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English Abstract 

This research thesis analyzes the flow of plastic materials in Iceland and highlights 
changes needed to move the current system towards a more circular economy. A 
circular economy is an economic system that seeks to use materials to their fullest 
without needing to send them to a landfill and helps reduce the need for resource 
extraction to produce new materials. An important factor in creating a domestic 
circular economy for plastic is to ensure proper country-wide recycling and reuse 
strategies are in place that using only renewable energy resources.

The current state of circularity for plastic is roughly 6.3% for Iceland.  With the new 
European Commission legislation and the introduction of fee restrictions for shipping 
plastic waste to other countries, it will become more challenging to continue to export 
plastic waste without incurring fees. Key focus areas include the need for improved 
domestic recycling infrastructure and policy regulations to help enforce recycling 
practices.

An ideal infrastructure uses a network of mechanical and chemical recycling 
technologies to process all plastic waste. The material flow analysis developed in this 
study is the beginning stage of a feasibility study for new plastic recycling methods in 
Iceland. The results estimate annual waste production at 31,643.8 Tonnes from plastic 
packaging and the fishing industry.  The polymer distribution consists of low-density 
polyethylene, polypropylene and polystyrene, with this information makes it possible 
to continue with specific mechanical and chemical recycling feasibility studies. 

Iceland does have some policy regulations already in place, with additional taxation 
on all imported raw plastic materials will increase the use of recycled plastic at the 
manufacturing level. Manufacturers and recycling facilities will need to work together 
to support and develop improved product design and increased recyclability of plastic 
products.

Iceland has a known reputation for sustainability leadership, and implementing a 
plastics circular economy will again help set the bar globally for other countries to 
follow their lead. 
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Icelandic Abstract

Þessi rannsókn greinir flæði plastefna á Íslandi og bendir á breytingar á núverandi 
kerfi til þess að innleiða hringrásahagkerfi. Hringrásahagkerfið er efnahagskerfi sem 
leitast við að nota efni til fulls án þess að þurfa að senda það á urðunarstað og hjálpar 
til við að draga úr þörfinni fyrir auðlindasöfnun til að framleiða ný efni. Mikilvægur 
þáttur í því að skapa hringrásarhagkerfi fyrir plast innanlands er að tryggja viðeigandi 
endurvinnslu- og endurnýtingarstefnur sem nota eingöngu endurnýjanlega 
orkuauðlindir. Núverandi hringrása ástand plasts er u.þ.b. 6,3% á Íslandi. Með nýrri 
löggjöf Evrópusambandsins og innleiðingu gjaldtakmarkana á flutningi plastúrgangs 
til annarra landa verður erfiðara að halda áfram að flytja plastúrgang út án gjaldtöku. 
Helstu áherslusvið eru meðal annars þörf á bættum innviðum fyrir endurvinnslu 
innanlands og reglur um stefnu til að hjálpa til við að framfylgja endurvinnsluháttum. 
Tilvalin bygging notar vélræna og efnafræðilega endurvinnslutækni til að vinna úr 
öllum plastúrgangi. Efnisflæðisgreiningin sem þróuð var í þessari rannsókn er 
upphafsstig hagkvæmniathugunar á nýjum plastendurvinnsluaðferðum á Íslandi. 
Niðurstöðurnar áætla að 31.643,8 tonn komi árlega frá framleiðslu á plastumbúðum 
og sjávarútvegi. Fjölliða dreifingin samanstendur af pólýetýleni, pólýprópýleni og 
pólýstýreni með litlum þéttleika, með þessum upplýsingum er mögulegt að halda 
áfram með sérstakar hagkvæmnisathuganir á vélrænni og efnafræðilegri endurvinnslu. 
Ísland er með nokkrar reglugerðir til staðar, með viðbótarskattlagningu á allt innflutt 
hráefni úr plasti sem mun auka notkun endurunnins plasts á framleiðslustigi. 
Framleiðendur og endurvinnslustöðvar munu þurfa að vinna saman til að styðja við og 
þróa bætta vöruhönnun og aukna endurvinnsluhæfni plastvara. Ísland er þekkt fyrir 
forystu í sjálfbærni, og innleiðing hringrásahagkerfis fyrir plast mun setja markið hátt 
á heimsvísu svo önnur lönd gætu gert hið sama.
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Chapter 1: Introduction

Chapter 1: Introduction 
1. Introduction 

Before the global COVID-19 pandemic, there was growing pressure for countries to 
address their plastics waste problems. In 2016, a new plastic economy initiative was 
introduced in a report entitled The New Plastics Economy Rethinking the Future of Plastics, 
which promoted the transition towards a circular economy as an interconnected method for 
handling the problems facing plastic waste (World Economic Forum, 2016). These initiatives 
are pressuring economies to move towards domestic recycling practices and using resources 
to the fullest potential instead of sending plastics waste offshore to other countries for 
recycling, incineration or or allowing it to ending up in the environment.

It is estimated that without proper action, the amount of plastic on the market will double  
by 2040, and the quantity of plastic in the Ocean will quadruple surpassing 600 million 
tonnes (The PEW, 2020) and globally just 2% of plastic packaging is recycled back into 
packaging, while the vast majority ends up landfilled, incinerated, or in the environment 
(Defruyt, 2019). Pre-COVID, momentum was building in banning a variety of single-use 
plastic types and that essentially came to a standstill with the onset of pandemic’s focus on 
global human safety over sustainability. Now, plastic waste without thoughtful disposal has 
escalated with the increased use of personal protective equipment and plastic packaging.

As vaccines roll out, it is hopeful that the pandemic will come to an end and the world will 
move forward with initiatives that have been put on pause. At the same time, the pandemic 
has highlighted disposal and recycling issues that can no longer be ignored.   

Iceland, the island small country in the North Atlantic, has been an excellent case example 
of how to best manage a crisis in handling the pandemic more positively than most countries, 
including their attention to increased plastic waste during the pandemic. Known for resilience 
and adaptability, Iceland is a known leader in sustainability innovation. 

“In the 1930s, Iceland successfully started a shift of the domestic energy production for 
heating and electricity from coal and petroleum to renewable geothermal and hydropower 
energy. This has been a major success, but Iceland continued to improve their geothermal 
power plants and has successfully complemented most geothermal power plants with multi-
purpose complex industrial sites.” (Finger et al., 2021)

As Iceland is pushed towards implementing a circular economy for plastics recycling, the 
first step is determining how much plastic waste is being generated annually and what makes 
up the plastic stream in order to develop the appropriate strategy to implement change. 

Desjardins 1



Chapter 1: Introduction

1.1. Research objectives and research questions  
The objective of this research is to determine the baseline status of plastic material flow in 

Iceland, the quantity of plastic that becomes waste annually and from which economic 
sectors as well as the polymer distribution that makes up the waste stream. Once this is 
completed, the focus will shift to the necessary strategy for implementing a circular economy 
solutions to the existing waste stream. The purpose of this research will serve as guidance on 
the next steps towards moving Iceland into a more circular economy, by providing workable 
data from which simulations and feasibility studies can be based on. 

In order to fulfill these objectives, the following research questions will be the focus of 
this study: 

1. What is the current state of plastic material flow for Iceland? 

2. What improvements can be made in order to promote a circular economy for plastic in 
Iceland? 

1.2. Thesis structure 
This introduction is followed by a background literature review chapter, focusing on uses, 

recycling practices and legislation regarding plastic waste disposal. The third chapter 
describes the  methodologies used to establish the material flow analysis of plastic in Iceland. 
Then the fourth chapter presents the results of the material flow analysis, which includes  a 
discussion on how Iceland can move towards a circular economy type solutions for recycling/
reusing plastics. Finally, chapter six, contains a summary of the study and concluding 
remarks.  

Desjardins 2
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Chapter 2: Background 
2. Background 

To begin answering the research questions presented in the introduction it is important to 
have the relevant knowledge in applicable fields. This chapter serves as a literature review, 
presenting necessary information to continue the analysis. The main aspects discussed are the 
complexity and different types of plastic materials, the economic sectors of use, lifetime 
distributions, currently available recycling methods, international trade classifications, the 
concept of circular economies for plastic, related policies and the current infrastructure for 
plastic waste management in Iceland.

2.1. Overview of plastic production, use and fates 
Plastics are a complex material that gained international interest in the 1880s, the goal of 

plastics was to replicate scarce materials like ivory and tortoiseshell. The first synthetic 
plastics were derived from cellulose, found in plants and trees. Cellulose derivatives and 
polymers are still used today to make to create plastics products like cellophane, rayon, and 
acetate (Bajpai, 2018). However, today most plastics can be made from hydrocarbons that are 
readily available from natural gas, oil, and coal. Crude oil is a complex mixture of thousands 
of compounds and needs to be processed before it can be used.  

In 1973 plastic started being used as a material for food packaging which led to the mass 
production of plastics in the 1980’s and has been growing exponentially since then, as can be 
seen in Figure 1 (Geyer et al, 2017.

Figure 1. Global plastic production, 1950 to 2015 (Geyer et al, 2017).
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Chapter 2 : Background

As mentioned above, today, the majority of plastic materials are derived from crude oil. 
Production of such materials begins with the distillation of crude oil in an oil refinery. This 
separates the heavy crude oil into groups of lighter components, called fractions. Each 
fraction is a mixture of hydrocarbon chains (chemical compounds made up of carbon and 
hydrogen). One of these fractions, naphtha, is the crucial compound for the production of 
plastics (Plastics Europe, n.d.). The estimation of how much oil is used to produce plastic 
products vary by source, however, they tend to converge on a range between 4 to 8 percent of 
global oil consumption. The oil used to make plastics are transformed into monomers using 
the cracking process, such as ethylene and propylene (World Economic Forum, 2016).

When looking at the chemical composition of plastics, monomer molecules are linked 
together to create polymer chains (Figure 2), therefore many types of plastics begin with 
“poly”, such as polyethylene, polystyrene, and polypropylene (Plastics Europe, n.d.).  

There are two main processes used to produce plastics - polymerization and 
polycondensation - which both require specific catalysts. In a polymerization reactor, 
monomers such as ethylene and propylene are linked together to form long polymer chains. 
Each polymer has its own properties, structure and size depending on the various types of 
basic monomers used (Plastics Europe, n.d.).

Plastic is a material that can be molded into shape traditionally by the application of heat 
and pressure, then cooled into the desired shape. In addition to plasticity, common properties 
amongst plastics are low density, low electrical conductivity, transparency, and toughness 
(Rodriguez, 2020). These properties allow plastics to be desirable materials for a wide range 
of products.

Plastic polymers can be divided into two major categories: thermoplastics and thermosets. 
The main difference between these two materials is the way the polymer reacts in the 
presence of heat (Rodriguez, 2020). The polymer structure of thermoplastics is individual 
molecules that are separated from one another, as shown in figure 3(a). This allows for the 
separation of the molecule when exposed to heated. As a result, thermoplastics can be 
reshaped malleably in the presence of heat and will harden when cooled (Rodriguez, 2020).

Desjardins 4
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Chapter 2 : Background

Unlike thermoplastics, thermosets strengthen and cannot be reprocessed when heated. 
During their initial processing, thermosetting resins undergo a chemical reaction that results 
in an infusible, insoluble network of cross-links, as can be seen in figure 3(b). Essentially, the 
entire heated, finished article becomes one large molecule (Rodriguez, 2017; Ozseleas, n.d.).

The most commonly used plastics are listed in Table 1, based on research provided by 
Plastics Europe (2013). This report will primarily focus on the use and recycling/reuse of the 
different plastic types presented in Table 1.

In addition to the main polymer used in its production, certain plastics can have added 
substances to achieve specifically desired properties (e.g. plasticizers, fillers and additives). 
The composition of plastics, and more precisely the organization of the polymer structure and 
nature and proportion of these substances may change significantly according to the specific 
requirements of the clients. This may increase the complexity of products and consequently 
cause difficulties in the end-of-life treatment (Hestin et. al., 2017).

