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ABSTRACT
The circular economy (CE) is a new economic model, that amongst others, reuses and recycles plastic waste.
Circularity is now gradually recognized by companies and they are exploring to reuse products or
components, recover materials and decrease energy use and waste. Yet, circularity is not implemented in
most individual companies. They evidently need to change from producing plastic waste by design to
preserving the plastic’s value and benefits. This important shift is studied by analyzing the challenges and
opportunities of implementing a circular flow of packaging plastics at a retail business park CenterpoortNieuwgraaf in Duiven. I study the quantitative packaging plastics flow and its organization and actors by using
a mixed-methods approach. Next, I developed a method for the quantification of packaging plastics in
companies. The largest challenges to deal with plastic waste streams are contamination, loss of material
quality and economic competitiveness. Challenges to success for improved circularity are collaboration and
stakeholder engagement, missing information and unclear responsibilities. Additionally, current rules and
regulations probably also obstruct a proper implementation of circularity in business parks. Nevertheless,
certain clean packaging plastics that stem from the retail sector provide great opportunity for recycling.
Further opportunities are innovative business models and increased collaboration and leadership. These
opportunities are mostly seen at small and medium-sized enterprises. To increase circularity, this study
recommends transparency, trust and openness through the whole plastics supply chain.
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1 INTRODUCTION
1.1 A changing world
In the current world, the consumption economy is putting an increasing pressure on resources and natural
capital. This trend has been widely argued as to exceed the earth’s ecological footprint (Meadows et al.,
1972), thus change towards less consumption is necessary (Cooper, 2005). The consumption economy is
characterized by a pattern of ‘take-make-dispose’ (Ellen MacArthur Foundation, 2013). This is a linear
approach that is not viable for a sustainable future (Abdallah et al., 2012). Besides, this approach also
enlarges a businesses’ exposure to risks (Mishra et al., 2018) and could increase resource prices and supply
disruptions in the future (Abdallah et al., 2012; Ellen MacArthur Foundation, 2013). Creating long-term
synergies for sharing of materials, but also infrastructure and services, would lead to the reduction of fixed
assets (Gatto, 2019). Additionally, a linear chain is exposed to losses in several ways: production waste, endof-life waste and loss of energy (Ellen MacArthur Foundation, 2013).
The Circular Economy (CE) is an alternative that is claimed to counter the ‘throughput of resources’
of the linear approach (Cooper, 2005, p. 52). The concept of CE is gaining notice as a ‘new industrial model’
of creating value within planetary boundaries (Ellen MacArthur Foundation, 2013). Over the years, CE has
become increasingly important in scientific literature and has gained momentum in the everyday life of
industry and businesses. Step by step, businesses are starting to explore how to reuse products or
components and recover materials, energy and labor (Ellen MacArthur Foundation, 2013). Also the
Netherlands has adopted the aim to become fully circular by 2050 (Rijksoverheid, 2016), but to reach this
circular goal, still a big gap needs to be filled (Jonker et al., 2016). Part of this gap is the practical organization
and implementation of circularity in businesses in the Netherlands (Jonker et al., 2016).

1.2 Theoretical background

In order to understand the necessity for a CE, a broader understanding of the concept and its characteristics
is required. The Circular Economy theory dictates the removal of waste from the economy. This means that
linear supply chains (take-make-dispose) should transform into closed loop supply chains (CLSC). This implies
that a product returns to the production phase (Huang et al., 2013). The concept is built on three principles:
i) controlling finite natural capital stocks and preserving them, ii) circulation of products, materials and
components at their highest value in technical and biological cycles and iii) system effectiveness through the
design and absence or exposal of externalities (Ellen MacArthur Foundation, 2013; Jørgensen et al., 2018).
Hence, its purpose is to minimize waste from the start of the supply chain; thus to circle resources, materials
and products as long as possible during their physical lifecycle (Jonker et al., 2016). However, circular
business entails more than just increasing the amount of recycling (Ellen MacArthur Foundation, 2013). For
instance, the cycling of materials should not only be limited to one industrial scale, but should be ‘cascaded’
across regional industries (Ellen MacArthur Foundation, 2013).
The second principle of CE is displayed by the extended value hill (Achterberg et al., 2016), an
important figure within the circular economy theory (Figure 1). It describes the idea of keeping a product in
its highest value for as long as possible (Ellen MacArthur Foundation, 2013). Within this value loss scheme,
also organizational features of the supply chain are very important. Different aspects need to be taken into
consideration for the optimal configuration in the value chain of a circular product. These are: i) central
versus decentral networks, ii) coordinated versus cooperative decision making and iii) product-oriented
versus service-oriented (Het Groene Brein, 2019). These three opposites need to be balanced for ideal
circular value chains. For example, centralized production is more efficient and has less transportation costs
than decentral production of components and assembly. However, decentral production has the benefit of
economies of scale (Het Groene Brein, 2019). Hence, a balance needs to be found here, which also applies
to making collaborative decisions (ii) and focusing on selling a service instead of a product (iii), which can
lengthen product life. These aspects of ideal circular value chains need to be established on an organizational
level. Thus, for implementation of CE principles, also organizational features are essential to take into
account. Then, for the organization of CE implementation, it is argued that including sufficient stakeholders
is vital (Lopes de Sousa Jabbour et al., 2019). All different values and goals of stakeholders need to be taken
into account for a real-world application of sustainable development (Millar et al., 2019). Organizations must
2

pay attention to the development of stakeholder engagement with recycling cooperatives and their
customers (Lopes de Sousa Jabbour et al., 2019).

Figure 1: The value hill (Achterberg et al., 2016)

Within the research focused on circular business, an ever-expanding body of literature has been written on
barriers and opportunities of CE in a multitude of environments, cultures and economic systems. For
instance, opportunities are said to be if businesses are in proximity to end users (Choi et al., 2013), the use
of new business models (Barber et al., 2012) and having proper incentives (Souza, 2013). For a positive
economic benefit, especially circular business models, product design, supply chain design and material
selections are important (Lieder et al., 2016). But the fact that many supply chains nowadays have globally
diffused production processes and material flows are said to be a barrier (Wells et al., 2005), as well as the
design of a recovery network (Abdallah et al., 2012) and customer acceptance of reusing and recycling
products (Zhu et al., 2016). According to Kirchherr et al. (2018), barriers identified to CE in Europe are among
other things; a lack of awareness, general and in company culture, as well as a lack of consumer interest.
These then again, are said to be triggered by market forces, such as the low prices of virgin materials (Mont
et al., 2017). Next to that, on a material level, a struggle with value recovery exists that is caused by the
complexity and proliferation of different materials nowadays, due to multilayered packaging, additives and
adhesives (Mishra et al., 2018). These mentioned barriers clearly show friction to the balances sought after
for optimal value creation for circularity by Het Groene Brein (2019) previously described.
According to Geng et al. (2008) and Ghisellini et al. (2016), CE is implemented on three scales. The
first scale is the implementation on the micro-scale, with practices such as implementation of environmental
management systems, eco-design, waste minimization and cleaner production. Of these, cleaner production
is a successful practice that is beneficial for CE on the corporate level (Geng et al., 2008). The second scale is
on a meso-scale, where eco-industrial parks (EIPs) are being promoted that exchange industrial byproducts
such as wastes, energy and water and recycling waste (Yuan et al., 2006). Bocken et al. (2016) see industrial
symbiosis as a business strategy towards creating the CE. Industrial symbiosis is the connecting of companies
or industries to link and exchange materials, products and waste in a regional context, fostering competitive
advantage (Chertow, 2007). Hence, this originally ecological concept should also have a bearing on economic
ecosystems, in which companies compete for resources and exchange infrastructure and byproducts in the
same geographical zone (Geng et al., 2008). In these parks, efficiency of resources and minimizing waste can
be reached by applying reverse logistics and by the support of green supply chain management (Geng et al.,
2008). Lastly, the third scale of implementing CE, could be viewed at the macro-scale, where the
development of eco-cities and provinces can be stimulated (Ghisellini et al., 2016). Especially the
implementation on the micro-scale (corporate), and meso-scale seem to be difficult. According to Rahman
et al. (2019), the lack of sufficient literature on a regional and small scale, stressing the successes and failure
of CE, is of concern. A current barrier on the micro-scale described by Kristensen and Mosgaard (2020) is
that an in-depth method to measure and document progress of CE is missing (Elia et al., 2017). Besides, this
3

the implementation of CE in small to medium-sized enterprises (SMEs) seems difficult. For instance, the lack
of support from the broader supply chain and a lack of financial assets have been identified as challenges for
SMEs to become more sustainable (Rizos et al., 2016). A supply chain does not necessarily stand behind the
decision of a company to adopt a more circular approach (Kirchherr et al., 2018).
In order to develop circularity, the materials within the system must be known (Millette et al., 2019),
to sufficiently reuse, refurbish and recycle them. This is why for creating loop-closing industrial practices or
controlling pathways for material use, such as the application of plastics for packaging, the utilization of a
Material Flow Analysis is recommended (Brunner et al., 2005). Especially on the physical level of CE, MFA
provides a good basis (Pauliuk, 2018; Tanzer et al., 2019). A MFA is said to generate transformational
knowledge for a transition to a more circular economy, while CE is providing a sense of purpose and direction
to the analysis instead (Bellstedt, 2015). As in Millette et al. (2019), it could ideally be used as an advisory
instrument for the feasibility of varied circular strategies. Though, it should be noted that MFA does not cover
all aspects of CE, in the same way as CE does not encompass all aspects of sustainability (Tanzer et al., 2019).

1.3 Context

As briefly introduced, The Netherlands aims to become fully circular by 2050 (Rijksoverheid, 2016). This aim
is pursued by regulations and practical government-wide programs such as ‘Het Rijksbrede Programma
Circulaire Economie’, that contribute to implementation of CE in all facets of business and industry necessary.
One of the projects that is carried out under this program, is the provincial project VANG Palladium: ‘Weg
met de wegwerpeconomie’. It is committed to the development of CE in the region, and is focused on
practical solutions for the theoretical concept. This project is executed by Wageningen University and
Research, School of Applied Science Arnhem and Nijmegen, Mineralz/Renewi the Netherlands and Kortman
DGO, and is commissioned by the municipalities of Arnhem, Nijmegen and Duiven and DEC de Liemers. This
thesis was executed alongside this provincial project. The research areas that the project concentrates on
are the business parks of de Liemers, Arnhem and het Rijk van Nijmegen. The project is carried out on the
basis of the triple helix of cooperation between businesses, knowledge institutions and the government. It
works with a regional approach, focused on industrial symbiosis on business parks. The projects process is as
follows: 1) the analysis of material flows, 2) valuable propositions for material flows, 3) development of
business models around these flows. The eventual goal is to propose ready-to-execute business cases for the
business parks. This thesis was executed alongside VANG Palladium, while focusing on the analysis of a
particularly important material flow present at these business parks: plastics. In this way, it contributed to
process steps 1) and 2) in the VANG Palladium project.

1.4 Focus

In terms of waste, plastics are of growing worldwide concern (Geyer et al., 2017; Lebreton et al., 2019). It is
a material of concern since the use of the material is likely to increase (Hopewell et al., 2009), while growth
of recycling rates are still slow (Lebreton et al., 2019). Subsequently, accumulation of debris in the natural
environment is a growing threat (Barnes et al., 2009; Geyer et al., 2017). Currently, the largest application of
plastics is packaging (Geyer et al., 2017), which type is also most commonly found in solid waste and marine
debris (Andrady, 2011). According to Lebreton et al. (2019), investment in additional waste management and
recycling capacity is seen as a necessity for mitigation.
From the current state of the environment, it has become evident that the plastics economy needs
to change from a system that produces waste by design to one that preserves the value and benefits of
plastics, eliminating potential drawbacks (Crippa et. al., 2010). These requirements of reducing waste and
preserving value are corresponding to the principles of CE. Plastics have the potential to be recycled many
times without large material degradation, due to its functional properties. Currently, the recycling rate of the
European Union is at 30% and the remaining portion is being landfilled or incinerated for energy (Plastic
Europe, 2016). Thus, a choice is made for a low value recovery of the material according to the waste
hierarchy (European Commission, 2018). However, recycled plastics do show potential for different market
applications, on a company and industrial scale (Gu et al., 2017). Plastic waste has therefore been elevated
as priority waste stream within the actions for a Circular Economy by companies, organizations, governments
and the European Commission (Villanueva et al., 2014), for instance by the establishment of the Circular
4

Plastic Alliance1. As previously described, not only the European Commission but also the Dutch government
aims for more material cycling by implementation of a more circular economy. This is why this thesis focuses
on plastics in context of the circular economy, as it is one of the most pressing materials of the time.

1.5 Purpose

My study’s purpose is to contribute to the implementation of the circular economy principles; i) controlling
finite natural capital stocks and preserving them; ii) circulation of products, materials and components at
their highest value in technical and biological cycles; and iii) system effectiveness through the design and
absence or exposal of externalities, in business parks. This will be done by analyzing challenges and
opportunities of implementing a circular flow of packaging plastics at retail business park CenterpoortNieuwgraaf in Duiven, on a material-technical and organizational level. This two-level approach is taken by
following the literature that, in order to create a closed-loop system: the physical material flows need to be
known and next, the organizational aspects of this material flow are essential. It contributes to literature of
the implementation of circular economy principles into existing business parks.

1.6 Research question

The main research question (RQ) is:
What are the challenges and opportunities of implementing a more circular flow of packaging plastics at
Centerpoort-Nieuwgraaf?
The sub-questions are:
1. What is a suitable method to quantify the flow of packaging plastics at a business park?
2. What are the material-technical characteristics of the current material flow of packaging plastics at
Centerpoort-Nieuwgraaf?
3. What are the characteristics of the organization and actors of the current material flow of packaging
plastics at Centerpoort-Nieuwgraaf?

1.7 Reading guide

In this thesis report, firstly the methodology of the research is explained in Chapter 2. Here, I exemplify why
a case study design was chosen and which methods were used to answer the research questions. Then, the
development of a method suitable for quantifying packaging plastics at business parks is described in Chapter
3. This latter shows the execution of sub-question 1. In Chapters 4 and 5, the results and subsequent analysis
of the case study of packaging plastics at Centerpoort-Nieuwgraaf are provided. Here, we find how the
material-technical characteristics of the current material flow looked like and get insight into the organization
and actors. These characteristics were captured by sub-question 2 and 3. Then, Chapter 6 discusses the case
study analysis in context of the wider CE literature and limitations to this study. Here, I also make
recommendations for the business park. Finally, Chapter 7 concludes about the sub-questions and answers
to the research question. Challenges and opportunities to the system at Centerpoort-Nieuwgraaf are
discussed.

