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Abstract 

This project is about how we can decreased the environmental impacts caused by milk 

cartons, manufactured of multylayer material and design alternative solution´s with 

lesser impacts. 

The study show how important it is to take the production and recycling process into 

account during the planning and designing phases of all products and processes. 

The study is made in two main steps. With help of scenario which were made, the CO2 

emission from production, handling and recycling of paper cartons for milk is 

researched and calculated. The result are shown as carbon footprint in tons of CO2-eq, 

which is a wellknown scale. Thereafter an alternative method for production and 

recycling of milk package made of plastic was promoded and similar scenario made for 

the alternative solution for comperation. 

The main findings are that by reducing the amount of virgin material used for milk 

package by recycling used package locally, the CO2 emission can be redused 

significantly. This is possible by using homogen material which can easiely be kept 

separate during the collection of used package and is easy and is permitted by 

authorities. Furthermore, the findings shows that the recycling process, which is an 

energy demanding process, has lesser environmental influence by recycling with 

hydropower energy than energy made from fossil fuels. 

The findings shows that we can reduce the carbon footprint by using different solution 

than the present one and that applies for many other kind of package. Taking into 

account all the packaging material disposed or exporded for recycling, it is neccesary 

for a short time solution to start to recycle domistically but in the near future it is 

important to start to use reusable package instead of consume package. 
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Preface 

In recent years people has been more and more aware of the amount of packaging 
material we are using and disposing every single day, mainly in connection with 
increased consume of products, such as food, which are packet in disposal consumer 
package. It is not only the huge amount of material we use, which have influence in 
destroying our natural resources, but not least the environmental impact the production, 
transport and disposal of the packaging material must have. In my mind some of these 
packaging´s methods are unnecessary and we should be able to handle and distribute 
products differently in local communities. Therefore I was interested in look at other 
methods for this purpose but I was also interested to explore the environmental impact 
of the package and how we could measure the pollution by quantifying the 
environmental impact. As an engineer this approach is natural for me, it is by firstly 
quantify the amount we are dealing with in present situation and then try to solve them 
using design methods to create new ways which fulfil the purpose of the study and 
finally compare them with present situation to see what we can gain. 

The most part of my life I have been working in the technical field, in the beginning in 
the fish processing field as an fishery engineer M.Sc. but recently more and more in 
environmental related projects which I find a very interesting field together with the 
technical field. 
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Introduction 

The packaging society 
Our society is often called the packaging society and that is literally true as almost all 

the products we use are packed in specialized packaging, whether it is things we want to 

consume, tools or food. Increased globalization has made commodities accessible 

nearly everywhere in the world, regardless of where production takes place and at the 

same time, the emphasis on local products has decreased. 

These developments have resulted in a waste of resources and there has been a dramatic 

increase in the manufacturing of products  and packaging with a subsequent increase in 

pollution because of manufacturing and transport. One of the main challenges of our 

time is to address the problems this has caused. 

One of the ways developed has been to recycle some products but mostly packaging. 

Recycling, where it is successful, reduces the use of new materials and decreases the 

waste of natural resources, but it often results in increase of transport. For example, 

recycling in Iceland consists of collecting used packaging, sorting them to varying 

degrees and driving them to sorting stations where they are packed and transported 

abroad for recycling. 

The role of packaging. 
But despite these negative effects packaging has an important role in protecting the 

products from the effects of transport and distribution from manufacturer to consumer 

and this is particularly true of foods where the packaging is a key component in 

protecting them and ensuring a longer shelf life and therefore in decreasing waste. 

Therefore it is important when designing and manufacturing packaging that every 

attempt is made to minimize its negative effects. When material is being selected for 

packaging it is important that it is consistent with the role for which it is intended. 

Therefore there should be a difference in the materials and finish of the packaging 

which is designed for containing locally produced products which have a short shelf life 

and are used in the local society and in the materials used in packaging of international 

products with a long shelf life which are distributed all over the globe. 
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But when we look at the packaging we use today there does not always seem to be a 

great consistency in the selection of materials and the requirements for the packaging. 

As a small example we can look at packaging for fruit juice which has a long shelf life 

and is produced for instance in Australia. If the fruit juice is distributed to markets all 

over the world the juice has to be in packaging which can protect it from rough handling 

and protects it from influences which can affect the quality of the product when it is in 

storage. Paper cartons for example from TetraPak are often used to package such 

international products. 

Therefore it attracted my attention that milk, which has a short shelf life, only a few 

days and is distriubted to local markets in a „protected“ transport system, is packaged in 

similar packaging as the fruit juice. One would think that the packaging could be lighter 

and simpler for the milk with regard to the different requirements for the transport and 

storage of the two products. 

Therefore it is natural to wonder what effect the choice of packaging has on the 

environment and if it isn‘t possible to do better. 

The following research attempts to go into detail on this subject where the main 

question is whether it is possible to minimize the impact of milk containers by using 

alternative materials and alternative recycling processes. 

 

 
Figure 1: The images show different type of beverage in paper cartons, fruit juce and fresh milk. 

 

Structure of the report 
Chapter one examines the development in the use of single use containers to put the 

subject in its historical context and see whether we can find usable information in 

history. It also examines what solutions are used elsewhere, specifically in Britain 

where there has been great research on the subject of the environmental effects of milk 
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production in total, including packaging. It also examines the opportunities and 

obstacles of using other materials or recycling. 

Chapter two formulates the goal of the project and the research question further and 

discusses research methods. It was decided to assess the environmental impact with 

respect to the effect of pollution on the climate by calculating the so-called carbon 

footprint for various phases in production, distribution and recycling of packaging 

materials. In order to do that a comparative study was made where the situation today is 

compared to one or more methods put forth as scenarios. A recognized research method 

was chosen that relies on applied research on carbon footprint. 

Chapter three details the actual study. Milk packaging as it is used today is described 

and the carbon footprint calculated. The description uses the amount of packaging for 

the average milk consumption of the population of the southwest of the country, that is 

250.000 consumers. Then other methods are developed which could be used to decrease 

usage of materials and carbon footprint. After a critical examination of the methods, one 

of them is chosen for comparison purposes and a scenario is developed which can be 

compared to the present situation. That scenario examines the environmental effects of 

using a homogen plastic material for the packaging, which can be easily recycled locally 

and therefore decreases the need for import of new material and makes it possible to 

stop exporting the material for recycling. In that way it is possible to use the material 

again and again in the country. 

