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Abstract

The rapid accumulation of plastic waste has become a major environmental concern, while at the
same time it is necessary to create opportunities to rethink how these materials can be reintegrated
into productive use, particularly within the construction sector. This study provides a sustainability-
oriented review of the reuse of plastic waste, both fossil-based plastics and bioplastics, as building
materials, with a specific emphasis on structured decision-support approaches. A systematic
literature review was conducted to identify and analyze peer-reviewed studies examining the
incorporation of plastic waste into construction applications, including composites, panels, insulation
systems, and structural or non-structural components. Particular attention is given to research
applying Multi-Criteria Decision Analysis (MCDA) and SWOT analysis as tools for evaluating
sustainability performance across environmental, economic, technical, and social dimensions. The
findings indicate that recycled plastic and bioplastic-based construction materials can deliver
significant advantages, such as diverting waste from disposal pathways, reducing reliance on virgin
resources, and, in certain cases, enhancing durability. However, these materials also face important
challenges, including limitations in recyclability, concerns related to fire performance, regulatory
acceptance, and uncertainties in end-of-life management. MCDA-based studies underscore the
critical role of criteria selection and weighting, especially regarding environmental impact reduction
and cost competitiveness, in shaping final rankings and decision outcomes. SWOT analyses, in turn,
offer complementary strategic insights by highlighting issues related to market readiness, regulatory
frameworks, and implementation barriers. By integrating these decision-oriented evaluation
approaches, this review contributes to more transparent and evidence-based material selection
processes and supports policy development aimed at strengthening circular economy strategies for
plastic waste reuse in the built environment.

Keywords: circular economy; (Bio) plastic waste valorization; sustainable construction materials;
material circularity; multi-criteria decision analysis (MCDA); SWOT analysis

1. Introduction

The rapid expansion of global plastic production and consumption has led to an escalating
plastic waste crisis with significant environmental and societal implications. Over the past two
decades, plastics production has grown dramatically [1]. According to the OECD, annual global
plastics production increased from 234 Mt in 2000 to 460 Mt in 2019, while plastic waste generation
rose from 156 Mt to 353 Mt over the same period. Despite sustained recycling efforts, the plastics
lifecycle remains largely linear [2,3]. After accounting for processing losses, only approximately 9%
of plastic waste was ultimately recycled in 2019, with the majority either incinerated or landfilled.
This persistent imbalance between production and end-of-life management contributes to
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widespread pollution in terrestrial, freshwater, and marine ecosystems and adds to greenhouse gas
emissions throughout the plastics lifecycle [4,5].With less than one-tenth of global plastic waste
currently recycled, the limitations of conventional waste management systems are evident,
underscoring the need for more effective circular strategies [6,7].

Within this context, the construction sector represents both a major material sink and a
significant opportunity for circular material use, including the integration of plastic waste [7].
Construction activities consume substantial quantities of raw materials and account for a
considerable share of global resource extraction, energy use, and carbon emissions [8]. Although the
sector handles large material flows, the reuse and recycling of plastic waste in building materials
remains underdeveloped relative to its potential for conserving resources and reducing waste.
Applications such as panels, bricks, insulation systems, and composite materials demonstrate how
plastic waste can be incorporated into construction products, thereby diverting waste from landfills
and reducing reliance on virgin materials [9,10].

Circular economy strategies in the built environment aim to retain material value by promoting
reuse and recycling pathways that displace primary resource extraction and minimize mismanaged
waste [7]. However, translating circular economy objectives into practical material selection and policy
decisions is complex. Plastic and bioplastic waste reuse options vary considerably depending on
polymer type, additive composition, processing technologies, performance requirements and
particularly regarding fire resistance and durability, as well as end-of-life feasibility [7,11]. While
numerous reviews have examined the technical performance and applications of plastic waste in
construction, fewer studies have systematically analyzed how sustainability is assessed and how
decisions are structured [12]. In particular, the use of formal decision-support tools such as Multi-
Criteria Decision Analysis (MCDA) and SWOT analysis remains fragmented. These methods are often
applied with differing criteria sets, weighting approaches, and reporting practices, limiting cross-study
comparability and weakening the overall evidence base for informed decision-making [12,13].

Accordingly, this review seeks to systematically examine how sustainability-oriented decision-
support tools and specifically Multi-Criteria Decision Analysis (MCDA) and SWOT analysis, are
applied to evaluate the reuse of circular plastic and bioplastic waste in building materials [14,15]. By
synthesizing evaluation criteria, weighting approaches, and decision contexts across environmental,
economic, technical, and social/regulatory dimensions, the review aims to enhance transparency in
material selection and support the advancement of circular economy strategies within the built
environment [15].

A circular economy approach to plastics challenges the traditional linear “take-make-dispose”
model by prioritizing the retention of material value through improved design, reuse, repair, and
recycling [16]. In this context, circular economy frameworks seek to extend product lifecycles, recover
valuable material resources, and close material loops, while minimizing environmental impacts [17].
Despite increasing attention from industry and policymakers, progress toward circularity in plastics
remains limited [16]. Based on a study by Schiitzenhofer et al., as of 2022, only a relatively small share
of global plastics production was classified as circular, and post-consumer recycled plastics
accounted for a minor fraction of total material flows. Within the construction sector, the reuse of
plastic waste represents a promising yet complex circular pathway, as it must reconcile material
performance requirements, economic viability, and regulatory compliance [17].

Much of the existing literature on plastic waste in construction focuses on material innovation,
performance characterization, and general sustainability advantages [18]. However, comparatively
little attention has been given to how sustainability is systematically evaluated across studies,
particularly through structured decision-support methodologies [12]. Although MCDA and SWOT
analysis are increasingly used to assess building materials, their application in the context of plastic
and bioplastic waste reuse is often inconsistent, implicit, or confined to isolated case studies [15]. This
lack of comparative synthesis limits understanding of how sustainability decisions are structured,
including how criteria are selected, weighted, and prioritized when evaluating circular plastic-based
construction materials [19].
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To address this gap, the present review systematically analyzes how MCDA methods and SWOT
analysis are employed to evaluate the sustainability of circular plastic and bioplastic waste reuse in
construction applications. By integrating decision-oriented assessments across environmental,
economic, technical, and social dimensions, this study contributes both to academic discourse on
sustainability evaluation and to practical guidance for evidence-based material selection, policy
development, and circular construction strategies.

Core material scope and circular reuse framework

To ensure conceptual clarity and coherence, this review defines the scope of materials based on
their origin and their potential for circular reuse in construction applications. Both fossil-based plastic
waste and bioplastic waste are considered within a unified circular economy framework [20]. Rather
than assuming bioplastics to be inherently “green” or automatically sustainable, the analysis
evaluates all material types according to their performance and circular potential within the
construction context.

Fossil-based plastic waste

Fossil-based plastics account for the majority of global plastic production and waste generation,
making them a primary focus for circular reuse strategies in the built environment [1]. This review
therefore considers the fossil-derived polymers most commonly studied in construction applications,
including polyethylene terephthalate (PET), high-density polyethylene (HDPE), low-density
polyethylene (LDPE), polypropylene (PP), polyvinyl chloride (PVC), and polystyrene (PS) [2,3]. These
materials are typically recovered from post-consumer or post-industrial waste streams and
incorporated into building products such as composites, panels, bricks, insulation materials, and
lightweight structural or non-structural components [1,4,5]. Their inclusion in this review reflects both
their widespread availability and their considerable potential to divert waste from disposal pathways
and reduce reliance on virgin materials when applied in long-life construction systems [21].

