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Sammanfattning 
 

Detta examensarbete är ett konceptutvecklingsprojekt av plastfilmsöppningar till Tetra 
Paks förpackningar. Det är också en teknisk introduktion till ett flertal ämnesområden 
som är viktiga att ha förståelse för vid utveckling av denna typ av öppningar . 
Examensarbetet har utförts som ett samarbete mellan Chalmers tekniska högskola, 
Kungliga Tekniska högskolan och Tetra Pak AB.   
 
Examensarbetet presenterar en generell teknisk introduktion för att skapa förståelse för 
tekniska aspekter samt möjligheter med förpackningsöppningar tillverkade av plastfilm. 
Kunskapen är sedan överförd till designkoncept som framhäver fördelarna med 
plastfilmsöppningar.  Den tekniska introduktionen är bred och omfattande och redogör 
för förpackningstrender, förpackningar och öppningar för flytande livsmedel, 
termoplasters material- och barriäregenskaper samt plastfilmstillverkning och formning.  
Vidare behandlas de behov och krav som ställs på en förpackning och dess öppning i 
produktion, i distribution, hos återförsäljare och ur miljösynpunkt.  Vad som driver och 
tilltalar konsumenten i dennes val och hantering av en förpackning och dess öppning 
lyfts också fram. Konsumentens interaktion med en produkt samt teorier  om 
produktens design och uttryck är också inkluderat i den tekniska introduktionen. 
Konceptutvecklingsprocessen har stävat mot bredd och konvergens, vilket reflekteras i 
de slutgiltiga öppningsförslagen.  
 
Plastfilmsöppningar ger stora möjligheter för framtida applikationer.De främsta 
fördelarna är stora öppningsareor per krona, nydanade öppningsfunktioner kan skapas 
med plastfilm och öppningen kan lätt integreras i förpackningens formspråk och 
identitet. 
 
Den här rapporten är en omfattande och värdefull bas att utgå ifrån under 
vidareutveckling av plastfilmsöppningar till Tetra Pak förpackningar.    
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Abstract 
 

This master thesis is an early concept development project about using plastic films and 
sheets as materials for shaping openings for Tetra Pak packages. It is also a technical 
introduction highlighting the areas of importance for the development of plastic film and 
sheets openings. The master thesis has been carried out as a co-operation between 
Chalmers University of Technology, KTH Royal Institute of Technology and Tetra Pak 
AB. 
 
The master thesis study presents an introduction that gives an understanding of the 
technical complexities and design possibilities of using thin plastic films and sheets in 
liquid carton openings. The knowledge is then transferred into five design concepts 
which points out the areas of opportunity. The technical introduction is widespread and 
extensive covering current packing trends, the liquid carton package and openings, 
thermoplastic material properties, and thin film and sheet manufacturing and shaping. It 
also covers the needs and wants of the liquid food package and its opening stated by 
production, distribution, the food retail market, consumers, as well as the environment.  
A chapter on consumer-product interaction and product design theory is also included in 
the technical study. The concept development process was striving towards diversity in 
openings solutions. This is reflected in the final openings suggestions presented in this 
report. 
 
Plastic film and sheet openings for liquid cartons have great potential for the future. This 
is mostly due to the ability to achieve high opening size per cost unit ratios. Plastic film 
and sheet openings are also suited for integrating the opening with the package identity 
and are enabling pioneering package opening functions. 
 
This report is a comprehensive study functioning as a valuable foundation for further 
development within the plastic film and sheet opening solution area for liquid carton 
packages. 
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1. INTRODUCTION 

 
1.1 BACKGROUND 
As a world-leading company in its market, Tetra Pak must always be in the forefront of innovation within 

the liquid carton packaging and liquid food processing field. To deliver the best solution wherever and 

whenever liquid food products are consumed even as competition is getting increasingly fierce, Tetra Pak 

needs to constantly investigate new possibilities. Such an initiative is the investigation of the 

opportunities of using thin plastic film or sheets in carton packaging openings. A successful solution 

could possibly reduce material usage and increase cost-effectiveness. 

 

As an initial step towards such a solution, a master thesis topic was posted on Tetra Pak’s homepage (see 

Appendix A). The topic concerned an evaluation of existing technologies and materials and how they 

could be combined with user-centered- and attractive designs. This report is the result of the master thesis 

work that evolved from that topic and a co-operation between two students from Chalmers University of 

Technology and KTH Royal Institute of Technology.       

 
1.2 THESIS STUDY PURPOSE 
The purpose of the master thesis study is to get an understanding for technical application and design 

possibilities of using thin plastic films and sheets in liquid carton openings and through this attract 

attention for thin plastic openings at Tetra Pak. Moreover, from an educational point of view, the master 

thesis study is to demonstrate an ability to carry out independent research and product development with 

support from established methods of research, design and product development.    

 

1.3 GOAL 
The goal of the master thesis study can be divided into two parts. The first is to present a comprehensive 

technical introduction to the field of thin plastic films and sheets and its possible application in Tetra Pak 

opening solutions. This part of the master thesis study shall present information in an as understandable 

manner as possible to the expected reader of this report.   

 

With basis from the technical introduction, the other goal of the master thesis work is to present design 

concepts on plastic film and sheet openings for Tetra Pak packages that through their functionality and 

aesthetical appearance will enhance the user experience and customer attractiveness. Cost effectiveness 

and low material usage and level of adaptability to existing production methods and machinery shall also 

be reflected to some degree in the concepts. The two master thesis parts combined shall inspire Tetra Pak 

to investigate the area further with this report functioning as a valuable starting point. 

 

1.4 DELIVERANCES 
Presentation of the results of the master thesis work is divided into four categories; design guidelines, 

prototypes, presentations, and a written report. These results will be the groundwork for the evaluation 

and approval of the master thesis work as well as for further studies regarding the subject. All delivered 

material is presented in English.  

 
1.4.1 Opening Guideline Mind Map 
The opening design guideline mind map is a compilation of the function of an opening in a 

manufacturing, distribution, retail market, consumer and environmental context.    

 

1.4.2 Prototypes 
Several early prototypes covering a wide range of the possibilities with making package openings 

out of thin plastic film or sheet will be constructed. These prototypes will be supported by simple 

visualizations and descriptions in order for their full potential to be realized.  
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1.4.3 Presentations 
An intermediate presentation will be held at Tetra Pak before a group consisting of several Tetra 

Pak employees with professions relevant for the master thesis work. This presentation will serve 

as an informational channel as well as an opportunity to receive feedback and guidance.  

 

A final presentation of the entire master thesis work will be held on three occasions. One will be 

at Tetra Pak in Lund, one at Chalmers University of Technology in Gothenburg and one at the 

Royal Institute of Technology in Stockholm. The final presentation will involve the background 

of the study, theoretical studies, the design process, concept development and finalization, as well 

as master thesis conclusions and recommendations for further work. 

 
1.4.4 Written Report 
A report with the compiled information gathered throughout the master thesis work will be 

written and printed. The report will exist in three versions. One will contain classified 

information and will be the property of Tetra Pak whilst the KTH version and the Chalmers 

version will leave out such information in order for it to be distributed publically.   

 

1.5 DELIMITATIONS 
A thorough investigation of all the parameters involved in both the plastic film and sheet is as well as the 

development of new liquid carton openings a very complicated and time-consuming process. A fully 

covering technical study and complete design solutions are therefore not possible to accomplish during 

the time deposited for this master thesis study. Instead, each parameter will only be touched briefly to 

achieve an extensive understanding needed to present new and well-reasoned opening designs. However, 

consumer preferences in liquid carton packaging and its opening are considered by the authors as being a 

very important design process determinant. Thus, a special and deeper focus will be on consumer likes 

and dislikes regarding especially the handling, aesthetics, and safety of openings. Furthermore, the impact 

the consumer preferences have on production, distribution, the food retail market, and the environment 

will also be treated in closer detail. 

 

The design concept part of the study will be concentrated on the packaging types with the largest opening 

variety and possibilities, production quantities, and degree of consumer interaction. These include the 

packaging families of Tetra Rex, Tetra Brik, Tetra Gemina, and Tetra Prisma (see figure 1.1 below). The 

families of Tetra Top, Tetra Fino, Tetra Wedge, Tetra Recart, and Tetra Classic will thus be excluded and 

not considered in this study.  

 

Furthermore, this study has chosen not to focus on any opening solutions relatable to screw cap designs. 

These have already been developed so far at Tetra Pak that it is highly unlikely that screw caps made 

from plastic film or sheet will have any useful purpose. Moreover, a broader range of concept can be 

created if screw caps are excluded. 
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1.6 PROCESS OVERVIEW 
The master thesis was carried out according to the main processes shown in figure 1.2. The study 

consisted of a technical introduction study, analysis and compilation (of the technical study), concept 

generation, concept evaluation and development, early prototypes, and documentation. Each different 

process stage is described below. 

 
 
 

1.6.1 Technical Introduction Study 
The first stage of the master thesis work consisted of a comprehensive technical study where 

several different topics were looked into. This part of the master thesis study focused on getting a 

broad understanding of the complexities involved in developing new liquid packaging opening 

solutions. The general areas looked into during this process stage are listed on next page. 

 

 
 
 
 

Fig. 1.2 The working process 

Fig. 1.1 The packages treated in the study (from the left: Tetra Brik, Tetra Prisma, Tetra Rex, Tetra Gemina 
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  Trends 
Trends in the world’s food packaging industry regarding packaging size and type as well as 

consumption patterns were identified. Trends in future machinery for food packaging 

manufacture were also briefly looked into.  

 

  Existing Solutions 
Existing opening solution from Tetra Pak and its main competitors were studied. Food packaging 

products produced from plastic films or sheets were also analyzed  

 

  Existing Equipment 
Training and walk-through of one of Tetra Pak’s form/fill/machine models commonly used for 

liquid food carton production was conducted. A Tetra Pak packaging material converting unit and 

a packaging material printing unit was also observed at Tetra Pak’s facilities in Lund.   

 

  Plastic Film and Sheet Properties 
The main properties of thermoplastics and its utilization in plastic film and sheet manufacturing 

were explored. Properties affecting manufacturing, combining, shaping, and barriers were 

analyzed down to a molecular level to get a deeper understanding of the topic 

 

  Plastic Film and Sheet Manufacturing Methods 
A large variety of plastic film and sheet manufacturing methods were looked into and compared. 

Focus was laid on methods that would be appropriate for high volume production, flexibility, fine 

tolerances, and cost-effectiveness 

 

  Plastic Film and Sheet Shaping Methods 
Numerous shaping methods were explored and evaluated based upon their applicability for fast, 

effective, and continuous film and sheet shaping operations.  

 

  Recycling of Plastics 
Plastic recycling or recovery methods regarding both single layered and multilayered 

thermoplastic films and sheets were explored. The possibilities of regrind in manufacturing and 

production processes were also investigated.   

 

  Need and Wants in Packaging 
A large area of the technical introduction study consisted of finding the needs and wants of 

production, distribution, the food retail market, consumers, and environmental actors. A special 

focus was put on consumer drivers and their implications on opening design solutions.  

 

  Design Theory 
To tie the technical demands together with aesthetical elements and product design expressions, 

theories of designing for product understanding were studied. The design studies focused on 

theories that would improve an opening’s usability and clarity as well as its interrelation with the 

carton packaging design elements. 

 

1.6.2 Analysis and Compilation 
The vast information input from the technical introduction study was analyzed and compiled into 

text documents of lengths and complexities appropriate and relevant for the master thesis study. 

The information was also translated into a opening design guideline document where an 

opening’s functions needed to be fulfilled were listed for the production-, distribution-, food retail 

market-, consumer-, and environment areas.   
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Moreover, a Quality Function Deployment house of quality was also constructed based on the 

information gathered in the technical introduction study. This was done to translate the needs and 

wants identified in the study to more technical demands, as well as to get a graphical overview of 

what areas to focus in the continued master thesis study process. 

 

Based on the identified trends and gathered information, mood boards and infographics were 

created. These were used as aids in the concept generation, evaluation, and development stages.  

 

At the analysis and compilation stage of the master thesis work, an intermediate presentation was 

also held before several Tetra Pak employees from various departments. 

 

1.6.3 Concept Generation 
Based on the technical introduction study, the Quality Function Deployment house of quality, the 

mood boards, the infographics, and the opening design guidelines initial design concept 

generation was undertaken. Hand sketches, simple paper mock-ups, or basic 3D computer 

visualizations were used to create a variety of opening idea categories. Furthermore, two idea 

generation sessions were held to create a morphological matrix. The matrix was used to further 

spore creativity and come up with useful ideas. 

   

1.6.4 Concept Evaluation and Development 
The ideas generated from the initial activities were evaluated and screened based on their 

accordance with the opening guidelines and house of quality. The most promising opening 

solution ideas or design elements were then developed further. Thus, idea generation and 

development functioned as an iterative loop, where the concepts were continuously compared 

against the technical study results and refined accordingly. To illustrate the concepts refinement, 

hand sketches as well as paper and plastic mock-ups were made. As the concepts became more 

and more refined they were translated into 3D models using CAD software. In the CAD 

environment, the opening design models could easily be placed onto 3D models of the various 

packaging types treated in this study. By doing so, the opening design’s expression could be 

compared to those of the packaging types. 

  

1.6.5 Early Prototypes  
The 3D models of the opening design concepts provided the groundwork for creating tools for 

initial prototype creation. Tools were printed on a 3D-printer and then used to drape plastic sheets 

over using two thermoforming units. The opening prototypes were then attached to liquid cartons 

of various types and sizes. Basic handling test such as opening, closing and pouring were then 

conducted and the opening’s aesthetical interplay with the packaging evaluated. This initial 

testing gave feedback of areas in the opening designs to adjust. Thus, there was an iterative 

process between concept evaluation and development and prototype creation. 

 

1.6.6 Documentation 
The master thesis work was documented parallel to the study process. Text, images, notes, 

videos, and links were saved and organized for easier final report completion and master thesis 

study presentation.    

 

1.7 REPORT LAYOUT 
The report is divided into four main parts; an introduction and method description part, a technical 

introduction study part, a result part where the results from the design concept generation are presented, 

and a discussion and conclusion part.    

 

After an introduction part the report gives a short presentation of Tetra Pak and the Technical Package 

Prototyping Department. In chapter 3 the various methods used in master thesis study are described.  
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Chapter 4 to 8 make up the technical introduction study part. Firstly, the various trends in food packaging 

including liquid food cartons are treated in chapter 4. The structure of a liquid packaging carton, its role 

in society and food protection, as well as opening categorization and existing opening solutions at Tetra 

Pak are then presented in chapter 5. Chapter 6 deals with the basic chemical structure of thermoplastics 

and how they affect properties like strength, melt temperature, transparency and moist or vapor barriers. 

The criteria that need to be fulfilled when manufacturing and shaping plastic films and sheets are also 

treated in this chapter.  Chapter 7 describes the demands production, distribution, the food retail market, 

consumers, and environmental actors put on opening design solutions. In the “production” sub-chapter, 

packaging material converting and the principle layup of a form/fill/seal machine is briefly explained. The 

main focus of the chapter is on the consumer drivers listed in the “consumer” sub-chapter. Here, 

important consumer drivers like convenience and safety and their implications on opening designs are 

described. The importance of a holistic design view and clear product message is emphasized in chapter 

8, which is devoted to design theory. 

 

The results of the study are treated in chapter 9 and 10. First, the results of the technical introduction 

study, such as opening design guidelines and house of quality, are presented in chapter 9. Moreover, in 

the same chapter, the suggested plastic film and sheet manufacturing and shaping methods listed and 

described. Then, the results from the initial idea generation and developing stages are presented in chapter 

10. This chapter also presents the final concept generation results and explains their functions, form, and 

proposed manufacturing method. 

 

The fourth and final part consists of chapter 11, 12, and 13 where the master thesis working process and 

its results are discussed. Furthermore, conclusions are drawn from the study and recommendations made 

for further work.  

 

Following the last master thesis part, the references used are listed. The appendices referred to in the 

report will be found in the back of this report. 
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2. TETRA PAK 
Tetra Pak is a multinational food processing and liquid carton packaging company of Swedish origin, 

founded in 1951 by Ruben Rausing. The company’s aseptic packaging ensures perishable liquid foods to 

be stored and distributed even for long periods of time. Tetra Pak has grown to become the leading 

company within its business area and constitutes the majority of liquid carton packaging seen on the 

market today. The company operates in more than 150 countries and employs over 21,500 people 

worldwide. In 2008, a total of 70,538 million liters of liquid food products were sold in Tetra Pak 

packages. This was equivalent to 141,379 million packages of different sizes and designs. The company’s 

net sales for that same year totaled €8,825 billion. (Organisation, 2009-12-01; Tetra Pak I siffror, 2009-

12-01) 

 

2.1 COMPANY MOTTO 
“Our motto, "PROTECTS WHAT'S GOOD", includes the entire value chain – from suppliers to 

customers, distribution, employees, consumers and society. We protect the food in our packages and do 

our best to help protect the environment”. (Protects what's good , 2009-12-01)    

 
2.2 COMPANY VISION 
“We commit to making food safe and available, everywhere” (Vision and mission, 2009-12-01) 

  

 

2.3 COMPANY MISSION 
“We work for and with our customers to provide preferred processing and packaging solutions for food. 

We apply our commitment to innovation, our understanding of consumer needs and our relationships with 

suppliers to deliver these solutions, wherever and whenever food is consumed. We believe in responsible 

industry leadership, creating profitable growth in harmony with environmental sustainability and good 

corporate citizenship.” (Vision and mission, 2009-12-01)  

 
2.4 TECHNICAL PACKAGE PROTOTYPING DEPARTMENT 
The master thesis was carried out at the technical package prototyping department at Tetra Pak in Lund. 

The department is responsible for producing package prototypes and openings for consumer testing and 

product presentations. Other responsibilities of the department include early stages of packaging opening 

development, and tool making for injection molding of opening prototypes.   
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3. METHODOLOGY 
Throughout the master thesis work, numerous different methods were used to collect information, 

generate ideas, and to evaluate and refine concepts. The methods can be divided into the categories of 

theoretic study methods, concept development methods, user-centered methods, and product verification 

methods. Each method is explained below under its corresponding category.  

 

3.1 THEORETIC STUDY METHODS 
To get a broad theoretical basis in the master thesis work a range of different information gathering 

methods were used. The data collected from these methods was then included in an opening guideline 

mind map (see Appendix B) as well as a house of quality matrix (see Appendix C). The methods are 

listed and explained briefly below.   

 

3.1.1 Literature 
To get as accurate information as possible, only trustworthy, well-renowned and recommended 

books were used in the study. Similar information from different books was compared with the 

most relevant parts exerted, compiled, and revised before it was added to the report in the 

author’s own words.    

 

3.1.2 Internet 
Information found on the homepages of various machine or material manufacturers and suppliers 

as well as images and video were used to complement or clarify information gathered from the 

other sources.  

 

3.1.3 Tetra Pak 
Numerous sources within Tetra Pak were used to collect information. They included technical 

documents and videos, fill-machine walk-through and training, as well as in-house expertise. 

Existing technical solutions and packaging products were also able to be investigated in greater 

detail by using Tetra Pak’s on-site equipment.    

 
3.1.4 Interviews 
Representatives from outside companies were invited to Tetra Pak to offer deeper insight to 

questions or areas not covered enough in by other sources or found at Tetra Pak. Semi-structured 

interviews were held with the representatives with the purpose to clarify unclear information and 

to provide advice on how to solve problems that might occur during packaging manufacturing, 

distribution, or handling.  

 
3.1.5 Observations  
Existing liquid packaging opening solutions from both Tetra Pak and its competitors were 

observed in various grocery stores. Opening functions, manufacturing methods, attachment to 

carton, material choice, and material usage for each solution was investigated. Furthermore, a 

variety of other thin film packaging used for food products such as fruit and vegetables, pasta, or 

sandwich spreads were investigated and analyzed in a similar fashion. 

 

3.2 CONCEPT DEVELOPMENT METHODS 
In order to get ideas and inspiration for effective concept development, a mix of methods were used. 

These ranged from conventional market- and competitor analyses to the implementation of mood-boards 

and idea generation sessions. The different methods are described below.  

 
3.2.1 Market scan 
To get inspiration to new opening designs, existing opening solutions on a wide variety of 

products in different markets were explored. The solutions were found through searching the 

Internet for images and video, visiting supermarkets, and collecting used items from home. 

Inspiration was also drawn from past Tetra Pak projects and concepts.  
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3.2.2 Benchmarking 
Existing opening solutions on packaging from Tetra Pak and its main competitors (EloPak, SIG, 

and the PET-bottle industry) where used as benchmarks (see Appendix D). Special focus was put 

on solutions that were not screw caps since those were considered most relevant to the study and 

most likely to be replaced by a successful thin plastic film opening design.  

 
3.2.3 Mood Boards and Infographics 
Mood boards were used to communicate an overall feeling or context of the pursued opening 

design, and also functioned as an aid in the idea generation stages and as a frame of reference 

throughout the design process. The mood boards consisted of carefully selected and rather 

abstract images compiled into poster format designs (see Appendix E.1-3).  