1

European Commission. (2019). Circular Plastics Alliance. Retrieved from:
https://ec.europa.eu/growth/industry/policy/circular-plastics-alliance_en
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2 METHODOLOGY
2.1 Research design and strategy
First, the structure of execution of methods and analysis of data needs to be discussed; the research design
(Bryman, 2012, p. 45). This research explores the practical implementation of CE in an existing business park
in Duiven: Centerpoort-Nieuwgraaf. As the implementation of CE is a novel field of research and the topic is
focusing on one single case, this research is an exploratory case study. A case study design is usually chosen
when a phenomenon in its context is explored in detail (Bryman, 2012), by using one or more data collection
methods. Specifically, a case study analyzes a selected case in depth and focuses on a single entity such as
an organization, event or community (Bryman, 2012). Besides this, it is often associated with a location and
investigation of a setting. Hence, for this thesis research I chose the case study design, as the flow of
packaging plastics at the business park Centerpoort-Nieuwgraaf is characterized by its location, specific
organization and setting. As a case study design was used, the research has been more of an inductive
approach in the relationship between research and theory, as is common with case study research (Bryman,
2012). Although the case study of a circular packaging plastics flow at business park Centerpoort-Nieuwgraaf
in Duiven will not serve for theory generation, it could serve as an example for similar areas and material
flows.
A strategy of mixed methods data collection methods was used, both qualitative and quantitative,
in order to generate intensive and detailed examination of the case. This is why two levels of examination
can be indicated in this research (Figure 2). The first level is close to the packaging plastics material flow, and
is examined by a MFA. A MFA detects and displays relevant stocks and flows of a chosen material in the
environment and the economy, shows losses and final sinks to the environment and tracks down internal
recycling loops (Brunner et al., 2005). Input for this MFA is collected through quantitative data collection.
Then, zooming out, the second is on a business park level; where the organization and the actors inside the
system will be examined. This latter analysis was on the basis of qualitative data.
Despite of these two data collection methods, the predominant research strategy was qualitative.
This was because the quantitative collection method was expected beforehand to have data gaps. This was
expected since quantitative data gathering at a regional level for a MFA is generally difficult (Danius et al.,
2001). Besides that, there is a lack of literature of measures on a micro-scale of packaging plastics and
quantification methods are limited. Next to the fact that the qualitative method was more important in this
research, it could be argued that the quantitative collection was embedded in the qualitative, as both were
collected by using the same semi-structured interviews. This is depicted in Figure 2 by the two circles. This is
called a concurrent nested strategy, where two collection methods are used and one is embedded in the
other (Terrell, 2012). In a MFA, qualitative data cannot be analyzed, but Brunner et al. (2005) emphasize that
the socioeconomic surroundings of an anthropogenic system still must be emphasized. Thus, the case study
was approached from the two described levels of examination, in order to gain a broader perspective.
Level 1: Close to the
waste flow of packaging
plastics
Data type: quantitative
Level 2: The organization
and actors around the
packaging plastics flow
Data type: qualitative

Figure 2: Concurrent nested strategy of the two levels of examination in this research

RESEARCH QUESTIONS

To clarify, in Table 1 the sub-questions, their research method, data type and type of analysis are shown.
Before the two levels of examination can be explored, a suitable method to quantify the flow of packaging
plastics at a business park needs to be found (sub-question 1). As mentioned briefly before, currently material
data is often lacking on a micro-scale for MFA’s. If data is not readily available, a second strategy would be
6

measuring or quantification. Therefore, in this thesis a method was developed to quantify packaging plastics
on a local level. Then, the first level of examination of the case study is important. This is the level close to
the packaging plastics flow at the business park, which is explored by sub-question 2. As stated in the table,
the data type for this examination was quantitative data gathered by interviews, emails and field
observations. Subsequently, sub-question 3 explores the second level of examination in this thesis; the
organization and actors around this packaging plastics material flow at the business park. For sub-question 1
literature was used as a data source, and for the Introduction and the Discussion literature was used to put
results of the case study in a wider context.
Table 1: Methods used to answer the sub-questions

Sub-question:
1. What is a suitable method to quantify the
flow of packaging plastics at a business
park?
2. What are the characteristics of the current
material flow of packaging plastics at
Centerpoort-Nieuwgraaf?
3. What are the characteristics of the
organization and actors around the current
material of packaging plastics at
Centerpoort-Nieuwgraaf?

Method:
Literature, field
observations

Data type:

Analysis:

Interviews,
follow-up emails,
field observation

Quantitative
numeral data

Interviews

Qualitative
descriptive
data

Material
Flow
Analysis in
STAN
Thematic
analysis

2.2 Data Collection and Analysis

As previously said, two strategies for data collection were followed, thus the research was grounded on a
mixed methods approach. Both qualitative and quantitative data to answer sub-questions 2 and 3, were
gathered by conducting semi-structured interviews. Then, quantitative data was analyzed by an MFA and
qualitative data by a thematic analysis. These topics will be discussed in the order of data collection and
analysis.

DATA COLLECTION
Literature

Firstly, a literature study was done in order to provide a theoretical background to the problem in this thesis.
Thus, it provided input for the introduction, and has been supportive to give a wider context of the topics of
CE implementation in various environment, packaging plastics and MFA methodology and application.
Subsequently, this was used as input for the development of the quantification method presented in Chapter
3. Lastly, literature was used in the Discussion chapter, to put the results of the case study in a wider context
of literature about CE.

Interviews

To get insight into the system of the packaging plastics flow at Centerpoort-Nieuwgraaf, interviews were
conducted. This was done by reaching out to companies, waste collection organizations and other relevant
organizations for interviews. For gathering all data of the case study of the packaging plastics flow and its
organization at the case study area, a total of 11 in-depth interviews were held. Here, a distinction can be
made between retailers, which were the units of analysis for quantification of the packaging plastics flow
(sub-question 2) and the retailers plus other relevant organizations and waste collection companies that
served as units of analysis for sub-question 3. This is made clear in Table 2. Data was gathered according to
multiple question lists, different for the varying respondents (see Appendices). For all retailers, the same
question list was used. The choice for the method of interviews was made, since in this way companies are
more engaged to share proper data, than for instance via email contact. Next, for local-level assessment on
7

data collection for the purpose of MFA’s, preference is given to semi-structured interviews, company visits
and surveys (Islam et al., 2019).
As additional information source, during the interviews, company information was assessed when
available, or a company expert opinion was consulted. As an example, an expert opinion of employees who
work with this type of waste on a daily base was gathered. When this was impossible, field observations were
used for data collection. Subsequently to these observations and interviews to gather the quantitative and
qualitative data, emails were sent with specific follow-up questions, regarding for instance type of plastics,
clarification of inputs and outputs and application of types of packaging plastics.
In general, the collection of quantitative data was hard due to the lack of readily available data about
quantities of plastics and types. It appeared that many companies do not track data about the amounts and
types of packaging plastics within their company. Sometimes the only known data was collected from
invoices of the waste collector, which they sent to companies. However, some companies were able to
provide some data because of a waste improvement project that they initiated internally. This was useful
information about types of packaging used and ideas for improved management. The lack of quantitative
data about packaging plastics set off the strategy of development of a quantification method (sub-question
1), which happened during the data collection period. This resulted in a protocoled approach, following two
methodologies (the generically used MFA methodology and a guideline by the Dutch Afvalfonds) described
in Chapter 3. Thus, when quantitative data about packaging plastics input and output were not readily
available, this quantification approach described in Chapter 3 was taken. The data about the quantity or type
of plastics was calculated or estimated. Besides that, data had to be deduced from different sources, such as
data from waste collectors or purchasing data, which has some limitations that will be covered in the next
chapter.
Table 2: Different units of analysis in the interviews and their data types

Units of analysis
Retailers at
CenterpoortNieuwgraaf
N=6

Waste Collection and
treatment
N=3
Organization(s)
N=1

Names
Gamma Duiven
Donders BV
Media Markt Duiven
ATAG
Score BV
Brilliant Group

Input for sub-questions:
Sub-question 2
Sub-question 3

Data type:
Quantitative
Qualitative

Suez
Renewi
AVR

Sub-question 3

Qualitative

Kennis Instituut Duurzaam
Verpakken (KIDV)
Ondernemersvereniging (MKB
Duiven)

Sub-question 3

Qualitative

Sampling
Of the total of eleven interviews, six were with retail companies that were sampled out of a list of all
companies present at Centerpoort-Nieuwgraaf. Out of all companies, a total of fifteen companies was
sampled on the criteria of: their business type and size, their relevancy to the project described in the
Introduction, their expected presence of high volume of packaging plastics and if they were possible
frontrunners of CE. This sampling was done in accordance with dr.ir. de Haas, the contact person to the
project VANG Palladium. Next to these sampling criteria, also the method of snowball sampling was taken.
Out of the sampled 15 retailers, due to time limitations, inability to reach and lack of interest to cooperate
to this research, eventually 6 companies at Centerpoort-Nieuwgraaf were interviewed.
Next to the retailers, the other units of analysis (see Table 2) were sampled with purpose, also called
selective sampling. The waste collection and treatment companies and the two organizations were selected
because they were mentioned in the retailer interviews, thus out of relevance.
8

DATA ANALYSIS

In data analysis, again the two levels of examination can be found. Firstly, staying close to the waste stream,
a MFA was conducted with input of quantitative data derived from interviews and from the quantification
method developed in this thesis. Secondly, a thematic analysis of qualitative interview data was performed.

Material Flow Analysis

As previously mentioned, quantitative data that was gathered was used as input for a Material Flow Analysis
(MFA), in order to analyze the packaging plastics flow. Utilization of a MFA is for instance recommended for
creating loop-closing industrial practices or controlling pathways for material use and industrial processes
(Brunner et al., 2005). Furthermore, the promising bridge and association between MFA and the CE has been
mentioned by Bellstedt (2015) in the way the CE provides a sense of purpose and direction to the analysis,
while in turn MFA generates transformational knowledge for a transition to a more CE. MFA is thus an
appropriate basis for monitoring the physical flows during the CE implementation (Haas et al., 2015; Tanzer
et al., 2019). Hence, in the situation of analyzing the flow of packaging plastics at Centerpoort-Nieuwgraaf in
Duiven, a MFA could show potential spots for improving the circularity at the retail business park. This could
be in the same way as in a study by Millette et al. (2019), who analyzed results of the MFA to identify CE
intervention opportunities for developing countries. In MFA, stocks and flows of materials can be recognized,
as will be further explained in Chapter 3.2. In order to determine whether a material should be assessed as
a stock or flow, it is important to keep in mind its residence time (Bellstedt, 2015). Since packaging plastics
have a short residence time in the companies, according to the method they should be assessed as a flow.
The quantitative data gathered was analyzed in the software STAN (subSTance flow ANalysis)
according to the Austrian standard ÖNorm S 20962. This is needed to effectively interpret and make use of
quantitative results. Nonetheless, as not all inflow and outflow data the software requires could be gathered,
calculation of missing flows, data reconciliation, and gross error detection was not possible. Hence, it was
mainly used as a way to display the system as a whole then to perform calculations.

Thematic Analysis

Interviews were transcribed in Dutch, and then a thematic analysis was conducted. This means that core
themes were extracted out of the descriptive data (Bryman, 2012). First, initial themes were thought of,
beforehand, that corresponded with interview topics (see Appendix 1). These were: plastic type and quantity,
organization & business, material-technical, and waste management and actors. These themes were coded
in different colors in the document of the transcribed interviews in Word. Then, these were further analyzed
into more specific themes of interest, by indicating which themes reoccurred in the interviews. This was a
process of multiple attempts, where themes were added to the list and discarded. For example, information
on the initial theme plastic type and quantity matched with material-technical information, so these became
the theme of Waste stream. Eventually, I indicated the themes of Responsibility, Waste stream, Leadership,
Information and Rules and regulation as reoccurring topics in the interviews. After selection of these themes,
more body was given to them with input from the interviews.

2.3 Research area

The case study area for this research was the retail business park Centerpoort-Nieuwgraaf in Duiven. As
mentioned in the Introduction, this business park is one of the three business parks where the project VANG
Palladium is executed. The research area of Centerpoort-Nieuwgraaf was chosen because there was interest
for an analysis into plastics from the working group. On the business park, 62 companies are situated. The
business park consists of wholesale companies, retailers, storehouses, manufacturers, distributors,
construction companies and other. For this research, only retail companies were chosen as units of research.
Of all business types present at the business park, retailers were relevant due to their expected presence of
packaging plastics and the research gap that exists for the focus on retailers with respect to implementation
of CE practices or CLSC practices (Mishra et al., 2018). High presence of packaging plastics was expected due
to the general practices of a retailer; ordering products in bulk, repackaging and shipment to customers or
2
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selling these products in a store. Expected was that large quantities of plastics are released. The presence of
plastics at the business park was expected on the basis of results of a study by Gatto (2019), who preliminary
estimated material flows at all three business parks for the project VANG Palladium. For data collection the
choice is made to take a sample of these companies, due to time limitations. The sampling choices will be
elaborated further under Data collection.
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3 QUANTIFICATION-METHOD DEVELOPMENT
Because of the lack of appropriate quantification methods and limited data readily available at the companies
in the sample, a method for quantifying packaging plastics was developed. This generated data could be used
as an input for a MFA. The method proposed in this thesis has been a deductive process from two existing
methodologies, used by a Dutch waste organization and general MFA methodology, and from field
experience. Firstly, for the purpose of the application of a quantification method for packaging plastics, it is
required to introduce the material itself and its presence in the Netherlands. Then, the two methodologies
that served as inspiration for the quantification method are described. Next, that quantification method,
used in this thesis, is explained.

3.1 Types of plastics in the Netherlands

As introduced, for the purpose of this study some general compositions and applications of types of plastics
need to be explained. As the data that will be quantified by using this method will be used as input of a MFA,
it ratifies to explain the functionalities and context of that material.
The material referred to as ‘plastics’ consists a large array of materials with different chemical
proportions. In order to make a distinction for proper separation and treatment, the United States Society
of the Plastics Industry (SPI) developed an identification code system in 1988 (ASTM, 2019). The purpose is
to be make polymers more efficiently and easily recognizable for an effective recycling process. Generally, a
rough subdivision can be made into seven types of plastics: 1) polyethylene terephthalate (PET); 2) high
density polyethylene (HDPE); polyvinyl chloride (V); 4) low density polyethylene (LDPE); 5) polypropylene
(PP); 6) polystyrene (PS); and 7) other, including materials made with more than one resin from categories
1-6 (ASTM, 2019). The largest amounts of types of packaging plastics that occurred at the researched area
are types of PE: e.g. LDPE and HDPE, PP and EPS, see Chapter 4. These show a large array of applications in
packaging products, such as stretch foil, sachets filled with air for protection, blocks of EPS, and different
kinds of packaging bags. In Table 4, the SPI values and abbreviations of polymer type and most used
applications of these polymers can be found.
Table 3: Plastics Identification Code System, adapted from the United States Society of the Plastics Industry (ASTM, 2019)

SPI code / polymer type
1) polyethylene terephthalate (PET)
2) high density polyethylene (HDPE)
3) polyvinyl chloride (V)
4) low density polyethylene (LDPE)
5) polypropylene (PP)
6) polystyrene (PS)
7) other

Most used application
Beverage bottles, medicine jars, rope, clothing and carpet fiber
Containers for milk, motor oil, shampoos and conditioners, soap
bottles, detergents, and bleaches
Pipes, tiles, plumbing pipes, pharmaceutical containers
Cling-film, sandwich bags, squeezable bottles, plastic bags and
other foils
Lunch boxes, margarine containers, yogurt pots, syrup bottles,
prescription bottles, bottle caps
Cups, plastic food boxes, plastic cutlery and packing foam
Wide variation, such as: baby bottles, compact discs, and
medical storage containers

3.2 MFA Methodology

The first methodology that was used is the general method to do a MFA. A MFA is “a systematic assessment
of the flows and stocks of materials within a system defined in space and time” (Brunner et al., 2005, p. 3).
As a central method used in industrial ecology (Graedel, 2019), it is widely used in the assessment of physical
material flows, in terms of inputs and outputs in a certain region (Gao et al., 2020). Next, it can serve as an
important link between the social and ecological environments and is said to have the ability to regulate and
control sustainable development (Gao et al., 2020). Furthermore, MFA is argued to have been developed to
deliver quantitative information about material use, losses to the environment and for instance efficiency
measures (Gao et al., 2020). In a MFA system, as previously stated, the law of conservation of matter applies.
Generally, the following steps can be identified in all MFA methodologies (Brunner et al., 2005):
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1) Selection and description of study problem, goal and system boundaries;
2) Identification of materials, relevant processes and flows; and
3) Mass flows of materials and goods are assessed and calculated, and uncertainties considered.
Thus, in step 3), the selected material in its type of application is being assessed and calculated. The definition
of a material is subdivided into goods and materials. Firstly, a good is defined as “an economic entity of
matter” (Cencic et al., 2008). Then, a substance can be an element or composite (Cencic et al., 2008).
Subsequently, a process is defined in this thesis in accordance to Brunner et al. (2005, p. 4), as “a transport,
transformation, or storage of materials”. The processes are connected by flows, which is measured in a mass
flow per time unit. However, when a flow crosses the system boundary, it is called an import or export out
of the system.
Additionally, some general attributes apply to performing an MFA according to Gao et al. (2020).
Firstly, the MFA has to include proper descriptions of each flow of significance that is analyzed within the
system boundaries, both physically and chemically (Gao et al., 2020). Secondly, the MFA is usually presented
in a diagram, with notation of numbers, and its analysis should include a discussion of reliability and
application of results (Gao et al., 2020).