Desjardins 5
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Table 1. Most Common Plastic Polymers, Structures and Uses. Sources: Adapted from 
Knapp (2016), Thiounn and Smith (2020), Chidepatil (2020) and Farhana et al. (2017)

2.1.1. The economic sectors using different plastic types
As mentioned above plastics can have a wide variety of properties and uses. Thus, plastics 

are used in almost every segment of life (Statista, 2021). In a study conducted by Geyer et. al. 
in 2017 entitled Production, use and fate of all plastics ever made, the main economic sectors 
using plastic materials were examined for Europe (Geyer et. Al., 2017). Table 2 shows the 
relative demand by different economic sectors from 2002 to 2014.

SPI Code Polymer
Thermoplastic or 

thermoset Structure Common Uses

1
PETE or PET  
Polyethylene 
Terephthalate

Thermoplastic

Water bottle.
soda bottle.

peanut butter 
container.

2
HDPE  

High Density 
Polyethylene 

Thermoplastic
Milk container.

soap bottle,
motor oil bottle.

3

PVC or PV 
Polyvinyl 

Chloride or 
Vinyl

Thermoplastic
Detergent container, 

clear food packaging, 
plumbing pipes

4
LDPE

Low Density 
Polyethylene 

Thermoplastic
Plastic food wraps, 

grocery bags

5
PP

Polypropylene Thermoplastic
Reusable food 

containers, bottle 
caps

6
PS

Polystyrene Thermoplastic
Disposable plates 

and cups, styrofoam

-
PUR

Polyurethane Thermoset
Rigid foam,  

adhesives and 
sealants

7 Other

Both 
Examples: Epoxy 
resins, polyester, 

etc. 

-
Baby bottle.

5-gallon water 
container.
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Table 2. EU plastic demand by Economic sector (2002-2014).  Source: Geyer et al., (2017)

In addition to developing an average demand by economic sector, the Geyer et Al. (2017) 
report determined the average polymer consumption by economic type as presented in Table 
3. In Iceland the Fishing industry is an important economic sector that contributes greatly to 
waste production of plastic. The fishing industry in Iceland accounted for about 6% of the 
GDP in 2018 (Finger et al., 2021), this implies that fisheries are an area that should be 
considered as its own economic sector when it comes to the goal of this research. A study 
conducted by Harpa Brynjarsdóttir in 2018, presented the polymer distribution of plastic used 
in the Icelandic fishing industry, this was added to the results shown in Table 3.

Table 3. Estimated Polymer Consumption by Type and Economic Sector. Sources: 
Adapted from Geyer et al., (2017) and Brynjarsdóttir. (2018)

ECONOMIC SECTOR PERCENTAGE
[ % ]

Transportation 6.7%
Packaging 44.6%
Building and Construction 18.8%
Electrical and Electronics 4.0%
Consumer and Institutional Products 12.0%
Industrial Machinery 0.8%
Other industries 13.1%

TOTAL 100%

ECONOMIC 
SECTOR

PET / 
PETE HDPE PVC / 

PV LDPE PP PS PUR Other

Packaging 22.65% 20.85% 2.02% 30.27% 18.39% 5.16% 0.45% 0.22%

Transportation 0.00% 11.76% 4.41% 1.47% 38.24% 0.00% 23.53% 20.59%

Building and 
Construction 0.00% 17.55% 43.09% 5.85% 6.38% 11.70% 12.77% 2.66%

Electrical and 
Electronics 0.00% 5.00% 10.00% 12.50% 22.50% 15.00% 10.00% 25.00%

Consumer and 
Institutional Products 0.00% 14.17% 5.00% 24.17% 31.67% 15.00% 8.33% 1.67%

Industrial Machinery 0.00% 12.50% 0.00% 25.00% 25.00% 0.00% 37.50% 0.00%

Fishing Industry 5.00% 1.00% 0.00% 47.00% 3.00% 44.00% 0.00% 0.00%

Other industries 0.00% 6.87% 10.69% 12.98% 32.06% 5.34% 19.08% 12.98%
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2.1.2. Lifetime distribution 
Since plastics are used in a variety of economic sectors, they also have different average 

use timeframes. For example, a plastic water bottle or plastic straw has a much smaller 
lifespan than a PVC pipe. In addition to the previously presented in-depth research by Roland 
Geyer, Jenna Jambeck, and Kara Lavender Law (2017) also estimated the lifetime 
distribution of each of the economic sectors mentioned above. Table 4 shows the lifetime 
mean and standard deviation of each of the economic sectors evaluated in the report. 

When it comes to estimating the lifetime distribution of plastic within the fishing industry, 
such as fishing nets, lines, and traps, the estimated life cycle is 3 years with a standard 
deviation of 1 year (Geyer et al., 2017).  

Table 4. Lifetime Distribution of Plastic Materials Based on Economic Sector. Source: 
Adapted from Geyer et al., (2017)

2.1.3. Plastic types and recycling practices 
As mentioned in section 2.1, there are two main plastic categories can be simplified as:  

thermoplastics and thermosets. Thermoplastics can be melted down softened when exposed 
to high heat or pressure environments, and then become solid when cooled, the referable 
nature of thermoplastics makes them ideal for recycling (UNEP, 2019). There are four main 
recycling categories for recycling thermoplastics, presented in Figure 4. Unlike 
thermoplastics, thermosets such as polyurethane and polyesters cannot be thermally remolded 
once they have been cured in a heated catalytic environment. They can, however, undergo 
chemical recycling like thermoplastics (World Economic Forum, 2016).

ECONOMIC SECTOR
MEAN 
[ years ]

STANDARD DEVIATION
[ years ]

Packaging 0.5 0.1
Transportation 13 3

Building and Construction 35 7

Electrical and Electronics 8 2

Consumer and Institutional Products 3 1

Industrial Machinery 20 3

Fishing Industry 3 1

Other 5 1.5
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2.1.3.1. Primary (closed-loop) recycling 
Primary recycling is a mechanical process which reprocess plastic materials without 

changing the chemical composition. The process is affordable however, cannot be maintained 
over a long period of time due to wear and tear (World Economic Forum, 2016).

2.1.3.2. Secondary (mechanical) recycling
Secondary mechanical recycling physically reduces plastics into small fragments (polymer 

pellets), then thermally processed into new plastic products. Mechanically recycled plastics 
may contain both recycled and virgin materials depending on the level of quality desired for 
the product. The presence of contaminants in plastic waste during mechanical processing can 
drastically reduce the quality of recycled plastic products (World Economic Forum, 2016).

Thermoplastics can easily be recycled using mechanical recycling practices though every 
time they are recycled the quality of the output plastic decreases. Plastic products can be 
recycled about two to three times before the quality decreases to where it can no longer be 
used (Sedaghat, 2018). A recycled thermoplastic loses about 20% of their original properties 
when recycled (Ozseleas, n.d.). This is because the polymer chains are shortened every time 
they are recycled, reducing its strength, flexibility and lightweight properties. Generally, 

Figure 4. Routes for recycling of solid plastic waste (Solis and Silveira, 2019).
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additional virgin materials are typically added to recycled plastic to increase the output 
quality (Sedaghat, 2018). 

2.1.3.3. Teritiary (chemical) recycling
A range of chemical reactions (such as thermal cracking) can be used to alter 

thermoplastics at the molecular level, breaking down polymers into smaller units called 
monomers and oligomers. These smaller molecules can then be fed back into the production 
cycle to create new polymers. Chemical recycling requires economies of scale to lower unit 
costs; it cannot be applied to all thermoplastics and the environmental impact is still under 
debate. The method can be a potential solution to address the challenges related to so-called 
“substances of concern for recycling” (World Economic Forum, 2016). 

Since chemical recycling is a new field and has various evolving technologies, technology 
readiness levels (TRL) are used assess the current status of the technology in question (Solis 
and Silveiria, 2019). TRL levels are based on the scale shown in Table 5. 

Table 5. Framework for assessing the technology readiness level (TRL) of technologies 
available for plastic recycling. Source: Solis and Silveiria (2019)

Table 6 summarizes the chemical recycling processes currently available with the 
feedstock and output from the processes as well as the TRL.

Technology developer Comment TRL

Large sized company In development / in 
commercial operation 8 - 9

Small / medium sized company Successfully sold / in 
commercial operation 8 - 9

Small / medium sized company In development 4-7

R&D center / university In development 1-5
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Table 6. Summary of chemical recycling methods. Sources: Adapted from Zero Waste 
Europe (2019), BPF (n.d.) Solis and Silveiria (2019) and Ragaert et al., (2017)

2.1.3.4. Quaternary (waste-to-energy) recycling
Plastics are incinerated for energy generation, but the process has harmful ecological 

effects. For example, it releases carbon dioxide. Some in the field do not consider the process 
to be actual recycling (World Economic Forum, 2016).

Technology Feedstock Output
Sensitivity 

to feedstock
Temperature 
for Process

Technology 
Status TRL 

Solvent-based 
Purification  

PE, PP, 
PS, PVC Polymer High - Pilot -

Chemical 
Depolymerization 

PA, PC, 
PEF, PET, 

PHA, 
PLA, PU

Monomers High
Dependant on 

feedstock 
plastic

Pilot -

Thermal cracking 
(conventional 

pyrolysis)

Mixed 
stream

Hydrocarbons 
and Syngas High 300˚C - 700˚C Commercial 9

Plasma pyrolysis Mixed 
stream

Hydrocarbons 
and Syngas Low 1800˚C - 

10000˚C Research 4

Microwave-
assisted pyrolysis 

Mixed 
stream

Hydrocarbons 
and Syngas Medium Up to 1000˚C Research 4

Catalytic cracking Mixed 
stream

Hydrocarbons 
and Syngas High 450˚C - 550˚C Commercial 9

Hydrocracking Mixed 
stream

Hydrocarbons 
and Syngas High 375˚C - 500˚C Pilot 7

Conventional 
Gasification

Mixed 
stream

Hydrocarbons 
and Syngas Medium 700˚C - 1200˚C Commercial 9

Plasma 
gasification

Mixed 
stream

Hydrocarbons 
and Syngas Low 1200˚C - 

15000˚C Commercial 8

Pyrolysis with in-
line reforming

Mixed 
stream

Hydrocarbons 
and Syngas Medium 500˚C - 900˚C Pilot 4
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2.1.3.5. Sorting technologies 
While, the sorting of plastics is not a recycling process, it is crucial for mechanical 

recycling both at the primary and secondary level and for some chemical recycling processes 
also. Manual sorting is the most common method for sorting plastic waste. Although, 
inefficient it is widely used due to the fact, that sorting technologies started being studied 
after recycling processes were industrially available. The struggles with manual sorting have 
led to the evolution of new innovative plastic sorting methods (Ragaert et al., 2017). Table 7 
summaries the available technologies with the advantages and challenges for each solution. 

Table 7. Plastic sorting technologies advantages and disadvantages. Sources: Adapted 
from Edmund Optics (n.d) and Ragaert et al., (2017)

2.2. International plastic trade classifications  
When it comes to data gathering information for a material flow analysis, international 

trade data is essential. There are many classifications of data that can be considered 
depending on the sources used and availability and complexity of the documentation of 
traded goods. This step is important in order to properly quantify plastic in an economy as 
well as the cost which the country or government is spending on imports and exports of 
plastic materials and waste. 

Technology Advantages Disadvantages

Flotation  
(sink - float) 

• Advanced technology  

• Cost-effective 

• Particle size

• Efficiency determined by 
differences in plastic density  

• Typically limited to binary 
mixtures 

Melt filtration
• Useful to remove non-melting 

contaminants  

• Additional melt pressure

• Potential pressure 
fluctuations in production

Near infrared spectroscopy  
(FT-NIR)

• Post-dying not required 

• Advanced technology

• Black plastics are 
undetectable  

• Plastic should be dry

Tribo-electric (electrostatic) 
separation

• Efficient for various plastics 

• Small particle sizes allowed
• Pre-treatment required

Froth flotation • Efficiency
• Precursor step required 

• In development for plastic 
waste recycling

Magnetic density separation

• Advanced technology  

• Cost-effective 

• Particle size

• Density overlaps remain

X-ray detection
• Accuracy 

• Useful for PVC
• Cost-effectiveness
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There are currently three widely used classifications for international trade: 

• Standard International Trade Classifications (SITC): is a classification of goods used to 
classify the exports and imports of a country to enable comparing different countries and 
years. The classification system is maintained by the United Nations.The SITC 
classification, is currently at revision four, which was promulgated in 2006 (United 
Nations, 2020). 

