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Abstract
The Swedish construction industry generates more than 150 000 tonnes of plastic
waste annually, and only 0.8-2.5 percent of this waste is recycled. A wide variety of
plastic types complicates sorting and processing procedures, the low density of
plastic materials leads to costly waste transportation, and the project-based nature
of the industry implies temporary geographically dispersed plastic waste flows.
While these barriers are commonly mentioned in previous research, there are many
more reasons behind the low resource efficiency of construction plastic waste. This
study was conducted together with the Swedish construction company NCC, to
identify circular service opportunities enabling improved resource efficiency of
construction plastic waste through mechanical recycling. First, by interviewing
people with experience from the construction plastic value chain, six types of
services enabling plastic recycling could be found and 113 barriers hindering the
provision of these services could be presented in six categories. Further, ideas on
how actors can collaborate better to increase the plastic recycling rate were
identified through a concept mapping process and could be categorized into eight
clusters, representing collaborative actions. Leveraging perspectives of
collaboration complexity and service system maturity, eight service system designs
were proposed that could enable collaborative actions in practice. A service
ecosystem perspective was employed to highlight interdependencies between
collaborative actions and suggest a pathway of service designs. Finally, through
interviews with digital construction specialists, a knowledge gap was found with
respect to how digital solutions could be used to improve plastic waste
management. To increase the recycling rate of construction plastic waste, it is
suggested that actors consider the proposed service systems to explore solutions
with external actors.

Keywords: Construction, Plastic, Service Ecosystems, Circular Economy Business
Models, Resource Efficiency Recycling, Service Triads, Reverse Supply Chain,
Collaborative Actions, Barriers.
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1
Introduction

This chapter is divided into three sections. First, it addresses plastic usage in the
Swedish construction industry and the current state of plastic recycling. Second,
the purpose and research questions of this study are presented. Third, it outlines
the boundaries of the study.

1.1 Background

Plastics started appearing as a building material in the construction industry in
the 1950s, and the industry consumption has been steadily increasing since (Ahlm
et al., 2021). Plastic as a building material usually lasts between 30–50 years with
little maintenance required (Almasi et al., 2020) and shows lower greenhouse gas
(GHG) impact compared to the majority of its often heavier building material
alternatives (McKinsey & Company, 2022), despite 99 percent of plastics produced
globally being based on fossil fuels. However, there is an urgent issue with respect
to resource efficiency. It has been estimated the Swedish construction industry
consumed 262 000 tonnes of plastic in 2017, representing 21 percent of national
consumption, and further generated 150 000 tonnes of plastic waste
(Ljungkvist Nordin et al., 2019). While statistics have low reliability due to
limited data availability, studies (Fråne et al., 2022; Ljungkvist Nordin et al., 2019)
indicate that the recycling rate of construction plastic waste is only around 0.8–2.5
percent. Although the climate impact from recycled plastics is 3.5 times lower
than manufacturing virgin plastics (Almasi et al., 2020), the remaining waste is
currently sent to energy recovery (Ljungkvist Nordin et al., 2019) resulting in over
4 percent of the total climate footprint from the construction sector (Almasi et al.,
2020).

While the reasons behind the low recycling rate of construction plastics are many,
commonly mentioned issues include costly transportation, geographically dispersed
waste flows, difficulty in sorting plastic waste, and insufficient legislation. First,
while the climate benefit from mechanical recycling compensates for long
transports of plastic waste, the low density of plastic materials implies costly
logistics challenging the economic benefit (Enebjörk et al., 2022). Second, the
project-based nature of the construction industry implies temporary geographically
dispersed plastic waste streams (Jansson et al., 2019b). Third, it is difficult to sort
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1. Introduction

plastic waste into sufficiently pure fractions that allow mechanical recycling of high
quality. The difficulty of sorting construction plastic waste might seem surprising
as the plastic consumption from the construction industry can be primarily
represented by a few polymer types used in a handful of different products. The
plastic types PVC, PE, PS, and PP accounted for 77 percent of European
construction plastic demand in 2017 (Ahlm et al., 2021), and are largely used in
the production of floors, packaging, pipes, insulation, and profiles (Almasi et al.,
2020). However, Almasi et al. (2020) notes that there are in total more than 50
different plastic types used within the construction industry and that the
characteristics of each type further depend on additives such as pigments, oils, and
softeners. The difficulty to separate these variants into pure fractions is clearly
illustrated by Ljungkvist Nordin et al. (2019), estimating that 40 percent of
construction plastic waste in 2017 was sorted out for recycling while only 0.8
percent was recycled due to insufficiently pure fractions. This further illustrates
the fourth issue, that the current legal obligation (Avfallsförordningen 2020:614) to
sort plastic waste into a separate fraction at construction sites (Ahlm et al., 2021)
is not enough to achieve plastic waste fractions of sufficient detail to be recyclable.
However, stricter legal policies are not necessarily the best approach to achieving
recyclable plastic waste fractions. For example, Lindahl et al. (2022) found that
standardizing and easing product requirement specifications can significantly
reduce the number of used plastic types and enable better sorting and recycling.

In 2008, the European Commission required that 70 percent (weight percentages)
of annual non-hazardous waste volumes from the construction industry should be
recycled or reused by the year 2020 (European Commission, 2008). Material
Economics (2022) notes that 60-70 percent plastic recycling rates are needed to
meet European climate targets and that half of this target could be reached
through mechanical recycling. Jansson et al. (2019a) identify services in the
Swedish construction sector that seek to close loops for several product groups like
plastic pipes, floors, and packaging through mechanical recycling. Jansson et al.
(2019a) found that it was technically, environmentally, and economically motivated
to gather and recycle most construction products, they also noted that further
research must be done to learn how to handle the variations in plastic material
flows and to get a complete picture of construction material recycling
opportunities. The identified viability by Jansson et al. (2019a) in current business
models raises the question of why current recycling services only result in a
recycling rate of 0.8-2.5 percent. Material Economics (2019) notes that the
potential for materials efficiency and circular business models is fragmented along
long value chains, and therefore overlooked. Thus, there is a need to apply a value
chain perspective to investigate circular service opportunities that can enable
plastic recycling in the construction industry.

1.1.1 Purpose and research questions
With a network perspective on the construction value chain, this thesis aims to
identify circular service opportunities enabling improved resource efficiency of
construction plastic waste through mechanical recycling. This aim is to be reached

2



1. Introduction

by answering the three research questions below.

There are currently a variety of different services enabling plastic recycling. An
enabling service is considered a service that directly or indirectly supports recycling
processes. However, current enabling services are only provided on a small scale in
the industry. Therefore, the first research question is:

1. Barriers to service provision: (a) What types of services currently enable plastic
recycling within the construction sector and (b) what barriers are hindering the
provision of these services?

Previously, studies have been done on what specific actors could do to increase
plastic recycling rates (Almasi et al., 2020; Enebjörk et al., 2022; Jansson et al.,
2019a). However, there is a need for a network perspective to better understand
how such actions could be feasible in practice. Hence, the second research question
is:

2. How could actors collaborate better to enable an increased recycling rate of
construction plastic waste?

The European Environment Agency (2021) concludes that shaping sustainable waste
management operations depend on the use of digital solutions, raising examples such
as robotics and artificial intelligence (AI) for improved waste sorting. Focusing on
plastics within the Swedish construction industry, Almasi et al. (2020) argues that
digital information flows are a prerequisite for circular plastic waste flows. Enebjörk
et al. (2022) illustrate that lack of documentation and information flows induces
inefficient sorting of plastic waste and loss of recycling potential. Thus, there is a
need to investigate how digital solutions could be used to improve waste management
operations for construction plastic waste.

3. How can digital solutions be used to improve plastic waste management?

Following the aim of the thesis, the main emphasis is put on the second research
question, whereas the first research question is of diagnostic nature to build an
understanding of the current situation, and the aim of the third research question is
to identify further enabling digital solutions related to previous empirical findings.

1.2 Boundaries of the study
A number of demarcations to the study are presented here to clarify within which
boundaries the results from this report are relevant. The boundaries of the study
are explained in two sections. First, the empirical context is outlined. Second, the
demarcations of the study are presented.

1.2.1 Empirical context
This study is carried out with a large Swedish construction company. The value
chain perspective in this study originates from the context of this particular

3
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construction company. A brief illustration of this value chain is presented in
Figure 1. Related but not included actor types are also visible to show what part
of the construction plastic ecosystem is considered as the value chain of
construction plastics in this study. The arrows give a brief overview of plastic
recycling flow as it becomes input and output in the construction process. All
actors that are included operate in the Swedish market. However, some of the
actors are multinational companies so the services can include plastic being
transported outside of Sweden.

Figure 1: An illustration of the value chain connected to plastic waste recycling
based on the client settings

A study on measures to increase the circular use of plastic in the Swedish
construction sector by Almasi et al. (2020) highlights five main actor types for
these measures; developers, material manufacturers, architects, and engineering
consultants, construction contractors, and waste and recycling contractors. These
actor types are used to describe the value chain context of this study. Almasi et al.
(2020) states that the role of the waste and recycling contractors are fluid. In this
value chain context, they were divided into waste service providers (WSPs) and
recyclers with the difference that recyclers process the plastic waste into other
plastic products or smaller sorted granulate while the WSPs have the
authorization to transport, handle and sort waste but mainly do not process it.
Additionally, logistic contractors, also referred to as construction logistic service
providers (CLSPs), were added to the study scope to illustrate that waste logistics
can be handled by several actors in a complex network. Finally, researchers and
trade associations were included since they could contribute with expert knowledge
about construction plastic recycling.

Since the ecosystem consists of many actors with indirect impacts on the flow of
construction plastics some actor types were excluded from the study scope.
Developers, architects, consultants, and investors are outside of the study focus
since they are not directly connected to plastic waste recycling from construction.
Moreover, this thesis investigates opportunities for what private actors can do in
the current context when improving resource efficiency. Therefore, legislators are
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not included in the study.

1.2.2 Demarcations
The term recycling is used in this thesis based on the definition in the EU waste
framework directive.

"Any recovery operation by which waste materials are reprocessed into
products, materials or substances whether for the original or other
purposes. It includes the reprocessing of organic material but does not
include energy recovery and the reprocessing into materials that are to
be used as fuels or for backfilling operations" (Council of European
Union, 2008).

Therefore, energy recovery of plastic does not fall under the definition of recycling
in this thesis. However, recycling plastic into new products with a purpose other
than the original is included in the definition.

Further, the feasibility of increasing the recycling rate through chemical recycling is
not analyzed since it is not fully mature in the Swedish market and requires high
investment costs and new policies to enable (Lassesson et al., 2021).

The main sustainability focus in this report is environmental sustainability as a
reason for increasing recycling. This means that when looking to increase plastic
resource efficiency, the starting point is environmental improvement. However,
financial and social sustainability factors are important for the feasibility of
opportunities in the industry context and are considered and analyzed throughout
the report but environmental improvement is the baseline for recommendations
and discussion.

Regarding the first research question, the goal is to create an overview of barriers
affecting current services. The overview will not be an exhaustive list, but rather a
tool for improving understanding of barriers to the provision of services that
enable recycling. Further, regarding the second research question the
collaborations for enabling plastic recycling will be examined with an exploratory
approach, the findings should be viewed as indications of what can be done and
not a comprehensive list. Finally, regarding the last research question, digital
solutions will be investigated through an exploratory approach. The aim is not to
identify an exhaustive list of digital solutions. Rather, the aim of the last research
question is to identify illustrative examples of how digital solutions can be used to
improve waste management operations.
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2
Theory

In order to discuss findings related to circular service opportunities enabling
improved resource efficiency of construction plastic waste, there is a need for three
different perspectives. First, this chapter starts with an introduction to service
concepts in a construction context. This is followed by perspectives on service
systems and actor relationships. Second, a section on circular economy business
models provides theoretical perspectives relevant to discuss circularity, value
creation, reverse logistics, service types, and barriers. Third, perspectives on the
potential of digital solutions in waste management are presented.

2.1 Services in a construction context

Servitization is the transition from solely selling products to selling bundles of
products and services, and has been widely adopted within the manufacturing
sector since the 1980s (Baines et al., 2009). Within manufacturing, common
drivers for firms to pursue servitization include financial, strategic, and
marketing-related reasons (Gebauer et al., 2005; Mathieu, 2001). However,
manufacturing firms attempting servitization strategies often face challenges in
designing services and adapting the existing organization (Baines et al., 2009). As
noted by Oliva and Kallenberg (2003), providing services demands capabilities and
organizational structures different from that of a traditional manufacturing
organization, and further requires the ability to transition from transactional to
relational customer interactions.

In contrast, the concept of servitization has not been widely explored in construction
contexts. Exploring servitization in a construction context, Liu et al. (2021) find that
it constitutes the provision of services in the construction phase of entities to increase
productivity and reduce waste, and services for the subsequent use and maintenance
of built entities. Due to the varying demands, collaboration in networks of actors is
critical for the effective provision of integrated solutions that meet specific demands
in a construction context (Liu et al., 2021). Studying tensions in construction waste
management, Sezer and Bosch-Sijtsema (2020) argue the need to consider the life
cycle of construction waste with a focus on networks of actors and flows of knowledge
and applied skills rather than viewing waste as an output from a system of static
activities. Based on the definition of service-dominant (SD) logic (Lusch & Vargo,
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2014), Sezer and Bosch-Sijtsema (2020) state the definition of services as:

"/.../ the application of specialized competences (knowledge and skills)
through deeds, processes, and performances for the benefit of another
entity or the entity itself".

The above definition is referred to when discussing services in this thesis.

2.1.1 Service system maturity
Traditionally, project management has been characterized by a linear mindset
focusing on a set series of activities aimed to achieve a specified output within
time, resource, and cost constraints (Vargo & Clavier, 2015). Vargo and Clavier
(2015) also refers to this mindset as "hard systems thinking", and notes that it is
largely grounded in a paradigm of a Goods-Dominant (GD) logic which focuses on
output where value is exchanged with the exchange of goods in a linear flow from
production forward through the supply chain. A Service-Dominant (SD) logic is a
contrasting perspective on the generation of value where services are considered
the basis of exchange and that value is viewed to be co-created in actor exchanges.
Extending the systems perspective within the SD logic, Vargo and Akaka (2012)
presents a Service Ecosystem (SE) perspective which emphasizes the importance of
actor networks to form service systems and holds resource integration between
actors as a central theme to form such networks.

While the GD-, SD logic, and the SE perspective, all are theoretical frameworks
for the study of value generation in the interactions between actors they also imply
perspectives that actors can employ for value creation in their interactions with
other actors. Comparing GD- and SD logic, Grönroos (2008) proposes two different
models on how value can be created in the interaction between a supplier and a
customer. The perspective on value Grönroos (2008) refers to in both models is
value-in-use which perceives value to be generated when customers use resources.
First, if following a GD logic, a supplier does not create value for its customer but
rather takes a value-facilitating role. As a value facilitator, the supplier provides a
foundation for value creation through the provision of goods, services, information,
or other resources. Using the resources provided, the customer then creates value by
adding their own resources and skills. Second, if following an SD logic, the supplier
not only provides a foundation for value creation but further co-creates value with
its customer by engaging directly in the customer’s activities through which value
is created. Comparing the two models proposed by Grönroos (2008), they could
be viewed to reflect different levels of maturity when it comes to the logic actors
adopt in their provision of services. In this view of maturity, the SD logic reflects
a higher level of maturity due to the co-creation of value, which is missing in the
value model based on a GD perspective. Further, the SE perspective proposed by
Vargo and Akaka (2012) could be seen to illustrate an even higher level of maturity
as actors here are not only co-creating value through direct engagement but further
through resource integration. Based on these three perspectives, a continuum can
be identified where each perspective represents a reference point along an axis of
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increasing service system maturity as illustrated in Figure 2 below.