 

Infographics are visual representation of information, data or knowledge through the use of 

photos, illustrations, charts, tables, text fields, and maps. For the infographics used in the master 

thesis study, images, text, and graphic elements were combined to explain complex information 

quickly and clearly in a comparative fashion. It also functioned as an aid in the development and 

creative processes. For better visibility and presentation the mood boards and the infographics 

were printed in color on size A3 paper.  

 

3.2.4 Morphological Matrix 
A morphological matrix is a means of organizing ideas in a structured manner for easier 

presentation, evaluation and combination. The matrix comprises a single left-hand column in 

which principles essential to the design are listed. To the right of each principle is a row 

containing the possible ways of achieving that particular principle.  

 

Eight principles were decided for the matrix in the master thesis study. They were the following; 

attachment, grip, opening, reclosing/resealing, opening placement, tamper evidence, emptying, 

and drink from.  The morphological matrix was used in the concept development process to 

combine ideas from each principle row into new alternative ideas.  

 
3.2.5 Deck of Cards 
This method comprised two piles of cards or images. One pile consisted of 13 pictures of 

different objects that all were relatable to opening designs (see Appendix F.1). The images on the 

cards in the other pile depicted potential areas of a liquid packaging carton were an opening could 

be attached (see Appendix F.2). The piles are then shuffled and laid with the cards’ front side 

facing down. Ideas are generated by drawing a card from each pile and combining the object and 

the placement their showing. After a few minutes, a new pair of cards is drawn and so on. 

 
3.2.6 Haphazard Inspiration 
The method can be concentrated into three different steps:  define the problem, haphazardly select 

an object, and picture or word and solve the problem with the selected object figure or word as 

starting point. (Nielsen 2003). The forced connections help to open up the mind for relationships 

and lead to seeking and processing inspiration spontaneously.  The haphazard idea generation 

was carried out individually at a home setting. In the session the problem was simply defined as 

how plastic films or sheets can be used for openings on liquid cartons. Objects were used as 

inspiration and the selected objects were a balcony door handle, a credit card, a beach mattress 

and an office table lamp. 

 

3.2.7 Idea Generation Sessions 
To get qualitative ideas and input from various angles and people, two idea generation sessions 

were held at Tetra Pak in Lund with participants from several different of the company’s 

departments. The procedures at the sessions are presented in Appendix G. 
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3.2.8 Expert Consultation 
Several experts in various fields at Tetra Pak, such as design, tool-making, consumer research, 

and fill machine engineering were consulted to give their advice and recommendations regarding 

opening designs. Useful guidance was also given by the supervisors at Tetra Pak and Chalmers 

University of Technology throughout the concept development process.   

 
3.2.9 Osborne’s Guidelines and Idea Spurring List 
Osborne’s guidelines are useful words that can help with approaching a problem from new or 

different angles. The words include adapt, modify, magnify, minify, substitute, rearrange, reverse, 

and combine. The guidelines (see Appendix H for more details) were utilized in the concept 

development process and also applied to existing opening solutions to spur new ideas (Österlin, 

2003). 

 

3.2.10 Ejsbjorn’s Idea Inhibitors 
Ejsbjorn’s idea inhibitors (also seen in Appendix H) are the complete opposite of Osborne’s 

guidelines. They include; “It is not possible!”, “We have always done it this way!”, “It is too 

expensive/troublesome!”, “That is not our idea/strategy!”, “Our new idea is perfect, we do not 

need any more!”.  (Österlin, 2003) These phrases were used as reminders to not fall into a 

destructive or uncreative thinking often seen in traditional engineering-heavy organizations, such 

as Tetra Pak. 

 
3.2.11 Idea and Concept Selection  
The idea and concept selection was carried out in three steps. The first down scaling of ideas was 

done by the students. The criteria for the first selection were levels of innovation and degree of 

manufacturability using plastic film and sheets. At the first stage about 30% (40 ideas) of the first 

ideas passed on for further evaluation. The ideas were then grouped according to main function. 

  

In the next step the remaining ideas were evaluated in a group setting with expert consultation. 

The group consisted of two students and two experts. First, the basic background and main 

function were presented for each idea. Thereafter, each individual in the group had a 

predetermined amount of credits to divide between the ideas. All credits could be given to one 

idea or split between different ideas. The ideas with most credits passed on to next step for further 

development. Taken into special consideration in the selection process were variety and diversity.  

A smaller number (eight) of ideas was selected in the second step.   

   

The third step was a continuous looping evaluation with support from concept testing, 

verification methods and expert consultation. The evaluation was carried out parallel to the 

ongoing development of the early concepts and prototypes. The third selection resulted in the 

selection of the final five concepts. 

 

3.3 CONSUMER-CENTERED METHODS 
Several methods were used to get an understanding of consumer preferences and behavior. The methods 

were also utilized to identify the features of an opening that make it attractive, user-friendly, functional, 

and perceived to be of high quality. The data collected from the methods was then included in the opening 

guideline mind map (Appendix B) and the Quality Function Deployment house of quality (Appendix C). 

The methods are explained in short below. 

 
3.3.1 Tetra Pak Experiences 
Survey results from Tetra Pak’s Consumer Research department were analyzed and the most 

prominent or most frequently mentioned opening design likes and dislikes exerted. Moreover, 

information about preferred functions and user experiences based on consumer tests and previous 

opening designs provided by the Technical Packaging Prototype department was also included in 

the study.  
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3.3.2 Literature Studies 
Literature about consumer needs and wants in food packaging was studied together with literature 

and reports regarding trends in the food packaging market.   

 

3.3.3 Own Observations and Experiences 
Existing opening solutions in various food packaging markets were observed and analyzed. In the 

liquid food packaging market opening designs from Tetra Pak, EloPak, and SIG were 

investigated in detail. The authors’ own experiences with opening solutions also contributed to 

the study. All opening solutions were analyzed based on aspects such as ease of opening and 

reclosing, opening force, tamper evidence, pouring, safety, hygiene, and ergonomic features.  

 
3.3.4 Critical User and Critical Usage Context 
A critical user is a user who puts the greatest demands on a product or design. For this study a 

critical user was identified as a person who suffers from reduced motor activity and accuracy, 

poor limb strength, and bad eye sight. A critical usage context was defined as handling a moist 

and cold large (>1 liter volume) liquid food packaging. Under those conditions the packaging 

becomes slippery due to its plastic surface finish, and therefore requires a firmer grip to be 

handled. Moreover, a larger packaging size tends to be more structurally flimsy due to a reduced 

wall thickness to wall area ratio. 

 

Combined, the critical user and critical usage context was used as a tool to evaluate and improve 

ideas throughout the concept development process.   

 

3.4 CONCEPT TESTING AND VERIFICATION METHODS 
Once concepts had been generated they were evaluated, screened, and further developed using the 

methods described below. 

 

3.4.1 Mock-ups 
Basic 3D mock-ups of generated opening design ideas were constructed in paper (standard printer 

paper) or thin plastic film (black and white polypropylene) and attached to Tetra Pak packaging 

of various sizes and shapes. The ideas were then evaluated and further developed based on their 

production feasibility, size and shape, usability and aesthetical quality.   

 
3.4.2 CAD-modeling 
Following concept screening, the remaining ideas were modeled in 3D using Computer Aided 

Design (CAD) software. Software used included Google SketchUp 7.0 Free Version, Solid Edge 

v20, and ProEngineer Wildfire 3.0. Moreover, using the software, the concepts were applied onto 

3D-models of several Tetra Pak liquid food cartons for a holistic evaluation of the relationship 

between the opening and packaging design expressions. CAD software was also used to prepare 

the concepts for rapid prototyping and real life testing. 

 

3.4.3 Rapid Prototyping 
Tools for concept development and prototype production were created using rapid prototyping. 

The tools were first modeled using CAD software (mentioned above) and then printed by an 

Object Geometries Eden 350V 3D-printer. The printed tools were then used repeatedly as 

thermoforming molds. 

  

3.4.4 Concept Development and Prototype Creation 
Two on-site thermoforming units were utilized to make thin plastic film opening concepts or 

prototypes by using the tools produced by the 3D-printer (see above). Tetra Pak’s Technical 

Package Prototyping lab equipment was used to produce concepts and prototypes that did not 

need to be thermoformed. 
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3.4.5 Quality Function Deployment 
Quality Function Deployment (QFD) is a Japanese product development method that aims to 

match desired product features with product functions and engineering characteristics. It is a 

comparative analyzing tool to identify external and internal relationships and tradeoffs between 

design inputs and outputs. The QFD consists of a number of matrices which gives it a house-like 

look. Thus, QFD is also commonly known as a “house of quality” or simply QFD-house. 

(Österlin, 2003)  

 

Construction of the QFD-house was started by listing the desired product features by asking what 

the liquid carton opening is to do. In the master thesis study the needs and wants of consumers, 

production, distribution, the food retail market, environmental concerns, and manufacturing were 

listed and placed in a column on the left hand side in the QFD-house (see Appendix C). Each 

feature was also rated according to the priority or importance of it being fulfilled. The priority 

scale ranged from 3 to 5, where 5 marked most important. 

 

The next step was to ask how these features can be achieved. For example, the consumer demand 

“easy to open” is achieved through providing “opening grip”.  The how-answers resulted in a 

number of different design requirements. These requirements were grouped into several 

categories (materials, design, processes, safety, and $ (cost)) for an easier overview. Furthermore, 

the direction of each design requirement was also made clear. To improve was marked with an 

upwards pointing arrow, to reduce with a downwards pointing arrow, and to find appropriate with 

a cross. The design requirements were placed above and to the right of the desired product 

features (see Appendix C).  

 

The relationship between the whats and the hows were thereafter listed in a matrix formed in the 

space between the needed and wanted product features and the product design requirements. The 

strength of a relationship was indicated using symbols. A strong relationship was marked with a 

black dot and a weak relationship with a white dot. A matrix cell was left blank if no relationship 

existed (see Appendix C).  

 

Moreover, the internal relationships of the different needs and wants as well as the product design 

requirements were also treated in the QFD-house. These relationships form triangular shaped 

matrices which are often seen as the house’s roofs (see Appendix C). Here, the relationships were 

marked with either a plus or a minus. A plus meant that two design features (or requirements) had 

a positive relationship and were supportive of each other. A minus sign indicated a negative 

relationship and that a tradeoff between the two features involved was necessary.      

 

Importance ratings of the design requirements were also calculated and illustrated using 

diagrams. A higher bar meant a more important requirement. The height of each bar was 

calculated in the following way: 

1. Each symbol in the relationship matrix was given a value. A black dot (strong relationship) 

was valued as 4 and a white dot (weak relationship) as 2. A blank cell (no relationship) meant 

0. 

2. Every relationship matrix cell value (i.e. 0, 2, or 4) was multiplied with its corresponding 

needs and wants priority rating (i.e. 3, 4 or 5). For instance, “easy to open” with priority 

ranking 4 is strongly related to “opening grip”, and thus the matrix cell has the value of 4*4 = 

16. 

3. Matrix cell values in a design requirement column were added together. Their sum gave the 

height of the bar in the diagram for that particular design requirement. Calculations were 

made for each “needs and wants” category as well as for all the categories combined.  

 

In a similar manner to the one described above, a graphical representation of each needs and 

wants priority rankings was performed. Instead of adding the cell values in each column together, 

the sum of the values in each needs and wants row was used. 
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The QFD-house functioned as a check up and valuable reminder throughout the concept 

development process and provided information on what aspects which were most important to 

focus on and to refine in order to improve the opening prototype design and overall 

manufacturability. 

 
3.4.6 Product Testing 
The final concepts and prototypes functions were tested by analyzing their function and gestalt. 

Factors such as opening ease and force, reclosing tightness, safety, hygiene, pouring ease and 

accuracy were briefly looked into as well as usability and clarity of the semantic functions. 

 
3.5 DOCUMENTATION METHODS 
The master thesis study was continuously documented throughout the duration of the project. Several 

different methods were used to compile information and data into a manageable and organized amount. 

These methods are described shortly below. 

 
3.5.1 Planning 
The master thesis study plan (see Appendix I) was constructed in a Gantt chart manner for easier 

overview and structure. The start and end date of five large blocks, introduction and planning, 

research for understanding, creative concept development, tests and analysis, and documentation, 

and their related sub-divisions were clearly stated and functioned as important tollgates and 

reminders throughout the project.    

 

3.5.2 Parallel Documentation 
To not miss out on information or forgetting crucial data details, the thesis study report was 

written parallel to other master thesis processes like concept development, and concept testing 

and evaluation. The different thesis work stages or topics were documented in appropriately titled 

documents, which were later compiled into a final report.  

 
3.5.3 Mind Maps 
Using the software Mindjet MindManager Pro 7, a mind map with the main topic “plastic sheets” 

was constructed (see Appendix J). This main topic was then divided into the following eight sub-

topics; plastic film/sheet manufacturing, shaping, polymers, joining, Tetra Pak solutions, existing 

solutions, plastics and the environment, and consumer attractiveness. Forming a branched 

structure, each sub-topic was then further divided into several categories and the categories 

themselves finally split into areas that needed to be studied. By working off one area at the time, 

the thesis’ theoretic study progress was kept on track and according to schedule.  

 

A mind map was also used to organize the opening design guidelines. Here, the main topic 

“Opening guidelines” were divided into sub-topics titled Production, Distribution, Food retail 

market, Consumer and Environment (see Appendix B). In a branched structure, similar to the one 

constructed for the “Plastic sheets” mind map, the sub-topics were divided further into function 

categories and finally into opening functions. The opening functions were then rated and 

organized according to their level of function importance. The function importance was rated as 

being either fundamental, necessary or desirable to the final opening design. Fundamental 

functions formed the very basic needs or must-haves of an opening. Necessary functions were 

needed for the opening to become a commercialized and more easily handled product. Desirable 

functions were those that would greatly enhance user experience and production efficiency.  
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3.5.4 Posting, Presentations and Meetings 
Material postings, presentations, and meetings were held on a regular basis as a way of keeping 

Tetra Pak updated on the master thesis progress and to receive feedback and guidance on the 

study’s development.   

 

  Postings 
Mood boards, infographics, diagrams as well as sketches and renderings were frequently posted 

in the Tetra Pak Technical Package Prototyping office for all employees to see and comment. 

Posting was done on both the office’s noticeboards and its meeting room glass walls. 

Furthermore, following work meetings, white board notes were not erased for other employees to 

see and reflect on.  

 

  Work Meetings  
On average, one work meeting was held with the two Tetra Pak master thesis supervisors to keep 

them updated and for the authors to receive feedback on the master thesis study process. During 

the meetings, issues and thoughts that had emerged in the master thesis work were presented. The 

issues usually involved finding relevant information, expertise or material as well as finding out if 

the master thesis study was on the right track. The meetings also functioned as discussion forums 

for deciding directions and idea selection in the concept development phase.  

 

   Visual Management 
Visual management is a method of visualizing deviations within a project. This is done by the use 

of color-coding. A project is coded green if no deviations exist. A yellow color code means that 

project deviations exist but knowledge on how to resolve them is available. Red color-coding 

means that there are deviations with no presently known solution within a project. 

 

Visual management meetings were a recurring appointment taking place in the Technical 

Package Prototyping office weekly. All available office staff was to participate. During the 

meetings, a Microsoft Excel document was projected on an interactive Smarttech SmartBoard. 

The Excel-document contained color-coding of all on-going TPP projects, including the master 

thesis study. Moreover, each office employee was to report orally on the progress of the projects 

he or she was involved in. Thus, the meetings functioned both as a discussion forum for issues 

regarding the on-going projects as well as keeping the entire office staff updated on all the 

projects’ statuses.  

 

  Intermediate Presentation 
An intermediate presentation of the initial findings from the thesis work background and theoretic 

studies was held at the Technical Package Prototyping Department. Tetra Pak employees from 

the Technical Package Prototyping-, Material Innovation-, and Consumer Research departments 

attended the presentation. The purpose of the presentation was to inform involved persons of the 

thesis study process and to receive feedback on the work thus far as well as to get advice on its 

continuation. 
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4. TRENDS IN PACKAGING 
 
4.1 GENERAL FOOD AND BEVERAGE PACKAGING TRENDS 
Pira International Ltd is one of the world leading companies when it comes to market research in the 

areas of packaging, printing and paper industry. Pira International Ltd latest research on future trends in 

the food and beverage packing industry covers the years of 2008-2013 and indicates that the industry will 

undergo fundamental changes. (Platt, 2008)  

 

Other publications are presenting the environment and sustainability as the main overall trend in the 

packaging industry. Moreover, increased product safety is also mentioned in several publications as a 

strong drive. This is further described under heading 7.5, Consumer Drivers. (Harrington, 2009; Emilsson 

(Ed), 2005; ElAmin, 2006; Sustainable Packing an Emerging Consumer Trend – Study, 2009)   

 

4.1.1 Overpackaging 
There is a growing public concern about the use of too much product packaging. Consumers in 

the UK have the last few years become more environmentally aware and pay more attention to 

overpacking; extensive packing makes the consumer feel guilty. The same global trend is seen in 

a survey covering 15 countries across Europe, Asia Pacific the US and South America. It states 

that close 50% of the consumers say they would consider another alternative if they find their 

first choice of brand/product to have excessive packing. Consumers from South Korea, China and 

the UK are even more preoccupied by overpacking.  (Platt, 2008; Sustainable Packing an 

Emerging Consumer Trend – Study, 2009) 

 

The opportunities arising from an increased concern for overpacking are packaging redesign, 

biodegradable packaging, recyclable packaging and introduction of in-store recycling. The 

demands in the packaging increase and the packaging must in addition to marketing and brand 

enhancement, also express functionality and environmental friendliness. (Platt, 2008) 

 

4.1.2 Time-pressured Consumers 
Increased working hours, longer commuting distances and an increased number of single and 

single–parent households have lead to more time-pressured consumers. As a consequence an 

upturn is seen for convenient packages, single-serving packages and on-the-go consumption. 

(Platt, 2008)  

 
4.1.3 Sustainable Packaging 
From a consumer perspective the only really environmentally friendly and sustainable packaging 

is a packaging made from biodegradable materials. The package industry uses a broader concept 

for environment-friendly, also including recyclable and reusable packaging, and packaging 

generating lower carbon dioxide emissions and consuming less quantities of non-renewable 

energy resources.  According to the Mintel Research center the majority of the European 

consumers look for eco-friendly alternatives when purchasing food and it is also stated that a 

product can give an environmentally friendly impression by having packaging indicating the 

product’s environmental benefits. (Platt, 2008) 

 

In the international study by Datamonitor the conclusion is drawn that sustainable packaging is 

not the main reason for buying a product, but still a strong factor influencing the choice of 

product. (Sustainable Packing an Emerging Consumer Trend – Study, 2009) 

 

Biodegradable materials are expected to be a thorough future area in the packaging industry, but  

biodegradable plastics based on a genetically modified feed stock might cause more concerns. 

Multilayer packaging materials and other types of packaging difficult to recycle are predicted to 

decrease. (Platt, 2008) 
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4.1.4 Rising Cost of Raw Materials and Energy 
The price of the raw materials used for packaging, such as polymer resins, recovered paper, wood 

and aluminum, as well as energy and transportation costs have increased. The packaging industry 

will be struggling with smaller margins as the costumers (e.g. dairies) are not willing to pay for 

the increasing expenses. This increase will drive the packaging industry towards using less 

packaging material. (Platt, 2008) 

 

4.1.5 Retailing in Central and Eastern Europe 
West European retailers and supermarkets are establishing in central and eastern European 

countries. A better economic situation for the population, better distribution possibilities and a 

change from small local independent stores to national and international supermarkets have 

resulted in a change from unpacked bulk food to ready prepared and packed food. International 

super market chains (e.g. Spar and Rewe) are launching new stores in Russia and the Russian 

shopping patterns are expected to be comparable to those seen in Western Europe. (Platt, 2008) 

 
4.2 GENERAL TRENDS WITHIN LIQUID CARTONS 
Tetra Pak is competing in the packaging segment usually called liquid carton. The Pira International Ltd 

research anticipates the amount of liquid cartons to remain unchanged during the years of 2008 to 2013. 

During the last years the brick-shaped liquid carton has lost market shares to PET bottles and gable-top 

liquid cartons. The introduction of easy-to-open and re-closable plastic openings on liquid cartons has 

given the segment of liquid carton packaging a general upturn. Portion sized liquid cartons consumed on-

the-go will meet strong competition from PET and stand up pouches. Liquid cartons for wine, ready-to-

drink coffee products and chilled soups or sauces are relatively new and the market share is expected to 

increase. UK, Bulgaria, Romania and Ukraine are European markets where an increased demand of liquid 

cartons can be seen in the coming years, but the largest markets for liquid cartons remain France, 

Germany and Spain. (Platt, 2008)  

 

4.3 TRENDS WITHIN MILK AND OTHER DIARY PACKAGING 
The overall milk consumption is predicted to remain constant during the time period of 2008-2013.The 

premium segment, including packaging for fresh milk, vitamin-enriched milk, probiotics, flavored milk, 

flavored yoghurt drinks and smaller containers for on-the-go consumption, is predictable to grow. 