In chapter four the findings of the comparative study are detailed. They show that it 

would benefit us greatly to recycle packaging locally. In that way we can reduce the 

carbon footprint by 3.329 tons of Co2-eq annually based on the scenarios developed. 

The reason is that it is possible to reduce the usage of new materials from 1.316 tons 

annually down to 252 tons. The use of local electricity for recycling has a great effect 

on the carbon footprint compared to using fossil fuels. 

Finally the conclusion are discussed and examines how it is possible to effect the 

changes to decrease the soot print, in the short term by building national recycling but 

also by developing a long-term solution by using reusable packaging which could 

decrease pollution even more. 
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1. Consumer package. 

 

1.1 The development of consumer package 

1.1.1. Overview 
Consumer packaging for food is a relatively new phenomenon. James G. Carrier 

discusses the history of food packaging in his work Gifts and Commodities: Exchange 

and Western Capitalism since 1700. In the past food products were delivered in bulk, 

shopkeepers sold colonial products like sugar and wheat in big sacks or barrels, milk 

was poured from big milk cans but this started to change in the beginning of the 20th 

Century when food began to be packaged into disposable consumer packages in 

factories. The reasons are that at the same time that product choices multiplied and 

became more complex, consumers and the authorities demanded more hygiene so that 

the food was put into packages in special factories. The influence of brands trusted and 

sought by the consumer increased at the same time. Also, there were great changes in 

the way products were sold, supermarkets took over from local shops and the 

development of disposable consumer packaging probably had an influence on that 

development, it enabled companies to build stores where the consumers picked the 

goods up themselves instead of being served at a counter.1 

                                                        
1 James G. Carrier, Gifts and Commodities: Exchange and Western Capitalism since 1700,  
1995, Routledge, New York. 
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Figure 2: The image shows consumer products in disposal package inside a modern foodstore. 
 

This development required that packaging had to be manufactured for food and it had to 

fulfil certain standards. It had to be a barrier protection for example against bacteria, 

light (UV-waves) and gases like oxygen but all these factors can influence the shelf life 

of the food, milk for instance.2 The packaging also had to protect food from the effects 

of long-haul transportation. Here it is necessary to remember that this development took 

place before the containerization of transportation which makes the process much 

simpler and protects the goods better. 

As well as protecting the contents the packaging also has a role in marketing. The look, 

finishing and choice of material are very important in making the goods attractive to the 

consumer and in providing information, both that which is legally required and also 

information chosen to encourage the consumer to choose this product rather than the 

competitor’s products. 

1.1.2. The development of milk packaging in Iceland. 
The development of packaging in Iceland was similar to the one described above as all 

the colony goods came from abroad.  

 

                                                        
2 Wendy Cladman, Steven Scheffer, Nina Goodrich and Mansel W. Griffitths, „Shelf-life of 
milk packaged in plastic containers with and without treatment to reduce light transmission“, 
Int. Dairy journal, 8 (1998) pages 629 – 636, page 631. 
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Figure 3: The images shows milk container and sealing equipment for glass bottles. 
 

Milk was the primary beverage in the country, sold in the stores of Mjólkursamsalan 

(MS) which had exclusive rights to sell it. First it was sold straight from big milk cans 

and then in small containers the users took to the stores or in glass bottles.3  

In the seventies MS started packaging the milk in disposable consumer packaging made 

of plastic covered cartons from the corporation TetraPak in Sweden, first in pyramid 

shaped cartons (tetra) but later in rectangular cartons. At around the same time the 

monopoly of milk sales in Reykjavik was lifted, the MS-stores closed and the sale of 

milk was overtaken by colony stores and supermarkets when they came into existence4. 

Milk is a big part of the consumption of beverages in Iceland, but the annual average 

consumption is roughly 142 litres per person.5 6  

1.2. The development of recycling 
This development, that is the use of disposable consumer packaging  have some 

negative impact in that towns needed more space for landfills if the packaging is thrown 

away but it also has an effect on our environment with increased waste of resources. 

Therefore there has been an emphasis on the recycling of packaging and the value of 
                                                        
3 Óskar Guðmundsson, Samsala í sjötíu ár, 1935-2005, Mjólkursamsalan í Reykjavík og Óskar 

Guðmundsson, Reykjavík, 2007, page 154. 
4 Óskar Guðmundsson, Samsala í sjötíu ár, 1935-2005, page 215. 
5 Information from Icelandic statistic, Hagstofan, 

(http://hagstofan.is/?PageID=2596&src=https://rannsokn.hagstofa.is/pxis/ 
Dialog/varval.asp?ma=SJA10203%26ti=Neysla+innlendra+mj%F3lkurafur%F0a+1990%2D2
007+%26path=../Database/sjavarutvegur/landframleidsla/%26lang=3%26units=K%EDl%F3gr
amm/%20L%Edtri), February 15. 2014. 

6 Hagtölur Landbúnaðarins 2010, Bændasamtök Íslands, March 2010. 
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recycling has been studied intensively, that is what materials can be recycled, in what 

way and what processes should be used.7 

Iceland has used a process which is well known abroad and consists of collecting used 

packaging and selling it to big recycling centres abroad, see picture.8  

 

Figure 4: The picture shows packaging material, ready to export for recycling.  
 

The result is that there is nearly no recycling of used packaging material in Iceland. 

Packaging manufactured with a single material, like plastic or paper is easy to recycle 

and use in production of new products.  

It is more difficult to recycle other products, for example milk cartons because of their 

complex composition, as they are made of many unrelated materials,9 see picture 5.  

 

                                                        
7 Jefferson Hopewell, Robert Dvorak and Edward Kosior, „Plastic recycling: challenger and 

oppertunities“, Pholosophical Transaction of Royal Society B, (2009) 364, 2115-2126. 
8 Information from Sorpa bs, http://www.sorpa.is/umhverfismal-og-flokkun/flokkun-

urgangs/flokkunarreglur 
9 Informations from Tetra Pak (http://productxplorer.tetrapak.com/en/package/tetra-rex-1000-

base-plus#slide=BenefitAccordion) 
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Figure 5: The picture shows main components of papercarton for beverage.  
 

