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Abstract

Plastics are a major source of fossil CO2 emissions, with packaging plastics being the
largest stream globally and in Sweden ( SOU 2024:67; SWD/2022/384). Rising con-
sumption and low recycling rates lead to more waste being incinerated, contributing
signi�cantly to emissions over the plastics' life cycle. Sweden and the EU have in-
troduced regulations to reduce waste and increase recycling rates. The most recent
addition is the EU's Packaging and Packaging Waste Regulation (PPWR). Emis-
sions from Swedish waste-to-energy incineration due to plastic waste remain a key
concern. To reduce incineration emissions, the focus must be on waste prevention
and improved sorting to enable more recycling. However, without clear projections,
municipalities like Gothenburg risk misallocating e�orts and planning capacity. To
plan e�ectively, they must assess how future packaging waste �ows may develop.

This report aims to analyse future plastic packaging waste �ows in Gothenburg, fo-
cusing on how PPWR will shape municipal waste management. It seeks to project
how the �ows of plastic packaging waste might change up until 2030 and investigate
the impacts of PPWR. Furthermore, the study aims to examine how future �ows
of plastic packaging waste may a�ect the direct fossil CO2 emissions from the WtE
plant in Sävenäs. Three research questions guide the study:What is the current
�ow of plastic packaging waste in Gothenburg and how is it managed? What are the
projected �ows of plastic packaging waste in Gothenburg in 2030 accounting for the
impacts of PPWR? What would be the associated changes in direct CO2 emissions
from the Waste to Energy (WtE) facility in Gothenburg?Methods include material
�ow analysis, waste projections, and lifecycle assessment, each building on the other.

Results show that, of the 16 kt of plastic packaging waste generated in 2024, 71%
is incinerated, emitting 31 kt of CO2. By 2030, plastic packaging waste can pos-
sibly increase by 6 kg/capita or decrease by 10 kg/capita. This indicates that a
reduction in waste generation and achievement of associated regional and national
targets is possible. The wide range of projections is due to many uncertainties, such
as input data accuracy as well as how and if PPWR measures will be implemented
in practice. Nevertheless, if PPWR is implemented successfully, plastic packaging
waste can be reduced in Gothenburg. However, additional measures will be needed
to meet ambitious targets. These may include targeted information campaigns for
households in apartment buildings to increase their low sorting rates, or new build-
ing requirements to support source sorting indoors.

The study identi�es several aspects of interest for further investigation, including
how to prepare for shifting waste streams, potential increases in paper packaging
waste, and changes in recycling station usage. Additionally, reduced plastic pack-
aging waste may have broader system e�ects, such as increases in other packaging
types, substitution of other materials with plastic, and unequal competition within
the EU if implementation of PPWR varies between countries.

Keywords : Plastic Packaging Waste, MFA, Sensitivity Analysis, Waste Projection,
PPWR, EPR, Municipal Waste Management, WtE
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1
Introduction

Plastics represent a signi�cant source of fossil CO2 emissions, not only through their
production but also through their end-of-life incineration, posing a major challenge
to climate change mitigation e�orts. Plastics can be classi�ed into a wide variety
of plastic types and their numerous applications result in a signi�cant dispersion
of plastic goods throughout society. However, the largest �ow of plastic in Sweden
is packaging plastics ( SOU 2024:67, p. 25). This is also true globally with 47%
of all packaging in 2006 consisting of plastic, with an estimated doubling of plastic
packaging consumption occurring between 2018 and 2040 ( SWD/2022/384). An
increase in consumption will naturally result in an equal increase of plastic packag-
ing waste. To manage packaging waste is an issue all countries will face, and if the
trend is not disrupted, the issue will only worsen.

To ensure proper waste management, Sweden employs a variety of rules and regula-
tions such as extended producer responsibility (EPR), mandatory waste programs,
and municipal waste responsibility. EPR relocates the responsibility for managing
packaging waste from the consumer to the producer, forcing them to create, main-
tain and fund a packaging waste collection and recycling system ( SFS 2022:1274,
4 chap. 1Ÿ). A mandatory waste program forces each municipality to set goals for
waste minimisation and strive for a more environmentally friendly waste system (
SFS 2011:927, 9 chap. 4Ÿ). Lastly, in 2024, Sweden introduced Municipal Waste Re-
sponsibility, which in practice means that �each municipality is responsible for the
collection, transportation and recycling or disposal of municipal waste" ( Swedish
Waste Association, 2022a, 15 chap. 3Ÿ). This responsibility and how the tasks
are carried out are critical to how much material is and can be recycled and subse-
quently how much is incinerated in the local waste to energy (WtE) facilities ( EEA,
2024). Of all the municipalities, Gothenburg is the second largest municipality by
population in Sweden and the waste originating there is considered "very similar"
to the average Swedish household waste composition ( Edo et al., 2024, p.7). Ad-
ditionally, the department in charge of waste management, Sustainable Waste and
Water (KOV) has been involved in several studies where waste prevention measures
are tested as well as been a key collaborator in the newly published "Action plan to
reduce plastics to waste incineration" ( Sahlin and Ljungkvist Nordin, 2025). This
makes Gothenburg municipality and KOV an ideal subject for studies regarding the
waste generation and management systems.

WtE facilities are a crucial part of Gothenburg's waste management as well as the
energy and district heating network. It is where residual and hazardous waste is

1



1. Introduction

transformed into electricity and heat whilst simultaneously and successfully redirect-
ing a waste �ow which otherwise would have ended up in land�lls ( SFS 2011:927,
3 chap. 12Ÿ). However, a distinct disadvantage are the associated emissions which
occur as a result of combustion. About 7% of Sweden's total greenhouse gas emis-
sions come from waste incineration and 90% of this comes from the incineration of
fossil plastics ( SOU 2024:67, p.343). If plastics could be removed from the residual
waste stream, the emissions could be reduced signi�cantly. This would in turn make
progress towards reaching the Swedish environmental goals of a 63% reduction of
CO2 emissions compared to 1990 and net zero emissions 2045 ( SEPA, 2024c). Ad-
ditionally, as Swedish WtE generation is included in EU ETS, a reduction of direct
emissions would lower the cost of emission allowances ( Hörnell, 2022).

Issues such as increased consumption of plastic packaging and low recycling rate of
plastic on the market, has been raised and addressed on the European level through
for example the newly adopted Packaging and Packaging Waste Regulation (PPWR)
by the European Commission ( Popp, 2024). The regulation sets a target of reduc-
ing the total amount of packaging put onto the market with 5% by 2030 and 15% by
2040 compared to 2018 levels ( Regulation 2025/40/EC, art. 43). PPWR also en-
courages reuse and re�ll options for consumers and implements quotas for increasing
recycling rates, recycled content and recycling volumes. All member states, includ-
ing Sweden, are obliged to comply with EU regulations but can choose to be even
more ambitious if they are so inclined ( SKR, 2024b). Industry actors impacted by
PPWR have been interviewed about their view on the regulation and believe it to
be an important step towards lowering the negative impacts of packaging waste (E.
Ahlström, personal communication, February 24, 2025). The main positive aspect
was that it was applicable to all companies in all member states (C. Håkansson,
personal communication, February 26, 2025). Producers in general understand that
PPWR brings a collection of heavy demands but that the motivation behind it is
sound.