Bioplastic waste

In addition to fossil-based plastics, this review also examines bioplastic waste, including
polylactic acid (PLA), polyhydroxyalkanoates (PHA), starch-based plastics, and bio-based
polyethylene terephthalate (bio-PET). These materials are derived from renewable resources and may
enter post-consumer or post-industrial waste streams suitable for secondary use. Importantly,
bioplastics are not assumed to be inherently environmentally superior [22]. Instead, their
sustainability performance is assessed specifically in the context of reuse in construction materials,
taking into account durability, processing requirements, end-of-life pathways, and compatibility
with existing recycling or composting systems. The analysis focuses on bioplastics that are reused as
material resources in building applications, rather than those intended exclusively for biodegradation
or composting [23].

Unified circular economy perspective

Both fossil-based plastics and bioplastics are examined within a shared circular reuse
framework, in which sustainability is evaluated based on lifecycle performance, their ability to
functionally substitute conventional construction materials, and their contribution to broader circular
economy objectives [16]. This approach avoids reducing materials to a simple “sustainable” or
“unsustainable” label based solely on feedstock origin. Instead, it emphasizes evidence-based
assessment supported by structured decision-support tools. By adopting this unified perspective, the
review facilitates a balanced comparison of material alternatives and strengthens sustainability-
oriented decision-making in the construction sector [1,17].

Application scope of plastic and bioplastic waste in construction

To enable a structured and comparable sustainability assessment across studies, this review
classifies the reuse of plastic and bioplastic waste in construction according to functional application
types rather than solely by polymer composition [2,22]. This application-based approach recognizes
that sustainability performance and decision criteria vary depending on the structural role of the
material, its performance requirements, and the regulatory context in which it is used. Accordingly,
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four principal application categories are considered: structural applications, non-structural building
elements, insulation and lightweight materials, and composite systems [2,23].

Structural applications

Structural applications of recycled plastic and bioplastic waste remain relatively limited, although
interest in this area is gradually increasing. This cautious development is largely due to the strict
mechanical, safety, and regulatory requirements associated with load-bearing construction components
[23,24]. Research in this category typically examines plastic-based elements as partial substitutes for
conventional materials in beams, columns, decking systems, or reinforcement components, often in
hybrid configurations combined with steel, concrete, or fiber reinforcements [25,26].

From a sustainability assessment perspective, structural applications demand particular
attention to mechanical strength, long-term durability, creep behavior, fire performance, and
compliance with building codes. As a result, MCDA studies focusing on structural uses tend to assign
greater weight to technical and safety-related criteria, reflecting the central importance of reliability,
performance stability, and regulatory approval in decision-making processes [13].

Non-structural building elements

Non-structural applications constitute the most established and widely implemented pathway
for reusing plastic waste in the construction sector. This category encompasses products such as
panels, bricks, tiles, fagade components, pavements, and modular blocks, in which plastic waste is
used either as the primary material or as a partial substitute for conventional constituents, including
cement, aggregates, or wood [2,21]. Compared to load-bearing elements, these applications typically
face fewer regulatory constraints, which allows greater flexibility in material formulation and
product design [5].

In sustainability assessments, non-structural applications often prioritize criteria such as waste
diversion potential, cost-effectiveness, ease of manufacturing, and aesthetic performance, while
ensuring sufficient mechanical strength for non-load-bearing functions [18]. Consequently, this
category frequently dominates MCDA-based material selection studies, as it provides a practical and
comparatively less constrained context for evaluating alternative plastic-based construction materials
[12].

Insulation and lightweight materials

Plastic and bioplastic waste are particularly suitable for insulation and lightweight construction
applications due to their low density, thermal insulation properties, and resistance to moisture
[23,28]. This category includes thermal and acoustic insulation panels, lightweight fillers, sandwich
core materials, and prefabricated modular components designed to reduce overall building weight
and enhance energy efficiency [29].

In sustainability assessments, insulation-related applications typically emphasize criteria such
as thermal conductivity, embodied energy, greenhouse gas emissions, and installation efficiency [28].
Mechanical performance requirements in this category are generally less stringent than in structural
applications. MCDA-based studies often highlight the trade-offs between improved operational
energy performance and challenges associated with fire behavior, smoke toxicity, and uncertainties
in end-of-life management [27].

Composite materials and hybrid systems

Composite materials, which combine plastic or bioplastic waste with mineral fillers (such as
sand or fly ash) or natural and synthetic fibers, represent a cross-cutting application category that
spans structural, non-structural, and insulation uses. These hybrid systems are typically developed
to improve mechanical performance, dimensional stability, and long-term durability, while also
increasing the proportion of waste materials incorporated into the final product [30].

From a decision-support perspective, composite applications add a layer of complexity, as their
sustainability performance depends not only on the characteristics of the plastic fraction but also on
the type, proportion, and interaction of reinforcing materials. Consequently, MCDA and SWOT
analyses applied to composite systems often consider factors such as multifunctionality, processing
requirements, recyclability of multi-material systems, and compatibility with existing construction
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practices. For these reasons, composite materials are particularly relevant for comprehensive and
holistic sustainability evaluations [31,32].

Relevance for sustainability assessment and decision support

By classifying construction applications according to their functional role, this review establishes
a consistent link between application type and the sustainability criteria used in MCDA and SWOT-
based evaluations [31]. This structured approach enhances transparency and improves comparability
across studies, while also helping to identify context-specific trade-offs among environmental,
economic, technical, and social dimensions. Furthermore, the framework provides a systematic
foundation for synthesizing decision-oriented insights that are directly relevant to material selection,
design optimization, and policy development within circular construction systems [32].

Decision-support focus: MCDA and SWOT as sustainability evaluation tools

Although numerous studies have investigated the reuse of plastic waste in construction
materials, the methodological approaches used to assess sustainability performance remain highly
heterogeneous. Many traditional evaluations focus on isolated indicators, such as mechanical
properties, cost, or selected environmental impacts, without adequately addressing the
multidimensional nature of sustainability decision-making in the construction sector [33].
Consequently, material selection and technology prioritization often lack transparency,
methodological consistency, and cross-study comparability [33,34].

To overcome this limitation, the present review places explicit emphasis on structured decision-
support tools, particularly Multi-Criteria Decision Analysis (MCDA) and SWOT analysis. These
approaches enable a more systematic evaluation of alternatives across environmental, economic,
technical, and social dimensions. Rather than simply cataloguing material innovations, this review
examines how sustainability-related decisions are structured, how criteria are selected and weighted,
and how conclusions are justified in the context of circular plastic and bioplastic waste reuse in
construction [35-37].