3.3 Afvalfonds Methodology

A second methodology that was used, is the guideline of the Dutch Packaging Waste Association (Nederlands
Afvalfonds Verpakkingen) on how to measure packaging material flows within a company. In general,
producers and importers that bring packaged products to the Dutch Market, have to pay a fee per kg for
treating this packaging waste to the Dutch Packaging Waste Association (here after Afvalfonds). This fee is
only obliged for packaging material brought to the Dutch market, thus excluding material that is exported
abroad and material that is used for the second time. In the guidelines published by this association, a certain
approach is set out to measure product packaging.
This way of measuring described by the Afvalfonds is measuring packaging that is product-related
and the use of empty packaging. Because only for certain streams a contribution needs to be paid, only these
certain streams are described in the guideline. These are; imported packaging of products that go to Dutch
customers, empty packaging added to products that go to Dutch customers and imported packaging around
products that ends up as waste due to repackaging. For these, an inventory of inflows, outflows, material
and quantities needs to be formed, thus often sales data needs to be known. The company has to measure
or closely estimate its inflows from imports of packaged products or empty packaging and the outflows of
packaged products or removed packaging that has become waste. These two inflows and two outflows are
shown in Figure 4. It is important to mention that the possibility exists, that a company misses one of these
flows due to its business practices. This is why in general, the guideline does not describe a generic step
approach for companies, because of the multitude of different companies and business practices. However,
four steps to regard when trying to measure or estimate the amount of packaging were published in the
guideline. These were also used in this research, and shown in Figure 3.
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Inflows

• Empty packaging from
suppliers
• Packaged products from
Dutch or international
suppliers

The
Company

Step 1. For which types of packaging do I need to pay or reclaim a fee to the
Dutch Packaging Waste Association? This is done by mapping your input and
output product flows.
Step 2. How are my products packed? This is done by determining the weight
and material of the packaging.
Step 3. How much packaging do I provide? This is done by determining the
quantity of packaged products that you provide to the Dutch market.

Outflows

• Packaged products
to Dutch or
international
customers
• Removed Packaging:
waste

Step 4. How much packaging do I discard or are discarded after importing? This
is done by determining the weight and material type of the discarded
packaging of imported products.

Figure 3: : Important questions to ask as a company (adapted from
Afvalfonds Verpakkingen, 2013).

Figure 4: Possible flows of inputs and outputs according to the guidelines of Afvalfonds Verpakkingen, 2013.

Then, calculating the total weight of packaging, according the method used by the Afvalfonds, is dependent
on which flows are present at the company. One must keep in mind, that this approach assumes that
packaging plastics is dependent on amount of imported product. For a company with the two inflows
indicated in Figure 4, it is done as explained underneath in two steps:
1. the sales numbers (step 3) per product * the weight of the packaging of a product (step 2) =
total weight of incoming packaging (kg); and
2. total weight of incoming packaging + the weight of empty packaging from suppliers = total
packaging weight (kg).

A different method, is using data from the waste treatment company to estimate the total amount of
removed packaging (see Figure 3: Step 4). For this latter method, one needs to know the amount of packaging
waste in the total bulk of waste and how much of that packaging waste is from imported products. Then, to
complete this different method, again one must measure the weight of all packaging going to customers of
the company. In order to calculate the fee paid to the Dutch Packaging Waste Association, the weight of
these two streams added up (packaging to customers + packaging in waste) and is multiplied by a certain
contribution fee for the material, which differ per material. This total contribution fee is added up and paid
to the Afvalfonds.
A few aspects of this method by the Afvalfonds that might differ in the situation of the case study in
this thesis. Firstly, these guidelines are for packaging of products in general, hence not specific for plastics.
Secondly, as briefly explained before, these guidelines are published in order to measure certain streams of
packaging only. This may exclude for instance streams that are imported from Dutch producers, as this
stream will already be paid by that producer, or if a product wrapped with packaging is meant for resale.
Thus, data derived from the Afvalfonds may not include all packaging and repackaging. And thirdly, in this
method it is assumed that most packaging is product dependent.
To summarize, in this method the Afvalfonds distinguishes four types of companies: ones who
package their products themselves, ones who import packaged products and ones who import packaged
products and repackages these. Different rules apply for these categories of companies on how to report on
packaging. This influences the usability of data about packaging plastics from the Afvalfonds. So, this method
described by the Afvalfonds does not necessarily show the exact flow of packaging that flow through a
company. Therefore, the method was adapted, to form the measurement methodology of quantitative data
for this thesis.
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3.4 Quantification method of this thesis

The previously described methodologies and field experiences, led to the development of a quantification
approach. The general MFA methodology (3.2) offers a solid stepwise framework that can be used for
identifying the material flow of plastics in this thesis. Hence, this methodology is used as a framework to start
from. In the MFA methodology, the 3rd step is assessment and calculation of mass flows. As quantification
method in this thesis, in this 3rd step the guideline for quantification of packaging material by the Dutch
Packaging Waste Association was slightly altered and used.
Following Brunner et al. (2005), the first step in my quantification method was the selection and description
of the study problem and definition of the system boundaries. Then, the second step was identifying the
materials, stocks and flows within the system, and identification of the processes (blocks) of the system
model. These processes were in the case of this thesis the companies in the selected sample, present at the
business park. For step 2, a decision scheme with 2 stages (a, b) was developed and used during the
interviews at company visits to identify the material packaging plastics. The stage a) distinguishes if the
researched material is present or not present. Subsequently, in stage b) the application of the plastic is
further identified according to a decision scheme. The third step was the assessment and calculation of the
mass flows of materials and goods and the consideration of uncertainties. In the case study of this thesis, the
material and its application was packaging plastics of products. The generated data of step 3 was put in Excel,
where after it was put in MFA program STAN. This is a program that visualizes and balances all goods,
substances and energy in a MFA, while taking into account data uncertainties (Tanzer et al., 2019). This latter
is done through methods of data reconciliation, error propagation and gross error detection (Tanzer et al.,
2019). In Box 1, summarizes the method in steps.
Step 1. Selection and description of study problem and definition of the system boundaries
Step 2. Identifying the materials, stocks, flows and processes within the system, by following the decision
scheme:
a)
Plastics present: The plastic category is present / not present
b)
Type of plastic category / application distinguishable
- Ceil / stretch foil
§ PE: LD or HD
§ Indefinable
- Strips
§ Hard plastic
§ Indefinable
- Filling material
§ Styrofoam
• EPS
• Indefinable
§ Air-filled bags
• PE
• Indefinable
- Packaging bag
§ LDPE
§ HDPE
§ Indefinable
- Other
Step 3. Assessment and quantification of mass flows of materials and goods and consideration of
uncertainties, by:
If known: take data and possibly recalculate in appropriate unit
If unknown: Use following method adapted from Afvalfonds:
The two inflows and outflows can be present at a company:
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Inflows:
(A) plastic packaging (kg/yr) = (B) plastic packaging per product (kg)•(C) packaged products from
suppliers (amount/yr)
(D) empty plastic packaging from suppliers (kg/yr) (used for repackaging purposes)
Outflows:
(E). plastic packaging (kg/yr) = (F) plastic packaging per product (kg)•(G) amount of packaged products
from suppliers (amount/yr)
(H). removed packaging: plastic packaging waste (kg/yr)
Then, the total packaging plastics can be calculated in two ways:
1. A + D = total (kg/yr)
2. E + H = total (kg/yr)
Then we can assume that;
i.
A+D=E+H
ii.
(B•C)+D = (F•G)+H
Box 1: Method used for quantifying packaging plastics

Ideally, when all inflows or all outflows are known, then the total flow of packaging plastics through the
system can be calculated. If one variable is unknown, it can be calculated according to the formulas. Another
approach is using the company data for plastics submitted to the Afvalfonds, and using this number to
deduce one of the inflows or outflows. Nonetheless, there are some limitations to this latter method. Firstly,
the Afvalfonds data may contain errors that cause them misrepresenting the truth, as explained in the
previous subchapter. This may occur because the data is sometimes based on estimates for certain branches
of business, certain agreements made with Afvalfonds or standard data used for the total weight calculation.
Thus, the problem arises that it is unsure which inflows or outflows are specifically used for calculating the
Afvalfonds data. This is one of the reasons why for the execution of step 3, some assumptions were made to
make calculation possible. Any limitations to these assumptions will be discussed in Chapter 6. The
assumptions are the following:
i.
The general assumption that in the same way as in every MFA, inflows equal outflows and
no material is lost in a process, which is in this case the company. It might be possible that
there is some delay in the use of inflow D, however as the time set for the flow
measurement is one year, it is assumed that this delay has no impact on the quantification;
andii.
If Afvalfonds data was available for the company, it was assumed that this data is a total of
all inflows, thus equating the sum of inflow A and inflow D. This assumption is based on the
guidelines on how to measure waste flows published by the organization (Afvalfonds
Verpakkingen, 2013) and interview outcomes.
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4 THE CASE STUDY: CURRENT SYSTEM OF PACKAGING PLASTICS
In the following chapter, the current system of packaging plastics at Centerpoort-Nieuwgraaf will be
described. Firstly, the findings of the organization of packaging plastics in the current system will be
presented of the 11 in-depth interviews with retailers, waste collection and treatment companies and other
organizations. Afterwards, the gathered quantitative data of the packaging plastics flow of the sample
companies in Duiven will be discussed. In this chapter, the researched case study into packaging plastics at
Centerpoort-Nieuwgraaf, from the viewpoint of the interviewed respondents is referred to as ‘the current
system’.

4.1 Findings per actor

To offer more insight in the organization of waste management at the case study area of CenterpoortNieuwgraaf in Duiven, a description per company in the sample is provided below.

Gamma Duiven

The store of Gamma Duiven is part of the company Intergamma and therefore has no local waste
management. Their waste management is decided from the management level of Intergamma and the whole
corporation is under contract with waste collector Suez. The execution of the waste management is arranged
from the store in Duiven, that separates into the waste streams of cardboard, plastic foils, residual waste,
boxes for construction waste and hazardous waste and paints (Gamma Duiven, personal communication,
October 28, 2019).
The store management regularly orders special Suez plastic bags for plastic foil collection. In these
plastic bags, transparent or black foils are collected, which served as packaging around wooden pallets filled
with products or as an air-filled bag inside cardboard boxes. The company assumes that this bag is being
recycled, but has no real idea about what is happening to this and the rest of their waste streams. Any hard
plastic is absent from the company, except for plastic strips that serve as a ceil around cardboard boxes.
These strips are discarded into the residual waste bin, as they are not allowed in the plastic foil stream. The
store has a compactor for cardboard boxes, but is not using this machine for their plastic waste. In order to
bulk plastic waste into bales they would need storage space for the plastic foil bags, which is not possible at
the warehouse (Gamma Duiven, personal communication, October 28, 2019). Every Monday, approximately
3-4 bags of 200L plastic foil are collected by Suez from the store.
The retailer sees their contribution as the waste separator, regarding the responsibility of
diminishing packaging plastics. In their view, it should be a producer’s role to change types and amounts of
packaging plastics (Gamma Duiven, personal communication, October 28, 2019). As a strategy to reduce
packaging plastics and transportation emissions, Gamma has a logistic center where products are rearranged
to ship to multiple store locations. This means that only one truck per week has to arrive at Gamma Duiven,
with all products packed in hard plastic boxes stacked in metal rolling containers, that can return to the
logistic center and be reused.

Atag
The kitchen appliances company Atag has an office, a logistical center and storehouse at the case study area.
At this site, mainly stretch foils, styrofoam (EPS), wrap foils and bubbly foils are taken from products or used
for repackaging products that are sent to customers for installation (ATAG, personal communication,
November 15, 2019). The logistical center serves as a place for storing, unpacking and repacking large kitchen
appliances, that are delivered there from manufacturers and are sent to distributors and customers.
Currently, the company is separating into the waste streams of plastics, styrofoam, cardboard, confidential
paper, wood, metals, electronics and residual waste. This is collected weekly or is arranged via a trigger that
is sent from the logistics department (ATAG, personal communication, November 15, 2019). In total, a
volume of 550 m3 per annum of styrofoam is collected in bags and picked up by the collector and treatment
company Oosterbeek EPS, free of cost. This material needs to be dry, free of remaining contaminants such
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as glues or other plastics, packaged in transparent bags and not strongly deformed3. Plastic waste as well as
confidential papers, cardboard, wood and residual waste are collected and picked up by Renewi. In 2019, the
amount of plastic waste equaled 9030 kg, mainly consisting of foils (ATAG, personal communication,
November 15, 2019). Next to these two waste streams, a few inputs of plastics can be identified. Packaging
plastics comes into the premises around kitchen appliances or as packaging plastics that has the application
of repackaging products. This latter category consists of stretch foils (PE), bubbly foils (PE), wrap foils and
foam films (HDPE/PUR). Atag receives compensation for EPS and plastic foils that is picked up by waste
collectors (ATAG, personal communication, November 15, 2019).