The result is that when the cartons are recycled, the layers have to be separated and 

therefore it is mostly the paper which can be recycled, but other materials, for example, 

aluminium and plastic have to be moved to a landfill.10 

1.3. The possibilities of the near society 
One of the main reasons for the transportation of used packaging abroad for recycling is 

that different materials are mixed together when they are collected. Therefore it is 

necessary to separate the materials anew to be able to recycle pure material as that is a 

necessary condition for being able to use the material again. It is always important when 

processes are designed, whether for normal manufacturing or for used packaging, to 

keep the material streams as separate as possible. Thus we are to be able to reuse the 

value which can be in each material stream because it is always difficult to separate the 

materials streams again to reuse them. 

Therefore there can be important possibilities in near societies where the distance 

between manufacturer and consumer is smaller, especially regarding products 

manufactured for that area. These possibilities consist of being able to keep the 

materials separate in the whole cycle, from manufacturer to consumer and back again. 

1.4. A different kind of packaging. 
Even though paper cartons are often used for milk it is normal in many countries, for 

example in Britain, to use plastic materials for the packaging and distribution of milk to 

                                                        
10 Jorgelina Pasqualino, Montse Menses, Francesc Castells, „The carbon footprint and energy 

consumtion of beverage packaging selection and disposal“, Journal of Food Engineering, 103, 
(2011), pages 357-365, Table 1, page 359. 
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stores but there glass is also used.11 The plastic they mostly use is made of HDPE,12 see 

picture 6.  

 

 

Figure 6: The image shows milk package maid of HDPE plastics.  

 

Extensive research has been done on the effects of plastic materials for the shelf life of 

milk compared to paper packaging13 14 but there is also research available on the 

possibilities of recycling of the packaging.15 This research has shown that it is possible 

to use recycled plastic in new milk packaging which creates the possibility of using 

plastic in the cycle instead of having to continuously to use new materials for the 

packaging. It is the policy of milk manufacturers in Britain that 50% of milk packaging 

should be made of recycled plastic, rHDPE (recycled High Density Ply Ethylen) in 

2020,16 which is a part of an ambitious program, The Milk Roadmap,17 which is 

supposed to lessen the environmental impact of the production and distribution of milk. 

                                                        
11 The Milk Roadmap, May 2008, Dayri Supply Chain Forum´s Sustainable consuption & 

Production Task Force, page 17 
12 ibid. 
13 Panagiota Zygoura, , Theodora Moyssiadi, Anastasia Badeka, Efthymia Kondyli, Ioannis 

Savvaidis and Michael G Kontominas, „Shelf live of whole pasturized milk in Greece: Shelf-
life of milk packaged in plastic containers“, Science direct, Food Chemistry, 87, (2004), pages 
1-9, page 8. 

14 Wendy Cladman, Steven Scheffer, Nina Goodrich and Mansel W. Griffitths, „Shelf-life of 
milk packaged in plastic containers with and without treatment to reduce light transmission“, 
int. Dairy Journal 8, (1998), pages 629-636, page 635. 

15 Stephen Lloyd, Research & development to improve the recyclability of plastic milk bottles, 
WRAP, January 2011. 

16 Ibid. 
17 The Milk Roadmap, May 2008, Dayri Supply Chain Forum´s Sustainable consuption & 

Production Task Force 
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In the EES addendum to EU regulation´s from 29.3.2012 as a part of the European 

Commission regulation´s nr. 282/2008 from Mars 27. 2014,18 there is to be found a 

detailed coverage of usage of materials and objects made of recycled plastic which is 

supposed to be in touch with food. There are strong demands for the usability of such 

materials to protect consumer´s and it is demanded to apply specially for the recycling 

process, which then will be exminated by specialist´s. But nothing hinder the usage of 

recycled plastic in milk package as long as the recycling process fullfill authorities 

demands and all standards  

1.5. Summary. 
As can be seen above the use of disposable consumer packaging has increased during 

the last few decades. They came into existence in part because of increased demand 

from consumers and health authorities but also because of changes in sales practices. 

This development has caused a reaction and demand for increased recycling of used 

packaging to decrease the areas needed for landfills but also to decrease waste of 

resources. 

The solutions used have mostly been to increase the sorting of used packaging and 

increase their recycling for various uses. Recycled packaging has been increasingly used 

to make new ones, for example when manufacturing milk packaging. 

In a market area where the distance between the producer and consumer is small there 

can be possibilities found in separating packaging and that makes it possible to 

approach the subject in another way than we do today. 

To be able to be successful it is important that it is easy to recycle the milk packaging, 

that it is legal to use the materials again and that it is possible to keep them separate in 

the whole recycling process or sort them from other plastic materials. 

 

 

 

 

 

                                                        
18 EES and ESB regulation, EES-viðbæti við Stjórnartíðindi Evrópusambandsins frá 29.3.2012 

sem hluti af Feglugerð framkvæmdastjórnarinnar (EB) nr.282/2008 frá March 27. 2008. 
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2. Methodology 

2.1. Definition of aims. 

2.1.1. The purpose of researching milk packaging. 
When recycling is discussed it is important to focus on its real aim, that is, recycling 

came about because of the need for sustainable use of natural resources and not only to 

be able to stop using expensive land for landfills and to meet the laws and regulations in 

place at each time. Therefore it is not enough to look at what technical solutions are 

available at each time, we also have to expand our horizons and find other solutions 

which could help us reach our aims. Therefore it is important that sustainability is a 

great factor in the design. 

This research involves viewing alternative approaches in choosing milk packaging, 

analysing the environmental impact of their use and look for new ideas and ways to 

meet the aim of increased sustainability. By doing so, we have more than one option 

which we can compare. 

2.1.2. The research question. 
It is important, when choosing materials for milk packaging to see if they fulfil their 

main criteria, whether it is to ensure the shelf life of the product or protect it from 

damage and that the packaging is made of as homogenous and recyclable materials as 

possible. But it is also necessary to design a production- and treatment process in such a 

way that we can reuse the packaging material by recycling it. 

Therefore we can imagine that milk packaging, used for the distribution of milk, with a 

limited shelf life, for consumption in the near society, is the type of packaging which 

does not have to sustain much pressure and should be ideal for recycling, especially 

when we look at the extent of consumption. It is interesting to see what environmental 

impact it would have if we used other types of packaging and a recycling process which 

fits well in a near society like here in Iceland, but especially in the southwest which is 

the most populous area. 

