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ABSTRACT

The construction sector has been struggling to implement plastic waste management strategies that promote
plastic circularity, and limited understanding persists regarding the barriers to reducing, reusing, and recycling
plastic waste. This knowledge gap is compounded by the diversity of plastic products, the unique role of con-
struction companies in the circular economy, and the complexity of the construction plastics’ value chain. This
study aims to generate knowledge to support construction companies in improving plastic waste management in
the European context. We investigate relevant barriers through a life cycle perspective and considering the di-
versity of construction plastics. By compiling product data, a construction plastic product list was created,
covering 38 product types across seven categories with 18 polymer options. In parallel, a literature review and
thematic analysis was conducted to construct a life cycle-based and circularity strategy (Reduce, Reuse, Recycle)-
categorized barrier overview. The diversity of construction plastics was considered in the barrier analysis,
revealing how the relevance of specific barriers varies across products.

A total of 129 barriers to recycling, 124 to reuse, and 39 to reduction were identified. Results highlight that the
Construction life cycle stage faces the highest number of barriers across all three strategies. These barriers are
predominantly activity-related, such as 17 “Collection & Sorting” barriers for recycling, 12 “Design” barriers for
reuse, and 4 “Installation” barriers for reduction. The life cycle stage-based, strategy-specific, and product-
specific perspectives on barriers provide a structured foundation for construction companies to set strategic

priorities and develop targeted and effective plastic waste management strategies.

1. Introduction

The construction sector is the world's most material-intensive sector,
consuming around 30.6 billion tons of materials annually (United Na-
tions Environment Programme, 2024a). This extensive material use
contributes significantly to climate impact along the life cycle of
buildings, which accounts for 37 % of global carbon emissions in 2022
(United Nations Environment Programme, 2024b). Additionally, the
sector generates massive amounts of waste. For example, 40 % of the
annual waste generated in the European Union (EU) is from the sector
(Garcia et al., 2024). To date, bulk materials such as concrete and steel
have usually been the focus of interventions to address these environ-
mental challenges (United Nations Environment Programme, 2023).
However, plastics are also among the key materials used in the con-
struction sector, which was the second-largest consumer of plastics in
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the EU in 2022, accounting for 23 % of total plastic use (Plastics Europe,
2024). Their popularity arises from their lightweight, versatility, dura-
bility, and cost-effectiveness, making them essential components in
insulation, piping, flooring, and various finishing products (Zhao et al.,
2022; SOUDER et al., 2024). Despite this widespread use, plastics have
been largely overlooked in efforts to reduce waste generation and
climate impacts within the sector. Because plastics are much lighter than
other construction materials, they do not stand out in waste statistics,
which are typically measured by mass. Although their overall contri-
bution to emissions and waste is smaller than that of concrete or steel,
plastics remain environmentally relevant due to their high emission
factors (Construction Industry Development Board Malaysia, 2021).
Globally, the plastics life cycle is projected to account for about 5 % of
carbon emissions by 2040 (OECD, 2024; Luciani et al., 2013)% arising
from virgin plastic production, 30 % from product manufacturing, and 9

E-mail addresses: shuang.wang@chalmers.se (S. Wang), maud.lanau@chalmers.se (M. Lanau), magnus.osterbring@ncc.se (M. Osterbring), holger.wallbaum@

chalmers.se (H. Wallbaum), rosado@chalmers.se (L. Rosado).

https://doi.org/10.1016/j.cesys.2026.100400

Received 20 June 2025; Received in revised form 20 January 2026; Accepted 25 January 2026

Available online 26 January 2026

2666-7894/© 2026 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


https://orcid.org/0009-0004-2108-5901
https://orcid.org/0009-0004-2108-5901
mailto:shuang.wang@chalmers.se
mailto:maud.lanau@chalmers.se
mailto:magnus.osterbring@ncc.se
mailto:holger.wallbaum@chalmers.se
mailto:holger.wallbaum@chalmers.se
mailto:rosado@chalmers.se
www.sciencedirect.com/science/journal/26667894
https://www.journals.elsevier.com/cleaner-environmental-systems
https://doi.org/10.1016/j.cesys.2026.100400
https://doi.org/10.1016/j.cesys.2026.100400
http://creativecommons.org/licenses/by/4.0/

S. Wang et al.

% from end-of-life processing (Zheng and Suh, 2019).

To mitigate virgin plastic demand and the associated emissions, it is
essential to manage plastic waste strategically to advance plastic
circularity in the construction sector. 3R (Reduce, Reuse, and Recycle),
which originates from the waste hierarchy in the EU Waste Framework
Directive, provides a structured approach for this purpose (Lazarevic
et al., 2010). The growing policy attention reflects this importance, as
the European Commission plans to introduce mandatory requirements
for recycled content and waste reduction measures for construction
plastics (European Comission, 2020). Industry actors are also contrib-
uting to these goals. For instance, manufacturers in the construction
sector already accounted for more than 40 % of total recycled plastic
consumption in the EU in 2022 (Plastics Europe, 2024). However, this
contribution mainly supports plastic circularity at the overall industry
level rather than within the construction sector itself. The origin of the
recycled plastics used in construction products is often unclear, as the
recycled pellets may be sourced from mixed or unidentified waste
streams. Nevertheless, progress in reducing, reusing, and recycling its
own plastic waste remains limited. For instance, its recycling rate of
post-consumer plastic waste was only 17.4 % in 2022, ranking the sec-
ond lowest among all plastic application sectors in the EU, even though
it was the second largest generator of plastic waste (Plastics Europe,
2024). Therefore, the construction sector should place greater emphasis
on reducing, reusing, and recycling plastic waste from construction and
demolition activities, positioning itself not only as a consumer of recy-
cled or reused plastics, but also a provider and a smarter user of plastics.

Improving plastic waste management in the European construction
sector remains challenging, partly due to limited knowledge of the
barriers that impede the reduction, reuse, and recycling of plastics.
Santos et al. (2023) conducted the only review to date on barriers to
recycling construction, renovation, and demolition plastic waste, sum-
marizing barriers in several key factors, such as economical limitations
and logistical barriers. In addition, limited insights into barriers can be
found in other studies, although these were primarily aimed at
addressing different objectives, such as quantifying construction plastic
waste (Berry et al., 2022; Hernandez et al., 2023). There is a growing
body of research on barriers to implementing circular economy in the
construction sector in general, which may also be relevant to construc-
tion plastics (Mhatre et al., 2023; Wuni, 2022).

Despite the diversity of construction plastics, whether in terms of
function (such as pipe and insulation) or polymer type (such as polyvinyl
chloride (PVCQ)), barriers for plastics were usually discussed in general
terms. However, not specifying a particular plastic product function or
polymer type may limit applicability of research findings to practical
solutions (King and Locock, 2022). Furthermore, the characteristics of
plastic products determined by their applications and properties may
influence the relevance of barriers to reducing, reusing, and recycling
different types of plastic products (van Stijn et al., 2023).

Another factor that needs to be considered is the role of construction
companies in addressing barriers for reducing, reusing, and recycling
plastic waste. A construction company manages and executes con-
struction projects, acting as both the end user of plastic products and a
generator of plastic waste. This dual role makes it well positioned to
develop effective waste management strategies for plastics. European
construction companies are increasingly required to meet stricter on-site
waste management regulations. For example, Sweden's Avfallsforordn-
ing (the Waste Ordinance) (2020:614), which is based on the EU Waste
Framework Directive, requires on-site sorting of specific waste streams,
including plastic. They are also aware of the challenges of managing
plastic waste at construction sites which become increasingly small and
dense (Jansson et al., 2019). Last but not least, they need to reduce the
climate impacts of their building projects and are looking to managing
plastic waste properly as a contribution, engaging in related initiatives.
In Sweden, for example, several recycling initiatives have been estab-
lished and tested with participation of construction companies: the
Swedish Flooring Trade Association's recycling system for plastic
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flooring, the Nordic Plastic Pipe Association's recycling system for
plastic pipes, and CirEm, an innovation project aiming at developing a
circular system for plastic packaging from the construction industry
(Almasi et al., 2020; Jansson et al., 2021; Jénsdottir et al., 2023). Given
this context, barriers should be interpreted in ways that offer construc-
tion companies practical insights into how these barriers can be
addressed in their operations.

The third factor that needs to be considered is the complexity of
construction plastics’ value chain. If this study was conducted solely
from the perspective of construction companies, its scope would natu-
rally be limited to the construction stage. As highlighted by the OECD
(OECD, 2020), resource efficiency and circular economy policies must
target all stages of the value chain to avoid burden-shifting and ensure
system-wide improvement. Similarly, barriers to reducing, reusing, and
recycling plastic waste cannot be fully understood by examining only
the construction stage. Moreover, since material flows connect different
actors along the value chain, considering the entire value chain allows
this study to capture the interactions of material flows across lifecycle
stages, which is essential when examining material circularity. To ac-
count for this complexity, adopting a life cycle perspective can help
systematically identify barriers across the value chain, preventing
fragmentation while enabling the development of targeted strategies.
For example, Ghafoor et al. (2024) investigated cost barriers affecting
the use of secondary materials in the construction sector across six life
cycle stages. However, most studies on barriers to implementing circular
economy in the construction sector focused only on the end-of-life stage
or design stage (Véliz et al., 2022; Jayarathna et al., 2025), while a few
authors identified several barriers in other stages such as material supply
and manufacturing when focusing on the end-of-life stage (Santos et al.,
2023).

Therefore, three factors may influence identifying and addressing
barriers to reducing, reusing, and recycling plastic waste in the con-
struction sector: diversity of construction plastics, the role of construc-
tion companies, and complexity of construction plastics’ value chain.
Yet, these factors have been largely overlooked in previous research.
This study aims to generate knowledge for construction companies to
improve plastic waste management in the European context by inves-
tigating barriers to reducing, reusing, and recycling plastics in the
construction sector, integrating a life cycle perspective and considering
the diversity of construction plastics.

2. Methods

This study was made in three workflows (See Fig. 1). Workflow 1
focused on developing a list of construction plastic products used in
buildings, providing a systematic understanding of their diversity.
Workflow 2 covered the development of an overview of barriers to
reducing, reusing, and recycling plastics in the construction sector,
specifying barrier types in different life cycle stages. Workflow 3 inte-
grated the diversity of construction plastics into barrier analysis,
assessing the relevance of barrier across different products.

2.1. Study scope

The term construction plastics refers to plastic products primarily
made of plastics and used in building construction. Bioplastics (bio-
based and biodegradable plastics) were excluded due to their limited
market share, accounting for only 0.9 % of European plastic production
(Plastics Europe, 2024). Moreover, plastics in composites, such as win-
dow frames made of wood-plastic composites and pipes made of
fiber-reinforced plastic, were excluded from the scope due to the major
technical challenges associated with their reuse and recycling (De et al.,
2024). In this study, three circularity strategies were considered, Reduce
(waste reduction), Reuse (waste reuse), and Recycle (waste recycling).
Reduce refers to reducing waste generated at construction and de-
molitions sites through waste prevention measures; Reuse refers to
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Fig. 1. Method framework (rectangle = process; oval = data).

processing plastic waste to obtain products without converting it back
into raw material; and Recycle refers to processing plastic waste into
pellets that can be used as raw material for manufacturing new plastic
products (namely mechanical recycling) (Potting et al., 2017). Current
mechanical recycling of plastics is commonly employed to clean
single-type plastic waste such as polypropylene (PP), and mixed plastic
waste requires sorting to produce high quality recycled pellets (Al-Salem
et al., 2009; Ignatyev et al., 2014). Downcycling and chemical recycling
were excluded. Downcycling incorporates plastic waste into construc-
tion materials, such as aggregates in bricks, tiles, and roads, which does
not inherently replace virgin plastics (Cirino et al., 2023), while chem-
ical recycling has a very limited market share and limited economic
feasibility (Plastics Europe, 2024; Chen et al., 2021).