Media Markt Duiven BV
Media Markt holding is a large electronics retailer throughout the Netherlands. Its store in Duiven is one of
the 50 stores in the country, and its stores are operating as part of the holding. The store in Duiven is offering
a repair service for small electronic devices. This service is offered both from a commercial motive and from
an environmental perspective and has the positive side effect of lengthening the lifetime of devices. As part
of its larger waste management, Media Markt is offering a ‘WeCycle’ recycling street for batteries, lightbulbs
and small electronic waste. Next to this recycling street offered to customers, the store itself separates waste
into streams of cardboard, EPS, plastic foils and residual waste (Media Markt Duiven, personal
communication, November 18, 2019). The waste collector Renewi is responsible for Media Markt its stores
and logistical centers throughout the Netherlands. Firstly, cardboard is put in a compactor and EPS that is
present at the store is being compacted into small bread-sized packages that are collected separately. The
types of plastics that are thrown into the plastic waste stream vary from transparent to black plastic foils and
bags. Cardboard is a value stream, since Media Markt is compensated for this, opposed to EPS and the plastic
foil stream, which have a small cost (Media Markt Duiven, personal communication, November 18, 2019).
Media Markt their positive attitude towards sustainability in general is a strategy endorsed from the
higher management (Media Markt Duiven, personal communication, November 18, 2019). The local
manager sees his contribution as pursuing and controlling this strategy, of for instance, separation into
different waste streams at the local Duiven store. Generally, the electronics store’s supply of products works
as follows. Products are supplied from the general Media Markt logistical center to this store in piled
cardboard boxes packed with plastic ceil foil. Over the years, products have been bundled better into
deliveries per store, so that a smaller amount of packaging is required. Besides more efficient packaging, the
use of hard plastic reusable packaging boxes has increased. Generally, waste management decisions are
made from an economic incentive. Changes in the general way of doing things are possible, if it provides a
positive return for the company. The power of changing packaging material is in the hands of the
manufacturer of the products, according to the local manager (Media Markt Duiven, personal
communication, November 18, 2019). On the other hand, Media Markt holding can also play a role in
pursuing this. However, this is not to the local stores to decide. The company does not see waste
management as a priority, as opposed to for instance sustainable buildings or energy savings. Hence, the
emphasis is on it being a commercial enterprise.

Donders
Donders BV is a fashion retail company in Duiven with around 600.000 products per year. These are mostly
leather products, that have a lining made out of recycled PET and polyester. As part of their strategy towards
changing the packaging of products, the company changed cardboard boxes to hanging racks for clothing
during shipment to their logistical center (Donders BV, personal communication, October 29, 2019). This
would also save some space. The office serves as a logistical center from where products are sent to
customers. The most common types of packaging plastics are clothing covers made out of HDPE, transparent
shipping bags of LDPE and clothing hangers of hard plastic polystyrene (Donders BV, personal
communication, October 29, 2019). Contrary to other companies, Donders has more than one waste
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collector agreement. The plastic packaging waste is collected and brought to the company Dutch Fashion
Support, that has a plastic compressor. This is approximately 5 kg per week and mainly consists of HDPE
clothing covers (Donders BV, personal communication, October 29, 2019). Also clothing hangers are
separated in the warehouse and reused when this is possible. Then, these are discarded into the residual
waste bin. Besides, a flow of plastic packaging can be recognized that goes to consumers, which the
previously mentioned clothing bags.
For implementation of circular economy, according to this interviewee, the mindset of the whole
supply chain has to change (Donders BV, personal communication, October 29, 2019). This is because for
instance, customers of Donders demand to package clothing items in certain plastic covers. Thus, they cannot
influence this problem alone.

Score BV
Score is a large clothing retail group, which holds its main logistical center and office in Duiven. In terms of
its supply chain, firstly wooden pallets with cardboard boxes wrapped in plastic foil are supplied to the center,
unpacked and the waste foils are discarded (Score BV, personal communication, November 8, 2019). Next to
foils, small plastic packaging bags, derived from products, may also be thrown away. Then these boxes are
repacked, wrapped with transparent plastic foil, and sent to clothing stores. In the warehouse, all cardboard
and transparent plastic waste is sorted, as well as wood and old scrap. Cardboard is regularly put in a
compressor. Transparent plastics is first collected in bags and later on put in the compressor. Then, if enough
waste, about the size of a car trailer, is saved up in the warehouse, it is collected by waste collection company
Suez (Score BV, personal communication, November 8, 2019). All stores of Score are subject to this contract
with the same waste collector. With the separation into some monostreams, Score is trying to keep apart
the waste that Suez declares they can use. This is since an employee of the waste collector has made an
estimation in the warehouse which streams were interesting to separate (Score BV, personal communication,
November 8, 2019). Nonetheless, still types of plastic or other material are wasted in the residual waste bin,
such as plastic tie wraps that are put around cardboard boxes. Possibly, these marked streams have been
changed in the meantime, but this was never checked again. Packaging material that comes into the logistical
center is seen as waste, and the role the company takes is separating this waste into useful streams. Hence,
knowing information such as plastic type is not important for them (Score BV, personal communication,
November 8, 2019). Also, the company states that if waste materials are useful, waste collectors should
communicate this straightforward so that separation efforts can be made. The interviewee stated to agree
to separation of waste into different streams, however it should become more transparent and with the right
explanation of how it is treated. For plastics, a treatment fee needs to be paid, while for cardboard a
compensation is received (Score BV, personal communication, November 8, 2019). The treatment costs for
plastics are constantly fluctuating, the company explains. Where a few years ago, a compensation of about
150-250 euro per ton was received, now a fee must be paid. These prices fluctuate each month, but are
mostly negative. Thus, according to the company it is not always profitable to separate waste as a company.
In order to manage this, the company inspects monthly treatment fees of the waste collector, before sending
out the waste streams for collection. Sometimes the plastic waste is saved up in the warehouse for longer
periods.
Making changes in a product order would be possible when this is communicated to the supplier.
However, if that supplier is able to make the change, also for the same price, remains vague. Score states
that for previous requests, about size of cardboard boxes or design of a packing slip, sometimes the supplier
could not meet these requirements. Hence, changing small things may be difficult. If other people will not
give word to these requests, it can be hard to achieve. For example, the meticulous packaging of products is
compulsory when selling via large internet retailers. Score states that as a company, it is expected by different
players in the field to use packaging material.
The company is arguing for a clear description and communication of type of plastics that have good
recycling options. If this would be clearer, the company is more eager to make changes. Score is obliged to
pay the contribution fee to the Afvalfonds for bringing plastic packaging to the market.
Cooperation with other companies would be possible, in the light of a profitable situation and a good
business case. For this, Score is pleading for transparency and clear system of collection and compensation.
In the light of logistics, more separation would be possible in the warehouse. On the other hand, what is
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currently in the way of more cooperation is everyone’s own company interest. Even concerning logistics
alone, enormous costs and interests are currently an issue.

Brilliant Group

The company Brilliant sells and advises on a large quantity of varying hygiene products, mainly for the food
industry. The types of packaging plastics found at the company are stretch foil and small air-filled plastic
bags, that are used for protection in cardboard boxes. Both of these plastics are made out of PE, and are
disposed of in special bags provided by waste collector Suez. This stream of so-called mono foil is collected
at the same time with the cardboard waste. As one of the few interviewed companies, Brilliant had available
data about its waste. This was due to a waste improvement project that the company set up, in order to
investigate cost and sustainable interventions (Brilliant Group, personal communication, November 11,
2019). For the weekly waste collection and treatment, a fee is paid to Suez. For every bag of plastic foils and
bags, this amount is 3,90 euro. If a compressor for this waste were to be used, a larger quantity can be
offered once every so often. These large quantities can qualify for compensation from the waste collector,
especially cardboard. The company is positive about cooperation with other (possibly small) companies in
order to achieve more efficient and possibly profitable waste management.
Other than the rest of interviewed companies, Brilliant themselves have started projects and have
the ambition to become more sustainable (Brilliant Group, personal communication, November 11, 2019).
In terms of circular economy, a project was set up that is aiming for a second life of used disposable overalls.
The company does not see itself in a strong position to change the type of packaging material in consultation
with suppliers, since most of these are from Asia. Only with large suppliers the discussion might be possible
and if it would not raise any costs (Brilliant Group, personal communication, November 11, 2019). Besides,
the purpose of packaging material is important. Sometimes the application of plastics, in terms of safety or
technical, does not offer alternatives (Brilliant Group, personal communication, November 11, 2019).
Suez only offers the possibility for small producers of waste plastics to use their assigned plastic
bags. In other bags, the same foils or small bags are not accepted (Brilliant Group, personal communication,
November 11, 2019). The company argues that change for better waste management needs to come from
companies themselves and cooperatives, not waste collectors. These latter would only have a commercial
interest.

Renewi and Suez

For most companies in the case study sample, waste collection and treatment are executed by the companies
Renewi and Suez. Both of these companies are generally involved in waste collection and separation, where
treatment is outsourced to external companies. The companies Renewi and Suez are operating throughout
the Netherlands with both around 80-100 transfer locations for collection of waste. Suez has two waste
separation plants for consumer waste. The whole system of waste separation, cleansing, treatment and
preferably production of new materials or products is very complex.
Suez is carrying out sorting tests to analyze the types of plastic in their waste, in order to improve
effective treatment and management (Suez, personal communication, November 25, 2019). Much more
than before, these companies try to get involved in the whole chain subsequent to waste collection. This
involves having contact throughout the chain with many different partners, in order to make sure that the
recycling and putting the recycled content on the market again runs smoothly.
Industrial plastics can be subdivided into three different streams, which are consumer packaging
waste, soft plastics and hard plastics. Foils belong to the category of soft plastics. For certain foils that are of
good quality, business models exist (Suez, personal communication, January 7, 2020). Generally, after sorting
the waste, it is brought to treatment companies that continue treating the waste streams. Plastic waste is
sorted, washed and shredded to form flakes. In this process, it is separated into its subtypes with use of
infrared and 3D separator facilities. These are further washed and shredded until granulate is formed, which
is a product that can be used to make new products. Currently, most plastics in the Netherlands are recycled
mechanically, as the capacity for chemical recycling is still underdeveloped. Granulate is also separate for
each plastic subtype. For instance, PE and PP granulate have all kinds of applications. The largest portion of
industrial waste is estimated to be of high quality by Suez, only 15%-20% would end up in mixed granulates
or residual waste that is being incinerated. In terms of quality, Suez is aiming for at least a 80%-20% quality.
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This means 80% transparent foils and 20% foils that contain stickers, printing or color. These foils are then
sorted on the criterium of transparence, so that eventually a 95-05% quality is reached (Suez, personal
communication, January 7, 2020).
Previously, after sorting, the different waste streams were sold and their destination could be
unknown. Today, the companies try to change this by actively analyzing where different waste streams end
up and increasing transparency (Suez, personal communication, November 25, 2019). Next to this, Suez is
also in contact with actors in the plastics production and application supply chain. For instance, the
connection with Circpack, a company aiming for the adoption of more sustainable packaging types and
materials. Besides this, they try to influence the problem of using recycled granulate for food packaging,
something that is a reoccurring issue in plastic packaging recycling. This is because in some cases due to food
safety regulations, recycled plastics may not be used in the application of food packaging. The actual recycling
of plastics is not the core business of Suez and Renewi, this is being outsourced to external companies. Within
waste management, the topic of volumes is very important. Transport is an expensive component of the
treatment and collection costs of waste. Costs of transportation could be lower when a route can be made
with multiple clients of the waste collector can be served. In addition to transportation, the quality and
quantity of the plastics determine the price, where at least a 80%-20% quality has marketing options (Suez,
personal communication, January 7, 2020).
Within Suez, a distinction is made between three types of plastics: consumer plastic, industrial
plastic and hard plastic. For the industrial plastic waste stream, there is no fee system such as for consumer
packaging, arranged through the Dutch Packaging Waste Association (Afvalfonds). For sorting and treating
industrial waste, a separate treatment line needs to be set up. This is because the Afvalfonds pays for the
amount of sorted material, when the products that are sold to different treatment companies after sorting
and washing. Thus, a sorting line can only be used for one type of waste, which means that consumer and
industrial waste streams cannot be mixed. This can hinder appropriate sorting into useful streams. To fix this
issue, Suez is bringing industrial waste to a partner who has the capacity for a double sorting line. The fact
that no fee system is existing for industrial waste, means that companies have to pay for the treatment of
their waste. In this way, costs are high for the proper sorting, washing, recycling and repurposing of waste
streams, especially for plastics. So, on a material-technical level, consumer and industrial waste streams can
be the same type. Nonetheless, since the source of the waste differs, collection and treatment companies
handle it differently.
In the waste sector, thinking big is required according to the waste collection companies. This also
applies to the implementation of a circular economy, since it would be impossible to have a parallel regional
economy of materials next to a global economy (Suez, personal communication, November 25, 2019). For
waste, local treatment and marketing is not working, due to the lack of a stable market demand for recycles.
Everyone in the waste collection and treatment sector is dependent on each other, thus cooperation is vital.
Trust is of high concern in buying plastic waste from companies, as a whole batch may be rejected for
recycling when contaminations are present. Hence, it is essential that companies separate properly, which is
not happening yet. The collection companies claimed that if this would happen, great steps can be made.
According to the knowledge institute for sustainable packaging, industrial waste plastic is an
interesting stream for recyclers. This is due to its minimal contamination, which has advantages for recycling.
However, for some of the produced granulates, no market yet exist. Waste companies feel that there is a
responsibility here for the government to have a larger role in purchasing circular materials and products.
This would help to increase market demand for recycled plastics. Next to that, Renewi advocates that more
recycling capacity is needed in Europe. For this company, plastic foils are a profitable stream (Renewi,
personal communication, November 27, 2019).

4.2 Quantification of Packaging plastics at Centerpoort-Nieuwgraaf

Data gathering was done according to the Methodology and quantification according to the method
described in Chapter 3. Here after, the quantification method will be followed.
Firstly, Step 1 of the method, selection and description of study problem and definition of the system
boundaries was executed. This is the problem analyzed in the case study; analysis of the flow of packaging
plastics at Centerpoort-Nieuwgraaf in Duiven. As described in Methodology, the system boundaries are
including the sample of researched companies at the research area. In Table 5 below, Step 2 of the method,
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identification of materials, stocks, flows and processes within the system was executed. The material,
packaging plastics, has been previously specified as part of the description of the study problem. Next, the
flows that were recognized are again depicted in Figure 5. But, not at all six companies all four flows were
present, due to company type. Then, the types of packaging plastics were specified in the companies where
possible. Sometimes, a subdivision in types of plastics could not be found and here it was estimated on the
basis of what was similar at other companies or specified as unknown. What can be seen in general is that
types such as foils and wrapping bags were found. But also sealing straps were found regularly, which ended
up in the residual bin. As to waste collectors, these are quite varied among the companies, with Suez and
Renewi as the two most common. Despite of this variation, both collectors accepted waste resulting from
the use of the methods of a waste press and bags.
Table 4: Sample companies and their most common application and type of plastics, waste collector and waste collection. Not
every application of plastic ends up in the same waste collection bin.

Company

Application of plastic

Types of plastic

Waste collector

Donders BV

Clothing bags

HDPE, LDPE, PS

Ter Horst

Score BV

Blank plastic foils,
small plastic bags,
shipping bags for
clothing, ceil strips
Blank and black
plastic foils,
Styrofoam
protection material,
ceil strips
Blank mono foils
Foils transparent
and black, ceil strips
Wrap, stretch and
bubbly foils and
other small
packaging bags,
Styrofoam
protection material

HDPE and LDPE

Suez

Bales through
waste press

EPS, LDPE

Renewi

Bales through
waste press

PE
Unknown

Suez
Suez

Bags Suez
Bags Suez

PE, EPS, PUR,
LDPE, (HDPE)

Renewi

EPS in bags
Other plastic in
bags

Media Markt Duiven BV

Brilliant
Gamma Duiven
Atag

Way
collection
Unknown

of

Then, according to the quantification method, step 3 was executed and the packaging plastic flows on a
company level were assessed and calculated. These are displayed underneath per company and will be
discussed.
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Figure 5: Identified inflows and outflows as described in the developed measurement methodology.

21

Gamma
As described in the previous subchapter, Gamma Duiven is a store that sells construction material and
utensils. This means that no repackaging is done at the storehouse, which results in the fact that inflow D is
not present here. At Gamma, the data of outflow H was known, and inflow A and outflow E are unknown.
Due to sensitivity, sales numbers of products could not be shared and due to the large variety in products,
packaging weight per product highly differs. This caused the missing data for inflow A and outflow E.