The study question is therefore, what environmental impact it would have to use other 

types of materials and recycling processes for milk packaging. 
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2.2. The research. 

2.2.1. Research method. 
It is important to select a research method which fits the subject. With that in mind data 

was collected and other’s studies of similar subjects were read to ascertain how best to 

do the research. 

To be able to assess the environmental impact it was decided to: 

• Research recycling extensively, see how the collection-and recycling process for 

used disposal consumer packaging is structured, both here and abroad and see 

what measurable values we can use to assess the environmental impact of 

recycling. 

• Talk to users and stakeholders in Iceland who work on recycling to create a 

research base. A list of correspondents can be found in Appendix B and they are 

quoted when necessary. 

• Select a recognized methodology for the study which would give reliable results 

which can be used for comparison purposes.19 

The study methods used are first and foremost based on applied research, where 

measurable data from other studies are used to analyse the main impact the usage of 

disposal consume package for milk will have on the environment.  

2.2.2. Data collection for the research. 
Many studies on similar subjects which assess the environmental impact of 

packaging use Life Cycle Assignment, LCA which is standardized in the 

environmental standards ISO 14000 and ISO 14040.20 When analysing the eco-

process many factors which can have environmental impact are assessed, some are 

local, such as use of land and effect on water but others are global, for example, 

greenhouse effects, which are the effects of greenhouse gases on the atmosphere. 

The effect of those gases are always shown by its carbon dioxide equalient value 

(CO2-eq) usually called carbon footprint. It is often defined as: „The carbon footprint 

is a measure of the exlusive total amount of carbon dioxide emission that is directly 
                                                        
19 Antonio Scipioni, Alessandro Manzardo, Anna Mazzi and Michele Mastrobuono, 

„Monitoring the carbon footprint of products: a methodological proposal“, Journal of clean 
production, 36, 2012. 

20 Matthias Finkbeiner, Atshushi Inaba, Teginald B.H. Tan, Kim Christiansen and Hans-Jurgen 
Kluppel, „The New International Standards for Life Cycle Assessment: ISO 14040 and ISO 
14044“, Int J LCA, 11, (2), pages 80-85, (2006). 
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and indirectly caused by an activity or is accumulated over the live stages of a 

product“.21 

It was decided to limit the study of environmental impact to a study of carbon 

footprint to be able to use the results of other studies in this study. These studies are 

accessible and easy to convert to Icelandic conditions. 

It should be noted that the original manufacturing of materials and their recycling 

demand a lot of electricity. Electricity can be manufactured by many methods but 

the most common process is by using fossil fuel and/or nuclear energy. Therefore it 

is important to correct the calculations of the carbon footprint in accordance with the 

different methods used for creating electricity when used. In this study we use data 

about carbon footprint created with electricity production published by Landvirkjun 

The National Power Company of Iceland).22 

It was then decided to use a model which has been developed especially for 

manufacturing and distribution of goods.23 

2.4. Ideas for comparison 
To answer the research question scenarios are created which describe processes for 

manufacturing, transportation and recycling of milk packaging, see Chapter 3. The 

carbon footprint created by the use of the milk cartons is calculated in accordance 

with the study model referenced above and then ideas are developed about the use of 

other kind of materials and recycling processes for the milk packaging. For 

comparison purposes one scenario is used which is based on using recyclable 

HDPE-materials for the packaging. It was decided to choose this packaging because 

it is legal to use recyclable materials for their manufacturing and because their 

carbon footprint can be calculated for comparation to the milk cartons. 

Other ideas put forth are also possible but they will not be disccssed further. 

 

                                                        
21 Thomas Wiedman and Jan Minx, A defunation of carbon footprint, ISA Research and 

consulting, Durham, UK, june 2007. 
22 Kolefnisspor Landsvirkjunar, Loftslagsbókhald 2007, Landsvirkjun, Háaleitisbraut 68, 103 

Reykjavík. 
23 Antonio Scipioni, Alessandro Manzardo, Anna Mazzi and Michele Mastrobuono, 

„Monitoring the carbon footprint of products: a methodological proposal“, Journal of cleaner 
production, 36, (2012), pages 94-101, p. 94-101. 
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3 Scenarios.  

3.1. Scenarios for comparative studies 
To make comparative research it is important to define scenarios which can be 

compared and get reliable result from. In the following those scenarios ar defined and 

describet. To quantify the amount of milk package in the calculation of carbon footprint, 

the scenarios are limited to the southwest part of Iceland with a population of 250.000 

inhibitants and wher the company Mjolkursamsalan (MS) is the main supplier of milk 

and the companies main production and distribution is located in that area. Calculation 

of the carbon footprint are shown in Appendix A. 

3.2. A scenario for use of milk cartons 

3.2.1. The manufacturing and recycling process with milk carton, major criteria. 
To calculate the carbon footprint of the milk packaging a following scenario is created 

as the basis of the calculations. 

It is assumed that the raw material comes in paper rolls from a warehouse in the vicinity 

of Gothenburg in Sweden, that it is transported from there to the harbour, where it is put 

on a freighter and transported to Iceland. There it is taken from the freighter and moved 

to the manufacturing plant of the Mjólkursamsalan in Selfoss. There the material is 

formed into one litre cartons and filled with milk, closed, put in a cooler and then 

distributed to the shops. After the consumers have emptied them they put them in a 

special barrel which is collected and moved to sorting and packaging in Gufunes where 

they are put with other paper materials. The paper is then driven to the harbour where it 

is put on board a freighter which sails with it back to Gothenburg in Sweden where it is 

transported from the harbour to a recycling centre. 

In appendix A, more accurate calculations of carbon footprint created by this scenario 

are to be found. 

Picture 7 shows a visual of the process and table 1 include a short describtion of the 

process and a list some of the main  advances and disadvances regarding the method.  
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Figure 7: The image shows the manufacturing- and collecting processes of milk cartons. The 
grey line shows the packaging material and the blue line shows the milk.  

 

Table 1: The process and some of the advances and disadvances of using milk cartons. 
 

Milk cartons, present situation 

Describtion: The present situation, the flow of the milk cartons. They come 

pre-printed on rolls to the country, they are changed for use at the 

milk producer and they are filled and from there they are driven to 

the stores. After use the cartons are put into paper collection 

barrels. The contents of the barrels are collected and moved to a 

packaging station where the cartons are packaged with other 

paper and moved for recycling abroad. 