Regarding the issue of incineration of plastic waste, there are three primary ap-
proaches to reducing emissions, of which two focuses on limiting the amount of
plastic entering WtE facilities ( Sahlin and Ljungkvist Nordin, 2025; Swedish En-
ergy Agency, 2024). The �rst involves reducing overall waste generation, such as
minimising packaging weight and size. The second approach seeks to divert recy-
clable plastic from the residual waste stream either by enhancing source separation
e�orts or by implementing materials recovery facilities (MRFs) to extract recyclables
before incineration. The third approach, in contrast, involves mitigating emissions
after incineration through carbon capture and storage (CCS), e�ectively capturing
direct CO2 emissions from combustion processes. Among these strategies, improving
the separation of recyclable plastics is generally regarded as the most cost-e�ective
and practical option from the perspective of waste management authorities ( Hogg,
2024). It requires relatively minor adjustments while allowing existing waste man-
agement systems to operate with minimal disruption at no further cost for the
authority in charge (consumers bear the cost of increasing their own source separa-
tion). However, correct source sorting is more di�cult in practice than in theory,

2



1. Introduction

which is supported by the fact that of the total amount of residual waste inciner-
ated in Sweden, over 60% is incorrectly sorted and could have been recycled ( SOU
2024:67, p.343). Municipalities like Gothenburg tries to encourage households to
sort better and recycle more using methods such as a fee per kilogram of residual
waste/household or information about the bene�ts of source separation. However,
they have not yielded strong enough results and have proved inadequate in redirect-
ing waste �ows to their correct destination at the levels implemented: too low waste
fee, too little/inadequate information etc. ( Swedish Waste Association, 2022a; The
City of Gothenburg, 2024).

Historically, waste management has predominantly been a reactive process; waste
is generated, and only then does the question arise: how should it be handled (
Tekniska museet, 2021)? In contrast, waste prevention represents a shift toward a
proactive approach, wherein public authorities such as municipalities seek to pre-
vent the generation of waste ( SFS 2011:927, 9 chap. 4Ÿ). However, these authori-
ties have long faced structural challenges that hinder e�ective waste prevention and
management, including planning conditions such as limited �nancial resources and
constrained regulatory mandates. These struggles have also been echoed by A-L.
Eliasson from KOV (personal communication, February 4, 2025).

A crucial tool for enhancing waste prevention strategies and overcome structural
challenges would be the ability to predict future waste �ows ( Dyson and Chang,
2005). Accurate forecasts are impossible to achieve but they can still be a useful
planning tool. Forecasting would allow authorities to allocate resources more e�ec-
tively, targeting critical bottlenecks or overlooked waste streams and stakeholders
with greater precision. For instance, while increased information about the pack-
aging material from producers to consumers may intuitively seem like a key focus
area, incorporating the anticipated impacts of PPWR into predictive models, where
such information requirements are already mandated, could provide a more re�ned
understanding of where intervention is most needed and limit the allocation of un-
necessary resources ( Regulation 2025/40/EC).

In summary, incineration of plastic packaging waste represent a signi�cant source of
fossil CO2 emissions. Plastic packaging waste and thus also emissions are expected
to increase over the years if nothing is done to prevent it. Proactive waste preven-
tion measures are an important approach for this objective but in order for it to be
e�ective, relevant authorities must be aware of how the waste �ows might develop
over time. Implementation of new packaging rules through PPWR are a welcome
e�ort but without an estimate of its e�ects, municipalities like Gothenburg risks
wasting time and e�orts on prevention measures already accounted for. Researchers
has yet to investigate the e�ects of PPWR, and its the e�ects on the second largest
city in Sweden is not likely to be prioritised. The next step for Gothenburg mu-
nicipality and KOV should therefore be to conduct such research, to analyse how
the consequences of the new regulation may a�ect their operations in order to best
meet the plastic packaging �ows of the future. An objective echoed and undertaken
in this thesis.

3



1. Introduction

1.1 Research Gap

Prediction of future waste �ows has been the subject of numerous research studies
( Dyson and Chang, 2005; Razaviarani et al., 2025 etc.). However, a notable
gap found in the literature is the integration of forthcoming legislative changes
into these predictive models. While the e�ects of a variety legislation on waste
management have been extensively studied, the recent implementation of PPWR
means that no studies have yet examined its impact in conjunction with waste
stream projections ( Obersteiner et al., 2021; Esguerra et al., 2024). Addressing this
gap could signi�cantly enhance the precision and e�ectiveness of waste management
strategies. This need is also echoed by the Department of Sustainable Waste and
Water (KOV), which is in charge of waste management in Gothenburg.

1.2 Aim and Scope

The purpose of this report is to analyse the future �ows of plastic packaging waste
from households in Gothenburg, with a speci�c focus on how PPWR is shaping the
municipal waste management. It seeks to project how the �ows of plastic packaging
waste might change up until 2030 and investigate the scope of impacts PPWR may
cause. Furthermore, the study aims to see how the future �ow of plastic packaging
waste may a�ect the direct fossil CO2 emissions from the WtE plant in Sävenäs.

These objectives consequently allow for a discussion about how the planning condi-
tions for KOV's activities and their operations might change over time.

1.2.1 Problem formulation

To ful�l the aim of the thesis, three research questions has been identi�ed. Those
should be answered by the report and are as follows:

1. What is the current �ow of plastic packaging waste in Gothenburg and how is
it managed?

2. What are the projected �ows of plastic packaging waste in Gothenburg in 2030
accounting for the impacts of PPWR?

3. What would be the associated changes in direct CO2 emissions from the WtE
facility in Gothenburg?

1.2.2 Summary of Methodology

In order to achieve the aim and answer the research questions (RQs) above, the
following methods has been used: material �ow analysis (MFA), waste projections
and life cycle assessment (LCA). The inclusion of all three methods was in order to
assess (1) how plastic packaging wastegeneration may vary based on for example
impacts of legislation or local/national variations, and (2) howemissionsmay �uc-
tuate depending on plastic packaging waste generation as well as distribution within
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1. Introduction

and design of the waste management the system.

The work�ow and use of the di�erent methods are visualised in chapter 5, �gure
5.1. The methods are used as building blocks where the results from one method are
used as input data in the next, e.g. the MFA of the 2024 system serves as a point
of departure for the waste projections. Sensitivity analysis (SA) was also integrated
into the other methods to identify and check the e�ects of critical data.

1.2.3 System Boundaries

This thesis will have a technical boundary of only includingpackaging made from
plastics(see section 3.2.2) discarded within the geographical boundary ofGothenburg
municipality. There is also an organisational boundary of only including �ows that
falls within KOV's jurisdiction . Temporal boundaries are set to2024 as the baseline
year and 2030 as the year for future projections. 2030 is a suitable choice as a
majority of the articles in PPWR goes into a�ect before or in2030 as well as KOV
themselves having set waste management targets to be achieved in said year (see
section 4.1.1).

1.2.4 Delimitations

The pre-de�ned system boundaries inherently excludes all non-plastic waste as well
as plastic goods that does not fall under the de�nition of packaging. This limita-
tion is made to narrow the scope but will subsequently result in the full impact
of PPWR, which a�ects all packaging regardless of material, to not be fully exam-
ined. However, since direct emissions from waste incineration is a main focus of
this report, and plastic is the main culprit and focus of numerous studies for how
to reduce the negative environmental impacts of waste, it is a well-motivated de-
limitation. Additionally, the temporal boundary of 2030 omits a limited number of
articles proposed in PPWR which a�ects plastic packaging waste but are expected
to go into e�ect after 2030, further limiting the scope and analysis. Finally, a no-
table limitation with similar consequences is that only PPWR articles with clearly
quanti�able e�ects will be considered when assessing the future changes in mass �ow.

In addition, only waste from households and co-localised businesses will be included
in the study, thus excluding the waste stream from the vast majority of businesses in
Gothenburg municipality. This is due to KOV not being the responsible actor, unless
explicitly contracted, for collection of plastic packaging waste from businesses (B.
von Bahr, personal communication, May 8, 2025). Companies, businesses and organ-
isations are instead responsible for securing their own waste collection contracts for
packaging waste (food and residual waste is still the responsibility of municipalities)
( SFS 2011:927, 3 chap. 4Ÿ). Businesses are heavy users of packaging, thus will ex-
perience the e�ects of PPWR, but said e�ects will not be accounted for in this study.