In order to generate knowledge for construction companies to
improve their plastic waste management, plastic products were inves-
tigated from the perspective of construction companies as end users.
Building on the barrier overview for the construction sector, this study
interprets barriers specifically from the perspective of construction
companies.

2.2. Characterization of products

To provide a systematic understanding about construction plastics
and their diversity, construction plastic products used in the construc-
tion sector were characterized based on function, application, and

polymer option. Product information was searched and compiled from
reports, websites, manufacturers’ product lists, and Environmental
Product Declarations (EPDs), which enabled the development of this
characterization.

The development of product categories drew on reports published by
Environmental protection Agency in Sweden (Ahlm et al., 2021; Frane
et al., 2021, 2022). As shown in Fig. 2, product categories such as the
Pipe category were developed based on their function of transporting
fluids and gases.

Products within each category were further divided into different
product types based on their specific applications. When relevant in-
dustry associations were available, such as the European Plastic Pipes &
Fittings Association for the Pipe category, they were used as the starting
point. These associations provide information on the main product ap-
plications, such as hot water pipes for hot water supply and potable
water pipes for drinking water supply. In some cases, the corresponding
polymer options were explained as well. More information about each
product type's polymer options was obtained by reviewing the product
lists of manufacturers that were members of the identified associations.
For categories where no relevant associations were found, products
listed in previous studies served as the basis for further identification
(Ahlm et al., 2021; Frane et al., 2021, 2022). The product lists of man-
ufacturers producing these items were reviewed to determine their
polymer options, and additional product types were identified through
this process. The Packaging category required a different approach.
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Fig. 2. Characterization of construction plastic products with the Pipe category as an example (PVC: polyvinyl chloride; HDPE: high density polyethylene; PEX:

cross-linked polyethylene; ABS: acrylonitrile butadiene styrene).
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Various construction products' EPDs were reviewed to identify different
types of packaging and their corresponding polymer options. The full
data sources were listed in Appendix A.

2.3. Identification of barriers

A systematic literature review was conducted to identify barriers
(Snyder, 2019), and the process was based on the PRISMA framework
(Page et al., 2021).

2.3.1. Body of literature

The literature search was conducted in September 2023 to determine
the body of literature for barrier identification. Scopus was used as the
search database for peer-reviewed articles (including conference papers)
considering its dominant coverage of barriers to CE compared to other
literature databases (Wuni, 2022). As seen in Fig. 3, there were two
rounds of search, one targeting articles specifically related to construc-
tion plastics and another focusing on articles generally related to the
construction sector. Such two-round literature search ensured the body
of literature was rich enough for barrier identification, since only 4
plastic-specific articles were identified after screening processes with an
additional step of snowballing. Another search broadened the scope, but
filters were applied to keep the articles entering the screening processes
manageable. Moreover, stricter inclusion and exclusion criteria were
used to ensure that the barriers identified from the selected articles to be
more applicable to construction plastics. Thus, an additional 32
peer-reviewed articles were selected.

This study also covered grey literature (reports published by inter-
national governmental and non-governmental organizations) by using
two custom search engines “IGO Search” and “NGO Search”, which are
projects of the International Documents Taskforce and the Government
Documents Roundtable of the American Library Association. As seen in
Fig. 4, grey literature search followed similar structure of peer-reviewed
article search. Considering that some grey literature might not be
captured with the applied search strings, additional keyword searches
were conducted directly on the webpages of organizations identified as
relevant from the initial search results. Thus, one plastic-specific and
four general grey literature documents were selected.

The resulting body of literature included 36 peer-reviewed articles
and five grey literature documents (see Appendix B.).

2.3.2. Barrier identification
NVivo software, which supports the visualization of emerging
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themes in literature and enables the creation of a snapshot of each theme
(O'neill et al., 2018), was used to identify barriers from the body of
literature. By skimming the literature within NVivo based on the key-
words of barrier and challenge and the narrative context, relevant
contents in different forms (e.g. sentences in the text, phrases in figures,
entries in tables) were identified as barriers. This identification process
followed a group of exclusion criteria (See Table 1) to ensure the barrier
relevance to plastics and study scope.

During the identification, each barrier was assigned to the three
circularity strategies according to the scope of retrieved literature and
the definitions of these three circularity strategies. Identified barriers
varied in forms and formulation styles (e.g. describing the same barriers
in different words) and required further analysis to construct the barrier
overview.

2.4. Categorization of barriers

Identified barriers were analyzed from a life cycle perspective, using
thematic analysis, a method that organizes qualitative data into a series
of patterns or themes (Braun and Clarke, 2006). Life-cycle stages of
construction plastics were used as themes for the first deductive coding.
The second inductive coding identified themes related to barrier types in
each life cycle stage.

2.4.1. Categorization into life-cycle stages

The life cycle stages of construction plastics used in this study were
adapted from the EN 15804:2012+A2:2019 (Sustainability of construction
works — Environmental product declarations — Core rules for the product
category of construction products) standard, with modifications made to
suit the study scope (see Fig. 5a). For example, the Product stage was
divided into Raw Material Supply and Manufacturing life cycle stages,
while certain modules such as B6 (Operational energy use) were
excluded. Transport modules were not considered as a separate life cycle
stage in this study but integrated in other life cycle stages. In total, six
life cycle stages were included and each stage covered activities
contributing to reducing, reusing, and recycling plastic waste. The
meaning of each activity was shown in Table 2.

As shown in Fig. 5b, the six life cycle stages are connected through
flows including virgin pellets, recycled pellets, reused products, prod-
ucts, installed products, used products, and waste. Some life cycle stages
may be skipped in certain life cycle variations of construction plastics.
One example is that reused plastic products can go through the Con-
struction life cycle stage directly from the Waste Processing life cycle
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Fig. 4. Flow diagram of grey literature search and selection.
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Table 1

Exclusion criteria of barrier identification.

Exclusion criteria

Reason

Example of excluded barrier

Barriers not
applicable to
the European
context

Barriers specific to
an approach

The EU has relatively
advanced practice about
circular economy in the
construction sector.

This study focuses on
barriers to reducing,
reusing, and recycling
plastic waste, rather than
approach that could
contribute to the circularity.

“ ... records of amounts and
types of CDW produced were
seldom kept” (Alite et al.,
2023)

“When dealing with RL, some
authors have noticed the lack
of support from the
management, as well as
immaturity and low
investment in knowledge

management, information
systems, and continuous
planning owing to changes in
the materials' source location™
(Charef et al., 2021)

“The long lifecycle of
buildings exceeds the lifespan
of industrial products and also
results in multiple changes of
ownership” (Charef et al.,
2021)

“Inappropriate urban
planning can cause numerous
rebuilding of infrastructural
projects, thus requiring more
resources and creating higher
amounts of wastes. Lack of
support, along with undefined
national goals and targets for
transitioning to CE are
another reason for non-
adoption of circular practices.
Support from decision makers
in terms of incentives and
subsidies to motivate
stakeholders to use circular
practices is lacking at
present.” (Mhatre et al., 2023)
... distribution capacity ...” (
Santos et al., 2023)

These barriers cannot be
applied to plastic, which is
at material or product level.

Barriers at the
building level

These barriers cannot be
applied to plastic, which is
at material or product level.

Barriers at region
or city level are
excluded

These barriers lack
explanation in the original
literature, thus they are
difficult to interpret.
These barriers are too “... lack of global consensus
general or broad and can be  about CE ...” (Gherman et al.,
applied to any circular 2023)

economy related studies.

Unclear barriers

Broad or general
barriers

stage, skipping the Manufacturing life cycle stage. Another example is
that plastic waste generated at the construction sites can go to the Waste
processing life cycle stage directly from the Construction life cycle stage.
Moreover, recycled pellets from other application sectors (e.g. pack-
aging and agriculture) enter the life cycle at the Manufacturing life cycle
stage, while some recycled pellets at the Waste Processing life cycle stage
exit and enter other sectors. These flows are out of study scope.

Barriers were coded to six life cycle stages according to three criteria,
activity, material status, and related actor (See Table 3). Barriers that
influence the whole life cycle as a system were coded to the category
“system” rather than each life cycle stage.

2.4.2. Categorization into barrier types

Barriers in each life-cycle stage were further categorized into
different barrier types by exploring the connections between them and
identifying underlying themes. Each barrier was reviewed individually
and assigned keywords indicating the related activity (e.g. production),
material status (e.g. waste), or other terms that best captured its core
meaning (e.g. support). Barriers sharing the same keywords were clus-
tered, resulting in the identification of three cluster of themes (See
Fig. 6). The first cluster is activity-related themes, such as Installation,
which is the installation of construction plastic products in the life cycle
stage Construction. The second cluster is material-related themes, such as
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Price, which applies for both products from the Manufacturing life cycle
stage and recycled pellets from the Waste Processing life cycle stage. The
third cluster is themes that either indirectly affect activities or influence
the entire life cycle stage, such as Decision-making, which impacts the
whole Construction life cycle stage.

Each identified theme is a barrier type, consisting of one or multiple
barriers identified from literature. All barriers were reformulated to
ensure consistency and align with the context of reducing, reusing, and
recycling plastic waste in the construction sector. When multiple bar-
riers expressed the same idea, these barriers were synthesized into a
single barrier.

2.5. Explorative analysis of barrier relevance across products

This study investigated one barrier in detail, conducting an explor-
ative analysis to assess whether the diversity of construction plastics
influences the barrier's relevance. This analysis aimed to determine
whether the barrier is generalizable across different plastic products or
particularly critical for specific types.

To generate knowledge for construction companies to improve
plastic waste management, one barrier at the Construction life cycle stage
was selected for this analysis. The analysis was made for waste recycling,
which is the most common practice. It consisted of two steps. First, the
barrier relevance was defined in three types, not relevant, can be
managed, and relevant. Second, each product type and each product
category were analyzed based on their function, application, polymer
option and waste management practices.

Plastic waste collected from the construction sites is typically sent to
waste management companies for off-site sorting before being delivered
to the recycling facilities. Nevertheless, waste management practices (e.
g., sorting capacity) can vary across European countries due to national
regulations and available infrastructure. Therefore, the Swedish context
was used as an illustrative example for this analysis.

3. Results
3.1. Plastic product list

To develop a systematic understanding of construction plastics, a list
of construction plastic products is presented (see Fig. 7). There are 38
types of construction plastic products across seven product categories
made from 18 polymers.

3.1.1. Product category

The seven product categories indicate the seven main functions of
plastic products used in building construction, ranging from the Pack-
aging category with the function of protecting products during transport
to the Envelope category with the function of shielding and regulating
the indoor environment.