Advances: Strong quality packaging which consumers have grown used to. 

They protect the contents both against pressures and as a barrier 

against external influences (light, air, bacteria). 

Disadvances: The packaging is only used once. Much transport needed. The 

cartons are complex and have to be transported abroad for 

recycling. 

Oppertunities:  

Limitation:  
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3.3. A scenario for using milk cartons made out of plastic 
A similar scenario where milk packaging made out of HDPE, where most of it is 

recycled, is made for comparison purposes. 

3.3.1. The manufacturing and recycling process with HDPE, major criteria. 

It is assumed that the raw material comes from a warehouse in Rotterdam in Holland. 

There it is moved to the harbour, into a freighter which transport it to Iceland. There it is 

moved from the freighter to the manufacturing plant in Selfoss, where it is transformed 

into packages, they are closed and put in a cooler and then they are ready for 

distribution. After use the users return the packaging back to the stores and it is 

transported back to the manufacturing plant in Selfoss, recycled and new cartons made 

out of the recycled material. 80% utilization is assumed, exact numbers for the 

utilization of HDPE in recycling were not available, the number used was about 75-86 

% and therefore it was decided to use the numbers from PET as the same recycling 

process is used, that is a mechanical process, not a chemical one (which is also a 

possibility).24 

More exact calculation of carbon footprint can be found in appendix A. 

Picture 8 shows the process visually and table 2 shows the production-and collection 

processes of milk cartons as well as an overview of advances and disadvances of HDPE 

packaging. 

 

Figure 8: The image shows the manufacturing-, collecting and recycling of milk bottles made of 
HDPE plastics.. The grey line shows the packaging material and the blue line shows the milk.  
 

 

 
                                                        
24 Secil Cirsen Docan, Life cycle assessment of PET bottles, Docuz Eylul University Graduate 

school of natural and applied sciences, September 2008, page 58. 
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Table 2: The table shows the process and some of the advances and disadvances of using plastic 
containers made of rHDPE. 
 

Platic containers, recycled locally. 

Describtion: Plastic containers or bottles made out of HDPE which are 

returned to the stores (possibly paid return even though that is not 

a necessary premise for the system) after usage. MS trucks who 

distribute milk to the stores take the used cartons back for 

recycling in a packaging plant where the bottle is crushed, washed 

and transformed into a new plastic bottle which is then filled 

again. 

Advances: A local circle is created with the materials where used  materials 

are recycled. A limited transport of new materials. The process 

fullfisll the authorities’ requerment of using recycled material 

again for new milk containers. 

Disadvances: It might be necessary to build a collection system (and the 

producer will possibly pay for the returns) in stores. It has to be 

ensured that the circle is not polluted. 

Oppertunities: A big part of the material can be recycled into new packaging. If 

it can’t be recycled into the same kind of packaging it can be a 

raw material for production in other local industries or as a pre-

manufacturing for export. 

 

As this shows the differences of these processes are that instead of the packaging being 

put into a recycling can after use and have to be collected and driven from there, the 

distribution trucks of the milk producers are used to move used cartons back to 

recycling. 

3.4. Limits of the research. 
To be able to present new ideas about milk cartons and recycling processes a few 

scenarios were presented and one of those was selected, a milk package made out of 

homogen HDPE for further research and comparison to milk cartons.  
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When calculating the carbon footprint the differences between the carbon footprint of 

HDPE and the carbon footprint of milk cartons were compared. Some factors are 

inevitably the same, like the transport of milk from producer to stores, from stores to 

homes etc. and in both cases it is the same amount. It was decided not to calculate that 

part of the carbon footprint because they are common to both ways of packaging. 

Therefore processes which are common to both in picture 9, not used in the 

calculations. 

In this study it was decided only to focus on the environmental effects of milk cartons 

and calculate them. Therefore social and economic effects have not been calculated but 

of course they can have an effect on the future of packaging and have to be assessed. 
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Figure 9: The flow chart shows the different steps which the use of consumer packaging can go 

through during the usage time and which create carbon footprint. Distribution and users 

transport are the same for both types of packaging studied and in the same amount and therefore 

are not calculated. Collection and transport for export only applies to milk cartons. 
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4. Findings 

4.1. The main subject of the research. 
In chapter two the research question and the research methods are defined and in 

cahpter three there is a describtion on how the research was performed. Two different 

scenarios with different packaging material for milk that meet all the requirements for 

milk packaging are put forward, first the present situation and then a scenario involving 

the use of packaging materials which are easily recyclable and can be used again for 

milk packing. Furthermore the research are limited to the popuation of soutwest part of 

Iceland with 250.000 inhibatants. This is done to further demarcate the calculations and 

to make the comparisons between the two scenarios realistic. The results of the carbon 

footprint calculations are then used for the accompanying results. 

4.2. The results of carbon footprint calculations. 
The main results of these calculations are that there are great gains to be had by 

choosing to use the plastic material HDPE instead of milk cartons, see table 3 which 

shows the main results. 

Table 3: Summary of the carbon footprint of different scenarios methods: Production, use and 

recycling of paper cartons on one hand and production, use and recycling of HDPE on the other. 

The carbon footprint calculations can be found in Appendix A. 

Matter Quant-
ity 

 
(tonn) 

Prod-
uction 

T.CO 2-eq 

Transp. 
 

T.CO 2-eq 

Forming 
 

T.CO 2-eq 

Collect-
ion 

T.CO 2-eq 

Transp. 
 

T.CO 2-eq 

Recycl-
ing 

T.CO 2-eq 

Total 
 

T.CO 2-eq 

Paper-carton 1.316 1.658 646,6 535 28,4 535,3 494 3.897,0 

HDPE, renewal 
(20%) 

252 393 123,1 10,4    526,5 

HDPE, recycling 
(80%) 

1.002      41,4 41,4 

 

Table 3 above shows the main results of the calculations of the carbon footprint of the 

two scenarios presented, on one hand the calculations of the present situation where 

cartons are used and on the other hand the results of using HDPE-plastic. The 

calculations covering HDPE are split in two in the table, on one hand calculations of 
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carbon footprint for the materials circulated (HDPE recycling) which are about 80% of 

the material and on the other hand carbon footprint of the materials which have to be 

renewed (virgin HDPE) which is about 20% of the materials. More accurate 

calculations and assumptions are to be found in Appendix A. The table shows the 

primary factors creating carbon footprint and the results show that the carbon footprint 

created by manufacturing is slightly bigger when manufacturing HDPE virgin instead of 

cartons. The main difference between the carbon footprint of those scenarios is that the 

amount of materials needed for cartons are much higher (about five times) than the 

amount of materials needed for HDPE virgin and there is no need for collection and 

transportation for recycling of used HDPE virgin in contrast with the cartons. Another 

clear result is that the carbon footprint of recycling HDPE is much smaller than when 

recycling cartons. The reason is that the electricity production for recycling in Iceland 

creates a smaller carbon footprint compared to many other places where oil is used for 

electricity production. 