Figure 2: Levels of service system maturity divided by the logic adopted by actors.
Based on perspectives from Grönroos (2008), and Vargo and Akaka (2012)

2.1.2 Relationships, actor networks, and capabilities
The concept of service triads (Wynstra et al., 2014) provides useful perspectives
when analyzing the roles of different actors in service systems. Halldórsson et al.
(2019) apply the concept of service triads to analyze the roles of households, waste
service providers, and municipalities, and their interactions in household waste
collection systems. Analyzing construction logistic setups, Eriksson et al. (2021)
uses the concept of a construction logistics setup triad constituting developers,
contractors, and logistics service providers to investigate how the interactions
between them are affected by public actors. Similarly to these two examples, the
application of the concept of service triads in this study can be expected to yield
insights into the roles of actors in actor networks within construction plastic waste
flows. Based on the illustration by Eriksson et al. (2021), Figure 3 visualizes a
potential triadic service relationship between three central actors, where the white
circles represent other actors in the network that the central actors are connected
to and interact with.

Figure 3: A theoretical service triad, embedded in a broader network of actors.
Adapted from Eriksson et al. (2021)

.

With a service ecosystem perspective, Wagner et al. (2017) notes that relational
structures such as triads can be considered as building blocks of actor networks in
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broader ecosystems. Analyzing typical relational structures in aftermarkets,
Wagner et al. (2017) does not confine to service triads but further identifies a
number of tetradic relational archetypes. Wagner et al. (2017) further argues that
understanding the typical relational structures between types of actors helps to
understand the capabilities and resources needed for service provision in such
networks.

2.2 Circular economy business models
The circular economy business model (CEBM) theory builds on business model
innovation and circular economy as two essential concepts. CEBM theory explains
the role of recycling within the circular economy and describes how value is created
and distributed among the actors in a value chain (Geissdoerfer et al., 2020). Hence,
the CEBM theory is helpful when exploring how new collaborations that enable
recycling can create value for different actors.

In the review by Geissdoerfer et al. (2018) definitions of the term business model
in existing research are analyzed. Based on this analysis they define business
models as "simplified representations of the value proposition, value creation and
delivery, and value capture elements and the interactions between these elements
within an organisational unit.". Value has a central role in this definition and to
show the strategic logic behind value it is categorized into three elements value
proposition, value creation and delivery, and value capture based on the framework
from Richardson (2008). Lüdeke-Freund et al. (2018) use a breakdown of four
value elements by separating the element value creation and delivery into the two
elements value creation and value delivery.

The term circular economy business model, CEBM, is explained by Geissdoerfer
et al. (2020) as business models that are "cycling, extending, intensifying, and/or
dematerialising material and energy loops to reduce the resource inputs into and the
waste and emission leakage out of an organisational system.". In this definition,
cycling refers to when materials and energy are recycled in a system through reuse,
remanufacturing, refurbishing, and recycling. Figure 4 is an adapted illustration
of the circular economy, originally by Geissdoerfer et al. (2020), where the arrows
refer to cycling flows between functions in the economy. The green arrow refers to
recycling flows and represents the scope of recycling CEBMs as when the material
is taken from disposal back to production.

10



2. Theory

Figure 4: A description of recycling within the circular economy, adapted from
Geissdoerfer et al. (2020)

To analyze differences and patterns among recycling CEBMs, value elements are
used by Lüdeke-Freund et al. (2018) and Geissdoerfer et al. (2020). First, the
value proposition is what a company will deliver to its customers and why the
customers will pay for it (Richardson, 2008). A key feature of recycling CEBMs
value proposition is material or product take-back which often relies on value chain
collaborations and effective reverse logistics (Geissdoerfer et al., 2020).
Lüdeke-Freund et al. (2018) state that the take-back value proposition is the
provision of waste material or production residues that are otherwise disposed of.
Additional value proposition examples are offering recycled input material to
manufacturers and manufacturers offering products that use recycled material
(Lüdeke-Freund et al., 2018).

Second, the value creation and delivery highlight how a company will create that
value for customers and where this value comes from in terms of resources and
capabilities (Richardson, 2008). The value delivery process is described by
Lüdeke-Freund et al. (2018) to connect downstream and upstream supply chain
actors. Therefore, a prerequisite is the capability and resources to organize reverse
logistics (Lüdeke-Freund et al., 2018). Value creation is mainly done when used
materials are made into new materials with higher value, upcycling, or lower value,
downcycling Lüdeke-Freund et al. (2018). Other possible value creation potentials
mentioned by Lüdeke-Freund et al. (2018) are to increase the reputation of a
company, improve product experiences or give access to production inputs that
substitute natural resources. In addition, Geissdoerfer et al. (2020) mention that
the environmental value creation potential of recycling CEBMs is reduced waste
output and reduced total new material and energy use.

The third and last value element, value capture, is explained by Richardson (2008)
to focus on revenue sources for the company and what the economy of the business
looks like. The value capture is largely based on material acquisition cost reduction
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and additional revenue from extended use of materials (Geissdoerfer et al., 2020).
Lüdeke-Freund et al. (2018) mention reduced input and product costs as part of
the value capture but also mention that normal or higher prices can be charged if
upcycling has been done.

Lüdeke-Freund et al. (2018) highlight that CEBMs with recycling services as the
value proposition are needed for increasing resource efficiency in general. Further,
Material Economics (2019) specifically note that service-focused CEBMs have the
potential to improve resource efficiency for plastic materials but that this potential
often is overlooked since it is scattered among value chain actors.

2.2.1 Reverse logistics designs
The ability to organize reverse logistics that connect construction companies,
manufacturers, and suppliers is a requirement for the value delivery of a recycling
business model (Lüdeke-Freund et al., 2018). Therefore, reverse logistics theory is
fundamental for the analysis of how to implement recycling collaborations.
Blackburn et al. (2004) writes that the reverse supply chain design should be based
on the marginal value of time (MVT) among the products i.e. how valuable it is to
get them back fast. The MVT is often correlated with how high the demand
uncertainty is for the products. Consequently, when the MVT is high, it is
important to have a responsive, decentralized reverse supply chain but if the MVT
is low the appropriate reverse supply chain is efficient and centralized. The goal of
the decentralized supply chain structure is to increase supply chain responsiveness
and maximize asset recovery by early process differentiation. The goal of a
centralized supply chain structure is to achieve efficiency in terms of processing
and transporting costs by collecting as much as possible at one return location
(Blackburn et al., 2004).

2.2.2 Actions for circular business model transformation
Actions that incumbent firms can take to overcome barriers and achieve CEBM
transformations are described in four steps by Frishammar and Parida (2018). These
steps provide guidance in the discussion regarding what actors should consider when
pursuing new collaborative actions connected to recycling CEBMs. First, firms have
to gain adequate knowledge about the requirement for the transformation. A need
is often to increase awareness of guidelines and opportunities about recycling and
waste management but also to understand how changed business models create
value and for what customers this value is created. Second, firms need to analyze
internal business model potential, shortcomings, and scope to make the business
model explicit. Third, there is a need for internal alignment with the updated
model and external configuration with ecosystem partners so that the CEBM has
a good fit in the company and with other actors. Fourth, and finally, the business
model needs to be implemented and validated.

Frishammar and Parida (2018) raise key considerations regarding the
implementation and validation. It is harder to realize benefits in practice than in
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theory because of potential trade-offs between economic and environmental
dimensions. Further, actors in the ecosystem need to be aligned with each other
for a successful CEBM scale-up. Lastly, firms need to balance iterative learning
and adjustments with large-scale rollouts for successful implementation.

2.2.3 A theoretical framework for service types
To further describe different circular economy business models, a morphology was
created by Lüdeke-Freund et al. (2018) based on the value elements and the eight
subcategories products, services, target customers, value delivery processes, partners
and stakeholders, value creation processes, revenues and costs. Each subcategory
was given design options based on a data set of CEBMs. For the subcategory of
CEBMs that had services as value propositions, this resulted in nine generic service
design options, presented in Table 1. These nine theoretical design options for
service CEBMs are useful for the analysis of current services and help as a frame of
reference when coding descriptions of service types.

Service options Description

Facilitating collaboration Synergistic partnerships, collaboration among
users or between users and producers

Take-back management Deposit systems, product take-back, take back
of used products or waste material

Customer Education Education to reduce consumption or to reduce
waste

Waste handling and processing Waste collection, recycling, or sorting. As well
as eliminating third-party waste

Product-/service-based functions
Leasing or renting out products or equipment,
switching from product to a service or paying
for functionality

Maintenance, repair, control Product or equipment maintenance repair and
control

Product-/service-based results Results

Upgrading Upgrading

Auxiliary services Databases, shipping, installation and
warranties

Table 1: A framework of service design options based on Lüdeke-Freund et al.
(2018)

2.2.4 A breakdown for categorization of barriers hindering
the provision of CEBMs for construction plastic waste

The following breakdown is based on the studies by Bianchini et al. (2019),
Guldmann and Huulgaard (2020), Tura et al. (2019), and Vermunt et al. (2019)
which through different methods of studying and compiling existing research about
barriers for circular business models have identified barriers and barrier categories
for circular business model implementation. The six barrier categories:
(1)Organizational, (2)Supply chain, (3)Technological, knowledge and informational,
(4)Institutional, (5) Economic and financial and (6)Market had overlap across the
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studies by Bianchini et al. (2019), Guldmann and Huulgaard (2020), Tura et al.
(2019), and Vermunt et al. (2019) where they describe specific barrier examples
further to show the emphasis of each category. These descriptive examples are
presented in Table 16 in Appendix A. The categories Technological, knowledge and
informational and Economic and financial have more than one descriptive word
and encompass barriers that fit into at least one of these words. Finally, Table 2
below shows a breakdown of how barrier descriptions based on examples from
interviews can be connected to barrier categories from CEBM theory.

Categories Barrier description Barrier Examples

Example from interviews
Description

Category name ...
... ...

...
... ... ...

Table 2: Breakdown for barrier categorization

2.3 Digital solutions for traceability and sorting
of plastic waste flows

This section constructs a theoretical foundation for the third research question based
on two aspects. First, there is a need for theoretical perspectives regarding how
digital solutions could be used to identify plastic waste streams suitable for recycling.
Second, there is a need for theoretical perspectives on how digital solutions could be
used to improve the sorting of plastic waste that has been identified and collected.

An organization that aims to facilitate the digitalization of business processes
within the construction sector is BEAst (Byggsektorns Elektroniska
Affärsstandard) (Samuelson, 2021). BEAst consists of over 100 member companies
and organizations and develops digital standards for processes such as
procurement, logistics, invoicing, and documentation. While the usage of digital
standards could potentially improve the traceability of construction plastics, a lot
of information is still being kept in analog formats. One such example is
environmental product declarations (EPDs) or logbooks that typically are
managed in analog formats which makes information about plastic building
materials less accessible (Almasi et al., 2020). Sharing this picture, Ahlm et al.
(2021) notes that the current absence of digital EPDs implies a lack of traceability
which hinders the recycling of construction plastics. Jansson et al. (2019a) note
that logbooks for new buildings enable traceability for the materials used which
enables better recycling potential during the demolition of these buildings.
However, these logbooks are not available for many of the old buildings that exist
today. Almasi et al. (2020) emphasizes the benefit of digital logbooks and argues
that higher materials efficiency for plastic could be achieved if this would be
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required by developers. The advantage of digital logbooks is further corroborated
by Ahlm et al. (2021).

For improved waste sorting the European Environment Agency (2021) highlights
robotics and AI as technologies that can improve the efficiency of plastic waste
sorting. Important to note, however, is that this hypothesis concerns waste in
general and not particularly plastic waste within the construction industry.
Further, there are few studies on how these technologies apply to plastic waste
within the construction industry. Regardless, studies on how AI and robotics could
be leveraged to improve general plastic waste sorting are considered potentially
capable of providing insights valuable to the context of sorting construction plastic
waste. Analyzing household waste, Bobulski and Kubanek (2021) investigate how
deep learning could automatize the sorting of plastic waste which is a difficult and
expensive process when done manually. While Bobulski and Kubanek (2021)
conclude that there is potential economic viability of using robotized sorting
processes powered by AI, their tested model only differentiates between the four
different plastic fractions of PET, HDPE, PS, and PP. Wilts et al. (2021)
investigate robotic sorting based on AI through the implementation of such a
system in a municipal waste recovery plant, focusing on HDPE, LDPE, PP, PET,
other mixed plastics, and other types of waste. While the robot could grab
targeted items effectively, additional items could follow along unintentionally,
bigger waste items were more difficult to grab, and uneven waste distribution over
the conveyor belt posed another challenge for the robot.
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3
Research Methodology

The methodology of this master thesis has been divided into three distinct phases
designed to answer each of the three research questions. In the first phase designed
to answer the first research question, semi-structured interviews were held to
identify current services enabling plastic recycling, as well as barriers hindering the
provision of these services. The second phase was carried out using a concept
mapping methodology to identify collaborative actions for increased recycling,
meaning ways actors could collaborate to increase the recycling rate of
construction plastic waste. An analytical framework based on relevant theory was
applied to understand how identified collaborative actions could be feasible in
practice. Third, to identify digital solutions that could be used to improve plastic
waste management semi-structured interviews were held.

An overview of the methodology in this thesis is presented in Table 3 below. This
chapter continues with an introduction to the concept mapping methodology,
followed by sections on sampling, data collection, data analysis, and research
quality approach.

Content of
RQs Data needed Data collection Results

presentation
Analytical
approach

1. Identifying
(a) current
services and
(b) hindering
factors?

•Existing services
•Barriers inhibiting
plastic recycling

Semi-structured
interviews with
experts across the
value chain

•Identified service
types
•Barrier
descriptions

•CEBM patterns
•CEBM barriers

2. Identifying
collaborative
actions

•Ideas on
collaborative actions
•Labeled clusters of
ideas
•How clusters
relate to each other

Concept Mapping
with experts across
the value chain

•Tables with
clusters of ideas
•Summarized
expert’s
perspectives on
clusters

Analytical framework
based on concepts
of service triads and
tetrads, and service
system perspectives

3. Identifying
digital
solutions

Ideas on digital
solutions

Semi-structured
interviews with
experts on digital
solutions

Table with areas of
application and
hindering factors

Comparison of digital
trends and empirical
observations

Table 3: Research methodology overview
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3.1 Introduction to concept mapping
Combining qualitative and quantitative data collection methods, concept mapping
in its typical form is a mixed research methodology (Vaughn & McLinden, 2015)
that through a form of structured conceptualization can help generate conceptual
frameworks for planning (Trochim, 1989). Typically, concept mapping is conducted
through the six steps of (1) preparation, (2) idea generation, (3) structuring, (4)
representation, (5) interpretation, and (6) utilization, where the third and fourth
steps constitute the quantitative elements of the process. Essentially, these steps
are carried out by having (1) a selected group of participants (2) brainstorm ideas
in relation to a given focus prompt, to then (3) having participants individually
structure the collective group of ideas so that (4) an average clustered map of ideas
can be computed based on the clustering of the participants, which then is used
as a basis for (5) a final group discussion where participants help interpret how
the concept map helps answering the initial focus prompt, and (6) how it can be
used. The method is particularly unique in terms of how it enables researchers
to work collaboratively with participants throughout the process and how enables
capturing a wide range of unique ideas within a participant community. Considering
the exploratory nature of the second research question, and the complexity of the
construction value chain, the methodology was deemed appropriate as it not only
allows identifying a wide range of ideas from a participant community but further
as participants are part of interpreting the results. However, concept mapping also
stands out when it comes to the amount of time and effort that participants need
to invest in the process, particularly for the third step (Vaughn & McLinden, 2015).
Thus, the methodology was adapted from its typical form in order to make sure
that enough participants would be willing to participate and to ensure that the
process could be well executed within the time frame of this thesis. The adaptations
made with regard to structuring and representation will be outlined in section 3.4.2.
Additionally, how the steps of idea generation and interpretation were carried out is
described in section 3.3.2. In essence, the process was adapted to a more qualitative
approach excluding the quantitative elements typically included.

