g. for fresh 
fish and frozen 
goods, meat trays 

Recy-
cling 

Recycling is possible, 
but it is expensive and 
difficult. Often cannot be 
recycled locally but 
transported further (not 
cost-efficient). Cleaning 
from food / drink residu-
als is expensive. Toxic 
substances (problem 
mainly if burned, espe-
cially in households). 

Ethylene vi-
nyl alcohol 

EVOH + transparency, excellent clarity charac-
teristics, printability, resistant to oil and 
organic solvents (oily products), 
weather resistant. 
+ excellent gas barrier (O2, CO2, N2), 
good barrier against aromas 
- moisture sensitive 

Mostly used as a 
barrier material for 
oxygen (multi-lay-
ered materials), 
rigid packaging for 
edible oils, juices, 
flexible packaging 
for processed meat 
and cereals 

Incinera-
tion 
(multi-
layered 
materi-
als) 

 

Polyamide PA + Excellent properties against aromas 
and flavours, fairly good barrier against 
O2  
+ good printability properties 
- Expensive 
- Poor moisture barrier (hydrophilic) 
Nylon:  
+ thermal stability, toughness, re-
sistance to cracking and puncture 

Mostly used in 
multi-layered mate-
rials. 

Incinera-
tion 
(multi-
layered 
materi-
als) 

In food packaging mostly 
used form of PA is nylon. 

Polyethylene 
(High-,  
Medium-, 
Low,  
Linear Low-
density) 

PE  
(PE-HD, 
PE-MD, 
PE-LD, 
PE-LLD) 

+ wide variety of grades from low- to 
high-density 
+ good moisture barrier 
- poor gas barrier 
PE-HD:  
+ good strength properties, stiff, less 
permeable compared to other PE 
grades, good chemical resistance 
PE-LD:  
+ tough and flexible, good transparency 
+ Good heat sealability properties (ap-
plies also PE-LLD) 

PE-HD & PE-MD: 
rigid packages e.g. 
ice cream contain-
ers, dairy and wa-
ter bottles, freezer 
bags 
PE-LD & PE-LLD: 
Flexible packages 
e.g. bags e.g. for 
bread and baked 
goods, trays, food 
wrap, films, food 
and drink cartons, 
flexible tubing 
 

Recy-
cling 

Recycled as new raw 
material, packages, can-
not be directly used as 
primary packaging for 
food. 

Polyethylene 
Tereph-
thalate 

PET + clear, light, tough (especially against 
mechanical tear), resistant against frag-
mentation 
+ good gas barrier, especially CO2, ex-
cellent barrier against moisture, aromas 
and flavours 

Bottles for water 
and other drinks 
(e.g. soft drinks), 
biscuit trays, 
ready-made meal 
packages. 

Recy-
cling 

Recycled as new raw 
material for PET bottles, 
or for other food packag-
ing purposes (like boxes 
for tomatoes). 

Polypropyl-
ene 

PP + Good mechanical properties e.g. 
strength and rigidity, high melting point, 
low cost, resistant to other chemicals, 
grease, oil and moisture, strong heat 
heals 
+ Unoriented: easily heat sealable, 
good heat stability, excellent puncture 
resistance and impact strength. 
- Unoriented: low moisture barrier, poor 
barrier against gases (O2, CO2) and 
some aromas and oils. 
+ Oriented (cast film): clear, glossy, 
high tensile strength, good moisture 
barrier 
+ BOPP: tough, stiff, clear, rather good 
oil, gas and moisture resistance (com-
pared to other PP grades). 
- BOPP: heat sealing difficult 

Rigid and flexible 
packages e.g. 
candy wrappings, 
bags for snacks 
and bread, ready-
made meals, bottle 
caps, MAP pack-
aging applications. 

Recy-
cling 

Recycled as new raw 
material, packages, can-
not be directly used as 
primary packaging for 
food. 

Polystyrene PS + clear, hard, very tough, relatively 
strong and rigid, low thermal conductiv-
ity, excellent insulation properties, rela-
tively low moisture absorption 

Yogurt, cream and 
butter containers 

Recy-
cling 
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- brittle, low melting point, insufficient 
barrier properties against gases and 
water vapour, poor chemical and wear 
resistance 

Polyvi-
nylchloride 
Polyvinyli-
dene Chlo-
ride 

PVC 
 
PVDC/PV
dC 

PVC: 
+ rigid, clear, great strength and tough-
ness properties, superior chemical re-
sistance, resistant to oils and grease, 
good heat-sealability 
+ low raw material cost 
- use of chlorine (toxic) 
PVdC: 
+ superior barrier against O2, aromas 
and flavours 
- comparatively low WVTR 
- rather expensive 

PVC: Cooking oil 
bottles, packaging 
around meat 
PVdC: Flexible 
films, thin barrier 
layers in multi-lay-
ered materials (pa-
per, plastics). 

Incinera-
tion 
(multi-
layered 
materi-
als) 

Difficult to recycle due to 
use chlorine (toxic). Must 
be considered also if in-
cinerated. 

Bio-based: 

Polyhydrox-
yalkanoates 

PHAs + wide variety of mechanical properties 
from hard crystalline to elastic, depend-
ing on the chemical structure. 
- fragile 
- low permeability to O2 
- expensive 

Bottles and films Biode-
gradable 

Compared to PLA, better 
barrier towards moisture, 
O2 and CO2, also better 
proof against oils and 
heated water. Not to be 
added in plastics recy-
cling process. Note: very 
slow composting process 
in the nature and even 
slower if thrown in the 
ocean. Reproducing 
properties (vapour per-
meability, flexibility) can 
be more difficult to 
achieve compared to 
PET & PS. 

Polylactic 
Acid 

PLA + stiff, clear, good transparency and 
mechanical properties (e.g. dead fold 
and twist retention), low-temperature 
heat sealability, good printability. 
+ high barrier against flavours, aromas, 
grease and oil 
- poor barrier against O2 and CO2, 
moisture sensitive 
- low resistance against high tempera-
ture 

Food and drink 
containers, bottles 
and films 

Indus-
trial 
com-
posting 

Not to be added in plas-
tics recycling process 
(Controlled closed loop 
recycling through indus-
trial composting). Repro-
ducing properties (va-
pour permeability, flexi-
bility) can be more diffi-
cult to achieve compared 
to PET & PS. 

Polyvinyl al-
cohol 

PVOH + excellent barrier against O2 
- dissolves in water 
- melting and degradation temperatures 
close to each other. 

Mostly as barrier 
layer (O2) in multi-
layered materials, 
pouches and films 
for crisp packages, 
wrappers for bis-
cuits and meat 
packages, window 
materials for bread 
bags. 