A: unknown

Gamma Duiven

E: unknown

H: 1.79 kg/y

Atag
At kitchen appliances retailer Atag, a large variety of types of packaging plastics and their applications can be
found (Table 5). Next, a few numbers could be measured or were provided. Purchasing data of products was
unknown, thus inflow A could not be quantified. Next to that, waste collector data was known for the streams
of EPS and transparent foils. For inflow D, empty packaging plastics, some information was known but not
sufficient to come to a number. What is known, is that at least part of inflow A results in outflow E, and the
total inflow of D results in outflow E. Nonetheless, their ratio is unfortunately not possible to figure out.

A: unknown

Atag

E: 36,5 kg/y

H: 0.28 kg/y

D: unknown

75,2% EPS
24,8% plastic foils

Media Markt
At the local Duiven store of electronics retailer Media Markt, one waste stream of EPS was indicated and one
waste stream of mixed black and transparent plastics. In the same way as Gamma, the retailer only serves as
a selling venue for products, thus inflow D is not present here. Purchasing data could not be gathered, so
flows A and E were not possible to calculate.

A: unknown

Media Markt

E: unknown

Duiven
H: 5.52 kg/y

65,2% EPS
34,7% other plastics

Donders
As Donders BV serves as a logistical center, as previously described, two inflows and outflows can be seen.
At the company, a few types of applications of packaging plastics were recognized and the type of plastic
could be traced. As seen in Table 5, the types of packaging plastics found here were HDPE, LDPE and PS. Data
was known about the amount of two types of clothing bags (LDPE, HDPE) that were sent to customers. Then,
the weight of these bags was looked up in order to get to the numbers found below. Inflow D is assumed to
be equal to outflow E, as it was known that empty clothing bags were bought and their destination was to
customer sales (thus outflow E). Then, outflow H of waste plastics was quantified and its source should be
inflow A, as waste thrown away from packaged products.
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A: 0.28 kg/y

Donders BV

D: 0.12 kg/y

E: 0.12 kg/y

H: 0.28 kg/y

Score
At Score, all inflows and outflows that depicted in Figure 5 could be recognized. Next to this, the company
shared the amount of kg of plastics for which they paid a contribution to the Afvalfonds. This was 16094 kg
of plastics in 2018. The waste flow H, contained of a total of 9240 kg in 2018. Besides this, the amount of
stretch foil rolls was measured at the company, which totaled 60-70 rolls p/a. At this company, additional
data was needed in order to calculate the plastic flows. With the use of sources about the weight of the type
of stretch foil used at Score, the total inflow D of stretch foils could be calculated. A comment needs to be
made here, that inflow D is at least the given number below, but could possibly be more. This is, if other
types of incoming empty packaging plastics (thus inflow D) are present, but were not named by the
interviewee. Then, it is of importance where the weight for the contribution given to Afvalfonds was based
on. As described in the Quantification methodology, it is assumed that this number was about all incoming
plastics. As the sum of inflow A and D equals outflows E and H, subsequently inflow A and E can be calculated.

A: 14.99 kg/y

Score BV

D: 1.09 kg/y

E: 6.85 kg/y

H: 9.23 kg/y

Brilliant
Waste data of plastic foil waste bags was known in volume and needed to be converted to tons per annum.
For this, the average weight of a 400 L bag was estimated by the company at 6 kg. Inflow D is all stretch foil
that is used to wrap pallets that are transported to customers. Thus, although inflow A is unknown because
of missing purchasing data, outflow E is at least 1.5 t/a, but probably more.

A: unknown

D: 1.5 kg/y

Brilliant BV

E: at least 1.5 kg/y

H: 2.28 kg/y
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5 THE CASE STUDY: ANALYSIS OF THE PLASTIC FLOW
In this chapter, the analysis of the case study is discussed. First, the material flow diagram of packaging
plastics of the system in Duiven is presented and elaborated upon. Then, actors and the outcomes of the
analysis of the interviews with respondents are discussed. The analysis of the interviews is subdivided into
different themes, that are most important when moving from a linear to a more circular system of packaging
plastics at Centerpoort-Nieuwgraaf.

5.1 Analysis of packaging plastics at Centerpoort-Nieuwgraaf

In Table 6, all types of plastics and their presence at specific companies are specified per company type. As
can be seen, at most retailers with the same company type, similar applications of packaging plastics can be
found. For instance, at both clothing retailers plastic clothing hangers were present. Subsequently, at all
stores, stretch foils and ceil strips could be found. Nonetheless, for the whole business park these results are
not significant as the sample size was only 6 companies. Thus, when looking at plastics per company type,
these results should only be interpreted as an indication.
Besides that, the different categories of plastics as can be seen in the lowest row of Table 6, consist
per plastic type mostly of the same category of plastic according to the Plastics Identification Code System
(ASTM, 2019). This is not exclusively the same type per category, as different types of stretch foils exist, for
instance linear low-density polyethene or normal low-density polyethylene.
Table 5: Specific types and applications of plastics present at the sample companies, Centerpoort-Nieuwgraaf 2019

Stretch
foil
Donders
BV
Score
Atag

Brilliant
Gamma

Media
Markt
Plastics
category:

Company type
Clothing retailer,
logistical center
Clothing retailer,
logistical center
Kitchen
appliances,
logistical center
Hygiene products,
logistical center
Construction
appliances and
materials retailer,
store
Electronics
retailer, store

Ceil
strips

X

X

X

X

Bubbly
foil

X

Styrofoam:
EPS

X

X

Airfilled
bags

X

Packaging
bags

Clothing
hangers

X

X

X

X

X

X

X

X

X

X

X

LDPE

Hard
plastic

EPS

LDPE,
HDPE

LDPE,
HDPE

In Figure 6, the total system of the flow of packaging plastics at Centerpoort-Nieuwgraaf is displayed in a
material flow diagram, as analyzed in the program STAN. Nonetheless, for this study, statistical methods from
the program could not be used as the system made in STAN could not be calculated completely, due to too
much missing data. Hence, the program STAN is used in this study to display, rather than calculate the case
study system of Centerpoort-Nieuwgraaf. Underneath, the system, its processes and flows will be described
in detail.
The diagram consists of multiple processes (blocks), flows (arrows) and the system boundary (dotted
line) as can be seen in Figure 6 in the legend. When known, the quantity of plastics was filled in the program
and shown in tons over the year 2018. Unknown flows are displayed by a question mark. The thickness of
the lines shows the amount of the flow (tons), hence, the thicker, the more plastic packaging. A large
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difference that can be easily seen is the difference between plastic waste of SMEs and larger retailers. This
is shown in for instance, the difference between the outflows of Donders BV and Score. Furthermore, it is
shown that three of six sample companies are contracted with Suez, two are with Renewi and one has a
different waste collector. As Suez and Renewi were respondents in this study and the other waste collectors
were not, only these two are shown inside the system boundaries. The data of flows that are mainly lacking,
are explained by missing sales data that is needed for calculation of the inflow of packaging plastic around
wrapped products. As presented, the current system provides large streams of waste plastic for recycling.

Figure 6: System of packaging plastics at Centerpoort-Nieuwgraaf, over 2018.

As seen in Table 5 and Figure 7, large waste flows present itself within this system for recycling. These flows
mainly consist of transparent plastic foils, which belong to the group of LDPE of the Plastics Identification
Code System (ASTM, 2019). In total, plastic waste was 24542 kg over 2018.

5.2 Actors

The system of all actors and their influence at Centerpoort-Nieuwgraaf displayed in Figure 8. In the picture,
the system boundary is displayed by the yellow dotted line. First of all, there are different types of companies
at the business park Centerpoort-Nieuwgraaf. In the case study, these are mainly retailers of consumer
products, but also logistical centers and offices are present. Two groups can be recognized; logistical centers
of retailers, and retail stores. Next, waste collector companies are active at the business park. These do not
hold office here, but can be seen as active inside the system. On a smaller level, the municipal government
also influences these actors with regulatory schemes and the execution of laws. Besides that, the European
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and National government is influencing companies, producers, waste collectors and treatment companies
by law and regulation concerning for instance the use of plastics and general waste management. Also, the
local association for medium and small enterprises (MKB Duiven) plays a role, in a way that most local small
to medium-sized enterprises (SMEs) are connected to it. MKB Duiven has been shown by the yellow colored
rectangle in Figure 8, and is active within the system boundaries. Nonetheless, as can be observed not all
companies are connected to it, mainly for the reason that they are part of a larger holding or franchise.
Next on, there are many actors who have a less direct influence on the system of packaging plastics
at Centerpoort-Nieuwgraaf. Transportation companies, customers and manufacturers of products play a role
in shaping the economic market, supply and demand for packaging plastics. As they are of influence to the
system, but are left out of the research scope, these are shown outside the system boundary.

Figure 7: Actors and relations of the system of packaging plastics at Centerpoort-Nieuwgraaf

5.3 Analysis of the interviews
Waste stream
Packaging waste that is disposed of in the offices, stores and services sectors is called industrial waste. This
waste is either being separated at the office or store in certain monostreams or is post-separated at a
treatment company. Afterwards it is being sorted and treated according to its value. The treatment
companies have shown to be different private companies. At most companies, different types of waste are
separated in designated bins, as is plastics. Hence, it can be recognized that all companies had waste
management systems in order. These were mainly in order because of advice of the waste collector and
because of habituation. In all cases the waste management involved a separate stream of plastics, either
mixed or only transparent plastics. These plastic packaging items are used for the purpose of preventing
product damaging. As the companies use a considerate amount of wrap foils and packaging bags, all
companies still use disposables mostly over reusables. Only one company indicated that sometimes a plastic
bag of some kind is reused, which was about 5-10% (ATAG, personal communication, November 15, 2019).
Largely, companies viewed used packaging plastics as waste, and feel that the correct separation of this
waste is their main responsibility, as was indicated by Media Markt (personal communication, November 18,
2019) and Gamma Duiven (personal communication, October 28, 2019).
At the business park, also small stocks of packaging plastics can be recognized since not all empty
packaging material is used for its application immediately. Therefore, some delay in the use of this packaging
plastics can be recognized; due to the irregular flow of products, the amount would not be the same for
every day or month. This means that the flow of packaging plastics at the business park is not always the
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same, at some companies it is dependent on the season and is thus product-related. An irregular supply of
plastics is bad for further treatment and recycling, as a constant flow of plastics is necessary for a wellfunctioning market (Suez, personal communication, November 25, 2019).
Next, from the interviews it appeared that only certain types and amounts of plastic waste get
compensated by waste treatment companies. As prices for plastics are differing monthly and are set by waste
collectors, companies can check when monthly prices of the plastics are high (Score BV, personal
communication, November 8, 2019). This sometimes incentivized companies to save up bags with plastic
waste, until they had collected enough. At large companies, cardboard and bags of plastic are being put in a
press to ease the transportation of it. In this way, a company can collect these pressed bales and offer them
to the waste company when enough is saved (Score BV, personal communication, November 8, 2019). Thus,
companies wait until the price levels for plastic prove to be beneficial financially. This is done in order to
make it most profitable for the company. Besides, if one can press solid waste into a smaller volume, it takes
less storage space and companies can save up their solid waste in order to bulk and offer a larger weight.

Information
Part of the interview questions was set up to test information and knowledge present at the companies,
about the topic of this thesis. It is interesting to state that companies have an idea about what the concept
of circular economy means, but view it as part of general sustainability. Their main focus lies on other
components of the concept of sustainability, such as energy consumption and sustainability of the building
(Media Markt Duiven, personal communication, November 18, 2019). As to the topic of waste, the only
practice that companies invested some time in was waste separation. A lesser focus was placed on the
practice of waste reduction.
Additionally, in general local managers were doubtful what is really sustainable (Score BV, personal
communication, November 8, 2019; Media Markt Duiven, personal communication, November 18, 2019).
Interviewees were often unfamiliar with which choices were best, for instance when speaking about waste
management or energy reduction. Next to that, a lack of knowledge existed about the collection practices at
the companies or general waste policy. For instance, ATAG (personal communication, November 15, 2019)
and Media Markt Duiven (personal communication, November 18, 2019) were unknowing, when first asked,
of their waste collector. Besides, others were in the dark about the treatment of their waste. They generally
assumed that all their plastic waste was high-quality recycled. Currently, the waste collector practices are
seen as vague and nontransparent. Thus, knowledge about sustainability, particularly to waste collection and
treatment should increase for companies to make decent decisions.
Next, the appearance of some plastics causes confusion about their proper disposal place (ATAG,
personal communication, November 15, 2019). As argued by multiple respondents, plastics should be
designed in a way that they become more easily recognizable for proper separation. According to the
interviewed retailers, here, a large responsibility for waste collection and treatment companies comes up.
For instance, Score argues that there has to be a clear policy from the waste collector and treatment
companies in which materials they would like to have separated. (personal communication, November 8,
2019). Besides, companies indicate that they are confused by different policies for industrial and commercial
waste. A proper description of a plastics policy would contribute to better information at the companies. This
would stimulate better separation, argued by a waste collector (Suez, personal communication, November
25, 2019). A plastics policy would describe the requirements that have to be met, how plastics is best
separated and delivered for recycling and which types are best recyclable. In addition, a limitation of used
types of plastics and larger treatment possibilities is argued for better recycling (Suez, personal
communication, November 25, 2019). This is because less types of plastics used reduces separation efforts
and contamination issues, for instance contamination due to multi-layered packaging.
Also, more transparent communication is needed about what happens to the collected waste
streams and different materials. For instance, the waste collection company Suez asks its clients to use a
specific type of plastic bag for collection. A retailer argued that other bags could be more useful or can collect
more waste, but Suez only accepts their assigned bags. This is mainly because transportation takes up a large
portion of total costs for the collector and these bags provide themselves helpful for further collection and
separation of the different types of plastics (Suez, personal communication, January 7, 2020). This is a
message that should be communicated to retailers, to enlarge understanding.
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Collaboration