3.1.2. Product type

Each product category covers two to nine product types, reflecting
their diverse applications. The diversity in product types has direct
implications for waste collection strategies at construction sites. For
example, the Pipe category, which has the highest number of product
types (8), includes potable water pipes and floor heating pipes, each
requiring distinct handling methods due to their physical differences.
Potable water pipes are rigid and large and might need to be cut into
smaller sections to accommodate limited space at construction sites. In
contrast, floor heating pipes are flexible and smaller, making it more
efficient to roll them up for storage and transport. These differences
highlight the need for tailored collection strategies based on the material
properties and spatial constraints of each product type. The Packaging
category, which also has eight product types, emphasizes such need
again.
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Fig. 5. a. Life cycle stages of construction plastics (adapted from EN15804); b. Life cycle of construction plastics with activities and flows.

Table 2
Activities in each life cycle stage and their descriptions.

Table 3
Barrier categorization into life cycle stages: coding criteria and examples.

Life cycle stage Activity description

Raw Material

Supply
Manufacturing

Production: Production of virgin pellets that are recyclable.

Design: Product design considering reducing plastic waste and
reusing and recycling plastic waste at the end of life;
Procurement: Procurement of recycled pellets sourced from
construction or demolition plastic waste;

Production: Production of plastic products with recycled
pellets and plastic products designed for reducing plastic waste
and reusing and recycling plastic waste at the end of life;
Packing: Packing construction products with plastics.

Design: Building design considering reducing plastic waste and
reusing and recycling plastic waste at the end of life;
Procurement: Procurement of plastic products with recycled
content and reused plastic products and plastic products

Construction

designed for reducing plastic waste and reusing and recycling
plastic waste at the end of life;
Installation: Installation of plastic products considering
reducing plastic waste and reusing and recycling plastic waste
at the end of life;
Collection & Sorting: On-site collection and sorting of plastic
waste into different fractions.

Use Maintenance: Maintenance of plastic products;
Repair: Repair of plastic products;
Replacement: Replacement of plastic products

Demolition Disassembly: Disassembly of plastic waste from the building;
Collection & Sorting: On-site collection and sorting of plastic
waste into different fractions.

Waste Processing Procurement: Procurement of plastic waste from construction

and demolition sites

Treatment: Treatment of plastic waste into recycled pellets and
reused plastic products which will be used in the construction
sector

Test: Quality test of recycled pellets and reused plastic products

Criteria Barrier example Coded life cycle
stage
Activity “ ... costs of labor and time-intensive nature of Demolition
deconstruction ... " (Gherman et al., 2023)
Material “Virgin materials are cheaper than secondary Waste
status materials” (Oluleye et al., 2023) Processing
Related “Designers and engineers do not pose the Construction
actor required knowledge and data on material

reclamation and use of secondary materials.” (
Mhatre et al., 2023)

3.1.3. Polymer option

Each product type has one to five main polymer options, resulting in
a total of one to seven polymer options per product category. The di-
versity of polymer options within a product category has direct impli-
cations for waste sorting strategies at construction sites and
subsequently influences the complexity of off-site sorting and recycling
processes. For instance, the Packaging category represents the highest
polymer diversity, and the Profile category shows the lowest polymer
diversity, respectively. The Packaging category, with eight polymer
options, may require multiple waste containers for the proper sorting at
construction sites. In contrast, the Profile category has only one polymer
option of PVC and thus requires no sorting. These differences highlight
the need for tailored sorting strategies based on polymer diversity of
each product category.

3.2. Barrier overview

Fig. 8 shows the overview of identified barriers to reducing, reusing,
and recycling plastic waste in the construction sector across the life cycle
of construction plastics, categorized by barrier types (See full list in
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Fig. 7. Plastic products used in building construction characterized in terms of product category (columns), product types, and polymers (colored dots). (PVC:
polyvinyl chloride; CPVC: chlorinated polyvinyl chloride; PP: polypropylene; ABS: acrylonitrile butadiene styrene; HDPE: high density polyethylene; LDPE: low
density polyethylene; LLDPE: linear low density polyethylene; PEX: cross-linked polyethylene; EPS: expandable polystyrene; XPS: extruded polystyrene; PIR: pol-
yisocyanurate; PUR: polyurethane; PA: polyamide (Nylon); PB: polybutylene; PC: polycarbonate; PF: phenol-formaldehyde; PET: polyethylene terephthalate).

Appendix C.). While the majority of identified barriers are stage-specific,
there are a group of system-wide barriers that affect the life cycle as a
whole.

In total, considerably more barriers were identified for waste recy-
cling (129 barriers) and waste reuse (124 barriers) than for waste
reduction (39 barriers). Waste reduction is defined as actions taken
before product becomes waste. Thus, the life cycle stages Demolition and
Waste Processing are not relevant, which can result in fewer barriers.

3.2.1. Barrier distribution across life cycle

For all three circularity strategies, barriers are primarily concen-
trated at the Construction life cycle stage. This highlights the central role
of the Construction life cycle stage in all three circularity strategies. In
contrast, no barrier was identified for the Use life cycle stage, indicating
the research gap in applying circularity strategies during the use of
installed plastic products.

Beyond this overall pattern, the three circularity strategies diverge in
how barriers are distributed across the life cycle. For waste reduction,
barriers were identified only in the Manufacturing and Construction life
cycle stages, whereas waste recycling and waste reuse have wider and
similar barrier distribution across the life cycle. A key difference be-
tween them emerges at the Manufacturing life cycle stage. Notably, only
one barrier was identified at the Raw Material Supply life cycle stage, and
it belongs to waste recycling.

The barrier distribution across the life cycle can be further explained
by reviewing the barrier type clusters. The Construction life cycle stage
shows the greatest variety of activity-related and “others” barriers, with
four barrier types for both. This suggests that the Construction life cycle
stage faces barriers from a wider range of activities, including Design,

Procurement, Installation and Collection & Sorting. The Waste Processing
and Manufacturing life cycle stages display the highest diversity in
material-related barriers with respectively six and five barrier types.
This reflects their role in adding value to materials, meeting different
product requirements. For example, reused products or recycled pellets
delivered by the Waste Processing life cycle stage face barriers in Quality
(inferior quality), Price (higher price), Information (limited information
about the product), Availability (limited and unstable product avail-
ability from limited suppliers), Accessibility (limited product accessi-
bility for customers), and Standard & Certification (lack of standard or
certification for products). The difference between waste reuse and
recycling in the Manufacturing life cycle stage comes from both activity-
related and material-related barriers. For waste recycling, there are
Procurement barriers, as recycled pellets are used for manufacturing
products. This is accompanied by Price (higher price of products with
recycled content), Information (limited information about the recycled
content in product), and Marketing (lack of marketing strategies for
products with recycled content).

Overall, these differences illustrate how life cycle stages present
different barriers aligned with their involved activities and output flows.

3.2.2. Barrier distribution across types

The three most frequent barrier types are Collection & Sorting,
Design, and Procurement, which are all activity-related barrier types.
While Design and Procurement apply to all three circularity strategies,
Collection & Sorting is only relevant for waste reuse and recycling. This
is because activities related to managing plastic waste that has already
been generated fall outside the defined scope for waste reduction.

The number of barriers within these three barrier types differs across
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Fig. 8. Overview of barriers to reducing, reusing, and recycling plastic in the construction sector, categorized by life-cycle stages and three clusters of barrier types
(Purple column: waste recycling; Green column: waste reuse; Blue column: waste reduction; Numbers: the numbers of barriers).

waste reduction, reuse, and recycling. For example, the three circularity
strategies share eight barriers in Design (Construction), associated with
designing for reduction or reuse or recycling (See Fig. 9). However,
waste reuse faces additional barriers in applying reused plastic products
in buildings. This difference arises from the nature of materials used.
Reused plastic products come in varying sizes, forms, and types,
resulting in additional barriers during building design. In contrast,
products made from recycled pellets closely resemble virgin products in
form and dimensions. Thus, barriers tend to occur during procurement,
such as negative perception of products with recycled content. These
differences in barrier numbers across barrier types, which are activity-
related, suggest that construction companies should target different
activities when planning to apply reused products or products with
recycled content. Similar differences can be found in other activity-

related barrier types. For example, waste reuse faces more barriers in
Installation (Construction) and Disassembly (Demolition), while waste
recycling shows more barriers in Procurement (Construction) and
Treatment (Waste Processing).

Collection & Sorting, which is shared only by waste reuse and
recycling, stands out among all barrier types, showing the highest bar-
rier intensities at both the Construction and Demolition life cycle stages.
This reflects the wide scope of issues related to on-site collection and
sorting. Notably, these two life cycle stages share nearly all barriers
within this barrier type (See Fig. 10). Some relate to operational factors
such as assets and skilled workers. Others are associated with broader
structural factors, such as regulation and incentives. This highlights the
need for coordinated interventions at the Construction and Demolition life
cycle stages, such as workforce training. However, there are two

Lack of awareness to design building for reducing/ reusing/recycling plastic waste

De-prioritization to design building for reducing/ reusing/recycling plastic waste (comparedto energy performance)

Lack of Incentive to design building for reducing/ reusing/recycling plastic waste

Lack of knowledge to design building for reducing/ reusing/recyding plastic waste

Lack of guldeline /guldance to design building for reducing/ reusing/recycling plastic waste

Lack of skilled workers to design building for reducing/ reusing/re cycling plastic waste

Lack of manage ment support to design building for reducing/ reusing/recyding plastic waste

Increased cost to design building for reducing/ reusing/re

cling plastic waste

Lack of established benefits of applying
reused plastic produds in building

plastic products

Lack of demand for building withreused

Difficulty in the design adaptation with
reused plastic products

plastic products

Lack of time for designing with reused

Fig. 9. Barriers in Design at the Construction stage for three circularity strategies.
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Fig. 10. Differences in barriers in Collection & Sorting at the Construction and Demolition stages for waste recycling and reuse.

exceptions. First, intensive work environment is highlighted only at the
Construction life cycle stage. Second, the lack of integration of on-site
collection and sorting of plastic waste into the bidding process is iden-
tified as a barrier for all but waste reuse at the Construction life cycle
stage.

Not only Sorting & Collection but also Design and Procurement span
multiple life cycle stages, and such pattern is observed across many
other barrier types. Among all life cycle stages, Manufacturing and
Construction share the highest number of barrier types with other life
cycle stages, suggesting their central role in reducing, reusing, and
recycling plastic waste.

3.2.3. Barriers viewed from the construction company perspective

Located at the Construction life cycle stage, construction companies
receive inputs from multiple upstream stages (e.g. Manufacturing) and
deliver outputs to multiple downstream stages (e.g. Waste Processing).
These flow connections not only expose them to barriers occurring at
other stages but also make their own barriers relevant beyond the
Construction life cycle stage. This suggests that construction companies
may need to consider barriers in a broader life cycle context when
addressing them.

Taking waste recycling as an example, input flows are “products”
(products with recycled content and products designed for recycling),
and output flows are “installed products” and “waste”.

3.2.3.1. Products with recycled content. This input flow arrives from the
Manufacturing life cycle stage through the activity of procurement, thus
barriers in Procurement are particularly relevant for construction com-
panies to address (e.g. “Negative perceptions on plastic products with
recycled content”). Moreover, construction companies can help address
material-related barriers occurring at the Manufacturing life cycle stage.
For example, construction companies can inform manufacturers about
the product information they need to make procurement decisions, thus
helping overcome the barrier “Limited information provided for the
recycled content in plastic products” (Information).