• Harmonized Commodity Descriptions and Coding System / Harmonized System (HS): is 
an internationally standardized system of names and numbers to classify traded products. It 
came into effect in 1988 and has since been developed and maintained by the World 
Customs Organization (WCO) (formerly the Customs Co-operation Council), an 
independent intergovernmental organization based in Brussels, Belgium, with over 200 
member countries. (World Customs Organization, n.d.).

• Broad Economic Categories (BEC): is a three-digit classification, which groups 
transportable goods according to their main end use. It is most often used for the general 
economic analysis of international merchandise trade data. The BEC system is defined in 
terms of the Standard International Trade Classification System. The original BEC was 
published in 1971, and revised in 1976, 1986 and most recently in 1988 (World Customs 
Organization, n.d.).

From 2010 to 2019, Iceland used Standard International Trade Classifications (SITC) 
classifications to document import and export quantities and CIF costs attributed to the 
shipping of goods (Statistics Iceland, 2020). The classifications for plastic can be broken 
down according to the groupings shown in Table 8. 

Table 8. SITC trade classifications for plastic. Source: Statistics Iceland (2020)

GROUP DESCRIPTION	

57 PLASTICS IN PRIMARY FORMS

571 Polymers of Ethylene in Primary Forms

572 Polymers of Styrene, in primary forms

573 Polymers of vinyl chloride or of other halogenated olefins, in primary forms

574
Polyacetals, other polyethers and epoxide resins, in primary forms; polycarbonates, Alkyd 
resins, polyallyl esters and other polyesters

575 Other plastics, in primary forms

58 PLASTICS IN NON-PRIMARY FORMS
581 Tubes, pipes and hoses, and fittings there for, of plastics

582 Plates, sheets, films, foil and strip of plastics

583
Monofilament of which any cross-sectional dimension exceeds 1mm, rods, sticks and profile 
shapes, whether or not surface-worked but not otherwise worked, of plastics

89 MISCELLANEOUS MANUFACTURED ARTICLES, N.E.S.
893 Articles, N.E.S., of plastics
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2.3. Global shift towards creating circular economies  
What was first seen as a ‘miraculous material’ with the thought that the whole world could 

be plasticized has become a considerable problem for society. Condemning plastic is not the 
solution, the advancements that plastics have brought are significant and its proven economic 
and environmental competitiveness in terms of its carbon footprint outweigh wood, paper, 
and metal (Chalmin, 2019).  

Plastics derived from oil and gas, pose a problem when it comes to moving away from the 
take-make-waste model, since the costs of recycled plastics is often much more expensive 
than simply using virgin materials (Ellen MacArthur Foundation, n.d.). 

Pre-COVID, single-use products (SUP) (i.e. plastic cutlery, candy wrappers and plastic 
store bags) were banned or being banned in most countries around the world. The pandemic 
has set the world back with these initiatives as safety measures led to a spike in the return of 
single-use plastics and has highlighted the challenges of not having recycling strategies in 
place. Partly due to the pandemic, the use of single-use-plastic peaked in 2020, which has 
further demonstrated the need for better collection and recovery of plastic waste (Martin, 
2021).  

While recovery and recycling are two components of the solution, the solution needs to be 
end to end moving from the traditional linear model to a circular economy, (Figure 5) for 
plastics where products are designed and developed with their thoughtful consideration and 
infrastructure in place for their reuse and recycling. Like all change management initiatives 
that require collaboration across value chain systems, organizations, and governments, 
policies need to be put into place to ensure changes are made (Pioneer Project, 2018). 

In 2013, a report commissioned by the Ellen MacArthur Foundation and developed by 
McKinsey & Company was released entitled Towards the Circular Economy: Economic and 

Figure 5. Comparison of linear and circular economies (End of Waste Foundation, 2020).
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Business Rationale for an Accelerated Transition (Ellen MacArthur Foundation, 2013). It was 
the first article that considered the economic and business opportunities of shifting focus on 
creating circular economies.

In 2015, world leaders got together for the United Nations General Assembly and 
introduced 17 global goals and called these the sustainable development goals (SDGs) 
(Global goals, n.d.). The goals are put in place as a call to action to promote prosperity for all 
while protecting the planet by 2030.  The goals go hand and hand and impact each other with 
the goal of helping transform the world through strategies that support economic growth 
while protecting the environment and taking on climate change. 

A circular economy is essential for delivering Sustainable Development Goal (SDG) 12 on 
responsible consumption and production. It can also deliver benefits across the other 11 
SDGs such as SDG9 on industrial development, and SDG13 on climate action amongst 
others. (Ellen MacArthur Foundation, n.d.)

Countries and governments started stepping up as well. In December 2015, the European 
Commission introduced an EU Action Plan for a circular economy identifying plastics as the 
key priority and with the aim to incorporate 10 million metric tons of recycled plastic into 
new products by 2025.  Plastic-consuming companies will need to present their recycling 
plans to the Commission for review and endorsement. The goal is to increase the demand for 
recycled plastic and pressure companies to move towards a circular economy model 
(Chalmin, 2019).  

The circular economy model builds economic, natural, and social capital. It is based on 
three principles: design out waste and pollution; keep products and materials in use; 
regenerate natural systems” (World Economic Forum, 2016). 

Helping pave the future in terms of laying out how to move forward and what to do, the 
Ellen MacArthur Foundation developed the New Plastics Economy initiative (Ellen 
MacArthur Foundation, 2016). Bringing together the right stakeholders from business, 
government and academia, the Foundation presented a second report in 2017 with more 
concrete action plans based on three pillars: redesign and innovation, reuse and recycling.  

Gaining support from financial institutions, including the European Investment Bank, is an 
encouraging step in the right direction. A shared vision for the plastics industry, is important 
for the environment and at the same time can bring new opportunities for innovation, 
competitiveness, and job creation; objectives that were outlined in the renewed EU Industrial 
Policy Strategy (European Commission, 2017).
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There have been numerous publications and government support in creating momentum 
for applying the concept of circular economies to many fields including plastic (Ellen 
MacArthur Foundation, 2019). In a report published in 2019 the Ellen MacArthur 
Foundation, entitled: A Vision of a Circular Economy for Plastic the foundation reveals what 
a circular economy for plastic would resemble. (Ellen MacArthur Foundation, 2019). 

It specified six characteristics that define a circular economy for plastic packaging:

1. Elimination of problematic or unnecessary plastic packaging through redesign, 
innovation, and new delivery models is a priority;

2. Reuse models are applied where relevant, reducing the need for single-use packaging;

3. All plastic packaging is 100% reusable, recyclable, or compostable;

4. All plastic packaging is reused, recycled, or composted in practice;

5. The use of plastic is fully decoupled from the consumption of finite resources; moving 
away from the reliance of crude oil and promoting the development of plastics derived 
from renewable sources;

6. All plastic packaging is free of hazardous chemicals, and the health, safety, and rights of 
all people involved are respected.

On the waste production side of this, the infrastructure must be in place to support the 
proper methods of recycling and conservation. The key to an efficient circular plastic 
economy is an advanced Polymer Reprocessing Facility (a-PRF) (Barrett, 2020). 

The proposed structure for an advanced plastic reprocessing facility would include a:

• Plastic conservation centre: This facility would house plastic without existing markets or 
use. The plastic is conserved for future use.

• Recycling Infrastructure: A network of mechanical and chemical recycling facilities to 
process built fully recycled and/or convert recovered plastic resources.

• Recycled plastic marketplace: A platform that connects plastic recycling infrastructure 
with plastic manufacturers/end-users and develops new markets for recycled plastic.

While there are not many operational plastic recycling parks, pilot projects and case 
studies are in place and showing promising results.

2.3.1. Case studies: Plastic Circular Economies
There are two case studies which show promising recycling methods that prove the 

effectiveness of using 
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2.3.1.1. Project Lodestar
Located in Scotland, Project Lodestar was an innovative project where participant 

businesses shared market data and analyzed waste composition to design an optimal 'all 
plastics' recycling facility that combined mechanical and chemical recycling technologies. 

The waste stream analysis brought back a polymer distribution of the waste stream that is 
shown in Figure 6 and used this information to design an a-PRF, in this case with thermal 
cracking technology to optimize the value of outputs from recycling (Pioneer Project, 2018).

The modelling results of the study (Figure 7) shows that using an a-PRF as opposed to a 
conventional polymer reprocessing facility (PRF) reduced the need for virgin plastic 
materials by 14% (Pioneer Project, 2018).

On the chemical recycling side, the case study introduced the development of the RT7000 
feedstock recycling machine that uses a pyrolysis process to convert a wide range of plastic 
wastes back into oils for onward sale to petrochemical companies as the feedstock for making 
new, virgin quality plastic with recycled content. The compact and modular nature of 
theRT7000®, allows the machine to be installed at existing waste sites for recycling waste at 
source. 

Figure 6. Composition of the input plastic stream from household and industrial waste in Scotland  
 (Pioneer Project, 2018).

Figure 7. Amount of plastic circulated for the PRF (left) and a-PRF (right) models (Pioneer Project, 2018).
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The primary output product from the RT7000 process is Plaxx®. Plaxx® is a petroleum 
based product that can be used in the production of new plastics and waxes. Plaxx® boosts the 
development of the Circular Economy since it can be used as a chemical feedstock for new 
plastic production. Figure 8, shows the thermal cracking process of producing Plaxx® from 
dry shredded plastic waste (Pioneer Project, 2018).

The process achieved a typical mass yield of 75%, producing circa 5,200 tonnes of 
Plaxx® annually. Compared to a mechanical recycling facility, the RT7000 process could 
increase revenue by 25% and decrease the payback time of the facility by 11% (Pioneer 
Project, 2018). 

One of the key aspects which led to the success of the project, was the cross collaboration 
from all stakeholders. Producers of plastic packaging and other plastics must have a 
comprehensive understanding of the recycling process to develop product that can be 
recycled properly. The project’s success showed the importance of bringing together experts 
from the entire plastic value chain, demonstrating the positive influence of dialog 
transparency (Pioneer Project, 2018).

Another aspect to consider is at the consumer level, as the collection system should deliver 
plastic waste that is uncontaminated with unwanted byproduct which could ultimately be 
harmful if they are mixed in the plastic waste stream. Reiterating the importance of multi-
stakeholder contribution for a successful and sustainable waste management for plastics 
(Pioneer Project, 2018).

2.3.1.2. Binn Eco Park 
Another interesting test project for a-PRFs is Project Beacon. The development and 

construction of an Advanced Plastics Reprocessing facility is currently underway at the Binn 
Eco Park, Perthshire, Scotland. After shutting down the Binn landfill site in 2014, the area has 
expanded and diversified to create the Binn Eco Park (Binn Group, 2019). 

Figure 8. Cracking process of producing Plaxx® (Recycling Technologies, n.d.).
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The Binn Eco Park currently has 14 existing or planned facilities on the site, including a 
wood recycling plant, solid recovered fuel facility, and an advanced plastic recycling facility. 
As well, an expansion project is set to be able to process 60,000 Tonnes of plastic per annum. 
The intention is to use the energy from the facility as a heat source for other industrial energy 
demand on site. It is estimated that the advanced plastic recycling facility alone will process 
between 15,000 and 25,000 metric tonnes of plastic yearly with a recycling and recovery rate 
of 90%.  

This project has also generated over 70 jobs for the local community and industry 
professionals (Binn Group, 2019). 

2.4. EU policy on plastic waste 
As mentioned, the European Union has increased attention on plastic use and waste 

management in order to reduce plastic pollution. Iceland, as a member of the European 
Economic Area (EEA), is abiding to these same regulations. With the European Green Deal 
and the 2020 Annual Sustainable Growth Strategy (European Commission, 2020), plans and 
measures are coming into play to accelerate and outline the transition to a circular economy 
supporting sustainability developments. Currently there are two primary areas where the EU 
has placed restrictions; the use of single-use plastic (SUP), discussed in the previous section, 
and higher quality measures on plastic waste shipped abroad for processing.