Packaging for flavored milk and drinking yogurts is of special interest as the product group is 

significantly growing. In 2007, 70% of the milk in Western Europe was packed in liquid cartons. (Platt, 

2008) 

 

4.4 TRENDS IN JUICE PACKAGING 
The juice and juice drink consumption is forecasted to almost double during the years 2008 and 2013. 

This is a side-effect of the general wellness and health trend. Unsurprisingly, sales of on-the-go portion 

packaging have benefitted from on-the-go consumption behavior. The largest juice market in Europe is 

Germany, followed by the UK, France and Russia. The dominating package for juice in Europe is the 

brick shaped liquid carton with more than a third of the market shares in 2008. The competing packages 

in the European market are glass-, HDPE-, and PET bottles.  The growth in fruit juice consumption 

depends on an increase in the premium segment of chilled and more exclusive juices.  Premium juices are 

packed in bottles and gable top liquid carton rather than the brick liquid carton. The most frequent  juice 

portion packaging is the stand-up pouch due to low costs associated with start-up, transportation, and 

material, as well as large surface areas suitable for branding. (Platt, 2008) 

 
4.5 TRENDS IN FOOD- AND BEVERAGE PACKAGING MACHINERY 
One of the strongest trends within the food packing industry is food safety. Threats like bioterrorism have 

urged the food packing systems to deliver absolute packaging integrity. Today, food safety is a top-ranked 

issue when it comes to purchasing packaging machinery and it is even considered more important than 

the machinery’s accuracy. (Martin, 2005)   
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The last years there has been a strong tendency of integrating manufacturing and filling of food and 

packaging. The increased interest of systems integrating filling, forming and sealing is expected to lead to 

improved food packaging hygiene and a stronger focus on aseptic solutions. The same trend of integrated 

form, fill and seal solutions are in seen Europe for thin-walled plastic containers for yogurts and similar 

products (Platt 2008). (Hannay, 2002) 

  

The development of multilayer co-extrusion processes has resulted in an increased focus on 

thermoforming because of the possibility to integrate barrier properties directly into plastic material. A 

wider use of multilayered manufacturing systems in the packaging industry will lead to increased cost 

effectiveness. (Hannay 2002) 

 

The augmented demand on product varieties, product sizes and, packaging configurations leads to higher 

requirements on flexible machinery and tooling in the food packaging industry. The key trends in food 

packing machinery are in-line automation, higher capacities and reduced labor and material costs. 

However, the key trends seem to contradict the idea of increased flexibility. (Martin, 2005) 
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5. LIQUID CARTON PACKAGING AND OPENINGS 
 
5.1 THE ROLE AND VALUE OF PACKAGING 
The world’s total food production has more than doubled over the last fifty years. Due to agricultural 

improvements in combination with technological innovations in food production, processing and 

logistics, food products have become more available and affordable. Fueled with advancing economies, 

urbanization, and a growing global population the demand of pre-packaged food is steadily increasing. 

(Coles et al. (Ed.), 2003; Kirwan, 2005) 

 

Sophisticated and fine-tuned logistical packaging and distribution systems have been developed to supply 

the consumer with safe and fresh food products while minimizing costs and product wastage. Light-

weight liquid food packaging offers proper food protection and reduced product wastage which helps 

preserving the world’s resources. (Coles et al. (Ed.), 2003; Kirwan, 2005)  

 

Food wastage also means great financial losses other than just the cost of the spoilt product. Salvage-, 

disposal-, administration-, replacement-, insurance-, and litigation costs are also involved. In addition, 

there is a potential loss of customer goodwill which can be devastating in the highly competitive 

marketplace of today.  (Coles et al. (Ed.), 2003; Kirwan, 2005) 
 
5.2 BASIC STRUCTURE 
Cartons for liquid food are essentially made up of a paperboard structure laminated coated with layers of 

plastics and/or aluminum (see figure 5.1 below). Each of the various layers in the carton serves a specific 

purpose and is used to a greater or lesser extent depending on the type of product the carton is to contain. 

(Kirwan, 2005)  

 

Paperboard is used for liquid packaging cartons because it provides strength and high puncture resistance, 

it is easily adjustable to meet specific requirements, and lowers production costs and increases production 

rates. It makes various shapes, appearances, and surface finishes possible, and provides good printing 

surfaces for graphics. Moreover, it is made from renewable resources which reduces the environmental 

impact both during production and transport, and is more easily disposed of and recycled than plastic or 

glass packaging. (Coles et al. (Ed.), 2003; Kirwan, 2005) 

 

However, paperboard is permeable to water, water vapor, aqueous solutions and emulsions, organic 

solvents, fatty substances, gases, aggressive chemical, and volatile flavors and aromas. In addition, a 

carton consisting of only paperboard cannot be heat sealed and is instead sealed using adhesives. These 

factors will of course not provide a safe and hygienic storage of liquid foods for any duration of time. 

Instead, protection from outside degrading factors and light as well as the possibility of heat sealing is 

provided by impermeable plastic or aluminum barriers. (Coles et al. (Ed.), 2003)  

 

The type of paperboard laminate is determined by the required shelf life of a certain product. The shelf 

life in its turn depends on how the product is processed prior to filling as well as the filling and 

distribution conditions. For instance, products could be pasteurized prior to filling, the product could be 

filled hot or in aseptic conditions. A two side plastic coated paperboard is often used for fresh products, 

such as milk, which have a short shelf life in chilled distribution. For these conditions, polyethylene (PE) 

is commonly used as the plastic barrier as it provides humidity protection to the products. Ethylene vinyl 

alcohol (EVOH) and polyamide (PA) are not good moisture vapor barriers but instead good oxygen 

barriers and also provide flavor protection and oil/fat resistance. Hence, EVOH and PA are commonly 

used in conjunction with PE to provide stronger protection and higher barriers for medium and long-term 

shelf life products in ambient or chilled distribution. When very high protection is needed, as for fresh 

juices in chilled distribution, or for long shelf life in ambient temperature distribution for hot-filled 

products, a plastic-paperboard-aluminum laminate is used. Aluminum offers oil/fat resistance and very 

good protection against volatile flavors and aromas. In addition, it provides a barrier to light, oxygen, and 

moisture vapor. The aluminum barrier is often laminated to the paperboard so that it is on the inside of the 

finished carton and is also often used in conjunction with PE. (Coles et al. (Ed.), 2003; Kirwan, 2005) 
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5.3 PROTECTION AND PRESERVATION 
Prior to filling, actions are taken to reduce, inhibit or destroy microbial and enzyme activity in a product. 

Microorganisms and enzymes that exist in the products either naturally or due to production 

contamination are both susceptible to heat. Thus, methods such as high temperature treatment, 

pasteurization, or aseptic processing are used to sterilize and preserve a product. In aseptic processing a 

product is first sterilized using ultra high temperature (UHT), which means heating the product to above 

135°C for 1-2 seconds, and then packaged in a sterilized carton in a sterilized environment. However, 

growth of microorganisms also depends on the acidity of a product. For instance, liquid food products 

with low acidity, such as milk, are more susceptible to microbial and pathogenic bacterial growth and 

activity than products with high acidity, such as juices. (Coles et al. (Ed.), 2003; Tetrapak.com, 2009-08-

06) 

 

Once a liquid carton has been filled, one of its key purposes is to contain, protect, and keep food products 

from being damaged or spoiled, thereby further ensuring the health and safety of the consumer. Product 

deterioration can be caused by growth of remaining microorganisms, such as bacteria and fungi, or 

through chemical reactions caused by enzymes in the food. This can lead to discoloring or bad taste, 

breakdown of the product’s vital nutrients and vitamins, or even product spoilage that can make the 

consumer ill. Similar deterioration can also be caused by excessive light and gas exposure and the 

intrusion of volatile flavors and aromas can make a product become unpalatable. (Coles et al. (Ed.), 2003; 

Kirwan, 2005) 

 

Ensuring that a liquid carton and its opening are laminated with proper barriers and sealed completely as 

well as that the held product has undergone thorough sterilization processes is vital. Of equal importance 

is that the package and liquid food remains unchanged until the carton is opened and the product is 

consumed. Once a carton has been opened (by tearing a perforation, opening a cap and/or removing a 

pull-tap) the sterile environment is destroyed and product deterioration accelerated. The quality of the 

product now instead depends on storing conditions and on the material, barrier properties, and resealing 

tightness of the package opening. (Coles et al. (Ed.), 2003; Kirwan, 2005)   

Fig. 5.1 Packaging material structure of a liquid carton 
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5.4 LIQUID CARTON PACKAGING OPENINGS 
There are a variety of possible liquid food carton openings. Below are a general presentation of opening 

categorization and interesting Tetra Pak openings described. 

 

5.4.1 Opening Categorization 
As previously mentioned there are a variety of possible liquid food carton openings. The type of 

opening of course depends on the intended use and shelf life of a product. Once an opened liquid 

carton has lost its initial protection, preservation instead relies on the level of protection offered 

by the opening. Depending on an opening’s degree of food deterioration protection it can be 

categorized as belonging to any of the following three categories; resealable-, reclosable-, or a 

non-reclosable opening. 

 

  Resealable Opening 
A resealable opening keeps the product from escaping should the packaging be stored lying 

down, topple over, be dropped or squeezed. It is not air-tight which means that gases, flavors, and 

aromas can enter the packaging and accelerate deterioration of the product. Resealable openings 

are often used for products that are to be consumed during a prolonged period of time.  

 

  Reclosable Opening 
Reclosable openings are not air-, fluid-, nor moisture tight. As a result, they will not protect a 

product for longer periods of time as deterioration can occur freely. Their main function is instead 

to keep particles and debris from entering the product and to keep the product from pouring out 

rapidly if the package should topple over. Moreover, the opening usually also offers enhanced 

pouring control and accuracy. Reclosable openings are used for products that are stored for a 

short amount of time and/or consumed rather quickly. 

 

  Non-reclosable Opening 
Once opened, a non-reclosable opening offers little or no protection from the outside environment 

to cause deterioration of a product. Nor does it keep particles from entering the packaging or 

hinder the product from pouring out if the package should topple over. Non-reclosable openings 

are most commonly used for products that are to be consumed on-the-go or in a single event.   

 

5.4.2 1-step and 2-step Openings 
Consumers prefer different opening types in different contexts. In on-the-go contexts, opening a 

package should be quick and effortless whereas the opening process in an at-home context is not 

as time-dependent.  

 

  1-step Openings 
In a 1-step opening tamper evidence and safety seals, such as membranes or pull tabs, are broken 

or removed in a single event. For example, as a screw cap is twisted it can simultaneously brake a 

tamper ring and perforate a safety seal without the consumers having to remove anything 

themselves. These types of openings are preferred by consumers in an on-the-go or quick 

consumption context of use. 

 

  2-step Opening 
For 2-step openings tamper evidence and safety seals are broken or removed in two or more 

steps. For instance, a screw cap can first be removed to unveil a membrane or pulltab which 

consumers have to remove by themselves. These openings are preferred in an at-home context of  

use. 
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5.4.3 Tetra Pak Openings  
The variety of Tetra Pak openings is extensive and includes different kinds of opening solutions. 

A selection of existing solutions relevant to the master thesis study is presented below.  
 

  Perforation™ 
Perforation™ is one of Tetra Pak’s low cost openings (see figure 5.2). Its main advantages are 

that no additional material is needed and that the packaging is possible to open without the aid of 

any extra tools (e.g. scissors or a knife). To open, one of the packaging’s flaps is folded up and its 

corner torn off along a perforation. The packaging’s plastic and/or aluminum barrier layers are 

kept intact before opening since the perforation is only made in the carton layer of the packaging 

material. The perforation opening is neither resealable nor reclosable.  Perforation™ is available 

for both the aseptic and the chilled segment. (Tetra Pak schüzt, was gut ist: Für Experten: 

Öffnungslösungen: Perforation, 2009) 

    

  Easy Opening™ 
The Easy Opening™ is a classic example within Tetra Pak opening segment (see figure 5.2). The 

packaging is opened along the upper border without the need of any extra tools. The packaging is 

possible to reclose by pushing the spout back into its original position. Easy Opening™ is 

available on Tetra Rex packaging in the chilled product segment. (Tetra Rex®: Geared for 

adventures, 2004) 

     

  Straw hole/ Straws 
Tetra Pak has four types of straw in their assortment: a straight straw, a U- shaped straw, a 

telescopic straw and a sensory straw. The straw holes are available for both the aseptic and 

chilled segment (see figure 5.2). (Tetra Pak schüzt, was gut ist: Für Experten: Öffnungslösungen: 

Trinkhalm, 2009) 

 

  PullTab™  
The PullTab is an aluminum tab that covers an opening hole in the package (see figure 5.2). The 

PullTab is a standalone opening in the aseptic segment but also functions as a part of the ReCap 

opening. (Tetra Pak schüzt, was gut ist: Für Experten: Öffnungslösungen: PullTab, 2009)  

 

 

 

  GrandTap 
The GrandTap is especially designed for on-the-go consumption and for drinking directly from 

the packaging or from a straw through the main opening (see figure 5.3). The opening is injection 

molded directly onto the smallest sizes (200ml-250ml) of the Tetra Top packages. (Tetra Pak 

schüzt, was gut ist: Für Experten: Öffnungslösungen: Tetra Top Einmalöffnungen, 2009) 

 

  Bajkal 
The Bajkal opening is made for highly viscous products like yogurt and for frozen products like 

ice cream. About 2/3 of the top is removed in an easy opening function which also makes it 

Fig 5.2 The Perforation™, Easy Opening™, Straw hole and PullTab™ opening solutions (Courtesy of Tetra Pak AB ) 
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possible to use a spoon to eat directly from the package (see figure 5.3). Bajkal is a full top 

opening injection molded onto Tetra Top packages of 250-500 ml. (Tetra Pak schüzt, was gut ist: 

Für Experten: Öffnungslösungen: Tetra Top Einmalöffnungen, 2009) 

 

  Huron 
Just like the Bajkal opening the Huron opening is designed for high viscous products but also 

frozen products. The difference is that the complete cap is removed when opening. The Huron 

opening is injection molded directly on the 100 ml Tetra Top package. (Tetra Pak schüzt, was gut 

ist: Für Experten: Öffnungslösungen: Tetra Top Einmalöffnungen, 2009) 

 

  Recap™ 
ReCap™ is a re-closeable opening that flips open.  The ReCap™ is glued onto top of a PullTab 

on a Tetra Brik packaging using a hot melt adhesive. The ReCap is available in a variety of colors 

and in three different sizes. The opening is only offered for aseptic solutions Package. (Tetra Pak 

schüzt, was gut ist: Für Experten: Öffnungslösungen: ReCap, 2009) 

 

  FlexiCap™ 
FlexiCap™ is one of Tetra Pak’s low-cost reclosable openings. It is a flip-cap opening injection 

molded directly in the form/fill/seal machine. The FlexiCap™ is available for the aseptic 

segment. (Tetra Pak schüzt, was gut ist: Für Experten: Öffnungslösungen: FlexiCap, 2009) 

 

  SimplyPull™ 
SimplyPull™ is a relatively new reclosable low-cost opening from Tetra Pak. It is a further 

development  and improvement of the FlexiCap™. SimplyPull™ is injection molded directly 

onto Tetra Brik packaging and is only available for the chilled segment.  (Tetra Pak schüzt, was 

gut ist: Für Experten: Öffnungslösungen: SimplyPull, 2009)  

 

  FlipCap 
The FlipCap is a reclosable opening with pop-open lid. The FlipCap has a pull-out ring 

membrane that provides a tamper-evident seal and oxygen protection. (Tetra Rex®: Geared for 

adventures, 2004)   

 

 

  Fig 5.4 The ReCap™, FlexiCap™, SimplyPull™ and FlipCap opening solutions (Courtesy of Tetra Pak AB ) 

Fig 5.3 The GrandTap, Bajkal, and Huron opening solutions (Courtesy of Tetra Pak AB) 
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6. PLASTIC FILMS AND SHEETS 
Plastic products are used in a wide variety of applications, ranging from advanced and sophisticated 

products such as aircraft parts and knee joints, to everyday disposable food utensils and packaging. The 

reasons for popularity of plastic products are their great range of properties and ease of processing. By 

altering a plastics atomic composition, molecular structure, or blending it with other plastics and additives 

its properties can be tailored to meet specific requirements. (Rosato, 2004; Harper 2000 & 2006)  

 

All plastics, including natural and synthetic products, are essentially high molecular weight polymers 

composed of organic compounds. Depending on their structural elements and characteristics polymers 

have different properties, but are generally divided into two main classifications; thermoplastics and 

thermosets. This master thesis study only concentrates on thermoplastics due to their applicability and 

common use in the food packaging industry. (American Chemistry Council, Inc., 2007; Callister, 2007) 

 

6.1 THERMOPLASTIC PROPERTIES 
Thermoplastics have the most flexible and processable characteristics of any of the plastic types. They 

account for over 90wt% of all plastics used today. Thermoplastic plastics are not cross-linked polymers 

and have the ability to be repeatedly softened or melted and hardened again to their original state. They 

range from being highly amorphous to highly crystalline (see below), and their properties can be easily 

altered to fit a specific application. Moreover, thermoplastics can easily be remolded, reshaped, and 

recycled. The most common thermoplastics used by Tetra Pak are polyester and polyethylene. (Rosato, 

2004; Harper & Petrie, 2003) 

 
6.1.1 Crystalline and Amorphous Structure 
A polymer in its solid form can exhibit different morphologies, which depend on polymer chain 

structure and chemistry, as well as processing conditions. A random and unordered structure, 

with molecular chains twisted and bent around each other, is called amorphous. Any chain 

disorder or misalignment will result in an amorphous region, whereas a regular and ordered 

polymer structure calls for a tighter packing of its molecular chains in an ordered atomic array. 

These ordered regions are called crystallites and render a crystalline structure. In thermoplastics 

an amorphous area is ductile and flexible, whilst a crystallized area is stiff and strong and has 

higher density. The twisting, kinking, and coiling behavior of its molecular chain makes a 

polymer rarely totally crystalline or totally amorphous. Instead it has crystalline regions dispersed 

within the remaining amorphous region, making it partially crystalline or semicrystalline, as 

shown in picture 6.1. Due to the large effect crystallinity has on thermal, mechanical as well as 

other properties, the degree of crystallinity plays a important role in the practical ways a polymer 

is used . (Harper, 2006; Rosato, 2004; Callister, 2007; (Odian, 2004)  

 
 

 
 
 

 
 

 

 

 

 

 
  

Fig 6.1 Crystalline and amorphous regions of a polymer molecular structure 
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6.1.2 Determinants of Crystallinity 
The degree of crystallinity, i.e. the fraction of the total molecular structure made up of 

crystallites, is affected by a number of factors. Chemical factors include polymer shape, structure, 

and configuration. Processing factors include machining, heating and cooling times, 

temperatures, and pressure, as well as additives used. (Odian, 2004) 

 

  Chemical Determinants 
Polymer molecules often get entangled both inter- and intramolecularly because of their long 

threadlike shape. Molecular chain alignment is crucial for easier crystallization and tighter 

packing in the crystal lattice and is promoted by structural regularity, symmetry, streamlining, 

and flexibility in combination with secondary intermolecular attractive forces. The intermolecular 

forces, or van der Waals forces, arise from the molecules in the polymer chain being electric 

dipoles, meaning that one side of the molecule has a very small positive charge and the opposite 

side an equally small negative charge. As opposites attract, dipole molecules of adjacent polymer 

chains bond loosely with each other. Structural irregularities, side branches and large bulky side-

bonded molecular groups interfere with crystallization as it keeps polymer chain molecules from 

being easily aligned. (Chanda & Roy, 2007; Encyclopædia Britannica, 2009; Callister, 2007).  

 

  Processing Determinants 
Heating and cooling temperatures and time very much affect the formation of crystallites. At 

temperatures above a polymer’s melting point, crystalline regions will not form since thermal 

atomic vibration makes the regions unstable and disrupt ordered molecular arrangements. During 

cooling (and thus less added thermal energy) the rate at which the regions grow decreases as the 

energy of the polymer molecules decreases. As a result, extending the cooling period or keeping 

the polymer material at a constant high temperature below its melting point, crystallization is 

promoted. A polymer’s ability to form growth regions or the ability for its molecular chains to 

move around during cooling depends on the polymer’s shape, structure, and configuration. 