3.2.3.2. Products designed for recycling. This input flow also arrives from

the Manufacturing life cycle stage, where recycling potential is created
there. Not only are barriers in Procurement relevant for construction
companies to address, but barriers in Installation are also important.
Construction companies can cooperate with manufacturers to ensure
products are installed in ways that preserve the recycling potential.

3.2.3.3. Installed products. This output flow leaves for the Use life cycle
stage and barrier in Documentation is relevant for it. Construction
companies can collaborate with actors at the Use life cycle stage, such as
researchers studying efficient use of plastic products in buildings and
companies responsible for maintenance, repair and replacement, to
identify what information about plastic products should be documented
during construction. Such documentation can facilitate plastic circu-
larity during the use phase.

3.2.3.4. Waste. This output flow leaves for the Waste Processing life
cycle stage after the activity of waste collection and sorting. To drive this
flow, construction companies should not only target barriers in Collec-
tion & Sorting but also cooperate with actors at the Waste Processing life
cycle stage (e.g., waste management companies or recyclers) to address
material-related barriers such as Quality. As the Demolition life cycle
stage shares this the barrier type Collection & Sorting, collaboration
between construction companies and actors at that life cycle stage can
support joint efforts to overcome it.

3.3. Barrier relevance map

The barrier, “Mixed plastic waste”, which emerges at the Construction
life cycle stage was selected for the explorative analysis. In Sweden,
available facilities can sort and recycle certain types of mixed plastic
waste.

The Site Zero plastic sorting plant, although currently focused on
packaging waste, has the technical capacity to sort PP, HDPE, LDPE,
PET, EPS, and PVC. This means that if these six types of plastic waste
were mixed, they could still be sorted and recycled. In addition, Ater-
vinningsIndustrierna, the Swedish trade association for private recycling
companies, documents companies that recycle various construction
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plastics (Atervinningsindustrierna (Recycling Industries)). For example,
one company specializing in pipe waste can sort and recycle PE, PP,
PVC, ABS, and PS.

Based on these practices, the selected barrier was assessed to deter-
mine whether it is relevant, or can be managed, or not relevant for
different plastic products (See Fig. 11). This generates insights that can
help construction companies develop effective on-site collection and
sorting plans for plastic waste, thereby facilitating recycling.

If plastic waste is sorted and collected by product category (e.g.
Packaging) at construction sites, this barrier is relevant only for five
product categories (Packaging, Pipe, Insulation, Electrical installation,
and Envelope). This is because their mixed waste possibly contains more
than one polymer that cannot be sorted out with the established prac-
tices. For example, mixed packaging waste possibly contains three
polymers that cannot be sorted out (LLDPE, PA, and polyester). In
contrast, this barrier can be managed for one product category
(Flooring), as all three involved polymers can be sorted out (HDPE, PVC,
and PP) using techniques such as near-infrared sorting. The barrier,
“Mixed plastic waste”, is not relevant for the Profile category at all,
which has only one polymer option (PVC).

If plastic waste is sorted and collected by product type (e.g. wrapping
film) at construction sites, the barrier is relevant to only 11 product
types. For example, hot water pipes can be made from PP, PB, CPVC, or
PEX, and the mixture of these polymers cannot be well separated as only
PP can be sorted out. There are another 17 product types, which have
multiple polymer options, but the barrier can be managed for them as
they have only one polymer or do not have any polymers that cannot be
sorted out. For the remaining ten product types, which have single
polymer option, this barrier is not relevant at all.

The varying relevance of the barrier “Mixed plastic waste” across
different construction plastic products suggests that the recyclability of
mixed plastic waste depends on the characteristics of individual plastic
products, indicating the need for tailor-made strategies in sorting and
collecting construction plastic waste.

4. Discussion
4.1. Implications of a life cycle-based barrier categorization

Before discussing its implications, the life cycle-based barrier cate-
gorization deserves some reflections. Indeed, the current study adopted
a product-level life cycle perspective based on EN
15804:2012+A2:2019, which was developed for the life cycle assess-
ment of construction products and focuses on material flows and
tangible operations across stages. In contrast, several previous studies
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individual life cycle stage to investigate circular economy practices
(Benachio et al., 2020). This project-level perspective is well suited to
evaluating circularity at the scale of the building as a whole. However, in
this paper, the life cycle is not intended to describe the sequence of
activities but to investigate how materials move across stages and where
barriers to circularity emerge. Therefore, rather than being treated as a
standalone stage, “design” is treated in this paper as an activity occur-
ring in multiple life cycle stages (e.g., to be manufactured, building
products must first be designed). This framing enables the identification
of barriers related not only to project-level decisions during construc-
tion, but also to product design and manufacturing practices that in-
fluence recyclability and waste management downstream.

Through the life cycle-based categorization of barriers identified
from the literature review, this study provides a clear overview of how
barriers are distributed across six life cycle stages of construction plas-
tics. This categorization highlights that the Construction life cycle stage
faces the largest number of stage-specific barriers. This life cycle stage-
based perspective enables construction companies to explicitly identify
which barriers they can proactively address in order to reduce, reuse,
and recycle plastic waste more effectively. While Shooshtarian et al.
(2022a) also identified barriers at the Construction life cycle stage, the
role of construction companies was fragmented across different stake-
holder groups (e.g., construction workers, project managers), each
mapped to different life cycle stages. Similarly, Liu et al. (2021) cate-
gorized barriers by stakeholder type, with groups such as design orga-
nizations, construction units, and contractors broadly corresponding to
the Construction life cycle stage. In their framework, these stakeholder
groups were treated independently, despite the fact that many of their
barriers overlap. In contrast to these approaches, this study further
groups barriers into different types under three clusters (activity-related,
material-related, and others) within each life cycle stage, explicitly de-
tailing the underlying issues associated with each barrier type. This
enables the identification of actionable entry points for intervention.
The barrier type Collection & Sorting offers a particularly clear example
for construction companies, with 17 specific actionable entry points (e.
g., limited space) that directly support the development of more effec-
tive waste management strategies for reuse and recycling. Previous
studies have either identified “lack of on-site sorting” as a barrier
without unpacking its underlying causes (Shooshtarian et al., 2022a), or
have identified individual contributing issues such as the lack of
equipment for the on-site sorting (Abarca-Guerrero et al., 2022) and the
lack of recycling culture on-site (Berry et al., 2022). This study identifies
these contributing issues and systematically groups them together under
the barrier type Collection & Sorting.

Adopting the life cycle perspective offers two additional important

that also adopted a life cycle framework included “Project Design” as an insights. First, it reveals how different life cycle stages are
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Fig. 11. Barrier relevance map for plastic products used in building construction: mixed plastic waste.
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interconnected through material flows, helping construction companies
understand their interdependencies with other actors. This under-
standing allows them to identify barriers they can help remove for other
life cycle stages and to recognize from which actors they may need
support to overcome their own barriers, especially for material-related
barriers. Second, the life cycle perspective highlights that some barrier
types are shared across multiple life cycle stages, indicating opportu-
nities for coordinated action among actors to address these challenges
collectively.

Another important implication of the barrier type analysis is that for
certain types, such as Design and Collection & Sorting at the Construction
life cycle stage, the underlying issues are already well uncovered. Thus,
it is easier to develop targeted strategies for addressing these barrier
types. In contrast, the remaining barrier types at the Construction life
cycle stage, such as Decision-making and Data and Documentation
currently contain only one identified barrier. This could indicate two
different situations. In some cases, the barrier type may be relatively
straightforward. For example, Decision-making reflects the decision-
making of economic benefits over environmental benefits. In other
cases, however, the limited number of barriers may reflect the fact that
the underlying issues remain underexplored and require further inves-
tigation. The Data barrier type is a good example of this latter case.
While it is defined as the lack of data about plastic waste (availability,
quantity, quality), its underlying causes are not yet fully mapped. One of
the potential causes could be the lack of standardized data formats,
which creates barriers to data conversion. For instance, construction
companies usually have the Bills of Quantities, listing items used for the
project measured in different units such as number and length. For the
quantification of plastic flows, these Bills of Quantities need to be con-
verted to Bills of Materials, listing the mass of each item (Hakkinen et al.,
2019).

4.2. Implications across circularity strategies

This study provides a structured overview of how different barriers
affect three circularity strategies, waste reduction, reuse, and recycling.
The overview shows that waste reuse and recycling face a similar
number of barriers, although waste recycling involves a wider variety of
barrier types. In contrast, barriers to waste reduction are less frequently
discussed but represent more systemic and upstream challenges.

In the reviewed literature, waste recycling is by far the most dis-
cussed strategy (Ma et al., 2020; Ding et al., 2023; Luciano et al., 2022),
including several studies specifically on construction plastics (Santos
et al., 2023; Gardner, 2020; Bendix et al., 2022). Fewer studies address
waste reuse (Sigrid Nordby, 2019; Knoth et al., 2022), and none focus
solely on waste reduction. Some studies discuss multiple circularity
strategies simultaneously, such as the 3R framework, yet often without
clearly distinguishing which barriers apply to which strategy
(Shooshtarian et al., 2022a; Guerra and Leite, 2021). This lack of dif-
ferentiation complicates the interpretation of findings, as some barriers
identified for 3R are specific to certain circularity strategies rather than
all three. By distinguishing the relevance of barriers across circularity
strategies, this study refines existing knowledge on how different bar-
riers shape reduction, reuse, and recycling practices.

With this differentiation, a meaningful comparison of circularity
strategies across life-cycle stages, and even across activities within each
stage, becomes possible. The results show that waste reuse and recycling
are relevant across almost all life cycle stages except Use, whereas waste
reduction is primarily associated with the Manufacturing and Construc-
tion life cycle stages. This pattern illustrates that the application of each
circularity strategy depends on its position within the life cycle and on
the types of barriers that dominate those life cycle stages. Although
waste reuse and recycling overlap in their life cycle stage relevance, they
differ in barrier distribution and intensity. These differences suggest that
even when circularity strategies operate at the same life cycle stages,
they require distinct approaches to overcome their respective barriers
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and advance implementation.

4.3. Linking plastic product diversity to barrier relevance in developing
waste management strategies

This study presents a detailed classification of construction plastic
products, distinguishing them by product function, product application
and polymer options. This structured understanding reflects how con-
struction plastic waste is increasingly managed in practice in countries
such as Sweden, where industry initiatives like Atervinningsindustriern
(Atervinningsindustrierna (Recycling Industries)) have established
specialized groups of recycling companies that each focus on a specific
type of plastic waste based on its product function (e.g. pipe). Such
practice demonstrates that classification at the product-function level is
not only feasible but also becomes institutionalized. Waste management
companies serve as intermediaries between construction companies and
recycling sectors and, as such, typically operate with a working
knowledge of plastics categorized by product function. In contrast,
construction companies, despite being the primary source of plastic
waste, seldom integrate this structured understanding into their waste
management practice. However, such knowledge is essential for them,
as it enables the development of waste management strategies that align
more closely with how plastic waste is sorted, processed, and recycled in
practice. Beyond reflecting current practices, this study also contributes
new insights by going a step further than industry practice. It differen-
tiates between product applications within each function (e.g., hot water
pipe and drainage pipe) and specifies polymer options for each appli-
cation (e.g. PVC, HDPE, and ABS for drainage pipe). This level of
granularity is critical, as plastic recycling is polymer-dependent, and
different applications require the unique properties of specific polymers.
Initiatives like VinylPlus, which promote sustainable PVC use and
recycling, are built around such polymer-specific strategies.

