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This thesis was conducted for a Finnish ready-made meals company who wanted to improve 

their sustainability by changing their packaging materials into more sustainable ones. The aim 

of this thesis was to find out what more sustainable packaging materials work best in the case 

company’s processes. The aim was also to provide the case company with sufficient information 

on the requirements of sustainable ready-made meals packaging, the Finnish recycling system 

and the possible packaging materials, so that they can make educated decisions about changing 

their packaging. The theory part of this thesis was done as a literary review and the practical 

part was executed as discussions and practical testing with the case company. 

 

In the practical part of the thesis, three different trays and four different film options were tested 

in the process line. The materials were all thought to be in some way more sustainable than the 

current packaging of the case company. After the testing and all the research into the materials, 

the tested packaging were ranked from best to worst. The best tray in this study turned out to be 

the aluminium tray and the best film was a PP mono-material film. Neither of the materials were 

found to be the best match for the case company, so the company decided to continue the testing 

after this study. This thesis provides a good base of knowledge on the packaging materials’ 

sustainability aspects to help the case company achieve their sustainability goals.  
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1 INTRODUCTION 

 

The continuous growth in global population means an increasing need for water, food and all 

kinds of products and services. Increase in the demand of these means also an increasing amount 

of energy consumed and waste produced. (Population Action International 2011.) Both of those 

have impacts on the environment and must be sustainably taken care of in order to preserve the 

environment and not to cause it harm. It has been predicted by the Food and Agricoulture 

Organization (FAO) that the demand for food will double by 2050 because of the economic and 

population growth (Population Action International 2011). This means that the amount of waste 

from food itself and its packaging, and their negative impacts on the environment, will also 

rapidly grow if their sustainability is not thoroughly considered. 

 

Plastic production has increased to 20 times the volume it was on 1960 and it is still expected 

to double during the next 20 years (Ympäristöministeriö 2019). Approximately 40 % of all 

plastic consumed in Europe on 2014 was used for packaging (Järvinen 2016). On 2018, it was 

calculated that the majority of all plastic waste in the EU area consisted of packaging waste 

(Ympäristöministeriö 2019). The environmental impacts of plastic are currently a highly 

discussed topic all around the western world and reducing and recycling plastic has become a 

growing trend. There are more than 13 000 plastic litter pieces found on one square kilometre 

in the oceans and producing plastic simultaneously produces large amounts of greenhouse gases. 

(Lacy, McAndrew & Spindler 2019.) Dramatic headlines such as “Plastic is killing the world” 

or “Huge islands of plastic garbage floating in the oceans” or some similar ones are in the news 

and social media every day and it awakes people to think about their plastic usage and ways to 

do their part in minimizing the problems. 

 

When considering the food industry, it can be seen with a trip to any grocery store that plastic 

is a common material in food packaging. Compared to all other products, there are some specific 

additional requirements considering food packaging materials because of the need to preserve 

the product and handle contact with moisture and grease in very different ways than other types 

of product’s packaging materials. Therefore, plastic is often used in food packaging due to its 
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diversity and ability to contain liquids and grease, unlike many other materials. Plastics are also 

easily available and can be turned into almost any shape or form needed, which adds to the 

convenience of it in packaging (Geueke, Groh & Muncke 2018.) Many other materials, like 

cardboard, glass and metals, also used in the food packaging, but the plastic is at the moment 

the most problematic one, due to its challenging disposal, whereas the others are more easily 

and commonly recyclable materials.  

 

Plastic packaging has a short service life and after that it is landfilled, incinerated or recycled 

(Goossens & Luijsterburg 2014). In the EU area, it was estimated that on 2018 approximately 

31 % or plastic waste was landfilled, 39 % incinerated and only 30 % was collected for recycling 

(Ympäristöministeriö 2019). Even though plastic theoretically has high recyclability, it cannot 

always be recycled due to the technology not being advanced enough to utilise plastics that have 

decreased quality after used for consumer packaging or are mixed with other materials. It was 

estimated that because of this and the low collection rate, only 5 % of material value of all plastic 

used for packaging was captured after one use on 2016. (Hahladakis & Iacovidou 2018.) 

Nowadays there are many alternative packaging materials for plastics and new ones are 

developed all the time. This means that for companies wanting to decrease their environmental 

impacts, changing their packaging from plastic to a more recyclable, sustainable material would 

be a considerably easy first step into more sustainable operations. 

 

1.1 Background 

 

The initiative for this thesis came from a Finnish food company that wants to decrease their 

environmental impact and find out ways to improve their ready-made meals packaging to be 

more sustainable. The company has noticed the growing importance of sustainability issues 

amongst the public and now wants to take action to change their contribution to these issues. 

There has specifically been a lot of talk around the problems of plastic recently and reducing 

plastic has become a more common goal amongst many companies. At the moment, the case 

company of this thesis uses different plastics, cardboard and aluminium in their packaging, but 

the most used material is plastic. Because the share of plastic used is the biggest and it seems to 
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be the most problematic packaging material for the environment, the company is interested in 

reducing the amount of plastics in their packaging. At the same time their goal is to decrease the 

overall amount of packaging waste they put out to the world and with these sustainability 

improvements, maybe act as an example of responsibility in the food industry in Finland. (Case 

company’s Purchasing Manager, meeting 20 November 2018.) 

 

The need for this thesis arose from the food company lacking information of the food packaging 

options available on the markets, that might suit their processes and be more sustainable than 

the plastic packaging they currently use. They have noted that there are a lot of new packaging 

solutions that are said to be more sustainable alternatives to traditional plastic packaging. Some 

of them are already known by the case company but they do not have enough knowledge of the 

new packaging materials, or the sustainability of food packaging materials in general, to 

evaluate the options thoroughly. Also, the possible new materials have not been tested in the 

production line of the company, so it is not known if the materials would work in practice or 

not. (Case company’s Purchasing Manager, meeting 20 November 2018.) This thesis’ research 

is constructed to provide information on these subjects as thoroughly as possible. 

 

1.2 Objectives and limitations 

 

The aim of this thesis is to find out what more sustainable packaging materials work best in the 

case company’s processes? This is achieved by researching different requirements for ready-

made meals packaging, the most commonly used ready-made meals’ packaging materials and 

their recycling possibilities, finding out different more sustainable food packaging options in 

the Finnish markets and their possibilities and also determining the key aspects that need to be 

considered with this possible packaging change and how the company should proceed with it 

after this thesis. To answer the main research question, the aim is to test the found more 

sustainable packaging materials in practice and see what works the best in the company’s 

existing production processes. To sum this up, the main research question and the sub questions 

to answer in this study are:  
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• What more sustainable packaging materials works best in the case company’s processes? 

 

o What is required of sustainable ready-made meals packaging? 

o What ready-made meals packaging materials are used and how they can be 

recycled? 

o What are the key aspects to consider in changing the packaging materials into 

more sustainable ones and how to proceed after this study? 

 

This study is geographically limited to Finland, because there are significant differences in 

practices in this field in different parts of the world and Finland is where the case company 

operates in. This limitation means that the research focuses on the materials used in Finland, the 

packaging options available in the Finnish markets and the Finnish waste recycling system, for 

example. Also, all other relevant operations for this study along the whole life cycle of the 

studied packaging are considered to be in Finland. This does not mean that all materials, 

practices or technologies must be strictly Finnish, but it means they must be available for a 

Finnish company operating in Finland to utilise in their operations. 

 

Another limitation is that the focus of this study is on the technical side of the packaging 

materials and the functionality corresponding to the company’s needs. This means leaving out 

the consumer perspective concerning the food packaging and sustainability. The company has 

separate ongoing research about the consumer perspective at the moment, where those aspects 

are focused on. In this study, the focus is on what packaging materials work for the company in 

practice and that are more sustainable than the currently used packaging. The sustainability 

aspects of the packaging are considered throughout its whole life cycle from the producer to the 

disposal, but there too, the focus is on the functionality within the Finnish society, not the 

consumer opinions. 
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1.3 Structure and methods 

 

The thesis starts with a theory part that is done mainly as a literary review. It starts in Chapter 2 

by reviewing the requirements for ready-made meals packaging and the materials, considering 

the different functions of the packaging, like preserving of the food and presenting information. 

The requirements are divided into general requirements and sustainability requirements that 

both include requirements for food packaging with the focus on ready-made meals. Then, 

Chapter 3 focuses on the most common materials used for ready-made meals packaging today 

and how those are used and recycled in Finland. Lastly in the theory part Chapter 4 includes 

research on the novel packaging solutions that try to be more sustainable or otherwise better 

options than the traditional food packaging and that could possibly be used as ready-made meals 

packaging now or in the future when they are developed further. 

 

The practical part of the thesis is in Chapter 5 and it is done with the case company as a 

qualitative study where a small number of potential materials are tested and evaluated. It is 

executed as consultations, discussions and practical testing utilizing the information gathered in 

the theory part. Information is gathered also with phone calls, emails and sensory analysis of the 

products. The practical part includes a more detailed introduction of the company and the 

packaging they want to be changed as well as the specific requirements for the new packaging 

considering the process line and preferences of the company. Then there is review or the 

alternative packaging solutions considered for testing in this study with the focus on their 

sustainability aspects. Then the materials are tested in practise in the case company’s production 

line. After the testing, the results are presented from the actual testing day and the follow-up 

weeks’ sensory tests. Then the results are analysed, and a final verdict is reached on the 

functionality of these materials for the case company. The conclusions include the future 

continuation suggestions for the case company as well as some notions found in this study that 

any other food company could consider in their own similar projects.   
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2 REQUIREMENTS FOR READY-MADE MEALS PACKAGING 

 

The role of packaging is fundamental in ensuring safe delivery of a product from the producer 

through supply chains to the customer in good condition. The packaging has also multiple 

additional functions along the way to ensure the proper use and disposal of the materials to from 

the beginning of the products life cycle till the end of it. In addition, packaging is a big factor 

influencing the overall sustainability of the product. (Lindh, Olsson & Williams 2016.) The 

functions of the packaging include, for example, protecting, preserving, promoting the product 

as well as providing information about it and reducing packaging waste. (ECR Europe 2009.) 

The requirements for the packaging can therefore be thought as the things needed, to fulfil these 

functions as well as possible. There are also legislative requirements for packaging set by the 

EU that need to be considered (Ruokavirasto 2019a). A good packaging fulfils all its functional 

requirements and at the same time minimises the negative environmental and economic impacts 

(ECR Europe 2009). 

 

A packed food product is a product that is sealed into its packaging totally or partly before 

selling it so that the contents of the packaging cannot be changed in any way without opening 

or breaking the packaging (Lehto 2017, 2011/1169/EU). Unpacked food product is a product 

that the consumer packs himself or that is temporarily packed for the consumer for making the 

process more convenient or that is served to the consumer at the place of purchase (Lehto 2017, 

2014/834/MMM). There are legislations and requirements regarding both types of food products 

but because this thesis is focused on the packaging and the case company produces ready-packed 

food items, the consideration of the unpacked food items is left out of this study. 

 

The term ready-made meal has multiple slightly different definitions, but in general it is 

perceived as food that is prepared before selling it, to make cooking easier and faster for the 

consumer. According to a widely used definition a ready-made meal means a food product or a 

meal that is fully or partially industrially cooked and the time, energy, skills and equipment 

needed to prepare the food has shifted from the consumer to the food industry (Candel & 

Verlegh 1999.). Most definitions indicate that the factor defining ready-made meals is that they 
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make cooking convenient, fast and easy for the consumer. Other common defining factors were 

that the whole meal is packed in the same packaging and preparing it requires only heating the 

food. (Beumer et al. 2001, de Boer et al. 2004, Järvinen & Kupiainen 2009, 9.) 

 

Packaging can be divided into primary, secondary and tertiary packaging. Primary packaging is 

the packaging that is closest to the food item itself. It is also usually the packaging in which the 

end user purchases the product and it is to be opened only when the product is consumed. 

Secondary and tertiary packaging are used on top of the primary packaging to, for example, hold 

the smaller packaging units together to ease transportation and delivery or to visually display 

the products in stores. Where the primary packaging is more targeted to fit the expectations and 

needs of the producer and the consumer, secondary and tertiary packaging are targeted to serve 

the needs of the transporting and facilitating companies in between the manufacturer and the 

consumer. (Nefab Group 2018.) Most of the requirements presented in this chapter apply to all 

three of these packaging types but the focus of this chapter is primary packaging because that is 

the packaging type this research is aimed to help change. 

 

This chapter discusses the different requirements for ready-made meals packaging dividing 

them to general and sustainability requirements. The requirements are based on the different 

functions of the packaging and the general requirements focus mainly on the legal and 

regulation-based requirements whereas the sustainability requirements are more specified 

guidelines to minimizing environmental impacts. Here both of them are divided into three 

categories, the general ones into material, informational and other requirements and the 

sustainability ones into social, economic and environmental requirements. The general 

requirements chapter also includes a part discussing the enforcement of the legislative 

regulations. Many of these requirements, especially the legislative requirements, apply to all 

food packaging and are not limited to ready-made meals. This chapter focuses on the 

specifications on ready-made meals packaging, because that is the field where the case company 

of this thesis operates in and those specifications are important to emphasise for the practical 

part of this thesis.  
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2.1 General requirements 

 

These general requirements are mostly based on laws and regulations in Finland or in the EU 

area for food packaging and food contact materials. The requirements are thought around the 

different functions of the packaging and the general ones mainly focus on the preserving of the 

food safely and providing information to the customers. These requirements are discussed below 

first considering the material requirements, then the informational requirements and then all 

other additional requirements coming from the regulations. Lastly there is a chapter considering 

the control practices taken to make sure the producers are in compliance with the legislative 

requirements. 

 

2.1.1 Material requirements 

 

The Finnish legislation on packaging and packaging materials is mostly directly in accordance 

to the European Commission regulations and decrees. Only some minor additions have been 

made to make the EU laws suit better into the Finnish system. All packaging regulations base 

on the European Parliament and Council Directive 94/62/EC on packaging and packaging waste 

and its Finnish application, the Government Decision 962/1997 on packaging and packaging 

waste. There have been many additions and new changes to these in the later years and naturally 

all the newest legislation has to be considered in all packaging, but they mostly only add to these 

original directives and update them to fit the new developments of the world. (Järvi-Kääriäinen 

& Ollila 2007, 153-157.) These regulations have some safety and environmental requirements 

for the packaging material, such as, limits for heavy metals and other contaminants on the 

material, packaging not using excessive amounts of materials and reusable materials staying 

user safe even through multiple times of reusing them. (Järvi-Kääriäinen & Ollila 2007, 276.) 

 

Because food products are consumer goods that millions of people buy every day, the need for 

packaging is high. This means that the packaging material and design must enable industrial 

manufacturing to that the needed volume of the packaging can be produced. (University of 

Helsinki 2019.) In addition to industrial manufacturing, the packaging materials must withstand 
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mechanical processing, varying temperatures, speed and possible rougher handling by the 

machines in automated production lines throughout their life cycle. This means having 

mechanical endurance, correct shape and size and good friction properties. The materials must 

endure varying circumstances without breaking and losing any of their desirable qualities. 

(Järvi-Kääriäinen & Ollila 2007, 11.) The packaging also has to stay intact and keep the product 

in perfect condition, after the production factory, through the transport and retail all the way to 

the consumer. 

 

For food packaging, there are legislative requirements differentiating them from packaging of 

any other goods designed to ensure the safety of the so-called food contact materials (Close-Up 

Media 2015). On top of this, the different parties of the supply chain can have their own specific 

requirements including, for example, transportation properties, presentation at the grocery store 

or customer preferences (Lehtonen & Uusitalo 2011, 12), that can be considered when the 

packaging is wanted to be beneficial to the user in all life cycle stages.  

 

Food contact material means any material that is intended to be directly or indirectly in contact 

with food. These include food packaging but also many other things such as cups and plates, 

utensils, water boilers, coffee makers and also the industry’s food processing equipment. It is 

determined that any food contact material must not transfer any substances to food in large 

enough quantities to endanger human health, change the composition of the food unacceptably 

or cause “deterioration in its organoleptic properties”. The correct use of materials in contact 

with food is the responsibility of the product manufacturer and importer. (Finnish Food 

Authority 2019.) 

 

The European Commission regulation No 1935/2004 on materials and articles intended to come 

into contact with food, is the most important one, because it determines general requirements 

for all food contact materials (2004/1935/EC). In addition to this, there are also decrees on all 

different packaging materials determining the use of them with different products (Järvi-

Kääriäinen & Ollila 2007, 153-157). There are also some other regulations important to consider 

with food packaging materials, for example, the REACH decree 1907/2006, that determines 

safety for all chemical use, which applies also to chemicals used in packaging (2006/1907/EC). 
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Also, the Finnish Food Act 23/2006 and its additional decrees have specifications for materials 

used with certain food products (2006/23/MMM). 

 

All materials in contact with food products also need to be hygienic and keep the food hygienic 

until its expiration date. This is required not only from the packaging materials but also from all 

equipment and materials used in the production of the food item as well. This means basically 

that it must be ensured that there are no parts breaking off, no microbes, paint or chemical 

residues transferring into the food product from none of the contact materials. There are 

standards regulating the contact materials both in use with food items and also the production 

of these contact materials. (Järvi-Kääriäinen & Ollila 2007, 161.) 

 

For the selection of the proper contact material, the most important factor specifically 

concerning ready-made meal’s packaging is this the change in cooking the food in the 

production factory instead of people’s homes. This means that the packaging must endure, for 

example, much more heat, moisture and grease as well as processing and transporting machinery 

than the general food items. It also means that the preservability of the product is a more 

complicated matter and needs special attention, due to the food being cooked and having 

multiple different ingredients. (de Boer et al. 2004.) From these the actual cooking the food in 

the oven part needs a lot of attention because the heat affects the packaging material and the 

product in many ways. The contact materials are in an important role here, since the heat of the 

oven might change the behaviour of the material and, as mentioned, it must be guaranteed that 

there is no residue left on the food from the packaging. It is also crucial that the packaging keeps 

its form through the heat and the cold and that it will not change its quality in the food production 

process.  

 

Preserving the quality of the food product and protecting it from any physical, chemical or 

biological stress is the most important role of the packaging and to do this, the proper material 

matched with the food item is crucial. Choosing the material for food packaging has to be done 

so that the material suits the specific food product in question, since different materials and 

foods behave differently, and some materials may not suit some products as well. In addition to 

preserving the food, the packaging should clearly show if it has broken or opened, to ensure that 
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nothing has contaminated the food product before consumption. (Järvi-Kääriäinen & Ollila 

2007, 11.) 

 

2.1.2 Informational requirements 

 

One of the functions of the food packaging is to provide information about the product to inform 

the consumer and thus minimise health risks and economic losses. The requirements for the 

information provided on food packaging are determined in Regulation No 1169/2011 of the 

European Parliament and of the Council on the provision of food information to consumers. EU 

has determined both general requirements for all food products and also some specific rules on 

certain food products that have some unique qualities. (2011/1169/EU.) Some other 

information, for example, batch numbers on packaged foods, language requirements and 

markings on heavily salted products, are regulated nationally and in Finland they are determined 

in the Finnish Ministry of Agriculture and Forestry’s regulations No 834/2014 and No 

1010/2014 (2014/834/MMM, 2014/1010/MMM). A producer must also always check if their 

products have any specific legislations regarding them and consider those additional 

requirements on top of the generally required information. This kind of special legislations 

mostly focus on meat and fish products. (Lehto 2017) 

 

According to the Regulation No 1169/2011 of the European Parliament and of the Council on 

the provision of food information to consumers, section 9, a food packaging must include at 

least the following information: the name of the food product, list of ingredients, possible 

allergens highlighted in the list of ingredients, weight or volume of the product, best before date 

or expiration date and the freezing date on frozen meat products, the responsible food producer’s 

name, trade name or auxiliary business name and an address or country or place of origin, 

alcohol content if it is above 1,2 % by volume and the nutritional values of the product. (Lehto 

2017, 2011/1169/EU.) Also, batch numbers and heavily salted -markings are required 

information on packaged food in Finland (2014/834/ MMM, 2014/1010/MMM).  In some cases, 

it is in addition required to include the amounts of the ingredients in the ingredient list, 

instructions on how to store the product correctly and instructions on using the product. This 
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above listed information must be provided on all ready-packed food products that are to be 

delivered to the consumer or catering as they are produced. (Lehto 2017, 2011/1169/EU.)  