Incinera-
tion 
(multi-
layered 
materi-
als if not 
totally 
biode-
grada-
ble) 

 

Starch-
based bio-
composites 
Composite 
of starch and 
Polycapro-
lactone 
Thermo-
plastic 
starch 

 
 
 
Starch-
PCL 
 
 
TPS 

Starch-based bio-composites: 
+ easy moldability 
+ superior barrier against O2 
- hydrophilic 
Starch-PCL: 
+ easy processability (low melting point, 
low melt viscosity) 
+ good water, oil and chlorine re-
sistance 
TPS:  
+ good insulation and shock-absorbing 
properties 
- sensitive to moisture 

Starch-based bio-
composites: in 
foamed format 
used for films, 
bags, containers, 
fast-food packages 
TPS: sensitive for 
moist - limits the 
use in food pack-
aging, 
 

Starch-
based 
bio-com-
posites 
and 
Starch-
PCL: in-
dustrial 
com-
posting 
TPS:  
biode-
gradable 

Starch-PCL: Conven-
tional recycling of com-
posite material requires 
separation of the poly-
mers and is therefore 
very challenging. If the 
composite can be recy-
cled by composting or 
anaerobic digestion, the 
cost will be considerably 
reduced. 
TPS: Moist sensitivity 
can be diminished by us-
ing chitosan which im-
proves the water vapour 
and oxygen barrier prop-
erties of TPS film. 

Sources: Cooper 2013 p. 117-129, Dilkes-Hoffman et al. 2018, Ebnesajjad 2013, p. 1-52, 217-248, Hahladakis and Iacovidou 2018, Jak-
obsen and Risbo 2008, Kaiser et al. 2017, Lagarón 2011, p. 12, 201, 527, Mokwena & Tang 2012, Peelman et al. 2013, Raheem 2013, 
Siracusa et al. 2008, van Willige et al. 2001, UNEP 2018; United Nations Environment Programme 2017.  
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APPENDIX 2 
 
Table 4. Overview of the packaging material used by product groups. Sorted by All (highest first).  

Product group 

  
Packaging material used 

No of 
items Primary 1) Second-

ary Tertiary All All. excl. 
reusables Reusa-

ble ma-
terials 
(Y/N) 

Bio-
based 
poly-
mers 
(Y/N) 

PVC, 
PS 

(Y/N) 

 
Average 
weight 
(grams) 

Average 
weight 

(grams) 

Average 
weight 
(grams) 

Average 
weight 

(grams) 

Average 
weight 
(grams) 

Packaged water 103 61 964 11 440 12 465 462 Yes No No 

Spices, baking/cook-
ing additives 640 50 227 7 885 8 162 1 343 Yes Yes Yes 

Desserts 124 34 446 7 259 7 739 281 Yes No Yes 

Ketchup, mustard and 
other sauces 783 109 271 6 742 7 122 579 Yes No Yes 

Meals/products (not 
ready to eat) 198 39 544 6 241 6 825 466 Yes No No 

Jams, sweet spreads, 
honey, syrups 381 230 184 6 082 6 496 524 Yes No Yes 

Flavoured drinks 
(ready to drink) 579 124 484 5 886 6 494 412 Yes No Yes 

Biscuits 548 31 1110 5 280 6 421 1 627 Yes No Yes 

Coffee and tea 573 51 1170 4 515 5 736 579 Yes Yes Yes 

Fruit and vegetable 
juices/drinks 704 102 1955 3 041 5 098 388 Yes No Yes 

Alcoholic beverages 
(mild) 1 219 180 953 3 766 4 899 468 Yes No Yes 

Energy and sports 
drinks 404 42 328 4 330 4 699 357 Yes Yes Yes 

Fruits and vegetables 
(frozen) 195 86 1236 3 084 4 406 483 Yes Yes Yes 

Chocolate (confec-
tionery) 1 254 66 1826 2 244 4 136 2 210 Yes Yes Yes 

Eggs and egg prod-
ucts 110 127 1215 2 762 4 104 2 696 3) Yes No No 

Processed meat 1 653 37 1822 2 216 4 074 187 Yes No Yes 

Snack products 697 14 493 3 179 3 686 520 Yes Yes Yes 

Flavoured drinks (not 
ready to drink) 67 59 150 3 288 3 498 341 Yes No No 

Unprocessed meat 1 456 73 1565 1 854 3 492 370 Yes No Yes 

Pies, pastries, pizza 356 95 604 2 642 3 341 250 Yes No No 

Fish unprepared 343 353 346 2 507 3 206 396 Yes No Yes 

Cereal products 371 36 1170 2) 1 949 3 156 622 Yes No No 

Baby/infant food 468 55 564 2 535 3 154 707 Yes No No 

Flour, sugar, cocoa, 
flakes 386 38 978 2 112 3 129 414 Yes Yes Yes 

Sausages 970 19 1779 1 136 2 934 80 Yes No Yes 

Bread 968 49 668 2 017 2 734 292 Yes No Yes 
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Fish prepared/pro-
cessed 792 162 450 2 028 2 639 319 Yes No Yes 

Fruits and vegetables 
(preserved) 959 108 786 1 708 2 602 684 Yes Yes No 

Nuts and seeds 419 16 564 1 972 2 551 378 Yes Yes Yes 

Milk and cream prod-
ucts & substitutes 475 45 1543 771 2 359 242 Yes Yes Yes 

Yoghurts and other 
dairy products (drink-
able) 

790 29 162 2 106 2 297 114 Yes Yes Yes 

Pies, pastries (sweet) 563 145 839 1 232 2 216 264 Yes No Yes 

Cheese & cheese 
substitutes 1 100 35 433 1 582 2 050 205 Yes No Yes 

Fats and oils 306 158 343 1 475 1 976 492 Yes Yes Yes 

Ice cream 503 33 349 1 410 1 793 192 Yes No Yes 

Baking/cooking mixes 
(dry) 199 25 353 1 360 1 739 559 Yes No No 

Meals/products 
(ready to eat) 1 310 46 1059 583 1 688 253 Yes No Yes 

Candies (sugar) 1 160 46 514 804 1 364 897 Yes No Yes 

Cakes 406 85 475 638 1 198 449 Yes No Yes 

Grains and pasta 429 22 440 614 1 076 440 Yes No No 

Seafood 178 110 445 270 824 484 Yes No Yes 

Fruits and vegetables 
(fresh) 117 24 457 - 481 98 Yes No No 

Sauces (ready-made) 72 149 193 - 342 342 No No No 

Nutritional supple-
ments 549 55 65 65 185 127 Yes Yes Yes 
        
1) In some of the categories "Primary" is including some reusable materials. 

  
2) Cannot be identified if two rather high figures are correct.  

   
3) Cannot be identified all reusable pallets from non-reusable ones. 