This study demonstrates how the relevance of barriers, such as
“Mixed plastic waste” varies significantly across different plastic prod-
ucts. Previous studies have acknowledged this variation, but often in
fragmented or anecdotal ways. For example, Santos et al. (2023).
Highlight the relevance of the barrier “Lack of recycling facilities” for
certain plastic products (e.g., PVC pipes and PP straps) in the Canadian
context, but without offering a structured framework. Similarly, Bendix
et al. (2022) provide some product-specific insights, such as the limited
suitability of mechanical recycling for PIR/PUR insulation materials.
However, their analysis captures only a partial spectrum of construction
plastics. In parallel, a few studies have investigated individual plastic
products in depth, such as carpets and electrical installations (Farjana
et al., 2023; Luciani et al., 2013). While these studies provide valuable
technical insights, they are limited in scope and do not support broader
strategic planning across the construction plastic product range. In
contrast, the barrier relevance map developed in this study offers a
structured and comprehensive overview of how barriers affect different
plastic products. This not only deepens understanding but also offers a
practically grounded foundation for construction companies to set
strategic priorities and implement targeted actions in their efforts to
reduce, reuse, and recycle plastic waste.

4.4. Implications for construction companies

When making efforts to overcome barriers, construction companies
should first consider which material flows (e.g. waste or product with
recycled content) they aim to address, as these determine where their
efforts should be primarily distributed to. Building on their established
role in managing waste, they should now prioritize developing effective
strategies for plastic waste flows, which contain the biggest potential for
advancing plastic circularity in the construction sector.

For waste reuse and recycling, efforts should primarily focus on
barriers in Collection & Sorting. However, addressing the barrier of
Scale, “Limited scale of plastic waste”, is a necessary first step. To design
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targeted actions, construction companies first need to quantify and
characterize plastic waste based on product categories (e.g., pipe) or
polymer options (e.g., HDPE). This knowledge provides the foundation
for improving waste quality by addressing issues of mixed plastic waste
or plastic waste with impurities, collaborating with waste management
companies and recyclers at the Waste Processing life cycle stage. As these
become better understood, companies can assess and demonstrate the
environmental and potential cost benefits of improved on-site sorting
scenarios. These actions help to overcome barriers in Collection &
Sorting such as “Lack of established benefits of on-site collection and
sorting of plastic waste”.

For waste reduction, the focus should be on barriers in Design and
Installation. Developing knowledge on how to minimize plastic use and
waste through design choices and installation practices is essential.
Collaboration with product manufacturers can support this process.

Many of these actions require collaboration beyond the Construction
life cycle stage. Addressing data gaps, market incentives, and stan-
dardization issues calls for coordination with designers, manufacturers,
recyclers, and policymakers to ensure coherent progress toward plastic
circularity in the construction sector.

4.5. Assumptions and limitations

In this study, although the literature review was conducted at a
global level, a contextual filter was applied to focus on European
countries with relatively mature waste management systems. In these
systems, there is separate collection of plastic waste at construction sites.
This narrows the scope of the findings and may limit their direct
applicability to countries with less developed or differently structured
waste management systems. However, the insights generated by this
study may still offer useful guidance for those contexts as they progress
toward more advanced waste management practices.

The literature sources for barrier identification were constrained in
scope. The search for grey literature was limited to two search engines
(IGO Search and NGO Search), resulting in five relevant documents.
Other potential sources, such as national environmental protection
agencies’ websites were not included, and may contain valuable infor-
mation. Moreover, only English-language documents were reviewed. It
is likely that relevant documents in other languages exist, and their in-
clusion could uncover additional barriers with national/geographic
dependencies. Nevertheless, the number and diversity of barriers
explored in this research were deemed sufficient to provide a good
overview.

A material-specific limitation applies. Most barriers identified from
literature pertain to implementing circular economy in the construction
sector broadly, rather than being specific to construction plastics.
Exclusion criteria were therefore applied to retain only barriers relevant
to construction plastics, but further validation through practitioner in-
terviews or surveys would be valuable. As one of the first studies dedi-
cated to this topic, the present research primarily aims to establish a
foundation for future empirical work that can refine and expand these
findings.

Finally, the construction product list does not cover all plastic
products and their polymer options. The seven major categories were
defined based on a review of existing literature and their production
scales in the EU (SOUDER et al., 2024). Certain smaller items, such as
pipe fittings and other accessories, were excluded. While their inclusion
would have allowed for an even more comprehensive overview of
construction plastic products, their exclusion is not believed to impact
the results of this study. Indeed, these products are used in relatively
small quantities and do not justify the creation of separate categories,
such as plastic spacer used for insulation installation. Similarly, there
may be additional polymers used for manufacturing construction plastic
products, but their applications are very limited. An example is Ethylene
Vinyl Chloride (EVC), a close relative to PVC that is sometimes used as
an alternative to PVC in cables.

13

Cleaner Environmental Systems 20 (2026) 100400

5. Conclusions

This study aims to generate knowledge for construction companies to
improve plastic waste management in the European context by inves-
tigating barriers to reducing, reusing, and recycling plastics in the
construction sector. Through desk research and a structured literature
review, the variety of construction plastics were characterized by
product function, application, and polymer option, while barriers were
categorized by life cycle stages and three circularity strategies (Reduce,
Reuse, and Recycle). There are 38 types of construction plastic products
across seven product categories made from 18 polymers, reflecting the
high diversity and complexity of plastic use in construction. The life
cycle-based barrier categorization showed that the Construction life cycle
stage has the highest number of barriers and shares the highest number
of barrier types with other life cycle stages, indicating its central role in
reducing, reusing and recycling plastic waste in the construction sector.
Moreover, the stage-based comparison revealed that waste reuse and
recycling face a similar number of barriers, although waste recycling
involves a wider variety of types, whereas waste reduction is less dis-
cussed but represent more systemic and upstream challenges. Consid-
ering plastic variety in barrier analysis showed that barriers differ in
relevance across plastic products, emphasizing the need for tailor-made
strategies for different plastic products.

By integrating the life cycle and circularity strategy perspectives, this
study offers the first structured framework for analyzing barriers to
plastic circularity in the construction sector. It provides foundational
knowledge on how barriers differ and interconnect, serving as a base for
future research and practical action. For practice, the findings highlight
that construction companies’ efforts should focus on scale, collection
and sorting, and quality for recycling and reuse plastic waste, and design
and installation for reducing plastic waste, supported by collaboration
with other life-cycle actors.

Although the analysis draws primarily from literature not specific to
plastics, exclusion criteria were applied to ensure relevance. Further
empirical validation through practitioner engagement can refine these
findings. Overall, this study provides an early yet comprehensive foun-
dation for advancing plastic circularity in construction through more
coordinated and informed actions.

Further research is recommended to investigate the quantity and
composition of plastic waste in building construction, in order to
develop targeted waste management strategies at construction sites, and
to assess the economic and environmental impacts of those strategies.
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Appendix A. Data sources for product types and polymer options

Table A

Data sources of product types and polymer options for each product category

Product category

Data sources

Pipe - Industry associations: The European Plastic Pipes & Fittings Association (European Plastic Pipes & Fittings Association); Plastics Pipe Institute (Plastics Pipe
Institute); British Plastics Federation (British Plastics Federation, 2017; British Plastics Federation, 2024); Plastic Pipe and Fittings Association (Plastic Pipe
and Fittings Association)

- Manufacturers' product list (Aliaxis; Uponor, 2020)
Flooring - Industry associations: European Resilient Flooring Manufacturers' Institute (European Resilient Flooring Manufacturers' Institute)
- Manufacturers' product list (Forever Plast SpA; Gerflor; Tarketta; Tarkettb)
Insulation - European Extruded Polystyrene Insulation Board Association (European Extruded Polystyrene Insulation Board Association); PU Europe (PU Europe);
European Manufacturers of Expanded Polystyrene (European Manufacturers of Expanded Polystyrene)
- Manufacturers' product list (Kingspan)
Profile - British Plastics Federation (British Plastics Federation); VinylPlus (VinylPlus, 2025)
- (Ahlm et al., 2021; Frane et al., 2021, 2022)
Electrical - (Ahlm et al., 2021; Frane et al., 2021, 2022)
Installation - Manufacturers' product list (Prysmian Group; Schneider Electric Netherlands)
Envelope - (Ahlm et al., 2021; Frane et al., 2021, 2022)
- Manufacturers' product list ), ((Corotop; Dakota Group; Euroventa; Euroventb; Exolon Group; Tyvek, 2024; GuttaWerke)
Packaging - Environmental Product Declarations of various construction products (EPD Danmark, 2024; EPD International, 2017; EPD International, 2020; EPD

International, 2021; EPD International, 2022a; EPD International, 2022b; EPD International, 2023; EPD International, 2024; EPD International, 2025;
EPD-Norway, 2023; Institut Bauen und Umwelt e.V. (IBU), 2015; Kiwa, 2023; Kiwa, 2024; NSF International, 2023)

Appendix B. Body of literature for barrier identification

Table B

List of body of literature for barrier identification

Title

Author

First-round search (Peer-
reviewed articles)

Second-round search (Peer-
reviewed articles)

Circular economy for durable products and materials: the recycling of plastic building products in
Germany—status quo, potentials and recommendations

Determining the Feasibility of a Circular Economy for Plastic Waste from the Construction Sector in New
Zealand

Recycling Construction, Renovation, and Demolition Plastic Waste: Review of the Status Quo, Challenges and
Opportunities

Quantifying and managing plastic waste generated from building construction in Auckland, New Zealand
Zero Waste Systems: Barriers and Measures to Recycling of Construction and Demolition Waste
Construction Waste Minimization: A Narrative Review

Construction and demolition waste management in Kosovo: a survey of challenges and opportunities on the
road to circular economy

Understanding the challenges of construction demolition waste management towards circular construction:
Kuwait Stakeholder's perspective

Current state and barriers to the circular economy in the building sector: Towards a mitigation framework
Barriers to implementing the circular economy in the construction industry: A critical review

How is the construction sector addressing the Circular Economy? Lessons from current practices and
perceptions in Argentina

Bendix et al. (2022)

Berry et al. (2022)

Santos et al. (2023)
Hernandez et al. (2023)
Abarca-Guerrero et al. (2022)
Alhawamdeh and Lee (2021)
Alite et al. (2023)

Al-Rageb et al. (2023)

Bilal et al. (2020)

Charef et al. (2021)
Cohen et al. (2022)

Reuse of building elements in the architectural practice and the European regulatory context: Inconsistencies
and possible improvements

Barriers and countermeasures of construction and demolition waste recycling enterprises under circular
economy

User perspectives on reuse of construction products in Norway: Results of a national survey

Transitioning the Swedish building sector toward reuse and circularity

Drivers and barriers towards circular economy in the building sector: Stakeholder interviews and analysis of
five european countries policies and practices

Circular economy in the construction industry: An overview of United States stakeholders' awareness, major
challenges, and enablers

Barriers, success factors, and perspectives for the reuse of construction products in Norway

Circular design: Reused materials and the future reuse of building elements in architecture. Process, challenges
and case studies

Explore potential barriers of applying circular economy in construction and demolition waste recycling
Critical issues hindering a widespread construction and demolition waste (CDW) recycling practice in EU
countries and actions to undertake: The stakeholder's perspective

Challenges in current construction and demolition waste recycling: A China study

Circular economy adoption barriers in built environment- a case of emerging economy