3.2 Sampling
The main sampling method chosen for this research was non-random purposive
sampling. Bell et al. (2019) describes that it is used so that the interviewees can be
chosen in terms of specific criteria that allow the research questions to be answered.
It is therefore useful in qualitative research since the aim of the study can steer
the sampling considerations. Most sampling in this study was done through generic
purposive sampling since there was a need (particularly for the first and second
research questions) to gain insight from a wide range of actors from the construction
value chain. However, snowball sapling was also used since it makes it possible to
utilize knowledge and contacts from interviewees to establish new contacts that suit
the sampling criteria (Bell et al., 2019).
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3.2.1 Sampling for identification of existing services and
barriers

To capture current types of services enabling the recycling of construction plastics
as well as current barriers to them, it was deemed necessary to interview
representatives from actors across the whole empirical context, see Figure 1. Thus,
the actor types that were sought to be represented in the sample were
manufacturers, material and equipment suppliers, construction companies, WSPs,
and recyclers. While representatives from these actors were thought able to
provide deeper insights into existing services and barriers, it was further considered
appropriate to reach interviewees with a broader perspective on what services the
studied actor types provide and what barriers they face. Hence, researchers and
trade associations were included in the sample as well. However, the actor type
only illustrates one side of the sample criteria. Further, when searching for
interviewees it was desired to include individuals that had been or were working
with topics related to construction plastic waste, service development,
sustainability, or circularity with respect to construction plastic waste. However, it
was still desired to generate a sample where the interviewees had varying
experiences and could contribute with complementary knowledge. The final
sample is presented in Table 4 below.

ID Company Role Date

C1 Construction company A Sustainability specialist 2022-10-19
C2 Construction company A Sustainability manager 2022-10-28
C3 Construction company A Environmental coordinator 2022-10-21
M1 Manufacturer A Environmental Specialist 2022-10-19
M2 Manufacturer B Manager 2022-10-31
M3 Manufacturer A Salesperson 2022-10-19
RI1 Research institution A Assistant Professor 2022-11-03
RI2 Research institution A Project manager 2022-10-13
RI3 Research institution B Senior Researcher 2022-10-18
S1 Supplier of construction products A Sustainability manager 2022-11-02
T1 Trade association A Environmental Manager 2022-11-04
T2 Trade association B General Manager 2022-10-20
T3 Trade association C Manager 2022-11-02
R1 Recycling company A Salesperson 2022-10-20
R2 Recycling company B Chief Executive Officer 2022-10-21
R3 Recycling company C Commercial Manager 2022-10-21
WSP1 Waste service provider A Project manager 2022-10-18

Table 4: Overview of the interviews conducted in the first interview round

To determine the sample size of the semi-structured interviews the concept of
saturation was used. Bell et al. (2019) states that theoretical saturation can be
reached when new data no longer give new insight or new dimensions of theoretical
categories. In this research, saturation was desired when exploring current services
and barriers meaning that saturation was to be reached before the continuation of
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the study. Saturation was reached after 17 interviews when the insights from the
final interviews proved to confirm the service types and barrier categories from
previous interviews.

3.2.2 Preparation of concept mapping
The preparation step includes determining the participants. When it comes to
determining the sample of participants, Trochim (1989) notes that it is beneficial
for the conceptualization to bring in a variety of people relevant to the subject.
Thus, the second research question in this study concerns actors across the value
chain of construction plastics, participants from a wide array of actor types were
included in the sample. Here, the researchers benefited from already having
conducted the first round of interviews when determining participants for the
concept mapping process as the established network of interviewees could be
leveraged. Since the concept mapping methodology had been adapted to a more
qualitative one, snowball sampling was deemed appropriate based on the
considerations by Bell et al. (2019). The final sample, presented in Table 5 below,
included 15 participants in the idea generation step, and six participants in the
interpretation step. Regarding sample size for the concept mapping process,
Trochim (1989) notes that 10-20 participants are a manageable number but that
there are studies with more respectively fewer participants in the process, or
having different sample sizes for different steps of the process. However, the aim is
still to create samples that can generate a wide variety of unique ideas, and that
enable good group discussion in the interpretation step. Thus, regarding sample
size for idea generation, the researchers found 15 participants enough as these
participants represented two different manufacturers of plastic products, one
construction company, three different waste service providers, a recycling company,
and four different research institutions. For the interpretation step, the researchers
found it critical to limit the number of participants to ensure that every
participant would have their say on each topic. However, it was still made sure
that key actors across the value chain were included, having representation from a
manufacturing company, a construction company, two different waste service
providers, and one recycling company.
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ID Company Type Role Idea
generation

Interpretation
session

C1 Construction company A Sustainability Specialist Workshop

C3 Construction company A Environmental
Coordinator Workshop ✓

C6 Construction company A Research Coordinator Workshop ✓

M1 Manufacturer A Environmental
Specialist Workshop ✓

M2 Manufacturer B Manager Workshop
R3 Recycler C Commercial Manager Workshop ✓

RI1 Research institution A Assistant Professor Survey
RI3 Research institution B Senior researcher Workshop
RI4 Research institution B Senior researcher Workshop
RI5 Research institution C Senior researcher Survey
RI6 Research institution D Project manager Survey
WSP1 Waste service provider A Project Manager Survey
WSP3 Waste service provider B Analyst Workshop ✓

WSP4 Waste service provider C Commercial manager Survey ✓

WSP5 Waste service provider A Project Manager Survey

Table 5: Overview of the concept mapping participants in this study. Participation
in the interpretation session is indicated with "✓"

3.2.3 Sampling for identification of digital solutions
The network of experts that the researchers had gotten in touch with from the first
interview round was helpful to identify an appropriate sample for the second
interview round. The researchers were able to ask previous interviewee subjects if
they knew someone who was working exploratory with digital solutions for
improved waste management, or digital solutions in service development. Through
past interview subjects, the researchers were able to identify dour different experts,
representing three different actor types in the construction value chain. These four
interviewees are presented in Table 6 below.

ID Company Type Role Date

C4 Construction company A Digital Transformation Manager 2022-11-11
C5 Construction company A Digital Transformation Manager 2022-11-14

CLSP1 Construction Logistics
Service Provider A Business Development Manager 2022-11-11

WSP2 Waste Service Provider A Business Solution Manager 2022-11-11

Table 6: Overview of the interviews conducted in the second interview round
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3.3 Data collection
Different data collection methods were used to get the desired primary data. Two
rounds of semi-structured interviews were conducted to collect the data needed to
answer the first, respectively the third, research questions. The data needed to
answer the second research question was collected using a concept mapping
methodology and was further complemented with findings from the first round of
interviews. The following sections will explain the data collection methodologies in
more detail.

3.3.1 Interviews
Bell et al. (2019) notes that semi-structured interviews are preferable when the
researcher has a somewhat clear focus for the interview, but still wants the flexibility
to dive deeper into potential topics raised by the concerned interviewee, this type
of interview was used for both interview rounds in this study. An interview guide
was sent out prior to each interview to help make sure that desired topics were
covered in each interview and also to prepare interviewees for the subject at hand
before the interview. Information about recording was included in the guide as it is
important to inform about and get approval for recording before the interview (Bell
et al., 2019). To ensure the quality of the collected data, general information about
each interviewee as name, job title, and company, was collected in line with what is
suggested by Bell et al. (2019).

Two rounds of interviews were conducted in this study. The first round served the
purpose to provide insights valuable in relation to the first research question of this
study. The second round of interviews, building on the identified service types,
focused on deepening the insight into key areas identified through the interview
process to provide valuable knowledge in relation to the third research question.
Since the interviews were semi-structured and both rounds dealt with services for
plastic recycling, there appeared unintended relevant data from the first round that
was considered to be evidence for the research question meant to be answered by
the second round and vice versa.

In the first interview round, 16 interviews were held and recorded, each having a
duration of 45 minutes except T1 who could not allocate more than 30 minutes for
the interview. Interviewees M1 and M3 were interviewed simultaneously, as they
believed their combined knowledge would enable a more insightful findings based
on the interview guide, giving the first round a total of 17 interviewees. See Table
4 for an overview of the first round of interviews. The second round of interviews
consisted of four 30-minute interviews and is summarized in Table 6. The interview
with C2 was held in person while the rest was held with video conferencing software.
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3.3.2 Idea generation and interpretation in the concept
mapping process

Apart from determining the sample, the preparation step in the concept mapping
process also includes developing the focus prompt to be used in the idea generation
step (Vaughn & McLinden, 2015). The researchers developed different suggestions
and discussed these prompts with the two supervisors of this thesis to ensure a focus
prompt that was suitable for the second research question. The final focus prompt
used in the idea generation step in this thesis was:

"In the Idea Generation workshop, we want you to generate short phrases
or statements which describe ... how actors could collaborate better to
enable an increased recycling rate of construction plastic waste”

The aim of the idea generation step is to obtain the individual perspectives from each
of the participants in light of the focus prompt (Vaughn & McLinden, 2015). In this
concept mapping process, nine of the 15 participants were gathered for a 30-minute
virtual workshop held with video conferencing software. This workshop was divided
into three phases. First, the researchers held a brief introduction and described the
background and the aim of the thesis. Participants were encouraged to ask questions
at any point during the workshop if anything was unclear. Further, since the focus
prompt was broad, participants were encouraged to try to be as specific when writing
their ideas. Second, participants were given a bit over 10 minutes to write as many
ideas as they could come up with in relation to the focus prompt. The digital tool
Mentimeter was leveraged for the collection of ideas. Third, after participants had
submitted their ideas, the researchers could directly present the submitted ideas to
the whole group. Participants were then able to briefly read through the ideas and
were encouraged to point out if there were any ideas suggested that seemed unclear.

The six participants that were not able to attend the workshop were instead sent
a digital form. Microsoft forms was used for this process, and it was made sure
to provide the same instructions in the form as the participants would get in the
workshop. The participants were encouraged to contact the researchers if they had
any questions before starting the form and if there was anything they would like to
add after completing the form. One of the respondents sent such an email to add
another idea she came up with.

The second part of the concept mapping process that regarded data collection was
the fifth step of interpretation. Vaughn and McLinden (2015) note that the aim
of the interpretation step is to gather the participants to have them discuss how
the concept map of ideas helps answer the focus prompt and how it could direct
future actions. When the concept mapping process is conducted in its typical form,
the interpretation step should also include discussions around further analytical
constructs created in the fourth step of representation (Trochim, 1989; Vaughn &
McLinden, 2015). However, since interrelated analytical steps of (3) structuring
and (4) representation were adapted in this concept mapping process, explained in
section 3.4.2, the only analytical construct that was covered in the interpretation
step was the concept map of the ideas obtained clustered into groups of similarity. In
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order to understand how the constructed concept map answered the focus prompt,
and how it could be used to direct actions forward, the six participants noted in
Table 5 were gathered for a 40-minute interpretation session workshop. During
the workshop, the concept map with its eight identified clusters of ideas – eight
collaborative actions – was discussed with respect to two aspects. First, participants
were asked if the label given to each cluster captured the contained ideas and if there
were any of the ideas that did not seem to belong to the collaborative action they
had been associated with. Second, participants were asked to share if there were
any of the ideas within a collaborative action that they perceived as particularly
important and to raise any additional remarks that should be considered to make
the collaborative action possible. Having participants discuss perspectives in the
group enabled a deeper understanding of the collaborative actions identified.

The workshop was held with video conferencing software and all participants
consented to have it recorded. This enabled the researchers to focus on facilitating
the workshop and still be able to correctly capture all the perspectives from each
participant by transcribing the recorded material afterward.

3.4 Data analysis
In this section, the conducted data analysis is described in three parts. First, the
thematic analysis of interview data is explained. Second, the analysis of the data
generated in concept mapping is described. Third, it ends with an analytical
framework that illustrates how integrated theoretical perspectives will be applied
to analyze the findings of the study.

3.4.1 Analysis of interview data
Thematic analysis in form of coding was used in this study to process the data from
the recorded interviews. According to (Bell et al., 2019) the coding method breaks
down information into smaller components so they can be processed in a better way.
Recorded interviews were reviewed and relevant information was transcribed into
categories that were relevant for answering the research questions. In accordance
with the considerations from Bell et al. (2019) the categorized data was labeled with
codes so that connections between the data and theoretical ideas could be drawn.
Coding was done in one or two layers. To answer research question 1a examples
from interviews were coded into different service types. The Table 1 with service
design options by Lüdeke-Freund et al. (2018) in section 2.2.3 was used as a frame
of reference to do the initial coding. When coding barriers for research question
1b, they were first coded to general barriers or barriers for specific services. Later,
they were coded at a more detailed level regarding what they were inhibiting using
the structure presented in Table 2 in section 2.2.4. To answer the third research
question, digital solutions mentioned by interviewees were identified. The viability
of these digital solutions was analyzed by comparing potential application areas and
hindering factors.

24



3. Research Methodology

3.4.2 Structuring and representation of generated ideas in
the concept mapping process

The steps of structuring and representation were adapted to lower the burden on
the participants in the concept mapping process to ensure that enough
participants from a variety of different actor types would be represented. Thus,
while the structuring step typically means having participants sort the generated
collection of ideas into groups of similarity (Vaughn & McLinden, 2015), this
process was instead conducted by the researchers of the study. Since the
hierarchical cluster analysis typically conducted in the representation step (Vaughn
& McLinden, 2015) depends on the input of sortings from the participants, this
part of the methodology was no longer applicable. The rationale behind the
typical quantitative process is that it enables the construction of a conceptual map
entirely based on the collective perspective, that further is free from any subjective
beliefs of the researchers (Vaughn & McLinden, 2015). To handle this issue and to
make sure that the generated concept map of collaborative actions reflected the
beliefs of the participants, the researchers made sure to ask participants whether
they agreed with the conceptualization during the interpretation step, as
mentioned in section 3.3.2 earlier.

The steps of structuring and representation were adapted into a five-step process.
First, in line with Vaughn and McLinden (2015) the list of ideas obtained from the
generation step was refined to make sure that it only contained unique ideas.
Duplicate ideas were removed and submitted ideas that contained two or more
unique ideas were split into separate unique ideas. Second, the two researchers
numbered the ideas in the refined list and individually sorted them into groups of
similarity. Third, the researchers compared the overlaps of the two different
groupings and constructed a final grouping through an iterative process of
discussion and regrouping. Fourth, The researchers individually wrote a suggested
name for each cluster. Fifth, the researcher compared the names suggested to then
create a final name for each cluster. The eight named clusters obtained represented
the concept map of eight different collaborative actions that were brought to the
interpretation workshop explained earlier in section 3.3.2.