The EU has placed new restrictions for plastic waste offshoring by putting the 
responsibility back on the countries that are shipping their plastic waste to ensure that what 
they are shipping meets specific requirements (European Commission, 2020). Sweden has 
highly efficient recycling facilities and many other countries send their plastic waste there to 
be processed. The challenge has been the shipping of plastic waste without considering 
possible contamination that could be harmful or reduce the quality of recycled plastics. 
Effective January 2021, new regulations that apply to exports, imports and intra-EU 
shipments of plastic waste are now required. (European Commission, 2020). 

(a) Plastic waste destined for recycling, consisting of primarily one type of plastic can 
continue to be exported as ‘Green List’ waste; 

(b) Mixed streams of polypropylene (PP), polyethylene (PE), and polyethylene terephthalate 
(PET) can continue to be exported under ‘Green List’, as long as they are intended for 
separate recycling upon arrival; 

(c) All other plastic waste exports and imports must be notified and approved by imported 
countries. 

Regulations on shipping plastic waste within the EU are ongoing under, thus policies 
could change in the coming years (Scottish Environmental Protection Agency, 2021). 
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3. Methodology 

The methods of this analysis were comprised primarily of literature research of journals, 
previous research projects, data collection from interviews, site visits, government trade data 
and data provided by the Icelandic environmental agency. This section will explain the 
methodology used to answer the research questions presented in the introduction: 

1. What is the current state of plastic material flow for Iceland? 

2. What improvements can be made in order to promote a circular economy for plastic in 
Iceland?

3.1. Current state of plastic recycling 
To determine the current state of plastic recycling a material flow analysis (MFA) was 

created for plastic in Iceland. In essence, a MFA maps the plastic coming into an economy, 
how it is used, and finally disposed of. In addition, this project investigates the compliance 
with EU and Icelandic policy as well as policy suggestions or strategies to improve the 
recycling rates of plastic products in the Icelandic economy. 

The following are the general steps taken to create a MFA for the Icelandic plastic stream:

I. Determine the scope and boundary that will be examined during this project. 

II. Acquire international trade data for plastic imports and exports, as well as statistics on 
the currently used waste management methods.

III. Using the trade data, assumptions were made to the net inflow of plastics to determine the 
economic sectors of use for the annual plastic stream.

IV. From the economic sector distribution, it was possible to estimate the lifetime duration 
and predict the annual waste stream.

V. The economic sector distribution also allows for assumptions to be made on the types of 
plastic in the economy and ultimately waste stream. 

3.1.1. Scope and boundary 
The scope and boundary of this study is limited to Iceland (Figure 9). However, it does 

consider the imports and exports of plastic products and waste plastic sent abroad. The 
imported locations from which plastics originate from are not considered, yet some 
consideration is placed on the location of plastic waste exports in order to understand the 
proper rates of recycling, incineration and discard of exported plastic waste as well as that 
seen domestically. 
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Figure 10 shows a general flow of plastics that are considered within the scope of this 
research.

3.1.2. Data acquisition 
Data for this research was collected from two primary sources, the Statistics Iceland 

database for international trade data and the Environmental Agency, Umhverfisstofnun, for 
recycling and disposal rates. All raw data used for this research can be found in Appendix A.

3.1.2.1. International trade data
Import and export data was available on the Statistics Iceland website (Statistics Iceland, 

2020). Data from the years 2010 to 2019 are classified using SITC showing quantities of 
imported and exported plastics in primary and non-primary forms, following the format that 
was presented in section 2.2. 

For the purpose of this thesis, the miscellaneous plastic articles are combined with plastics 
in non-primary forms and can also simply be referred to as plastic products. 

Figure 9. Boundary for research scope.

Figure 10. General MFA flow for materials within the evaluated system boundary.
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Prior to 2010, the Statistics Iceland database does not separate imports and exports 
quantities for plastics, thus it is not considered in the scope of this thesis. Data for the years 
2020 and 2021 are also not available, however, would likely show a spike in plastic 
consumption due to the pandemic. Once the pandemic is over it is assumed that plastic 
consumption would most likely resemble that of the year 2019. 

However, if type of research is reproduced for other countries it is recommended to go 
back as far as possible. 

3.1.2.2. Economic sector data 
The Icelandic Environmental Agency, Umhverfisstofnun, has a good grasp on plastic 

packaging data due to the applied tax on imported plastic packaging (Umhverfisstofnun, 
2021). 

When it comes to the quantity of plastic used in the fishing industry data was available 
through literature from two main reports: Plastic in Icelandic Fisheries (Steingrímsson, 
2020) and Plastnotkun í sjávarútvegi: Analysis of HB Grandi’s plastic use in fishing and 
processing (Brynjarsdóttir, 2018) which gave insight on the quantity of plastic used and the 
polymer types found in the fishing industry in Iceland.  

3.1.2.3. Recycling, incineration and disposal statistics 
The Icelandic Environmental Agency, Umhverfisstofnun, has a good grasp on plastic 

packaging data due to the applied tax on imported plastic packaging (Umhverfisstofnun, 
2021). The recycling fund in Iceland is used to tax is intended to compensate the processing 
of recycling or incineration of plastic products either domestically or abroad. This means 
Umhverfisstofnun is notified when plastic is being recycled or incinerated, giving them the 
quantity of plastic being recycled annually. 

3.1.3. MFA Calculations
The following are the steps that were taken for the calculations required to determine the 

material flow analysis presented in the Chapter 4: 

• The first step of the MFA was to determine the net flow of plastics in Iceland, to do so 
exported plastic quantities (excluding plastic waste) were subtracted from the imported 
quantities. 

• Next, the inflow of plastics was separated into economic sectors. In this case the quantity 
of plastic packaging and plastic used in the fishing industry were known, thus requiring to 
make assumptions when it comes to quantities for the other economic sectors. This study 
inferred the rest of the flow to follow the averages observed in the rest of the EU (Geyer et 
al., 2017). 
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• Once the quantity of plastic is known for each of the economic sectors it is possible to 
determine how long these plastics will remain in the system using lifetime distribution 
calculations (Geyer et al., 2017). This helps determine how much plastic reaches the end 
of life annually as well as the quantity that remains in stock. Adding the built up stock to 
the following years inflow, adjusts the actual quantity of plastic in use, giving more 
accurate estimations on the waste produced per annum. 

• In addition to lifetime distribution, estimations on the polymers used for each economic 
sector is possible to assume for both the inflow and waste streams (Geyer et al., 2017). 

• Finally the recycling, incineration and disposal rates observed domestically and abroad are 
calculated using the information provided by the statistics Iceland database (Statistics 
Iceland, 2020) and the Environmental Agency (Umhverfisstofnun, 2021).

• Since this research used 2010 to 2019 data, results are presented for the entire timeframe 
as well as the year 2019, considering the accumulation of plastic in use starting in 2010. 

3.2. Circular economy and plastic recycling in Iceland
Once the material flow analysis was completed, the following steps were to assess the 

circularity of the existing system. This means looking at the overall plastic waste stream and 
determining the quantity of plastic being recycled domestically as well as by other methods 
for waste disposal. 

The methodology used for the policy recommendations and required infrastructure to 
move towards a more circular plastic economy was primarily based on literature review. 
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Chapter 4: Material Flow Analysis 
4. Material Flow Analysis

This section presents the results of the material flow analysis of plastic in Iceland based on 
data from the period 2010 to 2019. To get a proper overview of the current state of plastic 
materials in Iceland this chapter will examine the imported and exported plastics. Followed 
by information on the net inflow of plastic materials in Iceland with attention to the economic 
sector of use and polymer types. Lifetime distribution calculations were made to estimate the 
quantity of plastic reaching the end of life annually and an assessment of the fates of plastic 
waste was determined to produce an overall view of the plastic material flow in Iceland.  

4.1. Imported and exported primary and non-primary plastic
Iceland currently imports all raw materials for plastic production, as well as most of the 

plastics used. In this context, primary plastics are raw plastic materials which are used by 
manufacturing companies in Iceland to produce plastic products domestically and non-
primary plastics are simply plastic products that are intended for market sale.

4.1.1. Imported primary and non-primary plastic to Iceland 
Based on the database from Statistics Iceland, Figure 11 shows the import quantities for 

primary and non-primary plastics. 

 

4.1.2. Exported primary and non-primary plastic from Iceland 
Figure 12, shows the quantity of exported primary and non-primary plastics from 2010 to 

2019. 
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Figure 11. Imported primary (dark blue) and non-primary (light blue) plastic from 2010 to 2019 (Statistics 

Iceland, 2020).
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4.2. Net plastic entering the Icelandic economy 
The annual inflow of plastic materials in Iceland was determined by simply subtracting the 

exported plastic, in both non-primary and primary forms, from the imported plastic 
quantities. The quantity of plastic materials entering the Icelandic economy from 2010 to 
2019 are shown in Table 9. On average roughly 33% of the inflow of plastic products (i.e. the 
primary plastics) are used for producing plastic products in Iceland. 

Table 9. Net plastic entering the economy annually from 2010 to 2019

Since 2010, the plastic inflow has increased by 56.6% as shown in Figure 13, reiterating 
that plastic use and demand in Iceland is increasing as is being seen all over the world (Geyer 
et al, 2017). In 2019, the quantity of plastic that entered the economy was 40,789.0 Tonnes of 
plastic of which 10,792.2 Tonnes were virgin materials and 29,996.8 Tonnes were plastic 
products. This makes the demand for plastics per capita roughly 111.5 kg of plastic per 
capita. 
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Figure 12. Exported primary (dark blue) and non-primary (light blue) plastic from 2010 to 2019 (Statistics 

Iceland, 2020).

DESCRIPTION	 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

TOTAL IMPORTS 26,426.50 27,193.40 27,639.40 28,728.70 31,018.50 33,435.90 37,191.20 40,767.20 41,093.30 41,196.00

Imported primary 
plastics 9,680.10 9,409.90 9,800.70 9,860.70 10,738.00 11,917.90 12,682.00 13,146.50 10,927.40 10,951.60

Imported plastic 
products 16,746.40 17,783.50 17,838.70 18,868.00 20,280.50 21,518.00 24,509.20 27,620.70 30,165.90 30,244.40

TOTAL EXPORTS 387.30 524.10 502.10 379.50 561.20 584.70 437.90 307.30 309.60 407.00

Exported primary 
plastics 113.00 111.40 111.80 88.00 176.00 115.30 109.00 100.70 120.00 159.40

Exported plastic 
products 274.30 412.70 390.30 291.50 385.20 469.40 328.90 206.60 189.60 247.60

NET PLASTIC 26,039.20 26,669.30 27,137.30 28,349.20 30,457.30 32,851.20 36,753.30 40,459.90 40,783.70 40,789.00
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4.3. Plastic demand and use
As the plastic demand is increasing and proper waste management still questionable, the 

next step in the MFA is determining what how much plastic is being used for each economic 
sector and the polymer distribution within the economy. This study used the year 2019 as a 
baseline since it was pre-covid and had the most available data. In addition, post-covid plastic 
use should resemble most closely the year 2019, reducing the use of SUP like disposable 
masks and gloves, which cannot be recycled due to possible virus contamination (Brock, 
2020). 

4.3.1. Economic sector of use for demand 
Quantitative data for plastic packaging in 2019 was provided by the Icelandic 

environmental agency (Umhverfisstofnun, 2021) and plastic used for the fishing industry was 
provided by Steingrímsson and Brynjarsdóttir (Steingrímsson, 2020; Brynjarsdóttir, 2018). 
The rest of the distribution was inferred based on the EU averages presented in section 2.1.2 
(Geyer et. al, 2017). Table 10 shows the estimated quantities and percentages of the plastic 
demand for the year 2019. The sectors that use the highest level of plastics are packaging 
(42.9%), fisheries (19.2%), and the building and construction sectors (12.9%).
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Table 10. Plastic Use by Economic Sector in Iceland 2019

4.3.2. Demand of polymer types 
Using the economic sectors average polymer distribution, presented in Table 4 in section 

2.1.2 of Chapter 2 (Geyer et. Al.), it is possible to assume the polymer distribution of Icelands 
annual plastic demand. Figure 14 shows the demand by polymer types of plastic demand in 
2019.  