A related delimitation is that household behaviour patterns will be assumed to re-
main the same in 2030 as they are in 2024. This excludes analysis of the e�ects of for

5



1. Introduction

example new and expanded information requirements on all packaging which might
improve the sorting behaviour of people. As the e�ects are hard to quantify without
a large-scale survey, these changes where excluded. However, a notable exception is
the inclusion of kerb-side collection roll-out for villas as an e�ect of Swedish waste
legislation. This will likely change waste sorting behavioursbut it will be accounted
for in this study to produce a representative projection of the future waste man-
agement system. Additional reasons for the inclusion is that the e�ects of kerb-side
collection roll-out is quanti�able based on literature or case-studies in Sweden.

To only include changes in fossil emissions resulting directly from incineration of
plastic packaging waste, which serves as the basis for emission allowances in EU
ETS, is another main limitation. This will exclude any emissions occurring during
production and transport to and from consumers as well as avoided emissions due
to recycled plastic substituting virgin plastics.

Notably absent is the inclusion of a CCS facility onto the WtE facility in Sävenäs
in the future projections and analysis. This exclusion was based on two key con-
siderations: the prioritisation of CCS as a last-resort measure and the extensive
construction timeline, exceeding �ve years, required for its implementation.

Lastly, a limitation for those who wish to remake this study or use the sources
mentioned in this report is the fact that many are written in Swedish.

1.3 Declaration of Interests

This thesis has been conducted in collaboration with the Department of Sustainable
Waste and Water (KOV) in Gothenburg Municipality. The department has provided
substantial data and information critical to the completion of the study. However,
they have not in�uenced the content of the thesis, nor have they altered or dictated
any part of the written text. Their role was limited to that of supervisors and
data providers. The author has kept in mind KOV's interest of reaching favourable
results and actively ensured that aspects analysed speci�cally for their bene�t were
only included in conjunction with broader comparative and analytical evaluations
to minimise the risk of biased results.

1.4 Organisation of Report

This thesis is structured so as to provide a comprehensive analysis of waste man-
agement systems and policy, with a particular focus on both the present and future
plastic packaging waste generation. The report begins with introductory sections,
outlining the research gap, objectives, methodology, and the scope and boundaries
of the study.

The contextual framework is established in Chapter 2, which discusses the legisla-
tive landscape relevant to plastic waste, including the use of Material Flow Analysis
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1. Introduction

(MFA) and Waste Projections research relevant to the study. Chapter 3 then ex-
plores both Swedish and European waste policies, detailing responsibilities at the
municipal level and analysing regulatory instruments such as the Extended Pro-
ducer Responsibility (EPR) scheme and �nally introduces and explains the newly
published Packaging and Packaging Waste Regulation (PPWR). The thesis proceeds
to a review of the waste management in Gothenburg (Chapter 4), examining the
structure and functions of the local waste authority, collection methods, incineration
strategies, and ongoing initiatives aimed at sustainable waste management.

Chapter 5 presents the methodology, covering data collection, MFA implementation,
waste projections, LCA, and a sensitivity analysis. Chapter 6 presents the results
which includes a baseline analysis of plastic �ows in 2024, and projections for 2030,
with emphasis on waste generation and CO2 emissions from WtE processes. These
�ndings are then critically discussed in Chapter 7, addressing their implications for
policy, environmental impact, and urban planning. The discussion also outlines the
study's limitations and identi�es potential areas for further research.

The thesis concludes in Chapter 8 with a summary of key conclusions.
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2
Research Context

Here follows a literature review of the research context wherein this study are lo-
cated. The review aims to justify how this study contributes to the research �eld.

The simplest formulation of the thesis scope and aim is "the analysis of the future ma-
terial �ow of plastic packaging". Based on this sentence and the information provided
in the introduction (see chapter 1), the following research areas where identi�ed as
of particular importance for this study and the context it is located within: Material
Flow Analysis of Waste and Waste Management, Projection of Future Waste Gen-
eration and Impacts of Legislation. In order to understand and present these �elds,
two strategic literature searches (SFS's) into MFA and Legislation were conducted
where the methods along with relevant boundaries and limitations are described in
section 5.1.1 and appendix A.

Conclusions drawn in this chapter can be boiled down to the fact that many studies
exists with any of the three topics presented in the paragraph above. The studies
in question can focus on one topic or use combinations of two, but what could not
be found was instances where all three topics were combined. Especially not one
using the geographical boundary of Gothenburg nor the newly adopted legislation of
PPWR. This gap is what this thesis aims to �ll and thus contribute new and useful
research to the �elds described below.

2.1 Material Flow Analysis of Waste and Waste
Management

The foundational methodology of this thesis is MFA of plastic waste in the waste
management system. A SFS was performed on this subject of which the search
strings and results are compiled in appendix A, table A.1, A.2, and A.3. The SFS
showed that MFA can be done on multiple scales and on di�erent sectors (see sec-
tion 2.1.1). The subject area of plastic and plastic packaging waste is not new
and multiple mappings of the Swedish �ows have already been conducted ( Fråne
et al., 2022). The studies answered a wide range of questions spanning from simply
mapping the system to understanding the e�ects of potential changes. Conclusions
includes agreement with the waste hierarchy, a wish for increased high quality re-
cycling and the need for inclusion of sustainability indicators not only based on mass.

What is lacking however is a focus on Gothenburg and especially the waste manage-
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ment system within the city. Such mapping would be useful for more than simply
understanding the system and size of the �ows but as a guidance for e�ected au-
thorities to understand their own system and, with more precision, aim their e�orts
when combating waste.

2.1.1 Applications of MFA in Waste Management

Material �ow analysis (MFA) as a tool for mapping materials has been used widely,
with di�erent scopes, di�erent sectors in focus, di�erent geographical boundaries
and for di�erent materials ( Hsu et al., 2021). For mapping plastic packaging, mul-
tiple European countries has been the subjects of MFA studies, for example Spain (
Lopez-Aguilar et al., 2022), Portugal ( Gonçalves et al., 2024) and Italy ( Lombardi
et al., 2021). Similar studies has also been conducted at regional scale as for instance
in Flanders, Netherlands ( Thomassen et al., 2022) or at city scale in Sweden ( Es-
guerra et al., 2024). The studies mentioned aimed to understand and quantify the
material �ow of waste in the municipal waste management system and often applied
di�erent metrics or indicators to assess the sustainability of the system. Metrics
includes sorting, collection, and recycled content rates among others.

MFA has been increasingly utilised to evaluate the waste management systems in
cities and regions. Such a study is often commissioned by stakeholders with an
interest in enacting systemic change but with inadequate knowledge about where
such change would be most e�ective. The resulting models can be used to assess
the environmental and economic impacts of waste management ( Albizzati et al.,
2024), to quantitatively and qualitatively investigate the waste management system
for certain product categories ( Van Eygen et al., 2018), or simply to asses the stocks
and �ows ( Jiang et al., 2020).

Another use of MFA is to compare the environmental e�ects of di�erent waste man-
agement options, e.g. high-quality recycling versus down cycling ( Ekvall et al.,
2025), manual versus automatic post-consumer sorting ( Pluskal et al., 2023), and
reuse versus recycling ( Thomassen et al., 2024). By using MFA, these articles iden-
ti�es the �ows and then analyses the di�erences between the two (or more) systems.
What can be deduced is often where the largest reduction potential is located, either
as an e�ect of �ow diversion or reduction (exempli�ed in Tallentire and Steubing
(2020)).

