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Target of this master’s thesis was to research markets of the thermoforming 

machines and packaging materials what they use. It also has been researched what 

kind of capital investment is needed for new thermoforming machine and how 

much materials cost in the market.  

As a source material, in this thesis has been used academic literature, different data 

bases and Smithers Pira reports. Based on these sources has been made excel 

modeling and numeric statistic analysis.   

About 2200 thermoforming machines have been sold annually and number is 

growing in steady rate. Also material market is growing both in plastic and 

paperboard materials and especially in meat and fish sector paperboard is growing 

really fast. Biggest drivers in growth are urbanization, new food retail trend and 

Asian markets. 
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Tämän työn tavoitteena oli selvittää syvävetokoneiden ja koneiden käyttämien 

pakkausmateriaalien kokoa. Tavoitteena oli myös selvittää, millaisia investointeja 

koneen hankkiminen vaatii ja miten paljon materiaalit maksavat markkinoilla.  

Työn lähde materiaalina on käytetty akateemista kirjallisuutta, eri tilastotieto 

kantoja ja Smithers Pira raportteja. Näiden lähteiden pohjalta on tehty Excel-

pohjaista mallinnusta ja numeerista tilastoanalyysiä.   

Tutkimuksen tuloksena selvisi, että syvävetokoneita myydään Euroopassa noin 

2200 kappaletta ja myytävien koneiden määrä kasvaa tasaisesti vuosittain. Myös 

materiaalien käyttö pakkaamisessa on kasvanut tasaisesti ja erityisesti 

kartonkipohjaisten materiaalien käyttö lihan ja kalan pakkaamisessa on kasvanut 

voimakkaasti. Suurimpia ajureita kasvulle ovat olleet kaupungistuminen, uudet 

jälleenmyynti-trendit ja Aasian markkinat.  
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SYMBOLS AND ABBREVIATIONS  

 

B/C   Benefit-Cost-ratio 

BMC   Business Model Canvas 

EPR Extended producer responsibility  

FC   Fixed costs 

i   Interest rate 

I   Initial investment 

IRR   Internal Rate of Return 

NCF   Net Cash Flow 

NPV   Net Present Value 

PB   Payback  

PE   Polyethylene 

PET   Polyethylene terephthalate  

PET-HD   Polyethylene terephthalate high-density  

PET-LD   Polyethylene terephthalate low-density  

PP   Polypropylene 

PS   Polystyrene 

PVC   Polyvinyl chloride 

RV   Residual value 

SWOT   Strengths, Weaknesses, Opportunities, Threats 

t   time [s, d, a] 

VC   Variable costs 

WACC Weighted Average Cost of Capital 
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1 INTRODUCTION  

1.1 Background 

Packing has a significant role in all industries, especially in the food industry. 6 % of turnover 

(Järvi-Kääriäinen & Ollila, 2007) is used for packing. As we can see, markets for different 

packaging solutions are quite vast. There are many ways to pack food, but within this thesis, 

we concentrate thermoforming machines and markets of thermoforming machines and 

materials used in thermoforming. Nowadays most thermoforming machines use plastic. 

Another point of view in this thesis is usage of bio-based fiber materials in thermoforming and 

cost effects of fiber materials.  

 

Packaging industry serves society multiple ways, which impact grows when we are going 

towards more global businesses. Packaging industry offers plenty of jobs in package 

manufacturing and packaging material manufacturing, logistics, research and development and 

retail. You may say that packaging industry is versatile and has many fields for research and 

business opportunities.  (Järvi-Kääriäinen & Ollila, 2007).  

 

Another matter with packaging materials is European Union (EU) Commission strategy to 

boost the circular economy. The target of this strategy is to increase the amount of recyclable 

plastics to 100 % and recycled amount to 55 % by 2030. In year 2015, we used 49 million tons 

of different plastic products in EU area, and almost 40 % of it was from packaging. This drives 

different packers to the situation where they have to consider which materials they use in the 

future. Will they keep using plastics or exchange it to paperboard materials for example? (Swan, 

2018)  

 

Related to previous matter, Lidl Finland has made clear goal to decrease the amount of plastic 

packaging materials in its brands. The goal is to decrease plastic by one-fifth before year 2025. 

Lidl Finland is one of the first who makes this kind of promises in Finland. Their goal also 

includes targets to increase the amount of recycled materials in their products. (Promaint, 2018) 

 

Another theme in meat packaging industry is the use of different packaging methods, modified 

atmosphere packaging (MAP)- and SKIN-packaging. MAP-method is the traditional method to 

pack meat and it has been used from 1930’s. Then it was used to protect fruits while transporting 
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them with high levels of 𝐶𝑂2 . In 1970’s MAP were used with bacon and fish in Mexico. Since 

then the method has been developed, and it has more consumer demand. SKIN-packaging has 

been developed in recent years, and now it competes with MAP-method. SKIN-packaging has 

advantages because it uses less material and doesn’t need excess protective gases in packaging. 

(Yam, 2009)  

     

1.2 Targets, research questions and limitations 

The target of this thesis is to find answer to following two main research questions and all sub 

research questions. This thesis can be divided into two parts: market research part and 

investment part.  In the first part we will find the answer to the following questions: 

RQ1 – What kind of is industrial size thermoforming machine market?  

The main question is divided into following sub-questions: 

RQ1.1. What is the size of markets? 

RQ1.2. What kind of manufacturers there are?  

RQ1.3. What is the future of the markets like?         

RQ1.4 What is the size of the packaging material market and what kind of materials they use 

for thermoforming? 

During the process of this thesis, we have made Excel based investment model, and with it, we 

can answer questions about the second part of the thesis:  

RQ2. What kind of investment is needed for renewal of machines? 

RQ2.1 What is investment cost structure and is investment profitable? 

RQ2.2 How will machines evolve in the future? 

Excel model can also be seen as a key result and purpose of this thesis.     

 

In this thesis we will limit our research in Finland, a few big European countries and if possible,  

North America. European states that we are interested in are Germany, Italy, Denmark, and 

Great Britain. We will only research meat and poultry industries as users of thermoforming 

machines because otherwise thesis will be too vast and then we can concentrate one kind of 

thermoforming machines.  
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1.3 Methods and data  

Methods used in this thesis represent case study on its market research part. Case study 

concentrates thermoforming machines and materials and also companies that manufacture these 

products. As tools of the study, we use SWOT-analysis and Business Model Canvas.  The 

second part can be seen as constructive research of design science. Investment model can be 

used for solving investment problems and getting suggestions in decision situations. Investment 

model is based on other master’s thesis, dissertations and needs of orderer of this thesis. 

Parameters included in the model were decided with supervisors and were refined during the 

process. Structure of result pages is based on standard financial report structure (revenues – 

costs = profit) and materials of life-cycle analysis course (Kärri, 2017).      

 

Information needed to answer all research questions was gathered from different statistics and 

via budget tenders. Statistics are from customs and packaging organizations of different 

countries, EU and United Nations (UN). (Eurostat, UN-database) With statistics, we will figure 

out the size of markets and how much thermoforming machines there are. Budget tenders will 

be used with Finnish thermoforming machine importers, European machine manufacturers, and 

material manufacturers.  With budget tenders, we will get thermoforming machine and material 

prices and other information used with investment calculations. We will also use Smithers Pira 

reports as background information on market drivers and trends in food packing and packaging 

material usage. (Boyce, 2015; Platt, 2017; Soezen, 2014)  

 

1.4 Structure  

Structure of the thesis will be following. In chapter 2 background information and theory of 

thermoforming technology, market research and investment calculations will be reviewed, and 

it will be base of empiric part of this thesis. In chapter 3 information from databases, Pira reports 

and annual reports will be reviewed and as a result of the review the reader will obtain clear 

view what is status and future of the thermoforming and material market. In Chapter 4 

background information from chapter 2 will be used and with the investment is designed with 

that info. With the investment, the model has researched profitability of machine level 

investment in one season and during whole lifecycle. In chapter 5 all research questions will be 

answered, and all key results will be gone through. In last chapter all researched matters will be 

taken and conclusions will be drawn out.  
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Figure 1. Outline of the thesis 
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2 THERMOFORMING MARKETS, MODELING AND INVESTMENT  

In the following chapter, we will go through all points and tools necessary to understand the 

case. First, we will tell about technology, then matters of market research and cost accounting. 

Finally, we will tell some theory of investment calculations, life cycle and also Business Model 

Canvas and SWOT-analysis.  

 

2.1 Machines, processes and materials 

In this chapter, we will tell about the technology of thermoforming machines and packaging 

materials used in thermoforming machines. (Järvi-Kääriäinen & Ollila, 2007). 

 

Machines and processes  

By thermoforming, we mean molding hot plastic with pressure tools or vacuum. In 

thermoforming thermoplastic sheet is heated softening temperature generally with infrared-

heater after which sheet will be forced into mold and cooled. The cooled product will be 

removed from the mold and finalized. (Järvi-Kääriäinen & Ollila, 2007). 

 

Sheet manufacturing  

The sheet used in thermoforming is typically manufactured with flat film extruder. The 

thickness of sheets variates from 0,2 mm to 2,5 mm depending on product. The structure is 

mostly one layered, but also multilayer structures are commonly used. (Järvi-Kääriäinen & 

Ollila, 2007). 