MCDA methods have gained increasing attention in construction materials research because
they can integrate both quantitative and qualitative criteria, address trade-offs among competing
objectives, and incorporate stakeholder preferences through explicit weighting schemes [36]. In the
context of plastic-based building materials, MCDA is commonly applied to rank alternative
materials, compare recycling and reuse pathways, and inform design or policy decisions [35,38].
However, substantial variation exists across studies in terms of criteria selection, normalization
procedures, and weighting strategies. These methodological differences can lead to divergent
outcomes, even when similar materials or applications are evaluated [35,38].

SWOT analysis, while less quantitative, offers a complementary strategic perspective by
capturing context-specific factors such as regulatory acceptance, market readiness, social perception,
and implementation barriers [38]. In sustainability-focused construction research, SWOT is
frequently used to situate technical and environmental findings within broader economic and
institutional contexts. When integrated with MCDA, SWOT can help bridge the gap between
numerical rankings and practical feasibility, providing a more comprehensive basis for decision-
making [36-38].

By synthesizing how MCDA and SWOT are applied in existing studies, this review advances a
decision-oriented perspective on circular plastic reuse in construction. This integrated approach
enhances the transparency of sustainability assessments, supports evidence-based material selection,
and contributes to the development of more robust and context-sensitive circular economy strategies
in the built environment [34-38].

2. Methodology

2.1. Systematic Review Framework

A systematic literature review was conducted to identify, analyze, and synthesize peer-reviewed
studies addressing the reuse of plastic and bioplastic waste in construction materials, with particular
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emphasis on sustainability assessment through structured decision-support tools. The review was
carried out in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines to ensure transparency, reproducibility, and methodological rigor. As
outlined by Moher et al.,, PRISMA provides a standardized framework for reporting systematic
reviews and is widely recognized as a benchmark for high-quality review studies [39].

The primary objective of the PRISMA approach is to guide researchers in developing clear,
comprehensive, and well-documented literature review reports. Consistent with prior review studies
in related fields, this research adopted the PRISMA framework to structure the literature selection
process. Accordingly, three main stages were followed: (i) literature identification and initial
screening, (ii) data extraction and organization, and (iii) final eligibility assessment and selection of
qualifying publications for inclusion in the review.

2.2. Literature Search Strategy

In line with the defined time frame, only publications published between 2010 and 2025 were
considered in the search process. Searches were conducted in the selected databases, including
Scopus and Google Scholar, and screening continued until successive pages of results yielded no
additional relevant studies.

The search strategy focused specifically on peer-reviewed journal articles. Consequently,
literature reviews, book chapters, conference proceedings, postgraduate and doctoral theses, and
publications written in languages other than English were excluded. Initial screening was carried out
based on titles, keywords, and abstracts to ensure alignment with the predefined inclusion criteria.
For studies that met these preliminary criteria, the main content was examined in greater detail, with
particular attention to the abstract and conclusion sections to confirm relevance.

The overall workflow of the literature selection and screening process is illustrated in Figure 1.

Papers identified related on (bio) plastic waste and their reuse and
repurpose as building materials via 2 databases
(Scopus and Google Scholar), 2010 - 2025

|

Screened papers based on title, keywords and abstract (n = 148)

|

Asessed full text articles (n = 143)

Identification

Screening

Eligibility

b~ | Papers excluded (n = 33)

Final review papers for meta-analysis data processing (n = 115)

Included

Figure 1. PRISMA literature review methodology.
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Search queries were developed by combining keywords related to plastic waste, construction
applications, sustainability, and decision-support methodologies. The search strategy integrated
terms from the following thematic groups:

e Plastic waste and materials: plastic waste, bioplastic, recycled plastic

e Construction applications: building materials, construction, composites, insulation
e Sustainability concepts: sustainability, circular economy, life cycle

e Decision-support methods: multi-criteria decision analysis, MCDA, SWOT

A representative search string applied across databases was:

(“plastic waste” OR “bioplastic waste” OR “recycled plastic’) AND (“building material” OR
“construction”) AND (“sustainability” OR “circular economy”) AND (“MCDA” OR “multi-criteria
decision” OR “SWOT").

Equivalent variations of this search string were adapted to meet the specific syntax requirements
of each database. To ensure comprehensiveness and minimize the risk of overlooking relevant
studies, backward and forward citation tracking was also conducted for key review and
methodological papers identified during the screening process.

2.3. Inclusion and Exclusion Criteria

To ensure relevance and methodological quality, studies were selected according to predefined
inclusion and exclusion criteria.
Inclusion criteria:
e  Peer-reviewed journal articles
e Focus on reuse of plastic or bioplastic waste in construction materials
e  Explicit consideration of sustainability aspects
e  Application of MCDA methods and/or SWOT analysis, or structured multi-criteria evaluation

Exclusion criteria:

e Studies focusing solely on mechanical or physical characterization without sustainability
assessment

e  Research addressing plastic waste incineration or energy recovery only

¢  Non-construction-related reuse pathways

e  Conference papers, editorials, and non-peer-reviewed sources

2.4. Study Selection and Data Extraction

After removing the duplicates, titles and abstracts were screened to assess their relevance to the
review objectives. Studies that met the initial screening criteria underwent full-text evaluation to
confirm their alignment with the defined scope of the review. For each selected study, data were
extracted on material type, construction application, sustainability criteria considered, decision-
support methods employed, and key findings.

The extracted information was systematically coded to facilitate comparative analysis across
different application categories and evaluation frameworks. This structured coding process formed
the foundation for the synthesis and discussion presented in the subsequent sections.

3. Results and Discussion

Linking application types to sustainability criteria

To facilitate a systematic and comparable synthesis of sustainability evaluations across diverse
studies, it is essential to explicitly connect construction application types with the sustainability criteria
most frequently emphasized in decision-support assessments. The existing literature on plastic and
bioplastic waste reuse in construction employs a broad range of evaluation criteria, often without
clearly explaining how these criteria relate to the material’s functional role within the building system.
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This variability can obscure the reasoning behind criteria selection and weighting in MCDA-based
studies, thereby limiting cross-study comparability and reducing transparency [40,41].

To address this issue, the framework presented in Table 1 was developed to conceptually align
construction application categories with the dominant sustainability dimensions identified in the
literature. The table provides a structured reference for interpreting and comparing MCDA and
SWOT analyses across studies. The rows correspond to the main construction application types
considered in this review, such as structural, non-structural, insulation and lightweight materials,
and composite systems, and they reflect differences in functional requirements, performance
expectations, and regulatory constraints. The columns represent the four core sustainability
dimensions most commonly addressed in decision-support evaluations: environmental, economic,
technical, and social/regulatory aspects [40,41].

The criteria presented within each cell are not intended to provide an exhaustive list. Instead,
they highlight the criteria most frequently prioritized in MCDA-based assessments for each
application type. Their selection is grounded in recurring patterns that have been identified during
the data extraction process and reflects the specific decision priorities associated with each functional
category. By making these relationships explicit, the table serves as a methodological link between
the systematic review process and the subsequent synthesis of MCDA and SWOT applications,
thereby supporting a more transparent interpretation of evaluation results and weighting
approaches.

Table 1. Alignment between construction application types and dominant sustainability evaluation criteria in
MCDA-based studies.