In Table 4 can be found if a specific product group includes reusable packaging materials (see Chapter 5.2), such as so called Trans-
boxes or pallets, biobased packaging materials or polyvinyl chlorine (PVC) or polystyrene (PS). The values include only single items 
of food packages within each product group, i.e. these values do not indicate total amount of packaging materials used as it would 
require sales volume data in number of pieces (not available). 
Note: From the category Fruits and vegetables (fresh), and Sauces (ready-made) the tertiary packaging data is most likely missing, or 
it is combined with some other product group. 
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APPENDIX 3 
 

Table 5. The sum-up of the primary packaging materials, weight in grams by product groups and 

the sales share (%) of the total sales volumes in euros. Sorted by Average weight (grams) without 

reusables (highest first). 
 Primary packaging material used - Sum-up 

  
 

Packaging material total Plastic total 

Product group 

Sales share 
(%) of the 
total sales 
volume in 

euros 

Average 
weight 
(grams) 
without 

reusables 
1) 

Average 
weight 
(grams) 

Median 
weight 
(grams) 
without 

reusables 

Number 
of items 

(n) 

Share 
of plas-
tics (%) 

2) 

Share of  
biobased 
polymers 

(%) 2) 

Share of 
PS / PVC 

(%) 2) 

Jams, sweet spreads, 
honey, syrups 0.43 229.88 229.88 180.00 381 22 0 <1 

Alcoholic beverages 
(mild) 

1.22 29)  
0.58 30)  
5.89 31) 

179.67 179.67 213.00 1 219 <1 0 0 

Fish unprepared 1.36 34) 160.97 352.76 41.00 343 43 (48) 0 (0) <1 (28.8) 

Fats and oils 1.75 157.52 157.52 82.20 306 6 <1 <1 

Sauces (ready-made) 1.09 148.67 148.67 159.50 72 3 0 0 

Eggs and egg prod-
ucts 0.76 126.56 126.56 46.50 110 2 0 0 

Flavoured drinks 
(ready to drink) 2.74 32) 124.21 124.21 40.00 579 10 0 <1 

Ketchup, mustard, 
mayonnaise and 
other sauces/dress-
ings 

N/A 109.48 109.48 46.00 783 28 0 <1 

Fruits and vegetables 
(preserved) 

0.59 13)      
0.99 14) 107.68 107.68 45.00 959 8 <1 0 

Fish prepared/pro-
cessed 

0.69 7)       
0.93 8)    
0.29 33) 

106.72 162.37 46.00 792 28 (30) 0 (0) 0 (11.4) 

Seafood 23) 103.99 109.96 25.00 178 34 (37) 0 (0) 0 (5.4) 

Fruit and vegetable 
juices/drinks 1.83 101.91 101.91 39.70 704 15 0 <1 

Fruits and vegetables 
(frozen) 

0.47 13)      
0.45 14)  

0.92 35) 
85.78 85.78 10.00 195 19 <1 <1 

Pies, pastries, pizza 1.87 67.63 94.85 20.00 356 14 (19) 0 (0) 0 (0) 

Chocolate (confec-
tionery) 1.64 65.67 65.67 10.05 1 254 19 <1 <1 

Cakes 3.18 3) 62.94 85.40 39.50 406 29 (48) 0 (0) 2.7 (2.0) 

Packaged water 0.77 61.18 61.18 29.50 103 41 0 0 

Flavoured drinks (not 
ready to drink) N/A 59.16 59.16 48.00 67 46 0 0 

Nutritional supple-
ments and dietary 
aids 

0.93 20) 55.23 55.23 25.00 549 26 <1 <1 

Baby/infant food 0.45 54.65 54.65 32.50 468 7 0 0 

Coffee and tea 1.77 5)       
0.22 6) 51.00 51.00 30.00 573 15 <1 0 

Spices, baking/cook-
ing additives 0.62 49.66 49.66 28.00 640 41 < 1 < 1 

Meals/products 
(ready to eat) 4.65 17) 45.73 45.73 26.00 1 310 48 0 <1 
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Candies (sugar) 2.39 45.62 45.62 5.60 1 160 51 0 <1 

Milk and cream prod-
ucts & substitutes 

2.66 18)      
2.86 19) 45.10 45.10 27.00 475 22 <1 1.4 

Energy and sports 
drinks 2.74 32) 41.50 41.50 30.00 404 66 <1 <1 

Meals/products (not 
ready to eat) 4.65 17) 39.08 39.08 22.00 198 33 0 0 

Flour, sugar, cocoa, 
flakes 

0.45 9)       
0.14 10)      
0.11 11)      
0.23 12) 

38.09 38.09 25.00 386 17 <1 <1 

Unprocessed meat 
1.69 25)      
0.70 26)      
0.14 27)      
2.23 28) 

37.03 72.93 22.00 1 456 76 (88) 0 (0) <1 (<1) 

Cereal products 0.47 36.36 36.36 37.00 371 9 0 0 

Cheese & cheese 
substitutes 4.98 35.47 35.47 12.00 1 100 34 0 <1 

Desserts N/A 34.20 34.20 15.00 124 38 0 4.3 

Ice cream 1.01 33.44 33.44 19.00 503 38 0 <1 

Processed meat 4.77 21)      
1.44 22) 31.68 36.72 20.00 1 653 75 (78) 0 (0) 0 (0) 

Biscuits 3.18 3) 31.39 31.39 15.00 548 41 0 <1 

Yoghurts and other 
dairy products (drink-
able) 

1.87 29.37 29.37 17.00 790 40 < 1 7.1 

Pies, pastries (sweet) 3.18 3) 28.95 145.44 15.00 563 33 (87) 0 (0) 2.6 (<1) 

Baking/cooking mixes 
(dry) N/A 25.45 25.45 19.00 199 34 0 0 

Fruits and vegetables 
(fresh) 

3.77 13)       
4.30 14)  
0.92 35) 

23.89 23.89 20.00 117 80 0 0 

Grains and pasta 0.22 15)      
0.95 16) 22.14 22.14 15.00 429 36 0 0 

Bread 3.83 4) 21.37 49.40 8.00 968 26 (68) 0 (0) <1 (<1) 

Sausages 4.77 21) 19.07 19.07 10.00 970 82 0 <1 

Nuts and seeds 1.06 36) 15.56 15.56 5.00 419 44 1.1 6.5 

Snack products 0.58 24) 13.95 13.95 6.00 697 44 <1 4.3 
      

 
 

* Corrected figures (errors corrected, pallets/displays removed, if exist) 
1) Reusables = Transboxes or similar used e.g. for meat, fish and bakery products (codes such as AA, ZU, CS, see Chapter 5.2). 
3) “Other bakery products” combined category including biscuits, sweet pies and pastries as well as dried bread. 
4) Excluding dry bread. 
5) Coffee 
6) Tea 
7) Dried, smoked or salted fish (incl. seafood) 
8) Other prepared fish (incl. seafood) 
9) Flour and grains 
10) Sugar 
11) Cocoa 
12) Other cereal products 
13) Fruits and berries 
14) Vegetables (excl. potatoes) 
15) Rice 
16) Pasta products incl. couscous 
17) All ready-made meals included. 
18) Milk 
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19) Other milk products 
20)  Incl. tobacco substitutes 
21) Dried, salted or smoked meat, sausages 
22) Other meat products 
23) Combined figures together with fish and fish products 
24) Potato chips 
25) Beef and veal 
26) Pork 
27) Mutton and other meat incl. organs 
28) Poultry 
29) Alcoholic soft drinks and wine-based drinks 
30) Berry and fruit wines (incl. cider) 
31) Beer 
32) Combined figures for soft and energy drinks 
33) Frozen fish and fresh and frozen seafood 
34) Fresh fish 
35) Potatoes (combined figure) 
36) Incl. dried fruits and berries 
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APPENDIX 4 
 

Alcoholic beverages (mild) 

 

This product group contains mild alcoholic beverages, such as beer, long drink, and cider. 