 

There is also special legislation regarding some more special product groups like meat and 

frozen products. According to EC regulation No 1760/2000 sections 13–15 and also the Finnish 

Ministry of Agriculture and Forestry’s regulation No 434/2008 all beef products, fresh, cooled 

and frozen, have to have the country of origin visibly presented on the packaging. Similarly, the 

Commission Implementing Regulation No 1337/2013 requires the country of origin to be 

presented on all swine, sheep, goat and poultry products as well. (2000/1760/EC, 

2008/434/MMM, 2013/1337/EU.) The Finnish Ministry of Agriculture and Forestry’s 

regulation No 818/2012 requires that all frozen products must have the text “frozen”, “frozen 

product” or “must not be frozen again after once defrosted”. They also must have the best before 

date and the time that the product can be stored and the proper storing instructions and, in some 

products, also the date when the product was originally frozen. (2012/818/MMM.) Identification 

numbers are also necessary to present on the packaging of factory-produced animal products 

(2004/853/EC, § 5-6). 

 

Regulation No 1169/2011 of the European Parliament and of the Council on the provision of 

food information to consumers, chapter V, determines some rules regarding the voluntary 

information allowed on the food packaging. It states, for example, that the additional 

information must in no means be misleading or confusing to the consumers and should be based 

on scientific data. It also lists some examples of this voluntary information. (2011/1169/EU.) 

 

2.1.3 Other requirements 

 

In addition to the material and information requirements, for example, the language of the 

information and clarity of the print, are matters regulated by the authorities. According to the 

Finnish Ministry of Agriculture and Forestry’s regulation 834, section 4, a ready-packed food 

item has to have the information on its packaging in both, Finnish and Swedish, if it is meant to 

be sold in or delivered to bilingual areas. In unilingual areas, it is enough to have the information 
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in at least the language of the area. There is no limitation on how many additional languages the 

information can be given, as long as it is also in the required languages. (2014/834/MMM, Evira 

2018.) 

 

The same regulation also determines that the minimum size of the text on a food packaging is 

1,2 mm. Exceptions to this are small packages that only require the text to be 0,9 mm. A 

packaging is qualified as small if its biggest single part has the area smaller than 80 cm2. 

(2014/834/MMM.) The information must also be easy to read and understand, permanent and 

visible on the packaging. This means that the information cannot come off easily by accident or 

be covered, blurred or cut off with any labels, pictures or stickers, for example. (Evira 2018.) 

 

The information must be correct and not in any way misleading the consumer about the food 

product’s quality, properties, consistency, amount, origin, production or process methods or 

other corresponding features. The information on the packaging must not declare that the 

product has any properties or effects it has not or that do not differentiate it in any way from 

other similar products. (Ruokavirasto 2019a, 2011/1169/EU.) The packaging is also a major 

factor in marketing the product, attracting the customer and differentiating the product from 

competitors. Requirements regarding these factors are not regulation-based like the others 

mentioned in this chapter, but these are also important in making successful packaging. Because 

there are no regulations, each producer must determine these for themselves considering their 

image, the markets and customer-base. (University of Helsinki 2019.) 

 

2.1.4 Control of compliance with the regulations 

 

Naturally, where there are legislative regulations, there must also be supervising, to ensure the 

compliance with the regulations. Because food items can majorly impact human health, 

controlling the compliance with the food related regulations is taken especially seriously. To 

ensure a packaging is suitable for food products, various requirements need to be met and those 

requirements come from multiple different regulations, decrees and standards. According to the 

Finnish Food Act, both the packaging manufacturer and the food producer, who intends to use 
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the packaging, must have a self-control strategy. Still, the primary responsibility of the 

packaging material being suitable for the food product is on the food producer or other party 

that combines the packaging with the food. (Järvi-Kääriäinen & Ollila 2007, 261-263.) 

 

The Commission Regulation No 2023/2006 requires all parties handling food contact materials 

to have a quality system than includes both, a quality assurance and quality control methods to 

ensure good manufacturing practices (2006/2023/EC). This is to guarantee the company carries 

out self-control operations required in the Food Act Each company can choose their quality 

system themselves since no specific system is required in the regulation. The official quality 

control systems, for example the ISO 9001 systems, demand strict supervision and transparent 

reporting on all the processes involving the contact materials. A third-party certification 

company is always needed to grant the official quality system and inspect the operations 

regularly. (Ruokavirasto 2019b.) 

 

In Finland, the party leading the control of compliance with the regulations regarding food 

contact materials is Finnish Food Authority (Evira until the end of 2018). It determines the 

frequency and need of inspections depending on the materials and the sensitivity of the food 

product, within the authority the Food Act gives the supervising party. The actual supervising 

is organised in municipalities, either independently or in cooperation with a few neighbouring 

municipalities, by the municipality’s health or environmental board. The aim of this control 

system is to ensure that all the previously mentioned legislative requirements for food packaging 

materials, all equipment and other contact materials and reporting of the operations, are met. In 

practice, this supervising mainly focuses on checking that the self-control systems in the 

companies are carried out as they should be, and that the company’s quality system is in effect. 

The authorities organise these check-ups regularly and the companies are notified about those 

visits but sometimes they do some unnotified random checking on, especially, the more 

vulnerable products on the markets. (Järvi-Kääriäinen & Ollila 2007, 262.) 

 

It is the responsibility of the food packaging manufacturer, to make sure the packaging passes a 

three-step testing process with chemical composition checking, chemical testing and sensory 

testing. First, the packaging material composition is checked, and it is made sure that all used 
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substances are allowed by the regulations. Then testing is done with chemicals simulating the 

intended food products to see if the packaging leaves any unwanted residues in its contents. For 

this there are guidelines determining the testing methods and chemicals depending on the 

intended packaging use and food item. Lastly the testing is done with actual food products to 

figure out things that might not be detected with the other tests, like changes in the taste or 

consistency of the food. Here it is very important to simulate the real production conditions, 

because changes in for example temperature or humidity can change the behaviour of the 

material and the food. (Järvi-Kääriäinen & Ollila 2007, 259-264.) 

 

It is the responsibility of the food producer, or other company who packages the food, to make 

sure they use the proper materials for their food products. It is the food producer that is tested, 

and at the end responsible, for the packaging being suitable match with the food product, so 

similar sensory testing that is required from the packaging manufacturer is also recommended 

for the food producer before deciding to use new packaging. The food producer must also see, 

that the packaging manufacturer complies with all the mandatory requirements and is 

responsible and transparent with their operations. They must regularly check that the packaging 

manufacturer keeps their quality systems up to date and their products comply with the 

regulations even with updated regulations. It is recommended that the food producer establishes 

an agreement with their suppliers, that states the terms of their deal and responsibilities of the 

supplier and that this agreement is renewed every three years to keep it up to date with the 

changing legislation. (Ruokavirasto 2019c.) 

 

2.2 Sustainability requirements 

 

In addition to providing greener image, the sustainability of the food packaging has been proven 

to contribute to the total sustainability of the product and the producer. The packaging has 

particularly large impact in decreasing material use, waste generation and food losses 

throughout the supply chain. (Lindh et al. 2016.) To create sustainable food packaging, multiple 

other factors need to be considered in addition to the previously presented general requirements. 

Sustainable food packaging is designed to minimise both the waste of packaging material and 
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the food itself in order for it to have minimal environmental and economic impact. If only the 

packaging is considered without thinking about the food product inside, the overall outcome 

might not work in practice or it might have completely different impacts on the environment 

than it was meant to, no matter how good the packaging itself would be (CHEP 2017.) So, to 

say that food packaging is comprehensively sustainable, also the food product needs to be 

considered in the designing process of the packaging. 

 

This comprehensive sustainability for a food packaging can be achieved by examining the 

packaging requirements throughout the whole life cycle of the product and form all the three 

aspects of sustainability: environmental, economic and social aspects (CHEP 2017, Grönman 

2013, 56). The environmental requirements aim to minimise the negative environmental impact 

of the packaging and the food product. The economic requirements aim to ensure the cost-

effectiveness of the packaging and the social requirements aim to provide safe and healthy food 

and packaging for the consumers. (Grönman 2013, 55.) The sustainability requirements for food 

packaging are discussed below and they are divided by the aspect of sustainability they are the 

most associated with.   

 

2.2.1 Environmental aspects 

 

Out of the three parts of sustainability, the environmental aspect is mostly the easiest to come 

up with because they have a direct impact on the environment. In the case of packaging, just as 

in any other product, its sustainability is directly linked on the materials and production 

processed used. Things to consider in producing sustainable packaging should be, for starters, 

that the natural resources used are responsibly consumed, energy use is minimised, and material 

loops are as closed as they can be, considering material and the food product inside.  

 

Firstly, the natural resources, meaning materials used, should be renewable or at least recyclable, 

if possible, to make the packaging sustainable to start with. With all food products it is not yet 

possible to use 100 % reusable or recyclable materials, but with sustainable packaging, the goal 

should be to use these materials as much as possible. Renewable materials used could be, for 
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example, paper or cardboard and different bio-based materials. Recyclable materials include 

glass, metal and in some cases plastics on top of the already mentioned cardboard and paper. 

Recyclability of a material also depends on the area where it is recycled and what kind of waste 

fractions can be recycled with the technology at hand there. This means it is not effective to just 

consider the material but the area where the products are meant to be consumed needs to be 

considered as well.  

 

Other thing related to the materials’ recyclability is how well the different materials can be 

separated from each other. Because of the preservability requirements for the food, ready-made 

meals typically need even more packaging than many other food products. Because minimizing 

the material use is not often preferable or even possible after a certain point, due to the 

preservability of the food, it is important for sustainability that the materials used are easily 

recyclable. This means that if the packaging includes multiple part made of different materials, 

the parts must be easy to separate from each other in order to be correctly and fully recycled. If 

the materials are permanently combined or some kind of mixture of multiple materials is used, 

the parts cannot be recycled appropriately even if all materials were separately recyclable. 

 

For example, a yogurt packaging could be made of plastic pot, metal lid and cardboard sleeve, 

but if all the different parts are easily separated and recyclable materials on their own, the overall 

impact of the packaging can be small. At the same time, some other product can be packed in a 

really small packaging that is made out of a composite material combining, for example, plastic 

and metal with the result that it cannot be recycled as either one of them increasing the negative 

environmental impacts. These kinds of combined materials are used in food packaging a lot, 

especially combining different kinds of plastics to ensure the best possible food preserving 

qualities. It causes problems with recycling, since the combined materials cannot be separated 

from each other and thus the recycling is not possible or worthwhile. This means that in order 

to make sustainable ready-made meal packaging, all the different parts should separately be 

designed to be the best they can be but how the parts fit together is also an important aspect to 

consider. 
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Relating to the materials used, the most sustainable way would be to aim to closed material 

loops, so there would be only a minimal to no waste. This might not be possible in its entirety 

but to some extent considering the waste material flows and minimizing them will make the 

material efficiency better increasing the sustainability. If waste is produced, then the previously 

mentioned recyclable materials should be preferred and if that is not possible, then materials 

from which energy can be recovered by, for example, incineration, is still better than materials 

going straight to landfilling. 

 

Much like the materials used impact the sustainability of the packaging, so does the energy. In 

order to be as sustainable as possible when producing the packaging, the need for energy should 

be minimised and the used energy should preferably be renewable (Grönman 2013, 55). 

Minimizing energy use might take many things but simplifying the package design and making 

sure the production process is as efficient as possible, both reduce the required energy. Using 

renewable energy might be a bigger challenge if the production factory has its own fossil-based 

power plant and would need huge investments to change that, but if the energy is bought from 

a third party, it is easier to shift into buying renewably sourced energy, assuming it is available 

in the production area. For a company buying packaging for its products from an outsourced 

producer, these factors are fairly easy to take into consideration of the overall sustainability of 

the packaging. 

 

Another requirement for making sustainable food packaging is minimizing food waste (CHEP 

2017). The importance of food waste is often not emphasised in the packaging design, because 

it may not seem to be directly related to the packaging (Wikström & Williams 2011). A research 

study on the importance of considering food waste in the packaging design has shown that for 

the studied products the production and disposal of the packaging contributed 1-15% of the 

overall global warming potential of the product, whereas the food waste could contribute up to 

26 %, both numbers varying depending on the product (Grönman 2013, 64). Similar results have 

been found in other studies too, and this means that the impact of the food waste is as big as, if 

not even bigger, than the packaging itself. Thus, considering how food waste could be 

minimised by the packaging design should be an important factor decreasing the whole 

product’s environmental impact. In some cases, it might even be that the negative environmental 
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impact of the packaging increases by a small amount, but the total environmental impact is 

positive if the change in packaging decreases food waste significantly. This means that when 

making changes to food packaging trying to make it more sustainable, the impact of these 

changes to the amount of food waste needs to be considered. If, for example, the used materials 

are decreased and changed into more easily recyclable ones, but these changes also lower the 

protective properties of the packaging and the food item spoils more easily, the total impact 

might be negative. (Wikström & Williams 2011.)  

 

It has been researched that nowadays approximately 25 % of all food produced goes to waste 

and in western countries, such as Finland, and most of that waste comes from people’s homes. 

This food waste is partly food that has gone bad due to various factors or it is leftovers that 

people throw away. (University of Helsinki 2019.) The ready-made meals producers especially 

have an opportunity to prevent this food waste with their packaging if it is considered thoroughly 

in the planning stage. This is because, the food waste from ready-made meals mainly comes 

from the food that is left over, food that is stuck to the packaging or food that goes bad in 

people’s homes (University of Helsinki 2019). 

 

Food waste can be decreased by the packaging in many ways, for example, by bettering the self-

life and protection of fresh produce, fitting the portion sizes of products to the needs of 

consumers and clearly marking the use-by and best-before markings on the packaging (CHEP 

2017). An important factor to consider with ready-made meals, is the portion size of the product, 

so that there would be minimal amount of leftovers. This requires research on the consumers’ 

needs, wants and habits and naturally is a complicated matter since people’s eating habits vary 

from person to person. Still, it is worth researching because if the portion is too big for most of 

the customers’ liking, there is consistent unnecessary food waste produced. If the packaging 

cannot be completely emptied out of the food, in addition to the food waste, this prevents the 

packaging material from being properly recycled, thus creating even more waste (Wikström & 

Williams 2011). For this, the temperature of the ovens and coolers used, and the ingredients of 

the food product are important to consider and test with the contact materials (University of 

Helsinki 2019). Also, one important way of preventing food waste is to fit the production to 

match the demand of the products and not produce too much (Wikström & Williams 2011).  
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2.2.2 Economic aspects 

 

The economic requirements for sustainable food packaging are meant to ensure that the 

production is cost effective in all life cycle stages (Grönman 2013, 55). This includes at least 

the materials, production machinery, transport and disposal. Even though costs and 

sustainability are not always connected to each other positively, most of the time bettering the 

efficiency of a process is better for the environment and also saves in costs through decreasing 

new material or energy need or decrease in the amount of transportation vehicles due to lighter 

weight and smaller packaged, space saving products etc.  

 

Cost effectiveness in packaging materials can mean change in the actual material for a more 

inexpensive one but often this does not sit well with the sustainability aspects. In the 

sustainability sense the cost savings from materials often refer to using the materials efficiently 

without wasting it, which as mentioned earlier is also an environmental aspect, but it also saves 

in the material costs. In addition to minimizing material waste, the packaging can be designed 

to need less material altogether. Here the material use and costs normally are related and 

decreasing both is beneficial in all aspects. The amount of material used is also related to the 

size and shape of the packaging. These are factors that can also impact the sustainability 

indirectly. For example, smaller packaging might be lighter to carry and easier to pack into 

transfer making it so that more of the product can be transported with the same vehicle. It also 

means that the products need less shelve space in retail, which means in the end saving in energy 

costs. 

 

Almost the same principle applies to the machinery. Cost savings by using existing machinery 

are beneficial to the environment because no new materials are required to making new 

machines and also there is no waste from the old machinery that would be disposed from the 

place of the new one. Sometimes development in the packaging materials or processes require 

new machines but the specific requirements for each situation are different so there is no 

universal way to say that the lowest costing machinery would always be the best or worst way 

to go. Making the most sustainable purchase is about matching the new machine to the needs of 
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the company that should consider, for example, the service life and production volume of the 

machinery, not just the cost. 

 

When considering the packaging materials, alongside the sustainability aspects the costs of the 

waste management options available should also be considered. Even though this might not 

sound related to sustainable packaging at first, it majorly impacts the users will to recycle the 

packaging. If recycling is expensive for the waste management company, they will have less 

collection for it, making it harder for the consumer to recycle properly. This might result in 

material that is perfectly recyclable in theory, ending up in mixed waste bins. Concrete examples 

of these situations could be, for example, if the technology needed to recycle a material exists 

but is not in common use or requires huge amounts of energy to function, then maybe change 

to another, more easily recyclable material would be more economically sustainable. Or if the 

material can be efficiently recycled in France and the waste is produced in Finland, it might not 

be efficient to collect the waste and ship it to another country to be treated if the material used 

could just be changed to one that can be locally recycled. 

 

2.2.3 Social aspects 

 

When thinking about the sustainability of food packaging, the social requirements might 

sometimes be overlooked, even though they might have an important part in improving 

sustainability (Grönman 2013, 57). Some studies about consumer behaviour considering 

sustainable food packaging have shown that even if the consumer thinks about the sustainability 

when making purchasing choices, they most often only look at the material of the packaging. 

This is an indication of lacking knowledge about the subject and the producers could improve 

things. Information on the packaging could inform the consumer about the total environmental 

impact of the product and its packaging to help with the sustainable choices and then provide 

instructions on correct use and storing in order to prevent food losses. (Lindh et al. 2016.)  

 

As mentioned earlier, the social requirements ensure that the product and packaging are healthy 

and safe and that the use of the product is beneficial to the user in all the stages of the life cycle 
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(Grönman 2013, 55).  Most of these requirements can be built around two of the main functions 

of the packaging mentioned before, providing information and preserving the food product 

(ECR Europe 2009). Information given on the packaging is key element in ensuring the 

consumer is aware of the sustainability of the product and the correct ways to use, store and 

eventually dispose of it. As also mentioned before, the food packaging is required to have 

information on the expiration or best before dates and the correct storing of the product, info of 

the sustainability of the product or packaging are not mandatory according to the regulations 

(Ruokavirasto 2019a). Because of this, the information might not be sufficient enough from the 

point of view of sustainability so that the consumer could know to make a sustainable choice in 

the store or have the information to correctly dispose of the waste, which makes even the most 

sustainably intended product’s negative environmental impact bigger (Lindh et al. 2016). 

 

Nowadays there are also more enlightened consumers who have more expectations for their 

food, and they demand to know more of the origin of the product, packaging and the whole life 

cycle of them. So, in order to make a sustainable packaging and also be able to compete with it 

on the growing markets, the packaging should provide more information than the legal 

requirements about the product, production, safety and sustainability and naturally also the 

disposal. There are many labels that mark the product as sustainable, eco-friendly or organic, 

that are highly respected amongst the consumers and getting some label like that for the food 

and also the packaging itself can provide more easily the information to a potential customer 

that the item is produced with good values that align with theirs (Grunert et al. 2014). And even 

the customers that are not that invested in sustainability issues, the labels can help make better 

choices more easily. Naturally, the amount of different eco-labels can be confusing, and the best 

results are reached with the labels known and trusted by the consumers (Grunert et al. 2014). 

Determining the best label for their product requires research from the company’s side into the 

labels and into their customer-base.  