Construction
Application
Type
Mechanical
GHG emissions, . .
Structural CIISSIons Lifecycle cost, strength, Code compliance, [12,13,19,32,

embodied energy,

Applications .
PP resource efficiency

maintenance cost durability, creep,  safety, liability 40-44]
fire resistance

Waste diversion, Material cost, Adequate strength,
Non-structural L . . q R & Market acceptance, [19,32,35,36,
material circularity, = manufacturing dimensional .
Elements L. . aesthetics 40-44]
emissions cost stability
Insulation &  Thermal performance, Installation cost Thermal
nsulation , , L. . .
. . 'p © on co conductivity,  Fire safety, indoor [12,13,32,36,
Lightweight operational energy energy cost . . .
. . : moisture air quality 40-44]
Materials savings savings .
resistance
Processin, Interfacial Standardization,
Composite & Multi-material . & . . [12,13,19,40-
. . e complexity, bonding, end-of-life
Hybrid Systems impacts, recyclability o o 44]
scalability durability management

4. Overview of Plastic and Bioplastic Waste in Construction Applications

The reuse of plastic and bioplastic waste in construction materials has expanded considerably in
recent decades, driven by growing environmental concerns, increasing regulatory pressure, and the
broader adoption of circular economy principles. Recycled polymers are now incorporated into a
wide variety of building products that serve different functional roles and meet diverse performance
requirements [2,3,22,23].

To provide a structured overview, this section first outlines the main fossil-based and bioplastic
waste streams utilized in construction applications and then examines their principal areas of use.
The discussion remains descriptive, focusing on material characteristics, technological processing
pathways, and typical applications, rather than engaging in comparative sustainability assessment
[1,2,22,23].
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4.1. Fossil-Based Plastic Waste

Fossil-based plastics account for the largest share of global plastic waste and therefore represent
the main feedstock for circular reuse in construction materials. Among these, polyethylene
terephthalate (PET), high-density polyethylene (HDPE), low-density polyethylene (LDPE),
polypropylene (PP), polyvinyl chloride (PVC), and polystyrene (PS) are the polymers most frequently
reported in construction-related studies [45-51].

Recycled PET is widely used in the manufacture of panels, fibers, and composite materials. PET
fibers are commonly incorporated into cementitious and polymer-based composites to enhance crack
resistance and improve impact performance, while PET flakes and pellets are processed into extruded
or molded panels and boards. Due to its relatively high tensile strength and chemical stability, PET
is particularly suitable for reinforcement purposes and certain semi-structural applications [48-51].

HDPE and PP are often employed in lumber substitutes, decking systems, paving blocks, and
molded bricks. These polymers offer good moisture resistance, durability, and ease of processing,
making them appropriate for outdoor applications and environments exposed to high humidity. In
addition, mixed polyolefin waste streams are increasingly utilized in molded construction products,
especially in cases where strict material purity is not required [52,53].

PVC presents a distinct case in construction reuse because of its extensive use in pipes, profiles,
and window frames, combined with its complex additive composition. Although recycled PVC is
incorporated into selected building products, its reuse can be controversial due to concerns related
to plasticizers, stabilizers, and chlorine content. These additives may complicate recycling processes
and raise environmental and health considerations, which in turn affect regulatory approval and
market acceptance [45,53].

Polystyrene, particularly in expanded and extruded formes, is primarily reused in insulation and
lightweight construction applications. Recycled PS is typically processed into foamed boards and
filler materials, contributing to improved thermal and acoustic performance in buildings [54].

4.2. Bioplastic Waste

Alongside fossil-based plastics, bioplastic waste has attracted increasing attention as a potential
feedstock for circular construction materials. Commonly studied biopolymers include polylactic acid
(PLA), polyhydroxyalkanoates (PHA), starch-based plastics, and bio-based polyethylene
terephthalate (bio-PET). These materials are derived wholly or partially from renewable resources
and are becoming more prevalent in post-consumer waste streams [22,23,54].

PLA is the most extensively investigated bioplastic in construction-related applications,
particularly in panels, lightweight boards, and blended composite systems. PLA-based materials are
frequently combined with natural fibers, mineral fillers, or recycled polymers to enhance mechanical
stability and dimensional performance. Their relatively low melting temperature and compatibility
with conventional polymer-processing technologies support their integration into established
manufacturing processes [22,23].

PHA and starch-based plastics have primarily been examined in experimental composite and
hybrid systems, where they function as matrix materials or partial substitutes for conventional
polymers. Although these bioplastics offer advantages in terms of renewable feedstock origin, their
use in large-scale construction applications remains limited [22,23].

A key challenge in reusing bioplastic waste in construction lies in balancing biodegradability
with long-term durability. While biodegradability may be beneficial in certain waste-management
scenarios, it can conflict with the extended service-life requirements of building components.
Additionally, bioplastics often face competing end-of-life pathways, including industrial
composting, mechanical recycling, chemical recycling, and material reuse. These alternative routes
complicate waste-stream management and may affect the availability of bioplastic waste for
construction applications [22,23,54,55].
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4.3. Structural Applications

Structural applications of plastic and bioplastic waste remain relatively limited, largely due to
the stringent requirements associated with mechanical performance, long-term durability, safety
standards, and regulatory compliance [55]. In most cases, recycled polymers are not used as
standalone structural materials but are incorporated into hybrid or reinforced systems alongside
conventional construction materials. Typical examples include plastic-wood composites for load-
bearing decking, polymer-modified concrete components, and fiber-reinforced polymer profiles [56].

Among the various polymers, recycled PET, HDPE, and PP are most frequently investigated for
structural applications because of their favorable strength-to-weight ratios and chemical resistance.
In several studies, plastic waste is introduced either as reinforcement fibers or as partial substitutes
for mineral aggregates in cementitious systems. These strategies are intended to improve properties
such as impact resistance, ductility, and crack control, while simultaneously promoting material
reuse within structural contexts [57].

4.4. Non-Structural Building Elements

Non-structural building elements represent the most established and widely implemented area
for the reuse of plastic waste in construction. This category includes wall panels, facade components,
paving blocks, bricks, roofing tiles, partitions, and modular blocks that are not designed to bear
primary structural loads [58].

These products are typically manufactured from recycled PET, HDPE, LDPE, PP, or mixed
plastic waste streams using processes such as extrusion, compression molding, or melting and
casting. Plastic-based bricks and blocks have been developed to enhance water resistance and reduce
overall weight, while recycled plastic panels are increasingly applied in interior spaces and
temporary construction settings [58,59].

4.5. Insulation and Lightweight Materials

Plastic and bioplastic waste are particularly well suited for insulation and lightweight
construction applications due to their low density, thermal insulating properties, and resistance to
moisture. This category includes thermal and acoustic insulation panels, sandwich core materials,
foamed products, and lightweight fillers [22,60].

Recycled polystyrene, PET foams, and polyethylene-based materials are commonly used in
these applications, while bioplastics such as PLA have been investigated in lightweight composite
systems. These materials are often incorporated into prefabricated components and modular
construction systems, where reduced weight and improved thermal performance are key design
considerations [23,61].