 

Thermoforming 

In thermoforming machines, the sheet is heated in temperature needed by material after which 

sheet will move to molding station. The material is stretched in cavity area with the mechanical 

pusher. Final forming is made with pressured air or vacuum. Products are cut off from sheet in 

shaping station or separate cutting station. Finally, products are stacked and moved to final use. 

Extra material from cutting station is crushed and returned to material production. 

Thermoforming molds usually have multiple cavities. The number of cavities depends on 

product, size of the machine and size of series. (Järvi-Kääriäinen & Ollila, 2007). 
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Labeling  

Labeling is mostly made as after printing with dry offset method. Machines are equipped with 

4-8 color units and colors are dried with heat or UV-light. The method is used both with side- 

and lid labeling. (Järvi-Kääriäinen & Ollila, 2007). 

 

Properties and design prerequisites 

Thermoforming is a versatile method to manufacture packages, which properties may vary each 

other significantly depending on for example by chosen raw materials. Common general 

features can be found so we can tell about properties of thermoformed products. (Järvi-

Kääriäinen & Ollila, 2007). 

 

Shape 

Thermoformed products are always cone-shaped so they can be removed from molds easily and 

be stacked. Stacked empty packages gain significant space savings. We must remember some 

shape related things when designing package: 

•    Products height to opening size ratio shouldn’t be more significant than 1. Then wall 

thickness will be big enough.  

•    There shouldn’t be sharp edges because that will cause thin areas.  

•    Product must be designed so that it will be easily removed from the mold.  

(Järvi-Kääriäinen & Ollila, 2007). 

 

Material 

Choice of the material will determinate manufacture machine, shape, weight and usage of the 

package. (Järvi-Kääriäinen & Ollila, 2007). 

 

Size of the set  

Planned size of the set of packages often determinates the method of thermoforming. With 

significant and often repeated sets we will use steel molds with long production life. Interiors 

of molds can be modified with moderate costs. With that we can get different volumes and 

shapes with the same opening area. The downside of steel molds is a high price. Steel molds 

are mainly used in pressure molding. Molds can also be made from wood, aluminum, resin, and 
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plaster because they are cheap but don’t last that long. These molds are often used in vacuum 

machines. (Järvi-Kääriäinen & Ollila, 2007). 

 

Sealing  

There are many methods for sealing of which most common ones are different seamless 

solutions. Smooth edges of thermoformed products give good prerequisites for seamless 

sealing. In hot sealing, we have also have to consider sealing material. (Järvi-Kääriäinen & 

Ollila, 2007).  

 

 

Figure 2. Example picture from thermoforming machine. 1. Lower web, 2. Heating and 

molding, 3. Filling, 4. Gas and upper web, 5. Cutting, 6. Labeling.  

 

In Figure 2 can be seen example of thermoforming machine. From right to left can be seen (1) 

roll of the lower web of which packages are made of. In part 2 material is heated and molded 

to the desired shape. In part 3 packages are filled and moved to part 4 where packages are sealed 

with or without gas. In parts 5 and 6 packages are cut off and packed for transfer.  

 

2.2 Plastic materials 

Most packages made in thermoforming machines are used in the food industry because they are 

hygienic and most of the packaging machines in the market are suitable for them. (Järvi-

Kääriäinen & Ollila, 2007). 

 

Polystyrene 

Class clear polystyrene (PS-GP, PS) 

Pure polystyrene is used mainly as mixture and surface material with shockproof polystyrene 

make the material more rigid or give package glossy surface. Bio axially stretched PS-O which 
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is made from PS-GP, has become more common. Mainly used in vegetable-, take away- and 

bakery product packages. (Järvi-Kääriäinen & Ollila, 2007). 

 

Shockproof polystyrene (PS-HI, P/B) 

Most common polystyrene used in thermoforming is PS-HI because it has good workability 

features in all parts of the process. Mainly used with dairy products and drinking cups. (Järvi-

Kääriäinen & Ollila, 2007). 

 

Foamed polystyrene (PS-E) 

PS-E is material made from PS-GP with physical foaming substance. Advantages are 

lightweightess and excellent thermal insulation. As a disadvantage, fragility and greater room 

requirement for finished products. Mainly used in meat trays, hamburger cases and take away 

packages. (Järvi-Kääriäinen & Ollila, 2007). 

 

Polyvinyl chloride (PVC) 

As thermoforming material easy and fast, but because of environmental reasons use of PVC is 

decreased. Mainly used in Blister-packages, clear lids. (Järvi-Kääriäinen & Ollila, 2007). 

 

Polypropylene (PP) 

Use of polypropylene in thermoforming has become more common after 1990’s due to the 

development of mechanical engineering and raw materials. Mainly used in heat-resistant dairy 

products-, edible fats-, ready meals-, meat- and salad packages and microwavable paperware. 

(Järvi-Kääriäinen & Ollila, 2007). 

 

Polyester 

Polyesters are quite new as thermoforming materials. Different polyesters vary a lot by 

application, machining method, and properties. (Järvi-Kääriäinen & Ollila, 2007). 

 

Amorphous polyester (PET-A) 

Amorphous polyester PET-A is very similar to PVC both by looks and properties. That is why 

PAT-A will replace PVC. Mainly used in Blister-packages, transparent lids, combination 

materials. (Järvi-Kääriäinen & Ollila, 2007). 
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Crystalline polyester (PET-C) 

Polyester will crystalize in the hot mold when the material becomes more heat resistant and 

rigid. This property is used in so-called dual ovenable packages which can be heated in the 

microwave and regular oven up to 220°C. Mainly used in ready meal packages. (Järvi-

Kääriäinen & Ollila, 2007). 

 

Polyethylene (PE) 

Only high-density polyethylene (PE-HD) can be used in thermoforming and usage is limited 

by low workability. Mainly used in ready meals and meat industry packages. (Järvi-Kääriäinen 

& Ollila, 2007). 

 

Combination materials 

Combination materials are made by mixing different plastic materials or different colors of 

same plastic. Purpose of these materials is to get all good properties of various plastics with 

optimal costs or to make packages better looking. (Järvi-Kääriäinen & Ollila, 2007). 

 

2.3 Market research 

Trends and needs 

There can be found three different kinds of phenomenon that affects customer behavior and 

sales: fad, trend, and megatrend. Kotler and Keller say that a fad is unpredictable, short-term, 

and it has not social, economic, and political significance. A company may cash in on a fad, but 

this is more a matter of luck and right timing than skill or knowhow. A trend on the other hand 

is a direction of the sequence of events that has some momentum and durability. Trends can be 

predicted and has more duration than fads. A trend reveals the shape of the future and provides 

many opportunities. For example fitness trend in West. Megatrends have been described as 

significant social, economic, political and technological changes that are slow to form, and once 

in place, they influence us for some time – between seven to ten years or longer. Trends and 

megatrends merit close attention. You should line your new products or marketing programs 

with strong trend rather than opposed to it to be successful but detecting a unique market 

opportunity does not guarantee success, even if it is technically feasible. Therefore, market 

researches are necessary. (Kotler & Keller, 2006) 
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External analysis 

A successful external analysis needs to be aimed and with purpose. There are always two 

dangers: that it will be excessively descriptive and that it will be endless. In any business, there 

is no end to the apparently potentially relevant material that could be collected. Without 

discipline and direction, the process can be exhausting and can result in the useless descriptive 

material. (Aaker, 1988) 

 

The external analysis process should be motivated throughout by a desire to affect strategy, to 

generate or evaluate strategic options. More specifically it should contribute to the investment 

decision and the development of sustainable competitive advantage.  

The investment decision – where to compete – involves questions such as 

Should we liquidate, milk, maintain or invest for growth our existing business areas?  Should 

we go to new markets, make new products or invent markets expansions? Can we enter to new 

business areas?  

The development of sustainable competitive advantage (SCA) – how to compete – includes 

questions like:  

What kind of positioning, segmentation, distribution and manufacturing strategies we need? 

What kind of skills and assets we need to create, enhance or maintain?  

 Although the end objective of the external analysis is to create strategic alternatives and to help 

select among them, specific questions are useful to address because they will often affect 

strategy either immediately or by setting in motion needed information gathering or analysis. 

Concerning the current and future strategy of the business, what are the significant trends and 

future events and also threats and opportunities?  

•    Strategic questions – critical areas of uncertainty that should be monitored and analyzed on 

a continuing basis?  

•    Market research efforts that would be useful? 

•    Scenarios that should be considered? 

•    Contingency plans that should be developed?  

A significant trend or event such as a trend toward selling computers software by mail or the 

entering of a new competitor can dramatically affect the evaluation of strategic options. New 

technology can be seen as a threat and an opportunity. (Aaker, 1988) 
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Matters listed earlier are important because we need to know how our markets will evolve in 

the future and it will affect to our investment. For example if we know that packaging industry 

will grow strongly in the future, we can assume that sales and profits will also be in good shape. 

It is also important to know what kind of products will sell in the future to direct our research 

and development efforts correctly. In packaging industry this means for example more 

environmental and sustainable products.   