4.4. Waste production and breakdown of plastic 
Plastic packaging has been the primary focus of plastic recycling targets since it has the 

lowest mean lifetime. However, in order to see the global picture and receive accurate data 
for the annually waste stream it is important to also consider the stock and build-up of plastic 
reaching the end of their lifetime from other sectors.

ECONOMIC SECTOR QUANTITY 
[ metric tonnes ] 

PERCENTAGE
[ % ]

Transportation 1,870.2 4.6%
Packaging 17,492.0 42.9%

Building and Construction 5,247.7 12.9%

Electrical and Electronics 1,116.5 2.7%

Consumer and Institutional Products 3,349.6 8.2%

Industrial Machinery 223.3 0.5%

Fisheries 7,833.0 19.2%

Other industries 3,656.7 9.0%

TOTAL 40,789.0 100%

Figure 14. Polymer distribution of the average annual plastic demand in Iceland.
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4.4.1. Lifetime distribution based on economic sectors of use
Based on the economic sector distribution presented in Table 10, it is possible to assume 

how much plastic remains in stock and how much reaches the end-of-life (EoL) annually, 
using the mean and lifetime distribution of each economic sector. Figure 15 shows how long 
plastics in Iceland remain in the economy. At year zero it shows 100%, meaning 100% of the 
plastic is in the economy, however after only one year this is reduced by roughly 43.5%. 

The lifetime distribution above does show that it takes roughly 50 years for some plastics 
in the economy to reach EoL, making it important to quantify stock over time in order to 
have an accurate representation of the current use of plastic. Considering the accumulation of 
plastics from the last decade and looking at the lifetime distribution, the estimated produced 
waste quantity and percentages from each economic sector is presented in Table 11.  

Table 11. Plastic waste by economic sector in 2019
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Figure 15. Lifetime distribution of plastic materials in the Icelandic economy.

ECONOMIC SECTOR
QUANTITY 

[ metric tonnes ] 
PERCENTAGE

[ % ]

Transportation 196.0 0.6%
Packaging 17,492.0 55.3%

Building and Construction 0.6 0.0%

Electrical and Electronics 644.9 2.0%

Consumer and Institutional Products 3,119.1 9.9%

Industrial Machinery 0.1 0.0%

Fisheries 7,293.9 23.0%

Other industries 2,897.2 9.2%

TOTAL 31,643.8 100%
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In 2019, the estimated produced plastic waste in Iceland was 31,643.8 Tonnes, which 
means 88.6 kg per capita. Comparing these statistics to other countries Iceland sits in the 
middle of the pack, the United States produces roughly 105 kg of plastic waste per person 
annually though France only produced 43.8 kg of waste per person (Statista, 2021).  

4.4.2. Breakdown of the plastic waste by polymer type
In addition to determining the quantity of annual plastic waste, it is also possible to 

assume the polymer distribution of the waste stream. Table 12 and Figure 16 present the 
percentage of each plastic type estimated to make up the plastic waste stream for the year 
2019. This type of data is important when assessing the feasibility of different mechanical 
and chemical recycling options. 

Table 12. Plastic Polymer distribution of plastic waste stream in 2019

ECONOMIC SECTOR QUANTITY 
[ metric tonnes ] 

PERCENTAGE
[ % ]

Polyethelyne Terephalate ( PET / PETE ) 4,325.89 13.7%

High-Density Polyethylene ( HDPE ) 4,417.05 14.0%

Polyvinyl Chloride ( PVC / PV ) 892.10 2.8%

Low-Density Polyethylene ( LDPE ) 9,936.13 31.4%

Polypropylene ( PP ) 5,572.64 17.6%

Polystyrene ( PS ) 4,830.84 15.3%

Polyurethane ( PUR ) 999.74 3.2%

Other 669.38 2.1%

TOTAL 31,643.8 100%

Figure 16. Polymer distribution of the plastic waste stream in 2019.
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4.5. Waste management practices 
There are currently three ways in which Iceland manages its plastic waste. It is either sent 

to landfill, recycled domestically or shipped abroad for further processing. Plastic waste is 
collected from homes and industries by two main collection services SORPA and Terra. Both 
waste management companies require household plastic to be separated from any other 
waste. For domestic recycling in Iceland, is only done at Pure North 

4.5.1. Domestic disposal and landfill
SORPA, is a municipal association for waste management which is jointly owned by the 

six municipalities in the Capital Area (i.e. Reykjavík, Hafnarfjörður, Kópavogur, 
Seltjarnarnes, Mosfellsbær and Garðabær.) Greater Reykjavík’s plastic waste is brought to a 
recycling/sorting facility, where non contaminated plastic waste, that is deemed suitable for 
recycling, is placed on a conveyer to be shredded, bailed and shipped abroad for further 
processing (Figure 17 (left)). This primarily consists of municipal plastic waste due to the 
level of contamination within the industrial plastic waste stream. All other plastic which 
arrives at the sorting facility is sent to landfill.

The rest of the country relies on their individual municipalities for waste pick up and 
sorting for plastics. In most areas plastic sorting is not an area being prioritized and is not 
currently recycled. 

4.5.2. Domestic recycling
Plastic recycling in Iceland is not a currently a competitive industry. Aside from private 

recyclers and industrial companies that have their own methods for waste disposal, there is 
only one plastic recycling facility, Pure North. Iceland's Pure North Recycling company uses 
geothermal energy to recycle 2,000 tonnes of waste plastic per year, which they receive 
primarily from the agricultural sector. Since operations began in 2016. Located in 
Hveragerði, 45 km from Reykjavík, Pure North uses a process that does not require the use of 
chemicals and leaves little to no carbon footprint. Using steam and energy from the nearby 
geothermal source, both ‘hard’ and ‘soft’ plastics are turned into pellets that can be 
repurposed or recycled into new plastic materials (Figure 17 (right)). 

‘Soft’ plastic pellets are placed on a plastics market and sold for industrial use. Currently, 
the primary buyers for the recycled plastic are non-Icelandic manufacturing companies. 

‘Hard’ plastics cannot be processed mechanically into a material suitable for new plastic 
materials; they are often seen as a ‘down-cycled’ product. Being termed down-cycled should 
not be confused with being of lesser value, they may not have re-sell value as new products 
but they can still be repurposed. Some innovative uses for the ‘hard’ plastic pellets include 
being used for roofs, decks, and roads. 
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Pure North would like to change the practice of having most of Iceland's recyclable plastic 
waste shipped to Europe to being recycled within the country. By promoting a 'circular plastic 
economy' they would like to adopt the mentality of 'alive and in use' as long as possible. Pure 
North believes “it is important that each nation becomes sustainable with a circular economy" 
(Pure North, 2020). 

In addition to recycling, to help promote an internal circular economy, Pure North is 
working with several Icelandic companies to encourage the use of recycling-friendly plastics 
for their packaging needs. Given the challenge that not all plastics can be recycled to produce 
the same level of plastic product, it's important to be thoughtful about the type of plastics 
being used. One example is the cross collaboration between Pure North and Skyr, an 
Icelandic yogurt company. Pure North is helping Skyr find a better packaging solution that 
yields a more sustainable return, while encouraging the use of recycled ‘soft’ polymers for 
their manufactured yogurt containers (Pure North, 2020).  

Currently operating at full capacity, Pure North is also looking to expand its facility. To do 
so, they will need funding to expand and grow their research and development department. 
The company's leadership team believes that the main problem in being able to move forward 
is at the policy level. Changes to allocating the funds paid by consumers on plastic materials 
should be better allocated to companies working on mitigation measures domestically. With 
the existing system, it is far more cost-effective to ship waste to other countries instead of 
processing internally, which poses a problem for funding projects to increase domestic 
recycling. 
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4.5.3. Exported plastic waste
As stated, Pure North is the only recycling facility in Iceland. All other plastic waste 

deemed fit for recycling is sent to other EU member states for further processing. Figure 18 
shows the amount of plastic waste in tonnes that has been shipped abroad from 2010 to 2019.  

Table 13 shows the varying destinations for exported plastic waste between 2010 and 
2019. 

An interesting observation when looking into the exported waste, is the large variation of 
destinations over the years, though today the majority is either sent to the Netherlands or 
Sweden. Since 2010, there have been several regulations which restrict shipping plastic waste 
outside EU/EEA member states.

 -

 1,000

 2,000

 3,000

 4,000

 5,000

 6,000

 7,000

 8,000

 9,000

 10,000

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

To
nn
es

Year

Exported plastic (excluding plastic waste) 2010 - 2019

 EXPORTED WASTEFigure 18. Exported plastic waste from 2010 to 2019 (Statistics Iceland, 2020).

Desjardins 32



Chapter 4 : Material Flow Analysis

Table 13. Quantity of exported waste to varying destinations from 2010 to 2019. Source: 
Statistics Iceland (2020)  

Figure 19 shows the fate of plastics that were shipped abroad in 2019, of the total 7,650.7 
tonnes of plastic waste shipped to varying EU countries, only 63.2% was recycled according 
to the statistics provided by the Icelandic Environmental Agency (Umhverfisstofnun, 2021). 
Thus, begging the question whether it is good practice to keep relying on other countries to 
process Iceland’s plastic waste with the new policy requiring exporters to be taxed if the 
plastic is deemed un-recyclable or contaminated upon arrival. This new regulation has come 
into effect as of January 2021 (European Commission, 2020).

Figure 19. Fate of plastic waste shipped abroad for processing in 2019.
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4.6. Overview of the material flow of plastics in Iceland
For the year 2019, the overall material flow distribution of plastic in Iceland is presented 

in Figure 20. Where the import and export data is provided from the Statistics Iceland 
database, and recycling, incineration and disposal where calculated using data provided by 
the environmental agency. Figure 21 shows the rates of recycling, incineration and disposal 
both domestically and abroad.

Figure 20. Iceland’s plastic waste stream for 2019 considering the accumulation of stock.

Figure 21. Fate of plastic waste in Iceland (2019) separated by domestic and foreign statistics.
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The overall accumulated plastic waste stream from 2010 to 2019, is presented in Figure 
22. 

Of the total of 221,025.5 Tonnes of plastic became waste in Iceland between 2010 and 
2019, 25.4% was recycled either domestically or abroad, 2.0% was incinerated, and the rest 
was discarded or sent to landfill (Figure 23). 

 

Figure 22. Iceland’s accumulated plastic waste stream 2010 - 2019

Figure 23. Fate of plastic waste in Iceland (2010 - 2019)
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Figure 24 breaks down the waste stream even further, separating the domestically 
processed plastic waste from that sent abroad. In total, only 3.6% of plastic waste generated 
from 2010 to 2019 was recycled domestically.

The final diagram in this section is Figure 25, which shows a Sankey diagram of the 
estimated demand of plastic types and economic sectors in which they contribute, as well as 
the EoL fate of plastics from 2010 to 2019, with a focus on domestic processes.

Figure 24. Fate of plastic waste in Iceland from 2010 to 2019 separated by domestic and foreign statistics
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Chapter 5: Moving towards circularity for plastics in Iceland  
5. Moving towards circularity for plastics in Iceland 

As stated in the introduction, the main goals for producing the Material Flow Analysis of 
plastic in Iceland:

• Creating meaningful data that can be assess and used for further research and feasibility 
studies. Meaning quantities of waste and from which economic sectors and the polymer 
distribution of the waste stream. 

• Showing the current state of plastic recycling efforts and determining a baseline for current 
waste management practices, which can be used to monitor changes over time.

Both these goals help support the progress towards creating a circular economy approach 
for recycling and reuse of plastics in Iceland. This section discusses the main factors that 
currently hinder the shift from a linear economy for circular plastics economy in Iceland.

5.1. Current level of plastic circularity in Iceland 
To fulfill the criteria’s of circular economy, it is not enough to just evaluate the amount of 

plastics being recycled in some form. The plastic should be processed locally and renewable 
resources must be used to power the process. Since geothermal energy is used for the 
mechanical recycling process at Pure North discussed in section 4.5.2, that procedure does 
support circularity. However, the 2,000 tonnes of annual plastic being recycled at that facility 
is a small portion of the overall plastic waste produced. In 2019, the highest level of 
circularity was reached at Pure North, but it represented only 5.9% of the total plastic waste 
stream. The accumulated data from 2010 to 2019 showed an average of 3.6% level of 
circularity.