4.6. Composite Materials and Hybrid Systems

Composite and hybrid systems combine plastic or bioplastic waste with mineral fillers,
industrial by-products, or reinforcing fibers to improve mechanical and functional performance.
Common formulations include plastic-sand bricks, polymer—fly ash composites, plastic-wood
composites, and fiber-reinforced boards. These hybrid systems allow for higher incorporation rates
of waste materials while enhancing technical properties such as strength, stiffness, and dimensional
stability. Depending on the material composition and the intended product geometry, typical
processing methods include extrusion, hot pressing, injection molding, and reactive compounding
[61-63].

4.7. Summary and Relevance for Subsequent Analysis

The reuse of plastic and bioplastic waste in construction spans a broad range of material types
and application areas, each defined by specific processing methods, functional requirements, and
constraints related to waste streams. At present, fossil-based polymers dominate large-scale
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construction applications, whereas bioplastics are primarily found in experimental or niche systems.
Clear distinctions also emerge among structural, non-structural, insulation, and composite
applications in terms of material selection criteria and design priorities. This descriptive overview
establishes the empirical basis for the subsequent examination of sustainability criteria and decision-
support practices. By clearly differentiating material categories and application domains, it supports
a more transparent interpretation of MCDA and SWOT-based evaluations and enables a structured
comparative synthesis in the following sections [1,2,16,60,63].

5. Sustainability Dimensions and Evaluation Criteria

The sustainability assessment of plastic and bioplastic waste reuse in construction requires the
systematic consideration of multiple, and often competing, performance dimensions. Existing studies
rely on a diverse set of indicators and metrics, reflecting variations in application contexts,
stakeholder priorities, and methodological approaches [35]. This diversity complicates cross-study
comparisons and reduces the transparency of decision-support outcomes. To support a coherent
synthesis of MCDA- and SWOT-based evaluations, this section organizes and harmonizes the
sustainability criteria identified in the literature into four core dimensions: environmental, economic,
technical, and social/regulatory [13,36].

This classification aligns with widely adopted sustainability frameworks in construction and
materials research and is grounded in recurring patterns observed during the data extraction process.
By establishing a common analytical structure, it creates a foundation for systematically comparing
criteria selection, weighting practices, and ranking outcomes in the subsequent sections [12,40,41].

5.1. Environmental Dimension

Environmental criteria form a central pillar of sustainability evaluations for plastic-based
construction materials, reflecting concerns related to climate change, resource depletion, pollution,
and waste management. Across the reviewed studies, environmental performance is most frequently
assessed using indicators derived from life cycle assessment (LCA) or simplified lifecycle-based
approaches [35,61].

Greenhouse Gas Emissions

Greenhouse gas (GHG) emissions are typically expressed in carbon dioxide equivalents (CO,-
eq) and are among the most commonly reported indicators. MCDA tools have been also used for the
quantification of carbon emission but in this case, these metrics account for emissions associated with
raw material extraction, waste collection and sorting, reprocessing, manufacturing, transportation,
and end-of-life treatment [35,60,64]. In plastic waste reuse systems, GHG performance is strongly
influenced by the energy demand of recycling processes and by the degree to which virgin material
production is displaced [65].

Waste diversion and resource efficiency

Waste diversion indicators quantify the volume or proportion of plastic waste redirected from
landfilling, incineration, or uncontrolled disposal toward material reuse. These measures are often
expressed in terms of recycled content, waste utilization rates, or landfill avoidance. Closely related
indicators include material circularity and resource efficiency, which assess the extent to which
secondary materials substitute for virgin resources in construction products [66,67].

Toxicity and additives

Chemical additives, including plasticizers, flame retardants, stabilizers, and heavy metals, are
particularly relevant for recycled plastics, especially PVC and mixed waste streams. Environmental
toxicity indicators address the potential release of hazardous substances during processing, use, and
end-of-life stages. Increasingly, MCDA frameworks incorporate toxicity-related criteria to capture
environmental and health risks that are not reflected solely in carbon-based metrics [35,45].

End-of-Life scenarios

End-of-life indicators evaluate the recyclability, recoverability, or disposal pathways of plastic-
based construction materials after their service life. Studies commonly differentiate between closed-
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loop recycling, open-loop recycling, energy recovery, landfilling, and, in the case of bioplastics,
composting. The technical and economic feasibility of future material recovery is a critical
determinant of long-term circularity performance and is therefore frequently included in
environmental assessments [35,68].

5.2. Economic Dimension

Economic criteria address the financial feasibility and market competitiveness of construction
materials derived from plastic waste. These indicators are critical for assessing practical
implementation potential and are typically incorporated into MCDA studies alongside
environmental and technical considerations [15,69].

Material and feedstock costs

Material cost indicators include the price of plastic waste feedstock, as well as expenses
associated with sorting, cleaning, preprocessing, and the acquisition of auxiliary materials such as
fillers, reinforcing fibers, and additives. Feedstock availability and variability in material quality can
significantly influence overall cost structures, particularly in the case of mixed plastic waste streams
and certain bioplastics [15,46,69].

Processing and manufacturing costs

Processing costs encompass expenditures related to energy consumption, labor, equipment
operation, maintenance, and quality control during material conversion and product manufacturing.
These costs are strongly influenced by the selected processing technology, the scale of production,
and the degree of purification or material preparation required prior to manufacturing [69,70].

Lifecycle and maintenance costs

Lifecycle cost indicators expand economic assessment beyond initial production expenses to
include installation, operation, maintenance, repair, and replacement over the service life of the
building component. For long-life construction applications, lifecycle costing is especially important
for identifying trade-offs between higher upfront investments and potential long-term savings
resulting from improved durability or reduced maintenance requirements [35,69,70].

5.3. Technical Dimension

Technical performance criteria assess the functional suitability, reliability, and long-term
durability of plastic and bioplastic materials used in construction. These indicators are especially
critical in applications governed by safety regulations and performance standards, where material
failure can have structural or safety implications [71-74].

Mechanical strength and load-bearing capacity

Mechanical properties, such as compressive strength, tensile strength, flexural strength, and
impact resistance, are central indicators in both structural and non-structural applications. These
parameters determine a material’s load-bearing capacity, deformation response under stress, and
resistance to mechanical damage. In structural or semi-structural uses, mechanical performance often
represents a primary decision criterion [72,74].

Fire resistance and thermal stability

Fire performance is a major consideration for polymer-based construction materials. Relevant
indicators include ignition resistance, flame spread behavior, smoke production, and thermal
degradation characteristics. In many MCDA frameworks, compliance with fire safety standards is
treated as a threshold or non-compensatory criterion, meaning that materials must meet minimum
regulatory requirements before further evaluation [40,71-73].

Durability and ageing resistance

Durability criteria evaluate long-term resistance to environmental stressors such as ultraviolet
(UV) radiation, temperature variations, moisture exposure, and chemical agents. Creep behavior and
fatigue resistance are also important, particularly in load-bearing or semi-structural components
where sustained or cyclic stresses may affect long-term performance [72,73].

Moisture resistance and dimensional stability
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Moisture absorption, swelling behavior, and dimensional stability are critical technical
indicators, especially for materials intended for outdoor or high-humidity environments. These
properties influence service life, maintenance needs, and compatibility with adjacent building
components, and are therefore frequently incorporated into technical assessment frameworks [71,74].