 

Customer analysis 

In most strategic market-planning contexts, the first logical step is to analyze the customers 

. A customer analysis consists of addressing three sets of strategic questions. (Aaker, 1988) 

 

Segmentation 

Segmentation tells as who are the buyers and users of our product and service. It also shows us 

who are the most significant buyers and how can potential customers be identified and how we 

notice people how are not buying from us. Market research tells us also how the market should 

be segmented. Segmentation is often the key to developing a sustainable competitive advantage 

based on differentiation, low cost, or a focus strategy. From the strategic view, segmentation is 

identifying customer groups that respond differently compared to other customer groups to 

competitive strategy. To deliver a competitive offering to those segments, segmentation 

strategy couples the identified segments with a program. Thus, the designing of a successful 

segmentation strategy needs first conceptualization followed by development and then 

evaluation of a competitive offering. (Aaker, 1988) 

 

Customer motivation 

Customer motivation tells us why customers buy and use the product or service, which 

attributes in the product are essential, which objectives do customers seek and how customer 

motivations will change over time. After identifying customer segments, the next step is to 

consider their motivation – what lies behind their purchase decisions? A knowledge of motives 

can provide insight into relevant assets and skills. The absence of an asset or skill needed to 

satisfy an essential motivation can be fatal to a strategy. The presence of a unique or particularly 

strong asset or skill responsive to motivation can provide the basis of sustainable competitive 

advantage (SCA). It is sometimes useful to employ marketing research to more accurately and 



14 

 

 

 

ultimately determine what attributes are essential to the various segments. The most direct 

approach – just asking people what is important – often tends to be neither sensitive nor 

accurate. People will often say that all attributes are essential and will attempt to appear more 

logical and objective that they are. A second approach is to see which attribute judgment are 

associated which actual purchase decisions. A third approach is to ask trade-off questions. 

Customer motivations can be analyzed at two levels; the motives that affect brand choice and 

those that affect whether a product class is purchased. (Aaker, 1988) 

 

Unmet needs 

Unmet needs tell us how satisfied customers are with our product and service, are they having 

problems with the product and service and are there unmet needs that we are not aware of.  

Customer need that is not currently being met by the existing product offerings is called unmet 

need. These needs are important because they are opportunities to companies to get new product 

to the market or grow bigger with current products. They can also represent threats to the 

established companies because they can be a lever for competitors to disrupt an established 

position. Users want to avoid the disruptions and inefficiency of hiring and firing staff. 

Sometimes customers may not even know their unmet needs because customers are so used to 

the inherent limitations of the current equipment. The unmet needs that are not clear may be 

more difficult to identify but can also make a more significant opportunity for an aggressive 

business, because there will be little pressure on established firms to be responsive. (Aaker, 

1988) 

 

Industry analysis 

To make good analysis of an industry and its relevant product markets must be aware of the 

context. Often this analysis includes the following dimensions, actual and potential industry 

size, industry growth, industry trends and developments, industry key success factors and also 

industry structure, cost structure and distribution systems. (Aaker, 1988) 

 

Actual and potential industry size  

Knowing the size of the industry can be helpful when evaluating investment decisions. This 

also serves when defining market share of the various competitors. It can also be meaningful to 

distinguish the portion of the market that is represented by captive buyers. (Aaker, 1988) 
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Government sources or trade associations can be used for estimates of industry size. It can be 

often useful to consider the potential market, in addition to the size of the relevant market. 

(Aaker, 1988) 

 

Industry growth 

After the size of the industry and its essential components, the focus turns to the growth rate. 

This means thinking about how big the industry will be in the future. Industry growth means 

more sales and profits even without increasing market share. It can also mean less price pressure 

when demand rises faster than supply, and firms are not engaged in “experience curve” pricing, 

anticipating future lower costs. Conversely, declining industry sales can mean reduced sales 

and often increasing price pressure, as firms struggle to hold a share of a decreasing pie. (Aaker, 

1988) 

 

Industry structure 

The industry structure defines mostly the industry attractiveness as measured by the long-term 

return on investment. It has five components; competitors, potential competitors, substituting 

products, customers, and suppliers. Each of those plays a role in determining the intensity of 

competition and in explaining why some industries are historically more profitable than others. 

An understanding of the structure can also suggest which key success factors are necessary to 

cope with the competitive forces. More detailed information about components can be found 

from Aaker (1988).   

 

Cost structure 

An understanding of the cost structure of the industry can provide insights into present and 

future key success factors. The first step is to conduct an analysis to determine where the value 

is added to the product or service. In most contexts, series of value-added steps can be identified. 

The proportion of value-added attributes to one production stage becomes an important 

indicator that a key success factor is associated with that stage. Developing control over a 

resource or technology may be possible. More likely, competitors will aim to be the lowest cost 

competitor in the highest value-added stage of production. Advantages in lower value-added 

stages will merely have less leverage.  (Aaker, 1988) 
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Distribution systems 

An analysis of the distribution systems should include three types of strategic questions: What 

are the alternative distribution systems? What are trends in distribution? And who has the power 

in the channel and how is that likely to shift? Access to an effective and efficient distribution 

channel is often a key success factor. Channel alternatives can vary in several ways. One is the 

degree of directness. An analysis of likely or emerging changes within the distribution channel 

can be critical in understanding the industry and its key success factors. (Aaker, 1988) 

 

Industry trends and developments  

Often one of the most useful elements of an external analysis comes from addressing the 

question; what are the industry trends? The questions naturally focus on change and tend to 

identify what is essential. A discussion of industry trends can serve as a valuable summary of 

the customer, competitor, and industry analysis. It is thus helpful to identify trends near the end 

of the industry analysis.  (Aaker, 1988) 

 

Industry key success factors 

Relevant output of the industry analysis is the identification of the key success factors for 

strategic groups in the industry. They are a set of assets and skills that are needed to be 

successful and perhaps even to survive. The set of skills and assets developed in the competitor 

analysis provides a base set for which are most critical skills and assets now and, more 

important, which will be most vital in the future. (Aaker, 1988) 

 

Environmental analysis 

Dimensions of environmental analysis are technology, government, economics, culture, and 

demographics. (Aaker, 1988) 

 

Technology  

Technological trends or technological events are dimension of the industry analysis that occur 

outside the industry and this is what has the potential to impact significantly on strategies. They 

can represent opportunities to those in a position to capitalize. (Aaker, 1988) 
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Indeed, it can be significant, even critical, to manage the transition to new technology. The 

appearance of new technology, however, also a successful one, does not necessarily mean that 

businesses based on the prior technology will suddenly become unhealthy. (Aaker, 1988) 

 

Government 

The addition or removal of legislative or regulatory constraints can pose major strategic threats 

and opportunities. Also, taxes and stability of the government play significant role in company’s 

ability to make a profit and continue its operation in the future. (Aaker, 1988) 

 

Economics 

Judgments made about the economy sometimes affect to the evaluation of some strategies. This 

happens especially when inflation and general economic health are measured by unemployment 

and economic growth. Substantial investment in a capital-intensive industry might need to be 

timed coincide with the economy to avoid a possibly damaging period of losses. (Aaker, 1988) 

 

Culture 

Cultural trends can present both threats and opportunities for a wide variety of companies. In 

packaging industry culture is not a major issue but we have to take a notice of green values and 

other environmental problems. (Aaker, 1988) 

 

Demographics 

Demographic trends can be a dominant underlying force in a market. Demographic variables 

include age, income, education, and geographic location.  

(Aaker, 1988) 

 

2.4 BMC and SWOT-analysis 

In this chapter, we will tell about Business model canvas (BMC) and SWOT-analysis 

(strengths, weaknesses, opportunities, and threats), which are useful tools to compare different 

investment options of business ideas.  
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BMC  

Business model canvas has been divided into nine parts: Customer segments, value 

propositions, channels, customer relationship, revenue streams, key resources, key activities, 

key partnerships, and structure. (Osterwalder & Pigneur, 2010) 

 

Customer segments define the different groups of people or organizations a company aims to 

sell products and services for. They are the heart of any business model and without them, no 

company can survive for long. To make customers more pleased, a company may group them 

based on their everyday needs, common behaviors or other attributes. A business model may 

define many different kind of customer segments. A company have to make a decision about 

which segments to sell and which segments to not. Once this decision is made, a business model 

can be carefully designed around a keen understanding of specific customer needs. 

(Osterwalder & Pigneur, 2010) 

 

Value Propositions describes the products and services that are suitable for a specific customer 

segment. This is the reason why customers select one products or service over other. It may 

solve a problem or satisfy a need. Each value proposition consists of a selected bundle of 

products or services that caters to the requirements of a specific customer segment. In this sense, 

the value propositions are an aggregation, or bundle of benefits that a company offers 

customers. Some value propositions can be unique or represent a new or disruptive offer. They 

can be same than current market offers, but with a twist. (Osterwalder & Pigneur, 2010) 

 

Channels describe how a company communicates with and reaches its customer segments to 

deliver a value proposition. Communication, distribution, and sales channels comprise a 

company’s interface with customers. Channels are customer touch points that play an essential 

role in the customer experience. Channels serve several functions like raising awareness, 

helping customers, allowing to purchase, delivering and providing post-purchase support.  