 
Figure 10: The image shows toral carbon footprint, on one side the milk carton and HDPE 
plastic on the other, in tons CO2-eq per year. 

 

The results of the calculations show that the use paper cartons create a carbon footprint 

which is about 3.897 tons of CO2-eq while the use of HDPE packaging creates a carbon 

footprint which is 567,9 tons of CO2-eq or about 14,5% of the carbon footprint of the 

milk carton, see figure 10. 

4.3. Main conclusion 
The differences between these types of packaging are following factors: 
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• As things stand now, by using cartons, the use of new packaging is greater than 

by using HDPE because the cartons are recycled abroad which requires constant 

renewal but milk packaging made of HDPE are recycled in Iceland and therefore 

there is less need for renewal. 

• The collection of transport of milk cartons for recycling abroad creates a bigger 

carbon footprint compared to the recycling of HDPE. 

• Recycling HDPE here in Iceland creates an especially small carbon footprint 

because of the energy sources utilized here. 

Therefore the main difference in the carbon footprint does not lie in the types of 

packaging themselves as such but in that the HDPE packaging is created out of 

homogenous material which is easy to recycle in Iceland but the milk cartons are 

created by a complex composition of materials which are much more difficult to recycle 

because the equipment required is extensive. 

4.4. Information from Tetra Pak 
Calculations on the carbon footprint of the production of milk cartons were based on 

information from TetraPak’s25 homepage, which only shows calculations for one type 

of packaging but the company produces more types with different layers of materials. In 

the text accompanying the calculations it states: 

 “The CO2 profile across the full life cycle of a representative 1 liter Tetra Brik 

Aseptic packager for milk or juice under European conditions is illustrated 

below“26 

It is therefore possible that there are slight errors in the calculations of the carbon 

footprint of the milk cartons but as has been pointed out it does not matter as much as 

the amount of new packaging used. 

 

4.5. The benefits of recycling in the local community. 
This research clearly shows that there are great benefits to be found in creating ways 

and options for reducing the use of new packaging materials for milk and recycling as 

much of the packaging as possible. To be able to do that it is necessary to select a 
                                                        
25 TetraPak´s homepage, http://www.tetrapak.com/environment/climate-

change/co2footprint/carton-footprint/co2profile-asepticcarton, updated 2.1.2014. 
26 ibid. 
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suitable material for the packaging and take full advantage of the presence of the local 

society which gives us the ability to return the material back to the stores. There they 

can be handled and the milk producer can collect them when his trucks arrive with new 

products instead of having to create an extensive collection system. 

Therefore the results clearly show how important it is in research like this to evaluate 

material feeds and research their patterns. That creates preconditions for innovation. 

 

4.6. Summary of results 
The results of calculations in the comparative studies above clearly show the 

possibilities which lie in designing a recycling process for milk cartons in accordance 

with the conditions here. Thus it is important to use unconventional ways to design 

packaging and collection-and return systems for the local society instead of relying on 

the technical solutions offered as the only possible solution. This creates an opportunity 

by redesigning milk packaging which has smaller environmental impact than the milk 

cartons. 

The main result of the study is that it is important to reduce the use of new packaging 

materials. Three key factors play an essential role: 

• The material in the packaging. It is important that the material used for the milk 

cartons are homogenous and suitable for recycling and it has to meet the 

requirements for using it again for milk packaging. 

• Used packaging for milk has to be kept separate from other packaging so that it 

is possible to return it in a simple fashion to the stores where it can be kept so 

the producer can take it back when he delivers the products. It should be pointed 

out that MS delivers products every weekday to stores in Reykjavik so there is 

no need to assume that the packaging will accumulate and that they deliver the 

milk in trolley´s which are empty on the way back.27 It is also important to 

simplify the process, for instance not having to collect the packaging again and 

transport it overseas for recycling. 

• The study shows that recycling by using domestic energy has a great effect on 

the carbon footprint because the energy produced in Iceland creates a smaller 

                                                        
27  Aurhors´ interview with Torfi Matthiasson, employee at Nóatún store, March 4. 2014, 
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foot print than in many places are abroad where fossil fuels are used for energy 

production. 
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In Conclusion 

The effects of packaging on the environment 
It is an important goal to make every effort to reduce the problem created by an 

increased carbon footprint in our environment, whether it is the increase of greenhouse 

gases in the atmosphere, which cause global warming or the increase in carbon dioxide 

in the ocean causing acidification and changes in the ecosystem. Changing the recycling 

processes is a good example of a small step that can be taken to help achieve this goal, 

it‘s not big in the overall picture but many small steps can have an effect in the same 

way as the pollutants were created in many small steps and have caused the 

environmental impact we have to deal with now from the era of the Industrial 

Revolution. 

The recovery and recycling of used packaging began towards the end of the last century 

in this country and since then the majority of the packaging materials have been sent 

abroad for recycling. This method creates a big carbon footprint if we look at all the 

material sent for recycling; the milk packaging in a demarcated area, the southwest of 

Iceland is only a fraction of the total amount of material treated in similar manner. 

 

Public awareness 
There has been much debate about recycling in the past few years with the advent of 

increased sorting of packaging materials, where paper is separated from other household 

waste and plastic as well in some places. At the same time public awareness of the 

negative effect of increased pollution has soared, one has only to refer to near daily 

news about the consequences of climate change on the weather and as we see the 

glaciers around us get smaller. Discussion of the effect on carbon dioxide on 

acidification of oceans has also attracted attention as it has a direct impact on our 

existence as a fishing nation. 