 

Then the social aspects of sustainable packaging that are related to preserving the food. It is the 

main function of the food packaging and from the sustainable point of view this helps with the 

problem of food waste. From the social aspect the preservability of food is naturally important 

to the customer, most people try to purchase foods that stay good and maintain their quality for 
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longer periods of time, so they will not spoil before they are eaten. To prevent the food from 

spoiling unwantedly, the ready-made meals could have storing and preparing instructions and a 

date informing the consumer on how long the product stays good after opening the packaging 

(University of Helsinki 2019). Naturally the producer also has to make sure that their product 

actually stays good and fresh until the presented best before or expiration date, but making sure 

people know to store the product properly and consume the food within the time it stays fresh 

from the opening, decreases the food losses due to lack of information. If the product is not 

meant to be consumed at once or it is likely that the people store the opened product, resealable 

packaging would help preserve the food for longer and decrease food waste (University of 

Helsinki). A good packaging also reduces food waste from the stores, because the items stay 

good in the shelves for longer giving consumers more time to buy it (Wikström & Williams 

2011). So, when designing sustainable food packaging, it is not enough to think about cost 

effective and renewable materials if they are not able to preserve the food in good enough 

condition to match the consumer expectations.  

 

Social aspects of sustainable food packaging also consider providing the most convenient 

experience to all parties of the product’s life cycle. This means considering factors such as the 

packaging being lightweight, designed to be easily stackable in transport and easily presented 

in the shelves of the store or easily recycled after use. These kinds of factors contribute to the 

sustainability indirectly, for example, via helping one transport truck fit more products in and 

decreasing the amount of trucks needed or products taking less space in the cooling shelves in 

the store so that the store uses less energy to store the products. Similar environmental savings 

can happen in all life cycle stages and although they do not directly relate to the sustainability 

of the packaging, considering all the parties involved in the product’s life cycle can have a large 

effect on the overall environmental impact of a change in food packaging.  

 

All these requirements relating to materials’ recyclability and separability, energy consumption, 

food waste minimising, cost-effectiveness throughout the whole life cycle, information given 

on the packaging and food preservability, are to be considered when making food packaging as 

sustainable as possible. Table 2-1 below sums up the previously mentioned sustainability 

requirements for ready-made meals packaging. Some of the sustainability requirements may 
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seem to contradict each other or be hard to carry out in practice and there might be additional 

requirements regarding specific products, factories or processes needed to consider that are 

unique to the circumstances. It also must be noted that it is not possible no eliminate everything 

that is considered bad and still maintain all great features that are wanted for the packaging. 

With this technology and knowledge at hand today, each company needs to design their 

packaging using these requirements as guidelines and determining the packaging that is the most 

sustainable it can be while at the same time providing all that is needed for their products and 

operations. An ideal packaging protects both, the product from the environment and also the 

environment from the product (Järvi-Kääriäinen & Ollila 2007, 11). 

 

Table 2-1. The main requirements for the sustainable ready-made meals packaging 

Sustainable ready-made meals packaging 

Environmental aspects 
 

to minimise the negative 

environmental impact of the 

packaging and the food product 

Economic aspects 

 
to ensure the cost-

effectiveness of the 

packaging 

Social aspects 

 
to provide safe and healthy 

food for the consumers 

• use of recycled or 

renewable materials 

 

• minimising energy use/ 

using renewable energy 

 

• closed material loops/ 

minimising waste 

 

• recyclability of the 

packaging/ separability 

of the different 

materials in the 

packaging 

 

• minimising food waste 

(portion sizes, 

information, protection) 

• minimising 

material waste 

(also decreasing 

the material costs) 

 

• using existing 

machinery and 

making calculated 

investments 

 

• choosing the best 

waste management 

option 

 

 

 

 

 

• knowing the 

customer base 

 

• presenting useful 

information 

(expiration, storing, 

disposal) 

 

• using valued eco-

labels 

 

• ease of use and 

disposal for the 

consumer 

 

• protection of the food 
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3 MOST COMMON READY-MADE MEALS PACKAGING 

MATERIALS AND THEIR RECYCLING IN FINLAND 

 

Packaging materials consumed in Finland, and the waste management of these materials, are 

monitored yearly and the Pirkanmaa Centre for Economic Development, Transport and the 

Environment is responsible for gathering the information and reporting it to the European 

Commission. The European Commission keeps track of the amounts of packaging waste in the 

EU area and oversees that the waste management correlates with the European Union waste 

recycling goals. The Pirkanmaa Centre for Economic Development, Transport and the 

Environment gets the data from the manufacturers’ and producer communities’, who report the 

amounts of produced packaging, and waste treatment plants, who report the amount of treated 

packaging waste yearly. The packaging materials reported are plastic, metal, glass, wood and 

fibre-based materials, such as paper and cardboard. (Pirkanmaan ELY-keskus 2019.) The Figure 

3-1 below presents the amounts of these packaging materials on the Finnish market in 2017.  

 

 

Paper & cardboard

35 %

Wood

30 %

Plastic

18 %

Glass

10 %

Metal

7 %

Packaging materials in Finland

Paper & cardboard           259 419 t

Wood                                225 201 t

Plastic                               130 309 t

Glass                                  78 047 t

Metal                                  50 653 t

Figure 3-1. Packaging materials used in Finland in 2017 (Pirkanmaan ELY-keskus 2019). 
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As it can be seen on the Figure 3-1, fibre-based materials that are mostly paper and cardboard 

are used the most, then wood, plastic, glass and metal, in that order. These are the shares in 2017 

but data is available from the year 2003 and it can be seen from the statistics that the order of 

the most used materials has stayed the same almost the whole time with just a bit of varying in 

the percentages. (Pirkanmaan ELY-keskus 2019.) 

 

Because the amounts of packaging materials seen on Figure 3-1 are gathered from only the 

packaging manufactures, they are not totally accurate in describing the total amount of 

packaging material in the Finnish markets. That is because they do not include the possible 

packaging material from private import, online store purchases or the so-called fare-dodgers. 

Also, manufacturers or importers that have a turnover under one million euros are excluded 

because the producers’ responsibility determined in the Finnish waste act does not apply to them 

and they are not obligated to report this information. Despite this, the shares of the most used 

materials can be assumed to be accurate, because even if these other packaging materials would 

be included in the statistics, the amounts of the packaging can be thought to grow in proportion 

to each other. (Pirkanmaan ELY-keskus 2019.) 

 

To come to this conclusion, the Finnish Ministry of the Environment researched the amounts of 

packaging material of the year 2012 in more detail, to estimate the amounts of packaging not 

included in the officially reported statistics. The approximation of the study was that on top of 

the reported packaging materials, additional 124 000 tonnes of packaging material would be 

consumed in Finland yearly. This included about 5 000 tonnes of online store purchases, 9 000 

tonnes of private import, 77 000 tonnes of fare-dodgers and 33 000 tonnes of packaging from 

manufacturers with under one million euros turnover. The shares of the materials used in these 

packages were estimated to be similar to the previously presented ones, so the amounts just add 

to the total amount of the waste fractions but do not significantly change their relations to each 

other. The approximates were made with numbers from various sources including the Finnish 

Population Register Centre and multiple companies and surveys from private consumers. 

(Jokinen, S., Paavola, O. & Tanskanen J-H. 2015, 32-35.)  
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In addition to the amounts of used packaging material, the Pirkanmaa Centre for Economic 

Development, Transport and the Environment keeps record of the material recycling and energy 

recovery rates of the packaging materials (Pirkanmaan ELY-keskus 2019).  When calculating 

the recycling and recovery percentages for the waste fractions, the amount of generated 

packaging waste is thought to be the same as the amount of packaging placed on the markets in 

Finland in the same year (2005/207/EC. 2 art.). This means that the above-mentioned 124 000 

tonnes of not reported packaging waste is not included in the official calculations. The Table 3-

1 shows how much of the packaging materials were recycled, recovered as energy or reused. In 

this table recycled includes both materials recycled in Finland and also packaging produced in 

Finland and recycled abroad, recovered includes both the recycled material and material burned 

to get energy either in Finland or abroad and reused means packaging gathered up and used 

again in its original purpose. The number of reused packaging is not included in the packaging 

amounts released to markets, because they do not generate packaging waste, but they are shown 

to demonstrate the cycle of reusable packaging in comparison to the newly released packaging. 

(Pirkanmaan ELY-keskus 2019.) 

 

Table 3-1. The amounts of packaging waste recycled, recovered and reused in Finland in 2017 (Pirkanmaan ELY-

keskus 2019.) 

 

Released to 

market = 

produced 

waste 

[t]  

Recycled 

 

 

[%] 

Recovered 

  

 

[%] 

Reused 

 

 

[%] 

Reused 

 

 

[t] 

All materials 743 629 65 112 61 1 154 302 

Paper & cardboard 259 419 116 142 3 8 835 

Wood 225 201 15 98 59 323 162 

Plastic 130 309 27 98 66 252 719 

Glass 78 047 92 92 9 7 958 

Metal 50 653 88 88 92 561 628 

 

As it can be seen on the Table 3-1, the recovery percentages in all these materials are high but 

the recycling and reuse percentages vary from each other quite much. Recycling percentages 
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are high in fibre-based paper and cardboard, glass and metal, but wood and plastic percentages 

are significantly lower. Because recycling lessens the need for virgin materials, it is more 

sustainable option than burning the material for energy. Incineration also causes greenhouse 

gases and possibly other emissions depending on the materials burned, making it not the most 

environmentally friendly energy production form. This means that recycling should be the 

preferred option for waste treatment and that is why the European Union has determined 

recycling goals for packaging materials that all members of EU must aim to fulfil 

(2018/852/EU). The goals are set to be national, not for all individual companies or operatives. 

Table 3-2 presents the EU recycling goals at the moment, in 2025 and in 2030.  

 

Table 3-2. Recycling goals for different packaging materials set by the European Union (2018/852/EU.) 

Material Now 2025 2030 

All materials 55 % 65 % 70 % 

Paper and cardboard 60 % 75 % 85 % 

Wood 15 % 25 % 30 % 

Plastic 23 % 50 % 55 % 

Glass 60 % 70 % 75 % 

Ferrous metals 
50% 

(metals in total) 
70 % 80 % 

Aluminium 
50% 

(metals in total) 
50 % 60 % 

 

From the Tables 3-1 and 3-2 can be seen that all materials fulfil the current recycling goal, as 

they should, but there is a lot of improvements to be made with recycling some of the materials 

in order to reach the next goals for 2025. It seems like paper and cardboard, glass and metal 

already are recycled well enough to make both the goals or 2025 and 2030. At the same time, 

wood and plastic only barely top the current goal and need the most improvement in the next 

few years to keep up with the stricter goals.  
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One of the main things leading to these EU recycling goals was the growing attention on the 

issues of plastic, most visibly it ending up in the oceans and causing a lot of harm to animals 

and eco systems. This is also why the plastic recycling goal is so drastically higher than the 

current recycling rate. Just in the EU area there is yearly about 26 million tonnes of plastic waste, 

from which less than a third is currently recycled and until now, about half of this plastic has 

been sold and transported outside the EU area to be incinerated, landfilled or, in the worst case, 

dumped into the nature. Now EU has a whole new plastic strategy in place, of which the 

recycling goal is only one aspect in order to decrease the problems of plastic by increasing the 

efficiency of plastic recovery and recycling as well as to design new product to be more 

sustainable to begin with. (Euroopan paramentti 2018.) 

 

One noteworthy thing is, that even though plastic waste in the oceans is a huge problem, this 

thesis is focused on Finland and the consumer plastic waste and because of our well-working 

waste disposal system, the consumer plastic waste from Finland will not have a large role, if 

any at all, in that problem. This can be said because even when plastic is not recycled, the Finnish 

waste recycling system takes care of the waste by incinerating it and not disposing it to the 

nature or selling it abroad where this could happen. (Leiviskä, presentation 29 April 2019.) Still, 

because of the plastic being the current hot topic and the EU having the biggest improvement 

goals for plastic packaging as well as plastic also being the most versatile and most used ready-

made meals packaging material, this chapter will include a more detailed research into plastic 

materials in the Finnish waste system than into the other materials. 

 

Also, because the focus of this thesis is on ready-made meals packaging, glass and wood are 

excluded from the further research in the following chapters, since neither of them is commonly 

used on ready-made meals packaging. The focused ready-made meal packaging is primary 

packaging for the food and wood is mainly used only in secondary and tertiary packaging, like 

pallets, crates and boxes, to ease the transportation of food items (Järvi-Kääriäinen & Ollila 

2007, 69-71), so it is not considered later in this thesis. Glass is still used in primary food 

packaging, but mainly for bottles and jars, for oils, sauces and alcoholic beverages and not for 

ready-made meals (Järvi-Kääriäinen & Ollila 2007, 72-77). In the following chapters the other 

packaging materials frequently used in ready-made meals primary packaging, plastic, paper and 
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cardboard and metal, are researched further to find out more about their use in food packaging 

and their recycling possibilities in Finland. 

  

3.1 Plastic 

 

Plastic is a chemically made material that consists of polymers and different kinds of additives 

that can be combined using several differing processes. Because numerous different polymers 

and additives exist providing almost limitless number of possible compounds, and different 

conditions and production methods can turn even the same ingredients into differently behaving 

materials, plastic is one of the most versatile materials out there. (Pasanen & Yli-Rantala 2018.) 

It is possible, for example, to add softeners, hardeners, colourings, substances preventing 

combustion or microbes and fillers to prevent shrinking or expansion (Järvi-Kääriäinen, T. & 

Ollila, M. 2007, 90-91). 

 

Plastic is uniquely lightweight material, while also being really durable, which is why it has in 

many places replaced more traditional materials like glass or metal. The problems of plastic are 

commonly talked about, but the material is not actually that problematic unless it is disposed 

into the nature, where it creates the problems. (Pasanen & Yli-Rantala 2018.) Another unique 

characteristic of plastic compared to other packaging materials is its modifiable permeability. 

With many food packaging solutions specifically, correct permeability of, for instance, oxygen 

and moisture is important, and that is easy to achieve with different plastic materials. (Järvi-

Kääriäinen & Ollila 2007, 117.) 

 

Originally plastic is made from fossil-based raw materials that are by-products of oil production. 

From all oil production, about 6 % goes into producing plastics. (Ympäristöministeriö 2019.) 

Nowadays it is possible to make plastics from either partially or fully biomaterials, which 

widens the term “plastic” and can confuse some consumers (Pasanen & Yli-Rantala 2018). This 

chapter mainly discusses the traditional, fossil-based plastic materials and the bioplastics are 

discussed later in the report. 
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3.1.1 Plastic types 

 

Because there are so many types of plastics, they are divided into categories by main types and 

marked with generally agreed symbols informing the customer about the plastic type used in the 

product. The markings are numbers from one to seven, from which the first six are the most 

commonly used plastics and the last one is for all the other types of plastics. (Suomen 

Uusiomuovi Oy 2019.) Table 3-3 below presents the different plastic types with their number 

and abbreviation, name, some typical characteristics and the common applications if the 

material is used for packaging. 

 

Table 3-3. The most common plastic types and their generally agreed type markings (Järvinen 2016) 

Type 

marking 
Name Characteristics Applications 

01 

PET 
Polyethylene Terephthalate 

Clear 

Hard 

Chemically durable  

Carbonated drinks’ 

& water bottles 

Food containers & 

trays 

02 

PE-HD 
High-Density Polyethylene 

Cloudy or coloured 

Flexible 

Not common in food 

packaging 

Films, pipes, toys 

03 

PVC 
Polyvinyl Chloride 

Especially diverse 

and multifunctional 

Not used in 

packaging 

Mostly construction 

material 

04 

PE-LD 
Low-Density Polyethylene 

Clear 

Soft 

Flexible 

Films, plastic bags 

and surface layers 

Hygienically sealed 

packaging 

05 

PP 
Polypropylene 

Stiff 

Resilient 

Multifunctional 

Food tubs and trays 

Bottle tops 
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06 

PS 
Polystyrene or Styrofoam 

Clear or coloured 

Brittle 

Foamlike 

Not common in food 

packaging 

Some disposable 

food containers  

07 

other 
All other types 

Bioplastics 

Combinations of 

other types 

Multiple variations 

Not very common in 

food packaging 

Some bags and 

boxes 

 

As it can be seen from the Table 3-3, not all of these plastic types are used in food packaging or 

even packaging in general. It is due to plastic being so versatile and having so many variations, 

it can be modified to suit really many purposes. From the plastic types PET (01), PE-LD (04) 

and PP (05) can be considered the most common in food packaging, at least in Finland. 

Naturally, other types can be used as well, and all other types except the PVC (03) can be 

recycled in the consumer plastic collection in Finland. Also, the group of other plastics (07) is 

a growing one because of new innovations, combination materials and bioplastics, for example, 

but those solutions still have a minor role in the packaging industry. (Suomen Uusiomuovi Oy 

2019.) 

 

PET is the food packaging plastic that is in Finland the most recyclable, mostly because it is the 

material used in the returnable plastic bottles, and the recycling system for them works well. 

PET is also used to make polyester fibre that is made into fabrics for the clothing industry but 

in this study only the hard PET material is considered. From that PET in EU area, 38 % goes to 

carbonated drinks’ bottles, 24 % to water bottles and 19 % to food packaging. PET is this 

popular material in the food packaging industry because of its durability, grease resistance and 

also shininess and clearness, that enable it to replace many see-through glass packaging. (Järvi-

Kääriäinen & Ollila 2007, 166, Järvinen 2016, 90-91.) In ready-made meals industry, PET is a 

common material in food trays and tubs and even in some film materials combined with other 

plastics. 

 

PE-LD and its variations are mostly used in different kinds of plastic films and coatings, because 

of its properties that enable it to be formed into thin, durable, see-through and clear material. 

The PE-LD film is as a material easy to handle, has great water vapour prevention and heat-



40 

 

sealing properties (Järvi-Kääriäinen & Ollila 2007, 166). From all Western-European PE-LD, 

about 75 % is used for the films that are used most often in packaging materials. The films are 

used often in food packaging to hygienically seal the food product or to coat other materials, 

like paper or cardboard, to make them moisture or grease resistant. In ready-made meals 

packaging, this film can be used to seal the meal into the trays or tubs, for example. In Finland, 

because of the paper industry is so big and some new and better fibre materials have been 

produced, using plastic films in coating other materials has decreased to 65 % of what it was 

used before. (Järvinen 2016, 93.) 

 

PP is also commonly used in food packaging and for ready-made meals packaging, because of 

its great grease resistance and heat durability (Järvi-Kääriäinen & Ollila 2007, 166). A special 

characteristic of PP is its great hinge qualities that make it a durable material for different kinds 

hinges in, for example, bottle or pot tops. In addition to that, PP is commonly seen in, for 

example, small yoghurt or curd tubs and microwavable meals’ packaging. It can also be formed 

into film materials and used in similar solutions than PE-LD. It is basically used in anything that 

needs to stay firm and not only in packaging but in many other fields as well. At the moment, 

PP is probably suitable for more different applications than any other type of plastic. (Järvinen 

2016, 98-99.) 

 

The group for other plastics includes, as a big and growing group, different bioplastics. They 

can be either renewable and biodegradable, renewable and non-biodegradable or partially fossil-

based and partially renewable. The name bioplastic can thus be misleading because it does not 

automatically mean that the material is 100 % renewable or even biodegradable. This can cause 

problems with recycling because people might put non-biodegradable bioplastics in the bio 

waste because of the name. The bioplastics are also often not recyclable like the other plastic 

types, so they might not be as environmentally friendly as the bio-prefix is letting on. (Järvinen 

2016, 100-101.) These different bioplastics are discussed further in the next chapter about the 

novel packaging materials. 