In the case study it was observed, that for some issues that were present, collaboration could provide part
of the answer. For instance, the issue of scale of organization was found to be important. For each company
at Centerpoort-Nieuwgraaf, making an impact is different, which is dependent on their size. For instance, for
small to medium-sized enterprises, making a difference in how things are done can be quite costly, but it can
be easier to implement (Brilliant Group, personal communication, November 11, 2019). However, for a large
company, or a company that is a franchise or part of a holding, making changes is probably a concern only
attainable by the higher management (Gamma Duiven, personal communication, October 28, 2019). Besides,
it was indicated that some businesses increased their engagement in sustainability because of initiatives by
the Duiven organization for small to medium-sized enterprises (Brilliant Group, personal communication,
November 11, 2019). These initiatives were for instance focused on energy consumption or litter at the
business park. Hereby, it is indicated that scale disadvantages on the micro-scale may be overcome by
cooperation in for instance these organizations, which are able to use their influence on a meso-level.
Next, there is a need for new business cases which can sometimes be nourished by collaboration.
For instance, at the micro-level, where a waste press could be beneficial for plastics recycling and the use of
reusable crates is an innovation that reduces the use of packaging plastics. Firstly, it was already mentioned
that some companies save up plastic waste, which may benefit themselves economically and benefits the
market by supplying larger volumes. However, some companies were not in the position to use a waste press,
either economically or due to their logistical space (Media Markt Duiven, personal communication,
November 18, 2019). Thus, the strategy previously described as seen at large companies, was not possible
here. Some companies mentioned that the purchase of a solid waste press might change this situation. For
this issue, the solution could be cooperation of multiple companies together. If companies are cooperating
for their waste management, they are also in a stronger position to make agreements with waste treatment
companies, who are in a strong competitive market.
The second example is an innovation seen in the field of the use of plastic reusable crates, to replace
wooden pallets and wrap foil around products. As mentioned earlier, packaging plastics are currently used
for single use, especially ceil foils or stretch foils and small bags. Reusable plastic crates are changing this
situation, as they are used for the purpose of packaging the products that resupply storehouses. These were
seen at the companies Media Markt Duiven and Gamma Duiven and are used in a reuse system of the central
warehouses of the holdings. This is an example that could be applied to more companies at the business
park. In general, these examples seen in the case study area, indicate that win-win situations for profitability
and environment are most beneficial.
The reusable crates example is an innovation that can be scaled up by acceptance of the market
with use of a good business case, and by collaboration between actors in a supply chain of a company and
their products. Both the waste press and reusable crates examples indicate that good business cases are
nourished by collaboration, either between companies at a business park or between actors in a larger supply
chain. Hence, such examples should be better communicated and can serve as inspiration to others, in order
to sustain broader collaboration.
Nevertheless, still some collaborative barriers can be identified. Despite of a good business case,
changing for instance the type or way that products are packaged in plastics remains hard. Multiple times it
was indicated that suppliers of some companies are not eager to cooperate because of diverse supply chains
or because of certain demands from market players. For example, large retailers or transport companies are
obliging other companies to properly package items in order to assure their quality and novelty. This is an
issue that a company named as one of the reasons for their large use of packaging plastics (Score BV, personal
communication, November 8, 2019). Besides this, innovative ideas can be held back because of contracts
and large players in the market. According to AVR, local chains are hard to connect because many local
companies think global and are not interested in local solutions (AVR, personal communication, November
26, 2019). Next, contracts can make it difficult for retailers to switch waste collectors.
As collaboration stays behind because of these barriers, trust in fellow actors in the system is much
needed. Here, transparency is seen as important because every company has its own interest. Every market
player is stuck in its own vision and interests, withholding them from innovative change (KIDV, personal
communication, December 12, 2019). If these players would be more transparent, more collaboration could
be achieved. Next, it was seen that companies are open to new models of waste management, for instance
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by cooperation of multiple companies or with the use of new business models. As argued by many companies
and organizations, these latter are needed to start the change and make progress.

Responsibility

As stated before, most of the companies see their role in the responsibility of packaging plastics as the one
who is caring for proper separation, eventually for treatment. Generally, no further responsibilities are seen.
For instance, Media Markt Duiven (personal communication, November 18, 2019) argues that the
packaging plastics that leaves via a transport company is not their responsibility anymore. Also, the
responsibility of reducing waste by using other materials or another type of packaging plastic was not seen
as theirs by the companies. Companies that are in a holding were stating that the responsibility and power
to make a change in packaging material lays at the holding (Gamma Duiven, personal communication,
October 28, 2019; Media Markt Duiven, personal communication, November 18, 2019). Possibly, a certain
power could be reached if the holding makes such a decision. For solutions other than optimal waste
management, most companies argue their position is not adequate to have influence. Solutions such as
changing packaging material need to be deployed from the manufacturers side (Score BV, personal
communication, November 8, 2019). Also packaging that is delivered to customers, is not seen as
responsibility of retailers anymore. Although, this latter is a case that is covered by the extended producer
responsibility (EPS) legislation, other cases are not properly covered as discussed in Rules and Regulation.
Here we can see that responsibility can be intrinsic or assigned to stakeholders by laws and regulation. What
became apparent from the case study at Centerpoort-Nieuwgraaf is that actors in the system are still pointing
at each other for responsibility, instead of taking it (KIDV, personal communication, December 12, 2019). On
the one hand there is a feeling from a waste collector that companies lack an understanding about the
importance (Suez, personal communication, November 25, 2019), on the other hand a company indicated
that they feel waste collection companies only act from a commercial point of view.
Some companies however do take responsibility, by for instance analyzing their own waste management
practices in an internal study (Brilliant Group, personal communication, November 11, 2019). This company
showed that there is a growing need from customers to become more circular and take sustainability into
account. These kind of internal environmental improvement initiatives were mostly because of intrinsic
company motivation and clear environmental objectives. Nonetheless, most of the companies indicated that
currently, drastic changes such as diminishing the use of plastics or other environmental issues, were not a
priority. As long as consumers want to pay the lowest price, the company has to pay for inevitable additional
costs that come up with product changes. Customers and most companies are not ready to take financial
responsibility for these kinds of issues. Hence, intrinsic internal company motivation seems to be essential
for a company to take responsibility.

Rules and regulation

Also legislation turned out to be a theme of importance, both shaping and fostering action, as well as slowing
down circularity. A company that brings more than 50.000 kg of packaging plastics to the market, is obliged
by the Dutch Afvalfonds to report the quantity of plastic packaging going to consumers and pay a contribution
tax to this organization accordingly (see Appendix 2). However, industrial waste such as packaging plastics
seems to fall outside of legislation (Suez, personal communication, January 7, 2020). This lack of fee system
has as a consequence that industrial waste is costly to recycle. Next to financial consequences, the regulation
also has organizational consequences for proper recycling. Due to the current system of fees, commercial
and industrial waste may not be mixed in separation facilities of waste collection and treatment companies
because it complicates the reimbursements given (Suez, personal communication, January 7, 2020). This
means that a separate processing line needs to be set up for industrial waste treatment. Just because the
waste comes from a different source, it is handled differently in the waste management system. Thus, the
lack of capacity that is currently present for the treatment of industrial waste has as the effect that treatment
may be more expensive. The rules and regulations with the Afvalfonds are described by interviewees as
vague and complex, since different tariffs and compensations exist for a multitude of flows for consumer
waste (Suez, personal communication, November 25, 2019; KIDV, personal communication, December 12,
2019). An appropriate solution needs to be found for industrial waste, as currently no real regulating
instrument seems to exists for the execution of EPS for industrial packaging plastics.
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Next on, according to AVR (personal communication, November 26, 2019) current legislation on
waste is sometimes hindering the application of recycles into new products, hence counteracting the CE
principles. This is for instance happening to waste that treatment companies want to bring back to the market
as a product. In order to do lawfully this, one needs to file for an end-of-waste status at the government that
is difficult to obtain (AVR, personal communication, November 26, 2019).
According to some large retailers, the government should play a definite role in steering towards
increased sustainability, otherwise nothing happens (Score BV, personal communication, November 8,
2019). This would mean top-down implementation by laws and regulation.

Leadership
As described earlier, scale differences apply to the implementation of CE at the different companies. If the
company is part of a larger holding, the local manager is responsible for controlling the environmental
strategy set out by the higher management. Nonetheless, with most of the interviewed managers, no feeling
of a general communal interest for improvement was found. A SME that is an example of sustainable
initiatives in comparison to the other interviewed retailers, claims that enthusiasm from the management is
essential. This company analyzed their waste management strategy, to improve internal company matters.
The leadership that is taken here, could be seen as encouraging for other initiatives and actors in the chain.
This SME felt that entrepreneurs should take a leading role. Here, always a certain time investment is needed
to make a change (Brilliant Group, personal communication, November 11, 2019). As was argued previously,
environmental issues thus seem of importance if there is intrinsic motivation of the management or single
entrepreneur of a company to get involved. This can also be fostered by the demand of the customer base.

Conclusive remarks

In general, the plastics chain is very complex, due to large variability in types and applications, contamination,
organizational features and other inevitable characteristics of the system. On the organizational side, it
became apparent from the interviews that emphasis needs to be laid on transparency, cooperation and trust.
Currently, the discussion about the concept of circular economy is there, but rapid action is lacking. Multiple
parties argue that something needs to change, but inaction of other parties is given as an argument for their
own inaction. Openness, collaboration through the whole plastics supply chain and having more
conversations is indicated to be important. Likewise, in the waste collection and treatment sector, as
everyone is dependent on each other, cooperation is vital. This is important not only with companies at a
local level inside the business park, but also with governmental authorities. Good examples and innovations
need to be emphasized and shared in a clear and open way. According to some, this has already started to
improve gradually over the last 5 years (KIDV, personal communication, December 12, 2019). Still,
improvements can be made that could lead to a more circular material flow of packaging plastics. These are
presented in the recommendations.
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6 DISCUSSION
In the following chapter, the outcomes of the case study will be discussed in a wider literature context. First,
limitations of the study will be clarified and challenges and opportunities that became apparent during the
analysis of the case study will be discussed. Lastly some recommendations to improve circularity at the case
study business park will be shared.

6.1 Limitations to this study

Limitations to this study can be recognized conceptually and methodologically. The latter limitations are
about case study research, the quantification method developed and MFA as proper instrument to get insight
to waste streams. In this section, these will be discussed accordingly.

CONCEPTUAL LIMITATIONS OF THIS STUDY

In this study, only reuse and high value recycling (into its original or comparable products) were analyzed and
considered as opportunities for a more circular plastics flow. Such an application could be beneficial for
circularity or could even be more favorable in terms of for instance energy conservation of the material. For
instance, recycling technologies for plastics may require a high energy input (Tanzer et al., 2019). This could
mean that eventually, the environmental net benefits of recycling the material might be lower than other
purposes. Nonetheless, this research had its boundaries and thus such features could not be considered. But
for instance, reuse of plastics as feedstock for other industrial purposes was not considered. This was because
of the research delimitation. As my study mainly focused on packaging plastics and its reuse or collection at,
or close to, Centerpoort-Nieuwgraaf, any technical recycling scenarios were out of scope. It would have cost
too much time to also include this aspect.
Another tension that was recognized during the study, is concerning the application of the material.
Packaging plastics is used for protecting and maintaining the quality of products. The purpose of this
application needs to be balanced with limiting the amount of packaging material benefitting the
environment. Product loss also has a certain negative environmental impact. In this way, making something
more circular, could also mean using more or better material, that might have a larger environmental impact
than disposable plastics. This is a consideration that needs to be considered for further research. The
consideration of the environmental impact of decreasing the amount of packaging plastics and product loss
could be a study in itself. This is why this could not be included in my study. Despite of these limitations, my
thesis attempted to do the best feasible under my research constraints.

METHODOLOGICAL LIMITATIONS

Next, some methodological limitations can be recognized. Firstly, the case study research design that was
chosen has some limitations. Often it is argued that the external validity of case study research is low
(Bryman, 69). Low external validity is limiting the application of the research conclusions to a context outside
of the study itself. Hence, this cannot be generalized to other situations or the whole population (Bryman,
2012). Next, case study research is hard to replicate. Its inability of replication also causes problems for
generalization. However, the purpose of case study research is likely not a generalization to other cases
(Bryman, 71). A single case could not be representative for all general situations of business parks. Still, my
research explains the situation at one of these business parks and gives insight on a material flow and
organizational level. It shows characteristics of the system of packaging plastics, for instance plastic types,
that are likely to be the same at other retail companies. In this way, it might be applicable to other Dutch
business parks and packaging plastic flows through businesses. In order to validate this applicability to other
Dutch business parks, more studies such as this thesis need to be conducted at other areas.
Furthermore, some limitations can be recognized in conducting the interviews. An often-argued
critique of qualitative research is that it is too subjective (Bryman, 2012, p. 205). This is due to all perceptions
of social actors that are taken into account, but also due to the research that was subjected to the choices
of the researcher. Besides, interviews could be influenced by opinions of the individual respondents, so they
might not completely reflect the stance of the company. Thus, reliability is dependent on the answers
provided by the respondents. Moreover, they could be partly influenced by interpretation or translation into
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English. Despite of these arguments given for the subjectivity of interviews, the multiple perceptions of the
interviewed respondents combined, provide the best objective description of the case study possible under
the constraints of my study. A better description could be done when including for instance more
respondents, more varied company types and more varied company sizes. But, semi-structured interviews
provide very rich information and offer the opportunity to justify previous information (Almeida et al., 2017).
For the problem analyzed in the case study in this thesis, interviews proved to be the best research method.
This was under constraints of time of the study, limited access to and non-response of respondents.
A third limitation to this study was the lack of quantitative data on the packaging plastics flow
available. This lack of data required the development of a quantification method that could be used to
estimate the flow of packaging plastics at the business park. Still, two flaws in the developed quantification
method of this thesis can be recognized, and one concerning data. These flaws could have altered the
quantified data given in Chapter 4 and 5. As a first flaw, the method is based on assumptions that are
emanating from generic MFA methodology and the approach taken by the Afvalfonds. This latter approach
has some flaws, as the approach needs to be applicable to a large range of company types and is thus not
tailored to the retailers as seen at Centerpoort-Nieuwgraaf. Because of this non-applicability to my case
study, the approach taken by the Afvalfonds was altered for the quantification method developed in my
thesis. A second possible flaw that can be recognized in my quantification method has to do with the model.
A model with two inflows and two outflows of plastics was used, with no stock present. Although this method
tried to capture packaging plastic flows as realistically as possible, still a gap between system model and
reality may exist. Then, for the quantification of data, a limitation was the replicability of data with the same
conditions for a different year (Almeida et al., 2017). For another year, data might differ because of
companies’ sales figures, a closer measurement or other business factors. But then again, replicability of data
was not my aim, since this study only provided coarse estimates about the packaging plastics flow at
Centerpoort-Nieuwgraaf.
Lastly, in literature discussion remains about the best appropriate method to quantify the concept of
CE. Many different indicators and methods are used to measure CE (Gao et al., 2020; Haas et al., 2015;
Millette et al., 2019; Pauliuk, 2018), of which MFA is only one. In this study, MFA is used as a methodological
approach to measure the flow of packaging plastics. In this way, MFA is used as an approach to give insight
into physical flows in the circular economy. As mentioned in the introduction, Tanzer et al. (2019) argued
that MFA does not cover all aspects of CE. In this study, an adapted MFA methodological approach is only
applied to the use and recycle phase. In this way, it does not measure the implementation of ‘circularity’ as
a whole. Circularity implies a whole circle, thus take, make, dispose and recycle, reuse or recover. My study
mainly focuses on extended waste management of packaging plastics at the business park. This extended
waste management, focused on the disposal phase, could be seen as one of the first steps towards circularity
(Geng et al., 2008). Besides that, due to the system boundaries of the business park and time limitations, this
study could not have analyzed all phases of circularity. Thus, despite of limitations, the way in which this
thesis was conducted was best under the constraints discussed. Furthermore, it gives important insights into
challenges and opportunities of the current system of packaging plastics.

6.2 Challenges and Opportunities of the current system

The themes discussed in Analysis of the case study may be considered as challenges and opportunities of the
current packaging plastics system. These will be elaborated upon underneath and illustrated within a wider
context of CE.

CHALLENGES

In this section, the challenges that were identified will be discussed according to their theme of Recyclability
and value of packaging plastics, Information, Collaboration, Responsibility and Rules and Regulation.