Regarding MFA of plastic in Sweden, the Swedish Environmental Emission Data
(SMED) has created, amended and extended a report wherein the �ows of plastic
waste in Sweden was mapped on behalf of the Swedish Environmental Protection
Agency (SEPA) ( Fråne et al., 2012). SMED constructed a MFA on the plastic
waste from di�erent sectors whereof households were one of them (p.23). The report
was complemented in 2019 by the same institution where the main additions was
a mapping of raw materials and speci�c product streams that contain plastic (
Ljungkvist Nordin et al., 2019). In the latter report, no MFA was constructed.
Lastly, the SEPA produced their own plastic �ow mapping of Sweden for the year
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2020 ( Fråne et al., 2022). The aim of the project was to produce a map, with as
accurate information possible, which could be used to monitor developments in the
�eld of plastics and follow the �ows of raw materials, products and waste. It in turn
could be used for example to identify �ows where authorities need to focus their
e�orts in order to achieve national and international targets.

2.1.2 Challenges and Areas for Improvement

Material �ow studies have met several challenges over the years. One such challenge
is the complexity of waste, especially plastic waste ( Kawecki et al., 2021). Waste
is composed of all types of materials and the materials can be of several di�erent
chemical compositions. Materials are no longer sector speci�c and the dispersion of
especially plastics can be seen in all sectors and comprise the entire product or a very
small component. Kawecki et al. (2021) aimed to provide a basis for future impact
analyses of speci�c polymers and thus overcome the material complexity issue. The
approach they used to achieve this was dynamic probabilistic material �ow analysis,
a very resource and time consuming method not suitable for widespread use due to
said factors.

MFA as a method has additionally been accused of providing a limited basis for
analysis as it is only assesses material �ows and mass-based indicators ( Albizzati et
al., 2024, Vadoudi et al., 2022). Only focusing on mass neglects environmental and
economic impacts, reducing the usefulness of the results as a basis for policymaking
and circularity assessments. Albizzati et al. argues for expansion of the typical MFA
methodological framework with life cycle thinking to encompass all possible e�ects
of the system. Vadoudi et al., which focuses on multi-layer plastic packaging, instead
advocates for the inclusion of a new circularity indicator such as "intensity of re-use".

Lastly, a general challenge most articles mentioned was the lack of complete data.
To solve this issue, many focused their studies on speci�c geographic locations or
case studies where data was available ( Esguerra et al., 2024). Others identi�ed
data gaps and focused their MFA studies on �lling said gaps through their research
results. One such example can be found in Verstegen et al. (2022) wherein a
data gap regarding share of packaging present in household hazardous waste was
identi�ed and a method for identifying the share was proposed.

2.1.3 Future Directions

Future developments in MFA related to waste generation and management are essen-
tial for enhancing sustainability practices. One promising direction is the integration
of MFA with planning and forecasting models to establish more e�ective waste man-
agement strategies, a direction that this thesis also explores ( Dokl et al., 2024). This
combination allows organisations to outline their future objectives and formulate ac-
tionable plans to transition from their current waste management practices toward
achieving goals such as zero waste. By implementing life cycle thinking, the results
can further aid the assessment of both economic and environmental consequences of
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systems interventions ( Albizzati et al., 2024). Lastly, by increasing the use of more
advanced MFA modelling approaches, such as dynamic MFA, the ever increasing
complexity of the modern society can be further and more accurately captured (
Luan et al., 2021).

2.2 Projection of Future Waste Generation

A second important aspect of the methodology in this thesis focuses on estimations
of future waste generation amounts. For this subsection, no SFS was conducted.

This is a research �eld with a large focus on municipal solid waste (MSW) and
where a wide range of di�erent methods have been used. Methods range from from
mathematical regression models to advanced arti�cial neural networks. What they
all have in common is however the inherent challenge of proving the accuracy of
the models, as the future for many of them have yet to come about. The literature
shows the presence of a set of in�uencing factors such as population growth and so-
cioeconomic status which positively or negativity a�ect the waste generation within
a system.

2.2.1 Methods

There are multiple di�erent methods for trying to estimate future waste genera-
tion. The most prevalent appears to be: Systems dynamics modelling ( Dyson and
Chang, 2005; Ng and Yang, 2023; Fontaine et al., 2024), Waste Flow Diagram (
Razaviarani et al., 2025), and models using arti�cial intelligence ( Elshaboury et al.,
2021; Abbasi and El Hanandeh, 2016).

Systems dynamics modelling tries to account for multiple in�uencing factors which
not only in�uence the waste but also each other. By varying certain in�uencing
factors, the model aims to see how said variation changes the other factors ( Ng and
Yang, 2023). A Waste Flow Diagram is a method using MFA to map the sources and
endpoints of a material and presenting the �ows usually in a Sankey diagram. By
adjusting individual parameters, di�erent scenarios can be visualised ( Razaviarani
et al., 2025). Lastly, models using AI are increasingly becoming popular as the �eld
develops. Models using agent based networks or arti�cial neural networks aims to
overcome the challenge of incomplete data and uncertainties to model how the fu-
ture may develop ( Elshaboury et al., 2021). By using AI, many more computations
can be made and many more in�uencing factors can be accounted for all at once.

Regardless of method, most models uses a business as usual (BaU) scenario to
which results could be compared. The BaU model is based on the assumption that
waste generation per capita remains constant, with population growth being the sole
variable to account for ( Ng and Yang, 2023; Dyson and Chang, 2005; Razaviarani
et al., 2025). The reference can both be used for comparison, as in "is X better than
BaU", or as a control for the developed model.
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2.2.2 In�uencing Factors

Through this literature search, waste generation has been found to depend on
a plethora of in�uencing factors. Such factors include population growth, socio-
economic status (income and employment status), GDP, operational condition (de-
sign of waste management system), household behaviour, and consumption pattern
( Razaviarani et al., 2025; Elshaboury et al., 2021).

The waste generation is positively and substantially correlated with population and
income level ( Elshaboury et al., 2021). Additionally, a higher socioeconomic status
indicates a higher consumption and thus a higher waste generation. The design of
the waste management system is also seen to be a in�uencing factor as better access
to recycling options increases recycling rate etc. ( Westin, 2020).

2.2.3 Challenges and Areas for Improvement

Despite the advancements in forecasting methods, challenges remain. Prediction
models are typically in�uenced by socio-economic and demographic factors, which
can limit their applicability across di�erent contexts. Fontaine et al. (2024) ad-
dresses this by creating a model which is designed to adapt to the source material
and address di�erent scenarios of data variability. Furthermore, historical data is
standardised to ensure consistency in time series analysis, an issue exacerbated by
changing methods for collection of similar data, rapid urban growth and insu�cient
budgets ( Fontaine et al., 2024).

2.3 Impacts of Legislation

The implementation of new legislation inevitably a�ects the individuals and organi-
zations subject to it. The e�ects can be modelled both before and after implemen-
tation and depending on the subject matter, di�erent methods are used to estimate
them. As the result of a SFS performed on this research �eld, numerous studies
were found to have examined the e�ects of legislation and policies on plastic waste
(summarised in Appendix A and table A.5).

The reviewed studies highlights that assessing the impact of legislation on plastic
waste is a common research topic. However, no study has addressed the Packaging
and Packaging Waste Regulation (PPWR), likely due to its recent introduction.
Legislative impacts are often measured using life cycle assessment (LCA) and ex-
pressed in CO2-equivalents, representing a di�erent but related approach to this
study's objectives.