Based on the results of the MFA, the main conclusions can be drawn that pinpoint the 
areas of focus for Iceland to shift towards a circular economy for plastic:

• The need for infrastructure that can support the development of a domestic circular 
economy process for plastic waste.

• The introduction of initiatives and policy changes to support the shift towards circular 
economy procedures for plastics.

5.2. Necessary infrastructure to promote a circular economy
In order to shift from a linear economy relying heavily on other countries for plastic 

recycling it is important to focus on creating the necessary infrastructure to recycle plastic 
waste domestically.
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5.2.1. Suggested framework for infrastructure 
Based on the literature review on suggested frameworks that support circular economies, 

there is a need for an advanced material reprocessing facility, a-PRF (Figure 26).  This type 
of facility requires:

• A plastic conservation centre, where the plastic waste steam is separated into feedstock for 
mechanical or chemical recycling, conserved for later use or simply sent to the market 
place for reuse.

• A combination of mechanical and chemical recycling facilities working simultaneously to 
keep the material(s) in use.

• A strategy for efficient transport of plastic waste to the a-PR facility.

•  A market place for recycled plastics, where industries can buy and are encouraged to buy 
recycled plastic products.

5.2.1.1. Plastic conservation centre 
The plastic conservation centre would sort the post-consumer and industrial waste. 

Following the suggested framework from the Ellen MacArthur Foundation (Barrett, 2020), 
the conservation centre would be able to: 

• Send marketable plastic scrap to the recyclable plastic market place.

• Conserve plastic that cannot be processed for future utilization.

• Provide feedstock for both mechanical and chemical recycling.
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In order to provide feedstock for mechanical and chemical recycling, a sorting system 
would be required to ideally separate the mixed plastic stream into individual polymer flows. 

5.2.1.2. Network of recycling facilities 
Based on the results from the MFA, the estimated annual waste of plastics in Iceland is 

roughly 31,643.8 tonnes of plastic (based on results for 2019 - that account for accumulated 
waste). Further research is required to determine which combination of recycling processes 
would be ideal for the given waste stream. This is where the use of the results of the polymer 
distribution determined during the MFA are useful (Figure 23). 

5.2.1.3. Market place 
One of the key factors in creating a circular economy for plastics is having a purpose for 

the output from the recycling processes. A market place should be designed to store recycled 
plastic materials for industry buyers to be able to purchase recycle materials and thereby 
minimize the need for imports of primary plastic materials.

5.2.2. Location and transportation to facility 
Since Iceland is a small country, one a-PRF should be sufficient to process all plastic 

waste. The choice of location for this facility would ideally be located close to the greater 
Reykjavik city area, where the population density is highest. Additionally, in terms of energy 
consumption, recycling facilities require a large amount of energy to support recycling, thus 
constructing the necessary infrastructure in close proximity to a geothermal power plant is 
ideal. Collaboration with a geothermal power plant would also be crucial and further research 
necessary to verify that the power plant can support the energy demand that the recycling 
process will require, as most of the chemical recycling processes' are energy intensive, as 
shown in Table 6, in the background section. 

Transportation to the a-PRF could be done either by land or sea. Since most of the towns 
in Iceland are located on the coast, it would be interesting to assess the feasibility of 
collecting plastic waste from around the country via cargo ship following a similar trajectory 
to the one presented in Figure 27. To abide by the fully sustainable requirements to a circular 
economy, the use of an electric cargo ship would be recommended. Since plastic waste would 
be picked up at each port, an electric cargo ship could be charged while loading. This would 
require the ports to be equipped with charging stations. The cargo ship would be used to pick 
up plastic waste from designated locations around the country, if the facility is located near 
Reykjavik, the waste from the capital area would not need to be picked up by ship, leaving 
roughly 12,657.5 Tonnes of plastic waste being generated from other areas around the 
country annually. If waste collection is done weekly the cargo ship would need to be able to 
carry roughly 244 Tonnes of plastic waste. If transit by sea is chosen, additional consideration 
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on transportation of both plastic waste to pick up locations as well as transit from the final 
port to recycling facility is required.

When it comes to the location of the recommended a-PRF, proximity to Pure North facility 
would allow them to continue processing waste and benefit from the sorting plant and market 
place for their recycled materials. Hveragerði could be an excellent location, as it is near the 
harbor in Þorlákshöfn, which could act as the main transit port for the cargo ship.

5.2.3. Cost implications 
Although evaluating the cost of implementing such a large-scale project is not within the 

scope of this study, it can be inferred, that the construction and operational costs of such 
facilities would be significant. It could be offset with increasing costs related to new and 
more strict regulations on shipping waste abroad and other reforms by the EU signalling the 
promotion of circular economies. The creation of these domestic facilities in the near future 
could be required, regardless of cost implications.

5.3. Current initiative and policy recommendations 
The following section goes through the current initiatives taken by the Icelandic 

government and some recommendations that can be applied, in addition to those already in 
the works, to develop a CE in Iceland. 

Figure 27. Possible transit route around the country for gathering plastic waste (Pngegg, n.d.)
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5.3.1. Current initiatives by Icelandic government and environmental agency 
Iceland is currently working hard to abide by EU regulations and creating awareness for 

proper plastic use and waste management, overall moving towards a CE for plastic. The 
Icelandic Minister for the Environment and Natural Resources recently introduced 18 action 
plans targeting plastic use, recycling and ocean pollution (Stojórnarráð Íslands, 2020). 

The 18 actions are the following:

1. Complete ban on grocery store plastic carrier bags. 

2. Reduction of the environmental impact of certain plastic products. It includes a variety of 
measures designed to address pollution due to the disposable plastic products commonly 
found on the beaches in European countries. It includes a ban on marketing certain single-
use plastic products referred to in the consultation forum his proposal. It is different when 
the actions are to take place implemented under the Directive, from the first of 3 July 
2021 and until January 1, 2025. 

3. Grants for research and development of plastic free products. Plastic recyclers and 
companies looking at developing plastic alternative products are encourages to apply to 
grants such as the Technology Development Fund and Rannís for possible funding.

4. Increased initiative to raise awareness of the overuse of plastic and proper disposal.

5. Increased recognition for companies working on reducing plastic consumption and 
increasing recycling efforts.

6. Increased encouragement to implement Green Steps action plan for reducing plastic waste 
in government offices and businesses (Græn skref, n.d.).

7. Reducing the amount of plastic required for food packaging. Allowing consumers to buy 
unpackaged products.

8. Overall reduction of plastic use in the economy

9. Changing the trade documentation to the harmonized classification system (HS) for an in-
depth view of imported plastic products.

10. Examining the possibility of imposing a processing fee on all plastic products (not only 
plastic packaging). In addition, an increase of the tax for plastic packaging was 
established in 2020, increasing from 16 kr. / kg to 28 kr. /kg. 

11. Creating a 'Green Solutions' information platform for businesses to make more 
environmentally friendly choices for their companies.

12. In addition, the 'Green Solutions' platform would promote the use of less plastic and 
increased plastic recycling.
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13. Coordinate research on plastic pollution in the Ocean. 

14. Improve sewage treatment to reduce the leakage of Microplastics.

15. Create general actions to reduce leakage of plastic into the Ocean from surface water, 
roads and footpaths.

16. Increase restrictions on marketable products contributing to the creation of microplastics. 

17. Clean Icelandic beaches. 

18. Increase recovery rates for lost plastic fishing gear.

5.3.2. Additional suggestions and policy recommendation 
Although actions created in 2018 are excellent first steps in generally reducing plastic use, 

increasing recycling rates and reducing plastic waste in the environment, there are additional 
recommendations that can help push Iceland into a full circular economy for plastic. The 
following additional suggestions, for instance, could work in compliance with those already 
in motion:

• Pushing towards a circular economy means reducing the need for exporting plastic waste. 
This means funding the domestic recycling and creating an economic evaluation for 
building an a-PRF. Although funding is available for companies working to create plastic 
alternatives and increase plastic recycling in Iceland, some of these companies struggle to 
receive funding due to the complexity of the application process. A reform on the 
application process is suggested to assure that funding is used wisely.

• Iceland should set its own domestic recycling goals. Although there are goals on plastic 
recycling overall, including plastic waste recycled abroad, this would help the move 
towards a circular economy for Iceland, including external plastic recycling. The goal set 
for 2020 by the Environmental Agency, was 50% recycling (Umhverfisstofnun, 2021). 
Since 2020 was not evaluated in this study it is not possible to determine if this goal was 
achieved, although it is unlikely since practices have not changed drastically and in 2019 it 
is estimated that only 26.2% of plastic was recycled either abroad or domestically.

• Setting a minimum requirement or targets for Icelandic plastic manufacturers to use 
recycled polymers for their plastic production. This would lead to an increase demand for 
recycled plastics as well as forced plastic manufacturers to change their manufacturing 
process and be able to make recycled products 

• Constant monitoring of progress is essential to document improvement and help pinpoint 
flaws in systems. This means an annual review of how much plastic becomes waste, 
recycled, both domestically and abroad, and how much gets sent to landfills. This 
information should be readily available and provided with full transparency for the public.
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• To encourage the cross-collaboration of all stakeholders from plastic manufacturers and 
waste management facilities, there should be a gathering where all stakeholders can discuss 
issues in regard to product manufacturing and recycling. This could also be an online 
platform,  The goal would be to promote the use of recycled plastic for manufactures and 
produce easily recyclable products. 

• Although increased tax on plastic is already being considered, creating a non-taxed 
pathway for recycled plastic is encouraged. This means, taxing all imported plastic 
products entering the Icelandic economy and taxing imported primary plastic heavily. The 
heavy tax placed on primary plastics should encourage Icelandic plastic manufacturers to 
redesign their products to use recycled plastic materials or plastic alternatives. 

• Increase collection of plastic waste. Enforcing all municipal and industrial waste producers 
to sort plastics properly and enforcing fines to those that do not comply. Reducing the 
quantity of plastics that is sent to landfills annually. This would need to be done in rural 
areas as well as the larger municipalities.  
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Chapter 6: Conclusion
6. Conclusion

To conclude, this research project sought to to assess the current state of plastic waste 
management in Iceland with regards to promoting the development of a circular economy. 
The two research questions presented in this thesis were:

1. What is the current state of plastic material flow for Iceland? 

2. What improvements can be made in order to promote a circular economy for plastic in 
Iceland?

To answer the first question an in-depth material flow analysis was done to determine the 
current level of inflow of plastics in the Icelandic economy and the fates of plastic waste. 
While looking at the net inflow of plastic into the Icelandic economy and sectors in which 
they are used it was possible to estimate how long each plastic remains in use as well as the 
waste produced annually. From the produced waste the polymer distribution was assessed 
giving insight on the types of plastic found in the waste stream. The fate of all plastic waste 
was also reviewed with attention to recycling, incineration and landfill disposal as well as the 
reality of what happens to plastic waste that has been shipped abroad. 

The second question was answered based on literature review and observed data provided 
by the material flow analysis. The results from this study drew four main conclusions, the 
estimated quantity of plastic waste generated annually, the polymer distribution of the waste 
stream, the current level of circularity for plastic in Iceland, and the necessary infrastructure 
as well as policies for Iceland to shift from a linear economy to a circular economy for 
plastic. 

Taking into consideration accumulated stock of plastics in the economy the estimated 
annual waste quantity is roughly 31,643.8 tonnes. Based on assumption derived from the 
economic sectors of use the main plastic type found in the waste stream are low-density 
polyethylene with 31.4%, polypropylene with 17.6%, and polystyrene with 15.3%. As of 
2019, only 5.9% of plastics in Iceland are being processed in a manner that promotes a 
domestic circular economy for plastics. With a global movement shifting focus from linear 
economies to circular economies, drastically reducing the quantity of plastic waste being 
shipped abroad as well as expanding domestic recycling capacity is needed. To move towards 
a circular economy in Iceland, a network of mechanical and chemical recycling facilities, 
forming an advanced polymer reprocessing facility is recommended. The polymer 
distribution of the waste stream is important to determine the proper choice of mechanical 
and chemical recycling technologies, to ensure high output levels for recycled plastic from 
mechanical recycling or oil factions from chemical recycling.  
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Chapter 6 : Conclusion

When it comes to policy suggestions, increased taxation on all imported non-recycled raw 
plastic materials and all plastic products should increase the use of recycled plastic at the 
manufacturing level in Iceland. In addition, cross-collaboration between all stakeholders, 
from the manufactures to the recycling facilities is crucial for product design reform and 
increased recyclability of plastic products. Having regulated and enforced general assemblies 
would create networking opportunities for companies to collaborate and discuss difficulties.  