3.4.3 Analytical framework
In order to answer the second research question, there was a need to identify
possible ways actors can collaborate. While the empirical findings from the
concept mapping methodology were deemed to generate a map of potential
collaborative actions, there was a need for an analytical tool to understand how
each collaborative action could be feasible in practice. This understanding could
be built through the analysis of three perspectives. First, the actors central to, and
the role of each actor in, the service systems enabling each respective collaborative
action. Second, the collaboration complexity with respect to the number of central
actors involved and the intensity of collaboration. Third, how value is generated in
respective service systems. Building these three perspectives by leveraging the
concept of service triads and tetrads (Wagner et al., 2017; Wynstra et al., 2014),
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insights from the GD–, SD–logic, and service ecosystem perspectives (Lusch &
Vargo, 2014; Vargo & Akaka, 2012; Vargo & Clavier, 2015), lays a foundation to
categorize collaborative actions with respect to collaboration complexity and
service system maturity as described in Figure 5. Such a categorization was
deemed appropriate to understand the resources and capabilities needed for actors
to pursue the respective collaborative actions, and how different collaborative
actions relate to each other.

Figure 5: An analytical framework to analyze collaborative actions enabling
increased recycling

3.5 Research quality
To ensure the quality of this research, trustworthiness was used as a measure.
According to Halldórsson and Aastrup (2003) trustworthiness can be divided into
credibility, transferability, dependability, and confirmability.

Credibility indicates how well the respondents’ constructions of reality match the
representations made by the researches(Halldórsson & Aastrup, 2003). This was
worked with by leveraging insights from interviewees to support understanding in the
following interviews. Regarding concept mapping, the probability of good credibility
was higher since respondents were responsible for a part of the data analysis as well
as the data generation. To further help the researchers understand the interviewees
a site visit to a large recycler facility was done on November 16, 2022.
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The second trustworthiness component, transferability, represents how well the
study can make general claims about the world (Halldórsson & Aastrup, 2003).
Transferability is challenging for this study since construction and waste systems
work differently around the world and all the respondents are based in Sweden.
Increased transferability was pursued by having a diverse sample of interviewees so
that the data would reflect different views making the findings more transferable.
Several respondents were part of multinational companies, giving a more general
view of barriers and opportunities. However, it is important to note that findings
come from a context with EU and Swedish regulations. For the reader to get an
understanding of the study limitations and be able to conduct similar studies in
other construction contexts the methodology is explained in a transparent manner
and the interview guides are attached in appendix B.

Dependability is the third component of trustworthiness and concerns how stable
data is over time (Halldórsson & Aastrup, 2003). To achieve dependability, thorough
documentation was done during the research process by taking notes, describing
theoretical models, and describing the logical methods and processes.

The final component, confirmability, reflects that the findings are free of bias from
the researchers (Halldórsson & Aastrup, 2003). To make sure that the findings
reflected the results, the interpretations and recommendations were clearly
described so they can be traced back to their sources. Since the researchers were
responsible for the structuring and representation of concept mapping ideas
validation was important for confirmability. The concept mapping clusters were
therefore validated by the interpretation session group and the general findings
were validated through a presentation to the construction company client. Finally,
the findings were shown to an opponent group and reviewed to strengthen
objectivity.
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4
Empirical Findings

This chapter is divided into five sections and presents the main findings of the study.
First, existing barriers to increased plastic recycling that were identified in the first
round of interviews are presented. Second, to answer research question 1, identified
service types enabling the recycling of construction plastic waste are presented and
connected with specific hindering factors. Third, the eight identified collaborative
actions are presented along with the ideas they comprise. Fourth, summarized
insights from the interpretation session are presented for each of the four actor
types that were represented in that session. Last, findings from interviews on how
digital solutions could be used to improve plastic waste management are summarized
together with the hindering factors they face.

4.1 Barriers behind the low recycling rate of
construction plastic waste

Analyzing the first round of interviews resulted in 113 statements about barriers
to construction plastic recycling. These describe the hindering environment for
services that currently enable plastic recycling giving a foundation for answering
research question 1. These statements were grouped into six categories based on the
format in Table 2 that builds on theoretical examples that can be viewed in Table
16 in Appendix A. Descriptions of types of barriers found within each category are
summarized in Figure 6. The full categorization with illustrative examples from
interviews can be found in tables 17,18 and 19 in Appendix A.
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Figure 6: Overview of identified barriers inhibiting material recycling of
construction plastic waste. Full categorization can be found in the tables 17, 18
and 19 in Appendix A

First, in the category Economic and financial barriers, the interviewees highlighted
three problem areas. First, C2 and RI2 argued that questions regarding the plastic
recycling process are not getting prioritization because of the lack of financial impact
of changing the plastic handling process in construction projects. Second, C2, R3,
M2, and T3 said that the plastic recycling process is complex and carries high
logistic costs. Examples of logistic cost drivers were the need for separate handling
of different plastic types in different fractions according to C2 and the low density
of plastic according to T3. Third, as a consequence of the cost drivers, using new
CEBMs in many cases results in higher expenses than using linear supply chains for
energy recovery according to WSP1 and T2.

The second category Technological, knowledge, and informational consists of three
problem areas. The first area relates to technological aspects. Transparent plastics
have a higher recycling value but C3 stated that colored plastics are needed in
construction plastics since it protects some products from UV radiation. This is a
barrier when striving for a transparent standard among construction packaging.
R3 states that there is no technology that can enable the automatic sorting of rigid
plastics into high-quality fractions that enable recycling that is not downcycling.
Second, in the problem area of collection, aggregation, and sharing of information
C2 mentioned that there are too few metrics that show plastic recycling results,
that compilations are missing about climate savings from recycling flows, and that
statistics are lagging behind. These barriers limit feedback and information flows
that would incentivize working towards circular systems. C3 added to this by
mentioning the lack of efficient communication systems for sharing relevant
information with other actors. The third problem area concerns a lack of
knowledge and experience in waste handling and was mostly mentioned by
interviewees from research institutions. RI2 talked about a knowledge gap
regarding how to handle waste among onsite people and a big discrepancy
regarding experience and information made available for different construction site
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workers. RI1 mentioned a lack of knowledge among purchasers on what material
has recycling systems when buying plastic products for construction projects.

Supply chain is the third category that consists of three problem areas. The first is
the lack of network support, partners, and resources. An example from C1 is the
lack of off-site sorting possibilities while RI3 highlighted the lack of recycling
plants wanting to receive not fully sorted plastic. The second barrier regards path
dependency on the functioning linear supply chain where there are few incentives
to change the current structures and processes. Both RI1 and M1 said that
incentives are low to sort plastics for the actors that are present on a construction
site where the waste first occurs. RI1 pointed out that the supply chain focus is
mainly on flows going into the construction site and less focus is on outflows. The
third supply chain problem area concerns collaboration and communication issues.
In the interview with RI3, this was raised for actors in general. M2 expressed the
need for manufacturers and waste contractors to collaborate to close the loops and
have both product designs that fit the supply chain and supply chains that work
for the products. T2 said that it can be hard to communicate with smaller
involved subcontractors in the current value chains.

The fourth category describes Institutional barriers broken down into two problem
areas. First, a majority of interviewees mentioned ineffective legal instruments. T2,
RI2, and R1 pointed out that the European Union law for sorting plastics in one
separated fraction is not enough to enable high-quality recycling. C3 talked about
the lack of legal obligations concerning the production of recyclable products. T3
stated that good regulations exist but that insufficient law supervision is a barrier
because less serious actors can break laws to be able to undercut complying actors
without consequences. Second, the lack of regulations that generate demand pull
for plastic products with recycled material is a problem area highlighted by T1 and
R3. R3 mentioned that they have suffered from large demand uncertainty when
they sell processed plastic waste and that one reason is that there is no quota
obligation for recycled plastic in place. According to R3, a quota obligation could
be a fixed threshold that stabilizes the demand and enables longer-term investment
and planning.

Furthermore, the fifth category Organizational is divided into two problem areas.
The first is the difficulty to organize for effective on-site sorting into many fractions.
According to C3, this challenge is a crucial reason for the low recycling rate. RI2
mentioned a reason for the challenge being a lack of standard procedures for the
on-site sorting of different fractions. RI3 added that the many different actors on
construction sites make the sorting procedures harder. Furthermore, T2 emphasized
that the lack of physical space and time to do on-site sorting can be a consequence of
recycling not being considered in the early stages of planning. The second problem
area is the narrow focus of existing sustainability strategies is a prob. An example
that was raised by T1 is that the strategic focus historically mainly has been on
removing dangerous waste and not on removing non-recyclable waste.

The sixth category is about Market barriers and is also divided into two problem
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areas. The first area concerns market instability. R3 mentioned that the market
prices for recycled plastic granulates are very volatile. Even in larger markets like
recycled PP and PS, the prices can swing on a month-to-month basis, making
planning difficult. The second area regards the competition in the construction
product market. R1 explained that it is hard for new recyclable products to
compete since products are often procured based on price competition only, and
not sustainability aspects.

4.2 Current services enabling plastic recycling
within the construction sector

The first interview round resulted in several different examples of services that
currently enable plastic recycling within the construction sector. To answer
research question 1(a) with Table 1 as a theoretical framework, these were
compiled into six distinct service types, listed in Table 7. In this section, the
general functions of the service types and how they enable recycling are described.
Additionally, to answer research question 1(b), they are connected to examples
from problem areas described as hindering factors. Finally, an overview of the
service types is presented in Figure 7.

Identified service types

Collaborative services for sorting
Waste handling and processing
Take-back management
Joint waste transportation and intermediate storage
Leasing or renting out equipment
Knowledge sharing and information provision

Table 7: Identified service types that currently enable plastic recycling within the
construction sector

The first identified service type is called Collaborative services for sorting and was
described by WSP1, RI2, C1, C3, and C2 as having the main focus on enabling
recycling by improving on-site sorting. The interviewees explained that on a
construction site, a WSP has personnel that manages the waste containers,
information signs, and coordinates call-offs and pickups. The potential ways value
is created for the construction contractor are that the gate fee for disposing of
plastic is reduced when plastics fractions are of higher quality, the logistic
efficiency related to waste collection can be increased when coordinated with
WSPs, and the construction workers can have an efficiency increase since less time
is spent on waste handling. Regarding financial hindering factors, C3 mentioned
that the outcome of a service in this service type is uncertain since it depends on
the competence and motivation of the responsible person. A risk is that the value
created by gate fee reduction and construction worker efficiency increase becomes
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too low to motivate the additional cost of on-site WSP personnel. Regarding
organizational barriers, C2 added that construction site workers risk losing the
sense of responsibility for waste sorting when external waste coordination
personnel is present.

Waste handling and processing was mentioned by all interviewees in the first round
and covers the type of services that occur after the plastic has reached a WSP.
These include but are not limited to off-site sorting, shredding, grinding,
granulating, cleaning, and storing. This service type is enabling recycling since it
is directly value-adding to plastic waste. After the provision of these services,
plastic can be sent to manufacturers who after using it in production processes can
sell products with recycled plastic to construction companies. R3 stated that this
step does not turn the waste into a product or production material according to
current law. However, the waste definition can be a gray area and manufacturers
use shredded flakes or granulate as products directly in injection molding without
having permission to handle waste. According to WSP1, one specific hindering
factor is the large variety of plastic types in waste streams which has the
implication of making processing more expensive and risks lowering the output
quality. Another specific hindering factor is the need for manual labor, which is a
result of the input variety combined with the technological limitations for
automated sorting according to R3. Regarding the supply chain, RI3 and WSP1
said that waste handling facilities are few making the logistics costly when having
to source material from distant sources. Finally, problems for other upstream
services are also indirect problems that can increase material and operational costs
for Waste handling and processing.

The service type Take-back management was mentioned by RI2, RI3, C1, T2, C3,
S1, RI1, T3, C2, M1, and M3 and covers services that manage takes-back of plastic
waste to manufacturers. Thus, services enable recycling by managing logistics and
separating products into fractions that specific manufacturers have the
competencies to recycle. The examples mentioned in interviews cover take-back of
installation residue for different types of products and take-back of packaging. The
logistic arrangement for the take-back differs between examples and can be done
by subcontractors or waste service providers. A specific hindering factor according
to C2 is that waste quality requirements can limit manufacturers from using a
recycled mix since a mix can create variations in product quality. C2 said that
installation residue often has high quality but still can be hard to use due to
variation requirements. Further, T3 highlighted that take-back plastic flows are
even smaller and more dispersed than regular plastic waste flows, cutting the
service profitability.

The next identified service type is Joint waste transportation and intermediate
storage. RI1, R3, and RI2 mentioned that existing services of this type enable
recycling by reducing related logistic costs in two ways. First, the plastic volume
per transport can be increased through the development of hubs where plastic
from projects that are close can be stored until a truck volume is reached. Some
tested hubs handle waste from different actors. Second, the logistic cost can also
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be reduced by having one truck pick up waste from multiple construction sites in
the same collection round, these pickups have been synchronized by two-way
communication or via a digital platform. One specific hindering factor mentioned
by RI2 is the lack of actor networks that collaborate and trade with each other. A
consequence of this mentioned by RI2 was that attempts at hubs and joint
transportation had not been reliable enough to be viable. Therefore, a foundation
for this service type is to have an established connected actor network. Further, no
interviewed value chain actor expressed historical efforts of owning and operating a
waste hub like this on more than a project level. CLSP1 saw the possibility of
them taking the ownership role but with the help of third-party waste handling.

The fifth service type is Leasing or renting out equipment that can enable plastic
recycling by lowering handling and logistic costs. Interviewees, M2, R3, RI1, RI2,
WSP1, and C2 mentioned this type of service and highlighted equipment types:
compressors, balers, and containers. RI2 mentioned compressors being used to
compress plastic on-site to make it less bulky and increase density to enable more
plastic per transport. WSP1 said that transports often become expensive because
construction sites lack compressors but that the use of compressors relies on a
good sorting of the plastic since it makes later separation more complicated.
Balers and containers help structure the storage of plastic waste according to R3.
RI2 stated that timing and space on the construction site are hindering factors
since the equipment is bulky and mostly needed during short times of construction
projects when large volumes of plastic packaging waste occur. Containers are
mentioned to be bundled in the service office from a WSP but can also be rented
from CLSPs according to CLSP1 and R1. A specific hindering factor mentioned by
S1 is that most containers only have one big compartment making it hard to keep
small plastic fractions apart if they are not separated in sealed bags before being
thrown into the containers. Additionally, RI1 mentioned the lack of space for
equipment on the construction site.

Several services of the type Knowledge sharing and information provision were
described as being overarching enablers of plastic recycling by T1, T2, WSP1, M1,
M3, C2, RI2, and R1; thus, it comprises the sixth service type. Three example
services were sorting education, feedback, and information sharing about recycling
capabilities. First, R3 mentioned education about different types of plastics and
how to distinguish them from each other being offered from recyclers to sorting
personnel. WSP1 further talked about sorting education being offered by WSPs to
contractors and about the relevance of providing updated information about
sorting methods. Second, feedback was mentioned by M1, M3, and T1 regarding
recycling statistics provided both to construction companies on a project level and
to manufacturers to show their material recycling rates. Third, T2 mentioned that
trade organizations gather and share information about what actors have the
capabilities to recycle different building materials. A challenge with these three
services is that communication needs to be done between many different actors.
There is a need for knowledge sharing about recyclability both internally between
different parts of a construction company such as procurement and environmental
coordinators and externally to subcontractors, manufacturers, and WSPs
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according to RI2. Additionally, a specific hindering factor is the lack of follow-up
consensus for recycling such as common KPIs, feedback, and instructions
according to C2 and WSP1.

To summarize, these six identified service types are currently enabling plastic
recycling but are limited by several hindering factors. Many of these hindering
factors are indirect or direct consequences of barriers within the barrier categories
presented in Figure 6. A descriptive overview of the six identified service types is
presented in Figure 7 where they are connected with key actors, service actions,
and specific hindering factors.