2.3.1 Methods

The SLS results indicate that research in this �eld varies in both focus and choice
of method. For instance, Albizzi et al. (2024) used LCA and economic analysis to
evaluate the societal costs of EU waste management policies, while Castillo-Díaz
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et al. (2024) compared the implementation of circular economy policies across EU
countries. The reviewed studies employ various methods, including LCA ( Albizzati
et al., 2024; Singh and Biswas, 2023), material �ow analysis (MFA)( Liu et al.,
2021; Hsu et al., 2021; Esguerra et al., 2024), statistical analysis ( Castillo-Díaz
et al., 2024; Dokl et al., 2024), case studies ( Dehio et al., 2023; Esguerra et al.,
2024), expert interviews ( Sundqvist et al., 2024; Dehio et al., 2023) and scenario
modelling ( Obersteiner et al., 2021). Common themes include circular economy,
progress towards meeting stipulated goals, and the relationship between consump-
tion and waste generation.

2.3.2 Applications and Examples

The major applications for this �eld is to either investigate the possible scale of
e�ects before the legislation is passed or the actual e�ect experienced after imple-
mentation. The latter is exempli�ed in Dehio et al. (2023) where the authors aims
to understand the e�ects of Germany's Dual System (similar to the earlier Swedish
waste management system where producer responsibility organisations (PRO's) han-
dled the recyclable packaging collection and municipalities the residual and organic
waste). The pre-implementation research is more di�cult as most legislation goes
through multiple changes between proposal and �nal version. However, research
has been done on how legislation can be added or amended based on �ndings from
currents systems. One such article aimed at proposing management strategies to be
used by other countries based on India's approach of minimising microplastic waste
( Singh and Biswas, 2023). Another article reviews the problems associated with
plastic products in Europe and how the extended producer responsibility legislation
could be amended to face said problems ( Leal Filho et al., 2019).

Two studies were identi�ed as of particularly relevant for this: Carbon footprint
reduction potential of waste management strategies in tourism( Obersteiner et al.,
2021) andCharacterization, recyclability, and signi�cance of plastic packaging in
mixed municipal solid waste for achieving recycling targets in a Swedish city( Es-
guerra et al., 2024). The �rst, by Obersteiner et al. (2021), applied scenario
modelling and CO2 footprint analysis to assess how waste management policies
could reduce tourism-related carbon emissions. While its focus on tourism is less
directly relevant, the methodology and policy considerations align with this study.
The authors analysed waste generation in ten European cities and estimated the
waste reduction potential of various management strategies.

Esguerra et al. (2024) examined the role of plastic packaging in MSW concerning
Sweden's 2030 recycling target of 55% ( SEPA, 2024c). Their �ndings are partic-
ularly relevant to this thesis, as it focuses on a Swedish case city, utilises sorting
analyses for MSW characterisation, and compares results to EU recycling targets. A
key insight from their research is that plastic waste in municipal solid waste (MSW)
is often overlooked in discussions on increasing recycling rates, despite a signi�-
cant share of plastic packaging ending up in MSW. This observation highlights the
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importance of including plastic packaging found in residual waste in the scope of
this thesis. Moreover, their use of material �ow analysis (MFA) to trace plastic
waste streams is methodologically aligned with the approach adopted in this study.
However, they conducted a more detailed sorting analysis than mandated by mu-
nicipalities, providing a more comprehensive view of waste composition.

2.3.3 Challenges and Areas for Improvement

One challenge facing this research �eld is cross-country as well as cross-sectorial
applicability. Castillo-Díaz et al. (2024) discovered signi�cant di�erences and vari-
ations in circular economy initiatives across countries. These di�erences are largely
due to variations in national legislation, into which circular economy measures have
been adapted or retro�tted. As a result, the implementation approaches vary widely,
making cross-country comparability low. A conclusion drawn by the authors was
that there was need for European coordinate actions to fully achieve a circular econ-
omy.

Additionally, an article comparing two possible deposit and return systems (DRS)
for increased reuse and recycling of plastic packaging in Sweden based their analysis
on Swedish data and public opinion ( Lu et al., 2022). Said alternatives might not
be applicable in a country without an already existing DRS in place.

Lastly, there is a challenge in assessing the systems implications of multiple legisla-
tions or policies. Sundqvist et al. (2024) found that policy instruments addressing
packaging reuse in Finland was insu�cient but addressing them all simultaneously
might create tensions in applications and alignment. There is need for such method-
ology improvements to be able to study the e�ects of multiple policies at the same
time.
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3
Waste Policy

Structurally, Sweden is comprised of three di�erent administrative levels, the local,
regional, and national level, with the European Union being an uno�cial fourth level
above them all ( SKR, 2021). The national level, also known as the government,
decides about laws and regulations which has to be followed by both the regional
and local administrations.

As a member state (MS) in the EU, Sweden has agreed to abide by the principle
of the primacy of EU law. The primacy determines that EU law will prevail over
national laws in case of con�ict ( EUR-Lex, n.d.). This principle is fundamental for
the EU to be workable and e�ective in their pursuit of a true European community
with a common goal and direction. If the primacy did not exists, countries who
did not agree with any policy adopted by the Union could simply claim that their
national law says otherwise and disregard it.

Both the Swedish government and the EU has enacted laws and regulation which
has shaped the waste management in Sweden and Gothenburg. In this chapter,
the most relevant and important laws will be presented and explained as to their
subject matter and aim. The chapter is divided into two sections, EU legislation and
Swedish legislation, where PPWR, which is highly relevant to this thesis, is presented
in section 3.1.2. The practical aspects of implementation and enforcement of the
laws presented in this chapter will be explained in chapter 4.

3.1 European Waste Legislation

With regards to the scope and aim of this study, two signi�cant EU legislative doc-
uments are of importance to explain further:

1. The Waste Framework Directive (WFD)
2. The Packaging and Packaging Waste Regulation (PPWR)

In short one could explain their relationship as complementary to each other: the
WFD sets the broad environmental and legislative context, while the PPWR im-
plements these principles within the packaging sector through concrete, enforceable
measures ( Directive 2008/98/EC; Regulation 2025/40/EC).
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3.1.1 The Waste Framework Directive

The WFD is a legislative document applicable to all EU Member States (MS), but
must be transposed into national law in order to be legally binding. The overarching
aim of the directive is:

...to protect the environment and human health by preventing or reduc-
ing the adverse impacts of the generation and management of waste and
by reducing overall impacts of resource use and improving the e�ciency
of such use ( Directive 2008/98/EC, art. 1).

The WFD applies to all types of waste and lays the foundation for national regu-
lations, such as the Swedish Waste Regulation which is explained later in section
3.2. In addition to its general objectives, the directive introduces key principles
that shape EU waste legislation, such as the polluter pays principle and life-cycle
thinking. These aim to shift the waste producing responsibility from consumers to
producers and promote a more holistic view of environmental impact throughout a
product's lifespan.

An additional requirement of the WFD is for MS to establish separate collection
systems and develop national waste management plans and waste prevention pro-
grammes. Moreover, it introduces the concept of Extended Producer Responsibility
(EPR), which plays a central role in implementing legislation like PPWR. This ex-
empli�es how the WFD serves as a legal and conceptual foundation upon which
more targeted regulations, such as the PPWR, are built.

3.1.2 PPWR

A central component of this study is the newly adopted packaging regulation PPWR.
In this section, the regulation is summarised, relevant impacts described and a brief
timeline about PPWR's implementation presented.