The primary packaging material weight in grams is the highest in this category. This is 

both due to large number of items (1 219) and the dominance of glass as a packaging 

material by weight in grams. Majority (over 90%) of these products are still packed in 

glass (in weight in grams). Other significant packaging material in this group is alumin-

ium (around 5% of the material but incorporating over 36% of the total amount of items 

within the group). The share of plastics is less than 1% from the total weight of packaging 

materials in grams. Total sales volumes: Beer 5.89%, Alcoholic flavoured drinks and 

wine-based drinks 1.22%, Berry and fruit wines 0.58%. 

 

Baby/infant food 

 

Glass is widely used as a packaging material for baby, and infant food (around 66% of 

the total weight in grams, 163 / 468 items packed in glass). Minority is packed in paper-

board, or corrugated paper. The share of plastics is 7% from the total weight of packaging 

materials in grams. Total sales volume: 0.45%. 

 

Baking/cooking mixes (dry) 

 

This category includes various type of baking or cooking mixes, a sort of dry mixes that 

in most cases need only water, or other liquid for food preparation. This is a small cate-

gory (n=199) with rather low amount of packaging material used in grams (in average 

less than 26%). Prevailing packaging material is composite (83 / 199, around 37% of the 

total weight in grams), followed by HDPE, and LDPE. The share of plastics is 34% from 

the total weight of packaging materials in grams. Total sales volume: N/A. 
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Biscuits 

 

This mid-sized category includes all biscuits (n=548). The most used packaging materials 

in weight (in grams) are plastic_other (27%, 151 / 548 items), and paper-based materials 

paperboard (14%, 99 / 548 items), and corrugated paper (14%, 63 / 548 items). The share 

of plastics is 41% from the total weight of packaging materials in grams, including 

PS/PVC to a small extent (less than 1%). Total sales volume: Other bakery products 

3.18% (Note: This figure includes also products from other categories such as sweet pies 

and pastries as well as dried bread). 

 

Bread 

 

This category includes all bread (perishable, shelf-stable, dry, frozen). Therefore, the cat-

egory is rather large (n=968). For bread products is also used reusable packaging materi-

als (i.e. Transboxes). The prevailing packaging materials are paper or cardboard based 

materials. The share of plastics is 26% (without reusables) from the total weight of pack-

aging materials in grams, including PS/PVC to a small extent (less than 1%). Total sales 

volume: 3.83% (Note: dry bread not included in this figure). 

 

Cakes 

 

This category includes various types of cakes (perishable, shelf-stable, frozen). For cakes 

is also used reusable packaging materials (Transboxes). This mid-sized category (n=406) 

is using either paperboard / corrugated paper, or PET as a packaging material, and these 

comprise around 50% of the packaging material weight in grams. The share of plastics is 

29% (without reusables) from the total weight of packaging materials in grams, including 

PS/PVC to some extent (2.7%). Total sales volume: 3.18% (Note: The figure includes 

also dry bread and biscuits). 

 

Candies (sugar) 

 

This category includes all candies except chocolate. The group is large (n=1 160), and PP 

and plastic_other are dominating as a packaging material. Corrugated board is used to 

some extent (57 / 1 160 in number of items, 22% in weight (grams)). The share of plastics 
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is 51% from the total weight of packaging materials in grams, including PS/PVC to a 

small extent (less than 1%). Total sales volume: 2.39%. 

 

Cereal products 

 

This mid-sized category (n=371) includes cereals, muesli, and muesli bars. The dominat-

ing packaging material is paper in its various formats (80% of the total weight in grams). 

The share of plastics is rather small, 9% from the total weight of packaging materials in 

grams. Total sales volume: 0.47%. 

 

Cheese and cheese substitutes 

 

Cheese and cheese substitutes is one of the largest groups (n=1 100), and it also has per-

haps the most diverse list of various packaging materials. For instance, 14 different pol-

ymers are listed. Even though plastic_other is not the biggest in weight in grams, the 

number of items (close to one third) is significantly higher than for other two dominating 

materials, wood, and corrugated paper. The share of plastics is 34% from the total weight 

of packaging materials in grams, including PS/PVC to a small extent (less than 1%). Total 

sales volume: 4.98%. 

 

Chocolate (confectionary) 

 

This group includes all chocolate-based confectionaries (candies), and also protein bars, 

which are chocolate-based. The group is large (n=1 254), and no specific material is 

highly dominating. Paperboard is the most used packaging material in weight in grams 

(25%), followed by wood, and plastic_other. Wood is an exception including one item 

only, which is a large chest for confectionaries. The share of plastics is 19% from the total 

weight of packaging materials in grams, including both biobased polymers and PS/PVC 

to a small extent (both less than 1%). Total sales volume: 1.64%. 

 

Coffee and tea 

 

As the title refers, this mid-sized category (n=573) includes both coffee (ground, beans, 

instant), and tea. Packaging weight in grams is highest for glass, but it contains only 45 
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items. Paper-based packaging material is the next common material in weight (g). The 

share of plastics is 15% from the total weight of packaging materials in grams, including 

biobased polymers to a small extent (less than 1%). Total sales volumes: Coffee 1.77%, 

tea 0.22%. 

 

Desserts 

 

This small category (n=124) includes, e.g. pudding, fool, and other dessert type of prod-

ucts. The biggest packaging material types in weight (g) include glass, corrugated paper, 

and PP. PP comprises almost one third in the number of items (38 / 124). The share of 

plastics is 38% from the total weight of packaging materials in grams, and the share of 

PS/PVC is rather high (4.3%). Total sales volume: N/A. 

 

Eggs and egg products 

 

This small category (n=110) includes both eggs, and other egg-based products. The pack-

aging material in weight in grams is rather high (average 127 grams), as most of the pack-

aging materials are either paper, cardboard, or fibre based. The share of plastics is only 

2% from the total weight of packaging materials in grams. Total sales volume: Eggs 

0.76%. 

 

Energy and sport drinks 

 

This mid-sized category (n=404) includes energy drinks, and various types of sport drinks 

(both ready and not ready to drink). PET is dominating in packaging material weight in 

grams (30%, 110 / 404 items), but almost the same amount in numbers is aluminium made 

packages (weight in grams 11%, 111 / 404 items). Third prevailing material is HDPE 

which is higher in weight in grams but significantly lower in numbers (22%, 50 / 404 

items). The share of plastics is 66% from the total weight of packaging materials in grams, 

including both biobased polymers and PS/PVC to a small extent (both less than 1%). 

Total sales volume: 2.74% (combined figure for soft and energy drinks). 
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Fats and oils 

 

This mid-sized category (n=306) includes fats such as butter, and margarine as well as 

various types of oils (mostly vegetable-based). Over one third of the items are packed in 

glass, and a small amount into corrugated paper that is third biggest material in packaging 

material weight in grams. The share of plastics is only 6% from the total weight of pack-

aging materials in grams, including both biobased polymers and PS/PVC to a small extent 

(both less than 1%). Total sales volume: 1.75%. 