Figure 7: Descriptions of the identified current service types based on key actors,
service examples, and specific hindering factors
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4.3 Collaborative actions for increased recycling
of construction plastic waste

The concept mapping process was designed to provide answers to the second
research question and resulted in eight clusters of ideas. Each cluster represents a
collaborative action that has the potential to increase the recycling rate of
construction plastic waste. The eight collaborative actions are presented in Figure
8 below, and subsequent sections will describe each one in more detail.

Figure 8: Concept map of identified collaborative actions (plotted without any
relative order)

4.3.1 Design for recycling
The six statements the researchers grouped together and labeled Design for recycling
are presented below in Table 8. The majority of the ideas regard examples of
how different actors could collaborate with manufacturers and suppliers to design
products, respectively packaging, that are possible to recycle. Thus, ideas number
14 and 34 are a bit different in nature as they regard how the application of modular
construction could enable higher recycling rates of waste flow from demolition and
refurbishment. While these design strategies do not regard products or packaging,
they were still considered to be part of the category Design for recycling as they
capture how other actors than manufacturers can increase recycling rates through
new designs.

Design for recycling

10 - Material suppliers and waste contractors can have better dialogues on how to design plastic packaging to
facilitate recycling/increase recycling rates.
14 - The use of modular construction techniques can create better conditions for recycling by allowing cleaner
plastic waste fractions during demolition.
21 - Material manufacturers can redesign plastic products that are currently not recyclable to create better
conditions for recycling.
23 - Recyclers and material manufacturers can communicate better so that more material can be used for new
products.
30 - Construction contractors and suppliers of building materials can develop standards for packaging designed
for recycling.
34 - Construction contractors can develop building systems that enable separation of plastics during
demolition/refurbishment.

Table 8: Ideas within the collaborative action Design for recycling
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4.3.2 Waste take-back
While the four unique ideas within the cluster Waste take-back, presented in Table
9 have similarities, they were kept because of two different nuances. First, different
types of plastic waste or product flows have different requirements for the structure
of waste take-back systems. Second, the systems may vary further in structure
depending on which actors are to be central in these systems.

Waste take-back

11 - Material suppliers and contractors can set up installation waste recovery systems.
12 - Material supplier and contractor can set up packaging take-back systems.
18 - More recycling schemes for plastics - where producers cooperate with waste contractors regarding logistics
and take-back of their own materials/products can be created.
29 - Material suppliers/manufacturers can develop systems for taking back waste

Table 9: Ideas within the collaborative action Waste take-back

4.3.3 Aggregation of plastic waste streams
The five ideas within the cluster Aggregation of plastic waste streams all concern
how different types of actors could collaborate for more efficient waste handling and
transportation. These ideas are presented in Table 10 below.

Aggregation of plastic waste streams

3 - Recycling contractors can set up facilities for post-sorting of plastic waste from construction plastics.
8 - WSPs can pool more materials and have intermediate storage sites for cost-effective logistics.
13 - Recyclers and waste contractors can work together on collection and logistics to create better conditions
for recycling.
16 - WSPs can develop intermediate storage services to facilitate the collection of different types of plastics that
require large volumes to be recycled.
28 - Local and regional collection hubs can be established to enable more efficient transport.

Table 10: Ideas within the collaborative action Aggregation of plastic waste streams

4.3.4 Documentation, traceability, and feedback
The ideas within the cluster Documentation, traceability, and feedback, presented in
Table 11, regard actions for increased documentation of plastic flows and actions for
sharing that documentation in such ways that plastic recycling can be increased.

Documentation, traceability, and feedback

15 - Improved transfer of information on material characteristics when plastic materials are passed on to the
next actor in the value chain.
17 - Contractors need to document volumes going to recycling and get feedback from recyclers on recycling
rates.
22 - Clearer information structures from material suppliers to contractors to WSPs are needed to ensure
knowledge of the composition of plastics.
44 - Actors can establish a data information flow that runs through the entire value chain.
49 - Actors can collaborate to align systems - measurements and KPIs.

Table 11: Ideas within the collaborative action Documentation, traceability and
feedback
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4.3.5 Stipulation and fulfillment of requirements

The ideas presented in Table 12, do all concern requirements or demands that in
some way can increase plastic recycling. However, idea number 20 regards
supervision to ensure that requirements are followed rather than how requirements
and demands could be stipulated. Though, since supervision that requirements are
followed is closely related to requirements for increased recycling, it was considered
part of the cluster. This resulted in the label Stipulation and fulfillment of
requirements.

Stipulation and fulfillment of requirements

1 - Procuring actors can require recycled plastics when purchasing materials.
4 - Contractors can work together to demand homogeneous plastics - such as packaging plastics.
20 - Increased supervision of waste management can improve compliance with sorting requirements.
31 - Cooperation between recyclers and manufacturers of plastic components/products can be intensified to
increase demand for recycled plastics e.g. review the possibility to match the quality of recycled material with
the performance requirements of the customer.
45 - Actors can work together to reward procurement that rewards recycled plastics.
46 - Actors can work together to limit the number of plastic types on the market.

Table 12: Ideas within the collaborative action Stipulation and fulfillment of
requirements

4.3.6 Proactive dialogues for waste coordination

The seven ideas within the cluster Proactive dialogues for waste coordination,
presented in Table 13 all reflect actions of proactive information sharing to
establish better conditions for a more efficient waste handling of higher quality.
While the majority of ideas regarding how different actors can cooperate, ideas nr
40 and 47 reflect the further need for contractors to have internal proactive
dialogues between purchasing and construction functions to optimize waste
handling.

Proactive dialogues for waste coordination

2 - Contractors and WSPs can work more closely together to highlight recycling opportunities in specific projects.
7 - Actors can make an inventory of materials during demolition/renovation so that recycling stakeholders can
get an insight into what can potentially be recycled.
24 - WSPs can inform recyclers about waste streams that can potentially be recycled.
25 - Demolition companies/property owners can inform recycling operators about potential materials that can
be recycled during demolition/renovation.
32 - Waste contractors can be clearer about which plastic fractions should be sorted out separately in a
construction project based on the local conditions for handling and recycling.
40 - A better dialogue between the purchasing function and the production of the construction company - further
to the waste contractor - can create better conditions for recycling.
47 - Internal cooperation between purchasing function and waste generation in construction companies can
increase the possibility of recycling plastic waste.

Table 13: Ideas within the collaborative action Proactive dialogues for waste
coordination
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4.3.7 Communication and working methods for sorting
routines

As the majority of the ideas within the cluster Communication and working methods
for sorting routines, presented in Table 14, regard actions for improved on-site waste
handling, idea nr 41 stands out a bit as it considers a more holistic perspective.
However, as it still concerns a working method for improved sorting of plastic waste,
it was considered to be part of the cluster.

Communication and working methods for sorting routines

6 - Actors can work together to enable sorting into distinct plastic fractions on-site to facilitate downstream
recycling.
19 - All actors on a construction site can work together and design ways of working to achieve cleaner fractions.
36 - Working with plastic recycling targets on-site can increase incentives for operators working there.
37 - A dialogue between the developer and all subcontractors can enable increased waste separation.
38 - A dialogue between the developer and the waste manager can enable increased waste separation.
39 - Inventory takers can identify recyclable plastic materials during demolition and communicate this to the
developer and contractor.
41 - Actors can examine waste streams together to create a holistic view of waste streams from different
construction projects and optimize what sorting should take place on each project.

Table 14: Ideas within the collaborative action Communication and working
methods for sorting routines

4.3.8 Knowledge development and education
The ideas within the cluster Knowledge development and education is presented in
Table 15. The majority of ideas reflect different actions for knowledge development
and how actors could provide education and training to others to improve plastic
waste handling processes.

Knowledge development and education

5 - A closer dialogue with recyclers is needed to make the whole value chain aware of which plastics are and are
not suitable for mechanical recycling today.
9 - Recyclers can clarify the types of plastics and conditions required to enable recycling.
26 - Recyclers can provide training to collectors and sorters to maximize the proportion of recyclable material
in deliveries to recyclers.
27 - The industry can communicate the environmental benefits of recycling plastics in relation to energy recovery.
33 - Recyclers can educate in sorting procedures on the construction site.
35 - Recyclers and waste contractors can provide demolition companies with criteria for which plastic materials
are recyclable (e.g. age of material).
48 - Actors can work together to shift focus from waste reduction to multi-cycle resource use.

Table 15: Ideas within the collaborative action Knowledge development and
education
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4.4 Actors’ perspectives on collaborative actions
The discussion between the six participants of the interpretation session revealed
further insights into the eight collaborative actions and the respective ideas they
comprise. This section aims to illustrate the perspective that was raised by each of
the four actor types that were represented in the session.

4.4.1 A manufacturer’s perspectives on the collaborative
actions

During the discussion around several of the collaborative actions, M1 raised the
need for increased supervision and the need for more legal requirements.
Regarding Design for recycling, the representative noted the criticality of following
standards to define recyclability for products. His company had started using the
ISO-14021 standard which requires that a product needs to be prone to mechanical
recycling and that there is a collection system for the product. He further argued
during the discussion around Stipulation and fulfillment of requirements, that there
is a need for supervision so that products that are claimed to be recyclable
actually are recyclable and fit into an existing collection system. Relating to his
perspectives on lack of supervision, the representative argued in the discussion
around Proactive dialogues for waste coordination that current legal policies are
insufficient as they only recommend, and do not require, inventory taking of
materials in demolition projects. He believed that the current legal framework
needs to be adapted as material inventories in demolition projects are critical to
increasing plastic recycling rates. On the topic of recycling plastic waste flows from
demolition, the representative argued in the discussion around Knowledge
development and education that knowledge development is especially important to
capture the recycling potential of the materials in old buildings. Regarding
Aggregation of plastic waste streams the representative viewed all the ideas as
important because of two reasons. First, he argued that they allow for more
cost-efficient transport as enough volumes can be collected before delivery to
recycling actors. Second, it allows a more environmentally friendly logistical
system as the number of transports needed can be reduced.

4.4.2 A construction company’s perspectives on the
collaborative actions

During the discussion around Design for recycling, C3 argued the importance of
involving recycling actors when designing products to be recyclable as she had
experienced discrepancies regarding the perception of recyclability between
manufacturers and recyclers. On Waste take-back, C6 shared that while the
collaborative action could increase plastic recycling rates, having waste take-back
systems for many different types of waste might require on-site sorting into a lot
more fractions than possible. Further insights into possible tensions between
different collaborative actions were revealed in the discussion about Aggregation of
plastic waste streams when C3 noted that using shared waste hubs might challenge
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the traceability of plastic waste. The representative made clear that it is important
for a construction company to know the recycling rates of the waste flows from
each particular project. It is possible that such information is lost if different
WSPs aggregate waste flows from different projects. During the discussion around
Stipulation and fulfillment of requirements, C6 shared the importance of
supervision of legal sorting requirements to create more fair competition as smaller
and less serious construction companies can be more cost-effective in waste
handling by avoiding following existing regulations. In the discussion around this
collaborative action, C3 noted the importance of idea nr 1, as higher demand for
products containing recycled plastic would be generated if procuring actors require
recycled plastics when purchasing materials. Regarding how requirements could be
stipulated, C6 then asked M1 if construction companies could leverage the
mentioned standard ISO–14021 when ordering recyclable products containing
recycled materials from manufacturers – something that M1 viewed as feasible.

In the discussion about Proactive dialogues for waste coordination, C6 argued the
need for proactive dialogues already from the design phase in construction projects
and not just intensified collaboration from the procurement to the construction
phase. Regarding conditions for on-site waste management, C3 noted during the
discussion around Communication and working methods for sorting routines that at
some construction sites, it might be beneficial that each subcontractor takes care
of their own waste, instead of having all subcontractors sort waste collectively with
the WSP. In the last discussion around Knowledge development and education, C6
argued the need for a shared standard between actors on how to calculate their
climate footprint from their operations with respect to plastic waste.

4.4.3 Waste service providers’ perspectives on the
collaborative actions

In the discussion around Design for recycling, WSP3 raised two perspectives.
First, the representative argued the need for the collaborative action as she
believed the decisions made in the design phase of construction projects to have a
strong impact on the recycling potential. She further argued the need for including
recycling actors in the design phase of construction projects as she believed their
perspectives to be valuable to actually be able to design for recycling. Second, she
underscored the benefits of modular construction as it could potentially increase
the quality of the waste fractions from demolition projects. Both WSP3 and
WSP4 further noted the current issue of products being claimed to be recyclable
while they are not recyclable in practice. On Waste take-back WSP4 raised the
need for collaboration between different actors to solve the logistical issue. The
representative extended this perspective subsequently arguing the need for
Aggregation of plastic waste streams to make logistics more cost-efficient,
mentioning that a standardized waste trading system could be a solution to make
shared hubs between WSPs feasible. WSP4 shared that standards such as BEAst
could perhaps be used to enable Documentation, traceability, and feedback. On
Stipulation and fulfillment of requirements WSP4 shared that he believed it to be a
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common issue that smaller construction companies are not following the legal
sorting requirements and that there is a need for supervision to make that happen.

When discussing Proactive dialogues for waste coordination, WSP4 raised two
perspectives. First, he believed that the current training required to become a
material inventory taker at demolition projects is insufficient as the training only
focuses on how to identify hazardous materials and not evaluating recycling
potential. Second, he stressed the importance of intensified collaboration between
different functions within construction companies and further argued that
personnel from WSPs should connect with the purchasing functions of
construction companies to create the best conditions for optimized waste handling.
On Communication and working methods for sorting routines WSP4 argued the
need for WSPs to provide feedback on the sorting efforts of on-site construction
practitioners. He argued that it is critical that WSPs reward good sorting and
conversely charge higher fees for mixed fractions and communicate the benefits of
high-quality sorting. In the last discussion on Knowledge development and
education, WSP3 argued the importance of the collaborative action as good waste
handling practices start with good knowledge, and stressed that knowledge sharing
between different actors needs to increase.

4.4.4 A recycler’s perspectives on the collaborative actions
In the discussion around Design for recycling, R3 argued for the inclusion of
recycling actors in such activities, as other types of actors might not have the
knowledge of what materials and products are recyclable in practice. The
representative agreed with the others that it is critical to collaborate between
actors to create cost–efficient logistics needed for Waste take-back. Nuancing this
perspective on Aggregation of plastic waste streams, R3 said that different WSPs
have different presence and capabilities in different parts of the country and that
this is one of the key reasons why collaborative aggregation of plastic waste
streams is critical. On Documentation, traceability, and feedback the representative
noted that his recycling company is always able to report back their recycling rates
of certain plastic waste flows, but that it becomes difficult to report recycling rates
on waste streams from distinct projects if these streams have been aggregated in
transportation. In the discussion around Stipulation and fulfillment of
requirements, the representative argued that the current absence of supervision of
legal sorting requirements is a critical issue that needs to be resolved.