Recyclability and value of packaging plastics

A barrier to make the flow of packaging plastics in a business park more circular is recyclability. This can be
done both technically and economically. Firstly, the quantity of packaging plastics at the business park could
be seen as a barrier to circularity. Currently, for most companies in the case study their offered volume of
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packaging plastics was not large enough to receive compensation from a waste collector. This is because the
topic of volumes is very important in waste collection and treatment (Renewi, personal communication,
November 27, 2019). An irregular supply of plastics is bad for further treatment and recycling, as a constant
flow of plastics is necessary for a well-functioning market (Suez, personal communication, November 25,
2019). An irregular flow of peaks and lows is difficult to manage and cause additional cost (Paletta et al.,
2019). Besides that, the KIDV indicated that currently, too much recycled material is offered on the market
(personal communication, December 12, 2019). This means there is a surplus of some recycled material
streams. Hence, if a waste stream is not the appropriate volume or supplied irregularly, economic
competitiveness can be affected. If this is negative, the waste stream is too expensive to recycle. Besides
that, low prices of virgin materials are said to influence poor competitiveness of recycled materials (Mont et
al., 2017).
Technically, according to Castro et al. (2007), unavoidable losses of material quality are to be
expected when a material is subjected to multiple cycles. This results in lower quality of the recycled polymer
(Lange et al., 2003), and thus results in lower-value application than its original (Suez, personal
communication, January 7, 2020). In the Netherlands, according to KIDV (2020), polymers such as PP, PET,
PA, EPP, PS and PLA are not optimally recyclable up to this moment. These plastic types currently end up in
the fraction of mixed plastics. This lack of recycling is mainly a problem that has to do with value. The problem
with value recovery is a struggle on the material level, caused by the complexity and proliferation of different
materials nowadays, due to multilayered packaging, additives and adhesives (Mishra et al., 2018). For
instance, additives can persist during mechanical recycling, that can change the physical properties of
recycled plastic (Pivnenko et al., 2016). Next, low quality of recycled polymers is due to the composition and
occurrence of non-recyclable materials in plastic-based products. These can be barriers added to the plastic
packaging for non-permeability such as aluminum or metals, and can cause the material’s rejection for
recycling (Lange et al., 2003). Disruptors in the Dutch recycling process can be: oxo-degradable materials,
other plastics such as PVC or PVdC, elastomers such as silicones, other non-plastic material layers, a too small
size, form retaining plastics, coatings, barriers, filling materials, certain glues and metal parts (KIDV, 2020).
At the case study site, barriers to recycling in plastic packaging were labels of any kind, printing or colored
plastics (Suez, personal communication, January 7, 2020). This is contaminating the stream of plastic
packaging in a way that the whole batch of this plastics may be rejected for recycling, if more than 20% is
contaminated (Suez, personal communication, January 7, 2020). Removal of impurities and their adherent
cost also reduce the competitiveness of recycled plastics (Singh et al., 2008; Villanueva et al., 2014).
Thus, contamination, loss of material quality and economic competitiveness of recycled plastics are
barriers to the recycling of plastics and are influencing each other. These factors, currently only allow PE to
be commonly recycled (KIDV, 2020). These barriers need to be tackled to increase proper recycling of
packaging plastics in The Netherlands. This would then contribute to the second principle of CE; circulation
of products, materials and components at their highest value in technical and biological cycles (Ellen
MacArthur Foundation, 2013).

Collaboration
During analysis, some barriers to collaboration came up. These included the barriers of large businesses that
are not interested in local solutions and the difficulty of connecting many stakeholders. This first barrier is
explained by the fact that many supply chains nowadays have globally diffused production processes and
material flows, which was also identified by Wells et al. (2005) as a challenge. The disinterest in local solutions
for CE was seen in the case study, where franchises or companies that are part of a holding expressed that
making changes seems a concern only attainable by the higher management. According to literature,
collaboration of the higher management along the entire supply chain is said to be a necessity for closed
loop systems (Lopes de Sousa Jabbour et al., 2019).
What also became apparent from the case study analysis, is that there is a need for new business
cases that can be nourished by collaboration. The need for proper business cases to encourage CE is widely
recognized in literature (Barber et al., 2012; Ellen MacArthur Foundation, 2013; Jonker et al., 2016; Lieder et
al., 2016). However, to invest in circular business models, large upfront investment costs are needed
(Kirchherr et al., 2018). These currently seem to be a barrier to especially SMEs, as it restrains them to invest
in for instance the solution of waste bulking, by a waste press. Furthermore, connecting actors throughout
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the plastics chain to move towards the principles of CE remains hard. Lopes de Sousa Jabbour et al. (2019)
argues that organizations must pay attention to the development of stakeholder engagement with recycling
cooperatives and their customers.

Information
A lack of information was present in multiple ways in the case study area. First, information was lacking about
packaging plastics flow data. Although my thesis attempted to quantify data about packaging plastics, still a
large data gap remains. This data gap mainly resulted from unknown data about purchasing products due to
company secrecy. Zooming out to organization of this waste stream, another lack of information existed
about the collection practices at the companies or general waste policy.
But also on a theoretical level, the importance and information about the meaning of CE fell short
among respondents in the case study. In the context of challenges identified to the implementation of CE in
Europe, Kirchherr et al. (2018) also identified among other things; a lack of awareness, general and in
company culture. This awareness gap is argued to be shaped by the mindset and conventional practices for
instance business domains (Rahman et al., 2019). As information is seen as a major contributor to plan and
design optimal reduction scenarios for reusing and recycling (Geng et al., 2008), the lack thereof could be
identified as a barrier to the implementation of CE in this case study. Thus, knowledge about closing loops,
particularly to waste collection and treatment should increase for companies to make just decisions on the
micro-level. Not only internal information, but also identification of the larger economic system is
emphasized (Geng et al., 2008). For instance, the companies at eco-industrial park Landskrona (southern
Sweden) shared knowledge, information and managerial efforts (Gatto, 2019).

Responsibility
From the case study it became apparent that the feeling of responsibility for the problem of packaging
plastics is lacking. Currently, actors in the case study are rather pointing at others than taking their own
responsibility. This lack of taking responsibility by actors seems partly to be the case because of global supply
chains and foreign producers. As these producers might act in another legislative framework or do not see
the urge for implementation of CE, the inaction of retailers in the case study can easily be blamed on the
inaction of their co-actors in the supply chain. But besides that, the role of retailers in the broad packaging
plastics discussion was questioned. Retailers in the case study often argued that responsibility needed to be
taken at the beginning of the supply chain, particularly by producers of products. In literature, the role of the
retail chain has been mentioned by Jørgensen et al. (2018), as that their role should be in the development
of a packaging strategy that takes into account circularity. Besides that, the role of retailers is rarely
mentioned in specific, but much more emphasis is laid on all actors in their supply chain.
Next to the feeling of responsibility, Tanzer et al. (2019) argue that economic market mechanisms,
rebound effects and value durability have to be considered to understand complete system sustainability. A
reason for inaction that was often mentioned was that changing business as usual could change the retailer’s
market position and economic competitiveness. This latter is influenced by consumer interest, which is
argued to be a challenge identified to the implementation of CE in Europe (Kirchherr et al., 2018). Here, a
connection to the barrier of lack of knowledge and information can be seen, as a lack thereof could partly
cause the shortage of responsibility. Besides this, the lack of feeling responsible could be a result of the
current linear mindset and structure of society, that was identified to need to change radically in order to
allow implementation of CE (Lieder et al., 2016).

Rules and regulation

From the case study legal barriers appeared to exist in The Netherlands. These barriers inhibit the
implementation of a CE. For industrial packaging plastics, an appropriate solution needs to be found, as
currently no real regulating instrument seems to exists for the execution of the EPS. Next to industrial
plastics, CE-inhibiting regulations are also the case for secondary materials that are brought to the market as
new products concerning the end-of-waste status.
Hence, the role of the government, particularly to provide a sound legal framework for the
implementation of more circularity, was emphasized by the case study analysis. Government intervention is
often mentioned in literature concerning implementation of CE. For instance, previous research in China
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suggested that governments should play a leading role in implementing CE through regulations, endorsing
environmental technologies and education (Geng et al., 2008). Besides, for top-down implementation, social
awareness, supporting infrastructure and policy and legislation are said to be needed (Lieder & Rashid, 2016).
But also a study on the European Union has indicated that innovative intervention strategies are necessary,
in which again the government is suggested to play a key role Kirchherr et al. (2018).
On another level, the lack of sufficient government interventions on transitioning towards a CE are
said to drive poor CE enabling market forces (Kirchherr et al., 2018). To counteract this, Rizos et al. (2016)
mentions enhancing policy focus on sustainably influencing of market forces, such as consumer preferences,
supply chains and culture within companies. Regulations on market forces are expected to affect
environmental behavior of a business (Liu et al., 2014).

OPPORTUNITIES

In the following section, opportunities identified in the case study of packaging plastics at CenterpoortNieuwgraaf will be discussed in the context of the wider CE literature. These are discussed in sequence of
their themes of Waste stream, Collaboration and Leadership.

Waste stream

As previously mentioned under barriers, contamination of packaging plastic is currently causing
underachievement of recycling potential. A case study of implementation of CE in an Italian plastic value
chain found that reuse of pre-industrial and industrial plastic debris has potential (Paletta et al., 2019). There,
this type of plastic was preferred over post-consumer plastics, due to easier collection, predictability of the
plastic composition, single types of a polymer and low content of impurities (Paletta et al., 2019). In the same
way, both Renewi and Suez indicated to see potential for large volumes of Dutch industrial plastic packaging
waste, especially a stream of PE foils. However, to achieve this potential, better separation efforts are
required. Better separation is said to reduce contamination of other plastics and silicones (Suez, personal
communication, January 7, 2020).
Besides recycling potential, enlarging the practice of reuse is essential. For innovations that replace
the need for packaging plastics, still a large opportunity exists at the business park. As seen at some retailers,
reusable crates are able to partly replace packaging plastics around products during transportation from
producer to retailer. This potential for reuse is currently not optimally used. Besides that, reuse provides a
higher value application than recycling, as depicted in the Value Hill (Achterberg et al., 2016; Ellen MacArthur
Foundation, 2013). Thus, types of packaging plastics that can be reused, such as hard plastic crates, have
priority over types that are perfectly recycled after their use phase, according to the principles of CE
expressed in the Value hill (Achterberg et al., 2016).

Collaboration
From the analysis it came forward that collaboration could be an opportunity to enhance circularity of
packaging plastics at the case study business park. By influencing the issue of waste volumes, taking
collaborative responsibility and collaborate in new business models, steps towards a more circular packaging
plastics chain could be taken. Examples from the case study; the waste press and new business models such
as reusable crates, showed that good business cases are nourished by collaboration, either between
companies at a business park or between actors in a larger supply chain. For SMEs, scale disadvantages may
be overcome by cooperation in local organizations or together with other SMEs. Due to their size, SMEs
depend on other market actors’ action in the chain and should be supported by a network with other SMEs,
managerial motivation for green choices and strengthened awareness and information sharing (Rizos et al.,
2016). For the larger system though, collaboration is needed throughout the larger supply chain of products
packaged in plastics. Here, collaboration of producers, traders, retailers, customers and recyclers could
provide opportunities for packaging plastics in a circular economy. For waste collection and treatment sector,
collaboration was argued to be vital as everyone is dependent on each other (Suez, personal communication,
November 25, 2019). In order to spark more collaboration, innovative examples and working business cases
should be better communicated so that they can serve as inspiration to others.
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Leadership

From the analysis of the case study, it became evident that leadership is an opportunity next to collaboration
to improve sustainable practices in retail companies. This has also been mentioned by Liu et al. (2014) who
claimed that leadership seems to be critical for a business’ CE implementation. According to Rizos et al.
(2016), this leadership should be expressed by taking in consideration the effectiveness of a CE business
model for the future. Necessities for bottom-up implementation for CE are said to be circular product
designs, new business models, and a well-developed supply chain and information technology (Lieder &
Rashid, 2016). In the case study, it was seen that leadership was mainly taken because of interests of
consumers or intrinsic motivation of individuals of the management of the company. Leadership that was
taken in the case of a SME, needs to be highlighted in order to encourage other initiatives and actors in the
chain. In general, making implementation of CE a reality, will require action from all players in the plastic
value chain, from plastic producers and designers, through brands and retailers, to recyclers (Ellen MacArthur
Foundation, 2013; Gatto, 2019).

6.3 The case study in a wider context

As shortly mentioned in the introduction, according to Geng et al. (2008), CE is implemented on three scales.
The implementation on the micro-scale, on an inter-firm scale and on the scale where the development of
eco-cities and provinces can be stimulated (Geng et al., 2008). For this research, especially the micro- and
inter-firm scales are important. For the micro-scale, practices such as implementation of environmental
management systems, eco-design, waste minimization and cleaner production are emphasized (Geng et al.,
2008). Then, for an inter-firm scale, eco-industrial parks (EIPs) are being promoted that exchange industrial
byproducts such as wastes, energy and water and recycling waste (Yuan et al., 2006). Any innovative changes
fitting to cleaner production practices and CE practices are for instance increased waste separation, reverse
logistics and green supply chain management, the minimization of waste and a circular design of products
and materials (Lieder et al., 2016). Currently, the system of organization of packaging plastics at CenterpoortNieuwgraaf could be seen as being on the first phase of this implementation. This is probable, since
companies at the business park are still implementing practices such as minimization of waste and cleaner
production practices. This appeared from the fact that companies use a large amount of wrap foils and
packaging bags and mostly use these over reusables, such as plastic crates. Also, the general feeling of
retailers was that only the correct separation of this waste is the main responsibility at the business park.
Next on, only sometimes time was invested in waste reduction, by internal waste management analysis or
by the use of reusable plastic crates. Then, a certain degree of cleaner production was reached through waste
separation which had the main focus of retailers at the business park. There is no sign of larger scale
cooperation that would lead to the exchange of industrial byproducts, or in the case of this park, cooperative
waste management solutions for packaging plastics. As indicated in the previous chapter, scale disadvantages
on the micro-scale may be overcome by cooperation on a meso-level, by cooperation such as in MKB Duiven.
Lieder et al. (2016) developed a different categorization for implementation of CE. Successful actions
for CE implementation are influencing either economic benefits, resource scarcity or environmental impact
(Lieder et al., 2016). For resource scarcity, it is important that materials and volatility are circulated and an
environmental impact is gained by reducing solid waste, landfilling and reducing emissions by reduction,
reusing and recycling (Lieder et al., 2016). Thus, products need to be designed with keeping in mind multiple
usage phases (Lieder et al., 2016). In Centerpoort-Nieuwgraaf, the only example influencing these successful
factors, is the use of reusable plastic crates in some companies. Other implementations influencing these
factors at the companies were the practices of reducing waste and better separation of waste. Companies
have indicated that better separation of waste would be possible at their warehouses, which would benefit
recycling. Then again, this would positively influence resource scarcity.
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6.4 Recommendations
FOR A CIRCULAR MATERIAL FLOW

During analysis of the case study, some recommendations for a more circular flow of packaging plastics at
Centerpoort-Nieuwgraaf came up. According to literature, organization of the right system conditions, design
and new business models are key to the first phases of CE implementation (Lieder et al., 2016). As I argued
that the system at Centerpoort-Nieuwgraaf is in the first phase of CE implementation, organization of these
factors need to be created and developed. My study analyzed and presented some factors that are already
in place in the previous chapters. One must keep in mind that these strategies are tailored to a perception
of CE, shaped by local economic, geographical, social and environmental characteristics (Tanzer et al., 2019),
and thus might not be transferrable to other regions. The following can be recognized as the first steps
towards a more circular economy;
1.

2.

3.

4.