I therefore think it‘s important to start examining our use of packaging and recycling in 

depth with the aim of reducing the environmental impact and I think the timing is good 

because of the increased interest in the issue. 
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Other ideas 
But it is also important to examine where we can stop using disposable packaging, for 

example that if consumers can return used milk packaging to stores where the milk 

producer gathers them together for recycling, can‘t they also bring their own reusable 

containers and fill them with milk, like we buy fish and meat from a table in the store 

instead of a packaged product. In that way the milk producer could distribute the milk in 

different sized reusable containers to the store and take it back when it is empty. This 

method would decrease the environmental effect even further, although it has not been 

calculated in this research.  

 

Developments in the use of single-use packaging. 
It is interesting to examine the use of reusable packing for filling in the shops in the 

context of the development of packaging discussed in the first chapter. There it was 

stated that it were the consumers and health authorities on one hand and the changes in 

sales methods on the other which increased the use of single-use packaging. To a certain 

extent it can be said that this proposal is moving us back in time, then it was normal to 

use glass bottles for filling in stores or consumers returned used glass bottles which the 

milk producer took for washing and refilling. But new materials, new technology and of 

course increased hygiene can give is new opportunities that are worth looking at.  

From a design perspective this approach is in no way negative, more often than not we 

have to look back and see how we can use „old“ knowledge combined with new 

materials and new technology that can move us forward. New materials, such as plastics 

give us the freedom to change the packaging, instead of a carton, we can create new 

shapes and new textures. 

 

The role of design 
This study shows as well how important it is that environmental considerations should 

have a greater role in design, from the first step, and it does not matter whether single 

products or processes are being designed. It also shows how much more successful we 

can be in reducing the carbon footprint and material usage by examining the 
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environmental factors from the start. At the same time it shows the importance of design 

in preparing and developing products and services, where not only recognized standards 

for solving problems are used but the approach is also consistent with the objectives that 

have been stated. There the research and appropriate research methods play a major role 

as it gives an important insight into the subject and opens up additional ways to 

innovate. 

 

Sustainability 
It is often said when the solutions to problems are being discussed that sustainability 

must always be taken into consideration, it‘s basic values, that is environmental, social 

and economic and that they should be in balance, see picture 11. However, one might 

ask whether this approach in isolation will ensure that the social and environmental 

factors will be given as much weight as the economic ones. 

 

 

 

 

 

 

 

Figure 11: The image shows the main values of sustainability and their balance. 

 

It is an urgent question how it will be possible to give environmental and social values 

an increased weight by making them assumptions before we look to economic values, 

see picture 12.  
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Figure 12: The image suggest a different approach to ensure that environmental and social 
values are prioriteted. 

 

For instance, it seems that one of the reasons that there is such a small amount of 

recycling done in this country is that it is difficult to find technical solutions that are 

standardized for such small amounts and therefore recycling isn‘t thought to be 

economically viable compared to exporting the used packaging for recycling. But by 

making a minimum environmental and social impact the main assumption for the choice 

of possible solutions and then creating economic assumptions out of that choice it is 

possible that in the future we can take bigger steps forward. In the proposal set out in 

the study about recycling of milk packaging which can reduce the carbon footprint 

dramatically it is possible that it will take a longer time for the payback of the 

equipment than normal standards demand. Therefore it is important that we change 

those standards than the possible solutions. The environmental benefits come 

straightaway and in the long term they can be increased by giving users the options to 

use more multiuse packaging. Only then can we succeed. 

 

Conclusions 
Based on this approach, shown in figure 12 the prerequisites of environmental and 

social values have to be satisfied before the economic value is assessed. By this 

approach we ensure that environmental values will have a greater weight in the 

assumptions for design and innovation and will be an important component in the 

visions of designers. 
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Appendices 

Appendix A, calculation of carbon footprint 

Criteria and assumptions for calculations. Volume of packaging. 

The carbon footprint calculations are based on the milk consumption of 248.448 

households in the southwest of Iceland, from Selfoss to Akranes and it is assumed that 

the average consumption of new milk is 142 l/pr. person pr. year (based on the year 

2006, derived using date from Hagstofan).28 It is assumed that all the units are sold in 

one litre containers, which is actually not the case, part is sold in smaller containers and 

part in larger but we can assume that it levels out as most of the sale is in one litre 

containers, the number of containers is therefore 35,279,616. 

 

Calculation of the carbon footprint of milk cartons. 

The weight of the packaging is 37,3, including a lid.29 The total weight of packaging per 

year is approximately 1315,9 tons. 

Packaging sootprint:30 

Material for packaging, overall   : 39 gCO2-eq /unit 

Manufacturing     :   8 gCO2-eq /unit 

Forming      : 10 gCO2-eq /unit 

Recycling      : 14 gCO2-eq /unit 

Total      : 71 gCO2-eq /unit 

In total the carbon footprint from packaging is : 2.505 ton CO2-eq /year 

 

 
                                                        
28 Hagstofan (Icelandic Statistic), data for milksales and number of inhibatants in the selected 
area for year 2006.  
29 Jorgelina Pasqualino, Montse Menses, Francesc Castells, The carbon footprint and energy 
consumtion of beverage packaging selection and disposal, Journal of Food Engineering 103, 
(2011) 357-365, Table 1, page 358. 
30 http://www.tetrapak.com/environment/climate-change/co2footprint/carton-
footprint/co2profile-asepticcarton. 
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Carbon footprint from transport: 

In 2006 Línuhönnun engineering firm performed an LCA (Life Cycle Analysis) for 

plastic-and paper packaging in household waste in Iceland for the Recycling Fund.31 

That analysis contained important information about the transport of waste for recycling 

abroad and that information is used here. Other distance are measured and estimated, 

according to scenarios in chapter 3. 

The landtransport from the manufacturing site in Gothenburg to harbour: 50 km. 

Ocean transport from Reykjavik to Gothenburg: 2,134 km 

Land transport from Reykjavik to Selfoss: 57 km  

Land transport from homes in the capital to Gufunes: 12 km  

Land transport from Gufunes to Reykjavik: 10 km  

Ocean transport from Reykjavik to Gothenburg: 2,134 km  

Land transport from Gothenburg to the disposal/recycling site: 50 km  

When calculating the carbon footprint the following assumptions are used:32  

Sea transport (International Water-container): 0.14 kg CO2-eq per ton-km  

Land transport (truck): 1.8 kg CO2-eq per ton-km  

The total soot print of transport is therefore 1.110,1 tons CO2 eq / year  

The total soot print of milk carton consumption is 3.615,1 tons CO2 eq / year 

 

Carbon footprint created by using HDPE-containers. 