 

Fish prepared/processed 

 

The category includes various type of prepared, or processed fish (n=792). Around one 

third is using corrugated paper as a packaging material (weight in grams). Glass repre-

sents around 16%, and PP around 10% of the packaging material weight in grams. Out of 

these three, PP is significantly higher in a number of items (133 / 792) compared to cor-

rugated paper and glass (both 84 / 792). The share of plastics is 28% (without reusables) 

from the total weight of packaging materials in grams. Total sales volume: Dried, smoked 

or salted fish 0.69%, other prepared fish 0.93%, Frozen fish and fresh and frozen seafood 

0.29% (Note: The figures include also seafood). 

 

Fish unprepared 

 

The category including unprepared fish includes 343 items. The reusable packaging ma-

terials are used mainly for fresh or frozen fish (boxes made from PS). When reusable 

materials are excluded, the most dominating materials are plastic_other, corrugated paper, 

and laminated carton, which altogether comprise more than 50% of the packaging mate-

rial weight in grams. The share of plastics is 43% (without reusables) from the total 

weight of packaging materials in grams, including PS/PVC to a small extent (less than 

1% without reusables). Total sales volume: Fresh fish 1.36%. 

 

Flavoured drinks (not ready to drink) 

 

This very small category (n=67) includes mainly various types of drink concentrates. The 

packaging material weight in grams is equal for glass and PET (around 44% for each, 
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altogether close to 90% of the total packaging material weight in grams). The third biggest 

material type is paperboard. The share of plastics is 46% from the total weight of pack-

aging materials in grams. Total sales volume: N/A. 

 

Flavoured drinks (ready to drink) 

 

This category includes soft drinks, and other flavoured drinks which are ready to drink 

(n=579). In numbers, glass and PET are rather equal, but in the packaging material weight 

in grams, the amount of glass is almost ten times higher compared to PET. The share of 

plastics is 10% from the total weight of packaging materials in grams, including PS/PVC 

to a small extent (less than 1%). Total sales volume: Soft drinks 2.74% (combined figure 

for soft and energy drinks. 

 

Flour, sugar, cocoa, flakes 

 

As the title refers, in this category are included flour, sugar, cocoa, flakes, and also milk 

powder (n=386). Over 60% is packed in various types of paper-based packaging material 

(weight in grams). The share of plastics is 17% from the total weight of packaging mate-

rials in grams, including both biobased polymers and PS/PVC to a small extent (both less 

than 1%). Total sales volumes: Flour & grains 0.45%, Sugar 0.14%, Cocoa 0.11%, other 

cereal products 0.23%. 

 

Fruit and vegetable juices/drinks 

 

This category includes all fruit and vegetable-based juices, and drinks (n=704). Mostly is 

used glass as a packaging material (over 71%, weight in grams), followed by PET (11%), 

and laminated carton (4%). In number of items, glass is still dominating (202 / 704), but 

PET is also widely used (173 / 704). The share of plastics is 15% from the total weight of 

packaging materials in grams, including PS/PVC to a small extent (less than 1%). Total 

sales volume: 1.83%. 
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Fruits and vegetables (fresh) 

 

This category includes fresh fruits, and vegetables (n=117). It is noteworthy that there 

might be some products missing. The three most used packaging materials in weight in 

grams are HDPE (over 42%), Other, and LDPE. The average weight in grams is rather 

low, less than 24 grams. The share of plastics is high, 80% from the total weight of pack-

aging materials in grams. Total sales volumes: Fruits 3.77%, vegetables 4.30% (excl. po-

tatoes), potatoes 0.92%. 

 

Fruits and vegetables (frozen) 

 

This category is also rather small (n=195). The prevailing packaging material in weight 

in grams is either paper / cardboard-based, or PE. Corrugated paper is the most used ma-

terial (67%, weight in grams). The share of plastics is 19% from the total weight of pack-

aging materials in grams, including both biobased polymers and PS/PVC to a small extent 

(both less than 1%). Total sales volumes: Fruits 0.47%, vegetables 0.45% (excl. potatoes), 

potatoes 0.92%. 

 

Fruits and vegetables (preserved) 

 

This category includes various types of processed fruits and vegetables, e.g. pickled, dried 

or canned (n=959). The three most used packaging materials (weight in grams) are glass 

(68%), aluminium (5%), and metal_other (4%). In addition, in number of items, glass is 

the most used material; around one third is packed in glass packages. The share of plastics 

is rather low, 8% from the total weight of packaging materials in grams, including bi-

obased polymers to a small extent (less than 1%). Total sales volumes: Potted fruits and 

berries 0.59%, potted or dried vegetables 0.99%. 

 

Grains and pasta 

 

The category includes pasta (both fresh and dried), and various grains, such as rice 

(n=429). In number of items, paperboard and plastic other are quite equal materials (123 

vs. 129 / 429), but in packaging material weight in grams, the volume of paperboard 

(40%) is more than double compared to plastic other (18%). Third most used material is 
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corrugated paper (16%, weight in grams). The share of plastics is 36% from the total 

weight of packaging materials in grams. Total sales volumes: Rice 0.22%, pasta products 

incl. couscous 0.95%. 

 

Ice cream 

 

More than half (both in number of items and packaging material weight in grams) is 

packed either in plastic_other, paperboard, or PP in this category (n=503). The share of 

plastics is 38% from the total weight of packaging materials in grams, including PS/PVC 

to a small extent (less than 1%). Total sales volume: 1.01%. 

 

Jams, sweet spreads, honey, syrups 

 

This category combines various products incl. jams and marmalades, sweet spreads, 

honey, and syrups (n=381). Glass is the most used packaging material both in weight in 

grams, and number of items (53%, 256 / 381). Additionally, it is used wood (other), and 

PP. The share of plastics is 22% from the total weight of packaging materials in grams, 

including PS/PVC to a small extent (less than 1%). Total sales volume: Jams, marmalades 

and honey 0.43%. 

 

Ketchup, mustard, mayonnaise and other sauces/dressings 

 

In addition to the ketchup, mustard, and mayonnaise, this category includes various types 

of other ready to use sauces and dressings, such as salad dressings (n=783). In this cate-

gory, glass is also the most used packaging material both in weight in grams, and number 

of items (53%, 225 / 783). Other two most used materials are plastic_other (9%, weight 

in grams, 115 / 783 items), and corrugated paper (8%, weight in grams, 19 / 783 items). 

The share of plastics is 28% from the total weight of packaging materials in grams, in-

cluding PS/PVC to a small extent (less than 1%). Total sales volume: N/A. 

 

Meals/products (not ready to eat) 

 

This category includes various type of ready-made meals and products, such as frozen 

meals, or canned soups (n=198). The TOP3 packaging materials in weight (in grams) are 
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plastic other (14%), PET (13%), and tin (12%). The share of plastics is 33% from the total 

weight of packaging materials in grams. Total sales volume: 4.65% (Note: One figure for 

all ready-made meals). 

 

Meals/products (ready to eat) 

 

This large category (n=1 310) includes various types of ready-made meals and products, 

which are ready to eat. These can be soups, meals, salads, sandwiches, and other snacks. 