A review on barriers, drivers, and stakeholders towards the circular economy: The construction sector
perspective

Condotta and Zatta (2021)
Ding et al. (2023)

Fufa et al. (2023)
Gerhardsson et al. (2020)
Giorgi et al. (2022)

Guerra and Leite (2021)

Knoth et al. (2022)
Kozminska (2019)

Liu et al. (2021)
Luciano et al. (2022)

Ma et al. (2020)
Mhatre et al. (2023)
Munaro and Tavares (2023)
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Title

Author

Significant barriers influencing green design application among the contractors in construction industry
Towards a circular economy: a review of the current challenges and potential for recycling construction waste
materials in New Zealand

The challenges of green supply chain management (GSCM) system implementation in civil construction project
Barriers and opportunities to reuse of building materials in the Norwegian construction sector

Assessment of symmetries and asymmetries on barriers to circular economy adoption in the construction
industry towards zero waste: A survey of international experts

Components reuse in the building sector — A systematic review

Transformation towards a circular economy in the Australian construction and demolition waste management
system

Analysis of factors influencing the creation and stimulation of the Australian market for recycled construction
and demolition waste products

Challenges and Opportunities for Circular Economy Promotion in the Building Sector

Towards a Circular Building Industry

Modeling Barriers to a Circular Economy for Construction Demolition Waste in the Aysén Region of Chile
Mapping the barriers to circular economy adoption in the construction industry: A systematic review, Pareto
analysis, and mitigation strategy map

Development of the Circular Economy Design Guidelines for the Australian Built Environment Sector

Ming et al. (2021)
Mohamed and Brown (2023)

Nusa et al. (2023)
Sigrid Nordby (2019)
Oluleye et al. (2023)

Rakhshan et al. (2020)
Shooshtarian et al. (2022a)

Shooshtarian et al. (2022b)
Tirado et al. (2022)

Janson et al. (2022)

Véliz et al. (2022)

Wuni (2022)

Zaman et al. (2023)

First-round search (Grey

State of play for collected and sorted plastic waste from construction

Gardner (2020)

literature)
Second-round search (Grey
literature)

Circular construction in practice

Circular Buildings: constructing a sustainable future

Construction and demolition waste: challenges and opportunities in a circular economy.

Circular Economy in the Nordic Construction Sector

Bukowski and Fabrycka
(2019)

de Graaf et al. (2022)
European Environment
Agency (2020)

Hgibye and Sand (2018)

Appendix C. Barrier overview

Table C
Barrier overview

Life cycle Barrier type Barrier Recycle  Reuse Reduce  References
stage
Material Activity-related
Supply Production Lack of research on the new recyclable v Liu et al. (2021)
construction plastic material
Manufact- Activity-related
uring Production Lower production efficiency with v Bendix et al. (2022)
recycled pellets
Greater risk of environmental pollution v Mhatre et al. (2023)

from production with recycled pellets
Lack of technology to produce products v
designed for disassembly

High cost for changing production v
system for products designed for reuse
Design Lack of product design for recycling v
Procurement Lack of awareness of using recycled v
pellets for plastic products
Lack of interest in using recycled pellets v
for plastic products
Negative perception on using recycled v
pellets for plastic products
Packing High rate of plastic packaging v
Material-related
Quality Inferior quality of plastics products with v/
recycled content
Price Higher price of plastic products with v
recycled content
Information Limited information provided for the v
recycled content in plastic products
Marketing Lack of marketing strategy for plastic v
products with recycled content
Availability Insufficient suppliers of products with v v v
recycled content or products designed
for reduce/reuse/recycle
Others
Responsibility Lack of producer-based responsibility v
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Munaro and Tavares (2023)
Knoth et al. (2022)

Mohamed and Brown (2023)
(Shooshtarian et al., 2022a), (Liu et al., 2021)

Shooshtarian et al. (2022a)

(Mhatre et al., 2023), (Alite et al., 2023), (Charef et al., 2021)
Shooshtarian et al. (2022a)

(Wuni, 2022), (Luciano et al., 2022), (Bendix et al., 2022),
(Zaman et al., 2023), (Bukowski and Fabrycka, 2019)

(Wuni, 2022), (Liu et al., 2021), (Munaro and Tavares, 2023),
(Bukowski and Fabrycka, 2019)

(Shooshtarian et al., 2022b), (Bukowski and Fabrycka, 2019)

Bukowski and Fabrycka (2019)

Wuni (2022)

(Mhatre et al., 2023), (Wuni, 2022), (Liu et al., 2021)

(continued on next page)
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Life cycle Barrier type Barrier Recycle Reuse Reduce  References
stage
Construction Activity-related
Design Lack of awareness to design building for v v v All: (Zaman et al., 2023); Recycle: (Liu et al., 2021), (Bukowski
reducing/reusing/recycling plastic and Fabrycka, 2019) Reuse: (Guerra and Leite, 2021),
waste (Mohamed and Brown, 2023)
De-prioritization to design building for v v v Janson et al. (2022)
reducing/reusing/recycling plastic
waste (compared to energy
performance)
Lack of incentive to design building for v v v All: (Ming et al., 2021); Recycle: (Wuni, 2022), (Oluleye et al.,
reducing reusing/recycling plastic waste 2023), (Munaro and Tavares, 2023); Reuse: (Wuni, 2022),
(Oluleye et al., 2023), (Knoth et al., 2022), (Munaro and
Tavares, 2023)
Lack of knowledge to design building for v v v All: (Ming et al., 2021); Recycle: (Mhatre et al., 2023), (Wuni,
reducing/reusing/recycling plastic 2022), (Ma et al., 2020), (Shooshtarian et al., 2022b), (Bukowski
waste and Fabrycka, 2019); Reuse: (Mhatre et al., 2023), (Knoth et al.,
2022), (Guerra and Leite, 2021), (Alhawamdeh and Lee, 2021),
(Kozminska, 2019)
Lack of guideline/guidance to design v v v (Gherman et al., 2023), (Munaro and Tavares, 2023)
building for reducing/reusing/recycling
plastic waste
Lack of skilled workers to design v v v All: (Charef et al., 2021), (Ming et al., 2021); Reuse: (Knoth
building for reducing/reusing/recycling et al., 2022), (Guerra and Leite, 2021)
plastic waste
Lack of management support to design v v v Oluleye et al. (2023)
building for reducing/reusing/recycling
plastic waste
Increased cost to design building for v v v All: (Charef et al., 2021), (Munaro and Tavares, 2023); Reuse:
reducing/reusing/recycling plastic (Guerra and Leite, 2021), (Condotta and Zatta, 2021),
waste (Kozminska, 2019), (Rakhshan et al., 2020)
Lack of established benefits of applying v Alhawamdeh and Lee (2021)
reused plastic products in building
Lack of demand for building with reused v Kozminska (2019)
plastic products
Difficulty in the design adaptation with v (Charef et al., 2021), (Kozminska, 2019), (Rakhshan et al.,
reused plastic products 2020)
Lack of time for designing with reused v Condotta and Zatta (2021)
plastic products
Procurement Lack of awareness to procure plastic v Mohamed and Brown (2023)
products with recycled content
Increased cost to procure plastic v (Wuni, 2022), (Liu et al., 2021), (Munaro and Tavares, 2023),
products with recycled content (Bukowski and Fabrycka, 2019)
Lack of incentive to procure plastic v Bukowski and Fabrycka (2019)
products with recycled content
Lack of supportive regulation for the v (Oluleye et al., 2023), (Liu et al., 2021), (Zaman et al., 2023),
procurement of plastic products with (Bukowski and Fabrycka, 2019)
recycled content
Negative perception on plastic products v v Recycle: (Santos et al., 2023), (Mhatre et al., 2023), (Wuni,
with recycled content 2022), (Charef et al., 2021), (Gherman et al., 2023), (Liu et al.,
2021), (Munaro and Tavares, 2023), (Mohamed and Brown,
2023), (Shooshtarian et al., 2022b), (Bukowski and Fabrycka,
2019); Reuse: (Mhatre et al., 2023), (Charef et al., 2021), (Knoth
et al., 2022), (Guerra and Leite, 2021), (Condotta and Zatta,
2021), (Kozminska, 2019), (Munaro and Tavares, 2023),
(Mohamed and Brown, 2023), (Rakhshan et al., 2020),
(Bukowski and Fabrycka, 2019)
Lack of trust in the suppliers of reused v Rakhshan et al. (2020)
plastic products
Incorrect estimation of required plastic v Shooshtarian et al. (2022a)
products
Lack of procurement of plastic products v Shooshtarian et al. (2022a)
in standard size and quality
Installation Lack of installation practice considering v v Bukowski and Fabrycka (2019)
plastic products' end-of-life
Difficulty in adapting installation v Sigrid Nordby (2019)
process with reused plastic products
Increased installation cost with reused v (Sigrid Nordby, 2019), (Knoth et al., 2022), (Guerra and Leite,
plastic products 2021), (Kozminska, 2019)
Lack of knowledge to install reused v (Knoth et al., 2022), (Alhawamdeh and Lee, 2021), (Rakhshan
plastic products et al., 2020)
Lack of standard installation process for v Kozminska (2019)
reused plastic products
Higher investment cost for installation v Alhawamdeh and Lee (2021)