 

These types also include different subtypes meaning that they are considered to be the same 

plastic type, but they can be made a bit differently or from different ingredients or have some 
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additives that change them a little, depending on the application. (Suomen Uusiomuovi Oy 

2019.) In addition to these, there are multiple laminate materials that have plastic as their main 

material. Even some plastic packaging has two or more different plastic in them, to achieve the 

desired qualities. In 2015, the amount of these combination materials were researched and from 

all plastic waste in the Fortum (Ekokem at the time) waste treatment plant 30 % were 

combination plastics and 70 % single material plastics (Kauppi 2018). These additives and 

material combinations are used to improve qualities like grease resistance, protection or heat-

sealing properties but might be problematic form the recycling point of view.  (Järvi-Kääriäinen 

& Ollila 2007, 166-169.) 

 

3.1.2 Recycling rates 

 

As mentioned earlier, plastic is the third most used material in packaging in Finland and that is 

24 % of the total plastic consumption. Packaging is the second largest plastic using industry 

after construction, which uses 26 % of all plastic. (Ympäristöministeriö 2019.) Plastic is also 

the food packaging material that is the least recycled in Finland. The Table 3-4 below shows the 

amounts of recycled, recovered and reused plastic packaging in Finland in four separate years 

from 2003 till 2017. It is shown that currently about 27 % of plastic packaging is recycled and 

that is almost double the amount that it was in 2003, so the recycling rate has improved, but it 

still needs more improvements if it is to reach the EU’s goals for the years 2025 and 2030. Also, 

the recovery rate has improved and almost all of the plastic that cannot be recycled, is now used 

to recover as energy (Järvi-Kääriäinen & Ollila 2007, 278). Still, as mentioned earlier, recycling 

should be the preferred disposal method, so improvements in the field are needed. 
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Table 3-4. The amounts of plastic packaging recycled, recovered and reused in Finland (Pirkanmaan ELY-keskus 

2019.) 

 

Released 

to market 

= 

produced 

waste  

[t] 

Recycled 

as 

material 

 

[t] 

Recycled  

 

 

 

[%] 

Recovered 

material 

or energy 

 

[t] 

Recovered 

 

 

 

[%] 

Reused 

 

 

 

[t] 

Reused 

 

 

 

[%] 

2003 89 400 12 800 14 32 800 37 218 800 71 

2008 115 373 26 175 23 56 341 49 251 778 69 

2013 117 750 26 751 23 63 751 54 235 804 67 

2017 130 309 34 565 27 127 646 98 252 719 66 

 

In Finland the collection of the source separated consumer plastic packaging started in 2016 and 

is run by the plastic packaging producer’s community Suomen Uusiomuovi Oy. This means that 

the collection is not organised the same way as the most recycled waste fractions are, and people 

might have to take their plastics into a different place than their other waste, to a recycling 

station on a store parking lot, for example, instead of the trash bins by their own house. Most 

types of plastic packaging are advised to be put in this collection bin apart from PVC plastics, 

biodegradable plastics and oil or petrol containers that still need to be sorted to the mixed waste 

bin. The plastic put in recycling should be clean from any food leftovers or other residues. The 

recycling includes all different colours of plastic, so the separation of, for example, the black 

plastic, from other colours at the consumer stage of the recycling process is not necessary. The 

one plastic type that is not yet suitable for the plastic packaging recycling process, PVC-plastic, 

is not typically used in Finland as a packaging material. It can still be found in packaging of 

parcels ordered from abroad, for example, from Asia, where PVC is still fairly common. (Hovi 

2018.) 

 

In all Europe, the consumer plastic recycling rate is about 30 % (Ympäristöministeriö 2019), 

and comparing that to the values on Table 3-4, it can be seen that Finland is a bit behind on 

plastic recycling. According to the earlier mentioned EU’s circular economy package, the 

objective is to recycle 50 % of all plastic packaging in EU by 2025, which would mean about 

65 million kg in Finland. This means that the amount of recycled consumer plastics need to 
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double in the next few years. At the moment, the consumer plastics are only collected on one 

collection bin but when the amount of plastics collected grows, it is probable that the different 

kinds of plastics all get their own collection bins and the consumers are required to separate 

them. (Hovi 2018.) 

 

3.1.3 Plastic recycling process in Finland 

 

All the recycled plastic waste is collected to one place. The Fortum plastic refinery in Riihimäki 

is at the moment the only waste treatment plant that recycles plastics in Finland. The refinery 

has the feed capacity of 10 000 – 20 000 t/a. The Fortum plastic refinery is the only industrial-

size plastic refinery in use in the Nordic countries and it uses the most modern technology, 

optical NIR (near-infrared), to separate the different plastic types from each other. According to 

Fortum’s calculations, using recycled plastic material instead of virgin plastic material saves 1,5 

kg of CO2 per 1 kg of plastic and requires only about 15 % of the energy.  During 2018, 

approximately 13 000 t of plastic was treated in the plant. That amount includes both the 

consumer separated plastic packaging and also industrial plastic waste collected straight from 

factories and stores. The treatment plant is designed particularly for the consumer plastics, but 

to ensure the steady quality, around 10 % of industrial plastics can be mixed in. At the moment 

Fortum can recycle 70 % of the plastic that they take in their refinery and the leftover 30 % is 

used in Fortum’s own waste treatment plant to make energy. (Leiviskä, presentation 29 April 

2019, Hakola 2018.) 

 

The main product of the Fortum plastic refinery is CIRCO plastic granulate. The granulate is 

made of PP, PE-LD or PE-HD and it is available in clear or grey colours. The colours come 

from either only clear plastic or the grey comes from mixing every other colour together. This 

granulate is sold to companies making plastic items from it. The collected PET plastic is sold to 

Lithuania, where a company specified into polyester fibres uses it so make, for example, fleece 

material clothes and other products. (Leiviskä, presentation 29 April 2019.) Now most of the 

recycled plastic is used to make, for example, plastic shopping bags, plant pots, trash bags and 

watering cans (Hovi 2018). The other end product of the plastic refinery is a plastic profile that 
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can be used in construction, for example. For that, many types of plastics can be used, that are 

not suitable for recycling into new plastic material. For this profile, also the plastic-plastic 

laminate materials can be utilised, meaning that even if the material consists of two or more 

different plastics and cannot be recycled into the granulate, it can still be recycled into this 

plastic profile. (Leiviskä, presentation 29 April 2019.) 

 

At first in the actual recycling process, there is a mechanical separation differentiating plastic 

film materials from the harder 3D plastic packaging. Then both fractions are sent separately into 

the optical NIR-separation where the different plastic types get separated from each other. This 

works by the infrared detecting the wanted plastic material and then using air flow, the detected 

material is blown separately from the other waste flow. The types of plastics separated from the 

hard packaging fraction are PP, PET, PE-HD and a mixed plastics fraction that takes in all other 

types of plastic except black plastic. From the film materials, only PE-LD is separated optically 

from all the others, because that is the plastic film type that has the largest volume in the waste, 

and thus is the only one that is profitable to separate and recycle. This means that the plastics 

are separated into five recyclable fractions and the part that is not detected to be any of these 

five, is sent to the waste incineration plant to use for energy. This part includes all other waste 

material than plastic, the plastics that are not included into the five collected fractions and 

naturally a small part of the recyclable plastics as well, since the optical separation cannot be 

100 % accurate all the time. To increase the accuracy of the optical separation, each fraction of 

waste is run through the separation twice, giving the technology two opportunities to get the 

separation right. The separated PP, PE-HD and PE-LD fractions are turned into the plastic 

granulate and the mixed plastics fraction is made into the plastic profile. After the separation, 

there is a process line that grinds up the plastic, washes it and dries it so the plastic is ready for 

the final step of the process, that is the melting and extrusion into the finished product, the plastic 

granulate or profile. As mentioned above, the separated PET fraction is sold abroad, and it is 

not treated in Finland. (Leiviskä, presentation 29 April 2019, Hovi 2018.) 

 

As mentioned, the back plastic is not included into the recycled fractions. That is because the 

optical NIR-technology is not able to detect the black plastic as plastic due to its colour coming 

from carbon. The technology works by sending infrared rays that reflect on the plastic waste 
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and defining the different plastic types based on the spectrum of the reflection. The problem is 

that the carbon black does not reflect these rays back, which makes it appears to the machine 

just like any wood, cardboard, rock or any other type of trash that ends up there by accident and 

has to be separated away from the plastics. Not all black plastic is coloured this way anymore, 

so not all have this issue but most of the black plastic that is commonly used in food packaging 

is black carbon coloured. This means that. at the moment, even though black plastic is 

recommended to be separated into the same plastic collection bin as all the other plastics, it 

cannot yet actually be recycled in Finland. The same happens actually with all plastic films that 

are not PE-LD, at the moment they are not recycled either, mainly because they are too little 

amount of them in the total waste flow and that would not be profitable. (Leiviskä, presentation 

29 April 2019.) 

 

According to the Sales and Development Manager of Fortum Recycling & Waste, they also 

have a market-based problem with black plastic. It is that even if it was in theory possible to use 

the black plastics for making granulate, it is not profitable, because the black would determine 

the colour of the granulate and apparently there is no markets for black recycled plastic material. 

It is however also said, that if the investment was to be made by Fortum in the future to have a 

separate production line for the black granulate, it could maybe be turned into its own product 

and maybe it could sell alongside the clear and grey granulates also in Finland. (Leiviskä, 

presentation 29 April 2019.) 

 

Even though the official instruction to consumers is to only put clean plastic packaging into the 

collection bins, according to Fortum, that is not a requirement from the technical side of the 

plastic recycling. The waste is washed during the refining process and that gets rid of all the 

leftover food, for example. This has no impact on the process or the end products. However, 

this is somewhat a question of hygiene because much food leftovers, for example, might cause 

problems with unwanted animals picking through the waste storages. At the moment, the 

Finnish Food Authority does not allow any recycled plastics to be used in making new food 

packaging, so the cleanliness of the plastic waste will not affect that either. (Leiviskä, 

presentation 29 April 2019.) 
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While this Fortum plastic refinery is currently the only operating plastic refinery In Finland, 

Lassila & Tikanoja are going to launch their own during 2019. Their innovation in Merikarvia, 

is a new piece of equipment called the Muovinaattori that is designed to clean and reprocess the 

plastic fed to it in one process, making a separate plastic cleaning processs, like Fortum has, 

unnecessary. Muovinaattori crushes, washes and cleans the plastic material and after that the 

clean plastic material is made into granulates much like in Fortum’s process. This recycling 

plant might have a bit newer technology but most importantly it will disrupt the Fortum’s 

monopoly over the plastic recycling and maybe speed up the improvements on the field by 

creating competition. Hopefully this will result in even faster increase in the plastic recycling 

rates in Finland. (Lassila & Tikanoja 2019.) 

 

3.1.4 Problems with plastic recycling 

 

Plastic being such a versatile material makes it also a somewhat difficult material to recycle. 

First of all, the amount of different plastics complicates things, because even if there are proper 

technologies to recycle the material, the different plastics need to be separated and detecting all 

the different options is hard, not to mention that there also has to be large enough flow of each 

material to make it worth investing in recycling it. (Järvinen 2016.) Also, the possibility to add 

in so many different additives to produce better materials, with more desirable qualities, 

decreases the recyclability of the material. This is because the additives are chemically mixed 

into the plastic and are impossible to separate from the recyclable plastic material at the 

recycling plants and they might make the recycled material weaker and inconsistent. This means 

that even though many plastics as pure materials can be highly recyclable, in most cases the 

additives, while increasing the wanted material characteristics, decrease the recyclability of the 

material. (Järvi-Kääriäinen & Ollila 2007, 90-91.) 

 

Problem in packaging specifically, is that the plastic is often combined with other materials such 

as paper, cardboard or metal. Also, it is very common to combine multiple layers of different 

plastics to get the desired end product. Composite materials involving plastic as at least one of 

the parts, are often considered necessary in specifically food packaging to increase the grease, 
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heat or moisture resistance of the materials, that are important for the industry. This creates the 

same problem as the additives in plastic, because they cannot be separated from the recyclable 

plastic, neither of the materials can be properly recycled. (Järvinen 2016.) Also, the bioplastics 

that are made from many different layers and are not actually biodegradable, can be a problem 

in the biowaste treatment plants and plastic recycling centres, since they are not really suitable 

for either. (Raunio 2019). 

 

One big problem with plastic recycling is still with the technology. Even though Finland has 

some of the leading technology in the world on this subject, the separation is still not 100 % 

precise and effective all the time, which means that even with the machines working perfectly, 

some recyclable material is bound to be separated wrong and incinerated instead of recycling. 

Another factor relating to this is the consumers’ way of packing the different packaging inside 

each other to save space. While it makes the collection of plastics more convenient, it disturbs 

the separating machine, since the infrared ray only detects the surface material and if there are 

different materials inside each other, some of them will be separated wrong. (Leiviskä, 

presentation 29 April 2019.) 

 

One of the problems with the recycling system for plastics in Finland is purely bureaucratic. It 

is that at the moment, the collection of source separated plastics, is funded by fees that are 

collected from companies producing plastic consumer packaging. This means that all other 

plastic products than packaging would be free riders in the system and the packaging 

manufacturers do not allow that. This is why the plastic collection is officially only for plastic 

packaging and not all plastic items. This system is on the works to be improved and a separate 

plastic product waste collection is hoped to start during the next few years. (Leiviskä, 

presentation 29 April 2019, Hovi 2018.)  

 

Probably the biggest problem in Finland with plastic recycling is still that it is new, and the 

consumers know fairly little about it. Many people do not know how to recycle plastics, cannot 

recognise consumer plastics or there is no convenient recycling centre near enough to them so 

they would bother doing so. Because plastic recycling is so new in Finland, the plastic bins are 

not as common as other recycling bins are, which in many cases means that recycling plastics 
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would take extra effort and not all people want to do it. (Järvinen 2016.) So, as explained above, 

the separating and recycling consumer plastics is possible in Finland, but plastic recycling is not 

yet completely functional system. This means that even though plastic packaging might be 

highly recyclable in some places, for example, in some Central European countries, where the 

plastic recycling is more advanced, in Finland it cannot be considered as recyclable as cardboard 

or metal, for example. 

 

3.2 Paper and cardboard 

 

Paper and cardboard the most common fibre-based materials used in packaging. As materials 

they have good compression strength and they are durable and versatile. They are in Finland 

made of woodchips that are by-products from sawmills or cut wood from thinning the forests 

and most of the time there is also a big part of recycled material used. This means that for the 

fibre materials, not of much natural resources are consumed, because the raw material for the 

paper industry is mainly by-products or side flows of other operations using and processing 

wood for, for example, construction or furniture industries. (Järvi-Kääriäinen & Ollila 2007, 

128, 135, 138.) 

 

From these two, paper is the softer and thinner material. Paper can be made with different kinds 

of surfaces for different applications and purposes. In most cases when considering food 

packaging materials, paper is used as a laminate material with plastic or aluminium, in order to 

achieve the moisture and grease resistance properties that paper naturally lacks. Paper on its 

own is still used to pack different dry ingredients like fours or oats, for example, and also 

different wrapping papers and labels that are used on top of other packaging. (Järvi-Kääriäinen 

& Ollila 2007, 138-143.) 

 

Cardboard is, as a material, basically similar to paper, except cardboard has more layers of fibres 

in it. Both are produced with the same techniques, but cardboard is made thicker to improve 

properties like durability, density and strength. Cardboard packaging is also used in many dry 

food products like pasta, cookies and cereals, for example. It is also a common material for 
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sleeve solutions and labels on top of other packaging, since fibre materials have better printing 

properties than plastic, glass or metal. (Järvi-Kääriäinen & Ollila 2007, 143-148.) 

 

When a liquid proof layer is added on top of cardboard, it can be used even more diversely in 

food packaging. These kinds of moisture proof cardboards are used in many beverage cartons, 

fresh food packaging and aseptically packaged products, for example. This cardboard can be 

formed into many different shapes and sizes depending on the intended application. (Järvi-

Kääriäinen & Ollila 2007, 160-161.) The most common liquid proof cardboards have 85 % fibre 

material and 15 % plastic. This is changing, since nowadays new solutions have been invented 

that make the plastic unnecessary and it can be replaced by 100 % renewable materials. 

(University of Helsinki 2019.)  

 

Fibre-based materials are also commonly used in ready-made meals packaging. Paper and 

traditional cardboard solutions are often used on labels, sleeves and other outer parts of the 

packaging and the liquid proof cardboards are used as the actual food contact materials. In many 

cases fibre-materials are used in combination with plastics, but fibre materials are getting more 

common as they improve and better, more durable solutions are invented. 

 

In Finland, the recycling of these fibre-based packaging materials is well organised and 

effective. It can be proven by the Table 3-5, that presents amounts of recycled, recovered and 

reused paper and cardboard packaging in Finland on four different years since 2003. As it can 

be seen, the recycling percentages of paper and cardboard are high and nowadays even more 

than 100 % which is due to the style of the calculations that is explained in the beginning of this 

chapter with Table 3-1. 
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Table 3-5. The amounts of paper and cardboard packaging recycled, recovered and reused in Finland (Pirkanmaan 

ELY-keskus 2019.) 
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2003 269 200 169 000 63 193 800 72 8 000 3 

2008 256 074 238 468 93 272 162 106 10 101 4 

2013 258 674 252 399 98 292 399 113 19 510 7 

2017 259 419 301 166 116 369 166 142 8 835 3 

 

The Table 3-5 shows that the recycling system for paper and cardboard packaging works well 

in Finland, meaning they are really ecological materials to use. Basically, for the consumer, all 

cardboard is recycled to one bin and paper to another, which makes it simple and because this 

practice has existed for a long time, most people are used to doing it. (Järvi-Kääriäinen & Ollila 

2007, 277.)  Even the cardboard materials with layers of aluminium or plastic in them, can be 

put into the cardboard collection. At the treatment plants, the collected cardboard is fed into a 

big washer called the pulper, which separates the fibres from the coating layers of metal or 

plastic by dissolving the fibres from the material. The fibres then continue to the cardboard 

production line to be used in new cardboard materials and the leftover layers that are mostly 

plastic or aluminium are collected separately. The plastic material collected, is dried and then 

incinerated for energy and the aluminium is sent to be recycled as material with all the consumer 

collected metals. This means that most of the material in cardboard packaging, even if it is 

laminate material, can be recycled. (HSY 2018a.)  

 

The paper waste collected is firstly de-inked that remover all printing colours and dirt, then the 

mass goes through a multiple-phase process and it turned into mostly newspaper material. Some 

of the separated whit office papers are used to make soft papers like toilet paper or paper towels. 

(HSY 2018b.) Most of the fibre materials, if they do not have any plastic or metal surface 

coating, are also suitable for composting. There are naturally exceptions, like for example some 
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of the totally moisture proof, high density materials cannot be recycled into new fibres, but they 

can still be recovered as energy in waste incineration plants. (Järvi-Kääriäinen & Ollila 2007, 

277, 287.) 

     

3.3 Metal 

 

The most used metals in packaging are steel and aluminium. In some cases, also some chromium 

plates are used. From all metal packaging used in Finland, over 90 % is food packaging. 

Aluminium in food packaging is mostly used in cans for different carbonated or non-carbonated 

drinks, food tins and also various types of lids and foils on top of food containers. Aluminium 

is also one of the materials used for ready-made meals trays. Steel is mostly used in preserve 

cans, like for tuna or pineapple, for example. (Järvi-Kääriäinen & Ollila 2007, 78-82.)  