(Osterwalder & Pigneur, 2010) 

 

Customer relationships describe the types of relationships a company makes with specific 

customer segments. With each customer segment, a company should make clear the kind of 

relationship that it wants to establish. Relationships can vary from automated to personal. 
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Customer relationships can be created by the following motivations: getting new customers, 

keeping customers and making better profit. In the early days, for example, mobile network 

operator customer relationships were driven by aggressive acquisition strategies involving free 

mobile phones. When the market became saturated, operators switched to focusing on customer 

retention and increasing average revenue per customer. The customer relationships called for 

by a company’s business model profoundly influence the overall customer experience.  

(Osterwalder & Pigneur, 2010) 

 

Revenue streams represent the cash a company makes from each customer segment (costs must 

be subtracted from revenues to make profits). If customers comprise the heart of a business 

model, revenue streams are its arteries. A company must ask itself, for what value is each 

customer segment genuinely willing to pay? Successfully answering that question allows the 

company to generate one or more revenue streams from each customer segment. Each revenue 

stream may have different pricing mechanisms, such as fixed list prices, bargaining, auctioning, 

market dependent, volume dependent, of yield management. (Osterwalder & Pigneur, 2010) 

 

Key resources describe the most important assets required to make a business model work. 

Every business model required key resources. These resources allow an enterprise to create and 

offer a value proposition, reach markets, maintain relationships with customer segments and 

earn revenues. Different key resources are needed depending on the type of business model. A 

microchip manufacturer requires capital-intensive production facilities, whereas a microchip 

designer focuses more on human resources. Key resources can be physical, financial, 

intellectual, or human. Key resources can be owned or leased by the company or acquired from 

key partners. (Osterwalder & Pigneur, 2010) 

 

Key activities describe the most important things a company must do to make its business model 

work. Every business model calls for many key activities. These are the most important actions 

a company must take to operate successfully. Like key resources, they are required to create 

and offer a value proposition, reach markets, maintain customer relationship, and earn revenue. 

And like key resources, key activities differ depending on business model type. For software 

maker Microsoft, key activities include software development. For Pc manufacturer Dell, key 
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activities include supply chain management. For consultancy McKinsey, key activities involve 

problem-solving. (Osterwalder & Pigneur, 2010) 

 

Key partnerships describe the network of suppliers and partners that make the business model 

work. Companies forge partnerships for many reasons, and partnerships are becoming a 

cornerstone of many business models. Companies create alliances to optimize their business 

models, reduce risk, or acquire resources. We can distinguish between four different types of 

partnerships: Strategic alliances between non-competitors, Co-operation; strategic partnerships 

between competitors, joint ventures to develop new businesses, buyer-supplier relationships to 

assure reliable supplies. (Osterwalder & Pigneur, 2010) 

 

Cost structure represents all cost incurred when operating a business model. This building block 

shows the most significant costs incurred when operating under a special business model. Costs 

incur from generating revenue, creating and delivering value and maintaining customer 

relationships. Calculating these costs is not hard after defining key resources, key activities, and 

key partnerships. Some business models are more cost-driven than others. (Osterwalder & 

Pigneur, 2010) 

 

 

Figure 3. Business model canvas (Osterwalder & Pigneur, 2010) 

 

SWOT-analysis 

SWOT-analysis (Strengths, Weaknesses, Opportunities, Threats) is a method developed by 

Albert Humphrey, which can be used to form a strategy, learning and recognizing, evaluating 

and developing problems. It is a useful and simple tool for planning actions of companies, 
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investments, and projects. The aim of SWOT-analysis can be whole company and its all 

operations, position and competitiveness of product or service or for example competitors’ 

actions and competitiveness. In SWOT-analysis you analyze internal strengths, internal 

weaknesses, external opportunities and external threats. SWOT-analysis is 2x2-matrix, where 

to left side you put positive things and to the right side, you put negative things. To the 

downside, you put the external stuff and upside you put internal things. After that, you may use 

SWOT-analysis to make conclusions how to use strengths to our advantages, how to make 

weaknesses to strengths, how to use opportunities in the future and how to avoid threats. As a 

result, you get action plan, what to do in the future. (Mindtools, 2018) 

 

2.5 Life-cycle costs and modeling 

Variable and fixed costs  

Costs are born from resources, which are used manufacturing products and services. Resources 

are for example materials, employees, and machinery. Costs can be divided into a variable and 

fixed costs. Variable costs are costs, that variate by produced and sold amount. For example, 

material costs are variable. Variable costs are same per product, but total costs grow when 

manufactured amount grow. Fixed costs stay same regardless of what is produced or sold. 

(Horngren et al. 2006) For example, rents are fixed costs. Costs are variable or fixed depending 

on activity.  

 

Indirect and direct costs  

Direct costs can be targeted to the product or service. For example, materials and labor are 

direct costs. Direct costs are variable costs, which can be aimed at product and service cost-

effectively. Indirect costs can’t be targeted to the product or service cost-effectively. These 

kinds of costs are for example rents and salaries of organization managers. Indirect cost will be 

allocated to the products and services the best possible way. Targeting indirect costs are not 

necessarily straightforward. For example, it is hard to say how much time CEO uses to the 

particular product or service. (Horngren et al. 2006) 

 

 

 

Process Costing 
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Process costing is simple accounting method, which is most suitable for companies, which 

produces only one product or service and when product or service is produced with one process. 

Product’s unit-cost can be calculated by dividing the total cost by the total amount of products. 

It is essential that all products are manufactured the same way so that we can distribute the same 

amount of costs to each product. Then it is not necessary to divide costs to direct or indirect 

costs (Horngren et al. 2006). This method is not commonly used in the industry because many 

companies have multiple products and they are produced using various ways. In my investment 

model distribution calculations can be used because in the model there is only one machine, 

one process, and one product. Hence all costs can be distributed equally to all products. 

(Horngren et al. 2006)  

 

Job Costing 

Job costing is for companies, which products or services differ each other and use recourses 

differently. In job costing, costs are divided into direct and indirect costs. Direct costs are 

allocated to products and services as they use them, like material- and labor costs. To make 

allocating direct costs possible, you must know material usage and unit costs of the product or 

service and labor costs in all stages. Indirect costs will be allocated to products or services with 

the cost-allocation base. For example, all costs that one machine make will be assigned based 

on machine hours that product use (Horngren et al., 2006). There are also many other ways to 

allocate indirect costs to products and services, but for purposes of this study or model 

introducing all of them is not useful.   

 

Investment calculations 

Investment means significant direct cost, which is expected to have profits in the future. 

Example of such investment is production machine, which has significant cost, but you expect 

it to produce so many products that those will cover the initial cost in the future. Most 

investments decisions have three typical properties. The first property is irreversibility of the 

investment. After making an investment decision, you can’t get all your money back if you try 

to cancel it and you can’t get to the starting point. The second property is the uncertainty of 

future cash flows. It is essential to make market research and calculations to get the best estimate 

of future sales. The third property is timing’s margin. This means that you may delay investment 

if you want to know more about future. (Järvenpää, 2010) 
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Initial information of investment 

You need to collect and analyze the following information for calculating the profitability of 

investment. First one is the Initial cost of investment, which tells us how much costs to start the 

investment. Initial cost includes for example cost of buying and installing machines and 

educating staff to use them. Secondly, you must take into account annual net cash flow which 

tells you how much investment profits per year. Most cases yearly costs of investment are easier 

to collect than yearly returns. Returns should be received with systematic methods which 

include extensive information for example market research, industry trend analysis, and 

analysis of demand and its change. Thirdly economic lifetime of the investment, which tells 

you length of the time which you are getting annual returns from. Fourthly residual value which 

can be positive, negative or zero depending on investment and industry. Machines have most 

times some positive value after their economic lifetime. Fifthly interest rate which tells you 

how much you have to have profited from your investment. A standard way to calculate interest 

rate is to use the weighted average cost of capital (WACC). Interest rate commonly includes 

some risk premium. When you are making a more risky investment, you take it to account in 

interest rate by using more significant interest rate and less risky investments lower interest. 

(Järvenpää, 2010) 

 

Investment calculation methods 

There are many ways to calculate the profitability of investment. In the investment  model, we 

have used three different kinds. Net present value (NPV) is one of the most common ways to 

calculate the profitability of the investment. In NPV projected net cash flows are discounted 

with interest rate to the start point of investment. Then the initial cost is reduced from 

discounted cash flows. If an investment has reduced value, it will be discounted and added to 

the net present value. If value after that is positive, investment is profitable. The greater NPV, 

more profitable investment is.  

(Järvenpää, 2010) 

𝑁𝑃𝑉 = Σ𝑡=1
𝑛   

(𝑁𝐶𝐹𝑡)

(1+𝑖)𝑡  +
(𝑅𝑉𝑛 )

 (1+𝑖) 𝑛 − 𝐼                          (1) 

NPV is presented mathematically in formula (1), where NCF is net cash flow, i is interest rate, 

n is an economic lifetime, RV is residual value, and I is initial investment.  
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With Payback, we can calculate how long it takes to get our investment back with planned NCF.  

Most cases shorter time is the better.  