3.1.2.1 Scope

As stated in the introduction, the European Parliament approved PPWR 2025/40
and repealed the previous directive PPWD in 2025, 94/62/EC ( Regulation 2025/40/EC).
By switching from a directive to a regulation, MS must adopt the regulation as is
and it cannot be changed nor adapted by MS. Nevertheless, if the regulation grants
it, each MS can set more ambitious goals than the ones stated or apply for exemp-
tions. The new regulation is also more comprehensive than the directive and covers
all packaging regardless of material and all packaging waste regardless of origin and
use (art. 2(1)). According to Åsa Stenmarck, Material Flow Expert at SEPA, the
largest di�erence between the old PPWD and new PPWR is the new focus on de-
sign aspects such as regulating material contents, shape and recyclability demands
(personal communication, February 18, 2025).
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According to article 1(1) in PPWR, the subject matter of the regulation is the fol-
lowing ( Regulation 2025/40/EC):

This Regulation establishes requirements for the entire life-cycle of pack-
aging as regards environmental sustainability and labelling, to allow its
placing on the market. It also establishes requirements for extended pro-
ducer responsibility, packaging waste prevention, such as the reduction
of unnecessary packaging and the re-use or re�ll of packaging, as well as
the collection and treatment, including recycling, of packaging waste.

In preparation of new EU legislation where the impacts are expected to be signi�-
cant, a preparatory document in the form of an impact assessment (IA) is conducted
by the Commission ( European Commission, n.d.-b). The IA aims to analyse the
core issue(s) of the subject matter, determine if action by the EU should be taken
and if yes, estimate the social, environmental and economic e�ects of outlined pol-
icy options. The commission does this through synthesis of existing research, new
research done by the Joint Research Centre (JRC) and inputs from external stake-
holders. Stakeholders could be governmental organisations, national authorities and
industry as well as individuals and experts.

In order to estimate the impacts of PPWR, the IA constructed a baseline model
onto which the proposed measures could be applied ( SWD/2022/384). The base-
line determined that plastic packaging waste would not only increase in size but also
occupy a larger market share. The total waste generation per capita was predicted
to be 209 kg in 2030 of which 48.6 kg comes from plastic packaging. This approach
is similar to the one used in this thesis and described in chapter 5. What is impor-
tant to distinguish is that the impacts assessed in the report are measured for the
entire European Union. E�ects described might be proportional in each country,
e.g. packaging minimisation, whilst others might not, e.g. the use of compostable
plastics.

Most articles in PPWR are addressed to the MS and it is up to the MS themselves
to delegate responsibility to relevant public authorities. In order to determine which
responsibilities might land on or a�ect the municipalities, a question about it was
asked to Åsa Stenmarck as SEPA represented Sweden at the PPWR negotiations
(personal communication, February 18, 2025). She concluded that there are a few
ambiguities regarding who the responsible authorities in question are regarding some
articles but that SEPA are expecting a substantial amount of the responsibilities to
fall to them. Stenmarck cannot speak about what e�ects might fall on the munici-
palities. However, they will be spending a signi�cant amount of time and resources
on harmonising Swedish law and PPWR, hopefully clarifying it further.

In the regulation, there are multiple di�erent targets to be ful�lled. Two of which
are of particular importance to this study:

1. Each Member State shall reduce the packaging waste generated per capita, as
compared to the packaging waste generated per capita in 2018 as reported to
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the Commission in accordance with Decision 2005/270/EC, by at least: (a)
5 % by 2030; (b) 10 % by 2035; (c) 15 % by 2040. ( Regulation 2025/40/EC,
art. 43(1))

2. By 31 December 2030, the following minimum percentages by weight of the
following speci�c materials contained in packaging waste generated: (a) 55 %
of plastic. ( Regulation 2025/40/EC, art. 52(1d))

3.
Since this study focuses on the year 2030, only target (a) of Article 43(1) is rele-
vant. Therefore, any reference to Article 43(1) in this context speci�cally refers to
subparagraph (a).

3.1.2.2 Timeline

As of May 2025, not all aspects, standards, and systems presented in PPWR are �n-
ished. Up until 2030, a variety of both delegated (must consult with expert groups
compiled of experts from each EU country before adoption) and implementing (must
consult with all EU countries before adoption) acts are scheduled for design and
adoption ( European Commission, n.d.-a). Below follows a brief timeline describing
important years where larger/ more impactful articles will be �nalised or adopted.
Note that there are more articles being adopted than the ones presented in �gure 3.1.

Figure 3.1: A simpli�ed and compressed timeline of PPWR implementation up
until 2030.

With regards to the timeline only spanning �ve years into the future, not everyone is
optimistic about the feasibility of implementation. Karin Jawerth, packaging man-
ager at ICA, noted two factors which makes the implementation of PPWR within
the given time period di�cult (personal communication, March 31, 2025). Firstly,
PPWR includes a large number of measures, of which a number are not yet �nalised
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nor even de�ned. One such example could be found in article 25 where a list of
banned packaging formats are detailed ( Regulation 2025/40/EC). In addition to
the list, the article also spells out that the Commission has to publish guidelines,
along with any determinedexemptionsto the list, from 2027 (art. 25(6)). For pro-
ducers working with singular packaging types, the list of articles applying to them is
shorter. They are also less likely to be hit by late changes caused by implementing
or delegated acts. ICA, as a food retailer, deals with a plethora of types, materials
and functionalities which subjects them to many of the measures in PPWR, often
simultaneously. This increases the di�culty and the cost of achieving conformity
with the entirety of PPWR. The second reason why ful�lment on time seems di�cult
is the reference year of 2018. When PPWR demands a 5% decrease of waste gen-
eration in 2030 as compared to 2018 levels, the actual reduction demanded is much
higher. Packaging amounts has only grown in the seven years passed, challenging
the prospect of achieving the goals on time.

Counterarguments to said points was also raised during the interviews. Nadja
Dahlgren, Packaging Developer at Axfood, explained that they together with other
retailers within the Swedish food retailers federation already have committed to
100% recyclable packaging, a soon mandated minimum requirement for all packag-
ing (personal communication, March 17, 2025; Regulation 2025/40/EC, art. 6).
Additionally, Swedish PRO's are already pushing their a�liated producers towards
recyclable packaging through di�erentiated pricing (E. Ahlström, personal commu-
nication, February 24, 2025; C. Håkansson, personal communication, February 26,
2025).

3.1.2.3 Qualitative E�ects of PPWR

Articles in PPWR which more directly will a�ect KOV are article 13(1) regarding
harmonised labels on all waste receptacles, 48(5)b about source sorting availability
in all public places and 63(1) regarding green public procurement requirements (
Regulation 2025/40/EC). These articles will be elaborated on below and discussed
in section 7.3.

Article 13(1) states that all MS shall label all waste receptacles with a harmonised
labelling system which are to be determined in an implementing act at latest in Au-
gust 2026. The labelling system must then be fully implemented in the MS in 2028
(see �gure 3.1). This article could potentially be very impactful in both Gothenburg,
Sweden and the Nordic countries as they already have such a harmonised system
( EU PICTO, n.d.). In 2017, Denmark launched a pictographic system of waste
symbols which Sweden, Norway and Iceland chose to adopt and implement in 2020.
This system has been a great success and is mentioned in the IA of PPWR as an
inspirational example of which the article was modelled after ( SWD/2022/384).
However, neither the IA nor PPWR indicates if the EU would adopt the Nordic
system or create one of their own. That it would look exactly the same is unlikely
if the process works in the way described by Christian Håkansson, Packaging &
Sustainability Manager at TMR. He has heard that many negotiations do not end
with the option everyone wants, but rather with the option everyone can accept
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(personal communication, February 26, 2025). If the commission were to construct
a new system, all packaging, waste receptacles, etc., which quite recently has been
labelled, must be re-labelled again to match the new system.

Article 48(5)b states that systems and infrastructures for source sorting of all pack-
aging waste shall cover the entire Member State and consider population, waste
volume, and accessibility ( Regulation 2025/40/EC). They must ensure accessibil-
ity to separate collection in public spaces, businesses, and residential areas with
adequate capacity. What this means is that source sorting receptacles must be ex-
panded and cover more areas of Gothenburg. This is an important step towards
decreasing littering in parks and lower the amount of packaging ending up in the
residual waste ( Ljungkvist Nordin et al., 2019, p. 156). This responsibility is shared
with the Department of Urban Environment and might e�ect the operational plan-
ning conditions of KOV operations according to themselves (B. von Bahr, personal
communication, February 21, 2025). The division of responsibility being presently
unclear.