4.5 Digital solutions for improving plastic waste
management

As explained in the methodology section 3.3.1, input from the first round of
interviews provided findings valuable for the third research question as well.
Figure 9 presents the results from combining these findings with the findings from
the second round of interviews with experts on digital solutions.
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Figure 9: Application areas and hindering factors for identified digital solutions

AI and IR cameras could be viewed as two different enablers of robotized sorting
where the former could rely on image recognition and the latter on IR camera
technology to recognize polymer types. From the first round of interviews, WSP1
and RI2 mentioned projects aiming at implementing robotized plastic waste
sorting systems powered by AI to increase efficiency in plastic waste sorting
operations. However, R3 argued that such systems will not be able to generate
satisfactory results to automatize sorting in the foreseeable future. Regardless of
whether a robotized sorting system would be powered by AI or IR camera
technology, R3 argued that they similarly would not be able to separate plastics
into fractions that are pure enough. The IR camera technology is limited as it only
recognizes polymer type and not other characteristics. Similarly, if a system would
be powered by AI using image recognition, it would similarly struggle to generate
sorting into sufficiently pure fractions. However, R3 noted that while neither of
these two solutions could automatize sorting, IR-enabled robotized sorting is an
efficient complement to manual sorting as it does recognize polymer type
effectively. Such a system was present in the sorting process within the recycling
facility where R3 was working.

For improved on-site waste management, C4 argued that connected sensors could
be used to measure the degree of filling in waste containers. Specifically, C4 believed
that higher efficiency could be achieved as the sensors could automatize the call-off
of plastic waste containers. On the contrary, RI2 argued that plastic waste flows vary
greatly in types and sizes during different phases of construction projects. While RI2
believed that sensors could provide valuable data for planning waste management
operations if plastic waste flows are stable, she argued that the fluctuating flows in
the construction context removed the viability of such sensor technology.

Automated digital feedback reports were mentioned as a solution that could be
applied in various contexts. C4 mentioned that dashboards on construction sites
illustrating sorting performance could nudge practitioners to improve their on-site
sorting efforts. WSP2 considered automated feedback reports as tools for
providing feedback to WSP clients on the ultimate results of their sorting efforts.
However, both interviewees noted the lack of stable information flows as hinders to
such solutions.
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Representing a construction logistics service provider, CLSP1 raised the
perspective that they have tremendous room for improvement with internal
transport optimization for their rental business. They planned to include transport
optimization features in their digital construction logistics platform. CLSP1
further mentioned that they in some projects had planned the waste management
operations executed by waste service providers. Thus, he believed that it could be
possible to use digital transport optimization tools for better planning of waste
management operations. However, he noted that this would depend on close
collaboration between different actors, and requires transparency on relevant data.

C5 argued sharing product information digitally in standardized ways improves
traceability as data kept digital does not disappear. While mentioning standards
that exist within the construction industry, such as EPDs, BEAst, and the
environmental database administered by Boverket, C5 argued that industry actors
face challenges in establishing shared ways of working. She further noted that
before considering how information should be bundled and how it should be
communicated, there is a need to contemplate what information that could
generate value and for whom. Both C4 and C5 argued that it is much more critical
to look into developing better ways of working with the data and digital solutions
that currently are at hand, rather than relying on novel digital technologies to
increase recycling rates of construction plastic waste.
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Analysis & Discussion

This chapter is divided into two sections. First, to answer the second research
question, each of the eight identified collaborative actions is analyzed through the
analytical framework presented in Figure 5. A pathway of collaborative actions
is presented to illustrate and discuss their practical feasibility. Second, to answer
the third research question, identified digital solutions are discussed considering the
theoretical perspectives in section 2.3.

5.1 Service systems enabling collaborative
actions

It was clear from the interpretation session that all participants believed the eight
collaborative actions have the potential to increase the recycling rate of construction
plastic waste. However, to answer the second research question there is a need to
analyze how service systems could be designed for collaborative actions to work in
practice. In this section, the analytical framework in Figure 5 is applied to each of
the eight identified collaborative actions to propose enabling service systems. The
proposed service systems are based on the ideas within each collaborative insight,
combined with related findings regarding the identified service types presented in
section 4.2. Further, the feasibility of the proposed service systems is analyzed with
respect to collaboration complexity and service system maturity. Drawing on this
analysis, a pathway of collaborative actions is illustrated to discuss interdependencies
between collaborative actions and derive implications for actors.

These proposed service systems are presented as schematics illustrating which actor
types are central and which fundamental services are underlying each collaborative
action. The services are presented as arrows. Additionally, some related services
are illustrated with dotted arrows to put the service systems into context. The
four actor types material manufacturer, contractor, WSP, and recycler reoccurred
during the concept mapping process and constitute a base of actor types that span
the complete flow of plastic waste.
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5.1.1 Design for recycling requires strong connections
between actors

The ideas within the collaborative action Design for recycling both regard different
ways to adapt the composition of plastic products so that a larger share of
construction plastic products are recyclable and the use of modular building
methods so that plastic building materials are easier to separate during demolition
which would facilitate recycling. The actors mentioned among these ideas include
material manufacturers, construction companies, WSPs, and recyclers. Drawing on
the ideas given within this collaborative action, as well as insights from the
interpretation session discussion, Figure 10 below illustrates a schematic
representation of a proposed service system that enables design for recycling.

Figure 10: Service system enabling Design for recycling

The arrows in Figure 10 illustrate services provided by one actor to another.
Similarly to how the arrow between the contractor and WSP captures ideas nr 14
and 34, the other arrows capture the other ideas within Design for recycling.
Drawing on the service system maturity framework, based on Grönroos (2008) and
Vargo and Akaka (2012), both the recycler and the WSP are respectively
co-creating value together with the material manufacturer as they not only provide
knowledge but further support the development of recyclable products. The results
from the interpretation session further indicate that support from the recycler
would be particularly critical to ensure that products claimed to be recyclable
actually are recyclable. This could imply that recyclers not only need to support
but further be integrated into some phases in product development. The WSP
further co-creates value with the recycler as it not only collects and transports but
further sorts plastic waste which directly supports the recycler. The manufacturer
and the contractor have value-facilitating roles as their services do not directly
support another actor in the creation of value but rather enable another actor to
create value. Overall the service system reflects an above-medium degree of service
system maturity.

The proposed service system reflects a high degree of collaboration complexity.
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First, it could be assumed that the key actors in the service system would further
be dependent on partners in the broader network. In order to apply modular
construction techniques, for example, the contractor could need to collaborate with
other actors such as external architects and engineers. Second, the actors in the
proposed system could need to collaborate intensely in order for the actions to be
effective and lead to higher recycling rates.

5.1.2 Waste take-back needs adaptation depending on the
type of plastic waste

The involved actors in Waste take-back according to the ideas from the concept
mapping process are construction contractors, manufacturers, WSPs, and material
manufacturers. The collaborative action is closely related to the current service
type Take-back management presented in Figure 7. Waste take-back enables
recycling by separating products into fractions that specific manufacturers have
the competencies to recycle. Because plastic is considered waste when used at the
site, the transport is mainly done by WSPs that have authorization for waste
handling. The role of the WSPs in this collaborative action is only to provide the
necessary logistics to get waste from the subcontractor to the manufacturer. When
looking at the floor residue, a trade organization is involved to connect
manufacturers and subcontractors in a structured way. Based on insights from the
identified current service Take-back management in Figure 7 and the concept
mapping process, Figure 11 was created to show a possible service system
schematic that enables Waste take-back.

Figure 11: Service system enabling Waste take-back

In Figure 11 the arrows show services between actors, the full arrows show the
fundamental services for the service system while the dotted arrows show
additional possible services, in this case how a trade organization can help the
system by connecting manufacturers and contractors in through an authorization
based system. Big bags are mentioned in the schematic but other container types
might be preferable for more bulky products like plastic pipes. The schematic
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focus is on floor installation residue but the collaborative action is not limited to
this. In accordance with ideas 12 and 18, it is also possible to set up waste
take-back for packaging and other products. The preferred arrangement of the
service system is dependent on the product type, increasing the collaboration
complexity. Consequently, multiple recycling schemes where manufacturers take
back their own products were proposed. Additionally, idea nr 29 within the
collaborative action Waste take-back says that the manufacturers can develop the
take-back system. It is important that manufacturers are can tailor the system to
their needs since their ability to utilize the retaken product is central to the
effectiveness of the collaborative action. These product-specific take-back systems
are enabled by subcontractors that gather small and dispersed plastic flows. This
initial collection of dispersed residue could further enable Aggregation of plastic
waste streams.

Multiple take-back schemes make a reverse supply chain decentralized and responsive
which would be suitable if the product has a high MVT according to Blackburn
et al. (2004). However, the identified barriers to plastic recycling speak for plastic
generally having a low MVT. Several barriers focused on processing and transporting
costs and there was no mention of price loss due to slow reverse supply chains. The
only time-related barrier was the limited time to remove waste from the construction
site to free up space for further construction. To overcome the cost barriers, the
reverse supply chains can be centralized but have a more responsive design of the
on-site sorting and collection of take-back to not impede the construction project.
But centralizing supply chains demands collaboration with high complexity since it
requires handling plastic products from different manufacturers and subcontractors.
The success of the centralization of the supply chain, therefore, depends on the
availability of aggregators. Therefore Waste take-back has a co-dependency with
the collaborative action Aggregation of plastic waste streams.

Central themes in waste take-back are resource integration and the co-creation of
value by collection, transport, and handling of plastic, thus it reflects a mature
service system according to the service ecosystem perspective from (Vargo &
Akaka, 2012). It is also dependent on collaborative actions for Communication
and working methods for sorting routines since most collection and sorting is done
by subcontractors and some sorting needs to be done based on both the
manufacturer and the plastic types.

To conclude, this service system is a service triad where manufacturers,
subcontractors, and WSPs cycle residue or packaging in fractions that specific
manufacturers have the competencies to recycle. In the case of the current
observed service system of floor residue collection, the addition of an authorizing
trade organization makes it a service tetrad with the two advantages that
subcontractors can use authorization to differentiate themselves as sustainable
companies and that information sharing can be easier.
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5.1.3 Aggregation of plastic waste streams requires
significant coordination and challenges traceability

The actors that were mentioned in the ideas that constitute the collaborative
action Aggregation of plastic waste streams include WSPs and recyclers. While
recyclers were suggested to be key players, it needs to be considered that recyclers
do not have the same legal authority to transport and handle waste as WSPs.
Thus, when designing a feasible service system for Aggregation of plastic waste
streams, WSPs were considered to be the key actor type as they have distinctive
waste handling authority. The proposed service system, presented in Figure 12, is
derived from the ideas from the concept mapping process, as well as dimensions of
the identified service type Joint waste transportation and intermediate storage, and
comprise a main service triad between different WSPs. Figure 12 only aims to
illustrate that the proposed service system centers around collaborating WSPs, but
the particular number is deemed to depend on the local context. By optimizing
waste transportation, the service system has the potential to bring down logistical
waste handling costs, and transport-related GHG emissions. Essentially, the
service system reflects a cost-efficient centralized reverse supply chain as described
by Blackburn et al. (2004) which is suitable when goods have low MVT, which is
the case for plastic waste.

Figure 12: Service system enabling Aggregation of plastic waste streams

In the proposed service system WSPs exchange services such as multiple site waste
collection, documentation, and waste storage and sorting of waste in a shared hub.
Thus, the service system reflects a high degree of service system maturity as WSPs
are integrating resources to co-create value. While the recycler and contractor are
not considered part of the core service system as they do influence waste aggregation,
the dashed lines illustrate how the triad of WSPs is interconnected to other actors
in the network. The on-site collection and waste sorting, done by contractors affect
how the WSP can collect waste, and the requirements from recyclers, affect how
the WSPs should sort plastic waste in their hub. This indicates that the system
would be coupled with a high collaboration complexity as it not only implies close
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collaboration between WSPs but further that they need to collaborate closely with
other network actors.

As the proposed service system has the potential to mitigate key identified
economic and financial barriers by decreasing plastic waste transportation costs, it
could strengthen the development of the services enabling plastic recycling that are
affected by these barriers. However, there are three challenges that need to be
addressed for the system to work in practice. First, competing WSPs need to
establish a trading system to enable their collaboration. Such a system would need
to address both the service of multiple site waste collection and the collectively
handled plastic waste at shared hubs. Multiple site waste collection refers to the
identified service type where one WSP offers to collect plastic waste from multiple
construction sites in a single round, potentially including sites managed by other
WSPs, if that WSP has the opportunity to conduct a more efficient transportation
round. But having WSPs collecting plastic waste from each other’s clients requires
significant coordination between WSPs involved and further relies on each actor
documenting volumes picked up at each site. Second, aggregation challenges the
traceability of plastic waste streams. Contractors need to know the end-of-life
treatment of the plastic waste streams from their construction site, but this would
become difficult when plastic flows from different sites are aggregated. Third, as
the geographical locations of construction projects are temporary, WSPs need to
choose hub locations carefully as proximity to construction projects clearly affects
the cost of waste transportation.

5.1.4 Documentation, traceability, and feedback requires
information sharing across the whole value chain

Based on the ideas regarding Documentation, traceability, and feedback, this type
of collaborative action should ideally involve actors from the whole value chain.
The proposed service system schematic in Figure 13 illustrates four base actor
types which plastic is transferred between in a construction recycling flow. This
schematic can be expanded with subcontractors and material suppliers in the same
format. This collaborative action is an overarching enabler of recycling and has
similar characteristics to the identified current service type Knowledge sharing and
information provision in Figure 7.

50



5. Analysis & Discussion

Figure 13: Service system enabling Documentation, traceability, and feedback

Based on the ideas in Table 11, there are two main aspects that make up this
collaborative action. The first regards information sharing when plastic materials
are passed on to the next actor in the value chain, and the second regards the
provision of feedback. Documentation and information sharing create a foundation
for traceability and can make sorting and recycling easier by overcoming general
barriers to information sharing. Further, in line with idea nr 22, it is important to
have clear information structures to ensure that knowledge of the plastic composition
is passed on correctly all the way. A discussed information structure is BEAst, where
more recycling information potentially could be made standard on delivery labels.

The second aspect is the provision of feedback and validation which is usually given
the reverse way from the plastic flows. As Frishammar and Parida (2018) argues,
feedback and validation are essential when scaling up CEBMs to be able to make
adjustments based on iterative learning. Additionally, in line with idea nr 49, it is
important to know how feedback is supposed to be given in terms of measurements
and KPIs. The alignment of the feedback format must be done collaboratively to
get actors to agree. Furthermore, one of the specific hindering factors to overcome
in current services was the lack of recycling follow-up for which this collaborative
action is especially important.

The collaboration complexity for Documentation, traceability, and feedback is
increased since there are many actors to be aligned and active to enable good
traceability and feedback but remains at an average level since the required
relation intensity is low. Since there is no resource integration needed and value is
facilitated rather than co-created, as information is shared, this service can
function in a service system with low maturity.

Additionally, in the interpretation session, a recycler pointed out that they can
provide feedback on recycling rates of certain plastic waste flows, but that
Aggregation of plastic waste streams impedes the reporting of recycling rates at a
project level. Therefore, these collaborative actions do not facilitate each other as
many other collaborations do.
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5.1.5 Stipulation and fulfillment of requirements imply
reciprocal demands on recyclability, sorting quality,
and recycling rates

The majority of the ideas within the collaborative action Stipulation and
fulfillment of requirements did not refer clearly to specific actor types. Rather,
they were suggestions of what actors could do in general. Thus, the service system
underlying this collaborative action could be assumed to look different depending
on the chosen network of construction actor types of the study. However, as
manufacturers, contractors, WSPs, and recyclers were included throughout the
concept mapping process, due to their critical roles in the construction plastic
value chain, the proposed service system presented in Figure 14 is based on these
four actor types. Together, the ideas within the collaborative action imply
suggested ways to use formal requirements to stimulate demand for recycled
plastics and to limit the number of different plastic types. This is in line with the
findings by Lindahl et al. (2022) saying that increased recycling can be reached
with the stipulation of new standards that greatly limit the number of plastic
types. Higher demand for recycled plastic is critical for the economic viability of
recycling business models and fewer plastic fractions could facilitate the task of
sorting and processing plastic waste.