One of the factors that could lead to the development of the right system conditions is a clear policy
from the waste collection and treatment companies. This would describe the precise materials that
the waste collection and treatment sector would like to have separated, how plastics is best
separated and delivered for recycling and which types are best recyclable, coupled with examples.
Transparency and communication are vital here, and could possibly convince companies in better
and more waste separation. Besides separation, a clear plastics recycling policy could be useful in
informing the larger supply chains of companies. In this way, possible changes in type of plastics can
be inspired, leading to larger volumes of certain types of plastics and better high value recycling.
A practical logistical innovation that is part of creating new business models, is the use of reusable
packaging material. These may not be applicable to all products immediately, but could replace a
large bulk of packaging foils currently used for pallet wrapping. This can be partly replaced by hard
plastic boxes, currently already used at some companies at the case study area. Next to reusable
boxes, the field of logistics is important. Seen at the case study area, companies should implement
smart logistics that care for better product bundling at logistical main centers. When products are
bundled per store or per destination, lesser packaging plastics need to be used.
A solution increasing profitability on the companies’ side, is waste bulking. As waste collection and
treatment is all about volumes, new business models that build on cooperation of multiple actors
need to be considered. For instance, waste presses that are now used by large companies, could
possibly be used by small to medium-sized enterprises for compensation. Sharing is also one of the
considerations opted by Het Groene Brein (2019) for the optimal configuration in the value chain of
circular products.
Transparency and cooperation by companies, has to increase gradually. Besides that, trust is
important for cooperation, but cannot be changed overnight. Important accelerators could be the
sharing of success stories, business models and organization of meetings, in which organizations
such as MKB Duiven can play a large role. Nonetheless, leadership of larger companies is necessary,
as it would serve as a great example that can inspire others.

FURTHER RESEARCH

As this research was an exploratory case study, several recommendations can be given for further research.
In the Introduction, some fields of study have already been recognized as in need for further research. This
is for instance the field of micro-scale or corporate level implementation of CE. Profounder research is
necessary here, which goes into practical solutions for businesses and particularly SMEs. For instance, a study
could be done into the feasibility and value creation of several CE strategies or innovations, like the ones
proposed in the previous section. Furthermore, as previously mentioned in the Discussion, the role of the
retail sector in both the implementation of circularity and the plastics problem needs further attention. This
was one field specifically that was found under-researched. Types of actors in the supply chain, such as
retailers, are currently mainly topic of interest in logistics and supply chain studies, but need further attention
in sustainability and CE research. Lastly, excessive studies need to be undertaken in estimating or quantifying
material flows at the regional or corporate level. Solutions for waste minimization, greener supply chain
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management or circularity are hard to support when data is missing. Here, emphasis needs to be laid on
production, use, disposal and treatment, thus full circularity.
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7 CONCLUSIONS
To contribute to the implementation of CE on an individual company and business park level, my thesis aimed
to provide insight into the complex system of packaging plastics at Centerpoort-Nieuwgraaf, a business park
in the Netherlands. A mixed methods approach was used to study the packaging plastics flow and its
organization and actors. Furthermore, I developed a method to quantify packaging plastics on a company
scale. This method was used in the case study at Centerpoort-Nieuwgraaf. Additionally, my study focused on
the retail sector and micro-scale implementation of CE, both currently lacking in literature.
My study developed an appropriate method, inspired by MFA methodology and guidelines issued
by the Afvalfonds. This quantification method was used to analyze the material-technical characteristics of
the current material flow of packaging plastics at Centerpoort-Nieuwgraaf. Different types of packaging
plastics were identified and its flow depicted in a material flow diagram. The current system provides large
streams of waste plastic for recycling. Besides that, the analysis gives insight into types of packaging plastics
that are abundant at retailers at Centerpoort-Nieuwgraaf and may be comparable for other Dutch business
parks. On an organizational level, my study described the waste management and organization of usage and
disposal of packaging plastics. Next, it gave insight into the current market of collection and treatment of
packaging plastics.
Challenges and opportunities to make the system of packaging plastics more circular were identified.
The biggest challenges at the waste stream level are contamination, loss of material quality and economic
competitiveness. As an irregular supply of plastics is bad for recycling, a constant flow of plastics is necessary
for a well-functioning market. Hence, if a waste stream is not the appropriate volume, contaminated or
supplied irregularly, economic competitiveness can be affected. Other challenges are collaboration and
stakeholder engagement and the lack of information and responsibility. Knowledge about closing loops,
particularly to plastics waste collection and treatment should increase for companies to make proper
decisions on a company scale. The lack of knowledge and information could partly cause the lack of
responsibility. Furthermore, some rules and regulations seem to obstruct proper implementation of CE at
the business park. To help elevate this obstruction, my study emphasizes the role of the government. The
potential to recycle clean plastic packaging waste, originating from the retail sector, is one of the
opportunities that could enhance circularity of packaging plastics. This potential is especially relevant for the
stream of PE foils. In order to achieve this potential, better separation at company level is required. Other
opportunities are innovations that replace the need for packaging plastics, such as reusable plastic crates,
and increased collaboration. For instance, the collaboration in new business cases. To make CE work,
leadership is critical because it shows intrinsic motivation of individuals or the management of the company.
Challenges and opportunities identified for SMEs differ from the ones for larger companies, such as
companies that are part of a holding or franchise. For instance, collaboration in cooperatives such as MKB
Duiven, seems more important for SMEs than for larger companies. Thus, collaboration for SMEs is important
on a more local level. In contrast, for larger companies, collaboration between all actors on the level of the
supply chain is required. This is because actors are partly dependent on others in the supply chain for creating
value. Accordingly, leadership and responsibility were more common with SMEs than at larger companies.
Although upfront investment costs are higher than for larger companies, SMEs might experience a larger
flexibility to make changes. More extensive reasons for this need further research.
Thus, for the implementation of CE in Centerpoort-Nieuwgraaf many challenges are still in place that
need to be overcome. Undertaking of the opportunities on the waste stream level, collaboration and
leadership can contribute to this, but this will take time. In order to move towards larger cooperation and
stakeholder engagement, trust in fellow actors in the system is much needed. Here, transparency is seen as
important because of the stranded vision of everyone’s own interest. Hence, I argue that openness,
collaboration through the whole plastics supply chain and sharing ideas and information are important. With
the analyzed challenges and opportunities, this thesis contributed to the implementation of the CE principles
in existing business parks.
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9 APPENDICES
9.1 Appendix 1: Question lists used at interviews
QUESTION LIST FOR RETAILERS
Interview topics
o General use:
- The types of plastic packaging used at the company
- Is there a type of plastics as input
- Is there a type of plastics as byproduct
- What kind of waste plastics are present
- The source of this waste plastics
- Are there other outflows of plastics present
o Reuse & recycling
- Reused or recycling of certain types of plastics within the company
- The amount of reused packaging plastics
o End-of-life
- The current waste management system for all waste materials and plastics
- Other involved companies or stakeholders
o Circular Economy knowledge
- The company’s understanding of CE
- Ways of contribution to this
- Changing to an alternative material to replace plastics
o Cooperation
- Company’s involvement in local cooperation
- Company’s power in supply chain
- Company’s general supply chain and logistics

QUESTION LIST USED FOR WASTE COLLECTION AND TREATMENT COMPANIES
Algemeen
1. Wordt er plastics gerecycled in uw faciliteiten in Duiven?
2. Welke soort plastics zijn dit?
3. Wat is de recycling techniek hiervoor?
4. Is dit bedrijfs- of consumentenafval?
5. Werkt (bedrijf) aan het ontwikkelen van nieuwe recyclingtechnieken?
6. Hoe rendabel is het hoogwaardig recyclen van verschillende soorten plastics nu?
7. Heeft (bedrijf) samenwerkingen met specifieke bedrijven?
8. Met welke actoren werkt (bedrijf) nauw samen?
Circular Economy kennis
1. Wat verstaat uw bedrijf onder circulaire economie?
2. Op welke manieren denkt u dat (bedrijf) zou kunnen bijdragen hieraan?
3. Heeft u ideeën voor veranderingen eerder in de keten die waardevol zouden kunnen zijn voor Suez?
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QUESTION LIST USED FOR ORGANIZATIONS
Vragen KIDV
1. Kunt u de structuur waarin jullie samenwerken met het Afvalfonds, NedVang, afvalbedrijven en het
verpakkend bedrijfsleven toelichten?
2. Het Rapport Nederland Circulair 2050 stuurt ook op het toenemende gebruik van biobased plastics,
kunt u toelichten waarom?
3. Wat is momenteel de hoeveelheid mechanische en chemische recycling van kunststoffen afkomstig
van bedrijfsafval (niet consumenten)? (Of een indicatie hoe het hiermee staat)
4. In het kunststofketenproject – augustus 2017 – is een marktverkenning gedaan. Is de markt
sindsdien veranderd?
5. Momenteel wordt in actieplannen en rapporten veel gepraat over het EPR systeem, in hoeverre is
dit juridisch bindend of gebaseerd op vertrouwen in producenten? Hiervan is ook een uitbreiding
verwacht, welke impact zal dit teweegbrengen?
6. Omdat de kunststofketen zo groot en complex is, waar zouden we moeten beginnen met
ketensamenwerking?
7. In mijn thesis onderzoek ik vooral retailers, wat voor rol zouden zij hebben in een nieuwe
kunststofketen en in ketensamenwerking?
8. Wat zijn de grootste kansen voor een circulaire kunststofketen?
9. Wat zijn de grootste barrières voor een circulaire kunststofketen?
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9.2 Appendix 2: National legislation and organization
In the following subchapter, the most important legislation and executing organizations that are affiliated
with the case described in this thesis will be explained.

LEGISLATION

To the case of packaging plastics in the Netherlands, a few laws are applicable. Since the application of the
material plastic is packaging, laws regarding the packaging of products are important. But also regarding the
material plastic, waste legislation and environmental legislation is of concern. This is described in the
Landelijk Afvalbeheerplan, which considers activities such as collection of waste, recycling, incineration,
waste dumps and transports. The government has multiple policy instruments to achieve environmental
goals concerning waste management and to eventually move to a more circular economy. These are for
instance internalizing instruments, financial instruments and regulating instruments. Underneath, an
overview of these type of instruments and relevant laws is presented.

Internalizing instruments
Internalizing instruments can be divided into communicative and committing instruments. Firstly,
communicative instruments are meant to motivate, inform and facilitate the target audience (LAP3, 2019).
These are for instance informative items about environmental problems and knowledge about alternatives.
An example of a communicative instrument is the development of new business models for circular
entrepreneurship. Then, committing instruments are for instance social initiatives and relevant knowledge
networks. These use commitment and responsibility of different actors as a basis, where players can
accomplish options themselves and the government is only the facilitator. An example of these instruments
are Green Deals, for instance the Green Deal ‘Circulair Inkopen’. Another important example is ‘VANG
Buitenshuis’, which is an instrument that focuses on the cooperation of actors in (supply) chains. This is part
of the national program for circular economy (Rijksbrede Programma Circulaire Economie) (LAP3, 2019). A
chain is defined as the route that a certain resource takes of product, disposal and recycling, until it becomes
recycled in a new product (LAP3, 2019). In this chain, collaboration is reached between one or more actors.

Financial instruments
Examples of financial instruments that the government uses are taxes, subsidies, financial arrangements,
deposit systems and rate differentiations. Taxes are an effective instrument to prevent and steer waste and
substances. An example of this is the municipal waste tax, for the collection of municipal waste. All other
above mentioned, with the exception of taxes, are targeted financial instruments. These serve as
For instance for residual waste, differentiated tax tariffs exist, that incentivize the separation of waste into
multiple streams. Then, subsidies are a possibility for example for innovative environmental technologies or
industrial solutions (LAP3, 2019).

Regulating instruments

Then, the most important type of instruments for the case study described in this thesis are regulating
instruments. These are European and National laws and regulations, thus the legal framework, other
standards and for instance the Extended Producer Responsibility (EPR). In general, the legal framework
should not hinder the implementation of a circular economy and should offer enough possibilities for
innovation (LAP3, 2019). Waste management takes place while adhering to this legal framework. Here, the
national framework is most of the times in imitation of the European framework. Underneath, some laws
and regulations are explained which have an effect on the case study in this thesis.
Firstly, the Dutch Wet Milieubeheer is prescribing how to deal with the environment in the
Netherlands. This law also has some implications for waste management and treatment, and prescribes how
responsibilities are set. For instance, it underlines the EPR for waste management of certain products.
Companies are obliged to arrange their own waste management. Legally, they should separate waste into
different streams, unless this is unsuitable for their situation. This legal requirement states certain
assumptions and conditions.
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The National Waste Management Plan (LAP3) policy framework describes the goal of Dutch policy
for waste management and prevention. In it, policy for activities such as collection, recycling, incineration an
disposal are described, but also for instance the relation between the policy framework and implementation
of a circular economy, determination if a material is waste and policy regarding licenses (LAP3, 2019).
In the national regulation ‘Besluit Beheer Verpakkingen’, the businesses’ producer
responsibility for packaging is determined. It proclaims that businesses who bring packaged products to the
Dutch market are responsible for the cost of treatment and disposal of the packaging. This is executed by
the organization Afvalfonds.
Next to laws and regulation, there are instructions and prescriptions that give substance to Besluit Beheer
Verpakkingen. This is the Raamovereenkomst Verpakkingen, where the national government, municipalities
and packaging businesses made agreements about the execution of the law and the producer responsibility.
In this prescription, it is set that the Afvalbeheersstructuur is working on the collection, recycling and general
sustainability of packaging. The institutions that are important in this regulatory system are Afvalfonds
Verpakkingen, Nedvang, Nederland Schoon, het Kennisinstituut Duurzaam Verpakken (KIDV) en
Verpakkingsketen BV (VPKT).

ORGANIZATIONS
Afvalfonds

Producers and importers that bring packaged products to the Dutch Market, have to pay a fee per kg for
treating this packaging waste to the Dutch Packaging Waste Association (Afvalfonds). This system of
collecting fees is part of the execution of the European Extended Producer Responsibility (EPR), described by
the law Wet Milieubeheer. Thus, by the Afvalfonds, this responsibility is integrally arranged. The contribution
has to be paid for consumer and industrial waste. The Afvalfonds then reimburses these contributions to the
municipal services and private waste treatment companies that treat the consumer packaging waste. Only
producers and importers that bring more than 50.000 kilo of packaging on the Dutch market have to
contribute to this fund. Next to this, the fee that needs to be paid can differ per company. This is dependent
on the type and amount of packaging material and under the circumstances of a form-retaining plastic, also
its recyclability.
Next to this, the Afvalfonds carries out a survey each year to research the amounts of packaging
waste produced by remaining companies, which lie under this threshold. Relevant to this case: plastic ceil
foils, stretch foils, wrap foils, bags, and clothing bags are seen as a ‘packaging’ and for this companies are
liable for the contribution fee. Next to packaging, a lot of logistical devices are used at companies. These
devices such as large crates, pallets, rolling or bulk containers and boxes are not seen as ‘packaging’ under
the law. In terms of contribution fees, different exceptions are in place for, for example, indirect exporting
companies and companies with the sole purpose of packaging for businesses. Next, a tariff differentiation
exists for some well-recyclable plastics. This is to stimulate the use of these plastics over others. In these
cases, a company may be eligible for a lower contribution fee for some plastics than the general fee.
Besides this, a threshold exists for the obligation to pay this contribution to the Afvalfonds, which is
when a business uses brings than 50.000 kg to the market. However, in this thesis no attention is paid to the
amount of the contribution fees, thus also exceptions for these are irrelevant.
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