5.4. Social and Regulatory Dimension

Social and regulatory criteria encompass issues related to societal acceptance, institutional
frameworks, and governance conditions that shape the adoption of plastic-based construction
materials. Although these factors are less frequently quantified than environmental or technical
indicators, they often play a decisive role in determining whether a material can be successfully
implemented in practice [69,75].

Health and safety concerns

Health-related criteria address the potential release of volatile organic compounds (VOCs),
microplastics, or other hazardous substances during material processing, installation, and use.
Considerations in this category also include worker safety during manufacturing and construction
activities, as well as indoor air quality implications for building occupants [69,75].

Code compliance and regulatory acceptance

Compliance with building codes, material standards, and certification schemes is a critical
determinant of market entry and widespread adoption. Indicators in this category evaluate conformity
with structural, fire, environmental, and safety regulations at national or regional levels. Regulatory
approval is often treated as a prerequisite condition in decision-support frameworks [69,75].

Market perception and user acceptance

Market-related criteria reflect perceptions of quality, reliability, aesthetics, and environmental
credibility among architects, engineers, contractors, and end-users. Public confidence in recycled and
bioplastic materials can significantly influence their commercialization potential and long-term
market viability [69,75].

5.5. Harmonization of Sustainability Criteria for Decision-Support Analysis

Across the reviewed studies, sustainability assessments show considerable variation in terms of
indicator definitions, measurement approaches, and aggregation methods. Some investigations rely
on detailed life cycle inventories and quantitative impact modeling, while others apply qualitative
scoring systems or expert-based evaluations. Economic and social criteria, in particular, are often
treated inconsistently or, in some cases, excluded from the analysis altogether [12,13].

To support a systematic synthesis, this review consolidates the reported indicators within the
four-dimensional framework outlined above. The specific metrics identified in individual studies are
mapped onto standardized categories, enabling a structured comparison of criteria selection and
weighting practices across different application types and decision contexts. Although this
harmonization does not remove methodological diversity, it provides a transparent and coherent
basis for interpreting MCDA and SWOT results [19,36,76].

By establishing a consistent structure for sustainability evaluation, this section lays the analytical
groundwork for the subsequent examination of MCDA methods, weighting approaches, and ranking
outcomes. It also facilitates the identification of recurring trade-offs and underrepresented
sustainability dimensions in existing decision-support research on circular plastic and bioplastic
waste reuse in construction [40,44].

6. Applications of Multi-Criteria Decision Analysis in Evaluating Plastic-Based
Building Materials
Multi-Criteria Decision Analysis (MCDA) methods are increasingly used to support

sustainability-oriented decision-making in the assessment of plastic and bioplastic waste reuse in
construction materials. These approaches facilitate the structured integration of environmental,
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economic, technical, and social criteria, enabling stakeholders to explicitly consider trade-offs and
prioritize alternatives in situations characterized by complex and sometimes conflicting objectives.
This section synthesizes the application of MCDA methods in the reviewed literature, with particular
attention to methodological choices, application contexts, and comparative findings [36,41].

6.1. Common MICDA Methods

A range of MCDA techniques has been applied to evaluate plastic-based building materials,
reflecting differences in decision contexts, data availability, and analytical objectives. The most
commonly used methods include the Analytic Hierarchy Process (AHP), the Technique for Order
Preference by Similarity to Ideal Solution (TOPSIS), PROMETHEE, ELECTRE, MAVT and hybrid
LCA-MCDA frameworks [32,35,36,40].

AHP is the most frequently applied MCDA method in the reviewed studies. It organizes
decision problems into a hierarchical structure consisting of goals, criteria, sub-criteria, and
alternatives. Relative weights are derived through pairwise comparisons, typically based on expert
judgment. In the context of plastic-based construction materials, AHP is often used to determine the
relative importance of sustainability criteria before ranking material options. Its structured approach
and relative ease of application contribute to its widespread use. However, outcomes can be sensitive
to subjective judgments and the consistency of pairwise comparisons [40].

TOPSIS is commonly employed to rank material alternatives according to their relative distance
from an ideal and a negative-ideal solution. It is frequently combined with AHP-derived weights in
integrated AHP-TOPSIS models. In construction-related evaluations, TOPSIS is valued for its
computational simplicity and its ability to process quantitative performance indicators, making it
particularly suitable for comparative material selection studies [42]. MAVT is a foundational idea in
Multi-Criteria Decision Analysis. Applications of MAVT seek to describe a decision maker’s value
function over two or more objectives and associated criteria. The weighting of the individual value
functions can be done formally by the method of indifferences, akin to the underpinnings of stated
preference techniques used in the evaluation of non-market impacts in benefit-cost analysis
[12,36,42].

Outranking approaches such as PROMETHEE and ELECTRE are less widely used but appear in
studies involving more complex decision environments, particularly those characterized by
qualitative or uncertain data. Rather than generating straightforward numerical rankings, these
methods establish pairwise preference relations among alternatives. In the evaluation of plastic waste
reuse in construction, they are mainly applied in policy analysis and technology selection contexts,
where stakeholder preferences and threshold effects play a significant role [12,13,19].

Hybrid frameworks that integrate Life Cycle Assessment (LCA) with MCDA represent a
growing trend in sustainability evaluation. In these approaches, LCA provides quantitative
environmental impact indicators, which are then incorporated into MCDA models alongside
economic, technical, and social criteria. Such hybrid methods are particularly relevant for assessing
plastic-based construction materials, as they allow lifecycle impacts to be evaluated within a broader
decision-making framework. However, their application typically requires extensive data and
methodological expertise, which may limit their broader adoption [35].

6.2. Application Contexts of MCDA in Plastic-Based Construction Materials

MCDA methods are applied in the reviewed literature within three primary decision-making
contexts: material selection, technology and process comparison, and policy or strategic prioritization
[12,19].

Material selection

Material selection is the most common application of MCDA in this field. Studies in this category
evaluate alternative plastic-based building products, material formulations, or composite systems to
determine the most sustainable option for a specific construction application. The criteria considered
typically include environmental impacts, production and lifecycle costs, mechanical performance,
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and regulatory compliance. These assessments are often conducted during the design or pre-
commercialization stages and are intended to support decision-making by architects, engineers, and
material developers [13,19].

Technology and process comparison

MCDA is also used to compare recycling, processing, and manufacturing technologies for
transforming plastic waste into construction materials. Examples include evaluations of mechanical
recycling, chemical recycling, melting—casting, extrusion, and hybrid processing routes. In this
context, studies generally emphasize criteria such as energy consumption, process efficiency,
scalability, and environmental performance. These analyses inform investment decisions, technology
selection, and process optimization strategies [32,35,36].

Policy and strategic prioritization

A smaller but expanding body of literature applies MCDA to policy analysis and strategic
planning. In these studies, alternative waste management or circular economy scenarios are assessed
in terms of sustainability performance and implementation feasibility. MCDA is used to support
policy prioritization, infrastructure planning, and the design of regulatory or financial incentives,
often in combination with stakeholder surveys and expert consultations to reflect diverse
perspectives [40,41].

6.3. Synthesis of Key Findings from MCDA Studies

A comparative review of MCDA applications reveals several recurring patterns across different
material types and construction contexts.