The share of the packaging material in weight (in grams) is rather equal between the three 

most used materials (around 15%), but the number or items vary significantly: paperboard 

(73 / 1 310), PP (309 / 1 310), and PET (163 / 1 310). The share of plastics is 48% from 

the total weight of packaging materials in grams, including PS/PVC to a small extent (less 

than 1%). Total sales volume: 4.65% (Note: One figure for all ready-made meals). 

 

Milk and cream products & substitutes 

 

This category includes milk, cream and products such as sour milk, and other drinkable 

products and substitutes, like oat milk (n=475). One quarter in packaging material weight 

(in grams) and half of the products in number of items are packed in laminated carton. 

Other materials used are corrugated paper (19%, weight in grams), and wood (other). The 

share of plastics is 22% from the total weight of packaging materials in grams, including 

biobased polymers to a small extent (less than 1%) and PS/PVS to some extent (1.4%). 

Total sales volumes: Milk 2.66%, Other milk products 2.86% (Note: Some of the items 

might be in different category of the GS1 data analysis). 

 

Nutritional supplements and dietary aids 

 

This category includes nutritional or food supplements, such as vitamins, and dietary aids 

(n=549). In this category, 55% of the packaging material weight in grams is glass, and 

around 9% plastic_other. Yet, in number of pieces over 65% is some other material than 

those dominating in weight in grams. The share of plastics is 26% from the total weight 

of packaging materials in grams, including both biobased polymers and PS/PVC to a 

small extent (both less than 1%). Total sales volume: 0.93% (Note: This figure includes 

also tobacco substitutes). 
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Nuts and seeds 

 

The category includes nuts, seeds, and mixes of dried fruits and nuts (n=419). In packag-

ing material weight (in grams), glass is the most used material but in number of items 

plastic_other (99 / 419) is more often used than glass (7 / 419). Corrugated paper is the 

third used material in weight in grams. The share of plastics is 44% from the total weight 

of packaging materials in grams, including biobased polymers to a small extent (1.1%) 

and PS/PVS to a rather remarkable amount (6.5%). Total sales volume: Dried fruits, nuts 

and berries 1.06%. 

 

Packaged water 

 

This rather small category includes both still and sparkling water (n=103). Glass is dom-

inating in packaging material weight in grams (55%), followed by PET (39%), and alu-

minium (3%). In number of items, PET is significantly higher than the two others, com-

prising 75 / 103. The share of plastics is 41% from the total weight of packaging materials 

in grams. Total sales volume: 0.77%. 

 

Pies, pastries (sweet) 

 

This category includes all type of sweet pies, pastries, and products such as buns (perish-

able, shelf-stable, frozen) (n=563). This category also includes a significant amount of 

reusable packaging material (i.e. Transboxes), as an average grams of packaging material 

weight drops from 146 grams to less than 30 grams when reusables are excluded. Corru-

gated paper (30%) is the most used packaging material in weight (in grams), followed by 

paperboard (13%), and PET (9%). The share of plastics is 33% from the total weight of 

packaging materials in grams (excluding reusables), including PS/PVS to some extent 

(2.6%). Total sales volume: Other bakery products 3.18% (Note: The figure includes also 

products from other categories such as biscuits and dried bread). 

 

Pies, pastries, pizza 

 

This category includes all type of savoury pies, pastries, and pizza (perishable, shelf-sta-

ble, frozen). This mid-sized category (n=356) includes also some reusable packaging 
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material. The most used packaging materials in weight in grams (excl. reusables) are cor-

rugated paper (38%), paperboard (19%), and other corrugated board (14%). The share of 

plastics is 14% from the total weight of packaging materials in grams, excluding reusa-

bles. Total sales volume: 1.87%. 

 

Processed meat 

 

This large category (n=1 653) includes various processed meat products (smoked, dried, 

canned, cold cuts etc.). It includes in a small number also reusable packaging material 

(Transboxes). The most prevailing materials are different polymer types (reusables ex-

cluded): Plastic_other (32%, weight in grams, 748 / 1 653 items), PP (22%, weight in 

grams, 247 / 1 653 items), and LDPE (10%, weight in grams, 256 / 1 653 items). The 

share of plastics is high, 75% (excluding reusables) from the total weight of packaging 

materials in grams. Total sales volumes: Dried, salted or smoked meat 4.77% (Note: This 

figure includes also sausages), Other meat products 1.44%. 

 

Sauces (ready-made) 

 

This small category includes ready-made sauces, such as pasta sauces (n=72), and 95% 

of the packaging material in weight (in grams) is glass. Plastic_other and PP are used in 

small extent (around 1%, weight in grams / each). The share of plastics is low, 3% from 

the total weight of packaging materials in grams. Total sales volume: 1.09% (Note: This 

figure includes also other type of sauces).  

 

Sausages 

 

This large category includes all sausages and also cold cuts made from sausages (n=970). 

Various polymer types are used as a packaging material in this category: Plastic_other 

(34%, weight in grams, 493 / 966 items), PP (22%, weight in grams, 97 / 966 items), and 

LDPE (13%, weight in grams, 186 / 966 items). The share of plastics is high, 82% from 

the total weight of packaging materials in grams, including PS / PVC to a small extent 

(less than 1%). Total sales volumes: 4.77% (Note: The figure includes also other dried, 

salted or smoked meat products). 
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Seafood  

 

This category (n=178) includes all seafood products (fresh, prepared, frozen) including 

also some reusable packages. In packaging material weight in grams (excl. reusables) 

corrugated paper is used mostly (40%), followed by HDPE (15%), and PP (8%). In num-

ber of items, HDPE covers almost one third (52 / 178). The share of plastics is 34% (ex-

cluding reusables) from the total weight of packaging materials in grams. Total sales vol-

ume: combined figures together with fish. 

 

Snack products 

 

This category includes e.g. chips, and other snack products (n=697). The TOP3 packaging 

materials (weight in grams) are almost equal: PP 19%, glass 17%, and corrugated paper 

12%, but in number of items, PP is dominating with 250 items. The share of plastics is 

44% from the total weight of packaging materials in grams, including biobased polymers 

to a small extent (less than 1%) and PS/PVS to some extent (4.3%). Total sales volume: 

Potato chips 0.58%. 

 

Spices, baking/cooking additives 

 

This mid-sized category (n=640) includes spices, herbs, salt, and other baking and cook-

ing additives / products. In packaging material, weight in grams, glass represents 38%, 

PET 15%, and plastic_other 10%. In number of items, both PET (121 / 640 items), and 

plastic_other (169 / 640 items) are more used materials compared to glass (99 / 640 

items). The share of plastics is 41% from the total weight of packaging materials in grams, 

including both biobased polymers and PS/PVC to a small extent (both less than 1%). 

Total sales volume: Salt, spices and herbs 0.62%. 