Figure 14: Service system enabling Stipulation and fulfillment of requirements

The suggested roles of each actor type are derived from the ideas within this
collaborative action as presented in Table 12. The legal authority was added as an
additional possible actor in the service system based on insights from the
interpretation session discussion where representatives from all four actor types
noted the importance of supervision. Overall, the proposed system reflects a rather
low degree of service system maturity as each actor carries value-facilitating roles.

In the proposed service system, contractors are stipulating clear demands on
recyclable plastics. To ensure recyclability, manufacturers need to align product
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characteristics with the recycling capabilities of recyclers. Further, reciprocal
requirements are needed between contractors and WSPs, but in terms of plastic
waste sorting. This alignment is further influenced by sorting quality requirements
on WSPs, stipulated by recyclers. However, the ideas within Stipulation and
fulfillment of requirements captured by these actions were not perceived to be
sufficient by the interpretation session participants. Rather, it was emphasized by
representatives from all four actor types that there is a need for supervision by
some authority in two respects. First, there is a need for supervision to make sure
that legal sorting requirements are followed. Second, there is a need for supervision
on recyclability to ensure that products claimed to be recyclable fit into existing
waste collection and processing systems. A potential legal authority was added to
the proposed service system that conducts supervision in line with the insights
from the interpretation session.

Each action is affected by the existence of other actions in the system. However,
the potential impact of each action is not fully dependent on the existence of other
actions. For instance, improved stipulation and fulfillment of requirements on plastic
waste sorting between contractors and WSPs could be assumed to have a positive
impact on plastic recycling rates even if recyclers would not improve requirements
on sorting quality stipulated by WSPs. Thus, the collaboration complexity in this
system is considered low as each relationship in the tetrad is rather independent of
the other relationships between other actors.

While both the service system maturity and the collaboration complexity are
considered low for the service system underlying this collaborative action, it is
hypothesized that the development of this system depends on the existence of the
collaborative action Knowledge development and education. During the
interpretation session, the construction company representative C6 asked the
manufacturer representative M1 if requirements on product recyclability and
requirements on recycled products could be stipulated based on a particular ISO
standard that M1 had mentioned during the session. The conversation between
the two representatives indicates that it is beneficial for actors to learn from each
other in order to be able to stipulate more effective requirements. This implies
that knowledge development is enabling the development of this service system.

5.1.6 Proactive dialogues for waste coordination require
waste stream focus during project planning phases

Proactive dialogues for waste coordination revolves around the service of informing
early on potential waste streams to downstream actors so they can prepare better
conditions for recycling this waste. In addition, recyclers must confirm local
conditions for recycling plastic fractions to upstream actors so contractors can
coordinate fractions. The statements from the idea generation session involved
contractors, WSPs, and recyclers regarding Proactive dialogues for waste
coordination. However, ideas nr 40 and 47 in Table 13 reflected the need for
contractors to have internal proactive dialogues between procurement functions
and construction functions to be able to coordinate for recycling. Based on the
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concept mapping information, the service system scheme in Figure 15 was created.

Figure 15: Service system enabling Proactive dialogues for waste coordination

The service system is illustrated as a triad where the arrows indicate mentioned
services between actors, procurement and construction illustrate two internal
functions within the contractor actor. To clarify, the arrow from contractor to
WSP in Figure 15 does not limit the dialog to any specific contractor function. In
the interpretation session, it was argued that for good coordination, these
dialogues should start already in the design phase of the construction project. It
was further argued that WSPs should connect with contractor procurement
personnel to create the best conditions for optimized waste handling. The pursued
effect is that information on potential waste streams reaches WSPs and recyclers
earlier so there is time for planning efficient waste handling. Thus, the value is
co-created through dialogues that need to be customized based on the project.
Therefore it can be argued that collaborative action requires a moderate degree of
service system maturity with well-functioning information flows to be successful.

Ideas 7 and 25 in Table 13 illustrate different examples of how proactive
communication could improve plastic waste handling in demolition and renovation
projects. Before demolition or renovation, recyclers can be informed about
potential recyclable material to be separated by the company doing an inventory
of the site. Today most inventory taking concerns dangerous waste. Adding
inventory taking on recyclable waste has the potential to help WSPs and recyclers
prepare and recycle more plastic. However, according to M1, the current legal
policies do not require taking an inventory of materials in demolition projects even
though it recommends it.

The collaboration complexity of proactive dialogues for waste coordination is argued
to be higher than average because the collaborative action has to start proactively by
the construction company even though most of the direct value goes to the recyclers
that can coordinate their operations accordingly. Further, the waste stream focus
often has low priority in early project stages. If waste stream conditions change in
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later stages, these changes must also be communicated.

5.1.7 Communication and working methods for sorting
routines require alignment

All ideas within the collaborative action Communication and working methods for
sorting routines reflect ways actors can increase plastic recycling rates through
improved procedures for plastic sorting and communication of these procedures.
These topics were not exclusively covered in the concept mapping process but were
also discussed during the first round of interviews. Thus, the proposed service
system, presented in Figure 16 is generated by combining the ideas from the
concept mapping process with insights from interviews around services of the type
Collaborative services for sorting.

Figure 16: Service system enabling Communication and working methods for
sorting routines

While subcontractors were not explicitly mentioned among the ideas within this
collaborative action, their critical role was emphasized by respondents in the
interpretation session. A critical element in this service system is the reciprocal
alignment between WSPs and contractors, respectively subcontractors, to iterative
improve sorting procedures based on shifting on-site conditions in construction
projects. To ensure that established procedures are known to everyone on-site it is
critical that representatives from the contractor clearly communicate procedures to
subcontractors. Further, communication and alignment between WSPs and
recyclers of recycling potential and recycling possibilities could help optimize
plastic sorting at construction sites to improve recycling rates. Thus, the proposed
system reflects a medium degree of service system maturity as the WSP is
co-creating value in the respective interaction with each other actor in the system.
A value facilitating role is only to be identified where the contractor communicates
sorting procedures to subcontractors.

The development of the system could be seen as particularly dependent on three
other collaborative actions. First, a shared vision and understanding of plastic
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waste handling through Knowledge development and education could be seen as a
necessary factor to be able to reciprocally align procedures and communicate these
effectively. Second, an established system of Stipulation and fulfillment of
requirements could facilitate the alignment of sorting procedures. Third,
Documentation, traceability, and feedback could be an enabler to align on optimal
sorting procedures since such procedures are deemed difficult to achieve without
documentation and iterative evaluation of sorting performance.

The proposed service system further reflects a medium degree of collaboration
complexity as reciprocal alignments are hypothesized to require intense
collaboration. However, the service system requires collaboration between the
many actors related to a construction project it does not require the engagement
of further actors. Thus, collaborative action could be executed for a construction
project independent of other projects.

5.1.8 Knowledge development and education imply a
critical foundation for further actions

The majority of the statements from the concept mapping process regarding
knowledge development and education concern how recyclers can educate and
transfer knowledge to other actors. There is a knowledge gap between actors
regarding recycling that needs to be bridged to enable more recycling. Without a
strong foundation of knowledge and education, it is difficult for individuals to
effectively collaborate and work towards resource efficiency. To effectively do
communication and working methods for sorting routines in a day-to-day setting
contractors first need to have a strong knowledge foundation around plastic waste
sorting. Therefore, focusing on knowledge development and education can create a
critical foundation for further actions.

Ideas 5, 9, and 25 in Table 15 focus on educating about what types of plastics
and conditions are required to enable recycling today. Both to manufacturers to
enable the action design for recycling and to contractors and WSPs to enable better
sorting. To further enable better sorting, on-site trainings can be carried out with
the help of recyclers. An enabling service system for these educational services is
presented in Figure 17. The ideas about general education e.g. the environmental
benefits of plastic recycling compared to energy recovery and multi-cycle resource
use are important to create a shared vision in the value chain. However, they are
not illustrated in the service system since there is no connection to any actor as
provider or recipient.
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Figure 17: Service system enabling Knowledge development and education

Knowledge development and education can be seen as a collaboration with low
complexity since it can be done by a few actors with good effect. The arrows in
the service system in Figure 17 work independently for the pair of actors that they
connect. The exception is that WSPs can forward the knowledge from the recycler
to contractors and subcontractors.

Knowledge development and education can work in a service system with low
maturity since the educators can be seen as value facilitators that provide simple
foundations for value creation. Finally, successful recycling education has the effect
of making the businesses of WSPs and recyclers more effective in the future when
they receive plastic fractions of higher value. Therefore, education does not need
to be a profitable service by itself to be incentivized for WSPs and recyclers.

5.1.9 A pathway of collaborative actions for increased
resource efficiency of construction plastic waste

Previous analytical sections have illustrated that proposed service systems for
collaborative actions reflect different levels of collaboration complexity and service
system maturity. Thus, each service system requires different capabilities and
resources for involved actors. A collaborative action that requires high
collaboration complexity and high service system maturity is arguably more
difficult (less feasible) to accomplish than the contrary. While the specific
capabilities and resources needed for a service system are deemed to depend on the
practical context, the illustration in Figure 18 provides general guidance for actors
on the feasibility to pursue each collaborative action.
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Figure 18: Collaborative actions mapped to collaboration complexity and service
system maturity levels

Figure 18 illustrates a pathway on how actors could approach developing the
service system for each collaborative action, where the development of these
service systems could be seen as mechanisms to build capabilities needed for actors
to manage complex collaborations and integrate resources to form mature service
systems. Based on previous analytical sections, it is clear that the development of
collaborative actions where collaboration complexity and service system maturity
are low could enable the development of less feasible collaborative actions.

Drawing on Vargo and Akaka (2012), the potential formation of the proposed
service systems implies the creation of a service ecosystem comprised of these
interconnected service systems. While Figure 18 provides a direction for actors on
how to form a service ecosystem enabling increased plastic recycling, it is
important to consider the implications for actors involved in transitioning towards
such a system with respect to their relations to other actors and to actors’
operations and offerings. As service systems often are loosely bound and changing
as actors are engaging with each other (Vargo & Akaka, 2012), actors involved
need capabilities to adapt to changing relational dynamics. In the analysis of
aftermarket relational structures, Wagner et al. (2017) notes that as actors try to
increase their competitiveness, they might try to influence networks to their own
favor and try controlling other actors. As such potential phenomena can not be
ruled out in the case of the eight identified collaborative actions, actors need to be
aware of changing dynamics and manage their relationships with other actors
carefully. This is further supported by Eriksson et al. (2021) arguing that the
relationships in a network affect each other and further change over time. Since
the project-based nature of the construction industry often imply temporary
relationships (Eriksson et al., 2021), managing external relationships effectively is
deemed a particularly critical capability in this construction context.

Actors involved in a transition towards a mature service system will face further
implications for their businesses. As noted by Grönroos (2008), adapting a service
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logic opens up new business opportunities for actors as they engage directly with
counterparts to co-create value. However, it is hypothesized that construction
actors will experience challenges of organizational change similarly to how Oliva
and Kallenberg (2003) and Gebauer et al. (2005) argue that manufacturing firms
struggle to adapt service logic as it implies a shift from transactional to relational
business logic and requires organizational change. Further, the transition implied
by the proposed service systems not only shifts the logic in their interactions but
also alters the purpose of these interactions. As all collaborative actions regard
different ways for actors to enable plastic recycling on a larger scale, the
interactions in the underlying proposed service systems imply that actors need to
incorporate circularity principles into their business models and change their
perspective on how they capture value in their respective interactions. As
construction actors jointly can enable a more effective system for plastic waste
handling, each actor needs to identify how they can initiate and capture value from
such an improvement. Drawing on Frishammar and Parida (2018), this implies
adjusting business models for the actors involved, and external configuration with
ecosystem partners so that the adjusted CEBM has a good fit with the other
actors.

5.2 There is a knowledge gap regarding digital
solutions in construction waste management

The empirical findings presented in section 4.5 illustrated six different identified
digital solutions that some interviewees perceived as capable of improving plastic
waste handling. However, limitations to all these digital solutions were identified,
which limit their practical feasibility to different extents.

Completely contradicting opinions were identified among the interviewees
regarding both AI-enabled robotized sorting and IoT sensors for automatizing
waste call-off. Two interviewees mentioned experimental projects around
AI-enabled robotized sorting of construction plastic waste, aiming to improve
sorting efficiency. Another interviewee argued that AI-enabled robotized sorting is
not capable of sorting into sufficiently pure fractions, which invites discussion on
whether this digital solution is applicable in a construction context. Perhaps the
bulkier nature of plastic waste from the construction industry makes it difficult to
fit into automatized sorting processes as the ones described by Bobulski and
Kubanek (2021) and Wilts et al. (2021). In the case of IoT sensors automatizing
waste call-off, one interviewee saw potential while another argued that such a
solution is not applicable to the varying plastic waste flows on construction sites.

Interviewees did not provide contradicting opinions when it came to automated
feedback reports for improved waste handling, or digital transport optimization
systems. However, the same interviewees that raised the respective solution
acknowledged the common hindering factor of limited data availability on plastic
waste flows.
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In contrast to previously raised solutions, findings indicate a clear viable
application for IR-enabled robotized sorting despite its limitations. An interviewee
raised that IR-enabled robotized sorting provides a clear complement to the
manual sorting of plastic waste. While the technology is not capable of sorting
plastic waste into fractions that are pure enough to fully automatize plastic waste
sorting, it does recognize polymer type effectively and is used in existing sorting
facilities for construction plastic waste.

The potential impact of the identified solution of digital product information sharing
for improved traceability in plastic waste flows is supported by several studies (Ahlm
et al., 2021; Almasi et al., 2020; Jansson et al., 2019a). However, an interviewee
noted that there is a lack of shared standard on how such information should be
shared digitally and worked with. This issue indicates that different construction
practitioners have contrary opinions as in the case of the applications of AI and IoT
sensors discussed earlier. Thus, based on the limited sample of interviews it seems
like there is a lack of consensus among practitioners regarding the potential of digital
solutions and thus how different digital technologies could be applied. While no clear
contradicting opinions could be identified for the solutions of automated feedback
reports, or digital transport optimization systems, there were neither any success
cases to be identified.

Altogether, this indicates that there is a knowledge gap within the construction
industry regarding how digital solutions could be leveraged for plastic waste
management. While this could be a consequence of the low level of digitalization
of the construction sector (McKinsey & Company, 2016), it illustrates the need for
further research to bridge the gap to implement digital solutions.
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The aim of this study has been to identify circular service opportunities enabling
improved resource efficiency of construction plastic waste through mechanical
recycling. First, existing services enabling plastic recycling and the barriers they
face were investigated through 17 semi-structured interviews with experts. Second,
a concept mapping methodology was conducted together with 15 experts to
explore opportunities on how actors could collaborate better to increase the
recycling rate of construction plastic waste. Potential service system designs that
could enable recycling through identified collaborations were derived from these
empirical findings. Third, examples of digital solutions that could enable increased
plastic recycling were investigated through four semi-structured interviews with
experts that worked exploratory with digital solutions in the construction context.
This three-step methodology allowed the below conclusions to be drawn.

First, to describe the current service environment, it was concluded that current
services could be divided into six service types that were described with their
service examples, involved actors, hindering factors, and the way they enable
recycling. Further, when investigating barriers to current services there were clear
similarities with barriers from existing CEBM research. Therefore, barriers to
current services could be grouped into categories with similar delimitations that
had been used in previous categorizing studies. These categories were named
Economic and financial, Technological, knowledge, and informational, Supply
chain, Institutional, Organizational and Market.