Dominance of environmental criteria

Environmental indicators, particularly greenhouse gas emissions, waste diversion potential, and
resource efficiency, are consistently assigned relatively high weights in most MCDA studies. This
reflects the fact that environmental performance is often the primary driver behind initiatives
promoting plastic waste reuse. In studies that incorporate life cycle assessment (LCA) indicators,
environmental criteria frequently exert a strong, and sometimes dominant, influence on the final
ranking of alternatives [35].

Sensitivity to criteria weighting

MCDA outcomes are highly sensitive to the weighting schemes applied. Differences in expert
judgment, stakeholder priorities, or normalization procedures can result in significant changes in
material rankings. Sensitivity analyses reported in several studies show that even modest
adjustments in the weights assigned to cost or technical performance criteria can alter the preferred
alternative. This sensitivity underscores the importance of transparent weighting procedures and
meaningful stakeholder engagement in the decision-making process [19].

Economic constraints and cost competitiveness

Although plastic-based construction materials often demonstrate favorable environmental
performance, their adoption is frequently constrained by economic considerations. Elevated
processing costs, variability in feedstock quality, and limited economies of scale can reduce their cost
competitiveness compared to conventional materials. As a result, economic criteria commonly
function as limiting factors in MCDA evaluations, particularly when large-scale implementation is
considered [13,32].

Application-specific ranking patterns

MCDA rankings also vary systematically depending on the type of application. Structural and
semi-structural uses tend to assign greater weight to technical performance and regulatory
compliance criteria, whereas non-structural and insulation applications typically emphasize
environmental and cost-related indicators. Composite systems often occupy an intermediate
position, balancing improvements in mechanical performance against challenges related to
recyclability and processing complexity [32].
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Table 2. summarizes representative MCDA-based studies identified in this review, highlighting the materials

investigated, methodological approaches, evaluation criteria, and principal outcomes.

A atelﬁ:ii/on MCDA Main criteria Main outcome Source
PP method / tool considered
(scope)
Identifies how MCDA is used to
Environmental (GHG, structure plastic-waste decisions;
Plastic waste leakag'e/pollutlon),' highlights method dlve'rsrcy
AHP/TOPSIS Economic (cost), Social ~ (AHP/TOPSIS/outranking), 12
management - .
(acceptance), criteria heterogeneity, and need
Technical/logistics for transparent weighting +
robustness across studies
Compares EoL scenarios (incl.
End-of-life Env1ror}menta.11, recycling 1nlar.1c.1 vs export) and
. economic, social shows decision outcome
alternatives for o . . o .
. Modified  impacts; comparisons depends on multi-dimensional
waste plastics . N, 13
MAVT of recycling vs trade-offs across sustainability
(Norway case o . . . g .
study) incineration vs landfill ~ pillars (exact “best” scenario
Y scenarios should be stated from full text
for your specific wording)
Ranks alternati led-
Mechanical strength, anes afternative recycie
. ) plastic compositions (and
water absorption, high- | ) .
. reinforcement configurations);
Recycled-plastic temperature resistance; identifies the most suitable paver
Y P TOPSIS (often includes .. P 42
paver blocks o composition under TOPSIS
cost/sustainability
o ” based on performance trade-offs
indicators depending .
(verify exact top-ranked blend
on model)
from full text)
. . Selects the most suitable waste
Waste plastics + Circular economy + . . .
agro-waste sustainability criteria: plastic type(s) for incorporation
grom AHP/TOPSIS/ °°° " with agro-waste for building
composites for environmental benefit, . .
. VIKOR-type , materials under an integrated 32
construction L technical performance, ]
. . combinations ) o MCDM framework (verify the
materials (circular economic feasibility,
o .. exact top-ranked polymer and
economy focus) availability, end-of-life L .
weighting logic from full text)
Synthesizes which MCDM
Environmental (LCA  methods dominate insulation
Insulf'mor'l AHP/TOPSIS/ indicators), Economlc selection and hl'ghl%ght‘s lack of
materials in (cost/LCC), Technical standardization in 19
o VIKOR . . .
buildings (thermal conductivity, criteria/weights and the
fire), Social/health importance of LCA/LCC
integration
Concrete using Concrete performance Concludes PET cap aggregates
waste PET bottle- (fresh + hardened), can support sustainable concrete
cap aggregates AHP durability proxies,  performance and sustainability 43
(sustainable sustainability/environ objectives; proposes/uses MCDM
concrete mental benefit, to select the most suitable
production) feasibility concrete alternative
Building parts AHP Environmental impacts ~ Provides criteria/method 35

selection - LCA + from LCA +

guidance and demonstrates how
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MCDM technical/economic/soci combining LCA indicators with
(methodological + al criteria depending ~ MCDM supports sustainable
application paper) on case building-part selection;
emphasizes criteria definition +
normalization + interpretation
Identifies favorable constituents
Ecological paving Mechanical strength, (e.g., glass/glass waste + gravel)
stones using water absorption, and selects preferred
plastic + glass AHP constituents/material ~ composition(s); reports that 36
waste + granular contribution, some tested pavers may not
reinforcement process/quality factors ~ meet high-traffic standard

requirements (reported in paper)

1
Structura Hybrid DSS Four pillars of Shows rankings are sensitive to

material selection
using AHP + sustainability stakeholder preferences; reports

for a multi-storey
building (not
plastic-specific;

TOPSIS+  (environmental/econo timber can emerge as top option 44
VIKOR (fuzzy mic/technical/social)+ under balanced sustainability

method anchor) environment) stakeholder preferences weighting
Waste %?E&?E; ’ Criteria sets across ~ Reviews how MCDM supports
management ", environmental/econom waste management planning;
. . fuzzy methods, ~ . _ . - L
decision-making ic/social/technical; highlights recurring issues:
o . MAVT/MAUT, . . . . 41
critical review method selection; inconsistent criteria, weak
. PROMETHEE, : e . . o
scope (not plastic- TOPSIS, and uncertainty/participatio transparency in weights, limited
specific) othe,rs n uncertainty treatment
Plastic waste Typical .AHP hierarchy: Uses AHP to rank plastic waste
manacement environmental, management methods and
metio ds AHP economic, technical, identify the “best” method under 40
evaluation social/regulatory chosen criteria (verify the top-

criteria (study-specific) ranked method from full text)

6.5. Implications for Decision-Support Practice

The synthesis suggests that MCDA offers a robust framework for integrating diverse
sustainability criteria in the evaluation of plastic-based construction materials. At the same time,
considerable methodological variation remains in the definition of criteria, weighting approaches,
and aggregation techniques. Improving comparability and policy relevance will require greater
standardization, clearer reporting practices, and stronger integration with lifecycle-based indicators
[12,19,44].

The findings also highlight the importance of developing application-specific decision
frameworks that account for functional requirements and regulatory conditions. Future MCDA
research would benefit from incorporating a broader range of stakeholder perspectives, conducting
more rigorous uncertainty and sensitivity analyses, and explicitly linking evaluation criteria to
circular economy performance indicators [32,35].