𝑃𝐵 =
𝐼

𝑁𝐶𝐹
                         (2) 

Payback (PB) is presented mathematically in formula (2). In formula (2) NCFs are assumed to 

equal size. PB can also be counted with interest rate when you discount NCFs and count PB 

with discounted values. (Järvenpää, 2010) 

 

There are also other methods to the determinate profitability of investment like internal rate of 

return (IRR) where you set NPV=0 and solve interest rate i. If the solved interest rate is more 

significant than predetermined target interest, investment is profitable. (Järvenpää, 2010) 

 

2.6 Life cycle costing (LCC) 

The idea of life cycle costing (LCC) is to define product’s, service’s of machines’s costs in its 

whole economic lifetime. Purpose of this method is to describe annual costs and incomes. With 

costs and incomes, you may deduce profitable and unprofitable products, services and 

machines. In life-cycle costing defining costs start from R&D to the end of life cycle. (Neilimo 

& Uusi-Rauva, 2005).  

 

The idea of life-cycle costing (LCC) is quite old and goes back to the 1960’s when the United 

States Army started to use it to estimate their acquisition costs. Typically LCC can be used in 

the construction industry and government investments. Although the history of the method is 

quite long, it is not very widely used in the industrial companies. (Sinkkonen, 2015) 

 

Life cycle costing can be used for many purposes like pricing, investment decisions, product 

designing, product changing and replacing machines. Initial costs of machines may be low, but 

with life-cycle costing, you can take account maintenance cost, which affects significantly to 

profitability. A standard method used in life cycle costing calculations is NPV, but you may 

use annuity method also. Problem with life cycle costing is to produce information, which is 

reliable enough. When you forecast costs from the future, you can’t be sure about size and 

development of the costs. This can lead to miscalculations in the costs. In the industries, 

estimating future costs are always tricky, because you may never know how costs will behave. 
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Due to this life cycle costing is a useful method for determining profitability.   (Neilimo & 

Uusi-Rauva, 2005).  

  

Method to compare life cycle profitabilities of the two different investments is a cost-benefit 

ratio. NPV favors significant investments, but with the cost-benefit-ratio, it is easier to compare 

a different investment with different initial costs of investment and different economic lives.  

B/C=NPV/I                                                                                                                               (3) 

Benefit-cost-ratio (B/C) can be presented mathematically in formula (3). If the value of B/C is 

greater than 0 then the investment is profitable. When comparing two different investments, an 

investment with more significant B/C is better. (Neilimo & Uusi-Rauva, 2005).  

 

There have been developed many models and methods for describing LCC. The standards for 

LCC divide the calculation processes into four to seven main stages. For example, the LCC 

process can be started with diagnosis and scoping, then with data collection and structured 

breakdown of the costs. After that comes analysis and modeling and the final stage is reporting 

and decision making. More methods and stage breakdowns can be found from the literature, 

but they follow the same idea. (Sinkkonen, 2015) 

 

Uncertainty 

Evaluating profitability of the investment is based on that sales and costs of the future are 

estimated as precise as possible. That’s why it is important to calculate probabilities of values 

and estimate possible variables of investment. It’s very probable that estimations at the start of 

the project will differ from actual numbers at the end of the project.  

As mentioned earlier, uncertainty can be considered in the interest rate which tells how much 

investment must make a profit. If the investment is more uncertain and riskier, the interest rate 

is more significant and vice versa. Rare cases, where investment has been made with perfect 

certainty, we use an interest rate of certain investment, where risk premium is zero.  

Another way to take uncertainty into account is to make sensitivity analysis. In a sensitivity 

analysis, you change one or more variables on your calculations and analyze how it affects on 

profitability. With sensibility analysis, you will also see, which variables cause the most profit 

and you may concentrate variables that matter the most to profitability.  (Neilimo & UusiRauva, 

2005).   
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3 THERMOFORMING MARKETS 

This chapter includes my empirical research considering thermoforming machine and 

packaging market size and needs and trends. We have also researched costs of machines and 

materials and prices of extended producer responsibility. My primary sources are Smithers Pira-

reports and statistic data from Eurostat-database, UN-database and also from financial 

statements of different European thermoforming machine manufacturers. Extended producer 

responsibility (EPR) prices are gathered from EU reports and Finnish EPR association RINKI.     

 

3.1 Needs and trends 

Market trends can be divided into following categories: demographic, economic, consumer, 

food retail, regulatory and packaging design.   

 

Demographic trends:  

The short-term population trend is for slow or even declining growth within the biggest 

European countries. The population will grow most through years 2015-20 in United Kingdom 

(UK), France, Italy, and Scandinavia, but will decline in Spain, Germany, Poland, and Russia. 

The population is most cases good indicator for food consumption. However, small changes in 

a population usually don’t have a major effect. Another major trend in demographics is 

urbanization. Urbanization has been increasing in all European countries, and it will affect more 

to packaging consumption than population growth. The third trend in all countries is aging of 

the population, some more rapidly than others. Improved technology, healthcare, and 

medication are helping people live longer, which are helping to boost the median age and 

dependency levels. An ageing population brings new challenges and demands that are being 

met through larger font sizes, ease-of-use features and greater use of graphics and icons instead 

of text. (Boyce, 2015)   

 

Economic trends:  

The general outlook to the European countries is slow economic growth. Economic growth is 

set to be stimulated by lower oil prices and a weak euro, boosting export. The conflict with 

Russia is also a major concern for the European economy, with many countries being affected 

by the Russian import ban on the EU. The most affected countries are those that export large 

volumes, such as Poland and Scandinavia. Although most European countries started to recover 
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slowly after the financial crisis, they fell back into recession in 2012 due to financial difficulties 

in Spain, Italy, Greece, Portugal, and Ireland. Despite a poor couple of years, Italy and Spain 

have started to recover, with unemployment decreasing and positive current account balances. 

Real disposable income has grown in the majority of countries except for Italy, Spain, the 

Netherlands and the UK.  (Boyce, 2015)   

 

Consumer trends:  

The economic and demographic effects on Europe have changed the dynamics of the retail food 

industry. The growth of convenience stores has been seen across Europe, which can be 

attributed to the increasing number of shops that consumers visit during the week. The main 

reason behind this is convenience. Also, the desire to reduce food waste has played a part. 

Products such as fresh fruit and meat can often spoil within a few days, hence the need to do a 

few visits to shops during the week. This has driven to greater amounts of packaging. 

Millennials (16-35 years old) are a segment of the market that is increasingly health-conscious, 

with more knowledge on healthy foods than previous generations. However, they are still prone 

to indulgence eating, such as fast foods, takeaway pizzas, and premium end food products, 

which can be attributed to stronger behavioral biases. In this case, the behavioral bias is for the 

consumer to base their purchasing decision on the short-term benefits rather than the perceived 

long-term benefits, which is more prominent in younger generations with fewer health 

problems. Because of an aging population, more and more women involved in the workforce 

and women have higher education levels and will also affect our packaging needs. Due to higher 

attainment, women have become increasingly career orientated, and therefore childbearing has 

been delayed or reduced in numbers. Smaller families and households and aging population 

stimulate demand for convenience foods and smaller portion sizes. Greater women involvement 

in the workforce has also affected to shopping habits, and convenient has become more 

common. Shopping food online is most common UK and France, and it will put its demands on 

the packaging. (Boyce, 2015)   

 

Eating habits:  

Healthy eating is certainly a growing factor in consumption of food products. Another matter 

is increased number of small households, which increase demand for smaller portions. 

However, food retailers like to sell larger portion sizes due to their greater efficiency. In turn, 
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this is helping to stimulate demand for greater preservative packaging materials. Due to growing 

urbanization and increasing employment, convenience foods will be an important growth 

sector, as well as on-the-go snacks that will see increased demand, as consumers look to make 

efficient use of their time by eating during their commute, or in between breaks at work. 

Consumers have also become more sensitive to prices, which has become evident in the 

strongly competitive food retail industry. This has been increasing popularity of private labels, 

especially in Western Europe. (Boyce, 2015)   

 

Grocery retail trends:  

The European grocery market is worth more than 1.1 trillion € and is growing slowly. In 

Western Europe, convenience and private labels are trends, but in Eastern Europe, supermarkets 

are the leading trend. This is also the same case in countries such as Italy, although the 

supermarket industry is a higher growth sector in Poland and Russia. The result of this is a trend 

towards greater packaging for products such as fresh fruit, vegetables, and meat products, which 

are unpacked in Eastern Europe and sold through independent stores. (Boyce, 2015)   

 

Packaging waste:  

There is growing discontent among consumers and environmental agencies over the huge 

volumes of wasted and excessive packaging. EU has made a proposal of the circular economy 

for packaging waste. This directive for the EU is to make use of resources that have previously 

been disposed of. The economies have used a ‘take-make-consume-dispose’ mentality which 

has increased packaging waste. The idea of a circular economy is to use what has previously 

been regarded as ‘waste’ and use that as a resource instead. The main proposal aims to: increase 

recycling or re-use of municipal waste to 70 % by 2030; increase packaging waste recycling or 

re-use; Phase out landfilling by 2025 for recyclable products (including plastics, paper, metals, 

glass, and bio-waste); reduce food waste generation by 30 % by 2025. (Boyce, 2015)   

 

Packaging design trends:  