Second, eight collaborative actions that illustrate how actors can collaborate better
to increase the plastic recycling rate were identified through the concept mapping
process: Design for recycling, Waste take-back, Aggregation of plastic waste
streams, Documentation, traceability, and feedback, Stipulation and fulfillment of
requirements, Proactive dialogues for waste coordination, Communication and
working methods for sorting routines, and Knowledge development and education.
Through the application of an analytical framework based on collaboration
complexity and theory on service ecosystems, value creation, and service triads the
researchers could propose potential service system designs for the implementation
of these collaborative actions in practice. These service systems are representations
of service opportunities enabling recycling and encapsulate the aim of the study.
The discussion concluded that the development of service systems could be seen as
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mechanisms to build the capabilities needed to manage more complex
collaborations and integrate resources to form mature service systems. Thus, the
collaborative actions could be illustrated in a pathway of service designs.
Additionally, it was concluded that to follow the pathway, actors need to manage
external relationships effectively in each service system within the broader service
ecosystem.

Third, a knowledge gap was found with respect to how digital solutions could be
used to improve plastic waste management. While six different identified digital
solutions were considered to have the potential to improve waste management
practices, only the solution of IR-enabled plastic waste sorting had viable
implementation in current plastic waste flows. Regarding the other digital
solutions, contrary views were identified among the interviewees.

6.1 Implications for practice
The main practical implications from the empirical findings in this study regard
the actor types manufacturer, contractor, recycler, and WSP. As the findings in
this study are context-specific, firms need to analyze and consider their particular
business environment and value chains when considering the implications of this
study. However, the presented frameworks about service system designs,
collaborative actions, and barriers can support firms in this process.

Actors providing services enabling plastic recycling need to identify which barriers
hinder the service provision. Here, actors could benefit by first examining their
current business models and service designs with respect to the different value
dimensions. Further, the methodology for barrier categorization used in this study
could be valuable for actors to understand which type of barrier directly affects
their service provision, and to help them prioritize actions forward. In addition,
actors need to investigate how they can reduce the impact of specific hindering
factors by leveraging their resources and the network of actors they are embedded
in.

To increase the recycling rate of construction plastic waste, this thesis finds that
there is a need for new types of collaborations between actors in the construction
industry. The eight identified collaborative actions could be used as a guide in
designing these new collaborations. Not only could these collaborative actions lead
to increased plastic recycling, but also imply cost savings for actors from more
efficient waste management practices. The pathway of service designs can help
actors design their interactions when pursuing different collaborative actions.
However, actors need to consider which capabilities and resources are needed for
the development of a respective service system. While the pathway suggested
provides guidance in what order to pursue different collaborative actions as they
enable each other, actors need to manage the internal transformation required
when pursuing complex mature service systems. Key elements in such internal
transformations are the adoption of service-dominant logic and the development of
capabilities to manage many intense external relationships. As all collaborative
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actions ultimately regard increasing plastic recycling which is dependent on
effective reverse logistic flows, actors need to consider how to design these reverse
supply chains. In such a design, there is a balance between effective plastic
recycling and an efficient reverse supply chain. As the value of plastic waste does
not decrease over time but rather decreases when fractions are mixed, a potentially
viable design is a decentralized on-site collection of sorted plastics that are
transported to recycling facilities through intermediate storage and further sorting
at waste hubs aggregating plastic waste streams.

In terms of digital solutions, actors should continue to explore how these could
be used to improve waste management practices. There is a need for a broader
discussion and knowledge sharing regarding the implementation of digital solutions
to build consensus among practitioners. However, actors should not rely solely on
digital solutions to improve recycling rates in the near future. Rather, to increase the
low recycling rate of construction plastic waste, actors need to act immediately using
the tools available. In terms of digital product information sharing, actors should
determine what information holds value, and for whom, and share that information
using current available digital systems and solutions.

6.2 Further research
This work has been done based on a single value chain connected to one specific
construction company. While the generalization of findings was extrapolated based
on the specific case, further research including perspectives from a more diverse set
of actors could result in insights that are representative of the whole construction
industry.

Further, as actors within the Swedish construction industry are deemed to face
changing circumstances regarding plastic recycling, driven by changing external
environment, the identified services and barriers will likely change and are
recommended to be revisited as the plastic recycling industry changes.

As the concept mapping process focused on ways to collaborate to improve plastic
recycling it generated findings at a high level of abstraction. Further research could
do more narrow concept maps, focusing on specific collaborative actions to give
deeper insights into how they can be implemented.

The digital solutions that were found rely on a small set of dedicated interviews.
Further studies are needed to investigate the potential and feasibility of identified
digital solutions, but also to explore additional digital solutions that could improve
plastic waste management based on a broader sample.

Furthermore, since the service opportunities were examined with an exploratory
approach, the findings should be viewed as indications of what can be done and
not a comprehensive list. Therefore, there is a need for further research to identify
more service opportunities in the interface between the construction industry and
plastic recycling. Additionally, since the identified service systems span over a
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broad range of actions and are not tested in practice, there is a need for feasibility
studies specifically targeting the different service systems to determine the cost of
implementation. Finally, the analytical approach based on service theory and
CEBM theory resulted in proposed designs for collaborative actions. Further
research in the form of similar studies can be done to test the analysis method’s
validity.
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A
Barriers

A.1 Theoretical barrier examples

Categories Theoretical Barrier Examples

Organizational Narrow focus of existing sustainability strategies (Guldmann
& Huulgaard, 2020)
Incompatibility with existing (linear) operations and
development targets (Tura et al., 2019)
Conflicts with existing business culture and lack of internal
cooperation (Tura et al., 2019)

Supply Chain Strong industrial focus on linear models (Tura et al., 2019)
Lack of tools and methods to measure (long-term) benefits of
CE projects (Tura et al., 2019)
Lack of network support and partners (Tura et al., 2019)
Lack of collaboration and resources (Tura et al., 2019)
Conflicting interests between actors in the supply chain
(Vermunt et al., 2019)
Lack of consideration on circular design from supply chain
actors (Vermunt et al., 2019)
Bad re-use practices/reluctance of third parties (Vermunt et
al., 2019)

Technological,
knowledge and
informational

Lack of technical know-how and expertise(Vermunt et al.,
2019; Bianchini et al., 2019)

Lack of information and knowledge (Tura et al., 2019)
Lack of technologies and technical skills (Tura et al., 2019)
Ability to deliver high quality products (Vermunt et al., 2019)
Design challenges to create durable products (Vermunt et al.,
2019)
Adoption of specific technologies (e.g., recycling technologies)
for the redesign of circular products and production systems
maintaining the same quality level (Bianchini et al., 2019)

Continued on next page
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A. Barriers

Table 16 – continued from previous page
Categories Theoretical barrier examples

Lack of information sharing through enhanced information
management technologies, e.g. platforms (Tura et al., 2019)

Institutional Lack of CE know-how of political decision-makers (Tura et
al., 2019)
Ineffective recycling policies (Vermunt et al., 2019)
Public procurement policies not sustainability oriented
(Guldmann and Huulgaard, 2020)

Economic and
financial

Costly management and planning processes due to more
complex practices (Bianchini et al., 2019)
Higher costs related to the new CEBM (e.g. costs of collection
and segregation of components) (Vermunt et al., 2019)
High costs and lack of financial capability and support (Tura
et al., 2019)
High up-front investment costs (Vermunt et al., 2019)
Unclear financial business case (Vermunt et al., 2019)

Market
Low price of virgin raw materials compared to recycled
materials (Guldmann and Huulgaard, 2020; Vermunt et al.,
2019)
Lack of consumer interest/non-acceptance of CEBMs
(Vermunt et al., 2019)

Table 16: Barrier categories with example barriers gathered from CEBM literature
(Bianchini et al., 2019; Guldmann & Huulgaard, 2020; Tura et al., 2019; Vermunt
et al., 2019)

II



A. Barriers

A.2 Empirical barrier examples

Barrier descriptions Illustrating examples from interviews

Ec
on

om
ic

&
fin

an
ci

al

Low financial
impact of
improved plastic
handling process

Efficient waste handling does not significantly
affect construction project economics – C1

Plastic materials are cheap compared to other
building expenses – RI2

Incineration
flows are
currently more
cost-effective
than CEBMs

Lower cost of incineration with energy recovery –
WSP1

It’s often more expensive to recycle than to
incinerate it – T2

Plastic recycling
is a complex
process where
logistic cost is a
critical issue

Sorting in more fractions often gives additional
logistic costs – C2

Transportation of plastic waste is very costly – R3

The most critical issue for take-back management
of plastic, for example EPS, is the transport – M2

Plastics are very low density, making them
expensive to transport – T3

O
rg

an
iz

at
io

na
l

Difficult to
organize for
effective on-site
sorting into
many fractions

The challenge of sorting plastic into many fractions
at the construction site is a crucial reason for the
low recycling rate. – C3

No standard operational procedures for sorting
different plastic fractions at the site – RI2

Planning for recycling is not included in early
stages resulting in too little space and time – T2

Many different actors on construction sites makes
sorting harder – RI3

Narrow focus
of existing
sustainability
strategies

Sustainability focus have historically been on
limiting dangerous waste and not recycling of
non-dangerous waste – T1

Table 17: Economic & financial, and Organizational barriers
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Barrier descriptions Illustrating examples from interviews
Su

pp
ly

ch
ai

n

Lack of network
support,
partners and
needed resources

There is a lack of off-site sorting possibilities – C1

Lack of recycling plants that can receive plastics
for sorting – RI3

Supply chain
actors lacking
incentives for
handling plastic
waste

Supply chain is focused on material flows into the
site and not out – RI1

Lack of incentive for sub-contractors to sort waste
– M1

Lack of incentive to sort plastic waste – R1

Collaboration
and
communication
issues

It is difficult to establish collaborations between
manufacturers and waste contractors. – M2

Lack of communication between actors – RI3

It’s hard to communicate with smaller construction
companies – T2

In
st

itu
tio

na
l

Ineffective legal
obligations

The legal requirement of one plastic fraction is not
enough – T2

Only one plastic fraction legally required is
insufficient – RI2

There is a lack of legal obligations for sorting plastic
waste – R1

There is a lack of legal requirements for
manufacturers to make sure that the products they
put into the construction industry are possible to
recycle. – C3

Lack of law supervision, could be a consequence of
low knowledge on how to supervise – T3

Lack of
procurement
regulations that
generate
demand pull

Lack of legal instruments that drive demand – T1

Producers have no quota obligation for recycled
plastic. This is needed to be able to have a stable
market. – R3

Table 18: Supply chain and institutional barriers
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Barrier descriptions Illustrating examples from interviews
Te

ch
no

lo
gi

ca
l,

kn
ow

le
dg

e
an

d
in

fo
rm

at
io

na
l

Technological
challenges

Some building materials require colored plastic
packaging to protect from UV radiation, e.g,
wooden materials. – C3

There is no technology today that enables
automated sorting of quality high enough to
produce high-quality raw materials. IR cameras
can only recognize polymer types. – R3

Lack of
collection,
aggregation, and
sharing of
information
concerning
plastic waste
flows

Statistics are lagging behind so hard to get
progression feedback – C2

Lack of metrics – C2

Missing compilations on plastic recycling flows and
climate savings. – C2

Lack of efficient communication systems – C3

Lack of
knowledge and
experience in
waste handling

Lack of knowledge from the purchaser on what
material has systems for recycling/reuse – RI1

Many people on construction site with different
experiences and information available – RI2

Knowledge gap regarding plastic waste handling
prevalent among construction site practitioners –
RI2

M
ar

ke
t

Competitive
plastic market
and unstable
market of
recycled plastics

The prices for recycled plastics are very volatile.
Prices and demands can swing in a few months
resulting in difficult planning – R3

Materials are often purchased base on lowest price
– RI1

Table 19: Market barriers, and barriers related to technological, knowledge and
informational issues
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B
Interview Guides

B.1 Interview guide 1

Background:
This study aims to map service opportunities that can increase plastic waste
recycling within the Swedish construction sector. With services for plastic waste
recycling, we refer to actions performed by one or several actors that make it easier
for subsequent actors in the value chain to make sure that plastic waste is
materially recycled. We are particularly interested in such services where one actor
pays another to perform the action. Specifically, we want to investigate how
services enabling increased plastic recycling could be used at large in the industry
and not just on the project level. With this interview, we aim to learn how plastic
recycling could be increased, to better understand the characteristics of present
services for plastic waste handling, and to identify hindering factors for the
provision of such services.

Recording:
In order to ensure that we capture your point of view effectively, we would like
to record the interview. The recording will be kept confidential and will not be
presented to anyone. Your answers will be anonymized in the subsequently published
thesis.

Questions:

Background of the interviewee:

• What is your academic and professional background?

• What is your job title and how would you describe your position?

• What are you particularly passionate about at work?

• Are you currently working on a project related to plastic waste?

Issues with regard to plastic recycling in the construction industry:

• Currently, only 0.8% of plastic waste from the construction sector is recycled.
What main reasons do you see that help explain this low recycling rate?
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• Looking forward, what would you say are the current major challenges to
increasing the rate of recycled plastics?

Services for increased rates of recycled plastics in the construction
industry:
On the project level, there have been attempts to create circular loops for different
types of plastics such as floors and packaging (emballage). These loops have to
different extents been dependent on services such as Tarkett taking back flooring
installation spillovers, "uppdukning", on-site compression of plastics, and on-site
waste handling managers.

• Can you describe these, or similar, services that you have come across?

• What would you say are the challenges with regard to providing such services?

• What do you think can help explain why these services mainly are seen on the
project level and not industry-wide?

• What other types of services do you see that can increase the rate of recycled
plastics?

Additional remarks:

• Is there anything related to this interview that you would like to share with
us?
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B.2 Interview guide 2

Background:
Our study aims to map service opportunities that can increase plastic waste recycling
within the Swedish construction sector. With services for plastic waste recycling, we
refer to actions performed by one or several actors that make it easier for subsequent
actors in the value chain to make sure that plastic waste is materially recycled. Our
main focus is on such services where one actor pays another to perform the action.
Specifically, we want to investigate how services enabling increased plastic recycling
could be used at large in the industry and not just on the project level.

With this interview, we aim to learn how digital solutions could be leveraged to
support the development of services for increased plastic waste recycling. Here, we
are curious about two different perspectives. First, how digital solutions could be
leveraged to improve plastic waste handling services. Second, how digital solutions
could be leveraged to mitigate prevalent issues that plastic waste handling services
face.

Recording:
In order to ensure that we capture your point of view effectively, we would like
to record the interview. The recording will be kept confidential and will not be
presented to anyone. Your answers will be anonymized in the subsequently published
thesis.

Questions:

Background of the interviewee:

- What is your academic and professional background?

- What is your job title and how would you describe your position?

- What are you particularly passionate about at work?

- Are you currently working on a project related to plastic waste?

Digital solutions for improved plastic waste handling services:
Prevalent types of services for increased construction plastic waste recycling
include (1) take-back management of installation residues, (2) on-site sorting of
plastic waste, (3) off-site sorting of plastic waste, (4) cleaning of plastic waste, and
(5) transportation of plastic waste.

- How could digital solutions increase the effectiveness or efficiency of such services?

- What other services could you see, enabled by digital solutions, that could increase
plastic waste recycling?

Digital solutions for prevalent issues regarding plastic waste recycling
services:
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How could digital solutions improve ...

- ... the efficiency of plastic waste transportation?

- ... on-site sorting of plastic waste?

- ... off-site sorting of plastic waste?

- ... communication between actors across the construction value chain?

- ... quality assurance for recycled plastics?

Additional remarks
- Is there anything related to this interview that you would like to share with us?
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