This is the projected carbon footprint of using HDPE-containers: 

Carbon footprint of packaging: 

The weight of plastic for every one litre container with a lid is 35,5 gr.33 

                                                        
31 Helga J. Bjarnadóttir og Þröstur Grétarsson, Vistferilsgreining fyrir plast- og pappírsumbúðir í 
heimilissorpi á Íslandi fyrir Úrvinnslusjóð, 2006. 
32 P.Konieczny, R. Dobrucka, and E. Mroczek, Using carbon footprint to evaluate environmental 
issues of food transportation, Scientfic journal of logistics, LogForum, 2013,9, p.3-10, Table 2, 
page 6. 
33 Jorgelina Pasqualino, Montse Menses, Francesc Castells, The carbon footprint and energy 
consumtion of beverage packaging selection and disposal, Journal of Food Engineering 103, 
(2011) 357-365, Table 1, page 358. 
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The manufacturing of virgin HDPE (vHDPE) creates a carbon footprint which 

corresponds to 1,57 ton CO2-eq/ton plastic.34 

Total amount of material in circulation is therefore 1.252,4 tons. Exact information 

about the efficiency of HDPE-recycling was not available, it is often estimated to be 75-

86 % and therefore it was decided to use the numbers for PET where the same 

recycling-process is used, that is a mechanized process, not a chemical one (which is 

also a possibility).35 Based that 20% of the material has to be imported annually, or 

250,5 tons pr. year. It is interesting to examine what happens to the material lost in the 

process and what it can be used for. It is probably dust created when the material is cut 

down and we can expect to recover most of it to prevent it going to the atmosphere or 

into the sewers. 

The carbon footprint of manufacturing new materials is 393 tons CO2 - eq per year. 

The carbon footprint created by transport of HDPE: 

Land Transport from the production site to the port of Rotterdam: 50 km  

Maritime transport from Rotterdam to Reykjavik: 2,200 km36 

Land Transport from Reykjavik to Selfoss: 57 km.  

Environmental impact of the transport of virgin HDPE replacement is   123 tons 

CO2-eq/year. 

The total carbon footprint of renewal of HDPE packaging for the calculated 

consumption is 516 tons CO2 eq / year. 

 

Carbon footprint created by recycling: 
The plan is that trucks distributing the milk from Selfoss to the stores and to the MS 

distribution centre in Reykjavik will return with the empty packaging for recycling. 

Let’s look at the effect of that on the weight of the trucks and thereby the increased 

                                                        
34 Peter C. Rem, Stig Olsen, Jan-Henk Welink, Norbert Fraunholcz, Carbon dioxide emission 
associated with the production of plastics – a comparison of production from crude oil and 
recycling for the dutch case, Environmental engineering and management journal July/August 
2009, Vol 8, No. 4 pages 975-980, Table 2, page 978. 
35 Secil Cirsen Docan, Life cycle assesment of PET bottles, Docuz Eylul University Graduate 
school of natural and applied sciences, september 2008, s.58. 
36 Helga J. Bjarnadóttir og Þröstur Grétarsson, Vistferilsgreining fyrir plast- og pappírsumbúðir í 
heimilissorpi á Íslandi fyrir Úrvinnslusjóð, 2006, page 17. 
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fuelconsumption. As an example a common truck, (Man 15.280)37 is 9.400 kg and can 

transport 6.100 kg. A box capacity is 40 m3. If he drives fully loaded with milk to the 

stores, his weight is 15.500 kg, the load is about 40% of the total weight, has about 

6,100 units if it only carries milk. If it drives back with the equal number of empty 

packaging, they would weigh 217 kg, the total weight then is 9.317 kg and the load is 

2,3% of the total weight. We can therefore conclude that the transport of empty 

packaging has little or no effect on the transport carbon fooprint and therefore it will not 

be taken into account.  

The amount recycled annually is 1.002 tons. 

Recycling primarily uses electricity, 200 kWh/ton in the first phase (cutting, washing, 

drying etc) and 240 kWh for the forming or 440 kWh/ton of plastic.38 The carbon 

footprint is therefore 5,50 tons CO2-eq/GWh or 5,5 gr. Co2-eq/kWh (the average of carbon 

footprint calculated by Landsvirkjun is used).39 

The carbon footprint of recycling HDPE is therefore 2,4 tons of Co2-eq/year. 

The soot print of electricity production of the equivalent recycling process in Holland is 

238 kg Co2-eq/ton and would create 238 tons of Co2-eq/year or about 100 times more than 

in Iceland. 

The total soot print of using HDPE is therefore 518,4 tons CO2-eq/year. 

 

 

 

 

 

 

 

 
                                                        
37 www.hrauntak.is/skoda_bil.aspx?id=4925, tekið 30. Janúar 2014. 
38 Peter C. Rem, Stig Olsen, Jan-Henk Welink, Norbert Fraunholcz, Carbon dioxide emission 
associated with the production of plastics – a comparison of production from crude oil and 
recycling for the dutch case, Environmental engineering and management journal July/August 
2009, Vol 8, No. 4 pages 975-980, Table 4, page 979. 
39 Sótspor Landsvirkjunar 
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Appendix B. 

List of interviewers 
1. Jón Vilhjálmsson, branch foreman SORPA b.s. (Disposal company, owned by 

municipals in the capital area) in Gufunes, interview, January 3rd. 2014. 

2. Páll Árnason, Specialist in plastics, Nýsköpunarmiðstöð (Innovation Center 

Iceland), interview January 8. 2014. 

3. Arngrímur Sverrisson, manager of Gámaþjónustan (waste collecting and 

management company), interview January 28th 2014. 

4. Ólafur Kjartansson, manager of Úrvinnslusjóður (Icelandic recycling fund), 

interview February 7th. 2014. 

5. Torfi Matthiasson, employee of Nóatún, interview March 4th 2014. 

6. Andrés Magnússon, manager of Samtök verslunar and þjónustu (The Federation 

of Trades and Sevices), interview March 5th 2014. 

7. Helgi Lárusson, manager of Endurvinnslan hf (Recycling Ltd), interview March 

7th 2014.  
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Appendix C. 

Posters, presented at exhibition in Gerðasafni 
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Present situation. 
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Intermediate solution 
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Future solution 

 