Light weighting: The demand for lightweighting has been driven by the number of factors. The 

first is the consumers that are increasingly conscious for sustainability. Consumers are more 

aware of the impacts that packaging can potentially have on the environment. Furthermore, due 

to economic uncertainty and falling real incomes, consumers have looked for cheaper products. 
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Although disposable income has increased in some countries, economic uncertainty and the 

negative outlook of consumers have affected their spending habits. The second factor is 

increased competition among retailers. As food retailers face increased competition and smaller 

profit margins, the supply chain takes some of the burden when prices are cut. One solution to 

this has been through the lightweighting of products. Thirdly, EU regulations on waste 

management and recyclability have driven to lightweighting supply. This has forced suppliers 

to use less and less packaging to try and meet EU requirements. (Boyce, 2015)   

 

Sustainability: 

Sustainability has become an issue for consumers and the EU alike. It is often highlighted in 

the media and receives a lot of attention. The term ‘sustainability’ is frequently used without 

being defined. Therefore, sustainability can be defined as the endurance of systems and 

processes. Regarding packaging, this is to ensure that the resources we have today can still be 

used tomorrow. Not only does this involve reducing the waste of packaging, but also food and 

drink products. These are numerous solutions to reduce packaging waste; one of which has been 

discussed in the form of lightweighting. Additionally, the reduction in packaging waste is being 

driven by materials that can be recycled fully and effectively. (Boyce, 2015) 

 

3.2 Machine market 

In this chapter, we will estimate thermoforming machine market size and how thermoforming 

machines distribute by industry.  Estimations are based on statistic information from EU and 

UN databases and financial statements of different European thermoforming machine 

manufacturers. We have also made budged tenders for different European manufacturers, and 

we have used this information for estimations.   

 

Market size: 

In Figure 4 is presented export, import and production values of vacuum molding and other 

thermoforming machines in EU from 1995 to 2016. As we can see, all values have been 

increased over the years. Especially for export, market value has been increased 8 million € per 

year on average. Even though the market value of exports is 350 M€ in 2016, all of it is not just 

thermoforming machines, but also vacuum molders and spare parts of both machine types. This 

can be seen from statistics because the average export price per machine was 5000 € in 2016. 
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The average thermoforming machine costs about 120000 € so all of the exports can’t be whole 

machines.  In Figure 4 with a gray line in presenting growth of the value of market and it will 

be used later to calculate the number of manufactured machines. 

 

 

Figure 4. Value of the market. 

 

 

Figure 5. Export value per unit.  

 

In Figure 5 can be seen the value of one exported unit. Unit price varies a lot on different years 

and in 2015 value was the greatest, over 30000 €/unit. From Figure 6 can be seen an export 

value distributed between countries. As can be assumed, Germany has by far the most 

significant export values, in second comes Italy and then Austria. Other countries listed have a 
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minor contribution to this matter. The result of Figure 6 is quite expected because most of the 

big thermoforming manufacturers like Multivac and GEA are German origin.  

 

Figure 6. Export values divided between countries.   

 

We also have a similar dataset from UN database. Because UN database was not user-friendly, 

we gathered only data from biggest markets; Germany and Italy. Based on EU data and its 

relative size to size of exports of Germany and Italy, we have estimated whole Europa’s market 

size. This dataset we have for years 2012-2016. 

 

 

Figure 7. Export values based on UN dataset with EU-data 
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We can see that UN-data gives about 50 M€ more value for exports in 2012 than EU-data set. 

The shape of the curves is approximately same in first three years, and in the year 2016 they 

end up about the same value. Unlike export value of EU-data, export-value of UN-data 

decreases a bit over five years.  

 

The last dataset that we gathered was based on annual financial reports of European 

thermoforming machine manufacturers. In this research we have collected information from 7 

biggest companies; Multivac, GEA, Illig, Ilpra SPA, Variovac, Belca packaging and Scandivac 

SIA. There are other significant manufacturers too, but we limited research to those who 

manufacture machines suitable for food and especially meat packaging. Based on financial 

reports, we have calculated relative portions of revenues of different companies. Now we 

estimated annual value of manufactured machines with revenue of Multivac and its average 

portion of the market. Market shares are presented in Figure 8. Each column is total revenue of 

company thru 3 years, 2014-2016. 

 

  

Figure 8. Market shares on different companies.  
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After that, we calculated the number of manufactured machines based on manufactured 

machines and budget tender we received. We used 120000 € as an average price of the 

thermoforming machine. In these calculations have been considered production value presented 

in Figure 7 when calculating the number of manufactured machines with EU and UN-datasets. 

We have also thought that all machines manufactured by Multivac are not thermoformers, so 

we can’t use total revenue in calculations. More details can be found in Appendix 2.   

 

 

Figure 9. Amount of manufactured vacuum molders and other thermoforming machines.  

 

As can be seen, the shape of all curves is quite similar in most parts. Final values with all curves 

set between 2000-2200 units. We have also calculated the average amount and its trend line 

between datasets, and it’s presented yellow in Figure 9. The average increase is estimated to be 

about 75 units per year. Multivac’s homepages say that they sell over 1000 machines per year, 

so estimation of 2000 machines for the whole market seems reasonable. The only way to know 

exact numbers would be asking manufacturers, and we would assume that they don’t tell how 

much they sell.  
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Distribution of machines:  

In this chapter, we will tell how manufacturers divide different machines by industry. Most 

machines can be used in multiple industries, so distribution seen in Figure 10 shows us 

something about relative portions of different machine types. Size differentiation is based on 

physical size because it is the only thing you get from companies without asking for an offer. 

Machines are divided by length and small means less than 5 m, medium 7-10 m, big 10-20 m 

and large over 20 m. Based on budget tenders we made, medium size machines have production 

speed of 10 cycles per minute. We can assume that smaller machines work bit slower and bigger 

machines bit faster.    

 

 

Figure 10. Machines divided by size and by industry. 

 

As we can see, all machine sizes are usable quite equally in all industries. Distribution of food, 

medical and non-food packaging machines is about 40%, 30%, and 30% respectively. We still 

need to remember that most of the machines can be used in multiple industries. 

 

3.3 Packaging material market 

In this chapter, we will tell about the markets of packaging materials and what different 

materials they use to package food and especially meat products. We will also tell about 

different packaging methods. The primary focus is on plastic materials because they are more 
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common than other packaging materials, but we have also researched markets of paperboard 

materials.  

 

Market size: 

Global rigid plastic packaging consumption has been increasing over the years, and it is 

forecasted to grow to the year 2022. As can be seen, in Europe and North America growth is 

about 2 – 3 % annually and in rest of the World, growth is about 5 % annually. A significant 

part of the growth will come from China, India and other Asia. (Platt, 2017)    

  

 

Figure 11. Global Packaging consumption. (Platt, 2017) 

 

This total consumption divides Bottles & jars, Trays & containers, Tubs & pots and others with 

relative portions 60 %, 13 %, 15 % and 12 % respectively. Most interesting part for us is trays 

and containers because the most meat products are packed in them. So, Trays & containers total 

consumption were about 7 million tons in 2017, and it will grow from it to over 8 million tons 

before the year 2022. Consumption of Trays & containers divide quite equally between Europe, 

North America, and Asia in the year 2017, but as the total use of rigid plastics, also Trays & 

containers market grow most in Asia to the year 2022. In Figure 11 you may see relative 

portions of different regions in the year 2017. (Platt, 2017) 
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We also researched how much consumption there are for thermoformed packaging materials, 

and it appears that use of thermoformed packaging materials is a bit more significant than just 

trays & containers. Although, relative portions between different regions are quite same. 

Thermoformed materials had used about 7.5 million tons in the year 2017 and 8.8 million tons 

in the year 2022. Asia was again most growing market area. (Platt, 2017) 

 

   

Figure 12. Consumption of Trays and containers. (Platt, 2017) 

 

If we focus only on meat and fish packing material market, we can see that just meat and fish 

need quite a lot of packaging. Rigid plastic trays are still a most common way to pack meat, but 

as sustainability and environmental issues come more important topic, paperboard trays will 

take even more market share. Now paperboard trays have quite a small market share, but it has 

been growing over 16 % annually in fresh meat and fish packaging sector since 2010 and will 

grow in the future. Rigid plastic trays consumption has been increasing about 6 %. Also, oil 

price will affect plastic material consumption and will help paperboard materials to become 

more favorable.  

    

 

Figure 13. Consumption of meat and fish packaging materials.  
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Distribution of plastic materials: 

Most common rigid plastics used are polyethylene (PE), polyethylene terephthalate (PET) and 

polypropylene (PP). In the year 2017, PET was biggest with 34.5 % market share, in the second 

came PE with 31.2 % and in third PP with 21.9 %. As can be seen from Figure 14 other plastic 

materials have only manor share of the market. Most thermoplastics can be thermoformed 

including polystyrene, polypropylene, APET, CPET, and PVC. PET is the most widely used 

polymer for thermoforming due to attributes such as lightweight, clarity, and other physical 

properties.     

        

 

Figure 14. Rigid plastic consumption by material.  

 

We have also researched EU-database and gathered data for plastic usage. PP and PE have the 

same kind of values in EU-database and Smithers Pira-reports, but PET values seem to be low. 