 

Unprocessed meat 

 

This large category (n=1 456) includes various unprocessed (mostly fresh) meats. Reus-

able packages are used in significant amount (average volume in grams 73 vs 37 grams, 

with and without reusables). Mostly is used either plastic_other (32%, weight in grams, 

573 / 1 456 items), or PP (26%, weight in grams, 453 / 1 456 items). These are followed 
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by LDPE (9%, weight in grams, 180 / 1 456 items). The share of plastics is high, 76% 

(excluding reusables) from the total weight of packaging materials in grams, including 

PS /PVC to a small extent (less than 1%). Total sales volumes: Beef & veal 1.69%, pork 

0.70%, Mutton and other meat (incl. organs) 0.14%, poultry 2.23%. 

 

Yoghurts and other dairy products (drinkable) 

 

This mid-sized category (n=790) includes yoghurts, curdled milk, and e.g. drinkable yo-

ghurts. Both laminated carton (18%, weight in grams, 159 / 790 items), and PP (17%, 

weight in grams, 192 / 790 items) are commonly used. Third in packaging material weight 

in grams is glass (13%, 19 / 790 items). The share of plastics is 40% from the total weight 

of packaging materials in grams, including biobased polymers to a small extent (less than 

1%) and PS/PVS to a rather remarkable amount (7.1%). Total sales volume: Yoghurts 

1.87%. 
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APPENDIX 5 
 
Table 6. Examples of the average weights (in grams) of the primary packaging materials by 

product groups. Note: The values include only single items of food packages within each prod-

uct group, i.e. these values do not indicate total amount of packaging materials used as it would 

require sales volume data in number of number of pieces (not available). 

 Plastic /  
polymers Composite Glass Metals Laminated 

carton Corrugated Paper 

Product group (n) 

Aver-
age 

weight 
(g) 

(n) 

Aver-
age 

weight 
(g) 

(n) 

Aver-
age 

weight 
(g) 

(n) 

Aver-
age 

weight 
(g) 

(n) 

Aver-
age 

weight 
(g) 

(n) 

Aver-
age 

weight 
(g) 

(n) 

Aver-
age 

weight 
(g) 

Alcoholic beverages 
(mild) 15 34 3 244 741 270 455 37 1 14 1 40 4 55 

Baby/infant food 159 7 6 15 163 102 26 74 39 17 1 11 56 44 

Baking/cooking 
mixes (dry) 64 26 83 22 1 200 * 3 54 N/A N/A N/A N/A 48 22 

Biscuits 309 19 5 21 N/A N/A 18 116 14 23 18 117 185 28 

Bread 607 7 56 12 N/A N/A 7 1 9 24 16 260 241 40 

Cakes 192 34 32 72 N/A N/A 2 58 15 78 18 132 138 77 

Candies (sugar) 783 31 49 1 10 180 12 51 26 23 77 184 194 36 

Cereal products 54 9 22 18 N/A N/A 6 1 15 35 6 40 261 40 

Cheese & cheese 
substitutes 700 13 20 9 6 232 9 74 N/A N/A 8 66 131 42 

Chocolate (confec-
tionery) 472 27 68 37 3 160 115 22 10 37 57 102 529 58 

Coffee and tea 143 27 81 18 45 223 46 50 15 26 13 94 221 29 

Desserts 98 14 3 18 6 173 1 8 4 20 2 14 10 106 

Eggs and egg prod-
ucts 9 21 N/A N/A N/A N/A N/A N/A 3 19 6 242 51 105 

Energy and sports 
drinks 206 52 34 38 1 155 111 17 23 23 2 75 2 15 

Fats and oils 92 23 N/A N/A 136 283 25 85 8 13 N/A N/A 22 41 

Fish prepared/pro-
cessed 386 53 18 10 84 159 71 58 14 176 34 147 113 259 

Fish unprepared 148 156 N/A N/A N/A N/A 5 15 27 281 41 273 67 172 

Flavoured drinks (not 
ready to drink) 45 40 N/A N/A 14 126 1 100 N/A N/A N/A N/A 7 27 

Flavoured drinks 
(ready to drink) 199 33 1 37 204 295 136 25 23 19 2 66 10 38 

Flour, sugar, cocoa, 
flakes 95 23 18 20 2 303 7 46 9 20 2 69 253 38 
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Fruit and vegetable 
juices/drinks 225 42 104 28 202 252 5 16 108 28 10 95 34 47 

Fruits and vegetables 
(fresh) 85 26 N/A N/A N/A N/A N/A N/A 3 20 N/A N/A N/A N/A 

Fruits and vegetables 
(frozen) 110 16 N/A N/A N/A N/A N/A N/A 1 165 5 345 50 225 

Fruits and vegetables 
(preserved) 312 24 51 14 330 220 126 95 38 23 4 119 77 66 

Grains and pasta 256 12 4 14 1 90 1 0 N/A N/A 4 13 170 33 

Ice cream 142 43 33 2 N/A N/A N/A N/A 71 20 18 67 210 24 

Jams, sweet spreads, 
honey, syrups 95 116 1 18 256 183 N/A N/A N/A N/A 1 15 10 25 

Ketchup, mustard, 
mayonnaise and 
other sauces/dress-
ings 

453 48 9 68 242 208 36 23 1 22 2 310 25 305 

Meals/products (not 
ready to eat) 98 24 7 21 1 250 24 59 6 24 4 100 30 39 

Meals/products 
(ready to eat) 844 30 19 41 11 196 200 31 17 24 18 151 183 59 

Milk and cream prod-
ucts & substitutes 77 15 9 15 N/A N/A 9 45 238 23 12 58 49 91 

Nutritional supple-
ments and dietary 
aids 

251 27 22 12 104 160 26 22 2 28 5 19 139 18 

Nuts and seeds 321 9 24 4 7 192 9 8 N/A N/A 3 235 44 30 

Packaged water 75 33 N/A N/A 12 287 13 17 3 18 N/A N/A N/A N/A 

Pies, pastries (sweet) 320 13 34 26 N/A N/A 5 62 27 14 9 179 141 49 

Pies, pastries, pizza 150 14 11 23 N/A N/A 21 22 12 31 13 348 134 100 

Processed meat 1 452 26 17 12 1 126 86 49 11 38 17 167 58 76 

Sauces (ready-made) 13 23 N/A N/A 58 175 N/A N/A N/A N/A N/A N/A 1 30 

Sausages 918 16 31 11 N/A N/A 9 20 3 80 1 280 9 80 

Seafood 141 43 2 500 1 90 3 38 4 332 5 338 19 423 

Snack products 489 9 89 10 8 205 19 8 N/A N/A 3 235 74 25 

Spices, baking/cook-
ing additives 357 31 11 19 106 126 60 45 26 12 1 10 80 23 

Unprocessed meat 1 363 28 2 18 N/A N/A 5 171 10 44 4 363 41 219 

Yoghurts and other 
dairy products (drink-
able) 

472 15 24 15 15 193 16 24 159 25 10 21 75 25 

Average 314 30 g 28 41 g 92 194 g 46 43 g 28 50 g 12 142 g 100 78 g 

Median 196 26 g 20 18 g 13 192 g 15 37 g 13 23 g 6 109 g 63 41 g 
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Note: The numbers are counted based on the prevailing packaging material of each item, i.e. the material which comprises the highest 
amount of total material used per item is included. If an equal amount of different packaging material types is used, all are included in 
the figures. 