technologies that reduce plastic waste
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Life cycle Barrier type Barrier Recycle Reuse Reduce  References
stage
Inconsistency between design and v Shooshtarian et al. (2022a)
installation process
Lack of knowledge on installation v Alhawamdeh and Lee (2021)
technologies that reduce plastic waste
Negative perception on installation v Alhawamdeh and Lee (2021)
technologies that reduce plastic waste
Collection & Lack of awareness of on-site collection v v Recycle: (Berry et al., 2022), (Gherman et al., 2023),
Sorting and sorting of plastic waste (Shooshtarian et al., 2022a), (Liu et al., 2021), (Abarca-Guerrero
et al., 2022), (Al-Rageb et al., 2023); Reuse: (Gherman et al.,
2023)
Negative perception on on-site collection v v (Abarca-Guerrero et al., 2022), (Alhawamdeh and Lee, 2021),
and sorting of plastic waste (Al-Raqeb et al., 2023)
Lack of established benefits of on-site v v Charef et al. (2021)
collection and sorting of plastic waste
Lack of demand for on-site collection and v v Recycle: (Gherman et al., 2023), (Abarca-Guerrero et al., 2022);
sorting of plastic waste Reuse: (Gherman et al., 2023)
Lack of incentive for on-site collection v v Recycle: (Hernandez et al., 2023), (Véliz et al., 2022), (Gherman
and sorting of plastic waste et al., 2023), (Alhawamdeh and Lee, 2021), (Munaro and
Tavares, 2023)); Reuse: (Mohamed and Brown, 2023)
Lack of supportive regulation for on-site v v (Santos et al., 2023), (Véliz et al., 2022), (Gherman et al., 2023),
collection and sorting of plastic waste (Liu et al., 2021), (Abarca-Guerrero et al., 2022), (Ma et al.,
2020), (Luciano et al., 2022), (Giorgi et al., 2022), (Munaro and
Tavares, 2023), (Mohamed and Brown, 2023), (Janson et al.,
2022)
Lack of assets for on-site collection and v v Recycle: (Gherman et al., 2023), (Oluleye et al., 2023),
sorting of plastic waste (Abarca-Guerrero et al., 2022), (Mohamed and Brown, 2023);
Reuse: (Mohamed and Brown, 2023)
Lack of space for on-site collection and v v (Santos et al., 2023), (Hernandez et al., 2023), (Gherman et al.,
sorting of plastic waste 2023)
Increased cost for on-site collection and 4 v Recycle: (Santos et al., 2023), (Mhatre et al., 2023), (Wuni,
sorting of plastic waste 2022), (Shooshtarian et al., 2022a), (Liu et al., 2021), (Ma et al.,
2020), (Luciano et al., 2022), (Alhawamdeh and Lee, 2021),
(Al-Rageb et al., 2023), (Mohamed and Brown, 2023); Reuse:
(Mohamed and Brown, 2023)
Lack of knowledge for on-site collection v v Recycle: (Véliz et al., 2022), (Abarca-Guerrero et al., 2022),
and sorting of plastic waste (Bukowski and Fabrycka, 2019); Reuse: (Mohamed and Brown,
2023), (Rakhshan et al., 2020)
Lack of skilled worker for on-site v v (Mhatre et al., 2023), (Alhawamdeh and Lee, 2021)
collection and sorting of plastic waste
Lack of training for on-site collection and v v (Santos et al., 2023), (Berry et al., 2022), (Hernandez et al.,
sorting of plastic waste 2023), (Liu et al., 2021)
Lack of guidelines/guidance for on-site v v Recycle: (Mhatre et al., 2023), (Wuni, 2022), (Oluleye et al.,
collection and sorting of plastic waste 2023), (Mohamed and Brown, 2023); Reuse: (Mohamed and
Brown, 2023)
Lack of supervision for on-site collection v v Recycle: (Berry et al., 2022), (Véliz et al., 2022),
and sorting of plastic waste (Abarca-Guerrero et al., 2022), (Luciano et al., 2022); Reuse:
(Mohamed and Brown, 2023)
Lack of management support on-site v v (Gherman et al., 2023), (Alhawamdeh and Lee, 2021),
collection and sorting of plastic waste (Mohamed and Brown, 2023)
Intensive work environment for on-site v v Mohamed and Brown (2023)
collection and sorting of plastic waste
Lack of integration of on-site collection v Santos et al. (2023)
and sorting of plastic waste in bidding
process
Material-related
Quality Plastic waste with impurities v (Santos et al., 2023), (Ding et al., 2023)
Mixed plastic waste v (Gardner, 2020), (Bukowski and Fabrycka, 2019)
Scale Limited scale of plastic waste v v Recycle: (Santos et al., 2023); Reuse: (Mhatre et al., 2023)
Others
Documentation Lack of documentation of new and used v v (Sigrid Nordby, 2019), (Munaro and Tavares, 2023)
plastic products
Decision-making Decision-making of economic benefits v v Recycle: (Véliz et al., 2022), (Gherman et al., 2023), (Bukowski
over environmental benefits and Fabrycka, 2019); Reuse: (Charef et al., 2021), (Mohamed
and Brown, 2023)
Data Lack of data about plastic waste's v v Recycle: (Santos et al., 2023), (Charef et al., 2021), (Oluleye
quantity and availability et al., 2023), (Shooshtarian et al., 2022a), (Ma et al., 2020),
(Tirado et al., 2022); Reuse: (Charef et al., 2021), (Oluleye et al.,
2023), (Kozminska, 2019), (Tirado et al., 2022)
Timing Difficulty in timing the delivery and use v (Knoth et al., 2022), (Rakhshan et al., 2020)
of reused plastic products during
construction
Demolition Activity-related
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Life cycle Barrier type Barrier Recycle Reuse Reduce  References
stage
Disassembly Lack of estabéisbssifbexéfitssefnbly of v Rakbsiski endIF4B6RRa (2019)

plaassenvbiyeofi phashicildasge from

building

Lack of supportive regulation for v Shooshtarian et al. (2022a)

disassembly of plastic waste from

building

Lack of assets for disassembly of plastic v British Plastics Federation (2024)

waste from building

Lack of space for disassembly assets v British Plastics Federation (2024)

Increased cost for disassembly of plastic v v Recycle: (Santos et al., 2023), (Gherman et al., 2023),

waste from building (Shooshtarian et al., 2022a), (Luciano et al., 2022), (Munaro and

Tavares, 2023); Reuse: (Gherman et al., 2023), (Rakhshan et al.,
2020)

Lack of knowledge for disassembly of v v Recycle: (Shooshtarian et al., 2022a), (Munaro and Tavares,

plastic waste from building 2023); Reuse: (Rakhshan et al., 2020)

Lack of skilled worker for disassembly of 4 v Recycle: (Charef et al., 2021), (Luciano et al., 2022); Reuse:

plastic waste from building (Charef et al., 2021)

Lack of guidelines/guidance for v (Oluleye et al., 2023), (Shooshtarian et al., 2022a)

disassembly of plastic waste from

building

Additional time for disassembly of v v Recycle: (Shooshtarian et al., 2022a); Reuse: (Sigrid Nordby,

plastic waste from building 2019), (Guerra and Leite, 2021), (Rakhshan et al., 2020)

Lack of integration of disassembly of v v Tirado et al. (2022)

plastic waste from building in bidding

process

Health and safety risks during v v Recycle: (Charef et al., 2021), (Gherman et al., 2023); Reuse:

disassembly (Charef et al., 2021)

Complexity of building composition v (Munaro and Tavares, 2023), (Rakhshan et al., 2020)
Collection & Lack of awareness of on-site collection v v Recycle: (Abarca-Guerrero et al., 2022), (Al-Rageb et al., 2023);
Sorting and sorting of plastic waste Reuse: (Bukowski and Fabrycka, 2019)

Negative perception on on-site collection v v Recycle: (Abarca-Guerrero et al., 2022), (Alhawamdeh and Lee,

and sorting of plastic waste 2021), (Al-Rageb et al., 2023); Reuse: (Charef et al., 2021),

(Alhawamdeh and Lee, 2021)

Lack of established benefits of on-site v v Charef et al. (2021)

collection and sorting of plastic waste

Lack of demand for on-site collectionand v v Recycle: (Gherman et al., 2023), (Abarca-Guerrero et al., 2022);

sorting of plastic waste Reuse: (Gherman et al., 2023)

Lack of incentive for on-site collection v v (Hernandez et al., 2023), (Véliz et al., 2022), (Gherman et al.,

and sorting of plastic waste 2023), (Alhawamdeh and Lee, 2021), (Munaro and Tavares,

2023)
Lack of supportive regulation for on-site v v (Santos et al., 2023), (Véliz et al., 2022), (Gherman et al., 2023),
collection and sorting of plastic waste (Liu et al., 2021), (Abarca-Guerrero et al., 2022), (Ma et al.,
2020), (Luciano et al., 2022), (Gardner, 2020), (Giorgi et al.,
2022), (Munaro et al., 2021)

Lack of assets for on-site collection and v v Recycle: (Oluleye et al., 2023), (Abarca-Guerrero et al., 2022);

sorting of plastic waste Reuse: (Oluleye et al., 2023)

Lack of space for on-site collection and v v Recycle: (Santos et al., 2023), (Hernandez et al., 2023),

sorting of plastic waste (Gherman et al., 2023); Reuse: (Hernandez et al., 2023)

Increased cost for on-site collection and v v Recycle: (Santos et al., 2023), (Mhatre et al., 2023), (Wuni,

sorting of plastic waste 2022), (Charef et al., 2021), (Shooshtarian et al., 2022a), (Ma

et al., 2020), (Luciano et al., 2022), (Al-Rageb et al., 2023),
(Munaro and Tavares, 2023); Reuse: (Wuni, 2022), (Charef
et al., 2021), (Al-Rageb et al., 2023), (Munaro and Tavares,
2023)

Lack of knowledge for on-site collection v v Recycle: (Véliz et al., 2022), (Abarca-Guerrero et al., 2022),

and sorting of plastic waste (Bukowski and Fabrycka, 2019); Reuse: (Véliz et al., 2022)

Lack of skilled worker for on-site v v Recycle: (Mhatre et al., 2023), (Alhawamdeh and Lee, 2021);

collection and sorting of plastic waste Reuse: (Alhawamdeh and Lee, 2021)

Lack of training for on-site collectionand v v Recycle: (Santos et al., 2023), (Hernandez et al., 2023); Reuse:

sorting of plastic waste (Hernandez et al., 2023)

Lack of guidelines/guidance for on-site v v (Mhatre et al., 2023), (Oluleye et al., 2023)

collection and sorting of plastic waste

Lack of supervision for on-site collection v 4 Recycle: (Véliz et al., 2022), (Abarca-Guerrero et al., 2022),

and sorting of plastic waste (Luciano et al., 2022); Reuse: (Véliz et al., 2022), (Al-Raqeb

et al., 2023)
Lack of management support on-site v v Recycle: (Gherman et al., 2023), (Alhawamdeh and Lee, 2021);
collection and sorting of plastic waste Reuse: (Charef et al., 2021), (Gherman et al., 2023),
(Alhawamdeh and Lee, 2021)

Lack of integration of on-site collection v v Recycle: (Santos et al., 2023); Reuse: (Tirado et al., 2022)

and sorting of plastic waste in bidding

process
Material-related
Quality Plastic waste with impurities v v Recycle: (Santos et al., 2023), (Ding et al., 2023); Reuse: (Charef

18
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Table C (continued)

Life cycle Barrier type Barrier Recycle Reuse Reduce  References
stage

Scale
Others
Decision-making

Data

Activity-related
Procurement

Treatment

Test

Material-related

Quality

Price

Mixed plastic waste
Deteriorated quality of plastic waste

Contamination with hazardous materials

Limited scale of plastic waste

Decision-making of economic benefits
over environmental benefits

Lack of data about plastic waste's
quantity and availability

Lack of availability of plastic waste

Limited channels for plastic waste
acquisition

Expensive transportation and storage
cost for plastic waste

Lack of logistics for plastic waste
acquisition

Lack of storage space for plastic waste

Lack of assets for processing plastic
waste into recycled plastic pellets/
reused plastic products

High cost for processing plastic waste
into recycled plastic pellets/reused
plastic products

Lack of subsidies for processing plastic
waste into recycled plastic pellets

Lack of knowledge about advanced
technology for processing plastic waste
Lack of knowledge about processing
plastic waste into reused plastic products
Lack of supportive regulation for
processing plastic waste into recycled
plastic pellets

Limited research on technology and
assets for processing plastic waste into
recycled plastic pellets

Lack of technology for processing plastic
waste into recycled plastic pellets/
reused plastic products

Lack of regulations for testing reused
plastic products

Lack of technology for non-destructive
material testing

Lack of assets for testing reused plastic
products

Lack of method for testing reused plastic
products

High cost for testing reused plastic
products

Long time for testing reused plastic
products

Inferior quality of recycled plastic
pellets/reused plastic products
Unstable quality of recycled plastic
pellets/reused plastic products

Lack of price competitiveness compared
to virgin pellets/new plastic products

Recycle: (Gardner, 2020), (Bukowski and Fabrycka, 2019);
Reuse: (Bukowski and Fabrycka, 2019)

Recycle: (Wuni, 2022), (Charef et al., 2021), (Oluleye et al.,
2023); Reuse: (Wuni, 2022), (Charef et al., 2021)

Recycle: (Santos et al., 2023), (Charef et al., 2021), (Gherman
et al., 2023), (Bendix et al., 2022), (European Environment
Agency); Reuse: (Charef et al., 2021), (Mohamed and Brown,
2023)