Apparently, PET is not imported, or it does not some other way show in the statistics.   
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Figure 15. Plastic usage from EU-database  

 

If we compare usage of plastic and usage of paperboard in food packaging, paperboard has only 

manor market share compared to plastics. Although paperboard trays still require a PP or PET 

layer for food contact, yet many manufacturers believe that paperboard trays offer a more 

significant environmental profile that foil or plastic because of the renewable nature of 

paperboard.     

 

3.4 MAP vs. SKIN: 

Modified atmosphere packaging (MAP):  

This type of packaging is used to extend the shelf-life of processed or fresh food, by changing 

the composition of the atmosphere surrounding the food within the packaging. The MAP is 

used for many varied products, so the atmosphere in the package will vary depending on the 

product type, the temperature, and the packaging materials. Typically, a combination of gases 

such as oxygen, carbon dioxide, and nitrogen are introduced into the packaging at the time of 

closure, by a process known as gas-flushing. The MAP is used in the context of extending the 

lifespan of a retail pack for in-store shelf storage and home storage. Gases are inserted to modify 

the pack contents. However, no external control is possible once the pack has been sealed. It is 

a technology whose principals have been known for many decades, but it has only become more 

widespread in the last ten years. (Soezen, 2014) 

 

SKIN-packaging:  

Skin pack as known as skin packaging is a method for carded packaging where a product or 

products is placed on a piece of paperboard or plastic, and a thin film of transparent plastic is 
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placed over the product and paperboard and attached firmly to paperboard. Heat-seal coating is 

usually used on printed paperboard. The plastic film, which is usually made of PVC or LDPE, 

is softened by heat and placed over the product on the card. To get a firm fit vacuum is 

sometimes used. The plastic film bonds to the heat-seal coating on the paperboard. The skin-

packed piece then may need to be cut into separate packages. A self-adhesive film with the 

uncoated card is also sometimes used. Skin packaging is similar to a blister pack, but the plastic 

surrounding the product is made over the product, instead of being pre-formed. Types of plastic 

films used polyethylene, PVC, ionomer, and PET. SKIN-packaging is a relatively recent 

method, compared to the MAP, to pack products and not so conventional way in Finland, but 

in other Nordic Countries and Central-Europe, it is more common. Based on budget tenders we 

made, skin packaging is possible and easy to make with new thermoforming machines, but still, 

skin packaging has not come more common in Finland. (Yam, 2009) 

 

3.5 Extended producer responsibility (EPR)  

EU tries to reduce the amount of produced waste, so all packaging material producers need to 

pay for extended producer responsibility fee for every ton of material they produce. Price 

variates by country and it is different for different materials. In Figure 16 is presented prices 

from different countries from the year 2017. As we can see, prices variate a lot, and most of the 

times they favor carton over plastics. EPR is also organized differently in different countries. 

Sometimes it is government organized or like in Finland EPR is organized by private company, 

RINKI Oy.  (Watson, 2017) 

 

Figure 16. EPR in Europe (Watson, 2017) 
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EPR is intended to achieve environmental improvements throughout the product lifecycle and 

has two primary ecological goals. The first is to provide incentives for manufacturers to design 

resources efficient and low impact products. The second is to ensure efficient end-of-life 

collection, environmentally-sound treatment of collected products and improved reuse and 

recycling. At the core of the EPR approach is therefore to establish feedback loops, so that 

improvements in products’ design help optimize their environmental performance and 

minimize the costs of end-of-life management. In this way, EPR is linked to both product design 

and mandatory policy targets, providing a link between product design and after-use treatment, 

and between policy and implementation. If used well, EPR can be one of the cornerstones of 

the transition towards a circular economy. (Watson, 2017) 

 

3.6 SWOT and Business model canvas (BMC) 

In this chapter, we analyzed plastic and paperboard materials and use of them with SWOT and 

BMC –analyzing tools.  

 

SWOT:  

Strengths: Plastic materials have an advantage with being more suitable for every day usage 

and most of the packers and food manufacturers use it. Plastic has excellent qualities in food 

packaging. Paperboard materials are thought to be more sustainable and eco-friendly and a bit 

cheaper based on prices what we have.  

 

Weaknesses: Plastics are a bit more expensive and are dependent on oil price and availability. 

Because plastics are more commonly used, paperboard packaging needs more investment 

before it can be used in large scale. Paperboard packaging products are not as ready as plastic 

products that have been used for decades.  

 

Opportunities: Plastics have opportunities with product and process development and 

becoming more cost-efficient and lightweight. That way it can compete with other materials 

and methods. New EU regulations, where EU enforces member states to reduce waste, are 

opportunity for paperboard packaging because with paperboard we have efficient waste 

management and recycling systems and EPR pricing encourage to move from plastics to 
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paperboard. The oil price has also been increasing past years, and it has been making plastics 

more expensive. Wood is a renewable resource, so there is more wood available than oil.  

 

Threats: All opportunities of paperboard are threats for plastics. EU regulations enforce food 

manufacturers to make eco-friendly decisions, and it may force them to reduce the use of 

plastics. Also, oil price and availability might limit the use of plastics in the future. For 

paperboard product, development and willingness to investment are biggest threats.     

 

BMC:  Now we will compare plastics and paperboard materials with Business model canvas. 

We use BMC with points that are suitable for my purposes.  

 

Key activities: Both packaging materials have relatively same kind of key activities like 

efficient supply chain and manufacturing process. Packaging business is quite competitive 

business, and customers don’t want to pay extra, so products need to be made as cheaply as 

possible. Of course, with plastics activities are more related to oil and chemical industries and 

with paperboard activities are more related to wood processing and forest industry. 

  

Key resources: Again, both materials need the same kind of resources, but they are divided 

same way as earlier. Paperboard needs still bit more R&D investments because it is newer 

material in packaging and in thermoforming and all properties are not yet in place.   

 

 

Key partners: With plastics, key partners are oil and chemical manufacturers and logistic 

operatives. Logistics are vital because we don’t have so much oil in Europe and it needs to be 

brought somewhere. Raw materials of paperboard can be found from Europe easily, but still, 

we need forest owners and forest industry companies as partners. Universities and other 

international research partners are also crucial for making processes and products better and 

more suitable for different purposes.  

 

Value propositions: Both materials have the same value proposition, to be most suitable and 

cost efficient product for given purpose.  
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Customer segments: Also, customers are mostly same. Food packaging and especially meat 

packaging is hard industry because it spoils quickly and packages must be made such way that 

product is not in contact with air.  

 

Channels and Customer relationships: Manufacturers use standard B2B channels and 

contracts when dealing with each other.   

 

Cost structure: With both materials business is mostly cost-driven, and it focuses on 

minimizing costs. Because investment in factories are enormous and products are relatively 

cheap, must volumes also be huge.  

 

Revenue streams: Revenues comes traditionally from asset sale with both materials.   
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4 MODEL FOR THERMOFORMING INVESTMENT  

In this chapter we will go thru research related to investment calculations. It is studied with 

Excel based model that is designed for this thesis.  

  

4.1 Model structure and function 

Modeling process started with meeting with supervisors and selection with different parameters 

that we will use in the model. The final number of different parameters was about 35. With this 

many parameters, the model is the bit more complex to build, but it is easier to use because you 

don’t need to calculate any initial values. All parameters are such that can be decided or can be 

found from properties of the machine, materials or product. After deciding parameters, we made 

all necessary background calculations for the model. Some intermediate results can be seen 

from different pages of the model, but all final results are in the two result pages. After making 

all the calculations and functionalities, we refined model in the meetings and separately. We 

also researched some initial values for different parameters from literature and internet and 

made the model more user-friendly for first time user. Finally, we have tested model in different 

scenarios and tried to find errors than might affect to the usability of the model.       

 

The investment model is designed for the packaging industry, but with some little 

modifications, it may be suitable for other industries also. Products or parts just must have such 

a simple geometry that it can be described with three parameters (width, depth, and length). 

The model is an Excel-based model, which has six pages. First page is for introduction and tips. 

Following three pages are for initial value input, and last two are for results. In first input page 

you will input cost of the machine, cost of the tools and other production machines, dimensions 

of the machine and molds, properties and prices of packaging material and label price. The 

initial cost of investment (I) will be the cost of machine, tools, and extras. Other values are used 

for calculating annual cost and NCF.   
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Figure 17. Interface of input page 1.  

 

Second input page you tell model how fast the machine is, how many operators machine needs 

and how much it costs, how many hours the machine will run per year, how much packed 

product will cost, other hourly and monthly costs and rate of reclamations. These values are 

used to calculate annual costs of investments and also how many products machine will produce 

per year. The model also asks seasonal demand and setup time for calculating optimal set 

quantity. In this page, there is also cells telling, if you are producing enough or too much, how 

many hours you have for cleaning per day and annual utilization rate.  

 

 

Figure 18. Interface of input page 2.  
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On last input page, you will tell residual value and information relating to extended producer 

responsibility (EPR). EPR costs depend on the material you use and how much are your annual 

returns. There are tips for determining annual EPR cost and cost per tons.  

 

 

Figure 19. Interface of input page3.  

 

In first result page, there is shown returns, all costs and cash flows. It also tells you how much 

one empty package and package costs to you. There is also Figures of the optimal set size and 

relations between different costs and total costs.  

 

Figure 20. Interface of result page1.  