(Callister, 2007)   

 

Orientation also affects the degree of crystallinity. When an extrudate (stream of molten plastic 

material) is brought forward through a machine, the chain molecules of the material are aligned, 

resulting in uniaxial property changes in the in the machine’s forwarding direction. When 

stretched, molecules become aligned and can more easily form crystalline regions or bond tighter 

to each other. In some processes the extrudate is stretched in two directions, giving it biaxial 

molecule alignment. The degree of crystallization will even increase in structurally irregular or 

polymers or polymers with bulky side groups due to this fact. (Rosato, 2004; Callister, 2007) 

 

To alter the degree of crystallization plasticizers (organic substances containing polar groups) can 

be added. These get between polymer molecules, thereby neutralizing the intermolecular forces 

and increasing the amount of amorphous regions. (Chanda & Roy, 2007)   

 
6.1.3 Thermal Transitions 
All polymers are hard rigid solids if the temperature is low enough. But, as a polymer is heated it 

will eventually acquire sufficient thermal energy for its molecular chains to move freely enough 

for it to behave like a viscous liquid. Such a transition takes place over a range of temperatures 

and is divided into two major types of temperatures, crystalline melting temperature (Tm) and the 

glass transition temperature (Tg), where Tm is larger than Tg. (see figure 6.2). (Callister, 2007) 
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Below the glass transition temperature a polymer take on the characteristic properties of the 

glassy state, namely brittleness, stiffness, and rigidity (see figure 6.2). When heating a polymer to 

above its glass transition temperature the translational, rotational, and vibrational energies of the 

molecules in its amorphous regions increase. This causes the amorphous regions to soften and 

change from a solid to a leathery and later rubbery state. Continued heating to just below the 

polymer melting temperature will cause the amorphous regions to soften even more and 

eventually turn into a viscous liquid. As the name implies, the crystalline melting temperature is 

the temperature where the crystalline regions of a polymer melt. Above melting temperature, the 

thermal energy of the polymer molecules becomes so high that the crystallites start to dissolve 

and become liquefied. Crystalline polymers tend to have a more or less sharp melting point 

compared to amorphous polymers which progressively soften as the temperature rises. (Odian, 

2004; Chanda & Roy, 2007; Ashby & Johnson, 2002) 

 

These transition phases work in the opposite way upon cooling. Below the crystalline melting 

temperature, amorphous regions start to form, and when the thermal energy of the polymer 

molecules is low enough for the translational, rotational, and vibrational movements to cease, 

crystallization occurs. Further cooling below the glass transition temperature solidifies the 

amorphous regions once again. (Odian, 2004; Callister, 2007)  

 

The temperature range between Tg and Tm depends on the morphology of the polymer. 

Completely amorphous polymers have only a Tg, whereas completely crystalline polymers only 

have a Tm. Most polymers are semicrystalline thereby having both Tg and Tm. (Callister, 2007) 

 

6.1.4 Mechanical, Thermal, and Optical Properties 
The majority of a polymer’s properties, such as density, stiffness, strength, toughness, thermal 

properties, and transparency are affected by the polymer’s degree of crystallinity. As for density, 

more and larger crystallites call for a more dense polymeric material. Moreover, a higher degree 

of crystallinity means more intermolecular van der Waals forces.  When a plastic material is 

stressed, it is these weak bonds in the polymer that extends, retracts or ruptures. (Ashby et al, 

2007) 

 

Heat transmits through a polymer in the form of elastic waves, called phonons. Initially, upon 

entering the material, they travel with the speed of sound but are slowed down and scattered 

inside the material when they encounter irregularities in the atom lattice. Thus, a material with a 

more structured atom lattice, i.e. higher degree of crystallinity will have a higher thermal 

conductivity. (Ashby et al., 2007)  

Fig 6.2 Thermal transitions diagrams 
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Similar to heat transmission, light in the form of electromagnetic radiation is scattered as it passes 

through a polymeric material. But, since crystalline and amorphous regions have different 

refracting indices a polymer material can be anything from translucent or opaque depending on 

the degree of crystallinity. In order for a polymer material to be transparent or optically clear it 

needs to be completely amorphous or only have very small crystalline regions. (Ashby et al, 

2007) 

 

All in all, materials with a large degree of crystallinity will have more intermolecular bonds and 

will thus be stiffer, stronger, and tougher but are more brittle and requires higher temperatures to 

become viscous. They will also conduct thermal energy better due to their structured lattice. The 

opposite can be seen with highly amorphous materials. (Callister, 2007) 

 

6.1.5 Barrier Properties in Food and Beverage Packaging  
The material barrier properties are essential in food and beverage packaging design. To protect 

the product from its surrounding environment is just as important as protection from mechanical 

impact. Damaging changes in the product properties concerning taste, texture, flavor, odor or 

color usually originate from three sources: migration of additives or other molecules through the 

packaging material into the food, permeation of gases, vapors and other molecules from the 

surrounding environment into the food product and flavor scalping, which is absorption of lipids 

and flavor compounds into the packaging. (Söremark & Tryding, 2007; Coles et.al. (Ed.), 2003) 

 

The barrier issue in packaging is a very complex issue and the development of packing material 

requires a wide and detailed knowledge base ranging from chemical and atomic details. There are 

several factors, often linked closely together, determining the barrier properties of a polymer. It is 

important to take into consideration that barrier properties of a material change over time and are 

affected by the food product the packaging contains. Examples of ways to achieve enhanced 

barrier properties are described briefly below. (Kutz 2005) 

 

  Polarity 
If the polymer chains have a high level of dipolar bonds, both the intra- and intermolecular 

mobility decrease.  The low mobility of the polymer chains makes it difficult for external gas 

molecules to penetrate through the material. Presence of dipolar groups provides good gas barrier 

properties, whereas absence of hydrogen and other polar bonds provides good barrier properties 

for polar vapors and liquids. One problem with dipolar based barriers is that the barrier properties 

are decreasing at high temperatures and high humidity. EVOH, polyketone and PLA (polylactic 

acid) are materials with polarity based barrier properties. (Kutz, 2005) 

 

  Crystallinity 
Polymer crystals are close to perfect barriers as they are impenetrate for most external molecules.  

With increasing crystallinity of a polymer the diffusivity and permeability is decreasing. The best 

polymeric barrier is a polymer with 100% crystallinity. The draw back with a high degree of 

crystallinity is that it often results in extreme brittleness. PVDC (Polyvinylidenechloride) and 

PCTFE (polychlorotrifluoroethylene) are examples of moisture barrier materials with high 

degrees of crystallinity. (Kutz 2005)   

 

  Liquid Crystallinity 
The best polymer barrier materials are considered to be liquid crystalline polymers. The liquid 

crystalline state consists of structures of very close packed rod-like polymer chains. These 

crystalline units are closely packed, but also still mobile. Unlike crystalline polymers, liquid 

crystalline polymers can keep their mechanical properties even at 100% crystallinity. The 

boarders between the crystalline areas are however still penetrateable, but if designed correctly 

these boundary areas can be minimized and render almost 100% unpenetrateable barrier 

properties possible. (Kutz, 2005) 
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  Close Packing 
Closely packed molecules in a material are exposed to high friction forces between the molecules 

which limits possibility of molecular and segmental mobility. This makes it hard for external 

molecules to pass through the material. Physical aged and unplasticized materials have the effect 

of closer molecular packing and thus improved barrier properties. Adding plasticizing solutes to 

the material leads to decreased barrier properties as the plasticizer force the polymer chains apart; 

the packing closeness, the areas of friction and the molecular mobility decrease. (Kutz 2005)   

 

  Orientation 
Orientation of molecules gives the possibility to reduce the free volume in the material and 

thereby reducing the mobility of molecules in the material. This encourages crystallization of the 

material and thus leads to reduced permeability. Orientation of molecules can be obtained by 

stretching films, both uniaxially and biaxially. Stretched films are commonly used as barrier 

materials. Oriented PET (polyethylene terephthalate), PP (Polypropylene) and PA(polyamide)-6 

are a popular example of this principle. (Kutz 2005)   

 

  External Shielding and Lamination 
In packaging application where combinations of properties are desired, laminates of different 

materials are  pouch there are 8 different layers where each layer has a specific property such as 

being a light, fat, moisture and oxygen barrier, add mechanical stability, protect the print, provide 

sealability, and so on. Juices and milk products are sensible to light in the ultra violet spectra. To 

improve UV light properties aluminum is instead the most common barrier used in the beverage 

and food package industry. The aluminum is used for its exxelent oxygen barrier properties. 

 

  Fillers and Blends 
Fillers impenetrable to solute molecules serve as obstacles and thereby decrease the permeability 

of the polymer.  Most efficient is a flake like filler shape. The filler particles will not only 

function as physical obstacle, but decrease the permeability further by bonding to the surrounding 

polymer chains and thereby decrease mobility and flexibility of the molecules. (Kutz 2005) 

 

6.2 MANUFACTURING OF PLASTIC FILMS AND SHEETS 
The definition of film refers to a plastic sheet with a thickness of less than 0.25 mm. A greater thickness 

than 0.25 mm constitutes a sheet (Harper & Petrie, 2003). Packaging is a vast and complex field where 

food item packaging is the largest user of films and sheets. One reason plastic films and sheets are used in 

such a wide variety of products is that they can be easily varied in composition and structure to meet 

specific criteria and requirements. Special formations can be made to enhance a film or sheet’s flame 

resistance, heat sealing characteristics, water absorption, cold resistance, water vapor transmission, light 

or solvent resistance and so on. In plastic film and sheet manufacturing, polymer properties and 

characteristics, film or sheet dimensions, and also the shape and form of the intended final product 

determine what type of fabrication process to be adopted. (Chanda & Roy, 2007)   

 

In order to produce the material needed for the vast amount of potential plastic film or sheet openings 

Tetra Pak would require for its packages, the manufacturing methods have to be fast, efficient, flexible, 

and economically feasible.  

 

6.3 MULTILAYERED FILM AND SHEET MANUFACTURING METHODS 
There are many advantages of combining and adhering two or more film or sheet material together to 

form a single sandwich laminated structure. For instance, there is a gain in product performance when 

each ply of the laminated structure imparts a certain desired property. These properties include 

impermeability or resistance to an environment (barrier), heat stability, toughness, tear resistance, lower 

cost, and many more. For aesthetic or design reasons, properties like color, surface finish, glossiness, 

embossing, and so on can also be achieved. Thus, the sought after result is a multilayered material with 

superior properties than those obtainable in the same thickness of a single layer of only one of the 

combined materials. Multilayered films and sheets can be manufactured in a number of ways. They can 
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either manufactured in a single step or single-layered films and sheets can be bonded together as well as 

coated with extra layers after their initial manufacture. Sheets and films of two or more materials are most 

commonly bonded together through single or successive squeezing between heated and cooled belts, rolls 

or nips. By doing so, one or more of the materials acts as an adhesive that bonds the other materials 

together. In some cases where the adhesive forces between the different material resins created by the 

squeezing forces are not strong enough to provide adequate bonding for structural integrity, an adhesive 

tie-layer may be used to create the necessary bond. (Rosato, 2004; Harper & Petrie, 2003; Harper, 2006) 

 

Caution must be taken to avoid incompatibilities between the two film or sheet materials being laminated 

or bonded together. Otherwise, problems like melting, distortion, tearing, shrinkage, or wrinkling of any 

of the layers can occur. Moreover, it is important not to build in stresses or strains and to avoid air being 

trapped between layers and to make sure that none of the layers are contaminated with resin residues from 

other materials or processes. If not avoided, these problems can cause delamination to occur. 

Delamination is when a layer can be physically separated from the multilayered structure, thus causing 

losses in desired properties. (Harper, 2006) 

 

Similar to single layer film or sheet production, the potential amount of openings Tetra Pak would need 

for its packages requires mass production of a multilayered film and sheet opening material to be 

accurate, fast, flexible and cost-effective.    

 

6.4 FILM AND SHEET SHAPING METHODS 
There are numerous different ways of forming films and sheets into final parts or designs. Different 

methods offer different possibilities in shape complexity, material compatibility, economically feasible 

batch sizes, tooling cost and product wall thickness. (Ashby & Johnson, 2002)        

 

Forming openings to liquid cartons from plastic film and sheets put specific requirements on the forming 

method used. The general demand on the forming method is that it must be suitable for mass production, 

which specifically means reduced cycle times, high efficiency, low material usage, reduced material 

wastes or regrind, and a minimum of post-processing.  A forming unit placed in the form/fill/seal machine 

increases the demands on short cycle times, material waste or regrind reduction, and spatial requirements 

to fit the forming equipment into the existing module system (see section 7.1.2 below). Forming the 

opening in this step gives few design limitations, but might cause costly machine alterations. (Continuous 

personal contact with personnel at Tetra Pak Technical Package Prototyping, 2009)  
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7. LIQUID FOOD PACKAGING 
In this chapter the liquid food packaging is presented in production, distribution, food retail market, 

environmental and, consumer context.   

 

7.1 PRODUCTION 
Packaging operations in food manufacturing businesses are usually automatic or semi-automatic 

operations. To be able to run packaging materials effectively and efficiently through the machinery, fine-

tuned settings and sensitive parameter control is required. As a liquid food carton is made by its 

packaging material being depalletized, conveyed, filled, sealed, labeled, cased, and palletized, even minor 

design alterations will affect several production line steps, parts and ultimately machine performance. 

Major changes will result in extensive machine modification and retooling. Both minor and major 

changes will create unwanted direct costs (for new parts) and indirect costs (for machine downtime, 

prolonged changeover times, training costs for operator, and so on). Also, design changes in primary 

packs, such as height and/or diameter alterations, can have a great impact on volume efficiency and 

stackability of secondary packs during distribution and storage. (Coles et al. (Ed.), 2003) 

 

New packaging materials and packaging designs must therefore be introduced with care, and undergo 

machine trials to find out if required machine efficiency and productivity can be realized. In addition, 

designing new packaging to fit existing production lines with as few modifications as possible will have 

great economical benefits. When designing packaging and packaging openings, it is vital to keep machine 

capabilities and manufacturability in mind in order to avoid reduced productivity. For example, the 

packaging material must still be able to roll-fed into the form/fill/seal machine and be folded and sealed 

according to specifications. Moreover, opening components must not be too bulky and/or require too 

many steps to be fastened onto the packaging in order for the packaging material to run smoothly through 

the machine. (Coles et al. (Ed.), 2003) 

 
 
 

 
 

7.1.1 Packaging Material Converting 
As previously mentioned in Chapter 5 the packaging material is a laminate consisting of 

paperboard covered with layers of various plastics and/or aluminum. The laminate is produced 

using a calendering unit. The main steps in packaging material converting are described below. 

 

  Paperboard Printing 
In the initial step rolls of un-laminated paperboard are printed with whatever graphics are to be 

shown on the final folded liquid carton.  

 

  Lamination and Creasing 
Having being printed, the paperboard is laminated with various layers of plastics and aluminum 

using a calendering unit. At the same time, creases are made onto the packaging material for 

easier folding inside the form/fill/seal machine.  

Table 7.1   Production performance requirements 
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  Cutting 
Rolls of laminated and creased packaging material leaving the calendering unit are usually 

multiple un-folded packaging cartons wide. To be able to fit the form/fill/seal machine the wide 

rolls are cut into rolls of widths of only one un-folded carton (see figure 7.1).  

 
 

 
 
 

Straw holes and perforation openings are usually also made during the lamination and creasing 

step. This saves time as the packaging material can travel faster and easier through the 

form/fill/seal machine.  

 

7.1.2 The Form/Fill/Seal Machine 
The majority of the packaging families and sizes treated in this study are produced in the 

form/fill/seal machine. As the name implies, one machine is used to first form, then fill finally 

seal liquid packaging cartons. This is done through the basic steps described shortly below.  

 

  Paper Feed 
Laminated carton packaging material is delivered on a roll and fed into the back of the machine. 

The width of the paper roll is cut to match whatever carton volume is produced. The packaging 

material is essentially sequences of unfolded and flat liquid food cartons. Moreover, creases have 

been made to the material for easier folding at later stages. 

 

  Punching and Patching 
First, a hole of a predetermined shape and size is punched in the packaging material. The material 

is indexed forward using optical instruments so that only one hole is punched per carton. Next, a 

plastic patch is attached onto what will be the inside of the liquid food carton, covering the hole.  

 

  Pulltab Attachment 
At the same time as the hole is being patched an aluminum strip is placed over the hole from the 

other side of the packaging material. The side of the strip facing the plastic patch is laminated 

with a plastic layer. Heat is applied which melts the patch and the laminated aluminum together 

to form a tight seal. 

 

  Longitudal Strip Application 
Soon after the pulltab has been attached, a plastic strip is applied along one of the edges of 

thepackaging material. This strip is later used in the tube-forming step. 

 
 

Fig. 7.1 The three main packaging material converting stages 
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  Aseptic Bath 
To sterilize and kill of germs, the packaging material is submerged into a hot hydrogen peroxide 

aseptic bath for a brief period of time. The aseptic bath begins the aseptic region of the 

form/fill/seal machine.  

 

  Tube-forming 
As the packaging material continues further it travels down several rings that roll the packaging 

material into a tube. At the last tube-forming ring, the two packing material edges are slightly 

overlapped and bonded together through melting of the plastic longitudal strip applied earlier.    
 

  Filling 
Slightly above the last tube-forming ring a filling pipe is inserted into the packaging material 

tube. From this pipe, whatever food product the finished carton is to contain is poured into the 

tube. 

 

  Aseptic Ring 
Once fed through the aseptic ring, the packaging material tube exits the enclosed and aseptic 

region. The tube is now completely sealed and filled with a food product. 

 

  Jaws 
Two special tools, called jaws, pinch the tube together and at the same time apply heat to the 

packaging material. This causes the plastic layers in the laminated material to melt together and 

form a tight horizontal seal. Once sealed, the jaws then cut along the seal and creates a pouch-like 

liquid food package. The seal is seen as the fin of the final carton.  

  

  Folding  
The pouch-like package goes on to a special folding unit where it is folded along its creases. At 

the same time, the flaps formed on the top and bottom of the finished liquid carton are folded and 

attached to the carton by melting the top plastic laminate of the packaging material together. The 

liquid food carton has now got its final shape and is ready to be capped or shipped. 

 

  External Capping 
A thin layer of a melted adhesive is applied onto an external opening part (e.g. ReCap) which in 

turn is attached onto the liquid food carton, covering the laminated hole. Every non-screw cap 

opening solution applied externally will lead to the need of removing the pulltab-patch laminate 

in order to open the packaging.   

 

It is also possible to apply an opening onto the packaging material inside the form/fill/seal 

machine before the material goes through the aseptic region. One advantage of doing so is that 

the pulltab-patch laminate can be avoided, provided that the attached opening is completely 

sealed. Drawbacks include making cut-outs in the form/fill/seal machine rolls to allow for the 

packaging material with the attached opening to pass through the machine smoothly. This reduces 

machine flexibility as the machine cannot be used to produce other packaging sizes as easily, 

especially smaller sizes.  
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7.1.2 Aseptic and Chilled Segment 
The Tetra Pak packing solutions are divided up into two segments: aseptic and chilled. These 

segments are completely different and requires different packing materials, filling machines, 

distribution chains and a lot else. (Sterilisering av livsmedel , 2009-07-07) 

 

Aseptic food stays fresh for several months without risk of contamination and nutritional losses 

without requiring refrigerating facilities. An aseptic food package is filled with a UHT (Ultra 

High Temperature) treated food or liquid. The filling process is done in a completely sterile 

environment where the handled food product must be completely free from harmful bacteria. 

Also, all machines or machine parts in contact with the food product or packing material during 

sterilization, folding, filling and sealing must be sterile.  (Sterilisering av livsmedel, 2009-07-07) 

 

Tetra Pak has an extended hygiene technology for filling packages with chilled products with 

short durability. The product is filled in a closed and clean environment created by a hygiene 

chamber. This gives the product a prolonged shelf life.  The food safety and preservation 

requirements on openings for the aseptic segment are higher than for the chilled segment. The 

focus of the master thesis study has been on understanding and meeting the requirements of the 

aseptic segment as this would also satisfy the criteria set for the chilled segment. (Aseptisk 

förpackning, 2009-07-07)  

 

7.1.3 Opening Attachment 
An adequate opening attachment is crucial for a successful liquid carton solution. The choice of 

sealing method depends on several factors such as the type of plastics used, production 

parameters and time- and economic constraints. An opening is attached or sealed onto a plastic 

layer in the package material. Thus the sealing will be plastic to plastic. Today, Tetra Pak 

openings are either injection molded directly onto the package in the form/fill/machine (e.g. 

FlexiCap) or attached with hot melt adhesives in a post-production process (e.g. ReCap).  The 

packaging material itself can also be to provide sealing (e.g. PullTab). A selected general 

overview of bonding methods of interest for the master thesis is presented below. (Harper (Ed.), 

2000) 

 
 
 
 

Fig. 7.2 Principle layout of a form/fill/seal-machine 
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  Thermal Sealing 
All types of thermal sealing are based on the same basic idea; the surfaces that will be bonded are 

heated, pressure is applied onto the surfaces, intermolecular diffusion (adhering) takes place 

followed by cooling of the surfaces. The difference between the methods is the type of heat 

source used.   

 

In ultrasonic welding high-frequency vibrations caused by sound waves generate thermal energy. 

The created bond is very strong as the surfaces are often completely fused together. Ultrasonic 

welding is a very fast method with a consistent seal quality which gives a clean breakage along a 

sealing seam or between seals surfaces. In induction bonding a metal insert, screen or film is 

placed between the surfaces that are to be joined and the metal insert or plate is energized with an 

electromagnetic field to generate heat.  