 

Good characteristics of metals in food packaging are that it does not react with the content of 

the packaging in any way and the product is not contaminated with any strange substances, 

flavours or smells. Metal packaging is also light, moisture, gas and grease proof, so it does not 

leak and anything from outside the packaging cannot get to the product inside. Metal has also 

high recycling rates, meaning the Finnish recycling system works well with metals too. In 

theory, metals are 100 % recyclable, but of course, so actual recycling rates are a bit smaller due 

to human behaviour. Table 3-6 presents amounts of recycled, recovered and reused metal 

packaging in Finland on four different years since 2003. As it can be seen, the rate is not as high 

as the fibre materials, but high enough to pass the EU recycling goals, even for the year 2030 

already. A great thing with metal packaging is that the quality of metal does not decrease during 

the recycling process. (Järvi-Kääriäinen & Ollila 2007, 78-82.) 
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Table 3-6. The amounts of metal packaging recycled, recovered and reused in Finland (Pirkanmaan ELY-keskus 

2019.) 
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2003  42 200 21 200 50 21 200 50 369 000 90 

2008  50 807 38 294 75 38 294 75 654 028 93 

2013  51 490 42 135 82 42 135 82 519 431 91 

2017  50 653 44 455 88 44 455 88 561 628 92 

 

The Table 3-6 shows that a lot of the metal packaging is also reused and that is because it is 

such a durable material that many packaging can be used over an over without melting and 

reforming it in between. It can also be seen, that the recovery rate is the exact same as the 

recycling rate and that is because metal is not suitable for incineration and so it cannot be used 

to recover energy from. This is why a well-working recycling system for metals is really 

important.  

 

Steel is the easier one from the two commonly used metals to treat. At the recycling plant, steel 

packaging is easy to separate from the rest of the waste with a magnet. Even the steel packaging 

that is not properly source separated at the consumer stage, can be recycled with ease because 

of this. From there the metal is transferred to a steel factory where it is melted and formed into 

new steel products. This saves around 75 % of the energy that would be needed to produce steel 

from virgin materials. This makes steel have much smaller negative environmental impacts than 

it would have if only virgin materials were used. (Järvi-Kääriäinen & Ollila 2007, 78-82.) 

 

Aluminium is mostly recycled through the returnable bottle and can recycling system, because 

the cans used in Finland, almost always have a deposit on them to encourage people to recycle 

them. The system also takes cans that are imported from other countries and thus, have no 

deposit, so even those can be recycled easily and there is no wasted metal. After the aluminium 
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is collected, it is mostly sold abroad, because there is no aluminium can factories in Finland. 

With aluminium, using virgin materials to produce packaging consumes a lot of energy and this 

well-working recycling system decreases the need for virgin aluminium for packaging to near 

zero. Re-melting recycled aluminium uses only about 5 % of the energy virgin material 

processing would need and it also produces 95 % less carbon emissions, thus aluminium can be 

considered very ecological as long as the material cycle stays closed. Of all virgin aluminium 

ever made, around 75 % has stayed in the recycling loop since 1888, which also showcases the 

success of recycling. (Järvi-Kääriäinen & Ollila 2007, 78-82, 277.)   
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4 NOVEL FOOD PACKAGING MATERIALS AND THEIR 

RECYCLING IN FINLAND 

 

In addition to the previously discussed more traditional food packaging materials, there are 

nowadays various newer packaging solutions being developed all the time trying to improve the 

packaging industry to be more sustainable. From the sustainability requirements discussed in 

the Chapter 2, the main ones for making food packaging material sustainable, can be considered 

its recyclability, raw material use and food protection properties. According to multiple 

packaging manufacturers working on new materials, the goal in developing packaging today is 

to use less raw materials, make durable products lighter than before and recycle as much as 

possible (Raunio 2019). 

 

Increased consumer knowledge, stricter legislation and requirements create the need for 

packaging producers to invest in research and development. Today, a huge motivational factor 

for companies producing packaging, is their image and the fact that sustainability as a growing 

trend is something that the consumers and certainly appreciate. Also, peer pressure from the 

competitors acts as motivation to improve in the field of sustainability as well as improving the 

other functionalities of the products. (Raunio 2019.) 

 

Nowadays in the packaging industry the gap between fibre material manufacturers and chemical 

industry grows smaller and the trend with fibre-plastic combination materials is growing. The 

producers agree that the packaging needs to be reviewed throughout the whole life cycle of the 

materials and the product. The main change to previous approaches is that now recyclability and 

material efficiency are emphasised in the packaging design as much as the traditional values of 

protecting the product and being functional in use. The director of The Finnish Packaging 

Association states that the development with sustainable packaging solutions will be faster than 

ever before during the following years because the competition of producing the most 

sustainable product is going to motivate the packaging manufacturers to all invest in research 

and development. (Raunio 2019.) 
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There are countless number of materials trying to solve the packaging waste problem and aiming 

to be the best sustainable option out there. Still, most of the newer solutions are either based on 

some kind of bioplastic or plastic-like material made chemically from renewable ingredients or 

fibre material. Many solutions also combine these two. Also, packaging that is fully recyclable 

and made from, for example, aluminium or some recyclable plastic, are now marketed as very 

sustainable and they are, if the material stays in the cycle and not much virgin materials are 

needed. Next these novel packaging solutions and their possibilities are discussed further by 

dividing them to bioplastics, fibre-materials and then introducing a few concrete solutions 

already on the Finnish markets. 

 

4.1 Bioplastics 

 

As mentioned earlier in the traditional plastics chapter, the name bioplastic can be a misleading 

term, since it is commonly used to describe multiple different plastic materials. The prefix bio- 

does not automatically mean the material is biodegradable or bio-based, it can mean either one 

or in some cases both (Suomen Uusiomuovi Oy 2018, 23). Roughly the types of bioplastics can 

be divided into two categories, plastics that are made totally or partly of renewable raw materials 

and plastics that are biodegradable in certain pre-determined conditions. Biodegradable plastics 

can be made from renewable or fossil based raw materials and there is also a difference between 

the material being biodegradable and compostable. (Muoviteollisuus ry 2019.)  

  

Basically, the two have been developed to achieve different things, the biodegradable plastics 

are older inventions and they try to solve the problem of plastic waste by making materials that 

biodegrade. The bio-based plastics are to decrease the negative environmental impacts of 

producing plastics by decreasing the use of fossil raw materials. Even with the good intentions, 

not all these solutions work in practice that well and because the bioplastics term is used so 

loosely with different types of solutions, it might cause confusion. Some materials that carry the 

name of bioplastics might actually even be more burdening to the environment than traditional 

fossil-based recyclable plastics, when looking at the whole lifecycle (Raunio 2019). For the 

correct recycling of these plastics, it is important to understand the difference between these 
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two. Now the differences are explained and the possibilities of using them in food packaging 

and their recycling possibilities are discussed. In this thesis the renewable plastics are called 

bio-based plastics and the biodegradable plastics are referred as biodegradable to avoid 

confusion between the two.  

 

4.1.1 Bio-based plastics 

 

To recap, bio-based plastics mean plastic materials that are totally or partly made out of 

renewable raw materials instead of the traditional fossil materials. Because plastic is a 

chemically made material, it can be made with multiple different ingredients and the end product 

can achieve almost the same qualities. Examples of the natural resources that could be used to 

make bio-based plastics are grains, sugar, starch, cellulose and different oils and fats. 

(Muoviteollisuus ry 2019.)  These bio-based plastics are made with the same technique as fossil 

plastics, by turning monomers into polymers with chemical processes. Instead of the monomers 

found in oil, bio-based plastics are made of natural monomers like lactose, glucose, glycerine 

or fatty acids, that are turned into polymers. (Suomen Uusiomuovi 2018, 23.) Making polymers 

out of natural monomers is not a new invention, but for a long time that was not in the interest 

of the plastic producers because extracting the monomers out of plants and micro-organisms 

was more expensive than using synthetic monomers. (Mudhoo & Sharma 2011, 24.) 

 

Bio-based plastics are plastics like the traditional fossil plastics are, meaning they have all the 

good properties that plastic has, but they can be made of up to 100 % renewable sources, which 

means it decreases the CO2-emissions of the plastic production. In theory, totally bio-based 

plastics can be considered carbon neutral, since the carbon that is released from them was 

already free in the nature, not bound to ground like in oil. (Mudhoo & Sharma 2011, 23.) 

Changing from fossil-based plastic into bio-based ones would not decrease the versatility or 

other good properties of plastic, it would only make it that much more sustainable. In some 

cases, the bio-based plastics can even have better properties than the fossil-based plastics. 

Because of this, they can be used in ready-made meals packaging the same way as traditional 

plastic packaging. In some solutions they already are used, like for example Green PE that is 
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used in many film materials already, either on its own or layered with some other materials. Not 

all plastic solutions can be made 100 % bio-based yet but the technology is improving all the 

time and already changing some part of the plastic to bio-based is an improvement for the better. 

(Suomen Uusiomuovi Oy 2018, 23.) At the moment, the share of the bio-based plastics is only 

about 1 % of the plastics industry, which means they have not really hit the markets yet but 

could have great potential, if they really hit the markets. (Raunio 2019.) 

 

Because the properties of the bio-based plastics are the same than fossil plastics, they act the 

same in the Finnish recycling system. So, from plastic films PE-LD and from hard packaging 

PP, PET and PE-HD are recycled into new material. Also, other hard plastic packaging can be 

used for plastic profile for construction. Here also the same problems of additives and laminate 

materials decreasing the recyclability and the lack of market demand, apply that were discussed 

previously with traditional plastics. (Suomen Uusiomuovi Oy 2018, 23.) This means that with 

the bio-based plastics, the consumer can act just the same as with traditional plastic packaging, 

considering the disposal of the plastic waste. This is as long as the material is only bio-based 

and not also biodegradable. There are materials that are both, but this here applies only to the 

non-biodegradable and bio-based plastics. The recycling of biodegradable plastics is discussed 

in the next chapter. 

 

One topic that often generates discussion about the bio-based plastics, is the raw materials used 

for the production of it. The problem is that some of the raw materials used, such as grains, 

sugar and starch, could also be used as food or they at least take up land areas that could be used 

for food production (Sirkiä 2018). In the state that the world currently is with the food 

production problems and growing population, it is not a sustainable option to decrease the food 

producing potential in order to make better and more ecological plastics. This is, even though 

highly discussed, actually not too big of a problem, since so many other materials can be used 

as well. For example, Finland has great potential in producing wood-based plastics for which 

the raw materials could be taken from the already existing biorefineries’ waste flows that would 

otherwise be incinerated. For example, cellulose, hemicellulose and lignin could be used in 

bioplastics production as well as black lye (Tiede 2008). Many other raw materials like this for 
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bio-based plastics exist too, that do not in any way threaten the food production system and 

those will play a large role in the future of plastic materials. 

 

4.1.2 Biodegradable plastics 

 

Biodegradable plastics can be made from fossil-based or renewable raw materials. They are 

meant to degrade in the composting process with biowaste and thus create no waste to be treated 

any other way. (Suomen Uusiomuovi Oy 2018, 23.) The biodegradable and fossil-based plastics 

have all the same problems than the traditional plastics with the CO2-emissions and other 

problems related to the production phase. The bio-based and biodegradable plastics can be, just 

as above mentioned, carbon neutral and thus be better with the carbon emissions. Both of these 

can still add to the problem of plastic waste in general and it has been noted that the microplastics 

from biodegradable plastics cause just as much problems as the non-biodegradable ones. It 

might even be that the biodegradable plastics are more problematic, because they dissolve easier 

into the small particles than the traditional plastics. (Lamminen 2018, Suomen Uusiomuovi Oy 

2018, 23.) 

 

For the ready-made meals, the biodegradable plastics are not commonly used at least on the 

food contact materials, because often the biodegradability decreases the material’s abilities to 

stand moisture and grease and those are important in ready-made meals packaging. 

Biodegradable plastics are still used in some products that are not too moist or greasy, or on the 

outer layers of packaging, like labels, lids or sleeve solutions that are not directly in contact with 

the food. (Suomen Uusiomuovi Oy 2018, 23.) 

 

The main problem with biodegradable plastics is that most of the time they are only 

biodegradable in very specific industrial circumstances and so they do not actually work like 

they are supposed to in a biowaste treating facility or in the nature. Even though they are 

officially instructed to be put in the biowaste, the facilities’ employees say it is not good for 

their processes. This applies at least to the Finnish composting and anaerobic digestion 

processed used to treat biowastes, because the processes are too fast for the biodegradable 
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plastics to degrade. It is not profitable to keep the process going just for the plastics when all 

the biowaste is already treated, even if the plastics would degrade with longer process times. 

This is why the biowaste bags are plucked out of the waste mass and incinerated for energy. 

Naturally some types might degrade faster than others, but generally the problem is there. It has 

been detected that the materials that are biodegradable and bio-based, generally degrade faster 

and might suit some composting processes. In anaerobic conditions it does not matter what the 

material is made of, it will not degrade in time. (Leiviskä 2019, Suomen Uusiomuovi Oy 2018, 

23.) 

 

As it was mentioned earlier in the traditional plastics chapter, biodegradable plastic is not 

suitable for the consumer plastic recycling either. This is because the degrading properties 

would decrease the overall quality of the recycled plastic material. Especially difficult are the 

oxo-plastics, that the optical NIR-technology detects to be normal plastics and they often get 

through to the final recycling process. Other biodegradable plastics the NIR-technology should 

detect and separate from the recycled plastics. For the Finnish recycling system, it would be best 

if the consumers separated the biodegradable plastics into the mixed waste fraction to be 

incinerated. This is not often the case, since the consumers are instructed to put them in the 

biowaste and if they do not do that and the person is not fully knowledgeable about the subject, 

it is easy to just throw in with the other plastic packaging. (Suomen Uusiomuovi Oy 2018, 23.) 

 

One thing with biodegradable plastics is also that some consumers think that means it is okay 

to leave that plastic in the nature, when in reality that is just as bad as leaving traditional plastic 

behind. The biodegradable plastics that are made from fossil-based raw material, are just as 

problematic in nature as traditional plastics, until they degrade and that might take years and 

years. The renewably made ones might be a bit better due to their lower CO2- emissions and 

since they normally degrade faster and better, but still not as fast as biowaste, for example.  
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4.2 Fibre-based materials 

 

Wood-based fibres are naturally biodegradable and renewable. The fibres can be recycled 

multiple times but if needed, they degrade in nature in a few months. (Raunio 2019.) As 

mentioned earlier in this report, paper and carboard recycling works well in Finland, so it can 

be thought that fibre-based solutions are a sustainable solution to the packaging industry, they 

just need to be developed further to compete with, for example plastics, in all its characteristics 

that are desirable for food packaging solutions. The different fibre-based materials and fibre-

plastic combinations are increasing at the moment because of the trend of decreasing plastic use 

(Raunio 2019). Fibre-materials have always had a huge market share in Finland, because of our 

strong forest industry and its volume and competence in the international markets. This is also 

why the research and development into new fibre-based packaging materials is big in Finland 

and almost all companies in the industry have their own versions of new sustainable packaging 

materials and new ones are developed all the time. (Säilä 2017.) 

 

Fibre-based packaging is a great alternative to plastic on many solutions but for food packaging, 

especially ready-made meals packaging, the characteristics of only fibre materials are often not 

good enough. The grease and moisture resistance that ready-made meals require to be properly 

protected, often need at least a thin layer of plastic to be combined with the fibres. This means 

that while a cardboard box can be an ecological packaging for, for example, rice or porridge 

oats, the same is not applicable to ready-made meals. When the plastic layer has to be added, it 

always has to be considered how that affects the true recyclability of the material. Sometimes it 

might be better to have a fully plastic packaging if it is recycled and recyclable, than to use a 

combination material of plastic and fibres, where only the fibres can be recycled. As it has been 

explained, mono-materials would almost always be better for the environment because they 

have better recyclability.  

 

A material is recyclable in the Finnish recycling system with the fibre materials if it consists of 

at least 50 % of fibres. The rest of the material, as explained in the chapter 3.2, is separated from 

the fibres and metals are sent to the suitable treatment facility to be recycled and other materials 
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are incinerated for energy. This means that the newer packaging solutions can be considered 

fibre-based materials if they consist of at least 50 % fibres. (HSY 2018a.) The problem with 

fibre-plastic combination materials is that the materials cannot be separated at the consumer 

level which means that only one of the materials is recycled and the other is incinerated. 

Naturally, if the material has only a small amount of plastic combined with the fibres, the 

incinerated part is small, and it can be ecological. If the material is close to the 50–50 ratio, it is 

most likely not an improvement from the sustainability’s point of view and the use of either 

material on its own is recommended.  

 

The materials are improving rapidly and there are already some solutions that combine plastic 

and fibres to get the needed qualities, but from which the materials can be separately recycled. 

Also, thin barrier layers of green plastics can be used that do not decrease the total sustainability 

much, and naturally the origin of the raw materials and the production processes have an impact 

too. There are already both, renewable plastic films and renewable fibre trays available in the 

markets, only the combinations of these that would suit ready meals are not really are still 

lacking. At the moment it seems that there are less fibre-based options that would suit ready-

made meals by being sturdy and durable enough, but it might be that the development is fast, 

and, in a few years, there are a lot of solutions and plastic is no longer a necessity. 

 

4.3 Some Finnish novel packaging solutions 

 

To give an idea of what these novel food packaging solutions could be, here are a few concrete 

examples of these solutions in Finland. One project that directly tries to improve the 

development of the competence and recognition of the Finnish know-how of wood-based bio 

economy, is the Uusipuu -project. It is a group project of over 20 organizations that have 

specialised in wood-based products and improving sustainability by bio-based solutions. This 

project is based on wood being the one natural resource that Finland has plenty of and that could 

be utilised even more efficiently to improve sustainability but also Finnish entrepreneurship in 

the global markets. Examples of the food packaging solutions that have come up as results of 

this project could be the Metsä Board’s Eco-barrier food packaging cardboard that holds liquids 
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without any plastic coating and a soft drink cup that is totally cardboard and does not need a 

plastic lid. (Uusipuu 2019.) 

 

To give a more precise example, Welmu International Oy can be said to have one really potential 

innovation. They have invented a totally wood based film material that can be used pretty much 

like the traditional fossil PE-LD plastic films. Their innovation is called Woodly and they have 

three types of product made from that material. Firstly, they have a clear and thin film material 

that can be heat sealed onto things and printed on. Then they have a thermo-formable, a little 

thicker material that can be made into different hard containers and packaging and lastly, they 

produce totally wood based surface layers for cardboard solutions that need grease or moisture 

resistance. Woodly packaging solutions are not available in the markets yet, because they are in 

the testing stages, but they have shown potential to replace many plastic solutions in the future 

and they act as an example for other companies too. (Welmu International Oy 2019.) 

 

A totally independent thing from the Uusipuu project is, Arla that has changed their yoghurt, 

milk and cooking products’ packaging and is now the first company in Finland to use totally 

renewable bioplastic in their paperboard cartons to make them 100 % recyclable fibre-materials. 

This wood-based material is an innovation by UPM, and the packaging is produced by Elopack. 

It is 100 % renewable and uses side flows from pulp production as its raw material, meaning it 

does not require forests to be cut directly to make this material and also it does not in any way 

compete with food production, like some biomaterials do. This chance made it so that in 2019, 

more than 40 million Arla products’ packaging will become environmentally friendly. (UPM 

2019.) 

 

Another example of a new fibre material is a polymer enhanced paperboard tray by Delight 

Packaging Oy. The packaging is mostly fibre-based but with a hard-plastic rim that makes the 

tray sturdy and sealing the top easy. This packaging is also available with bio-based plastic rim, 

to increase the sustainability of the tray even more. The packaging uses mostly Finnish 

renewable raw material and has a Finnish key flag label. The packaging is recyclable through 

the cardboard recycling in Finland and has a low carbon footprint. The trays are available in 

multiple shapes and sizes and they have great printing properties to make the packaging unique. 
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This is a solution that is applicable to ready-made meals as well, unlike the two other mentions. 

This packaging can already be seen on some brands in the ready-made meals section of the 

grocery stores since a few brands have started using it as a part of their ecological packaging.  
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5 FINDING THE BEST SUSTAINABLE PACKAGING FOR THE CASE 

COMPANY 

 

The empirical part of this thesis is focused on the case company and finding out what options 

they have in changing their packaging for the better, that would work in their production line 

and with their working methods. The aim is also to find out what actions are required if the 

change for the more sustainable packaging is executed. The practical part of this study is done 

as qualitative research were the results are based on the perceptions of the tested materials on 

the actual testing day and a follow-up period after the tests. Before the actual testing, information 

is gathered with phone calls, emails and from the internet. Also, some information is gotten 

straight from the case company and decisions are made together with the company in meetings 

and discussions when the process progresses. 