OPTION1 
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In second result page, you can simulate how changes in sales, costs, selling price, interest and 

economic life affect on profitability. In this page, you may also compare two different 

investment options to each other. There is a diagram for analyzing, and even B/C-ratios are 

calculated for both options.  

 

 

Figure 21. Interface of result page2. 

 

4.2 Cost scenarios 

In this and next chapter we compare 2 different investment scenarios where we calculate same 

machine investment when only variable is packaging material and things related to it. The first 

we figure how a change of material affects to the profitability of one season and next chapter 

we calculate the profitability of the whole lifecycle.  

 

In first calculation, we compared two materials, paperboard and plastic. We used 1800€/t as 

material prices and grammage of 180g/𝑚2 for paperboard material and 360g/𝑚2 for plastic 

material. We don’t need to pay extra for labels with paperboard because we can print straight 

to the material itself.  EPR related prices are corresponding for paperboard and plastic materials. 

Other prices can be seen from appendixes. All calculated values are in Table1.  
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Table1. Comparison between different materials.  

Material  Grammage 

[g/𝑚2] 

Material price 

[€/t] 

Profit [%] Price per empty 

pack [cent/unit] 

Price per pack 

[cent/unit] 

Paperboard 150 1800 46 5 65 

Plastic 360 1800 44 7 67 

 

Calculations tells us that with these values, units made from paperboard material are 2 cents 

cheaper per unit. Selling price in previous calculations were 120 cents per package. Selling 

price selected based on generic cold cut package and cold cut price is selected based on financial 

report of generic company. Materials grammage is correlated to its thickness. Based on these 

calculations you should use thinner materials if it is technically possible. Regardless, the use of 

packages determined material and needed thickness or grammage. We have to remember that 

material prices we have are for small manufacturer and major manufacturers get discounts 

because they buy greater quantities.  

 

4.3 Investment profitability 

In this chapter, we simulated machine investment with paperboard and plastic from Table1. In 

this simulation, all production costs are equal except material prices and properties. As can be 

seen, because paperboard material has smaller grammage than plastic material, the investment 

pays itself back in the first year.  

 

Figure 22. Lifecycle profitability with paperboard and plastic materials.  
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In Figure 22 is presented lifecycle terms of profitability with both materials. In Figure 22 two 

bars on the left (blue and red) are for the paperboard material and two on the right (gray and 

yellow) are for plastic material. In this simulation, we have not made any annual changes in the 

number of sales, costs or selling price. With these yearly changes, plastic materials can be made 

more profitable if their amount of sales will grow, for example. Selling price is set to be 120 

cents per unit in this case too.  

 

4.4 Sensitivity analysis 

If we want to know, what minimum selling price for both materials is and still be profitable, it 

can be simply simulated with model. Minimum price for paperboard material is 68 cents/unit 

and plastic material 70 cents/unit. These minimum selling prices are for initial investment of 

250000 €, interest rate of 25 % and life-cycle of 10 years. Of course, if initial values change, 

minimum selling price will change also. In table 2, you may see changes in minimum prices if 

we change initial values. As can be seen, economic life and interest rate don’t affect much to 

the unit price. Minimum prices differ 68-70 cents per unit with paperboard material and 70-72 

cents per unit with plastic material. O1 refers to option 1 or paperboard material and O2 refers 

to option 2 of plastic material.  

 

Table2. Effects of changes in interest rate and economic life to unit price.  

Economic 

life [a] / 

interest 

rate 

 

 

 

15 %  20 %  25 %  30 %  35 % 

[cent/unit] O1 O2  O1  O2  O1 O2  O1 O2  O1 O2  

5 68 70 69 71 69 71 70 72 70 72 

6 68 70 68 71 69 71 69 71 70 72 

7 68 70 68 70 69 71 69 71 69 72 

8 68 70 68 70 69 71 69 71 69 71 

9 68 70 68 70 68 71 69 71 69 71 

10 67 70 68 70 68 70 69 71 69 71 
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Table3. Effects of changes in interest rate and initial investment to unit price. 

Initial 

investment 

[€] / 

interest 

rate 

 

 

 

15 %  20 %  25 %  30 %  35 % 

[cent/unit] O1 O2  O1  O2  O1 O2  O1 O2  O1 O2  

150000 67 69 67 69 67 70 68 70 69 70 

200000 67 70 68 70 68 70 68 70 69 71 

250000 68 70 68 70 69 71 69 71 69 72 

300000 68 70 69 71 69 71 70 72 70 72 

350000 69 71 69 71 70 72 70 73 71 73 

 

We made same kind of calculations where we changed interest rate and initial investment. 

Results are quite the same than with economic life and interest rate. These parameters affect 

minimum price about 5 %.  

 

After we give investment model to its actual use, there will appear needs for further 

development. For example, different users might need different intermediate results that are not 

shown now, or we can give fixed options to different parameters that are suitable for that user. 

Packers might for example have fixed set of materials that they use now and then we only need 

prices and properties for those. Future tells how we need to develop the model for it to be more 

useful.   
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5 SUMMARY  

In this chapter, we go thru answers to all research questions.  

 

RQ1.1. What is the size of markets?  

Based on information from EU and UN databases and annual financial reports, the size of 

thermoforming machine markets is about 2100 - 2200 per year, and it will grow by about 75 

machines per year. Growth is based on average of data sources. In percentage terms, this is 3.5 

%.  

 

RQ1.2. What kind of manufacturers are there?  

Three big manufacturers make a significant part of thermoforming machines in Europe. There 

are also some smaller manufacturers, but they don’t make much difference to total market size. 

 

RQ1.3. What is future of the markets? Future seems positive for thermoforming machine 

market, and if packaging trends in Europe and Asia continue as forecasted, food packaging will 

grow in the future.         

 

RQ1.4 What is the size of the packaging material market and what kind of materials they use 

for thermoforming? 

Packaging material markets grow the same way as machine market. Rigid plastic tray market 

grows 7.3 % and paperboard tray market 4.6 %, but in meat and fish packaging growth can be 

even 16.7 %. This can be market where can be most significant potential in the future. 

 

As a result of this master’s thesis, we also made investment model that we can use to make 

investment decisions more efficiently. The model is used when we are answering research 

question 2.1. The model can be used by thermoforming machine manufacturer as a selling tool, 

meat packers as a decision tool and material manufacturer as to justify material changes.  

 

RQ2. What kind of investment is needed for renewal of machines? Based on budget tender we 

made new thermoforming machines cost about 200000 €, but it depends a lot on machine size, 

features, and tools that are added to it. You may say that thermoforming machine may cost 

anything between 100000 € – 1000000 €.  



51 

 

 

 

 

RQ2.1 What is investment cost structure and is investment profitability? When manufacturing 

products with the thermoforming machine, packaging materials make most of the costs. This is 

due to fast manufacturing speed (~6 cycles per minute), and so all fixed costs don’t have a 

significant impact on the total price per product. Again, due to a fast manufacturing speed, 

investments whole lifecycle is easily profitable if all products can be sold and selling price of 

the products are acceptable. After little bit of sensitivity analysis, it can also be seen that initial 

investment, interest rate, and economic life don’t affect the minimum selling price that much.  

 

RQ2.2 How will machines and technics evolve in the future? SKIN-packaging is one of these 

more sustainable processes because it uses less material than traditional MAP-packaging and 

doesn’t need any extra gases for preserving. SKIN-packaging will most likely be technic of the 

future.  

 

Due to increasing need for food packing, thermoforming machine market will also grow in the 

future. Population growth in Asia is a huge driver for that, and there is still unresearched 

markets in Africa and South-America, where food packaging is not that common. This also 

affects on the material markets and markets will grow a lot in the future when markets evolve 

in developing countries. Now it is important to invest more recyclable options in packing. 

Otherwise, our seas and beaches will be full of plastic.  

 

Investment model designed during this project seems to be useful, and it can be used in different 

industries and different purposes. Machine manufacturers can use it help to in sales, material 

manufacturers can use it in justifying material exchange and packers can use it in investigating 

different investment options. The model might need some modification with different users, as 

now it is quite general. Same model design can be used in totally different industries when you 

change parameters more suitable for intended use.  

 

After making investment calculations, it seems that investments can be easily profitable if the 

selling price of the product is over 71 cents per unit if total costs are 65 cents per unit with 

paperboard material. With plastic materials, both prices are few cents higher. Based on 

sensitivity analysis, minimum selling price doesn’t chance much. It seems that interest rate, 
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economic life, and initial investment don’t have much effect on the minimum selling price. This 

will most probably be caused by massive volumes that machine will produce annually.    
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APPENDIX 

Appendix1. Initial values of investment calculations.  
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Appendix2. How machine markets are calculated.  

EU:  

Collect data from EU-database   Take Export- and Production-data  scale euros to machines 

based on budget tender  

 

UN:  

Collect data from UN-database  Take Export-data  Based on EU data’s Export-Production-

ratio and scale UN-data with that  scale euros to machines based on budget tender  

 

MULTIVAC: 

Based on annual reports, we calculated relative portions of different manufacturers  We 

estimated manufactured machines by Multivac based on annual report and budget tender  

Scaled number knowing that all revenue that Multivac makes is not thermoforming machines, 

but there is also others  Finally we compare number we have to multivac’s relative portion 

of the whole market and get whole thermoforming machine market.  

 