 

Induction heating offers fast process time as well as a consistent quality and breakage along a 

sealing interface. Induction heat can for instance be generated by a magnetic field. Infrared (IR) 

sealing uses electromagnetic radiation as a heat source and gives the same seal quality as 

induction and ultrasonic sealing. But, the process time of infrared sealing is longer and more 

suited for continuous sealing, such as for the side seam (longitudal strip) of a liquid carton 

packaging. In dielectric sealing a dielectric frequency voltage is used to generate heat. (Harper 

(Ed.), 2000) 

 

Hot-plate and hot tool welding are other types of thermal sealing where the surfaces to be sealed 

together are heated by hot plates or tools.  The created seal is strong, but the process is 4-10 times 

more time consuming than ultrasonic welding. (Harper (Ed.), 2000) 

 

  Adhesives Bonding 
Solvent and water based liquid adhesives are available for different applications including high-

speed inline production bonding to manual joining of badly matched surfaces. Solvent based 

adhesives are generally stronger, but more expensive and environmentally hazardous. Hot melt is 

a solid adhesive which is heated up and applied in a liquid state. The application is fast and 

considered clean and simple. Hot melt is also available as film, which is clean and efficient, but 

costly. Pressure sensitive adhesives are tacky adhesives that create a bond between two surfaces 

when pressure is applied. The adhesives are applied by spraying and the bonding effect triggered 

by applying a very light pressure. However, this method does not give a very strong bond. 

(Harper (Ed.), 2000)  

 
 

7.2 DISTRIBUTION 
Distribution is the journey of a packaging from the point of filling to the point of use. A thorough 

understanding of the system and factors involved is fundamental in designing new packaging and 

packaging openings. Distribution generally requires that a packaging is convenient to store and display, 

easy to handle, clearly identifiable and secure. Often, packages are seldom distributed in their primary 

form, but instead bundled together in secondary and tertiary packs. By doing so, improved primary 

packaging protection, handling efficiency in retail operations (e.g. shelf fill or product scanning at 

checkout), tamper evidence, stackability, and ease of handling by the consumer can be achieved. 

Moreover, primary or tertiary packaging offers enhanced promotional capability, use of graphics, and 

better shelf display appearances. All in all, it is essential that new packaging and packaging openings are 

designed to be easily and efficiently bundled and stacked to satisfy the needs and wants of these 

distribution functions. (Coles et al. (Ed.), 2003; Kirwan, 2005) 

 



39 

 

 

 
7.2.1 Packaging Levels 
Packaging is often divided into primary, secondary, and tertiary packaging depending on the 

function of the packaging in the distribution (see figure 7.3).   

 

  Primary Packaging  
Primary packaging (also known as sales packaging) is in direct contact with the food or beverage, 

e.g. a milk carton. It is also the packaging unit which is handled by the end user. 

 

  Secondary Packaging 
General term for packaging that collects and collates primary packages, e.g. shrink-wrap plastic 

film or a corrugated fiberboard tray or case.  

 

  Tertiary Package 
Pallet, roll cage, or stretch-wrap film that holds several secondary and/or primary packages.  

 

 
 

 

7.2.2 Distribution Environments 
Failure to properly consider the climatic, physical, and biological environments involved in 

distribution can lead to inadequate packaging and product spoilage, increased costs, consumer 

complaints or customer (dairies) avoidance. 

 

  Climatic Environment 
The climatic environment includes all factors that can cause damage to the packaging and its 

product. Gases, water and water vapor, moisture, light (particularly UV), dust, pressure changes, 

heat or cold, and volatile flavors and odors all affect a product if it is not properly protected (see 

table7.2). (Coles et al. (Ed.), 2003) 

 
 
 

Fig. 7.3 The different packaging levels 
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  Physical Environment 
All damage of physical nature that can be caused to a packaging can be found in the physical 

environment. It includes damages during warehouse storage, transportation (road, rail, sea or air) 

and handling (pallet movement, case opening, order picking etc.). These operations can subject 

packaging to impacts, vibrations, abrasion, tearing, compression, piercing, puncturing, and more 

(see table 7.3). Also, increased manual handling of primary packaging leads to an increased risk 

of packaging and product damage due to drops. To avoid this, through-distribution merchandising 

units are used in the retail environment, e.g. roll cages for fresh milk. Thus, packaging and 

packaging openings have to withstand the physical environment and fit roll cages or other 

distribution equipment in the retail setting.  (Coles et al. (Ed), 2003) 

 
  

 
 

  Biological Environment 
In the biological environment the packaging interacts with pests (rodents, insects, mites and 

birds) and microbes (bacteria, fungi, moulds, yeasts and viruses) (see table 7.4).To avoid 

problems it is necessary to understand and consider survival needs, sensory perceptions, strength, 

capabilities, and limitations of pests as well as microbiology and methods of preservation 

regarding microbes (see table 7.5). (Coles et al. (Ed.), 2003)    

 
  

 
 

 

 

Table 7.2   Protection requirements of the climatic environment 

Table 7.3   Protection requirements of the physical environment 

Table 7.4 Protection requirements of the biological environment 
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7.3 FOOD RETAIL MARKET 
As competition among retailers is increasingly growing, the constraints on physical distribution and in-

store merchandising are becoming tighter. Retailers look for packaging that reduces distribution and 

operation costs, increases inventory turnover, transforms to attractive merchandising displays, increases 

shelf life or maintains product freshness, and satisfies logistics service levels (reliability, responsiveness 

and product availability). (Coles et al. (Ed.), 2003; Kirwan, 2005) 

 

Moreover, the competition among brands in the food retail market is fierce. Today, the success of a brand 

or product depends a lot on its packaging and overall presentation. To be able to respond to increasingly 

demanding consumers, retailers need innovative packaging designs with differentiating and appreciated 

aesthetic and functional attributes. In addition, the retailer usually wants to convey a certain image of 

itself or its own bands (e.g. healthy eating, environmentally responsible, value for money, etc.).  (Coles et 

al. (Ed.), 2003; Kirwan, 2005) 

 

Both the needs and wants from retailers as well as food manufacturers (see table 7.6) put a lot of pressure 

on a packaging manufacturer as it is highly dependent of the satisfaction of its customers. When 

designing new packaging and/or packaging openings, it is important that these market players’ needs are 

met. If overlooked, then retailer, brand and/or product images might be seen as inadequate by consumers. 

As a result of such an event, customers might abandon the packaging manufacturer in search for someone 

else who can accommodate their needs.  (Coles et al. (Ed.), 2003; Kirwan, 2005) 

 
 

 

Table 7.5   Special packing requirements of distribution 

Table 7.6   Valued packaging properties of multiple retail logistics and distribution 
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7.4 ENVIRONMENTAL CONCERNS 
Public concerns around packaging amount and waste are continuously growing, which makes several 

strategic issues to face the food industry. Pressure from the public, media, and environmental 

organizations has caused politicians to focus their attention on the environment to a greater extent than 

ever before. For legislative, commercial, and environmental reasons, packaging manufacturers are making 

significant efforts to reduce their environmental impact (see table 7.7). New opening designs must 

therefore also focus on minimizing energy and raw material use, minimizing the impact on the waste 

stream, and not to cause environmental damage.  (Coles et al. (Ed.), 2003; Kirwan, 2005)  

 
 
 

 
 

 

7.4.1 Recycling of Thermoplastics 
Thermoplastic parts are relatively easy to recycle, provided that they consist of only one type of a 

polymeric material, for instance polyethylene. If so, the part is sorted according to the Society of 

the Plastics Industry’s (SPI) coding system for the six most common polymers (see figure 7.3). 

After sorting, the part is cleaned, chopped into flakes and reintroduced into plastic manufacturing 

processes. Multilayered plastics are seldom recycled due to the complexities and high costs 

involved in the sorting and recycling processes. So, instead of relying on economically 

unattractive processes to generate acceptably pure recycled plastics, new processes and 

applications are being developed to use multilayered plastic materials in their commingled 

(combined) form. For example, commingled plastics are often used in plastic lumber or as 

replacements for concrete. (Goodship, 2007; Harper, 2006; Harper (Ed.), 2000) 

 

 

 
Fig. 7.4 Society of the Plastics Industry’s (SPI) coding system for polymers 

Table 7.7   Environmental performance of packaging 
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7.4.2 Regrind  
Plastics manufacturing and shaping processes usually produce pieces of material scrap. When 

these left-over bits and pieces are collected and chipped into fine granulates or ground into 

powder and reintroduced into the process, they are called regrind. This reduces material costs as 

well as costs for waste disposal. The regrind should however only be reintroduced into the 

process which it originates from. Regrind that causes a mixture of polymer types when 

reintroduced into a process will change the material properties of the finished part. Thus, 

multilayered plastic scrap is therefore not suitable to be used as regrind and should instead be 

used in its commingled form in other applications or incinerated for energy recovery. (Goodship, 

2007) 

 

7.5 CONSUMER DRIVERS 
The global diversities among consumer preferences, life styles, cultures, and economic situations are 

huge. However, despite different backgrounds there are several product and packaging criteria that unifies 

the needs and wants of most consumers. These criteria can be summarized concisely as the consumer 

drivers of quality, information, convenience, variety, product availability, health, safety, tradition and 

culture, environment, and aesthetics. (Coles et al. (Ed.), 2003) 

 

7.5.1 Quality 
If the quality of the raw ingredients, additives, methods of processing and packaging, but also 

distribution and storage conditions are inadequate, a product may not live up to what is expected 

of it. If the packaging conveys a certain message, e.g. “fresh” or “creamy”, which is not reflected 

in the product’s flavor, color, texture and nutritional content, the quality of that product or 

product brand is perceived as poor and disappointing. Hence, to encourage repeat purchase and 

build brand loyalty in the highly competitive market of today it is crucial that the expected 

product quality and brand values accurately match the product, its packaging, and packaging 

opening. Opening quality depends on parameters such as its overall design aesthetics, material 

selection, color, texture, structural rigidity. It is important that the opening quality is upheld 

throughout the use of the packaging and its product. The opening must therefore not fail 

structurally or functionally during production, distribution, handling and storage. A troublesome 

issue affecting quality is material debris and particles falling into and contaminating the held 

product during initial packaging opening. It is crucial that this problem is avoided in order to 

maintain product quality and consumer satisfaction. (Coles et al. (Ed.), 2003) 

 
7.5.2 Information 
In order for consumers to get information about the product and use of the packaging, facts and 

details concerning weight, volume, ingredients, the manufacturer, nutritional value, and opening 

instructions etc. are usually added to the packaging. This information needs to be clear and 

legible enough to accommodate visually impaired and elderly consumers. (Coles et al. (Ed.), 

2003)  

 
7.5.3 Convenience 
One of the major drivers of food choice and packaging innovation is the need for convenience. It 

includes easy access and opening, disposal and handling, reseal- or reclosability, and prolonged 

shelf life. For instance, portion packs should be compact and easy to hold, drink from and reseal. 

For family packs, ease of opening, reclosing and storage is crucial. These needs and wants put 

higher demands on packaging and packaging opening functionality, size and aesthetics. (Coles et 

al. (Ed.), 2003) 

 

An increasingly growing elderly population in combination with more demanding young 

consumers especially expects improved packaging functionality. These include ease of 
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opening/reclosing, holding, pouring, or drinking straight from the carton. Regardless of the task 

the packaging and particularly its opening should always provide the consumer with visual, 

tactile and auditory feedback for easier guidance and a better handling experience. (Coles et al. 

(Ed.), 2003)  

 

  Opening 
Consumers judge the quality and functionality of an opening based on the effort it takes to open 

and close it. Accessibility, grip, force, rotation or flipping and the number of grasps are all 

correlated determinants that need to be addressed to achieve a good opening experience. The 

determinants in their turn are given by the opening size, position, structural design, materials, 

color and instructions. There are no general guidelines on how to create an ideal opening, but 

consumers tend to prefer easily identifiable, inviting and simple looking openings with a low 

number of grasps, good and large grip surfaces, a quick and clear sensation of opening release 

(and possible tamper breakage) and few and intuitive opening steps. Primary annoyances are 

openings with low accessibility, too large opening forces (including removal of pulltabs), product 

splashing and flimsy structural designs. (Coles et al. (Ed.), 2003) 

 

  Pouring 
The primary annoyances of consumers are gulping and dripping. Thus, an opening should be 

designed to avoid these from occurring as much as possible. Consumers want to be able to 

achieve smooth pouring with self-controlled flow rates regardless of packaging size or remaining 

product volume. To prevent gulping, air needs to be able to move freely into the packaging to 

replace the volume of poured liquid. This prevents build-up of negative pressure or suction. This 

is particularly important for small openings where the liquid can cover the entire opening hole 

during pouring thereby not letting air in. In those cases, vented openings or venting holes should 

be used to ensure a steady air supply. Also, it is important that any part of the opening does not 

hinder or obstruct flow by being in the way during pouring. The possibility to get the last drops of 

a product out of its packaging is also highly appreciated among consumers. (Coles et al. (Ed.), 

2003) 

 

  Drink from 
For products intended to be consumed on-the-go and/or straight from the carton, consumers have 

special requirements that must be met. These include drinking without the nose interfering with 

the packaging or having the packaging or its opening “in the face”. In addition, the flow of the 

liquid should be uniform and controllable, the opening or opening spout should fit mouth and lips 

and consumers should not have to put their heads too far pack to drain the packaging of its 

product. Curved or angled openings with large diameters (>24mm) and a plastic rim or spout will 

help control and enhance the drinking experience. (Coles et al. (Ed.), 2003) 

 

  Closing 
Closing a package is of course similar to opening it. Consumers prefer an easy-to-use and 

trustworthy closing design with a quick and clear closing sensation, few closing grasps and 

sufficient closing forces. Also, for circular cap designs, easy alignment of the cap to its threads or 

neck needs to be quick and intuitive. Feedback through the possibility to see, feel and hear when 

the opening is shut completely should also be provided to ensure the consumer that the seal is 

tight enough for any leakage to be avoided. (Coles et al. (Ed.), 2003; Package & Appeal Design 

Language Guidelines, 2007) 

 

  Transportation and storage 
The ability to store a liquid food carton efficiently is highly valued among consumers. The carton 

should not have any protruding opening parts that obstruct a good and easy fit in refrigerator or 

cabinet compartments. In addition, protruding parts or edges should be avoided when they could 

possibly damage or cut through e.g. grocery bags during transportation. (Coles et al. (Ed.), 2003; 

Package & Appeal Design Language Guidelines, 2007) 
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7.5.4 Variety  
Consumers of today expect (and are more open to experiment with) different brands from 

different countries. This of course leads to a wide range of products in a wide range of pack sizes, 

designs and types. But consumers at the same time appreciate and want functional packages. 

Thus, it is important that a packaging opening can be applied to and function equally well for a 

variety of packages, and not to be package specific. An adoptable opening is not only 

economically beneficial, but can also add comfort when the consumer recognizes it and knows 

how it functions. (Coles et al. (Ed.), 2003; Package & Appeal Design Language Guidelines, 

2007) 

 
7.5.5 Product availability  
Consumers generally expect liquid food products to be available at any time at any store. To 

avoid consumer dissatisfaction and loss of sales, stores must replenish their stock in time. This is 

made possible through packaging that can be easily distributed and able to protect and keep 

products fresh for longer periods of time. Openings that support distribution and prolonged shelf 

life are therefore an indirect consumer need. (Coles et al. (Ed.), 2003; Package & Appeal Design 

Language Guidelines, 2007) 

 
7.5.6 Health 
To live a healthy lifestyle has become increasingly important in modern societies. The impact of 

this change is huge among food products, which in turn also affect packaging. Consumers are 

looking for fresher food products that do not contain excessive additives and preservatives. To 

accommodate for these needs, packaging and packaging openings must support extended shelf 

life and greater protection against product deterioration. (Coles et al. (Ed.), 2003; Package & 

Appeal Design Language Guidelines, 2007) 

 
7.5.7 Safety 
Safety is a major concern and driver of food and packaging choices and spans beyond expiration 

dates and food deterioration issues. Malicious tampering, sharp edges, loose pieces, and hygiene 

are other safety issues that need to be addressed. These can otherwise lead to a reduction of brand 

values, consumer trust, and customers.  Other possible unwanted effects are increased consumer 

health risks, costly recalls or product re-designs, and legal actions related to injury or accidents. 

(Coles et al. (Ed.), 2003; Package & Appeal Design Language Guidelines, 2007) 

 

  Tamper Evidence 
Deliberate sabotage or evidence of in-store consumption can be detected by using packaging 

opening tamper evidence. Good tamper evidence is a device or process that makes unauthorized 

access to the protected product easily detected both visually, tactilely and/or audibly. 

Consequently, it is important that consumers clearly sees, feels, or hears when or if a tamper seal 

has been broken to ensure that the product is safe. Safe products ultimately mean the perception 

that a brand is safe and vice versa. Tamper evidence can be categorized into the following design 

families; tamper rings, external tamper evidence, internal tamper evidence, and external seal (see 

figure 7.5). (Coles et al. (Ed.), 2003; Package & Appeal Design Language Guidelines, 2007) 
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  Airway Obstruction 
Detachable components that are separated from a packaging opening during normal use (e.g. 

screw caps, membranes or pull-tabs) may present a safety hazard if they get stuck inside the 

human body. Children in particular, are most accident prone. The most serious hazard is choking, 

where the object obstructs a person’s airway. This can lead to loss of life or serious injuries. 

Other risks include aspiration (object gets stuck in the lungs, trachea or bronchi), ingestion 

(swallowing into the stomach), and insertion (into nose, ears, or eyes). When designing an 

opening it is therefore very important to avoid any airway obstruction hazards and to keep 

detachable objects to a minimum. A Small Parts Test Fixture (SPTF) is used to assess the risk of 

choking (see figure 7.6). The SPTF is a replicate of the human throat. A component that fits into 

it represents a choking hazard. (Coles et al. (Ed.), 2003; Package & Appeal Design Language 

Guidelines, 2007) 

 

 

 
 
 
 

Fig. 7.6  Small Parts Tests Fixture (SPTF) 

Fig. 7.5 Tamper evidence categories  

Tamper ring  

Internal tamper evidence 

External tamper evidence  

External seal  

Pass  
Fail 
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  Sharp Edges 
To avoid lacerations and cuts during handling, sharp edges on either the packaging or its opening 

must be avoided. Besides from the risk of causing injuries, sharp edges will also lead to a less 

inviting design expression and make the packaging and opening become uncomfortable during 

use.  (Coles et al. (Ed.), 2003) 

 

  Hygiene 
An unhygienic packaging or opening is regarded as unsafe. Residues around openings or 

packaging material soaked in the product as well as packaging or opening leakage and product 

splashes are common dislikes and must be avoided. (Coles et al. (Ed.), 2003; Package & Appeal 

Design Language Guidelines, 2007) 

 
7.5.8 Tradition and Culture  
As each culture has its own history, tradition becomes a fragmented consumer driver when it 

comes to packaging preferences. Consumers may be used to different packaging and opening 

designs in different parts of the world, making them skeptical or reluctant to change when new 

designs are introduced. Nostalgia plays an important role, as product used in childhood often 

have a very positive image later in life. Consumption environments, behavior and patterns also 

differ among cultures. Hence, it is valuable to know and understand these differences in order to 

find a packaging and opening design that is satisfactory to cultures and traditions around the 

world.  (Coles et al. (Ed.), 2003; Package & Appeal Design Language Guidelines, 2007) 

 
7.5.9 Environment  
Consumers are becoming increasingly aware of the packaging waste they generate and what 

environmental impact their consumption has. Consumers want to feel environmentally 

responsible by choosing greener and recyclable alternatives. To accommodate this need, 

packaging and packaging opening recycling must be promoted and simplified. Using highly 

recyclable materials and/or make separation of different materials easier will make the consumer 

more prone to dispose of a used packaging correctly. (Coles et al. (Ed.), 2003) 

 
7.5.10 Aesthetics 
In a highly competitive market, the mere look of things can be an instant attention-grabber that 

ultimately leads to that product is being purchased. In addition, brand values and identities can be 

conveyed by using a certain design language, color or material. Even though the personal likes 

and dislikes of design vary greatly, several unifying design expressions that consumers look for in 

liquid food packaging have been identified. These are that a packaging and its opening should 

look safe, ergonomic, clean, and hygienic as well as express high quality and be visually 

appealing. A robust expression is preferred as it is thought of as protecting the food better. The 

opening should be visually integrated with the packaging shape, size, and graphical elements. 

Also, it is important that the opening has the right product association. For instance, a small 

opening is not associated with viscous liquids such as yoghurt and stewed fruit. All of these 

design preferences need to be taken into account when creating a new opening design. (Coles et 

al. (Ed.), 2003; Package & Appeal Design Language Guidelines, 2007) 
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8. PRODUCT DESIGN THEORY 
 
8.1 USER-PRODUCT INTERACTION 
Human senses and human mind are decisive for how people perceive, interpret, and communicate with 

their surroundings, and are therefore very important to consider when designing products. When 

interacting with a product an individual receives stimulus through his or her senses and processes the 

information before taking action. Thus, it is vital to ensure coherence in how information is presented and 

interpreted and what actions are required by the user to interact with the product correctly. This is 

achieved by considering all types of sensory information when deciding a product’s physical appearance. 