This research focused on the first step in creating a circular economy for plastic in Iceland. 
There is, however, more work to be done in this field. For instance, in terms of evaluating the 
feasibility of developing internal strategies to achieve circularity. A feasibility study focusing 
on logistic, technologic and economic sectors is required before the necessary infrastructure 
can be constructed.  Logistically, a feasibility study would examine the best location for 
installing an a-PRF, focusing on aspects related to transportation of plastic waste, assured 
access to a significant amount of renewable energy, and proximity to the capital area. The 
suggested location for further research is Hveragerði, due its proximity to the existing 
mechanical recycling facility of Pure North. 

In terms of technology feasibility, this would mean determining the ideal network of 
plastic recycling systems that are best suited for the quantity and polymer distribution of the 
waste stream.  Following the logistic and technologic feasibility studies, an economic 
feasibility study would be needed to determine payback time for the cost of constructing such 
infrastructure. This means comparing the cost of shipping plastic waste abroad, with the 
amount saved on import costs due to the increased quantity of recycled products that can be 
used domestically. 
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Appendix A: Plastic Import and Export Data  

Appendix A
Plastic Import and Export Data 

Standard International Trade Classifications (SITC)

Appendix A shows all raw data from both Statistics Iceland on import (Table A1) and 
export (Table A2) data (Statistics Iceland, 2020) and data a compilation fo the data on 
recycling and incineration rates (A3) provided by the Iceland’s environmental agency, 
Umhverfisstofnun (Umhverfisstofnun, 2021)
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Appendix A

Table A1. Import Data 2010 - 20219
DESCRIPTION	 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

57 PLASTICS IN PRIMARY FORMS

Quantity (tonnes) 9,680.10 9,409.90 9,800.70 9,860.70 10,738.00 11,917.90 12,682.00 13,146.50 10,927.40 10,951.60

CIF Price (million ISK) 2,771.10 2,891.40 3,194.60 3,231.40 3,565.80 3,688.80 3,227.50 3,135.60 2,826.70 2,996.60

Polymers of Ethylene in Primary Forms

Quantity (tonnes) 5,259.10 5,633.80 5,287.40 5,039.50 5,541.20 6,119.70 6,396.00 5,884.30 4,242.20 3,831.80

CIF Price (million ISK) 1,169.20 1,375.60 1,357.90 1,312.90 1,349.70 1,418.60 1,349.90 1,097.40 859.4 787.5

Polymers of Styrene, in primary forms

Quantity (tonnes) 1,829.50 1,589.80 1,944.50 2,325.50 2,436.30 2,711.30 3,352.60 3,628.60 3,611.60 4,046.50

CIF Price (million ISK) 428.2 416.7 546.6 686 704.8 666.4 681.4 751 804.7 775.3

Polymers of vinyl chloride or of other halogenated olefins, in primary forms

Quantity (tonnes) 221.9 292.2 423.4 247.8 367.1 312.3 494.5 622.9 496.4 340.9

CIF Price (million ISK) 42.6 55.1 76.7 43.8 69.1 56.6 79.6 87.8 68.1 51.8

Polyacetals, other polyethers and epoxide resins, in primary forms; polycarbonates, Alkyd resins, polyallyl esters and other polyesters

Quantity (tonnes) 729.6 608.9 657.6 463 576.5 635.1 565.8 695.4 646.1 684.8

CIF Price (million ISK) 286.9 293.6 325 262 297.2 322.2 246.2 224.6 249.8 292.5

Other plastics, in primary forms

Quantity (tonnes) 1,640.50 1,282.90 1,487.10 1,605.00 1,732.90 2,074.70 1,827.40 2,314.30 1,931.60 2,048.00

CIF Price (million ISK) 844.1 747.1 887.1 901.3 1,133.70 1,215.80 864.4 974 844.3 1,088.90

Waste, scrap etc. of plastics 

Quantity (tonnes) 0.1 1.4 0.6 180.2 83.7 64.5 45.1 0.9 0.1 0.1

CIF Price (million ISK) 0.1 3.2 1.3 25.4 11.5 9.3 6 0.8 0.3 0.6

58 PLASTICS IN PRIMARY FORMS

Quantity (tonnes) 6,910.80 7,177.00 7,269.60 7,545.50 8,693.60 9,517.20 10,533.90 11,932.30 13,331.90 12,894.30

CIF Price (million ISK) 4,076.20 4,490.40 4,728.80 4,886.50 5,176.50 5,583.30 5,760.90 5,969.00 6,612.00 7,121.80

Tubes, pipes and hoses, and fittings therefor, of plastics

Quantity (tonnes) 968.3 1,470.70 1,198.40 1,176.90 1,549.80 2,166.60 2,853.60 3,290.20 4,572.30 4,825.80

CIF Price (million ISK) 1,058.40 1,301.60 1,386.60 1,359.90 1,495.60 1,939.10 2,136.60 2,294.60 2,625.00 3,043.60
Plates, sheets, films, foil and strip of 
plastics

Quantity (tonnes) 5,815.40 5,562.40 5,945.10 6,192.60 6,948.90 7,149.40 7,416.10 8,326.20 8,424.50 7,740.40

CIF Price (million ISK) 2,917.60 3,058.00 3,203.10 3,378.90 3,515.90 3,492.80 3,446.30 3,484.30 3,804.00 3,885.90
Monofilament of which any cross-sectional dimension exeeds 1mm, rods, sticks and profile shapes, whether or not surface-worked but not 
otherwise worked, of plastics

Quantity (tonnes) 128.4 144.4 127.5 177.2 196.9 201.1 263.8 316.2 334.9 329.7

CIF Price (million ISK) 100.2 130.8 139.1 147.7 165 151.4 178 190.2 182.9 192.3

89 MISCELLANEOUS MANUFACTURED ARTICLES, N.E.S.

Articles, N.E.S., of plastics

Quantity (tonnes) 9,835.60 10,606.50 10,569.10 11,322.50 11,586.90 12,000.80 13,975.30 15,688.40 16,834.00 17,350.10

CIF Price (million ISK) 6,611.40 7,453.70 7,845.70 8,114.00 8,287.90 8,347.60 8,930.20 9,139.50 10,840.50 11,404.00
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Table A2. Export Data 2010 - 2019
DESCRIPTION 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

57 PLASTICS IN PRIMARY FORMS

Quantity (tonnes) 4,109.80 4,436.30 4,222.30 4,188.40 4,601.20 5,844.30 6,501.30 5,504.40 8,680.60 7,810.20

CIF Price (million ISK) 518.3 634.9 682.2 529.8 941.4 759.2 643.1 520.7 775.4 728.2

Polymers of Ethylene in Primary Forms

Quantity (tonnes) 0.5 2.6 0.1 0.1 0.3 0.2 0.3 0 0.1 47.8

CIF Price (million ISK) 0.5 1.2 0 0.3 0.9 0.2 0.6 0 2.9 3.6

Polymers of Styrene, in primary forms

Quantity (tonnes) 2.1 11.3 0 0 0 0 2.7 1.5 0.7 0.6

CIF Price (million ISK) 2.7 1.4 0 0 0 0 0.4 0.2 0.1 0.1

Polymers of vinyl chloride or of other halogenated olefins, in primary forms

Quantity (tonnes) 0 0 0 0.3 0 0 0 0 0 0

CIF Price (million ISK) 0 0 0 0 0 0 0 0 0 0

Polyacetals, other polyethers and epoxide resins, in primary forms; polycarbonates, Alkyd resins, polyallyl esters and other polyesters

Quantity (tonnes) 0.5 0.5 0 0.2 0 0 0 1.4 0 0

CIF Price (million ISK) 0.8 0.5 0 0.1 0 0 0.1 3.4 0 0.4

Other plastics, in primary forms

Quantity (tonnes) 109.6 96.9 112 87.2 175.5 115.2 106 98 119.4 110.8

CIF Price (million ISK) 366.1 401.3 496.5 358.7 726.7 600.1 498.1 397.9 462.8 487.3

Waste, scrap etc. of plastics 

Quantity (tonnes) 3,996.80 4,324.90 4,110.50 4,100.40 4,425.20 5,729.00 6,392.30 5,403.70 8,560.60 7,650.80

CIF Price (million ISK) 148.2 230.5 185.7 170.7 213.7 159 143.9 119.2 309.6 236.8

58 PLASTICS IN PRIMARY FORMS

Quantity (tonnes) 274.3 412.7 390.3 291.5 385.2 469.4 328.9 206.6 189.6 247.6

CIF Price (million ISK) 208.8 306.8 309.1 225.5 272.2 297.4 173.6 150.4 122.3 227.2

Tubes, pipes and hoses, and fittings 
therefor, of plastics

Quantity (tonnes) 159.1 250.2 315.4 262.2 302.4 295.9 166.2 163.2 162.2 164.1

CIF Price (million ISK) 148.2 230.5 280.7 202.4 238.6 242.5 145.8 133.5 104.6 193.9
Plates, sheets, films, foil and strip of 
plastics

Quantity (tonnes) 115 161.6 75.1 29.6 82.8 173.6 162.8 43.5 27.5 83.6

CIF Price (million ISK) 60.6 74.6 28.2 21.3 31.7 54.8 26.8 16.5 17.6 32.9

Monofilament of which any cross-sectional dimension exeeds 1mm, rods, sticks and profile shapes, whether or not surface-worked but not 
otherwise worked, of plastics

Quantity (tonnes) 0.1 1.1 0 0.1 0.5 0 0.2 0.2 0.1 0.1

CIF Price (million ISK) 0.1 1.7 0.2 1.9 1.9 0.1 1 0.4 0.1 0.3

89 MISCELLANEOUS MANUFACTURED ARTICLES, N.E.S.

Articles, N.E.S., of plastics

Quantity (tonnes) 1,843.30 2,171.70 2,209.90 1,837.60 2,323.90 2,507.80 2,146.20 2,076.70 2,418.70 1,720.20

CIF Price (million ISK) 1,453.80 1,473.70 1,649.40 1,403.10 1,667.20 1,616.50 1,287.20 1,256.00 1,663.10 1,196.90
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Table A3. Recycling, reuse and disposal data for 2014 - 2019 in metric tonnes

DESCRIPTION 2014 2015 2016 2017 2018 2019
Recycling 

Recycling 4,671.00 5,682.00 7,077.00 5,863.00 9,514.00 6,837.00

Reuse
Combustion with energy efficiency (at least 60%) 39.00 666.00 154.00 1,209.00 1,794.00

Disposal 

Managed Landfill 451.00 81.00 201.00 177.00 196.00 435.00
Unmanaged landfill 6.00 34.00 20.00
Combustion without energy efficiency (less than 60%) 0 0 0.4 0.2 0.1 0.1
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Appendix B: MFA Calculations 

Appendix B
MFA Calculations

Appendix B is dedicated to explaining the calculations made to construct the material flow 
analysis following the methodology in chapter 3 and presented results in chapter 4. 
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The net inflow of plastic into the Icelandic economy was determined using the data from 
Statistics Iceland (Statistics Iceland, 2020)

Initially the MFA focused on the year 2019 and used data provided by industry professionals 
combined with the EU’s demand by sector, from the Gayer et al. (2017) research, presented 
in Chapter 2 (table B2). 

For the year 2019 the inflow total of plastic materials was 40,789 tonnes of plastic. That 
given year available industry information was available for fisheries and packaging. The rest 
of the economic sectors were divided appropriately adapting the EU averages to comply with 
the industry data using PEMRG characterization calculations (Table B3). 