Lastly, article 63(1) states that the commission by February 12, adopt implementing
acts specifying minimum mandatory requirements on public contracts in which the
packaging or packaged products represent more than 30% of the estimated contract
value or of the value of products used by the services that are the object of the
contract ( Regulation 2025/40/EC). The requirements are to be decided so as
to incentivise the supply and demand for environmentally sustainable packaging
and as public procurement amounts to as much as 14% of the European GDP,
this article has a high probability of enacting substantial change (preamble Ÿ173).
According to current guidelines for KOV regarding public procurement, packaging
waste shall be minimised by prioritising re-usable and re-�llable packaging as well
as purchasing products in "loose weight" and to choose the pack size according to
each product ( The City of Gothenburg, n.d.-c, p.3). Through correspondence with
the Department of Purchase and Procurement, what article 63(1) would change is
mainly dependent on what the minimum mandatory requirements would entail and
how they are constructed (I. Wadman, personal communication, March 5, 2025).
This regards whether Gothenburg City's current demands are higher or lower than
the ones decided upon by the EU.

3.2 Swedish Waste Legislation

Swedish waste legislation can be summarised through two legal documents:

1. The Environmental Code ( SFS 1998:808)
2. The Waste Regulation ( SFS 2011:927)

The Environmental Code aims to

...promote sustainable development, which means that present and fu-
ture generations are assured a healthy and good environment. Such
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development is based on the realisation that nature has a conservation
value and that man's right to change and use nature is associated with
a responsibility to manage nature well. ( SFS 1998:808, 1 chap. 1Ÿ)

The legislation is a framework law which means that it sets out guiding principles,
rather than detailed procedures, for how to behave towards the environment. Pro-
visions regarding waste and waste management is compiled in chapter 15 ( SFS
1998:808). The provisions promotes reuse and recycling as well as other manage-
ment of materials, raw materials and energy so that a cycle is achieved (1 chap.
1Ÿ). The key points mentioned in the chapter relates to the waste hierarchy (which
is visualised in �gure 3.2), producer responsibility, permits and supervision, and
environmental risk management. What chapter 15 does not include are detailed
de�nitions and procedures for di�erent types of waste or how the code is to be imple-
mented. Said task instead falls to the second legal document, the Waste Regulation.

Figure 3.2: Waste hierarchy as described in the Environmental Code (15 chap.
10Ÿ)

The Waste Regulation is an implementing regulation with a singular focus on waste
and waste management ( SFS 2011:927). It speci�eshow the principles of the
Environmental Code are to be implemented. It also contains detailed rules for
the practical management of waste along with clear de�nitions for waste types and
other associated terminology. This regulation is harmonised with the European
WFD ensuring that the rules and de�nitions stay the same so as to make it easier
for interpreters of the regulations.
In both the Environmental Code and the Waste Regulation, two provisions are of
particular importance for this study:

ˆ Municipal waste responsibility
ˆ Extended Producer Responsibility (EPR)

These provisions are largely responsible for the shape of the waste management
system and delegates the legal chain of custody for who is responsible forwhat,
whenand where.
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3.2.1 Municipal Waste Responsibility

To manage packaging waste, Sweden has introduced Municipal waste responsibil-
ity, which in practice means that �each municipality is responsible for the collec-
tion, transportation and recycling or disposal of municipal waste in accordance with
Chapter 15, 3Ÿ and 20Ÿ, of the Environmental Code" ( SFS 1998:808). Municipal
waste is de�ned as follows:

waste from households and waste from other sources that is similar in
nature and composition to waste from households excluding waste from:
production; agriculture and forestry; �shing; septic tanks, sewerage net-
works and wastewater treatment; construction and demolition; End-of-
Life vehicles" ( SFS 1998:808, 15 chap. 3Ÿ).

In summary: municipalities are responsible for collection and transport of munici-
pal waste from households and co-localised businesses and has been the responsible
actor since January 2024 ( SFS 2011:927, 3 chap. 4Ÿ). Co-localised businesses are
businesses which share waste collection facilities with households, for instance a hair
dresser on the bottom �oor of an apartment building.

The collection and transport responsibility comes with an operational and admin-
istrative cost of which the producers, through so called producer responsibility or-
ganisations (PRO's), must reimburse municipalities ( SEPA, 2024a). However, they
must inly cover the cost of collecting the separately sorted packaging waste, not
residual nor food waste and the fee is determined by SEPA. PRO's are authorised
by SEPA and are de�ned as "a legal person that prevents or manages waste from
producers' products" ( SFS 1998:808, 15 chap. 9Ÿ). Currently only two PRO's are
authorised in Sweden: Tailor-Made Responsibility (TMR) and Producer Respon-
sibility of the Industry (shortened NPA based on their Swedish acronym) ( The
Swedish Environmental Protection Agency, 2023).

In Gothenburg, it is the responsibility of KOV, to collect and transport the waste
regardless of waste collection type (see �gure 4.2) to the correct destination. How
the waste management is performed is of high importance due to the in�uence of
contamination on the output quality of the recycled materials ( SOU 2024:67). KOV
must take great care to run a high quality operation to ensure as much material as
possible can be recycled and subsequently lower the reject amount which subse-
quently has to be incinerated. An aspect which will be explained further in chapter
4.

3.2.2 Extended Producer Responsibility (EPR) for packag-
ing waste

In 1994, Sweden adopted the concept of producer responsibility for newspapers and
packaging ( Swedish Waste Association, 2022b). This meant that producers were
responsible for the collection and recycling of said product categories and together
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they constructed a system which as of 2024 covers about 5 800 recycling stations
and all of Sweden. The aim was to raise the sorting and collection rate through
increased availability and thus hopefully transform them into new products.

In 2023, the regulation on EPR entered into force (SFS 2022:1274). This regulation
aimed to further enable sorting at source and thus make the waste management
system more e�cient ( The Swedish Environmental Protection Agency, 2023). The
regulation was seen as an addendum to the European directive 94/62/EC which
earlier this year was replaced by PPWR. In article 3 of PPWR, packaging is de�ned
as follows:

An item, irrespective of the materials from which it is made, that is
intended to be used by an economic operator for the containment, pro-
tection, handling, delivery or presentation of products to another eco-
nomic operator or to an end user, and that can be di�erentiated by
packaging format based on its function, material and design ( Regula-
tion 2025/40/EC).

Packaging can be divided into �ve types as de�ned further in article 3 of PPWR
and compiled in table 3.1 ( Regulation 2025/40/EC). (The Ÿ noted behind each
de�nition regards the paragraph in question under article 3).

What the new EPR regulation entailed was that stakeholders like municipalities and
producers received new roles and responsibilities, for example: all municipalities are
obliged to introduce kerb-side collection of packaging waste for all types of house-
holds by 2027 ( The Swedish Environmental Protection Agency, 2023). In addition,
all producers must be a�liated with an authorised PRO before beginning operations
and placing packaging on the market.