 

This chapter starts with an introduction into the case company and the packaging they want to 

change as a result of this study. The part also includes requirements for the new packaging that 

are specific to the case company either because of their production methods or factors they 

consider otherwise important in choosing the new material. Then the new packaging materials 

considered for the case company and their characteristics are introduced. After that there is the 

actual testing phase of the materials in practice and the results from the testing day and the 

follow ups throughout the self-life of the products. Lastly in this chapter, there is the analysis of 

the results, where the tested materials are rated from best to worst and conclusions on the best 

options are presented. 

 

5.1 Introduction of the case company and their requirements 

 

As mentioned in the introduction, the case company is a Finnish ready-made meals producer. 

The company operates only in Finland and their products include a variety of different soups, 

pastas and casseroles, for example. The company values clean and pure Finnish food and wants 

to produce the best ready meals for their customers. Values such as local ingredients, providing 

the best for their customers and presenting a great example for other firms in their field, are 
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important to the company, too. They want to try to act as an example in the markets in every 

way and sustainability issues are one major part of this image. Being able to say they produce 

the best tasting, local and easy food in a responsible way is of an importance to them. 

 

The company has determined responsibility goals from 2018 to 2025 considering their products, 

operation and wellbeing of their employees. The goals include, for example, being more 

transparent, using domestic ingredients and decreasing their environmental impact by increasing 

energy efficiency and bettering the waste management. One part of this environmental 

sustainability goal of the company is to reduce the amount of packaging material they use. 

Especially the decrease in the amount of plastic is pointed out. (Case company’s responsibility 

targets for 2018-2025.) This sustainability goal thrives from the earlier mentioned EU plastic 

recycling goals that require major improvements from the Finnish plastic recycling system if 

they are to be fulfilled. With the sustainability strategy and especially with this packaging 

change, the case company wants to do their part against climate change and for the responsible 

use of plastics. (Meeting with the case company 15 February 2019.) 

 

The waste they produce in their factory, the company always aims to recycle and reduce as much 

as they can. All recyclable materials are recycled, but because their processes involve so many 

products that come in non-recyclable plastic and the amount of this waste is hard to decrease, 

they have invested in a plastic press that is coming in the summer 2019. The press will help 

make the non-recyclable plastic take less space so that the period between transporting the 

plastic into incineration can be longer, which saves in costs but also in emissions of the 

collection vehicles. With their operations’ waste management being handled, the company also 

wants to take responsibility of the waste they put out to the consumers with their food product. 

They want to start packaging their products so that they are easy to recycle and have a lesser 

negative environmental impact. They want to find out how they could change their packaging 

for the better, not necessarily by only aiming for renewable packaging but maybe decreasing the 

use of plastic and making sure the packaging is efficiently recyclable to decrease the total 

environmental impact of the packaging. (Meeting with the case company’s Production Manager 

28 February 2019.) 
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5.1.1 Currently used packaging 

 

At the moment the company packages their products mostly in different plastic combinations, 

aluminium and cardboard, where the share of plastic is about 63 %. At the moment their 

packaging has no eco-labels or certificates and the whole process of transitioning into more 

sustainable packaging is just beginning. Because the share of plastic is so big and most of the 

plastic used is black, the change of materials used seems easiest to start with the plastic 

packaging. For this thesis work, the company has chosen one main packaging type, that they 

want to focus on first. It is their most common black plastic food tray with flowpack film over 

it. That packaging is used in all their 300g ready-made meals that are not soups. (Case 

company’s Purchasing Manager, e-mail 20 November 2018.) 

 

To be more exact, the packaging is a 300g black C-PET plastic tray (L171 x W127 x D40 / 

560ml) that is sealed with thin plastic flowpack film. The tray stands temperatures from -40 °C 

to 220 °C and is suitable for oven and microwave. It endures the 220 °C for maximum 30 

minutes and it lasts up to two hours in 200 °C. The tray is made of 80 % rPET, meaning recycled 

PET, so the tray uses only a little virgin plastic material. PET (01) is in theory a recyclable 

material, but as it was explained before, in the Finnish recycling system, the black C-PET is not 

recyclable through the Finnish recycling system, because of the separation technology, and it 

goes to incineration. The flowpack film used is laminate of two materials, OPA 15 µm and PE 

45 µm, making the total thickness of the film 60 µm. The film is suitable for food up to 40 °C 

in any period, up to 70°C for maximum of 2 hours and up to 100 °C for 15 minutes. The film is 

categorised in the group other plastics (07), which means that in the Finnish recycling system, 

this material is not recycled, since the only recycled film material is PE-LD. (Manufacturers’ 

data sheets for the current packaging, Suomen Uusiomuovi Oy 2018.) 

 

The portion size of the product, 300g, is a bit bigger than many other ready-made meal 

companies’ meals are and the size has not been determined by any research or surveys. The 

company is about to research the subject and then possibly adjust the sizing to better suit the 

consumer preferences if necessary, thus it is not necessary for this study to focus on that aspect. 

A change that is easier to execute, is to add notion to the packaging informing the consumer 
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about how long the product stays fresh after the package has been opened. This is done to 

prevent food waste due to people not knowing how long they can store the open product before 

it spoils. (Case company, meeting, 15 February 2019.) 

 

5.1.2 Specific requirements for the materials from the point of view of the production 

line 

 

In addition to the ready-made meals packaging requirements presented in Chapter 2, there are 

some requirements that are specific to each company and their processes. Therefore, it must be 

considered what makes the company and their process unique and what are the wanted 

characteristics of the packaging. This is done, in this thesis, by studying the flow charts of the 

production processes and focusing on the key unit processes from the point of view of the 

packaging. This studied packaging is used for many products that can be divided into two, 

pasta’s and casserole’s, that have slightly differing flow charts. The charts differ in the beginning 

of the production process on how the food is actually made, but from the point on where the 

packaging comes along, the charts are identical, so there is no need to differentiate the products 

from each other, or focus on the beginning of the process, where the packaging has no part. The 

Figure 5-1 presents the flowchart of the case company’s process and shows where the packaging 

materials come in. The unit processes that are thought to be the most critical ones for the 

packaging, are bolded. 

 

The trays come into the process on the dosing stage, where the correct amount of the product is 

dispensed into the trays. After that, there are the cooking into oven and cooling down phases, 

Figure 5-1. Flow chart of the case company’s process 
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where the temperatures and durations vary depending on the food product in question and the 

durability of the tray plays an important role. Then there is the actual packaging process, where 

the film material comes in. Lastly, of course the ready packaged products are packed into bigger 

boxes, sent out to the retailers and then transported into people’s homes and the packaging must 

stay intact all through that too and able to protects the product until the end of the best before 

date. From these, the most critical points for the tray would be the temperatures in the oven and 

cooler and for the film, mainly the mechanical functionality in the packaging machine. (Case 

company’s flow charts.) 

 

The temperatures used in the cooking phase, that the tray must endure, vary with the 300 g 

products from 150 °C to 220 °C and also the cooking times depend on the product between 20-

35 minutes. The cooling is done in a cooling tunnel, that has the target temperature of 6 °C and 

the air blown in to achieve this is around 0 °C to -1 °C. The different product stay in the tunnel 

different times varying from half an hour to an hour. The packaging must not only stand the heat 

and the cold, but also the rapid chance in temperature from the oven to the cooling tunnel without 

breaking. On top of the temperatures, the tray must endure moisture and grease for long periods 

of time. The film also has certain requirements for oxygen permeability to preserve the food for 

at least the 21 days that is the self-life for these products. At the moment, the 300 g tray focused 

in this study, can only be packed with a flowpack film and sealing the tray with a film on top 

would require investing in new machinery. Even with new machines, sealing could be 

problematic to execute in practise due to the tray being the cooking container and the possibility 

of grease or other disturbing ingredients staining the top surface of the tray and spoiling the seal. 

 

For the case company, one thing needed to consider is that a lot of the work in the production 

lines is done manually and using some older equipment. This means the quality of the work 

does not always stay 100 % constant and the operating conditions might vary a bit. This requires 

the packaging to also withstand the possible changes in the conditions without problems. The 

ovens are an example of older machines the case company still uses and because of that, the 

cooking temperature and humidity in the ovens might not always stay perfectly consistent. 

Varying working methods also mean that the packaging must endure mechanical handling by 

the machines but also be easy to manually handle.  
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One more thing to consider is, that the company has a new production line that is soon taken 

into use and has conditions differing from the currently used one. The new line will have new 

ovens that behave differently than the current ones and a new, faster, cooling line for the 

products after the oven. Especially the faster cooling has to be noted, since it causes more sudden 

change of temperature and the tray used to cook the food in, has to endure the temperature 

change without damage. 

   

5.1.3 Company’s additional preferences for the materials 

 

The main thing on top of the physical requirements form the production line is that the case 

company wants to emphasise the importance of easy and efficient recycling of the packaging 

material. The aim of the whole study after all is to find more sustainable materials and for the 

case company, the priority is on the disposal of the waste. The company also highly appreciates 

good values and corporate responsibility so naturally they are interested in these things with the 

possible new packaging and the suppliers as well. This means that the suppliers’ possible 

environmental certifications and responsibility programs are also one thing to consider in the 

selection of the new packaging. Ideally the case company would like to commit to only 

responsible and possibly even certified suppliers. (Case company’s responsibility targets for 

2018-2025.) 

 

On top of being oven proof, the packaging is wanted to also be microwavable, because it makes 

it the easiest for the consumer to heat up at home. The packaging also has to be able to represent 

the brand of the company by, for example, being adaptable into their colours and sizes. The film 

used is wanted to be see-through, so that the consumer can see the product if he wants to. The 

film also must have good enough printing properties so that the packaging stands in handling 

and transport without losing the information on it. The company also wants to communicate this 

possible packaging change to their customers, and the new packaging should include some 

mention of it being more sustainable than before. 
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Being able to utilise the current packaging line and the machinery would be preferable to the 

company, but it is understood that some changes are inevitable, and they are prepared for. Also, 

if a material is found that would otherwise be clearly the best option, but it would require larger 

investments, it is not a deal breaker either and proposing the investments is possible.  

 

5.2 New packaging considered for the case company 

 

This part includes the considered options for the new packaging materials. Because the 

packaging has two parts, the tray and the film, that are separate to each other, they can be 

considered individually. These packaging materials and the producers’ contact information were 

listed by the case company’s purchasing manager based on the company’s previous knowledge 

and interest in possibly testing the materials. There were originally more companies contacted 

than the ones mentioned in this thesis, but at the end the tested materials had to be chosen based 

on the companies being able to send their product within the timeframe given. For clarity of the 

study, the materials that could not be gotten in time for the tests, are not discussed in this thesis 

and they are left for the case company to test later if they want to. 

 

The information in this chapter about these products is gathered partially from the producer 

companies’ websites and partially straight from the source, meaning that all the companies were 

contacted to get more information on their operations and the products. The companies’ contact 

persons were explained the aim of this study and they were asked to recommend their products 

that would best suit for the case company’s needs. If a suitable product was found, they were 

asked to provide further information and samples of it for the practical testing. This chapter 

presents the different trays and films that were considered and their most important properties 

as well as their functionality in the Finnish recycling system. Last in both chapters there is a 

brief comparison of the materials based on the information gathered before the testing in 

practice. It is stated here that all of these materials are intended to be used as food contact 

materials and fulfil all the legislative requirements mentioned earlier in this thesis, so for the 

material comparisons and testing, the focus is only on the sustainability and case company’s 

requirements. 
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5.2.1 Trays 

 

This study considers three different trays that were marketed to be more sustainable than the 

currently used black C-PET tray and were thought to possibly work for the case company. One 

of these trays is made from aluminium, one is part cardboard and part plastic and the last one is 

totally cardboard. A fourth company was contacted as well, but their only suitable product 

turned out to be almost exactly the same as the case company’s current tray, so it was decided 

not to include it in the tests since the sustainability and the mechanical properties of it would 

have been the same. The Figure 5-2 shows all the tray options. All the trays are as close in size 

to the currently used tray as possible, but naturally the measurements are not identical and so 

the trays might vary a bit in size. Also, the current C-PET tray, that was introduced in detail 

earlier, is used as a comparison in the testing phase, because it is not ruled out that it might turn 

out to be the best working option for the case company even after this study. 

 

Figure 5-2. The tray options for the case company: the current C-PET tray, the aluminium tray, the cardboard and 

plastic combination tray and the fully cardboard tray 

 

The first tray (later Tray 1) considered in this study is the aluminium tray. Aluminium, as 

mentioned earlier in this thesis, is a material that is highly recyclable through the metal recycling 

in Finland and the company producing these states that their aluminium trays have the minimum 

of 40 % recycled aluminium in them. The company also aims for sustainability in all their 

actions and their vision is to provide their customers 100 % recyclable products with zero CO2 
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-emissions. They also support the UN’s Global Goals For Sustainable Development and focus 

especially on the 12th goal that is responsible consumption and production. (Company 1) 

 

Because the tray is metal, the physical characteristics are definitely good enough for the case 

company’s requirements. The tray stands heat, cold, grease and moisture without changing its 

appearance or functionality. The aluminium tray endures maximum 350 °C for up to 2 hours, 

the storage temperatures are from – 40 °C to 40 °C. The tray can be used in conventional ovens, 

microwave ovens and it can be frozen. (Company 1) 

 

Second tray (later Tray 2) is a solution combining sustainable fibre-material to durable plastic 

and its great food protection properties. The tray is made with new technology that combines 

the cardboard tray with polymer coating and a tough plastic rim that make the tray sturdier. This 

technology makes the cardboard packaging to be gas proof and oven, microwave and freezer 

enduring. Because the majority of the tray is made of renewable cardboard, it decreases the use 

of plastics and has lower CO2-emissions from the production than traditional plastic packaging. 

The tray is also available in multiple different plastic options, including bio-based plastics. 

(Company 2) 

 

This tray endures temperatures from -40 °C to 200 °C, has high barrier qualities and excellent 

UV-protection. The whole tray is also good for printing, so there is no need for separate add-on 

label and the appearance of the tray is customizable to each customer. The tray is designed 

primarily for sealing film packaging, but it should also work with flowpack film, like the case 

company uses. This packaging is fully recycled with the cardboard collection in Finland, and 

there the plastic material is separated for energy production and the fibres are made into recycled 

cardboard, so the material works in the Finnish recycling system. (Company 2) 

 

The third tray (later Tray 3) option is the fully cardboard one. This means the tray is also 

recyclable through cardboard collection and because it has no plastic part like the previous one, 

all of it can be recycled into new material. This also means that the CO2-emissions from 

production of this material are most likely the lowest of these materials. Mechanical properties 

of this tray are not quite as good as the other two, because there is nothing to increase the 
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durability of the cardboard. The trays is still promised to be oven, microwave and freezer proof. 

Much like the precious tray, this one also has great printing properties. (Company 3) 

 

5.2.2 Films 

 

For this study, four different companies producing flowpack film materials were contacted. Two 

of the firms offered two different kinds of film material and one company had one product to 

send to the testing. One of these companies had a really complicated process to even get some 

sample film to test, so it was ruled out early on. The material would have been very similar to 

the current film, so it would most likely not have made it to the testing anyway. One of the 

materials took so long to ship to the case company, so it did not make it in time to the testing 

phase, so it is left out of this further discussion as well. In the end the tested materials included 

two films from two companies. The products that were gotten to testing were two mono-material 

films made of PP, one PE/EVOH laminate material and one totally new, more sustainable 

innovation that the producer is demanded to be kept secret. To identify these films, they are 

named similarly than the trays as Film 1, 2, 3 and 4. Film 1 is company one mono-material, Film 

2 is company two mono-material, Film 3 is the company one PE/EVOH-laminate and Film 4 is 

the completely new sustainable innovation material. Here the different films are introduced and 

their properties and recyclability in the Finnish recycling system are evaluated and lastly 

compared to each other.  

 

Film 1 is a mono-material made of PP. More specifically it is a composite film of polypropylene 

and a polypropylene sealant with barrier. It is 70 µm thick and has all the needed food preserving 

qualities. It is said that soon this film will be available in thinner forms also, so it would maybe 

be possible to cut down the overall plastic usage with this solution in the future. At the moment 

the film is a bit thicker than the one the case company currently uses. It is customizable with 

printing and otherwise see-through. It is considered to be more sustainable than the laminate 

films with two or more different plastics, because it is made of only one material and can 

therefore be easily recycled. Unfortunately, as it has been mentioned multiple times in this study, 

in Finland, PE-LD is the only film material that actually is recycled. This means that even if the 
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material is produced to be better than the laminate materials like the case company’s current 

film, this will not work any better in practice in the Finnish recycling system at the moment. 

(Company 4) 

 

Film 2 is also a mono-material made of PP but this one is specifically biaxially oriented 

polypropylene and cast polypropylene composite. The overall thickness of the material is 92 

µm, with OPP 32 µm and CPP 60 µm. It is also intended for flowpack solutions and direct food 

contact and it is promised to preserve the food perfectly in even the maximum room 

temperatures. This material has the same claim to be easily recyclable as the Film 1, but the 

same problem applies to this one too. Also, because this material is so much thicker than all the 

other films, this was thought to be left out of the actual practical testing phase. This material is 

said to be available also in 30 µm thinner film, but it was not available for testing at the moment 

of the tests and even if it was, the material would not be any thinner than the film case company 

uses currently. (Company 5) 

 

Film 3 is the PE-laminate film. More specifically BOPET//PE/EVOH/PE laminate, which 

means biaxially oriented polyethylene terephthalate // polyethylene / ethylene vinyl alcohol / 

polyethylene -laminate. The multiple layers are to ensure the best possible barrier qualities as 

well as good sealing and printing properties. The total thickness of this film is 50 µm, which is 

the thinnest of the tested materials. This film would save some in the total plastic consumption 

and provide really great barrier qualities, but this is not an easily recyclable plastic. On the other 

hand, since the plastic film recycling system in Finland does not recycle the mono-materials 

either, this is not a huge disadvantage at the moment. (Company 4) 

 

Film 4 is a prototype of a totally new film solution that is not yet on the markets. The material 

and all other details must be kept private, due to a non-disclosure agreement required by the 

film’s producer company. This film would be recyclable through the Finnish recycling system 

and it would be more ecological than the other film options. It is also promised to have great 

barrier properties and be suitable for ready-made meals packaging. This material is tested in this 

study as one of its the first times ever in practice, which means that the material will most likely 

not work perfectly yet. The company also has already made some improvements to the material, 
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but because of the fast scheduling of these tests, the material sent to the tests was not the newest 

prototype, but an earlier version that was ready at the warehouse. The main goal for the producer 

in sending this film, was to get feedback about the mechanical functionality of the film in actual 

process environment so they can develop the material further and improve it if there are some 

problems noted. (Company 5) 

 

5.3 Testing the packaging in practice 

 

The practical testing of the materials was executed on 17.5.2019 in the case company’s 

production facilities. The tests were started naturally from the trays, because they are needed 

earlier in the production process than the films. The tests were done with a batch of three 

different food product, at first there was a smaller test batch and then two bigger batches from 

which one was with a pasta dish and one with casserole. This was to see if there would be a 

difference between the different types of products. The test batch was to see if the methods work 

as intended. 

 

5.3.1 Execution of the tests 

 

The tests were started in the morning, when the first food products were ready to put into the 

oven. The first batch, which was the smaller test batch, was done with 16 trays of each of the 

four materials. After these, it was decided to do the larger batches and that was done with the 

products that happened to be in production that day, one casserole and one pasta dish. For these 

batches, 48 of each tray was used. The number of trays comes from the grates used to hold the 

trays in the oven and because each grate could hold 8 of the trays, it was the easiest to do a 

number that would fill out the grates. This number was decided, because it was thought to be 

enough to see the results with the trays and also to be enough when divided for the three films 

tested later. It was also wanted to make sure there are enough materials to use still, if some broke 

in the oven or any other phase of the testing. The Table 5-1 clarifies the total numbers of different 

tray and dish combinations filled for testing. As it can be seen, 112 of each tray were used in 

total. 