(Isaksson, 2005) 

 

8.2 HOLISTIC VIEW 
When interacting with a product, the user experiences all its properties. The properties can be either 

external or internal (see figure 8.1). External properties are those which a user can easily perceive through 

his or her senses, but also includes properties such as distribution and manufacturing properties. External 

properties are dependent on internal product properties, of which some can be determined by the designer. 

These design properties thus serve as a means of creating desired external properties. As a result, it is 

fundamental to be aware of the impact a design can have on the whole chain, from internal to external 

properties. A comprehensive understanding, or holistic view, of the product is therefore required. 

(Isaksson, 2005)  

 
 

 
 
 

 
 
A holistic view generally means that the properties of a product cannot be determined or explained by its 

parts alone. Instead, the product as a whole determines how the parts behave.  For example, a stapler 

Fig. 8.1 Holistic Design properties 
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cannot fulfill its function “to staple” without having its individual parts put together. But, if separated 

from each other, the parts can be parts of another product or structure. Thus, when designing a new 

product it is important that all participants in the development project have the same picture of what they 

are developing, and that changes in details or on the totality of the product affect the product as a whole. 

(Isaksson, 2005) 

 

8.3 THE PRODUCT MESSAGE 
During product development it is important to consider the communicative part of a product. Through its 

design a product transmits a message to the user concerning time era, producer, company image, product 

area, handling, properties, and so on. The product should carry and convey the message and the meaning 

necessary for the user’s understanding, expectation, and experience of the product. Enabling the user to 

understand the message and the overall impression of a product is a key to improve user-product 

interaction. (Wikström, 2002)  

 

Rune Monö (1997) describes a product as a trinity within limits of an economic and ecological 

circumference (see figure 8.2). The product trinity consists of a technical whole, an ergonomic whole, and 

a communicative whole. The technical whole stands for a product’s technical function, construction and 

production. Everything that concerns the adjustment of the design to human physique and behavior when 

using the products is regarded as the ergonomic whole. The communicative whole deals with the 

product’s ability to convey a message and adapt to human perception and intellect. The terms gestalt, 

sign, and semiotics are strongly related to the communicative whole.  

 
 

 
8.3.1 Gestalt 
The product gestalt is the total physical appearance of a product, e.g. its visual (form, color), 

auditive (sound), olfactory (smell), and tactile properties (material structure). Their relationship 

can be described as “[…] an arrangement of parts which appears and functions as a whole that is 

more than the sum of its parts” (Monö, 1997). This means that the properties are not isolated 

factors but instead work together and influence one another. For example, color changes form and 

vice versa, and sound or smell can add or detract from what we believe our eyes see. (Monö, 

1997; Wikström, 2002) 

 

8.3.2 Sign 
A user receives stimulus and experiences something when he or she observes or interacts with a 

product. Through its gestalt, the product conveys a message which is interpreted and given a 

meaning by the user.  Such a message is called a product sign. A sign can denote something, for 

example a product’s purpose, function or properties, and also connote something, such as cost, 

Fig. 8.2 The product trinity  
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status and so on. For example, on a mail box the slot is a strong sign for posting. A designer 

communicates by means of the product sign. Thus, in order for a target group to understand a 

message, it is important that the sign is made as clear and unambiguous as possible. (Monö, 1997; 

Wikström, 2002) 

 

8.3.3 Semiotics 
Semiotics is the study of signs and sign systems and their structure, properties and role in socio-

cultural behavior. It is a way of linking meaning to product properties by seeing products as sign 

systems that can be decoded. Product semiotics states that we place meaning in what our senses 

perceive when observing or interacting with a product and interpreting its gestalt. Semiotics is 

divided into semantics, syntax, and pragmatics. (Hiort af Ornäs, 2007; Monö, 1997; Wikström, 

2002) 

 

 Semantics 
The study of the message and the meaning of a sign is called semantics. Monö (1997) argues that 

the user’s perception of a products communicative whole can be divided into the four semantic 

functions stated below. 

 

To describe 

The purpose and function of a product is described by its gestalt. It can also describe the 

way a product should be used and handled. A door handle, for example, can describe how 

it should be gripped and turned. 

 

To express 

The gestalt expresses product properties. For example, form can express stability, 

smoothness or movement and material type can express a heavy or hard product as well 

as product quality. 

 

To exhort 

The product gestalt triggers a user to react in a specific way when interaction with the 

product. For instance, a user can be triggered to handle a product carefully, precisely or 

aggressively. 

 

To identify 

The product’s origin, affiliation, placing, type and category can be identified in the 

product gestalt. For example, a bowl can be identified as a part of a china set and a 

company by its trademark or product design features.  

(Isaksson, 2005; Monö, 1997; Wikström, 2002). 

 

Unfortunately, products are not always understandable to the user. It is important that the product 

gestalt is clear and unambiguous to be attractive and inviting and not confusing or misinterpreted. 

Simpler products should be self-instructional. There are reasons to question the semantic design 

of such a product if manuals or other instructional information is needed.  Good design is when 

the gestalt is honest, i.e. only expresses the properties a product has. The gestalt must not give a 

false expression, i.e. not express properties the product does not necessarily have. For example, if 

a product expresses safety without it actually being safe it can have devastating consequences 

when the user is encouraged to handle the product in a non-suitable way. (Wikström, 2002)  

 

  Syntax 
A sign is not an isolated phenomenon. Its meaning (and thus the product message) is influenced 

by other signs in its surroundings. Historical continuity, other product signs, product range and 

family, competitor designs, trends and values or forces in society can directly or indirectly exert 

an influence on the meaning of a sign. For example, a glass mug with a functional design adapted 

to the practical needs of a handicapped person is rather discrete on its own but could be 
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considered quite offensive when put on a dinner table together with exclusive wine glasses and 

plates. A car door handle is a sign on its own but also forms a part of a door on a car. Thus, when 

creating new design gestalts the relationship of the product signs to other signs in its surroundings 

must be considered so that the originally intended meaning of the product does not change. 

(Monö, 1997) 

 

  Pragmatics 
Product pragmatics deals with the use of signs. It stresses the importance to consider who is using 

a sign, what signs are used, where and in what contexts they are used, as well as how they are 

used and for whom (Monö, 1997). Humans interpret and value the message of a product sign in 

relation to their own experiences, interests, likes or dislikes, terms of acceptance or refusal, 

cultures and contexts. Consequently, these factors are all necessary to reflect on and adapt 

product sign usage to in order to avoid misunderstandings and confusions when introducing new 

designs (Wikström, 2002). 

 
8.3.4 Subjective Product Attributes 
The key component in establishing high quality products is a successful interplay between 

product properties, product semiotics and user-product interaction. When a user interacts with a 

product, his or her experienced quality is a perception of the product’s quality properties (see 

figure 8.3). (Isaksson, 2005) 

 Quality from a user perspective can thus be defined as: 

 

“Quality is the customer’s experience (or perception) of how well the totality of quality 

properties of a product satisfies his stated or implied needs”  

        (Mørup in Isaksson, 2005, p.32) 

 

 
 

The level of user satisfaction in products today is so high that good functionality and usability is 

sometimes not enough to appeal and surprise a user.  This level is expected to rise even further in 

the future. This phenomenon can easily be described by a hierarchy of user needs-pyramid of 

different levels. (see figure 8.4)  

 

 

Fig. 8.3 The perceived product quality  
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Level 1 – Functionality 

Without the necessary functionality for performing the tasks the product is intended for, it would 

be useless. This also includes that the semantic message of the product’s functionality is 

appropriately and understandably represented in the product gestalt.   

 

Level 2 – Usability 

Appropriate functionality is a prerequisite for usability, and users call for a product to be easy to 

use once it functions well. Moreover, the semantic message of how to handle the product must 

also be clear and easily understandable to achieve this level.  

 

Level 3 – Pleasure 

As soon as products are functional and easy to use, consumers tend to look for something extra. 

This often means an emotional experience which leads to a higher perception of quality.  

    

Having this concept in mind will give a more holistic understanding of people and their relation 

to products. Designs that incorporate pleasure can thus provide a greater experience for 

consumers than traditional functionality-, or usability-based designs will. (Isaksson, 2005) 

  

Fig. 8.4 Hierarchy of user needs pyramid 

Pleasure 

Usability 

Functionality 
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9. THEORY AND BACKGROUND STUDY RESULTS 
In this chapter the results from the comprehensive background and theory study are presented.  

 

9.1 DESIGN GUIDELINES 
The analysis of the background study resulted in the openings guidelines found in Appendix B.  These are 

a combination of a functional analysis and a media to identify the critical functions in the areas of interest.  

When developing openings for liquid cartons made of plastic film and sheet several areas of opportunities 

can be utilized. These are increased opening size, using same or less amount of plastic materials as in 

existing openings, integration of the opening and the gestalt of the packaging as well as simple and 

“clean” openings. The properties of films and sheets suit these areas of opportunities well.  

 

9.1.1 Production 
The fundamental areas to consider from a production point of view are to design the opening to 

be mass produceable and to simplify its automatic attachment onto the packaging. To facilitate 

mass production of an opening it is fundamental to minimize production cost and material usage. 

It is also necessary that the opening design fits and withstands existing machinery and logistics as 

well as to avoid post processing.   

 

9.1.2 Distribution 
During distribution the overall most important factor is to minimize the impact of introducing an 

opening onto a package. It is fundamental to maximize volume utilization of transportation 

volumes, to facilitate stacking and safe handling and to protect the product during transportation 

and storage in order to make an opening a distribution success.   

 

9.1.3 Food Retail Market 
The key goal in adding an opening onto a package in a food retail context is to maximize the 

profit of all parts involved. The fundamental aspects to consider are to keep the package cost-

effective and to maintain shelf life of the packed product.  When designing for the retail market, it 

is necessary to address factors such as facilitated stacking, storage and safe handling, and to make 

sure that the added opening does not cause the package to not fit retailer equipment.  

 
9.1.4 Consumer 
From a consumer perspective the basic functions of an opening are to protect the product, provide 

access to the product, simplify emptying of the package and encourage handling. Fundamental 

aspects to highlight are that the opening is appealing to consumers and also safe for them to 

handle. For plastic film and sheet openings it is necessary to communicate quality, robustness and 

function as well as to create trust as plastic thin walled containers for food application often 

express the opposite. For an opening to be safe it is fundamental to provide tamper evidence and 

minimize loose components.   

 

9.1.5 Environment 
When it comes to environmental concerns a general guideline is to focus on minimize the impact 

on the environment when adding an opening. It is fundamental to minimize material usage and 

waste, and necessary to facilitate recovery of the material, maximize the resource efficiency, 

minimize usage of hazardous chemicals and to make sure the opening fits already existing 

recycling systems.  
 

9.2 HOUSE OF QUALITY 
This paragraph deals with the findings spawned from the house of quality construction and calculations 

(see Appendix C). The findings showed no surprising or extraordinary results but rather established the 

relationships and tradeoffs that were expected or anticipated. Instead, the compilation and graphical 

presentation of the trade-offs between the needs and wants and the design requirements functioned as a 

means of improving the project overview of the most important areas to investigate.    
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9.2.1 Priority Rankings 
The priority rankings of the technical needs and wants categories show that the openings should 

be easy and cost-effective to manufacture and easy to attach to a liquid carton packaging. 

Moreover, the opening must not fail during distribution or reduce stackability or bundling. The 

most critical consumer needs and wants to fulfill are to make the opening safe and hygienic as 

well as to make sure it is of high quality, appealing, convenient and comfortable to handle (see 

Appendix C). 

 
9.2.2 Importance Ratings 
The strongest indications of the importance ratings calculations are presented below. The 

calculated charts can be seen in Appendix C.1. When looking at the importance ratings of each 

needs and wants category it is easy to see how they contribute to the results seen in the 

importance rating calculation of all the categories combined. 

 

 Total 
The total importance rating diagram indicates what design requirements to the highest degree 

affect needs and wants. These requirements are those related to material properties and usage, 

opening shape, efficiency of manufacturing and production as well as the opening’s attachment 

onto the liquid carton.  

 

  Consumer 
The consumer chart shows higher importance ratings for opening shape and other properties 

relatable to the opening design (color, surface finish, grip, force) as well as for safety and hygiene 

issues. The consumer category is the only category which is affected by all the design 

requirements. This indicates that consumers are either directly or indirectly involved in any stage 

of the life cycle of a liquid packaging carton and its opening.   

 

 Production 
Production is mostly affected by material properties, material usage, the number of materials used 

as well as barrier properties and the level of tamper evidence. Moreover, fewer opening 

components and easier opening attachment to the liquid carton will benefit production. The cost 

per opening is also of course greatly affecting production.  

 

 Distribution 
Not surprisingly, distribution is mostly affected by the efficiency of the distribution chain, 

packaging type and size, and also the placement, shape and size of the opening. Thus, material 

properties and usage also affect distribution when opening size and shape are dependent on the 

type and amount of material used.  

 

 Food Retail Market 
The chart shows that the food retail market is to the greatest extent affected by the design 

requirements relatable to manufacturing and production efficiency as well as to liquid carton 

handling, stacking, and bundling. These requirements relate to opening material and shape and 

also to the type and size of packaging the opening is attached to.  

  

  Environment 
As expected, the level of recyclability is very important to satisfy the environmental needs and 

wants in the opening design. Moreover, manufacturing, production, and distribution efficiency as 

well as material type and material usage are also important. It is worth mentioning that the 

amount of product residues affect the environment too as it ultimately leads to product waste and 

thereby resource inefficiency.  
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 Manufacturing 
Material design requirements, manufacturing efficiency, and cost are most closely involved in 

meeting the needs and wants of manufacturing. Thus, the overall opening design will have a huge 

affect on manufacturing as the design requirements mentioned above are dependent on an 

opening’s shape, size, color, surface finish, degree of resealing and number of components. 

 
9.2.3 Tradeoffs 
A rule of thumb is that the more plus- or minus signs towards the tip of the triangular tradeoff 

matrices there are the more the needs and wants or product design requirements affect each other.  

 

The tradeoff matrix of the needs and wants show that most tradeoffs are needed between 

consumer and production as well as consumer and manufacturing (see Appendix C).  There are 

also several tradeoffs within the consumer category that need to be resolved. All the other 

categories are more or less supportive of each other.  

 

Instead, more tradeoffs are present in the product design requirements matrix. Here, tradeoffs are 

mainly needed between the design category and the categories of materials, processes and cost. 

The requirements of “opening shape”, “material usage (per opening)”, “level of tamper evidence” 

and “cost” give rise to the highest number of tradeoffs. Requirements stemming from the safety 

category are also leading to several tradeoffs, especially with the processes category but also to 

some degree with the design category. The overall trend in the product design requirement matrix 

is that a higher degree of plus- and minus signs can be found towards the top of the triangle. 

There is also a more even representation of plus- and minus signs (see Appendix C). 

 

9.3 SUGGESTED PLASTIC FILM AND SHEET MANUFACTURING METHODS 
The manufacturing methods investigated in the master thesis study were solvent casting, dip casting, 

slush casting, flat sheet and film extrusion, blow film extrusion, calendering, and skiving. However, only 

two were considered fast, accurate, flexible, efficient and economically feasible enough for high-volume 

production. These two common processes, extrusion and calendering, are described below. 

 
9.3.1 Extrusion 
Whenever extended lengths of a product (or a large number of shorter pieces that can be cut from 

such extended lengths) are needed, extrusion is the process used (Harper & Petrie, 2003). Flat 

film and sheets are produced by continuously pour molten plastic, called extrudate, from a die 

(see figure 9.1). The die is wide and flat and designed to deliver a smooth and uniform laminar 

flow of the extrudate, called a web, onto initial polished chrome-plated chill rolls or into a water 

bath. The web is gradually cooled as it is guided further down the line through trim- and slitter 

rolls by a set of idler- and nip rolls. As a final step, when the web has been cooled down 

completely, it is stripped from the line and wound up on large rolls or cut in predetermined panel 

sizes. Orientation of the web is relatively high in the machine direction, and very low in the 

traverse direction. This can cause the finished product to have different physical properties in 

different directions. The thickness of the web is determined by adjusting the die opening, extruder 

pumping pressure, and roll or conveyor belt speed. As a result, sheets can be up to several feet 

wide and 6.5 mm thick, and film of similar width only a few hundredths of a millimeter in 

thickness. Flat film or sheet extrusion is a flexible process with high production rates and little 

thickness variation in the final product. (Harper, 2006; Chanda & Roy, 2007; Rosato, 2004) 
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9.3.2 Calendering 

Calendering is one of the most common methods used for producing films or sheets and for 

applying coatings to textiles, paper or other supporting material. First, a softened plastic mass, 

paste-like melt, or granular resin is fed into a nip between two heated and co-rotating rolls, where 

it is squeezed under high pressure into a web as thick as the distance between the two rolls’ outer 

surfaces (see figure 9.2). Second, the newly formed web passes through two or more nips, each 

with decreasing roll gaps, thus reducing the web thickness even further. The gap in the last pair of 

rolls, called the gauge rolls, governs the thickness of the continuous web that emerges from the 

process. The surface quality of the web may be glossy, matt, or embossed depending on the 

surface finish and texture or engraving chosen for the gauge rolls in the web forming process. 

Decorative effects in the final product can be produced by calendering a mixture of granular resin 

chips of varying color. Having left the gauge rolls, the web passes over several cooling rolls 

before it is wound up or cut into panels. By feeding paper or fabric through the calendering unit’s 

gauge rolls together with the resin sheet or film, they can be coated with a plastic layer, which is 

pressed into the surface of the paper or fabric. In a similar fashion, a polymer layer can be applied 

upon a previous one (see section 9.4.2). Even though it may look simple in its setup, close 

tolerances involved which require precise control of roll temperature, pressure, and speed of 

rotation make for high costs of a calendering unit. Moreover, plastics that melt to a rather low 

viscosity are not suitable for calendering when they tend to be too runny and hard to control. The 

calendering unit’s main advantages lay in its gauge control, production speed and accuracy, and 

product range versatility. (Chanda & Roy, 2007; Rosato, 2004; Harper & Petrie, 2003)    

 

 

Fig. 9.1 Principle layout of a sheet extrusion process 

Fig. 9.2 Principle layout of a sheet calendering process 
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9.4 SUGGESTED MULTILAYERED PLASTIC FILM AND SHEET MANUFACTURING 
METHODS  
The different multilayered film and sheet manufacturing methods investigated were flat sheet or film co-

extrusion, and calendering as well as the coating methods of dip coating, knife spread coating, curtain 

coating, brush coating, roll coating, thermoplastic lamination, and slot die coating. It is worth 

mentioning that roll coating, thermoplastic lamination, and slot die coating are either very similar to or 

incorporated into co-extrusion or calendering. However, the single step manufacturing methods of co-

extrusion and calendering, as well as the coating methods of knife spread coating and curtain coating 

were considered most relevant to the thesis study because of their speed, accuracy, cost-effectiveness and 

flexibility. These methods are described briefly below. 

 

9.4.1 Co-extrusion 
As the name implies, co-extrusion is essentially the same as flat sheet or film extrusion, but 

multiplied by two or more (see figure 9.3). In co-extrusion, two or more materials are being 

extruded from separate extruders, sent through a complex die that applies the melt streams as 

separate layers onto a casting roll. The extrudates go on to be cooled down on a chill roll and later 

nipped between two other rolls which cause them to bond together (Harper & Petrie, 2003). Co-

extrusion is an economical and fast multilayered film and sheet production method, which also 

has the advantages of reducing the risk of delamination and air entrapment (Rosato, 2004).    

 
 

 

9.4.2 Multilayer Calendering 
Calendering is often used to combine two or more sheets or films by, similar to the later stages of 

co-extrusion, squeezing and “welding” the layers together using nip rolls (see figure 9.4). By 

adding softened plastic mass intakes, several sheets and films or different material, properties 

and/or gauge thickness can be produced simultaneously by the calendering unit. Or, pre-

manufactured sheets and films can be fed into the machine, get heated up, and combined with the 

film or sheet being produced. Either way, the calendering unit is a versatile tool for combining 

two or more different layers into a laminate structure. Moreover, it offers consistent thickness 

control, handles broad ranges of viscosities, operates at high speeds, and can also apply multiple 

coats to the front and back of material layer with great uniformity. (Rosato, 2004; Harper, 2006)  

Fig. 9.3 Principle layout of a co-extrusion process 
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9.4.3 Knife Spread Coating 
In the knife spread process the film or sheet to be coated passes over a roller and under a long 

blade or knife (see figure 9.5). The plastic coating compound or molten polymer resin is poured 

onto the film or sheet just in front of the knife, which then spreads out the plastic uniformly out 

over the passing product. The thickness of the coating is controlled by the position, spacing, and 

angling of the knife as well as the speed of the material web passing under it. (Rosato, 2004; 

Harper & Petrie, 2003)    

 

 
 
 

9.4.4 Curtain Coating 
This method is used to coat a flat sheet or film on conveyorized lines (see figure 9.6). Coating 

falls from a slotted pipe and creates a curtain, which the layer to be coated is conveyed through. 