Table B1. Net plastic entering the economy annually (2010 - 2019)

DESCRIPTION	 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

TOTAL IMPORTS 26,426.50 27,193.40 27,639.40 28,728.70 31,018.50 33,435.90 37,191.20 40,767.20 41,093.30 41,196.00

Imported primary plastics 9,680.10 9,409.90 9,800.70 9,860.70 10,738.00 11,917.90 12,682.00 13,146.50 10,927.40 10,951.60

Imported plastic products 16,746.40 17,783.50 17,838.70 18,868.00 20,280.50 21,518.00 24,509.20 27,620.70 30,165.90 30,244.40

TOTAL EXPORTS 387.30 524.10 502.10 379.50 561.20 584.70 437.90 307.30 309.60 407.00

Exported primary plastics 113.00 111.40 111.80 88.00 176.00 115.30 109.00 100.70 120.00 159.40

Exported plastic products 274.30 412.70 390.30 291.50 385.20 469.40 328.90 206.60 189.60 247.60

NET PLASTIC 26,039.20 26,669.30 27,137.30 28,349.20 30,457.30 32,851.20 36,753.30 40,459.90 40,783.70 40,789.00

Table B2. EU plastic demand by Economic sector (2002 - 2014)

ECONOMIC SECTOR PERCENTAGE
[ % ]

Transportation 6.7%

Packaging 44.6%

Building and Construction 18.8%

Electrical and Electronics 4.0%

Consumer and Institutional Products 12.0%

Industrial Machinery 0.8%

Other industries 13.4%

TOTAL 100%
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For the scope of this thesis, the percentage distribution by economic sector is assumed to be 
the same every year considered (2010 to 2019) as shown in the following table (Table B4).

Using the mean and standard deviation lifetime distributions by economic sector (Table B5) it 
is possible to estimate the annual waste production and accumulated stock in the system.

Table B3. Plastic demand by eonomic sector in Iceland

ECONOMIC SECTOR
Data provided by Icelandic 

industries 
 [ tonnes ] 

Iceland 
Percentage

[ % ]

EU 
Percentage

[ % ]
Transportation 1,870.19 4.6% 6.7%

Packaging 17,492.00 42.9% 44.6%

Building and Construction 5,247.71 12.9% 18.8%

Electrical and Electronics 1,116.53 2.7% 4.0%
Consumer and Institutional 

Products 3,349.60 8.2% 12.0%

Industrial Machinery 223.31 0.5% 0.8%

Fisheries 7,833 19.2% -

Other industries 3,656.65 9.0% 13.4%

TOTAL 40,789.00 100% 100%

Table B4. Plastic distribution by economic sector (2010 - 2019)

DESCRIPTION	 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

TOTAL NET INFLOW 26,039.20 26,669.30 27,137.30 28,349.20 30,457.30 32,851.20 36,753.30 40,459.90 40,783.70 40,789.00

Transportation 1,193.91 1,222.80 1,244.26 1,299.82 1,396.48 1,506.24 1,685.16 1,855.11 1,869.95 1,870.19

Packaging 11,166.68 11,436.89 11,637.59 12,157.30 13,061.34 14,087.95 15,761.33 17,350.87 17,489.73 17,492.00

Building and construction 3,350.07 3,431.14 3,491.35 3,647.27 3,918.49 4,226.47 4,728.50 5,205.37 5,247.03 5,247.71

Electrical and Electronics 712.78 730.03 742.84 776.01 833.72 899.25 1,006.06 1,107.53 1,116.39 1,116.53

Consumer and Institutional Products 2,138.35 2,190.09 2,228.52 2,328.04 2,501.16 2,697.75 3,018.19 3,322.58 3,349.17 3,349.60

Industrial Machinery 142.56 146.01 148.57 155.20 166.74 179.85 201.21 221.51 223.28 223.31

Fisheries 5,000.49 5,121.49 5,211.37 5,444.10 5,848.93 6,308.65 7,058.00 7,769.80 7,831.98 7,833.00

Other industries 2,334.36 2,390.85 2,432.80 2,541.45 2,730.43 2,945.04 3,294.86 3,627.15 3,656.17 3,656.65
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Table B5. Lifetime distribution of plastic materials based on economic sector (including 
fisheries) Sources: Geyer et al., (2017) and Brynjarsdóttir (2018) 

ECONOMIC SECTOR MEAN 
[ years ]

STANDARD 
DEVIATION

[ years ]

Packaging 0.5 0.1
Transportation 13 3

Building and Construction 35 7

Electrical and Electronics 8 2

Consumer and Institutional Products 3 1

Industrial Machinery 20 3

Fisheries 3 1

Other 5 1.5

Table B6. Iceland’s annual plastic waste by economic sector (2010 - 2019)

DESCRIPTION	 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Transportation 0.04 0.15 0.52 1.63 4.63 11.90 27.66 58.34 111.93 196.0

Packaging 11,166.68 11,436.89 11,637.59 12,157.30 13,061.34 14,087.94 15,761.33 17,350.87 17,489.73 17,492.0

Building and construction 0.00 0.00 0.01 0.02 0.03 0.06 0.11 0.20 0.36 0.6

Electrical and Electronics 0.17 0.97 4.45 16.35 48.15 114.83 224.74 367.85 516.85 644.9

Consumer and Institutional Products 48.65 340.44 1,078.26 1,833.32 2,172.18 2,300.06 2,436.28 2,627.44 2,871.60 3,119.1

Industrial Machinery 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.1

Fisheries 113.76 796.11 2,521.49 4,287.19 5,079.61 5,378.66 5,697.21 6,144.22 6,715.20 7,293.9

Other industries 8.94 53.32 214.37 595.93 1,188.47 1,798.82 2,235.53 2,494.80 2,688.22 2,897.2

TOTAL ANNUAL WASTE 11,338.23 12,627.8815,456.6818,891.7421,554.4023,692.2726,382.8629,043.7230,393.9131,643.8

Table B7. Iceland’s plastic accumulated stock by economic sector (2010 - 2019)

DESCRIPTION	 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Transportation 1,193.87 2,416.52 3,660.27 4,958.46 6,350.31 7,844.66 9,502.15 11,298.91 13,056.94 14,731.10

Packaging 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01

Building and construction 3,350.07 6,781.21 10,272.55 13,919.80 17,838.26 22,064.67 26,793.06 31,998.23 37,244.90 42,491.99

Electrical and Electronics 712.62 1,441.68 2,180.07 2,939.73 3,725.31 4,509.73 5,291.05 6,030.73 6,630.27 7,101.93

Consumer and Institutional Products 2,089.70 3,939.35 5,089.62 5,584.34 5,913.32 6,311.01 6,892.92 7,588.06 8,065.63 8,296.17

Industrial Machinery 142.56 288.56 437.13 592.33 759.08 938.93 1,140.14 1,361.64 1,584.90 1,808.14

Fisheries 4,886.73 9,212.12 11,902.00 13,058.90 13,828.23 14,758.22 16,119.00 17,744.58 18,861.36 19,400.48

Other industries 2,325.42 4,662.94 6,881.38 8,826.90 10,368.87 11,515.09 12,574.41 13,706.76 14,674.72 15,434.13

TOTAL ACCUMULATED 
STOCK 14,700.9728,742.3940,423.0149,880.4758,783.3767,942.3078,312.7489,728.93100,118.72109,263.95
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Since only the data for 2010 to 2019 were considered it is apparent that there is a level of 
error since the stock of years prior to 2010 are not considered. However, using mean lifetime 
calculations roughly 17% of plastic remains in use after 10 years of upon entering the market 
thus making a small contribution to the results. These products are predominantly from 
industry machinery, building and construction and transportation which have much higher 
lifetime use than most other economic sectors considered. 

In addition to lifetime distribution, it is also possible to assume the polymer distribution as 
presented in table B8.

Table B8. Estimated global polymer consumption by type and economic sector 
(including fisheries) Sources: (Geyer et al., 2017; Brynjarsdóttir, 2018) 

ECONOMIC 
SECTOR

PET / 
PETE HDPE PVC / 

PV LDPE PP PS PUR Other

Packaging 22.65% 20.85% 2.02% 30.27% 18.39% 5.16% 0.45% 0.22%

Transportation 0.00% 11.76% 4.41% 1.47% 38.24% 0.00% 23.53% 20.59%

Building and 
Construction 0.00% 17.55% 43.09% 5.85% 6.38% 11.70% 12.77% 2.66%

Electrical / 
Electronics 0.00% 5.00% 10.00% 12.50% 22.50% 15.00% 10.00% 25.00%

Consumer and 
Institutional 

Products
0.00% 14.17% 5.00% 24.17% 31.67% 15.00% 8.33% 1.67%

Industrial Machinery 0.00% 12.50% 0.00% 25.00% 25.00% 0.00% 37.50% 0.00%

Fisheries 5.00% 1.00% 0.00% 47.00% 3.00% 44.00% 0.00% 0.00%

Other 0.00% 6.87% 10.69% 12.98% 32.06% 5.34% 19.08% 12.98%

Desjardins 59



Appendix B

The formula to calculate the distribution of each polymer is the following, with i being the  
economic sector of use ranging from 1-8, P representing the percentage: 

The following is an example of the polyethylene terephthalate (PET / PETE) quantity in the 
inflow  of 2019: 

Polymer quantity in stream = ∑ (Percentage of polymer in economic sector)i ⋅ 
(Quantity in economic sector)i 

( B.1 )

PET quantity inflow 2019 =  [(Percentage of polymer in economic sector)packaging ⋅ 
(Quantity in economic sector)packaging  ] +  
[(Percentage of polymer in economic sector)transportation ⋅ 
(Quantity in economic sector)transportation  ] +  
[(Percentage of polymer in economic sector)building ⋅ 
(Quantity in economic sector)building  ] +  
[(Percentage of polymer in economic sector)electrical ⋅ 
(Quantity in economic sector)electrical  ] +  
[(Percentage of polymer in economic sector)consumer ⋅ 
(Quantity in economic sector)consumer  ] +  
[(Percentage of polymer in economic sector)industrial ⋅ 
(Quantity in economic sector)industrial  ] +  
 [(Percentage of polymer in economic sector) fisheries ⋅ 
(Quantity in economic sector)fisheries  ] +  
[ (Percentage of polymer in economic sector)other ⋅ 
(Quantity in economic sector)other  ]

PET quantity inflow 2019  =  [(0.2263) ⋅ 17,492.00   ] + [ 0  ⋅ 1,870.19  ] + [ 0  ⋅ 5,247.71   
] +[ 0  ⋅ 1,116.53  ] + [ 0  ⋅ 3,349.60  ] + [ 0  ⋅ 223.31 ] + 
[ 0.05  ⋅ 7,833.00 ] + [ 0  ⋅ 3,656.65   ] 

PET  quantity inflow 2019  = 4,352.8 Tonnes of PET plastic
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The inflow and annual waste as presented in tables B9 and B10.

As previously stated, percentages calculated for the year 2019 are assumed for the entire flow 
distribution since 2010. 

Table B9. Polymer distribution of plastic inflow 2019

PLASTIC TYPE Quantity
 [ Tonnes ] 

Percentage
[ % ]

Polyethelyne Terephthalate ( PET / PETE ) 4,352.84 10.7%

High-Density Polyethylene ( HDPE ) 5,665.23 13.9%

Polyvinyl Chloride ( PVC / PV ) 3,414.53 8.4%

Low-Density Polyethylene ( LDPE ) 10,785.72 26.4%

Polypropylene ( PP ) 7,046.57 17.3%

Polystyrene ( PS ) 5,818.34 14.3%

Polyurethane ( PUR ) 2,328.90 5.7%

Other 1,376.87 3.4%

TOTAL 40,789.00 100%

Table B10. Polymer distribution of plastic waste 2019

PLASTIC TYPE Quantity
 [ Tonnes ] 

Percentage
[ % ]

Polyethelyne Terephthalate ( PET / PETE ) 4,325.89 13.7%

High-Density Polyethylene ( HDPE ) 4,417.05 14.0%

Polyvinyl Chloride ( PVC / PV ) 892.10 2.8%

Low-Density Polyethylene ( LDPE ) 9,936.13 31.4%

Polypropylene ( PP ) 5,572.64 17.6%

Polystyrene ( PS ) 4,830.84 15.3%

Polyurethane ( PUR ) 999.74 3.2%

Other 669.38 2.1%

TOTAL 31,643.8 100%
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