* Misplaced item.           

N/A = not applicable i.e. no items exist in the respective category as a prevailing packaging material. 

The groups include the most common packaging materials used. Few rare materials, such as fibre, ceramic, and wood, are left out as 
those are used as a prevailing material only in few product groups. The results are shown by material groups: Polymers / plastic, com-
posite, glass, metals, laminated carton, corrugated, and paper (see Chapter 5.2 for further definitions). 

 

  



103 
 

APPENDIX 6 
 
Table 7. The sum-up of the ratio and the share of the primary packaging materials compared to 

the net weight by product groups. 

 
 Ratio of the primary packaging material vs food   

Net vs gross weight (g) 1)  Share of package weight from the net weight 
(%) 

Product group 
N:o of 
items 
(pcs) 

Min 
ratio 

Max 
ratio 

Average 
ratio 

Median 
ratio  Min 

share 
Max 

share 
Average 

share 
Median 
share 

Alcoholic bever-
ages (mild) 1 219 0.027 1.000 0.734 0.620  0.00 3571.43 49.11 61.21 

Baby/infant food 468 0.438 0.988 0.804 0.892  1.18 128.57 29.44 12.08 

Baking/cooking 
mixes (dry) 199 0.581 0.996 0.874 0.903  0.40 72.22 15.99 10.80 

Biscuits 548 0.495 0.993 0.903 0.926  0.67 102.00 11.81 8.00 

Bread 968 0.278 1.000 0.952 0.976  0.00 260 2) 5.92 2.50 

Cakes 406 0.314 1.000 0.901 0.913  0.00 218,57 2) 12.53 9.53 

Candies (sugar) 1 160 0.094 1.000 0.919 0.949  0.00 963.33 11.91 5.40 

Cereal products 371 0.713 0.991 0.904 0.915  0.91 40.29 11.29 9.33 

Cheese & cheese 
substitutes 1 100 0.436 1.000 0.941 0.956  0.00 129.33 7.42 4.65 

Chocolate (confec-
tionery) 1 254 0.345 1.000 0.875 0.920  0.00 190.00 17.80 8.67 

Coffee and tea 573 0.170 0.982 0.696 0.692  1.88 489.74 70.00 44.49 

Desserts 124 0.317 0.974 0.904 0.938  2.66 215.00 15.76 6.67 

Eggs and egg 
products 110 0.889 1.000 0.934 0.933  0.00 12.50 7.07 7.19 

Energy and sports 
drinks 404 0.489 1.000 0.912 0.949  0.00 104.67 10.70 5.38 

Fats and oils 306 0.294 0.995 0.750 0.844  0.50 240.00 45.95 18.48 

Fish prepared/pro-
cessed 792 0.346 1.000 0.872 0.919  0.00 188.97 18.27 8.86 

Fish unprepared 343 0.628 1.000 0.916 0.949  0.00 59.33 10.14 5.37 

Flavoured drinks 
(not ready to 
drink) 

67 0.556 0.966 0.845 0.921  3.50 80.00 22.39 8.62 

Flavoured drinks 
(ready to drink) 579 0.424 0.976 0.812 0.929  2.43 136.11 31.11 7.69 

Flour, sugar, co-
coa, flakes 386 0.145 1.000 0.919 0.952  0.00 588.00 14.30 5.00 

Fruit and vegeta-
ble juices/drinks 704 0.434 0.984 0.855 0.936  1.66 130.19 21.30 6.80 

Fruits and vegeta-
bles (fresh) 117 0.541 0.996 0.910 0.933  0.40 85.00 11.57 7.22 

Fruits and vegeta-
bles (frozen) 195 0.870 0.996 0.969 0.977  0.40 15.00 3.25 2.40 

Fruits and vegeta-
bles (preserved) 959 0.265 1.000 0.804 0.879  0.00 276.92 31.37 13.75 

Grains and pasta 429 0.513 1.000 0.944 0.962  0.00 95.00 6.51 4.00 

Ice cream 503 0.738 0.996 0.922 0.938  0.40 35.42 8.68 6.67 
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Jams, sweet 
spreads, honey, 
syrups 

381 0.167 0.973 0.706 0.641  2.80 500.00 51.04 56.00 

Ketchup, mustard, 
mayonnaise and 
other 
sauces/dressings 

783 0.241 1.000 0.798 0.897  0.00 315.79 34.01 11.53 

Meals/products 
(not ready to eat) 198 0.577 0.994 0.918 0.936  0.59 73.33 9.79 6.83 

Meals/products 
(ready to eat) 1 310 0.268 0.999 0.931 0.937  0.10 272.73 8.03 6.71 

Milk and cream 
products & substi-
tutes 

475 0.010 0.990 0.958 0.968  1.00 10215.74 25.72 3.26 

Nutritional supple-
ments and dietary 
aids 

536 0.117 1.000 0.672 0.709  0.00 751.43 75.36 41.02 

Nuts and seeds 419 0.589 1.000 0.952 0.968  0.00 69.70 5.62 3.33 

Packaged water 103 0.611 1.000 0.916 0.950  0.00 63.66 11.11 5.26 

Pies, pastries 
(sweet) 563 0.264 1.000 0.898 0.940  0.00 278,18 2) 17.11 6.36 

Pies, pastries, 
pizza 356 0.298 1.000 0.923 0.946  0.00 235,38 2) 9.42 5.72 

Processed meat 1 653 0.456 1.000 0.939 0.952  0.00 119.13 6.89 5.00 

Sauces (ready-
made) 72 0.464 0.987 0.643 0.574  1.28 115.56 62.86 74.35 

Sausages 970 0.794 1.000 0.961 0.971  0.00 26.00 4.19 2.98 

Seafood 176 0.125 1.000 0.864 0.902  0.00 700.00 23.48 10.91 

Snack products 697 0.293 0.994 0.932 0.956  0.57 241.67 9.42 4.57 

Spices, bak-
ing/cooking addi-
tives 

640 0.026 1.000 0.725 0.833  0.00 3733.33 81.31 20.00 

Unprocessed meat 1 456 0.265 1.000 0.963 0.972  0.00 278 2) 4.22 2.83 

Yoghurts and 
other dairy prod-
ucts (drinkable) 

790 0.424 1.000 0.929 0.946  0.00 136.11 9.16 5.67 
          
1) If the ratio is 1, it means that in the primary packaging, the net weight is the same as the gross weight (i.e. there is no packaging mate-
rial used at all). 
2) Incl. Reusables (Transboxes or similar). 

Note: If the minimum ratio is 0 it might be a product which is sold as a so-called loose item (meat, bakery) and a Transbox is not in-
cluded in the figure. 
Note: If required data for calculations were missing, the row was omitted from this data. 
Colour codes: The red highlight colour indicates a share where the package weight of the product weight is over 50% (i.e. a significant 
amount of packaging material has been used). The green highlight colour indicates a share where the package weight of the product 
weight is below 5%. Here the product weight means the net weight i.e. the weight excluding the weight of the packaging material. 
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