76 

 

Table 5-1. The number of trays tested with each dish 

 Current Tray 1 Tray 2 Tray 3 Total 

Test batch 16 16 16 16 64 

Pasta 48 48 48 48 192 

Casserole 48 48 48 48 192 

Total 112 112 112 112 448 

 

At first, the trays were filled with the food product at the dosing station. This is done with a 

Handtman dosing machine that distributes the correct amount of the food at the time to the trays 

that were handled manually. The trays were put onto the grates and those grates were loaded 

onto a cart that holds many of them and that is put into the oven. The grates were positioned 

onto the cart, so that the grates with the same trays were on different levels of the cart as 

randomly as possible, because there might be slight differences in the oven temperatures higher 

or lower in the oven, and this is not wanted to affect the results of the tests. The Figure 5-3 

shows the trays in the oven cart. The cart rotates inside the oven to minimise the possible 

horizontal differences and ensure even cooking of the food.  

Figure 5-3. Tested trays after the oven in the cart. 
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The different batches of food naturally had different cooking times and temperatures. The test 

batch was put in the oven for 30 minutes on 185 °C and the pasta dish was cooked for 35 minutes 

on 185 °C. The casserole had a bit more variation in the cooking temperatures, because some 

frozen ingredients were used. It was cooked at first 10 minutes on 100 °C, then 30 minutes on 

175 °C and last 15 minutes on 200 °C. This was definitely the hardest test for the packaging 

materials from the point of view of the temperature changes. After each batch was cooked, the 

carts were put into the cooling tunnels to cool down before the packaging process. After cooling, 

the trays were evaluated visually and by testing their sturdiness by hand.  

 

Then was the packaging process where the film materials came in. The case company uses Fuji 

flowpack machines for their flowpack packaging. The aim was originally to test only three 

materials (the previously mentioned Films 1, 3 and 4), but since there was time and the trays 

left after the three tests and there was a fourth film material, it was tested too. The new material, 

the Film 4 was tested first, and it presented some difficulties which ended up with many broken 

trays and a lot of wasted film material. Then the other, regular plastic materials were tested 

similarly. It was the aim to package the same amount of each tray to each film, but because 

many trays broke in the process due to either the film or the tray causing problems with the 

packaging machine, at the end not too many of the packaging was finished. 

 

It was found so difficult that not all of the trays that were planned to package with the new 

materials could be packaged, so the aim was then to try with half of them. Basically, this meant 

that at first, with the Film 4, as many trays were tried as possible and only a few turned out okay, 

then for the rest of them, it was tried to get 16 of each tray into each film and some of them 

broke on the way. The Table 5-2 shows the packaging materials that were packaged in each 

film, out of the 16 that was the goal. Here there is no distinction made between the different 

food products in the trays, because it is not considered to be of the most importance. The number 

on the table is the trays successfully packaged in the film, meaning that the number shows how 

many trays were lost in the process. During the packaging a lot more of the film materials were 

also used for testing and failed packaging, so the numbers tell more about the functionality of 

the trays with a certain film. As it can be seen from the numbers, all the other films had much 
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less problems than Film 4, the novel film innovation that had significantly more issues in the 

packaging machine. 

 

Table 5-2. Number of successful packaging combinations 

 Film 1 Film 2 Film 3 Film 4 Total 

Current 15 15 16 6 52 

Tray 1 16 15 16 4 51 

Tray 2 8 14 11 5 38 

Tray 3 15 13 12 1 41 

Total 54 57 55 16  

 

There were three main problems complicating this packaging process. One of them was that the 

trays fed to the machine were not hitting the correct place in the correct time to be properly 

packaged, this caused the machine to try to seal the packaging in the middle of the tray, in most 

cases breaking the tray or at least damaging it. This was mostly because the trays were of 

different lengths and the machine was optimised for the currently used packaging and also 

because of the mechanism of the machine that moved the trays forward pushed the lighter 

materials too hard and made them sometimes move in the wrong positions. This broke a lot of 

the trays, no matter the material, as it can be seen in the Figure 5-4.   

Figure 5-4. Trays broken in the packaging machine 
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Another problem was that some of the films got sometimes stuck in the machine and the last 

problem was that the machine could not cut the packaging properly at the end. These were more 

problems relating to the actual materials and they are discussed in the next part. 

 

5.3.2 Results from the test day 

 

Any of the materials did not cause problems in the dosing stages, because that was done mostly 

manually, only using the machine to distribute the correct amount of the food item into the trays. 

One notion was, that the aluminium and plastic-cardboard combination were the sturdiest to fill 

up, even sturdier than the currently used C-PET tray, whereas the fully cardboard one was not 

as sturdy under the weight of the food product. All of them worked though and would be easy 

to use after some time adjusting to them. The more automatic dosing machines that move the 

trays into the filling automatically, might need some adjustments with the new materials, mainly 

due to the slightly different shapes and sizes. This change, if needed, would be small and 

inevitable if the material is wanted to be changed into anything new, since the trays all have 

slightly different measurements.  

 

After the oven, all trays looked good, as the Figures 5-5 and 5-6 show. None were disformed in 

any way, nor did they look otherwise damaged. Naturally the trays were moved straight to the 

cooling tunnels and they were not really analysed, but as far as it was visually observable, all 

the trays looked great, all of them had kept their form, even the fully cardboard one, that was 

the concerning one considering the high temperatures. There was no difference to be seen 

between the products, even though one had almost double the cooking time and higher 

temperatures.  
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After the cooling tunnel, the trays were observed more closely, and all the trays still looked 

good. When tested by hand, all the other trays felt as sturdy as they were before the oven, but 

the cardboard tray was a little softer and not as firm as it was before, and it was not the firmest 

to begin with. This caused the cooked surface of the food to crack and the food to separate from 

the tray’s edges, which was mainly a visual problem, but the soft cardboard also made it a bit 

harder to handle, if the look of the product was wanted to keep perfect. Still, the cardboard 

Figure 5-6. The cardboard and plastic combination trays after the oven 

Figure 5-5. The cardboard trays (left) and the aluminium trays (right) after the oven 
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worked better than was expected of it. None of the other trays seemed affected at all by the 

cooking process. Not all the trays looked the neatest, because they had some burned-up food on 

the edges, but this is another visual problem and most likely would improve if the tray was in 

regular use and handling it was more of a routine. These looked worse on the light trays than 

the dark ones, naturally, but the colours of the trays were customizable for the light materials. 

 

Many of the trays broke on the packaging phase, but the previously mentioned breaking was not 

the fault of a specific tray material, but it was the fault of the machine and its adjustment. One 

thing that did happen though, that was tray material related, was that the cardboard and plastic 

combination tray’s rim broke on multiple trays when the machine just moved the tray slightly 

more harshly sometimes. This was surely because the rim of the tray is such a hard plastic that 

if it gets a harder blow, it can scatter. This might be a problem with using this material and if 

this was to be selected the best out of this study, this is one point than need to be tested more to 

see if it happens frequently. This kind of damage is demonstrated on the Figures 5-7 and 5-8 

below.  

 

 

Figure 5-7. Damaged rim of the packed cardboard and plastic combination tray 
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The actual films were in the larger role in the packaging process. The first film tested was the 

film 4, the new prototype film and that was the most complicated one to work with. Finding a 

correct sealing temperature took some effort and a lot of trial and error, sine the exact 

temperature was not known. It seemed like the common problem was that the end seams were 

too hot and going all crinkly or the bottom seam was not sealing at all. When the temperatures 

were found that worked, good-looking tight-seamed packaging could be made. Still, the material 

was a bit more tricky than traditional plastics and there were many times where the seams were 

sealed all crinkly and ugly. This could be prevented by only letting a few packages through at a 

time and then correcting the positioning of the film every time. Also, because the material was 

more flexible and a bit thicker than the normally used film, the cutting blade would not cut the 

packaging properly all the time. In theory, this was a working material, just required a lot of 

fidgeting with the packaging machine.  

 

Bigger problem than the seams was that the material ripped really easily. It ripped when testing 

the seams, even without using too much force. The seams stayed intact, but the material always 

ripped neatly alongside the seam. Because this did not require a lot of force, it can be imagined 

happening fairly easily also in transit or in store, while someone stacks products on top of each 

Figure 5-8. Packaging damages on the cardboard and plastic combination tray on the left and right trays 
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other, for example. The ripping was also an issue with some of the trays used, because the sharp 

edge or rim of the tray would poke a hole to the material really easily this would mainly happen 

when the machine was sealing the end seam and press the material down, against the edge of 

the tray so the top part of the packaging ripped open. It also happened while the machine was 

pushing the tray towards the film, in order to place it in the centre of the flowpack, but the push 

was too hard. These problems caused that with this film, there were only 16 in total of the 

successful packaging out of the which is a quarter of the number that was aimed for and that 

with all the other materials the aim was almost reached. The Figures 5-9, 5-10 and 5-11 present 

the ready packaging, successful and not so much, with the film 4.  

 

 

 

 

Figure 5-9. Film 4, scrunched up end seam of a ready packaging 

Figure 5-10. Successful bottom seams of the Film 4 packaging  
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Then the thickest of the tested films, Film 2 which was the 92 μm mono-material. This film was 

clearly the most sturdy of the tested ones. It was easy to handle when the correct sealing 

temperature was found, because it had to be adjusted a little from what was instructed. Some of 

the first seams were a bit melted of croocked before the correct temperature was found but then, 

it was easy to use and it worked well with all the trays. This is seen from the previously presented 

numbers in Table 5-2 that shows that almost all packagign was succesful with this film. The 

thickness was again a bit of a challenge to the cutting blade of the packagingn machine, and the 

finished packaging had to be cut from each other manually. This was otherwise an easy material 

to work with and even the cutting was not as hard as with Film 4 and 3. The Figures 5-12 and 

5-13 demonstrate the different outomes with the Film 2. 

Figure 5-11. Crinkled up packaging with Film 4 and a successful packaging 

Figure 5-12. A bit melted bottom seam of Film 2 
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Then the Film 1, the little bit thinner mono-material with only 70 μm. With this, the seaming 

temperatures worked easily and there were no problems in the functionallity other than also the 

cutting problem, which was common to all the materials that were thicker than the case 

company’s current film. Almost all of the packaging succeeded wihtout trouble in the actual 

packaging and there is not much other noteworthy things than that is works mechanically well. 

It only requires sharper cutting edge, like most of the tested materials. The Figure 5-14 shows 

the end seam and the edge that is manually cut after the machine failed to do so and Figure 5-

15 shows the successful bottom seams of the packagign. 

 

Figure 5-14. Bottom seams with Film 1 

Figure 5-13. Successful bottom and end seams of Film 2. It can be seen that the cutting edge did not cut the film 

all the way through 
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Then last of the films is Film 3, the PE/EVOH-laminate. It was the thinnest of the materials, 

only 50 μm and it was also a fairly easy to work with material. Because it was the thinnest of 

these films, it did not result in as sturdy and smooth packaging as the mono-material films. It 

also had problems with the cutting blade, more than the mono-materials at first, because the 

material was soft, and it gave in under the blade rather than cutting through. After some 

adjusting, the blade was able to cut through this material better than the mono-materials though, 

probably because this film was thinner and required much less cutting force. There is not much 

else to say than this film also worked well with all the tray materials and was turned into good 

packaging. The Figure 5-16 below, shows two successful packaging with the Film 3.  

 

 

Figure 5-15. End seam and cut edge with Film 1 
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5.3.3 Follow-ups on the packaging on the weeks after the tests 

 

After the actual test day, the finished test packaging was stored into the case company’s facility 

so it could be monitored till the end of the products’ shelf-life which is 21 days or these products. 

The test packaging were monitored a few times in during the self-life and after the 21 days there 

was a meeting where multiple people from the case company did sensory testing to see if the 

test packaging seemed to be intact and if the food product was still preserved like it should. No 

official microbiological preservability testing was done, mainly because three out of the four 

films tested were materials that would not be used for the case company as they were, so the test 

was decided to not be of much value. This was because the Film 4 was only a prototype and the 

mono-material films were too thick. 

 

Figure 5-16. Two finished packaging with Film 3 
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After one week, the test packaging was checked for changes and not many noteworthy 

observations were made. Mostly all the packaging seemed the same than on the test day. All the 

aluminium, plastic and plastic and cardboard combination trays felt still firm and similar to the 

test day. All the plastic films seemed to still have kept all the protectant gas in the packaging. 

One thing to note was that the new film solution, Film 4, seemed to have lost at least some of 

the protectant gas from inside the packaging. That was to be expected, because the producer of 

the film said that the barrier properties in that prototype were not the quality they should be and 

so, this is not a surprising notion. 

 

Another thing that had changed in that week was that the cardboard packaging was significantly 

softened and now it almost moulded to the hand when it was picked up. Even in the boxes they 

were kept, it could be seen that the cardboard packaging had not kept its shape but it had spread 

into the direction it could, that in this case was the ends of the tray, since the film material kept 

it from spreading to the sides. The tray still held up without breaking, but it could be said already 

in this stage that this would not be a good packaging solution for these products. The Figures 5-

17 and 5-18 show the cardboard packaging after one week of holding the food. 

 

 

 

 

 

 

 

 

 

 

Figure 5-17. The cardboard tray one week after 

the tests. It can be seen from these two trays that 

the left one is clearly lost its shape and spread 

from the top and the bottom outwards. The right 

tray on the other hand was pressed against the side 

of the box that was holding them and now its rim 

has lifted up and the left bottom corner is totally 

different shape than the others. 
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After 21 days of the testing, the sensory testing for the packaging was done. The group 

inspecting the packaging included five people from the case company, who work with the 

products and are familiar with them and how they should look like if they are preserved 

normally. Also, the people who conducted the practical testing were present to compare the 

possible changes. The following notions are gathered from the discussion of the whole group 

on the sensory inspection meeting. The first thing was to see if the food in the packaging looked 

edible. In all of the packaging combinations, the food looked good, none of it was mouldy or 

looked otherwise spoiled. Then the packaging was inspected with other senses to see possible 

changes or problems with the packaging. 

 

The trays cannot really be evaluated by the preserving of the food, since that is mostly the film’s 

function, but the trays were inspected on how well they had kept their form. It was clearly 

noticed that the cardboard tray (Tray 3) was soft, even softer than when it was earlier inspected. 

Still, this did not break, but it totally lost its shape as shown in the Figure 5-19 below. The  

conclusion on this tray is still that, even though it technically works without breaking or causing 

Figure 5-18. The cardboard tray one week after the tests. This is how much the material 

deformed if it was picked out of the box even with a little force.  
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any harm to the product, the softness of it makes it a bit harder to handle and it also does not 

give the visually nicest presentation of the food product in it, because it moves around and 

breaks the consistency of the food.  

 

At this three-week mark, also the plastic and cardboard combination tray (Tray 2), had gotten 

softer than it was. While after one week, the tray was as firm as it was in the beginning, after 

three weeks, it was noticeably softened to the touch even though it still looked well. The tray 

still kept its form, because of the hard plastic rim, but when it was picked up from the bottom, 

it was noticed that the cardboard part gave in a lot more than in the beginning. This caused 

similar visual presentation problems as the totally cardboard tray and also was not as firm to 

handle as it had been before, but this did not in any way affect the actual functionality of the 

tray. The aluminium tray (Tray 1) had, as expected, kept its form perfectly and had nothing 

negative about it. 

 

The verdict on the films was that, as well as it could be determined without official testing, all 

of them had held the protectant gas in the packaging, which is a great thing and this was 

corresponding to none of the food products having visually spoiled during the self-life period. 

Figure 5-19. Tray 3 after 21 days of storing and a new, unused version of the 

same tray as a comparison to show the shape change 



91 

 

Even the novel prototype film had preserved the food without it moulding, even though it had 

let some of the protectant gas out and when pressure was added, it let more through easily. The 

thicker films naturally made the firmer packaging, but even with the thinner film, the flowpack 

packaging seemed to still be sealed as it should, in all the inspected packaging. One notion by 

the persons who did the practical testing, was that the flowpacks seemed tighter around the trays 

than before. Especially the Film 3, the thinnest film that was tested, seemed to be a lot tighter 

than it was on the test day. This indicates that the film material had shrunk in the three weeks it 

was kept in the cooled storage. This change is hard to see on the pictures and without actually 

seeing the products before and after, but it was the most visible with the cardboard packaging 

and the before and after shots are presented in the Figure 5-20. From that, it can be seen that the 

trays have changed shape and it is thought to be that way because the flowpack was getting 

tighter around the tray, allowing it to spread on the short ends and get thinner on the long sides.  

 

From the same figures, it can also be seen that the surface of the food products has broken, 

which is due to the tray not keeping its shape. The pasta dish has also changed colour from a 

more yellow to significantly lighter. This is because the films do not have UV protection and 

the light in the storage changes the product. This is not a necessity, only a visual preference and 

Figure 5-20. The Film 3 and Tray 3 packaging on the test day (left) and 21 days later (right) 
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the case company’s current film does not have this either, because when the film gets printed, 

the problem is not that visible. Some of the packaging was also opened and the food was smelt, 

heated up and tasted, and no issues were detected. The tested packaging seemed to have 

preserved the food as it should have. Lastly a small test regarding the sustainability of the trays, 

specifically the amount of food waste, was done. It was mentioned earlier in the sustainability 

requirements that one aspect to consider is how well the food packaging can be emptied out and 

if there is much leftover in the tray. All three of the trays were emptied and the results were very 

similar. The cardboard tray did have a bit more noticeable amount of food product left after 

emptying it, than the other two, but none of them had a lot of food left stuck in the tray, which 

was good on the side of not creating unnecessary food waste. The Figure 5-21 shows the empty 

food trays and how well they emptied out. 

 

 

5.4 Analysis of the results 

 

In this part all the information gathered about the tested packaging materials is summed up and 

compared to help see what materials could work for the case company and what could not. Here 

again, the trays are considered separately from the films. With both materials the comparison is 

made by ranking the materials from best to worst based on categories that are determined by the 

Figure 5-21. The empty trays 1,2 and 3 that show the amount of food product left on the tray after emptying it 
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different requirements of the materials and the preferences of the case company. This is executed 

in table format where the best material gets the highest amount of points and the worst material 

gets the least points. The highest number of points depends on the tested materials, for the trays 

it is 4 and the films 5, and the least points is in both cases 1. If some materials are thought to be 

equally good in some test category, they get the same amount of points. The best material always 

gets the highest amount and the worst gets 1 point. The test categories differ a bit between the 

trays and the films, so they are explained later. Because the case company values some test 

categories to be more important than others in the final decision making, the points in those test 

categories are doubled. After the ranking of the materials, there is a short summary of why the 

materials were ranked as they were and conclusions of the best ranked material. 

 

This kind of ranking method is used, because this study has not enough impartial data sources 

about the tested materials, to rank them objectively with any general point system.  Ranking the 

materials in order by the functionality and preferences of the case company is thought to give 

enough information for the aim of this study but these results cannot be used as universal truths 

that apply to all similar companies, because all companies have their own preferences and 

processes that may differ from each other. If the case company wanted to equally compare the 

sustainability of the different packaging materials, the exact environmental impacts of each 

considered packaging material should be found out with a full life cycle analysis that is too large 

of a research to conduct in this thesis work. These results were formed to fit the needs of the 

case company and answer the research questions with the accuracy that was possible within the 

limits of the thesis work.  

 

5.4.1 Trays 

 

As explained in the introduction of the tested materials, all the three tray options are in some 

way marketed to be more sustainable than the current C-PET tray. The overall sustainability and 

functionality of the packaging still had to be evaluated and compared, to see if one of them 

would actually be better option for the case company than the current packaging.  The results of 

this study are now analysed by rating the trays in different categories that are substantive to the 



94 

 

case company. The evaluated categories are origin of the raw materials, recyclability, heat 

endurance, customizability, test day functionality and durability throughout the self-life. 