Excess coating material is collected and reintroduced into the system. Coating composition, flow 

rates, and the speed of the conveyor belt determines the thickness of the applied layer. Curtain 

coating main advantage is its ability to efficiently create a uniform coating thickness. Its main 

disadvantage is that it is only applicable to flat surfaces. (Harper & Petrie, 2003) 

 

Fig. 9.4 Principle layout of a co-calendering process 

Fig. 9.5 Principle layout of a knife spread coating process 
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9.5 SUGGESTED PLASTIC FILM AND SHEET SHAPING METHODS 
The film and sheet shaping methods investigated in the master thesis study were blow molding, 

compression molding, cold forming, thermoforming, folding and different metal sheet forming methods 

including deep drawing, roll forming, spinning, and shape rolling. However, the limitation of machinery 

for making prototypes together with recommendations from supervisors and employees at Tetra Pak left 

only two practically applied methods. These two methods, thermoforming and folding, are described 

below.  

 

9.5.1 Thermoforming  
Thermoforming is simply the process of heating thermoplastics and forming the plastics into parts 

and products. Thermoforming is often separated by the two main types of products produced;  

high volume number thin walled products such as blister packs and food containers and lower 

volume number large parts, e.g. refrigerators and pools. There is a variety of different forming 

methods within thermoforming.  Pressure forming, vacuum forming, drape forming, draw 

forming and mechanical forming are just a few of them. Many more and also combinations of the 

different methods exist. Most of the methods use an open mold which leads to that only one 

surface is defined and the surface away from mold will lack precision. There is no possibility in 

thermoforming to have two independent features on each of the two sides of a plastic sheet. 

Moreover, it is hard to control wall thickness as it depends on the degree of stretching and 

thinning of the material. (Avery, 1998)   

 

The available thermoforming method at the department Technical Package Prototyping was 

vacuum forming. In vacuum forming a sheet is heated by convection, conduction or infra red 

heating. The sheets are usually only heated from one side.  The plastic material is heated until it 

reaches the desired temperature within the thermoforming window. The temperature window is 

above the material’s glass transition temperature (Tg) but just below the temperature where the 

plastic material melts (Tm). Once the material has been heated and softened, vacuum is applied. 

The vacuum pressure forces the soft sheet against the contours of the mold to take up its shape. 

There are two types of molds; negative (female) mold and positive (male) molds. For female 

molds the sheet is forced into a cavity and for male molds the sheet shapes around a prominence. 

The formed sheet solidifies against the mold walls and is thereafter removed from mold the mold. 

Vacuum forming is schematically described in figure 9.7. (Rosato, 2004; Edshammar, 2006) 

 

High volume thermoforming of thin walled parts is almost exclusively performed with an in-line 

sheet extruder or with roll fed plastic film or sheet. The advantages with thermoforming are 

inexpensive molds and that a low manufacturing pressure gives parts without built-in material 

stresses. Moreover, color, text and decoration can be incorporated into the molds or sheet to 

Fig. 9.6 Principle layout of a curtain coating process 
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reduce the total finish cost (Ashby & Johnson, 2002). Drawbacks using thermoforming includes 

large amount of scrap (10-50%) which makes regrind utilization necessary in the process (Avery, 

1998). Other disadvantages are that the product must be trimmed after forming and that the 

process can be rather labor intensive (Ashby & Johnson, 2002).  

 

 
 
 

9.5.2 Folding 
Folding is a simple and well known shaping method that does not require any detailed 

explanation. One important detail to highlight is that it is necessary to have absolute control over 

the folding. This can be done with a predefined folding pattern where the pattern is a decrease or 

prominent of the plastic sheet similar to creasing of paper and paperboard.  An example of the 

principle of using a folding pattern is seen in figure 9.8.   

 

 

Fig. 9.7 Principle layout of a vacuum forming process 

Fig. 9.8 Folding example with predefined folding pattern 
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10. CONCEPT DEVELOPMENT RESULTS 
In this chapter, the results that emerged from the various stages of the concept development process are 

presented. 

 
10.1 CONCEPT GENERATION 
The results of the mood board and infographics construction as well as the initial idea generation are 

stated below. 

 

10.1.1 Concept Divisions 
Looking at packaging trends and behavioral patterns of consumers, several different contexts of 

use can be identified. Different opening design solutions in combination with different packaging 

types are needed to meet the demands of consumers (and inevitably the demands of production, 

distribution, the food retail market, and environment) in each of those contexts. Mood boards 

were created for each context to be used as aids in the idea generation stages (see Appendix E1-

E3). The identified user contexts are stated and explained below. 

 

  Everyday Consumption 
The everyday consumption context is a typical at-home setting. It involves products that are 

continuously bought at a food retail market, consumed at or around the dinner table, and stored 

for brief periods of time in refrigerators or cabinets. The products are normally purchased in large 

packaging, i.e. 0.4L to 1.5L, and in large quantities. Moreover, consumption also involves 

packaging handling and pouring by people of various ages and physical capabilities. Opening 

designs for those types of rapid consumption packaging should thus be very cost-effective but 

still meet the basic consumer needs of convenience and safety. This is the largest user context and 

usually involves the packaging families of Tetra Rex and Tetra Brik.  

 

  On-the-go 
Consuming a product on-the-go from portion packs is a rapidly growing consumer behavior. 

Time-pressure and a greater extent of healthy outdoor activities have increased the demands for 

products in small and easy-to-carry packages of mainly 0.1L to 0.3L. Consumption behavior of 

on-the-go products also differ greatly from those in the low-cost context in that a product is 

usually consumed straight from its carton. Besides from fulfilling the basic functional needs of 

convenience and safety, openings for on-the-go packaging must therefore also be easy and 

comfortable to drink from. The packaging families belonging to this segment are generally Tetra 

Brik and Tetra Prisma.      

 

 Premium 
Consumers today find the same openings on wine carton packaging as they do on milk 

packaging. Thus, high quality beverages such as fresh juices, organic products, and especially 

wines and spirits all call for openings that communicate exclusivity. Wine packaging opening 

designs could, for instance, involve colors, metallization, or embossed patterns that fits the design 

language of the wine brand and enhances its image. As a result, openings in the premium context 

are less cost-effective, of extra high quality, and support the characteristics of the held product. 

Packaging families in the premium segment are Tetra Gemina and Tetra Prisma.   

 

10.1.2 Infographics 
The concepts divisions were also used as parts of an infographics poster . Moreover, the influence 

of five basic need categories (cost-effectiveness, quality, aesthetics, exclusivity, and 

functionality) for each concept division was assumed and displayed graphically using circular 

diagrams. These point out important differences between the concept divisions. Functionality and 

cost-effectiveness are important factors in the everyday consumption segment. In an on-the-go 

context, other than functionality and cost-effectiveness, aesthetics and quality are important 

factors. Exclusivity and quality are rated high in the premium concept segment. 
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The infographics also displays the differences in the concept segments’ volume ranges using a 

graphical bar chart. It is evident that everyday consumption spans over a wide range of volumes. 

The needs and wants of consumers, production, distribution, the food retail market, and the 

environment were compiled and listed in the infographics. Finally, a sales comparison (million 

liters of products) of the different concept segments was illustrated using different sizes of a Tetra 

Pak Prisma package. This clearly points out the differences between the segments, and especially 

that the vast majority of packages are in the everyday consumption field.  

 

The infographics were used as support in the idea generation processes, to keep the focus on the 

areas were it mattered the most.   

 
10.1.3 Idea Generation 
The idea generation phase generated in total about 140 hand-sketched ideas. The result form the 

different parts is presented below.    

 

  Idea Generation Session 1 
The first idea generation resulted in some new input to the morphological matrix and partly also 

in some new approaches to plastic film and sheet opening design solutions. The morphological 

matrix in seen in Appendix K. Light was shed on bistable shapes as a promising plastic film or 

sheet opening idea.   

 

 Idea Generation Session 2 
The second idea generation resulted in several ideas geared towards technical solutions rather 

than solutions regarding design and shape.  

 

  Individual Idea Generation 
The majority of the ideas from the idea generation phase were a result of continuous individual 

idea generation. Some of these ideas were also further developed ideas that emerged from the 

idea generations. 

  

10.2 IDEA- AND CONCEPT SELECTION 
The first evaluation of the total number of ideas resulted in about 50 ideas grouped together in about 20 

key groups. The groups were decided based on the main characteristics or functions of an idea, e.g. 

folding. These 20 groups were further discussed with experts in the next step of the idea selection process.   

  

The second step in the concept selection process resulted in the decision of six key ideas or characteristics 

to further develop. These were: “placement of opening under the flap”, “full top opening”, “slide 

opening”, “bistable opening”, “folded opening” and “hygienic opening for on-the-go consumption”. Ideas 

of interest worth mentioning that did not pass on to the next evaluation step were openings with focus on 

decorative patterns, a principle where the product is squeezed out, a telescopic fold-out drink-from 

solution and the idea of using an absolute minimum amount of material need to make an opening 

functional.   

 

The third step of the selection process was partly carried out parallel to the development of mock-ups and 

prototypes. The result is presented below. Worth mentioning is that a full top opening was rejected 

already before going into the more concretized mock-up and prototype phase based on recommendation 

from the supervisors at Tetra Pak.  
 

10.3 CONCEPT SELECTION, DEVELOPMENT AND TESTING 
The key ideas; placement of opening under the flap, slide opening, folded opening, bistable opening, flip 

opening and hygienic opening for on-the-go consumption were further developed into more detailed 

concepts. These were then concretized in mock-ups and prototypes. The prototypes were thereafter 
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subjected to very basic testing and analysis regarding their function and gestalt. This procedure was an 

iterative looping process.  The selected ideas and prototypes are presented below.      

 

10.3.1 Opening under the Flap  
The idea of placing the opening under the flap resulted in simple mock-ups and the one prototype 

seen in figure 10.1. By hiding the opening under the flap it does not interfere with the overall 

packaging gestalt or the packaging graphics until opened for the first time.  However, the 

opening-under-the-flap idea was not subjected to any practical testing, as no prototype solution 

functioning well enough was manufactured.  

 

 
 

 

10.3.2 Bistable Opening 
Prototypes for 20 different bistable opening shaped were manufactured. An example of a shape is 

presented in figure 10.2.  A few package prototypes with a bistable opening were also 

manufactured.  

 

Simple testing of the bistable opening shapes indicated that the opening function is very much 

depended on the shape of the opening. Shapes with rounded front and a pyramid shaped back part 

gave the best opening function. Pouring made controllable and accurate by using a fixed spout 

part which the bistable top part is attached to. The bistable opening was regarded to have high 

potential and to be well integrated with packaging gestalt. However, the semantic functions of the 

opening were regarded as rather unclear and possibly mistaken for a flip opening. But, the 

opening was also believed to provide something extra as it is a new idea in the liquid carton 

context and offers a fun playful but still functional opening solution.    

 
 

10.3.2 Slide Opening 
Prototypes were manufactured for two different slide solutions, one inside slider where the slide 

function was inside the package and another more traditional with the slide function on top of the 

package (see figure 10.3). Various prototypes were manufactured for the outside slider to 

optimize its opening function.  For instance, the opening function of the prototype with a cavity 

and grip wall (see figure 10.3 lower right) was a huge improvement from to the opening 

prototype with a flat opening (see figure 10.3, top right). 

 
A slide opening provides good pouring properties and is believed by the authors to be considered 

as hygienic with its smooth pouring area which no finger come in contact with. Other advantages 

of a slide opening are high level of reclosing, no loose opening parts and a high quality feeling for 

a low cost. As far as the authors know and have investigated no slide liquid carton opening exists 

on the European market. Thus, a slide opening solution might be considered and feel new to 

Fig.10.1 Opening under the flap 
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consumers even though slide openings are common for other products. The slider can also have 

an even lower profile than those seen in the prototypes in figure 10.3, as attachment of the 

opening onto the carton is improved.  

 

10.3.3 Folded Opening 
The folding idea resulted in various mock-ups in paper and later in one package prototypes for 

one of the folding suggestions.  

 

Practical test showed very good pouring properties due to the large spout shaped opening. The 

opening is large but still a small amount of material is used due to low material thickness and low 

material wastes. The package prototype presented above offered poor reclosability. This was 

improved in a later prototype were a locking mechanism for the folded spout was introduced. The 

simple and minimalistic shape gives the opening a hygienic feeling. The folded opening 

prototype has many similarities with the Tetra Pak Easy Opening™ which also might influence 

how the opening is perceived by consumers.       

 

10.3.4 Drinking Directly from the Package  
A  prototypes were manufactured for the key idea of drinking directly from the package. The 

opening, which wrapped around the edge of a portion size packaging, provides good drink-from 

properties and offers extra lip support for a comfortable and easier drinking experience. A 

protective is part of the opening prior to its initial opening. The tab ensures a sterile hygienic 

environment inside the package.   

 

10.3.4 Flip Opening 
Several well thought concepts of flip openings were presented as sketches, but not all reached 

prototype manufacturing. One design idea was further developed and presented as a prototype.  

 

The flip opening shows good pouring qualities and the triangular shape presented in figure 10.6 

also offers a very good sense of pouring direction. A flip opening offers a high degree of 

reclosability and has few limitations to shapes and embossing of the top lid part. Moreover, the 

opening gives a feeling of relatively high quality even though the opening is produced to a low 

cost.   

 
10.4 FINAL RESULTS 
In this following sub-chapter, the final opening design concepts will be presented. Their functionality and 

design elements will be explained as well as their incorporation into existing manufacturing, shaping, and 

production processes. Moreover, the beneficial role of plastic films or sheets as the openings’ material 

will be emphasized.  

          

10.4.1 Lip Cap 
Lip Cap is a non-reclosable opening specially adapted to packaging of portion sizes, which 

normally ranges between 0.1 to 0.3 liters. The opening consists of a plastic sheet which is 

wrapped around the edge of the packaging. The plastic sheet is wrapped around the edges to 

provide a consumer with hygienic surface to rest his or her lips on when drinking from the carton. 

By grabbing and pulling off the tab protruding from the top surface, the package is opened. 

Creasing has been made around the edges of the top flap for easier removal. As the tab is 

removed a spout is formed which helps controlling pouring and drinking. Prior to opening, this 

spout is pointing inwards but turns inside out as the tab is removed.  

 

The geometric shape of the Lip Cap opening mimics the robust and stable expression of the liquid 

carton. Moreover, the hexagonal shape resembles the shape of human lips which further assists 

the user in how the product is to be consumed. The spout formed as the tab is removed will give 

the opening a clear direction of pouring. The large opening will also let air into the packaging 

whilst pouring or drinking and therefore reduce gulping and uneven flow.  The opening design is 
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otherwise very flat with no excessively protruding parts and thus will interfere less with the 

overall packaging design expression or stacking and bundling possibilities. Its fast and easy 

opening function and great drink-from capabilities make Lip Cap an ideal portion pack opening 

design solution. 

 

10.4.2 Arrow Cap 
The Arrow Cap is a triangular shaped flip opening for the everyday consumption segment of the 

Tetra Brik and Tetra Prisma families. It consists of two halves, where the top one folds over the 

lower one in the opening’s closed state. A tight shut is created when the lip of the top half snaps 

over the rim of the lower half. When closed, the Arrow Cap’s top half will completely enclose the 

lower half which prevents small debris from contaminating the product. Seen from a side view 

the opening slants slightly upwards which both creates a better pouring spout but also makes the 

tight snap seal possible. Tamper evidence is provided via a tab, which holds the two opening 

halves together. The tab is pulled off at initial opening. The Arrow Cap is then opened by 

grabbing the lip of the top half flipping it backwards. When flipped backwards, the membrane 

connecting the top and lower half will turn itself inside out and lock the top half into place. Thus, 

the top half will not interfere during pouring. An alternative opening method would be to not 

remove the tamper evidence tab but to use it as an opening aid as well. The opening’s top half is 

also welded to the top of the lower half. Thus, when opened for the first time the top of the lower 

half is ripped off and sticks to the inside of the top half. This ensures proper barrier properties 

until the packaging is opened for the first time. Moreover, the shape and size of the opening 

provides the packaging inside with air to avoid gulping during pouring. 

 

The triangular shape and the slight slant of the Arrow Cap give it a clear pouring direction. The 

shape also resembles the flaps on the packaging sides as well as connects to the traditional Tetra 

Classic shape and Tetra Pak logo design. The slim profile is designed to not interfere with the 

design expression of the packaging and to not cause problems in bundling or stacking. The clean 

surface of the top half and the way it encloses the lower opening half gives Arrow Cap a hygienic 

and safe impression. In addition, the edges of the Arrow Cap are rounded to avoid lacerations or 

discomfort during opening and their will be no loose parts that accidently could be swallowed or 

block airways. The Arrow Cap’s shape and structural rigidity makes it a more qualitative and 

exclusive opening design solution. 

 

The bottom half of the Arrow Cap is created by thermoforming the hole-covering patch in the 

form/fill/seal machine. The top half of the opening is then thermoformed over the lower half. This 

will ensure a tight fit between the two halves. In the next step the top surface of the lower 

opening half and the inside surface of the top half are joined together using infrared radiation or 

ultrasound. The connective flipping membrane is at the same time attached to the lower opening 

half (or alternatively the carton). Thus, as the opening attachment is done inside the form/fill/seal 

machine no post-production capping is necessary. The flat shape of the opening also makes cut-

outs in the form/fill/seal machine rolls shallower which will increase accuracy of the machine. 

The plastic needed for the in-machine thermoforming operations is either roll-fed or sheet fed.  

 

 
10.4.3 Press Cap 
The Press Cap utilizes the negative shape of its design. When the opening’s top half is pressed 

down, it turns itself inside out. This alternation in shape causes it to open. By pressing on the 

sides of the opened half it returns to its original shape and recloses the packaging. When the Press 

Cap is closed, the edges of the top half meet a lip rim from the lower half which ensures a tighter 

seal. Tamper evidence is provided by a tab that joins the two halves together prior to the Press 

Cap’s initial opening. The tamper evidence tab is simply pulled in order for the opening half to be 

pressed down. The large opening makes sure that air is supplied to avoid gulping and thus loss of 

pouring accuracy. 
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As the top half is turned inside out, the user gets clear visual and audible feedback. Visual 

because of shape alteration and audible as a distinct click sound is heard. The top surface of the 

top half is flattened to allow for a more comfortable pressing. The opening is rounded at the front 

as this gives the opening a sense of direction. It also gives the opening a softer and smoother 

appearance which is more comfortable and inviting to press. From a side view the Press Cap rises 

slightly above the packaging but, at the same time, its rounded shape gives it a less bulky 

impression. Even though the opening rises above the packaging it is designed to not interfere with 

stacking and bundling during distribution. The underside of a liquid carton has small indents 

caused by folding of the carton flaps, which the Press Cap fits into. The smooth and uniform 

shape is also perceived as hygienic when there are no large nooks or corners for debris to gather 

in. It is also perceived as safe when there are no sharp edges or protruding parts which could 

cause injury and discomfort. Its simplicity and unusual opening function makes the Press Cap a 

fun and different opening design solution. 

 

 The Lower Half 
As usual a hole is punched in the packaging material. Thereafter, a plastic sheet is thermoformed 

onto the outside of the packaging material as well as down through the hole. There, it meets 

another tool which pushes the sheet’s edges onto the inside of the packaging material and 

simultaneously cuts a hole in the sheet. Thus, in a single step, the lower half of the opening is 

made on the outside of the packaging material and the plastic sheet is wrapped around the edges 

of the hole. 

 

 The Top Half 
The same tool that creates the lower Press Cap part simultaneously forms the opening’s top part. 

Another side of the tool is utilized to thermoform a different part of the same plastic sheet which 

was used in the forming of the lower half. Excessive material is then trimmed off to complete the 

top Press Cap half. 

 

After the two halves have been created they are folded together and a tamper evidence strip 

applied to hold them together. As the entire opening is shaped and produced inside the 

form/fill/seal machine no post-production capping is needed. However, cut-outs in the 

form/fill/seal machine rolls will be necessary to allow for the packaging material with its attached 

openings to pass through the machine.  

 

The main benefit of using plastic sheet to produce the Press Cap opening is to incorporate                  

into the opening. This means that no pulltab covering the hole is needed. Instead, the pulltab is 

attached onto the opening itself and is easier to remove. As it is made in a single step, the Press 

Cap is time-, and cost-effective to produce. It is also material efficient as shaping the whole 

opening from one plastic sheet will lower production wastes. One drawback is the lowered 

recyclability that follows the use of multilayered plastic sheets. However, lowered material 

wastes and resource efficiency is beneficial from an environmental point of view. 