This legislation also includes an obligation for all producers to report the amount
of packaging they place on the Swedish market and how the collected packaging
waste is handled. In 2023, producers placed 265 762 tonnes of plastic packaging
(excluding plastic deposit bottles) on the Swedish market of which 153 961 tonnes
were collected ( Landerdahl et al., 2024, p.18). However, an important note is the
fact that the amount probably is an underestimation due to the presence of free
riders or distance purchases with a sales point outside of EU ( Landerdahl et al.,
2024). Free riders are producers that avoids taking producer responsibility or are not
a�liated with any PRO. New EPR rules requiring PRO a�liation should hopefully
minimise this issue ( The Swedish Environmental Protection Agency, 2023).
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Type De�nition Example
Sales Packaging conceived so as to constitute a sales

unit consisting of products and packaging to
the end user at the point of sale (5Ÿ)

A bottle con-
taining soda

Group Packaging conceived so as to constitute a
grouping of a certain number of sales units at
the point of sale, irrespective of whether that
grouping of sales units is sold as such to the
end user or whether it serves as a means to fa-
cilitate the restocking of shelves at the point of
sale or to create a stock-keeping or distribution
unit, and which can be removed from the prod-
uct without a�ecting its characteristics (6Ÿ)

Wrapping sur-
rounding a
six-pack of soda

Transport Packaging conceived so as to facilitate the han-
dling and transport of one or more sales units
or a grouping of sales units, in order to pre-
vent damage to the product from handling and
transport, but which excludes road, rail, ship
and air containers (7Ÿ)

A box contain-
ing multiple six-
packs of soda

Service An item that is designed and intended to be
�lled at the point of sale in order to dispense
the product (1Ÿ)

A mug to be
�lled with soda
at a dispenser

E-commerce Transport packaging used to deliver products
in the context of sale online or through other
means of distance sales to the end user (5Ÿ)

A padded en-
velope contain-
ing a soda pur-
chased online

Table 3.1: De�nition and examples of the �ve di�erent packaging types as described
in article 3 in PPWR ( Regulation 2025/40/EC)
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4
Waste Management in

Gothenburg

Below follows information regarding the waste management of Gothenburg which is
necessary for understanding the report. This includes the structure of the Swedish
government and public authorities as well as the role of the department of Sustain-
able Waste and Water (KOV) within it.

4.1 The Department of Sustainable Waste and
Water in the City of Gothenburg

Gothenburg Municipality is the second-largest municipality in Sweden according
to population, with approximately 290 000 households. Its organisation follows a
hierarchical structure, see �gure 4.1, with the Municipal Council as the highest
governing body ( Statistics Sweden, 2023; The City of Gothenburg, n.d.-d). The
Council is elected by the inhabitants of Gothenburg which in turn, appoints the
Municipal Board ( SKR, 2024a). Together, they govern the municipality, which
in practice involves delegating responsibilities and setting objectives for relevant
subdivisions within the organisation. These subdivisions can be broadly categorised
into four di�erent branches, as illustrated in �gure 4.1. One of the branches is the
Departments (sv. "Förvaltningar och Nämnder") whereof one is KOV.

Figure 4.1: Organisational structure of Gothenburg Municipality
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As a department, KOV is tasked with ensuring the supply of clean water, collection
and treatment of sewage water, as well as the waste management of MSW ( The City
of Gothenburg, n.d.-e). MSW is comprised of all types of solid waste which people
discard of anywhere within the city, excluding waste from businesses. Since all 290
000 households generates waste daily, this task is no small feat. Waste being de�ned
as "any substance or object which the holder discards or intends or is required to
discard" by the EU ( Directive 2008/98/EC). KOV and its operations are mainly
funded by costumer fees with some minor missions being tax-funded or funded by
producer responsibility fees (see section 3.2.2). A part of KOV's mission is to help
Gothenburg Municipality reach their climate goals and one of these are about low-
ering the amount of generated waste, as well as moving the nonetheless generated
waste up the steps of the waste hierarchy (see �gure 3.2) ( The Gothenburg Region,
2021).

As a subdivision of the local level of Swedish governance, KOV alongside the mu-
nicipality are as stated, subject to laws and regulations dictated by the Swedish
government and the EU. One of those laws states that each municipality shall have
a program for waste management, a responsibility given to KOV by the Munici-
pal Council and explained further in section 4.1.1. In addition to this law there is
the Waste Regulation (sv. Avfallsförordningen) which deals with the topic of waste
and its management as well as chapter 15 in the Swedish Environmental Code ( SFS
2011:927; SFS 1998:808), all of which have been explained more thoroughly in chap-
ter 3. One of the articles in the Waste Regulation stipulates that no combustible nor
food waste should be land�lled ( SFS 2011:927, 3 chap.). This regulation is largely
responsible for the design and structure of waste management systems in Sweden.

4.1.1 The Waste Program

Gothenburg and surrounding municipalities have together formulated a Waste Pro-
gram (sv. Avfallsplanen) with the aim of preventing unnecessary waste and to
develop the management of waste nevertheless generated ( The Gothenburg Re-
gion, 2021). The Waste Program is a statutory guidance document decided by the
Municipal council wherestatutory refers to the fact that there legally has to be a
planning document for waste management according to the Environmental Code (
SFS 1998:808, 15 chap. Ÿ41). The code states that a Waste Program must contain
information on for example measures to reduce the quantity of waste generation in
the municipality. The term guidance documentmeans that whatever is written in
the program is a goal to strive for but no legal repercussions will be administered if
the goals are not met. In the program, one goal is of special signi�cance to this study:

The plastic waste from households shall decrease by 50% per citizen (
The Gothenburg Region, 2021)

Despite the fact that the sentence uses the de�nition "plastic waste", only plastic
packagingwaste is tracked. The progress towards achieving the goal is measured
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continuously by summing all plastic packaging waste which is either source sorted or
present in the residual waste stream, and dividing by population. The goal is based
on the reference year of 2019 and are set to be achieved in 2030 ( The Gothenburg
Region, 2021). The reference value for 2019 was 33.3 kg/cap, meaning that for the
goal to be achieved, the value in 2030 must be equal to or less than 16.65 kg/cap.

4.2 Waste Management

The type of management and treatment used for waste are determined by its classi-
�cation and composition. Residual waste are directed to a waste incineration facility
located in Sävenäs owned by Renova AB, of which Gothenburg Municipality is a
majority stakeholder, for WtE generation. Packaging materials, on the other hand,
should be delivered to one of two authorised PRO's for material recycling, ensuring
that no packaging waste enters the residual waste stream and vice versa. However,
in practice, signi�cant amounts of packaging waste are found in the residual waste
stream, while some non-packaging materials are inadvertently sent to PRO's. Which
waste belongs in each fraction is marked via both images and text as de�ned in the
Nordic pictographic system (see section 3.1.2.3).

As already mentioned, inhabitants of Gothenburg generated approximately 33.3 kg
plastic packaging waste per capita in 2019. This is substantially higher than the
Swedish average of 26.2 kg/capita based on data of plastic packaging placed on the
Swedish market in 2022 but slightly lower than the EU average of 36.1 kg/capita (
Landerdahl et al., 2024; Eurostat, 2024). Gothenburg municipality therefore has
to manage more waste than other municipalities not only due to size di�erence.

The information provided in the following subsections can also be considered back-
ground information for the systems mapping performed in section 6.1.1, a step to-
wards answering RQ1.

4.2.1 Waste Collection

As stated above, only waste originating from households and co-localised businesses
falls under municipal responsibility. According to an employee at KOV, there are
currently four main collection methods for the disposal of packaging waste: recycling
centres, recycling stations, residual waste bins, and kerbside collection (for images,
see �gure 4.2) (E. Hilmersson, personal communication, January 21, 2025). There
is a very small fraction of packaging in the food waste but as it is less than 1% it
is excluded from the analysis ( Ljungkvist Nordin et al., 2019, p.72). The collec-
tion activities are based on the concept of source separation where people sort their
waste before it enters the waste management system rather than having a facility
that sorts the waste after it has been collected ( Swedish Waste Association, 2023).
Source sorting has been used in Sweden since the 1980s and is the foundation of
Swedish waste management ( NSR, n.d.).
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