Recycle: (Santos et al., 2023); Reuse: (Mhatre et al., 2023)

Charef et al. (2021)

Recycle: (Santos et al., 2023), (Charef et al., 2021), (Oluleye
et al., 2023), (Shooshtarian et al., 2022a), (Ma et al., 2020),
(Tirado et al., 2022); Reuse: (Charef et al., 2021), (Oluleye et al.,
2023), (Kozminska, 2019), (Tirado et al., 2022)

Recycle: (Santos et al., 2023), (Mhatre et al., 2023), (Liu et al.,
2021), (Ma et al., 2020); Reuse: (Oluleye et al., 2023), (Knoth
et al., 2022), (Kozminska, 2019)

(Oluleye et al., 2023), (Ding et al., 2023)

Recycle: (Santos et al., 2023); Reuse: (Knoth et al., 2022),
(Munaro and Tavares, 2023)

Recycle: (Charef et al., 2021), (Oluleye et al., 2023),
(Shooshtarian et al., 2022a), (Al-Raqgeb et al., 2023); Reuse:
(Charef et al., 2021), (Oluleye et al., 2023), (Giorgi et al., 2022)
(Gherman et al., 2023), (Knoth et al., 2022), (Fufa et al., 2023),
(Giorgi et al., 2022), (Rakhshan et al., 2020)

Recycle: (Santos et al., 2023), (Wuni, 2022), (Oluleye et al.,
2023), (Shooshtarian et al., 2022a), (Liu et al., 2021), (Munaro
and Tavares, 2023), (Mohamed and Brown, 2023); Reuse:
(Oluleye et al., 2023), (Kozminska, 2019), (Mohamed and
Brown, 2023)

Recycle: (Alite et al., 2023), (Liu et al., 2021), (Ma et al., 2020),
(Ding et al., 2023), (Munaro and Tavares, 2023), (Bukowski and
Fabrycka, 2019); Reuse: (Véliz et al., 2022), (Charef et al.,
2021), (Guerra and Leite, 2021), (Giorgi et al., 2022), (Munaro
and Tavares, 2023)

(Liu et al., 2021), (Ma et al., 2020)

Shooshtarian et al. (2022a)

(Knoth et al., 2022), (Gerhardsson et al., 2020), (Rakhshan et al.,
2020)
Janson et al. (2022)

(Liu et al., 2021), (Ding et al., 2023), (Mohamed and Brown,
2023)

Recycle: (Santos et al., 2023), (Mhatre et al., 2023), (Wuni,
2022), (Mohamed and Brown, 2023); Reuse: (Mhatre et al.,
2023)

Giorgi et al. (2022)

Mhatre et al. (2023)

Knoth et al. (2022)

Knoth et al. (2022)

Giorgi et al. (2022)

Giorgi et al. (2022)

Recycle: (Santos et al., 2023), (Ding et al., 2023); Reuse: (Wuni,
2022), (Oluleye et al., 2023)

Recycle: (Ding et al., 2023), (Bukowski and Fabrycka, 2019);
Reuse: (Kozminska, 2019)

Recycle: (Santos et al., 2023), (Mhatre et al., 2023), (Oluleye
et al., 2023), (Liu et al., 2021), (Bendix et al., 2022); Reuse:

(continued on next page)
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Table C (continued)

Life cycle Barrier type Barrier Recycle Reuse Reduce  References
stage

Availability

Accessibility
Information

Standard &
Certification

Others
Service

Awareness

Benefit

Burden

Culture

Competition

Regulation

Benchmark

Demonstration

Goal & Target

Information-
sharing

Education

Cooperation

Business model

Limited availability of recycled plastic
pellets/reused plastic products

Insufficient suppliers of recycled plastic
pellets

Unstable availability of recycled plastic
pellets

Lack of accessibility of recycled plastic
pellets compared to virgin pellets

Lack of product information provided for
the reused plastic products

Lack of standard and certification for
recycled plastic pellets/reused plastic
products

Lack of service for disassembly and
collection and sorting of plastic waste

Lack of awareness of reducing, reusing,
and recycling plastic waste

Lack of evidence for the environmental
benefits of reducing, reusing, and
recycling plastic waste

Lack of evidence for the financial
benefits of reducing, reusing, and
recycling plastic waste

Additional burden for reducing, reusing,
and recycling plastic waste

Low risk culture

“Resistance to change” culture

Short-termism culture

Competition with other circularity
strategies (Recycle)

Lack of supportive regulation for
reducing, reusing, and recycling plastic
waste

Inadequate enforcement of regulation
for reducing, reusing, and recycling
plastic waste

Incompatible regulations for reducing,
reusing, and recycling plastic waste
Lack of benchmarking process for
reducing, reusing, and recycling plastic
waste

Lack of demonstration projects

Lack of goals and targets for reducing,
reusing, and recycling plastic waste
Lack of information-sharing among
actors along the value chain

Lack of education for reducing, reusing,
and recycling plastic waste

Lack of cooperation among actors along
the value chain

Lack of business models for reducing,
reusing, and recycling plastic waste

(Mhatre et al., 2023), (Gherman et al., 2023), (Munaro and
Tavares, 2023), (Janson et al., 2022)

Recycle: (Wuni, 2022), (Ding et al., 2023), (Munaro and
Tavares, 2023); Reuse: (Mhatre et al., 2023), (Wuni, 2022),
(Knoth et al., 2022), (Munaro and Tavares, 2023), (Rakhshan
et al.,, 2020)

Wuni (2022)

Bendix et al. (2022)
Mhatre et al. (2023)

(Ding et al., 2023; Luciano et al., 2022; Gardner, 2020; Plastic
Pipe and Fittings Association)

Recycle: (Mhatre et al., 2023), (Charef et al., 2021), (Liu et al.,
2021), (Ding et al., 2023), (Shooshtarian et al., 2022b); Reuse:
(Mhatre et al., 2023), (Véliz et al., 2022), (Charef et al., 2021),
(Oluleye et al., 2023), (Sigrid Nordby, 2019), (Knoth et al.,
2022), (Guerra and Leite, 2021), (Gerhardsson et al., 2020),
(Giorgi et al., 2022), (Kozminska, 2019), (Munaro and Tavares,
2023), (Rakhshan et al., 2020), (Janson et al., 2022), (Hgibye
and Sand, 2018)

Liu et al. (2021)

(Wuni, 2022), (Charef et al., 2021)

(Charef et al., 2021), (Gherman et al., 2023)

(Mhatre et al., 2023), (Wuni, 2022), (Charef et al., 2021)

(Wuni, 2022), (Charef et al., 2021)

(Wuni, 2022), (Charef et al., 2021)

(Wuni, 2022), (Charef et al., 2021), (Guerra and Leite, 2021),
(Zaman et al., 2023)

All: (Mhatre et al., 2023), (Gherman et al., 2023), (Bukowski and
Fabrycka, 2019), (de Graaf et al., 2022); Recycle: (Shooshtarian
et al., 2022b)

Reuse (Fufa et al., 2023), (Munaro and Tavares, 2023); Reduce:
(Munaro and Tavares, 2023)

All: (Wuni, 2022), (Charef et al., 2021), (Guerra and Leite,
2021); Recycle: (Bukowski and Fabrycka, 2019); Reuse: (Sigrid
Nordby, 2019), (Knoth et al., 2022), (Bilal et al., 2020), (Fufa
et al., 2023), (Munaro and Tavares, 2023), (Mohamed and
Brown, 2023), (Rakhshan et al., 2020), (Janson et al., 2022),
(Bukowski and Fabrycka, 2019); Reduce: (Bilal et al., 2020)
(Wuni, 2022), (Oluleye et al., 2023), (Munaro and Tavares,
2023), (Ming et al., 2021)

(Janson et al., 2022), (Bukowski and Fabrycka, 2019)

Oluleye et al. (2023)

Recycle: (Wuni, 2022), (Liu et al., 2021), (Janson et al., 2022);
Reuse: (Fufa et al., 2023), (Gerhardsson et al., 2020)

All: (Wuni, 2022), (Munaro and Tavares, 2023); Recycle: (Liu
et al., 2021), (Abarca-Guerrero et al., 2022)

All: (Wuni, 2022), (Gherman et al., 2023), (Oluleye et al., 2023),
(Alhawamdeh and Lee, 2021), (Bilal et al., 2020), (Munaro and
Tavares, 2023); Recycle: (Shooshtarian et al., 2022b);

(Wuni, 2022), (Charef et al., 2021), (Oluleye et al., 2023),
(Munaro and Tavares, 2023), (Bukowski and Fabrycka, 2019)
All: (Wuni, 2022), (Charef et al., 2021), (Zaman et al., 2023),
(Hgibye and Sand, 2018); Recycle: (Gherman et al., 2023),
(Shooshtarian et al., 2022b); Reuse: (Gherman et al., 2023),
(Knoth et al., 2022)

All: (Mhatre et al., 2023), (Wuni, 2022), (Oluleye et al., 2023),
(Guerra and Leite, 2021), (Munaro and Tavares, 2023); Reuse:
(Janson et al., 2022)

(continued on next page)
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Life cycle Barrier type Barrier Recycle Reuse Reduce  References
stage
Market Lack of established market for recycled v v Recycle: (Mhatre et al., 2023; Atervinningsindustrierna
plastic pellets/reused plastic products (Recycling Industries); Abarca-Guerrero et al., 2022; Luciani
et al., 2013; Uponor, 2020; European Resilient Flooring
Manufacturers' Institute; Gerflor); Reuse: (Wuni, 2022), (Knoth
et al., 2022), (Al-Rageb et al., 2023), (Cohen et al., 2022),
(Gerhardsson et al., 2020), (Munaro and Tavares, 2023),
(Mohamed and Brown, 2023), (Rakhshan et al., 2020)
Investment High investment cost for reducing, v v v All: (Véliz et al., 2022), (Charef et al., 2021), (Gherman et al.,
reusing, and recycling plastic waste 2023), (Bilal et al., 2020), (Bukowski and Fabrycka, 2019),
(European Environment Agency, 2020); Recycle: (Mhatre et al.,
2023), (Mohamed and Brown, 2023); Reuse: (Guerra and Leite,
2021)
Supply chain Fragmented supply chain v v v All: (Wuni, 2022), (Oluleye et al., 2023), (Munaro and Tavares,
2023); Recycle& Reuse: (Mohamed and Brown, 2023)
Lack of supply chain for recycled plastic v Santos et al. (2023)
pellets
Health & Security Health and safety risks from v (Charef et al., 2021), (Gherman et al., 2023), (Mohamed and
contaminated materials Brown, 2023), (Rakhshan et al., 2020)
Performance Lack of performance assessment for v v v (Wuni, 2022), (Bilal et al., 2020)
reducing, reusing, and recycling plastic
waste
Scale Lack of economy scale of reducing, v v v (Wuni, 2022), (Hgibye and Sand, 2018)
reusing, and recycling plastic waste
Research Lack of research on recycling plastic v Liu et al. (2021)
waste
Digitality Lack of digital tools for reducing, v v v Oluleye et al. (2023)
reusing, and recycling plastic waste
Support Lack of support from government v v v All: (Mhatre et al., 2023), (Bilal et al., 2020); Recycle: (Luciano

et al., 2022), (Shooshtarian et al., 2022b);

Data availability
Data will be made available on request.
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