 
10.4.4 Easy Fold 
As the name implies, Easy Fold is a folded opening design solution. When closed, the opening is 

folded flat. As it is unfolded, Easy Fold forms a large and ideal pouring spout. When the opening 

is reclosed its folded edges are clicked into place underneath a protruding lip shape. Tamper 

evidence is provided with a strip that holds the folded edges together prior to Easy Fold’s initial 

opening and during distribution. The flatness of the opening in its closed state also makes the 

Easy Fold opening ideal for stacking and bundling.  

 
Easy Fold has borrowed a lot of its functionality and design expressions from                        

solution seen on Tetra        packaging. Thus, Easy Fold’s its folding and unfolding mechanisms 

has been seen before and is familiarized by consumers. The slippery surfaces of the plastic sheet 

keep the product from sticking to the Easy Fold which makes it clean and hygienic. The plastic 
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sheet material also ensures that the spout is sturdy during handling so that pouring accuracy and 

convenience is increased. The geometric shape of the spout mimics the design language of the 

packaging and binds the two design entities together. The opening does not have any loose parts 

and its torn edges are blunted by the removal of the tamper evidence strip. All in all, Easy Fold is 

a safe, convenient, and functional opening design solution aimed mostly at larger packaging sizes 

in the everyday consumption context.  

 

Easy Fold will be attached to the liquid carton inside the form/fill/seal machine. First a large hole 

is punched in the packaging material. Second, a plastic strip is folded into the correct shape and 

welded to the carton using infrared radiation or ultrasonic sound waves. The strip is roll-fed and 

contains continuous lengths of flat and unshaped Easy Fold openings. The creasing pattern is 

made during the plastic strip’s manufacturing through embossing by a calendaring unit. The 

tamper evidence is also part of the plastic strip and is welded shut in the same stage as the 

opening is attached to the carton. Using Easy Fold no post-production capping is needed. Nor is 

any cut-outs necessary in the form/fill/machine rolls due to the flatness of the opening. 

Plastic sheets have a good surface/material cost ratio which makes larger openings more cost-

efficient to produce. This is utilized in the Easy Fold’s design as it unfolds into a large opening 

even though little material is used in its making. Moreover, no or very little plastic wastes occur 

from the manufacturing and production stages of Easy Fold, which makes it an even more cost-

efficient alternative. 
  

10.4.5 Push Cap 
Push Cap is a low-profile slide-type opening. It consists of two halves. The lower half acts as a 

combined pouring spout and tracks for the top half to slide back and forth on. Prior to first 

opening, the tamper evidence strip is removed from the front of the Push Cap. Then, the top half 

of the Push Cap is slid back to reveal a ring-pull. The ring-pull is easy to grab and makes pulling 

with greater force possible. The ring-pull is pulled to rip apart a membrane covering the opening.  

By sliding the top half of the Push Cap back until a click is heard recloses the opening. Centered 

in the middle of the top half and running perpendicular to the opening direction is a wall for 

enhanced opening control and ease. The wall functions as a small handle or finger placement 

when the Push Cap is slid either backwards or forward.  

 

The Push Cap has a geometric design expression to work better together with the packaging 

design as well as to give a sturdy and robust impression. Its lowered wall in the top half serves as 

an intuitive finger placement for opening and reclosing. All Push Caps edges are rounded off to 

make the opening more safe, comfortable and inviting to handle. It also makes the opening more 

hygienic as there are no nooks or sharp corners for debris to gather in. Good auditive feedback is 

provided from the distinct clicking noise heard when the Push Cap is fully reclosed. Seen from a 

side view, the low profile of the Push Cap interferes little with the overall design expression of 

the packaging. It also makes the packaging easier to stack and bundle. The sturdy construction of 

the Push Cap makes it a suitable opening for a wide variety of packaging types and sizes.   
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11. DISCUSSION 
When reaching the end of a project it is always easy to look back and discuss what could have been done 

differently. This is of course true for this master project as well. In this discussion about the working 

process and the final results some of the master thesis process’ obstacles and lessons learned from it are 

mentioned.  

 

11.2 THE RESULTS 
The opening design guidelines and house of quality matrix provides a solid groundwork for continued 

work in the plastic film or sheet opening topic. The guidelines have especially focused on consumer-

product interaction, where a lot of result has not been possible to evaluate during the time deposited for 

the master thesis work. Instead, the guidelines have provided a solid checklist to make sure that all or the 

majority of the functions have been considered in the final design concept results. Of course, deeper 

theoretical studies regarding material properties, manufacturing-, production-, and distribution equipment, 

and environmental factors are available and needed in order to develop a complete opening design 

solution. However, the information presented about these areas in the master thesis report is considered 

enough for this type of initial study. 

 

The house of quality especially points out the importance of material properties, manufacturing-, and 

production efficiency, and consumer-product interaction. However, the results of the house of quality 

matrix is greatly dependent on what the constructors of the house prioritize consider or relevant. The 

importance ratings are based upon the priority rankings set by the authors. Thus, the output of the matrix 

is very dependent on the input, and is thus not very surprising and extraordinary. But, the purpose of the 

house of quality is not to identify new possibilities but instead to function as a reminder of what is 

important to consider in further work in the plastic film and sheet area. 

  

Overall, the extent of the technical introduction part of the master thesis work should be considered as 

thorough and above expectation for what is regarded as average for this type of study. The results have 

also been compiled into easily understandable text and diagrams, useful for further work. 

 

The other goal of the master thesis study was to identify and present the variety and possibilities of using 

plastic films or sheets in liquid packaging carton openings. The final results show a broad range of 

different design approaches that utilizes several of the main benefits of plastic films and sheets. No final 

design concept focusing solely on material reduction is presented as the focus was put on maximizing 

functionality, cost-efficiency, and consumer attractiveness and experience. Moreover, material reduction 

was identified not to be one of the most important areas of opportunity. The final concept do on the other 

hand lower material usage compared to the majority of existing Tetra Pak opening solutions.  

  

One main advantage of plastic film or sheet openings is the possibilities of achieving larger openings to a 

lower cost. This is mainly due to the high ratio of opening surface area per unit cost possible with plastic 

film and sheet utilization. This characteristic property is highly relevant to keep in mind, especially as 

trends points to higher consumer appreciation for larger liquid carton openings. The drawback is the 

reduced recyclability and problems related to recovery. This should not be taken lightly as concerns about 

the environment are steadily rising among consumers and indirectly companies world wide. 

 

Thermoforming has proven to be an excellent shaping process. Even with the simple thermoforming 

equipment utilized in the master thesis study work, intricate shapes and highly detailed parts were easily 

produced. Thus, the majority of the design concepts presented in this study are adapted to be 

thermoformed as this is considered as a promising opening design field by the authors. Moreover, 

constructing a thermoforming module that can easily be incorporated into the form/fill/seal machine could 

thus prove to open up new and exciting possibilities. 

   

The prototypes produced in the master thesis work do not hold as high quality as the authors originally 

expected they would. Focus was put on producing a several different prototypes to emphasize the broad 

range of plastic film and sheet forming possibilities. However, prototype detailing and development 
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possibilities were drastically lowered with the number of prototypes to be constructed. This, in 

combination with inadequate time frame, basic equipment, and the authors’ lack of thermoforming 

experience made detailed prototype construction nearly impossible. Nevertheless, the prototypes are 

detailed and functional enough to convey the basic functionality of the opening design concepts. In 

conjunction with the visualizations and concept descriptions presented above, the full range of the 

designs’ principles is communicated. Due to time constraints and focus on prototype creation, the design 

expressions and aesthetic appearances of the opening design concept have not been fully considered or 

developed. On the other hand, strong emphasis has been put on the importance of making the design 

expression of the opening and packaging work together in unison. Moreover, satisfying the need of 

making the opening design concepts both be and appear safe and hygienic has been prioritized. The 

authors believe that this is reflected and motivated into the designs. Thus, it is strongly recommended to 

not neglect or underestimate the importance of an opening’s aesthetic appearance and semantic functions 

as they are closely linked to the overall consumer experience.  

 

It is hard to evaluate or compare the final results to existing thermoformed solutions, as these are 

normally at least ten times (or more) as large. Little information or benchmark solutions are available on 

thermoformed small, high quality parts. Thus, to investigate this relatively unexplored area further was 

both interesting and motivating. But, it was also frustrating at times when few reliable resources needed 

for background information and theoretical basis were to be found. 

 

All in all, even though the authors had little or no previous experience with liquid packaging opening 

design or knowledge of plastic film and sheet or thermoforming, they are pleased with the results.  The 

technical introduction study provides a good stepping stone for continued work in the plastic film and 

sheet field. The five different opening design concepts are all regarded to have a high potential for further 

development, and may even be implemented in the Tetra Pak opening solution range in some form in the 

future. 

 

11.1 THE WORKING PROCESS 
The technical information and theory behind plastic film and sheet manufacturing seem endless. 

Moreover, its importance was emphasized by the Tetra Pak supervisors as they feel it is sometimes 

lacking when hiring external designers for work regarding new opening solutions. It proved to be hard for 

the authors to distinguish what was relevant for the master thesis study and what was not. A lot of the 

technical information also required a deeper and more detailed understanding in order for it to be 

compiled and summarized to an easily understandable report. Thus, the technical introduction study was 

planned to occupy more master thesis work weeks than originally expected for this kind of study. On the 

other hand, the extensive technical study inevitable led to a more effective concept generation process as 

it could identify problem areas and pitfalls early in the concept development phase.  

 

In the planning phase, the reduced time available for concept generation was decided to be focused on 

presenting several concepts showing variety and possibilities with plastic film and sheet rather than 

finding a single extensively developed solution. This was also more in line with why the master thesis 

topic was created by Tetra Pak in the first place.  

 

The working process otherwise followed well known design project methods were initial opening solution 

ideas were generated, screened and developed further. The difference was that the extent of the technical 

study forced the concept generation part to become very crammed and compact. The personal experiences 

and information found on similar development processes were limited and the solid base such a project 

has in a well proven and evaluated process plan was partly missing. However, this also forced the authors 

to make crucial decisions whenever needed in order to maintain momentum in the concept development 

process. Due to this, there is a risk that some ideas might have been rejected too early in the process. 

Moreover, the tight schedule led to a missed opportunity to have an evaluation meeting with a special 

support group. The group consisted of Tetra Pak employees with a variety of knowledge in the areas of 

materials, consumer research, design, and product development. These factors could have had changed 

the final result outcome. Regardless of these circumstances and based on their own knowledge gathered 
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from the introduction study, the authors find the final concept results as highly motivated and enough 

diverse to meet the set master thesis goals. 

  

The fact that the two authors came from two different universities did have a few but not too many 

implications on the master thesis work. The different specializations of the authors complemented each 

other well. The difference instead laid in the working processes learned and practice as well as experience 

gained at the two universities. But, rather than clashing, the differences lead to new approaches valuable 

for the master thesis study. The largest difference in working process and methods used was instead found 

between the universities and Tetra Pak. Methodology, evaluation, and the master thesis process itself are 

important factors from an academic point of view. The approval of the master thesis study is based on 

well methods are used and tied to the final results. Tetra Pak was keener on getting results and were not 

fully aware of the time needed to be put on completing a final report. Being torn between the preferences 

of two instances sometimes became frustrating. But, as the master thesis study is a finalization of a master 

thesis program, the academic preferences were needed to be followed. 

 

Existing knowledge and competences present at a large multinational company as Tetra Pak is almost 

unlimited. However, the authors feel that not enough effort was taken to grasp this opportunity and 

utilizing it in the master thesis work. One reason is the troublesome process of finding the relevant 

knowledge. Documentation during previous relevant projects at Tetra Pak has been poor or is non-

existent. Instead, meetings with the persons involved in such projects were the only source of getting 

valuable information. Finding the right persons were however a challenging and rather frustrating 

process. Once found and talked to, the person’s memories of sought after details and knowledge had often 

diminished since the projects were usually 10+ years old. Moreover, the authors had really bad timing 

when the idea generation sessions were to be carried out. Several of the departments at Tetra Pak that 

were asked to participate in the sessions had busiest time of the fall at that time. Thus, the amount of 

people finally participating in the sessions was disappointing. The authors feel that a lot more could have 

been accomplished could more people have been able to take part. Despite the absence of participants, 

several valuable ideas did originate from the sessions. Moreover, the authors were given an excellent 

opportunity to lead and plan their own idea generation sessions.  

 

The creation of opening solution prototypes was more time consuming than expected. The creation of 

CAD-models to be 3D-printed did in itself not take much time, but fine-tuning those models did. Often, a 

printed part was modified several times based on the result yielded from each thermoforming run. The 

challenge during the process was to decide when a tool rendered a good enough results and it was time to 

move on to another concept or development phase. The authors soon realized that the time spent on tool 

fine-tuning was not worth the small improvements in prototypes that resulted from such alterations. The 

decisions to move on even though an area of investigation or a prototype is far from perfect were 

sometimes not easy to take. Even though the opening solutions met the goals set for the master thesis 

study, it is hard to let go of something that one might consider as “unfinished”. The authors had no 

previous experience of the machines used for the prototype creation. Thus, learning the thermoformer and 

finding the appropriate heating temperatures and times also proved to be a bit of a challenge. Time was 

also spent attaching the thermoformed opening solutions onto a variety of different packaging types for 

evaluation.   

 

In a master thesis study the possibility to incorporate and direct the study towards your personal learning 

aims and areas of interest is still allowed and encouraged. This has been the author’s main focus when 

planning and carrying out the work process. The greatest result of the master thesis work the authors 

believe is the lesson learned about themselves in their strife of reaching a Master of Science degree in 

Engineering (Sw. Civilingenjörer). How hurdles and setbacks were overcome and the process adjusted 

and adapted to external circumstances are valuable experiences to have for meeting future challenges. 

Practice makes perfect. Übung macht den meister. Övning ger färdighet.    
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12. CONCLUSION 
 
The goal of this master thesis project has been to investigate the possibilities of using plastic film or sheet 

in liquid carton packaging openings. Furthermore, the goal was to present early design concepts and 

prototypes that should enhance user experience and consumer attractiveness. 

  

The technical introduction study showed that plastic films and sheet have the beneficial properties of low 

cost, flexibility, and surface area per cost unit and are thus well suited as opening solution materials. 

Moreover, in combination with thermoforming, parts with intricate shapes and designs can be made fast, 

efficiently, and to a low cost. A thermoforming unit module could also be incorporated into the 

form/fill/seal machine to apply openings onto the packaging material during high volume production. 

 

The project process has involved a comprehensive technical introduction study which set aside an 

inadequate amount of time for the design concept generation phases. Even though the time available for 

concept development became short, the presented final concept results are diverse and have great 

potential. The goal of showing a broad range of the possibilities using plastic films and sheets has thereby 

been met. But, since the concepts are not complete solutions, they are not yet developed enough to be 

tested by consumers. Thus, it is hard to know if the goal of enhancing user experience and consumer 

attractiveness has been met. The consumers’ needs and wants have however been the focal point in the 

concept generation phases and the presented opening solutions are clearly geared towards the end user. 

The low profile and design elements of each of the five final concepts maintains or works together with 

the integrity of the packaging, and also support stacking and bundling during distribution.  

 

The experiences gained during this project show a great potential for plastic film and sheet openings on 

liquid packaging cartons. It is a new approach which requires a lot of further investigations and 

developments, but is worth to consider for future opening solutions.  Thus, this master thesis has 

successfully fulfilled its main goals. 
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13. RECOMMENDATIONS FOR FURTHER WORK  
 
Further work can strive towards many different directions. The right way to go is dependent on many 

different factors and is should be mentioned that these recommendations for further work are based only 

on the knowledge gained from the master thesis study.   

 

It is clearly seen in this study that plastic film and sheet openings have many advantages from a technical 

point of view. But, with only this report as a basis it is hard to identify the level of consumer acceptance. 

Thus, it is highly recommended to refine the final concept openings and produce high quality prototypes 

ready for more extensive and systematic consumer testing. The understanding of the pros and cons of 

plastic film or sheet openings and the different opening concepts from a consumer perspective can only 

be gained from consumer testing. Consumer understanding is necessary to identify areas where further 

design and development effort is needed.       

 

The economical arguments for plastic film or sheet openings are an extensive area essential to be 

thoroughly investigated and mapped. This can be done by means of comparing production cost, material 

usage and cost in the distribution chain for plastic film openings to existing benchmarks solutions from 

the Tetra Pak opening portfolio.  

 

Fundamental in most product development projects is the possibility getting intellectual property rights of 

the results. A thorough investigation of existing patents in the area of forming of plastic films and sheets 

is recommended to be carried out in a later phase of the development process.  

 

The general recommendation is to focus further work on consumer acceptance and to identify the areas of 

consumer attractiveness offered by plastic film and sheet openings. The technical problems and 

challenges can surely be solved at a later stage but are of course of great importance to consider 

throughout the process.  
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APPENDIX G   IDEA GENERATION METHOLOGY   

G.1  IDEA GENERATION SESSION 1 
 

 Purpose 
The purpose of this session was to:  

a)  Complete a morphological matrix (see above) by finding ways to achieve different principles of  

a liquid packaging opening. This matrix was to be used in idea generation session 2.   

b)  See what people from various departments within Tetra Pak regard as an ideal opening. 

c) Get to know the participants and their capabilities better at the prospect of the second  

idea generation session. 

 

 Participants 
20 participants of different ages, sexes, and work experience from various departments at Tetra Pak. 

Departments included Technical Package Prototyping, Consumer Research, as well as Graphic-, and 

Industrial Design were asked to participate. However, only four persons (3 men, 1 female) were able to 

take part in the session 

 

 Introduction 
The facilitators (in this case the authors) welcomed the participants and introduced the problems targeted 

by the session. Before each activity a brief project presentation was given by the facilitators to explain the 

purpose and procedure of the activity. Prior to the session the facilitators had prepared the session room by 

rearranging furniture placement and putting out drawing utensils, papers, snacks and fruit 

 

 Morphological matrix creation  
One of eight predetermined opening principles was introduced to the participants. They were then asked to 

illustrate or describe in text as many ways as possible to achieve that principle. A white board was used by 

the participants to write down or draw their ideas. The discussion around the principle lasted for around 5 

minutes. Before the next principle discussion the white board notes were copied to sheet of paper by the 

facilitators. This idea generation procedure was then repeated for each of the eight opening principles. The 

activity as a whole lasted for around 55 min. 

 

 Coffee break 
Following the first activity a ten minute coffee break was taken for the participants to clear their thoughts 

and to allow for the facilitators to prepare for the next activity. Coffee, tea, and pastries were available 

during the break for all participants to enjoy. 

 

 Deck of cards activity 
Two piles of cards were prepared for each participant in the manner explained in paragraph 3.2.5. The 

participants were then allowed to illustrate ideas on a piece of paper for around 20 minutes, with as many 

changes of cards as they preferred.  

 

 Session round-up 
The last five minutes of the session was used as a round-up where the facilitators thanked the participants 

and asked for their feedback regarding the session and the facilitators’ performance. Moreover, the 

participants were informed about an upcoming second idea generation session. The session was then 

declared as completed. All in all, the entire session lasted for almost 1 hour and 35 minutes.  
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APPENDIX G   IDEA GENERATION METHOLOGY   

G.2  IDEA GENERATION SESSION 2 

 
  Purpose 

The purpose of this session was to:  

a) Create alternative ideas by combining principle solutions from the morphological matrix 

which was created partly from idea generation session 1.    

 

 Participants 
20 participants of different ages, sexes, and work experience from various departments at Tetra Pak. 

Departments included Technical Package Prototyping, Consumer Research, as well as Graphic-, and 

Industrial Design were asked to participate. However, only three persons (3 men) were able to take part in 

the session. 

 

 Introduction 
The facilitators (in this case the authors) welcomed the participants and introduced the problems targeted 

by the session. Before the activity a brief project presentation was given by the facilitators to explain the 

purpose and procedure of the activity. The facilitators supplied the participants with drawing utensils, 

papers, snacks and fruit. 

 

 Partly covered morphological matrix 
Each participant was given a version of the morphological matrix (printed in color on paper of size A3) 

with only some solutions visible in each principle row. The participants were all given different versions 

of the matrix. They were then instructed to generate and illustrate ideas by combining the visible matrix 

fields. After 5-10 minutes the participants were all given a new partly covered matrix and asked to repeat 

the illustration procedure. This was later repeated a final time, resulting in three different covered matrices 

per participant to generate ideas from. The activity lasted for around 20 minutes.   

 

  Coffee break 
Following the first activity a ten minute coffee break was taken for the participants to clear their thoughts 

and to allow for the facilitators to prepare for the next activity. Coffee, tea, and pastries were available 

during the break for all participants to enjoy. 

 

  Full morphological matrix 
In this activity, each participant was given a full morphological matrix with all fields visible. Much like 

the previous activity, they were then instructed to generate and illustrate ideas by combining the visible 

matrix fields. The participants were given time to do so for around 20 minutes.   

 

 Session round-up 
The last five minutes of the session was used as a round-up where the facilitators thanked the participants 

and asked for their feedback regarding the session and the facilitators’ performance. The session was then 

declared as completed. All in all, the entire session lasted for about 1 hour. 
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