 

The origin of the raw materials category means that the trays are rated based on where the raw 

materials used for them come from. Thus, the rating is given based on if some, or all, of the raw 

material is from either renewable resources or already recycled materials. The recyclability 

category on the other hand evaluates how well the tray itself is recyclable in the Finnish 

recycling system. Origin of the raw materials and recyclability are separate categories because 

even if a tray was made using recycled materials, it doesn’t necessarily mean it can be recycled 

again or the other way around. Heat endurance category is to see if the trays are promised to 

endure the heat needed for the case company’s process. Customizability describes the ease to 

customise the trays to have the wanted colours or prints on it. Test day functionality evaluates, 

like it states, the functionality of the trays during the test day. The last category, durability 

throughout the self-life, rates the trays based on the sensory testing done 21 days after the test 

day, to see how well the trays last the self-life of the products. 

 

As mentioned, the trays are rated from 1–4 in each of these categories with 4 being the best and 

1 being the worst. This rating system represents how the trays compare to each other in these 

categories so 4 doesn’t necessarily mean perfect or 1 totally useless. Because the categories are 

not all equally important for the case company, points are doubled for two categories, that are 

wanted to have more emphasis on them. This means that in these two categories instead of 1, 2, 

3 and 4 the points given are 2, 4, 6 and 8. These categories are recyclability and durability 

throughout self-life. These two were selected because the case company prioritises recyclability 

in their sustainability goals and durability throughout the whole self-life of their products is a 

must for the case company to even consider using a new packaging. The rest of the categories 

are not thought to be as vital, because the case company is capable of making some adjustments 

for the new materials. 

 

The Table 5-3 below, presents the comparison of the tested trays. In the table the case company’s 

currently used C-PET tray is called current, Tray 1 is the aluminium tray, Tray 2 is plastic and 

cardboard combo and Tray 3 is the totally cardboard one. This comparison is roughly done by 
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the information given by the producers of these materials that are presented above, the 

knowledge about the Finnish recycling system and the functionality in the actual testing phase. 

The points are determined by how well this material suits the preferences of the case company. 

The reasoning for the points given is explained below the table. 

 

Table 5-3. Comparison of the tested trays 

 Current Tray 1 Tray 2 Tray 3 

Origin of the raw materials 2 1 3 4 

Recyclability 2 8 4 8 

Heat endurance 4 4 2 1 

Customizability 2 2 4 4 

Functionality in the tests 4 4 2 1 

Durability throughout  

self-life 
8 8 4 2 

Total 22 27 19 20 

 

The first category is raw materials and there the highest points go to the cardboard tray, which 

is totally renewable material, the second place goes to the cardboard and plastic combination 

tray that has part renewable cardboard and part virgin plastic material. Then there is the currently 

used C-PET packaging, which uses 80 % of recycled material and lastly the aluminium tray with 

its 40 % of recycled material. The second category is recyclability. The recyclability of each 

trays was mentioned when introducing the materials, but to sum it up, the aluminium and 

cardboard trays are 100 % recyclable, the plastic and cardboard can be recycled with cardboards, 

but the plastic part goes to incineration and the C-PET trays are not recycled in Finland at all. 

This point system only considers the theoretical recyclability, since this thesis is focused on the 

technical side and that is what information is available, but how the consumers actually behave 

is also important. It has to be noted that if the tray is dirty after eating the ready meal, most 

consumers might not bother recycling the material. These kinds of notions were researched at 

the same time as this thesis in another research by the case company and are not included in this 

study. 

 

The heat endurance of the products was also presented earlier when introducing them, and the 

materials are just ranged based on which had the highest promised temperature range. 
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Customizability is a category, because one of the preferences of the case company was that the 

new packaging could represent the image and the colours of the company, so the best ranking 

went to the cardboard trays that could be directly printed on and whose colours could be changed 

if needed. This category is definitely not the most important one in the overall analysis, but since 

it was related to one of the case company’s preferences, it is evaluated. The last two categories 

are functionality in the tests and the durability throughout the self-life of the product and the 

reasoning behind these ratings was pretty thoroughly explained in the previous practical testing 

chapter. 

 

Based on this evaluation, the best ranked material would be the Tray 1 that is the aluminium 

tray. This is mainly because of its recyclability and mechanical functionality, that both are better 

than the other trays’. The C-PET tray comes in second, the cardboard tray third and cardboard 

and plastic combination tray is last. The difference in points between the last three trays is not 

so significant that it could be thought as the absolute truth. It must be noted, that this ranking is 

not the most scientific way of evaluating the materials, and with more precise measurements 

and categories, the order of these might have changed. Also, with different companies having 

different preferences, the emphasis put on the different categories might change the results in 

one way or another. 

 

When considering the case company and consulting with them, none of the tested trays seem to 

be the perfect material for them. This is because of the facts that were noted in the practical 

testing of the materials, that the cardboard packaging went softer in the use and was not the most 

practical. The totally cardboard tray was also found to be most difficult in the actual production 

line due to its light weight and plasticity. Even though the plastic and cardboard combination 

material was thought to look the best and feel really good before the tests, it was not perfectly 

functional either. It got softer by the end of the products’ self-life and it also did break a notable 

amount in the flowpack packaging machine, that both are not appreciated properties.  

 

The aluminium packaging, that was found best in this study, would be a possible fit for the case 

company but there are some complications involved. They have thought about the aluminium 

tray already before, since they use aluminium in their bigger portion food packaging already, 



97 

 

but there are common consumer misconceptions making the change to aluminium harder. One 

of these is that the consumers in Finland have been taught their whole lives that aluminium 

cannot be put in the microwave and even though the material has now improved and microwave 

safe, it is hard to inform to the consumers. Another problem with the aluminium tray came up 

in the study of consumer perceptions on sustainability of food packaging, that was conducted 

for the case company at the same time as this thesis. It is that the for some reason the consumers 

perceived the aluminium tray to be the least sustainable option in comparison to cardboard, 

plastic or combination trays (Kauppi 2019). The aluminium was even perceived less sustainable 

than the black plastic tray (Kauppi 2019). These might sound like minor problems, but it would 

require a lot of input on the marketing and labelling of the product to educate the consumer on 

these misconceptions and even then, there would be consumers that do not get the information 

and would stop purchasing the case company’s products because of their misconceptions. It 

would take time to get the consumers to adapt to the new information and the case company is 

not sure they want to take the risk of sales dropping, if there is a chance to find a more sustainable 

material that would not have this problem. 

 

5.4.2 Films 

 

All these film options can be argued to be in some way more sustainable than the current film 

and now, just like with the trays, the films are ranked by some of their main characteristics from 

the best to worst (5–1). In addition to the four tested films, the currently used film is in the 

comparison as well. The best material always gets 5 points and the worst one gets 1 point. Here 

too, the ranking is only based on the information gathered for this thesis, gotten from the 

practical testing or the knowledge on the Finnish recycling system. The evaluated categories are 

origin of the raw materials, thickness, recyclability, test day functionality and preserving the 

food. Here too, the categories of recyclability and preserving the food are emphasised to be the 

most important and have double points. 

 

Most of the categories are the same as with the trays except for the thickness and the preserving 

of the food. For thickness the information on each film is given earlier in this thesis and from 
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the point of view of sustainability the thinner the film is the better it is because that means it 

uses less material. Whereas the trays were evaluated on how well they lasted in contact with the 

food for the duration of the self-life, the films’ main function here is to protect the food. So, 

therefore the films are evaluated on how well they preserved the food throughout the self-life of 

21 days. Because no official microbiological tests were made, this evaluation is only based on 

the sensory analysis executed by the staff of the case company. Now the Table 5-4 below, shows 

the ranking of the films. To recap, the Film 1 is the thinner of the PP mono-materials, Film 2 is 

the thicker mono-material, Film 3 is PE-laminate and Film 4 is the prototype film. 

 

Table 5-4. Comparison of the tested films 

 Current Film 1 Film 2 Film 3 Film 4 

Origin of the raw materials 2 4 4 1 5 

Thickness 4 3 1 5 3 

Recyclability 4 8 8 4 10 

Functionality in the tests 5 5 3 3 1 

Preserving the food 10 10 10 10 2 

Total 25 30 26 23 21 

 

With the films too, the first evaluated category is the origin of the raw materials and there the 

Film 4 is the best, then come the mono-materials and then the laminates. The second is thickness 

and naturally, the thinnest material gets ranked the best. The recyclability category is a trickier 

one with the films, since only Film 4 would be recycled currently in the Finnish recycling 

system, but the mono-materials would still, in theory, be better than the laminate films, even 

though neither is recycled at the moment. The last two categories are about the functionality on 

the test day and the preservability of the food throughout the whole product self-life. Just like 

with the trays, the further reasoning for these points is explained in the practical testing chapter. 

All the films except the prototype Film 4, were good in the tests and seemed to have excellent 

food preservability abilities. 

 

Based on these results, the best tested film material seems to be Film 1, the thinner of the two 

PP mono-materials. Then, with really similar scores, come the thicker PP material and the 

currently used laminate film. Lastly a few points behind comes Film 3 and Film 4 comes in last. 
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As mentioned with the trays, the specific needs and wants of the company at hand must always 

be the last deciding factor. Film 4 is still a promising material, even though it did not rank high 

on the practical testing. This is because it was only a prototype and the actual material can be 

expected to have improvements on those and otherwise the material could have been the best 

material and it has great potential. Also, the fact that it is not in the markets yet, makes it harder 

if the company wants the change to happen as soon as possible. Because of that, the mono-

materials would have to be the first choice, Film 1 over Film 2 just mainly because of the 

thickness. The same also applies here what was stated of the trays, that to get more specific 

results on the evaluation, more specific testing would be needed. 

 

Considering the case company, none of these materials as they were, would be recommended 

to change into. That was also the conclusion of the case company, when they were consulted 

about the results. The mono-materials were the most interesting to the case company based on 

their possible recyclability in the future and also because they were found the easiest to work 

with in the actual production line and packaging machine. Because it was said by the companies 

producing the mono-materials, that they are able to produce the materials thinner than these 

tested films, that would definitely be an option for the case company. Especially the Film 1, that 

was anyway found to be the best film material in this study, was interesting, because that is 

apparently possible to get even thinner than the case company’s current film is. 
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6 CONCLUSIONS 

 

This research was set to find out what packaging materials would be more sustainable than the 

case company’s current packaging and that would also work in the company’s production line. 

It was the aim to provide the case company with more information on the packaging materials 

and all things that must be noted when changing the packaging into a more sustainable one, so 

the company could achieve their sustainability goals. This chapter includes the conclusions of 

this thesis for the case company by providing the thoughts and suggestions for continuing this 

packaging change process after this thesis work. The conclusions also include notions and tips 

that other companies in Finland could take and use if they are planning a similar packaging 

change or have similar sustainability goals. 

 

As it was concluded in the result analysis chapter, the case company will not make any definitive 

decisions on changing their packaging materials based on this research only, because no perfect 

fit was found amongst the tested materials. This means that while this research found out the 

guidelines and the requirements for the materials, the case company will have to continue the 

practical testing phase to find a material that suits their preferences the best. The case company 

also must take into considerations the results of the research about the consumer perceptions on 

food packaging’s sustainability that gave a lot of insight on their customer base’s thoughts and 

values on food packaging (Kauppi 2019). 

 

Probably the most challenging thing for the case company in achieving total sustainability in 

their packaging is that their products require abilities from the packaging, that at this moment 

nothing but plastic can perfectly provide. As it has been said, plastic in itself is not a bad material 

but because the Finnish recycling system is not efficient enough that all or even most of the 

plastic could be recycled, decreasing plastic seems to still be the most sustainable way to 

operate. Also, related to the case company’s product, because the packaging is used as the 

cooking tray for the products, the trays are not the cleanest packaging waste. This makes it more 

appealing to the consumer to just throw the tray into the mixed waste bin than to clean it and 

separate it into the recycling (Kauppi 2019). The ecological materials also seem to not perform 
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the best mechanically. They are harder to operate in the packaging machines and they might 

have worse mechanical and food preservation qualities.   

 

Suggestions for the case company in further research would be to look into the plastic mono-

materials and renewable plastics. For the trays, it is pretty clear that based on the testing, the 

cardboard based solutions are not sturdy enough to compete fully with the currently used plastic 

packaging. If the consumer misconceptions about aluminium are too risky for the case company 

to start using aluminium, the suggestion is to find a tray that is made of plastic that is recyclable 

trough the Finnish recycling system or maybe made with renewable raw materials. The currently 

used C-PET tray with its 80 % of recycled plastic might also be the best possible solution for 

the company at the moment, until either the fibre materials or the Finnish plastic recycling 

system improve.  

 

For the films, the few materials that were tested should be further looked into to see if they 

would work as well in thinner form too. There are also some thinner laminate materials and 

green plastic films already in the markets that could work if they were tested in practice. At the 

moment, because only LD-PE films are recycled in Finland, it could be worth researching if 

there is a LD-PE film option. The case company is not currently planning on abandoning the 

flowpack packaging, but in time changing into a sealed tray packaging would also be a way of 

decreasing plastic consumption and the possibility of that should be kept in mind when planning 

the packaging for long term.  

 

While the results of this thesis are only relevant for the case company of this study, there are 

some conclusions that are also applicable to other food companies operating in Finland. 

Naturally some of these are also relevant for companies outside the food industry, but because 

food as a product, especially ready-made meals, have much stricter requirements for the 

packaging materials, companies with different products have a wider range of material options 

available.  

 

When choosing a sustainable packaging material for a product, naturally the main thing is to 

find out if the material works with the product in hand. If the material is perfectly sustainable 
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but does not preserve and protect the product as it should, it is not an option. The factor after 

that is recyclability. If a company wants so truly have recyclable packaging, this needs a bit 

more thorough research. What this thesis study found out is that a true recyclability of a material 

in Finland can be very different than what the packaging manufacturers advertise in their 

packaging. A material can be advertised to be fully recyclable but in reality, it might be 

incinerated with mixed waste. In Finland the recycling system in general works well and 

materials like metals, glass and cardboard are recycled well. Plastic is another story and the 

Finnish recycling system, is a one huge limiting factor when determining the sustainability of 

plastic food packaging. 

 

The priority that Fortum recommends when choosing plastic packaging suitable for the Finnish 

recycling system, is to at first think about the recyclability of the material and after that the 

overall amount of plastic, because it is better to have a little more material to be fully recycled 

into new products than less material that has to be incinerated. (Leiviskä, presentation 29 April 

2019) Even though mono-materials are in theory, more sustainable than laminates, it has to be 

considered that for the films, only PE-LD is recyclable in Finland and from the hard plastics, 

the black plastic is not at all recycled in Finland, no matter if it is mono-material or not. This 

means that the actual recyclability does not necessarily increase only by switching to a mono-

material. (Suomen Uusiomuovi Oy, 16) For the laminate materials, barrier layer of EVOH 

below 2 % is better than PA, because PA decreases the quality of the recycled product. OPP is 

also better choice than PA or OPA. (Suomen Uusiomuovi Oy, 27) 

 

One problem with plastics’ true recyclability is that separating plastics is still not familiar 

enough and easy for the consumer as the other materials. There is a problematic cycle, because 

the lack of separated plastic waste makes the waste treatment companies to not want to invest 

in new, better recycling technologies because it would not be financially profitable. Basically, 

the current equipment in plastic recycling are not efficient enough to recycle all the plastic and 

many consumers will not actively want to separate plastics when they know that the recycling 

is not yet working properly, and they feel like it is wasted effort. Thus, the flow of plastic waste 

to the treatment plant is not growing fast enough to it being profitable for the company to invest 
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in better recycling equipment. A note to take from this is to always separate the plastics into the 

recycling, so improvements might be possible in the future. 

 

Another noteworthy thing is that because of legislations in force at the moment, recycled plastic 

cannot be used in the making of new plastic food packaging in Finland. This means that whereas 

metals, glass or fibre materials have a closed recycling loop where the material from the used 

food packaging can be used to make more food packaging, the plastic packaging is only used to 

make consumer goods like plant pots or watering cans etc. Technically both are forms of 

recycling, but the closed loop is more sustainable when considering food packaging since it 

decreased the amount of needed raw material for new packaging. 

 

Even though there are a lot of new materials popping in the markets all the time, there are no 

packaging materials yet that would be clearly better than the traditional packaging materials, in 

the light of sustainability. There are improvements in some respects, but there might be 

disadvantages in some other. There are naturally solutions that work for some certain type of 

product and are very sustainable, but there is no universally great solution for all types of food 

products and production processes. The most promising materials that hopefully improve in the 

future of ready-made meals packaging based on this study seem to be especially the bio-based 

mono-material plastics, as long as the Finnish recycling system is able to recycle them. Also, 

the new fibre-based solutions have potential, but a much longer development is needed to make 

those properly suitable for ready-made meals packaging. 

 

If a company wants to change their food packaging into a more sustainable one, they should 

first consider the requirements of their specific products. Then they need to consider their 

preferences, their customers and the recycling system. If changing out of plastic is an option for 

the product, in the light of this study, other, more recyclable packaging materials are highly 

recommended. If plastic is needed, the type should be considered so that it is amongst the 

recycled plastics. Mono-materials are preferred but it must be kept in mind that all companies 

and products are different, and the same solutions does not work for every situation. In 

conclusion, every company must consider their own ecological footprint, choose the aspects 
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they want to focus on, do the research and testing, and then make the changes without decreasing 

the quality of their product or their overall sustainability in any other aspect.  
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7 SUMMARY 

 

This thesis was conducted for a Finnish ready-made meals company who wanted to improve 

their sustainability by changing their food packaging into more sustainable ones. The aim of this 

thesis was to find out what more sustainable packaging materials work best in the processes of 

the case company. The thesis study consisted of a literary review theory part and a practical 

testing part in the case company’s production line. 

 

In the theory part, the requirements for the sustainable ready-made meals were discussed 

dividing them into general and sustainability requirements. The general requirements are mainly 

based on laws and regulations whereas the sustainability requirements are more guidelines and 

recommendations on how to achieve sustainability in all its three aspects. The most important 

sustainability requirements were gathered up in a table form to revise them at the end of the 

chapter. Then the most common ready-made meals packaging, plastic, metal and fibre materials, 

and their recyclability in Finland were researched and compared. Lastly, the theory part included 

a chapter in the novel food packaging materials, bioplastics and new fibre materials, and their 

recycling possibilities as well as a few concrete examples of the new sustainable packaging 

solutions already available in the Finnish markets. From the theory part, it was found out that 

the recycling of the other materials works really well but there are still a lot of problems with 

plastic recycling and thus it seemed like the best option is to reduce plastics and instead use fibre 

materials that are renewable and recyclable. 

 

The case part of this thesis was executed as discussions and practical testing in the production 

line of the case company. First, the needs and goals of the case company were established, then 

the potential new packaging materials were introduced and acquired for the testing phase. Three 

different trays and four different film materials were gotten for the tests. The trays were 

aluminium, cardboard and cardboard and plastic combination. The films were two different 

companies’ PP mono-material films, one PE laminate material and one prototype film of a 

recyclable material. Then the practical testing was done during one test day and the results of 

the tests were evaluated during the day and the following 21 days that was the self-life of the 
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products used in the tests. After this, the results of the tests and all the research on the materials 

were collected and the materials were rated from best to worst based on the functionality and 

preferences of the case company. The best of the trays was the aluminium tray and the best of 

the films was the thinner of the PP mono-materials. However, neither of these was found to be 

a perfect fit for the case company. 

 

The conclusions for this thesis study were that the tests were not inclusive enough that the case 

company could make any definite decisions based on only these results. The materials that were 

found best in the tests were still not what the case company was looking for and during this 

study it was noticed that more research and testing is needed. Thus, the case company will 

continue the project by testing more materials after this thesis work is done. This thesis provided 

the case company with a lot of new information and a good base for them to continue the 

research into new materials with more insight on the complicated matters of sustainability. 
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