7. SWOT Analysis of Circular Plastic- and Bioplastic-Based Building Materials

SWOT (Strengths-Weaknesses-Opportunities-Threats) analysis is increasingly employed in the
literature as a strategic evaluation tool to complement performance testing and sustainability
assessments of recycled plastics in construction. Unlike MCDA, which is designed to rank
alternatives based on explicitly defined criteria, scoring systems, and weighting procedures, SWOT
analysis is generally used to contextualize feasibility [14,15]. It does so by identifying internal factors
(strengths and weaknesses) and external factors (opportunities and threats) that influence real-world
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adoption, such as regulatory frameworks, market readiness, and supply-chain maturity [37,38]. This
approach is frequently adopted in review studies examining the use of plastic waste as aggregate or
as a component of construction materials, where SWOT analysis serves to capture socio-economic
and implementation-related conditions alongside technical and environmental findings [70].
Accordingly, this section synthesizes recurring SWOT themes reported in the literature on plastic
waste reuse in civil engineering and construction materials, with particular attention to studies that
explicitly incorporate SWOT analysis to evaluate feasibility and deployment conditions [75,76].

7.1. Strengths

Waste reduction and diversion: A consistently identified strength in SWOT-based discussions is

the potential to divert substantial volumes of plastic waste from landfilling, incineration, and
uncontrolled disposal by incorporating it into long-life construction products such as bricks, panels,
and concrete components. By valorizing waste into durable building materials, these applications
contribute directly to circular economy objectives and resource conservation [14].

Durability and resistance in selected applications: Recycled polyolefins (such as HDPE and PP)

and PET-based components are frequently recognized for their resistance to moisture and chemical
degradation. These characteristics support their suitability for use in outdoor environments, high-
humidity conditions, and various non-structural applications. When plastics are used to replace or
modify conventional materials, these durability-related properties are often highlighted as practical
and performance-related advantages [15].

Lightweight properties and functional flexibility: Plastic-containing construction products

generally exhibit lower density than conventional masonry units or mineral aggregates. This
reduction in weight can improve handling and transportation efficiency and may facilitate the
development of modular or prefabricated construction systems. The design flexibility of polymer-
based materials also allows for tailored formulations adapted to specific functional requirements [15].

7.2. Weaknesses

Fire behavior and smoke toxicity concerns: Fire performance remains a significant limitation for
polymer-containing construction products, particularly in applications subject to strict fire safety
regulations. Even when materials demonstrate adequate mechanical strength or durability, fire-
related performance constraints, such as ignition resistance, flame spread, and smoke generation, can
restrict regulatory approval and limit broader adoption [38].

Additives, toxicity, and leaching-related uncertainty: The presence of additives, including

plasticizers, stabilizers, and flame retardants, can complicate recycling processes and raise concerns
about emissions during manufacturing, installation, and use. Potential leaching of hazardous
substances is also frequently discussed in studies examining plastic waste aggregates and composite
materials. These concerns are especially relevant for mixed or complex waste streams, including those
containing PVC fractions, where additive composition may be uncertain [14,15,45].

Recyclability after use and multi-material challenges: A recurring weakness highlighted in the

literature is the difficulty of recycling plastic-based construction products at the end of their service
life. This challenge is particularly pronounced for composite and multi-material systems, where
material separation is technically complex and reverse logistics infrastructure may be limited. As a
result, the likelihood of closed-loop recycling is often reduced, increasing the risk that materials will
be downcycled or directed toward disposal pathways [75,76].

7.3. Opportunities

Green building policies and circular procurement: Policy instruments such as recycled-content

mandates, green public procurement schemes, and broader circular construction strategies create
favorable conditions for scaling plastic-waste-derived building products. Strategic analyses of
circular economy implementation consistently identify regulatory and institutional support as critical
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drivers of market expansion. When aligned with performance standards and procurement criteria,
such policies can accelerate the adoption of recycled plastic materials in construction [14,75].
Urban mining and long-life material stocks: The concept of buildings as long-term “material

banks” presents an opportunity to integrate secondary plastics into durable construction
applications. By embedding recycled materials within long-life structures, it becomes possible to treat
buildings as temporary repositories of valuable resources that may be recovered in the future. This
perspective aligns with circular economy principles in construction and demolition management,
emphasizing material retention and future recovery potential [38,75].

Standardization and certification development: The development of harmonized product

standards, performance testing protocols particularly for fire safety and durability and clear
certification pathways represents a significant opportunity to reduce uncertainty and enhance market
confidence. Establishing standardized evaluation frameworks can facilitate regulatory approval,
improve comparability among products, and strengthen the credibility of recycled plastic
construction materials [14,15].

7.4. Threats

Regulatory barriers and conservative approval environments: Even when laboratory-scale

results demonstrate promising mechanical or environmental performance, adoption may be limited
by conservative building code frameworks, the absence of harmonized technical guidance, and
liability concerns. These regulatory constraints are frequently identified in strategic assessments of
recycled materials in construction and can significantly delay or restrict market entry [75,76].
Market distrust and perception risks: Perceptions associated with “waste-based” materials,

particularly regarding quality, safety, aesthetics, and long-term reliability can act as barriers to wider
acceptance. In construction contexts where public safety and durability are paramount, skepticism
toward recycled or unconventional materials may hinder uptake. Such perception-related challenges
are often highlighted in strategic feasibility analyses but are not fully captured by technical
performance testing alone [75,76].

Competition with virgin materials and price volatility: Fluctuations in virgin polymer prices,

variability in feedstock quality, and the costs associated with sorting and processing can undermine
the economic competitiveness of recycled plastic products. These risks are especially pronounced
during early commercialization stages and in regions with underdeveloped recycling infrastructure,
where economies of scale are limited [38].

7.5. Why SWOT Complements but Not Replaces MCDA

SWOT analysis is best understood as a strategic complement to MCDA rather than a substitute
for it. MCDA is specifically designed to (i) structure trade-offs through clearly defined criteria, (ii)
assign weights that reflect stakeholder priorities, and (iii) produce transparent rankings of alternative
options. SWOT analysis, in contrast, provides contextual insight by explaining why an alternative
that performs well in an MCDA framework may still encounter practical barriers, such as certification
gaps, unfavorable public perception, or policy misalignment [14,15,19]. Conversely, it can help
identify conditions under which a lower-ranked alternative may become viable, for example through
procurement incentives, regulatory reforms, or evolving market standards. This complementarity is
particularly important in the context of circular construction, where successful adoption depends not
only on environmental and technical performance but also on governance structures, supply-chain
capacity, institutional frameworks, and market readiness [8,12,13]. Figure 2 depicts the SWOT
analysis for reusing the plastic waste as a building material in construction sector.
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Figure 2. SWOT analysis for reusing the plastic waste as a building material in construction sector.

8. Integrated MCDA-SWOT Discussion and Proposed Framework for Decision-
Oriented Circular Construction

Decision-making regarding the circular reuse of plastic and bioplastic waste in construction
extends beyond technical feasibility or the evaluation of isolated sustainability indicators. Successful
adoption depends both on (i) systematically quantified trade-offs across environmental, economic,
technical, and social dimensions, and (ii) the broader contextual conditions that determine whether
technically viable solutions can be implemented at scale [13,14].

Building on the insights developed in Sections 5 and 6, this section proposes a conceptual
MCDA-SWOT framework that enhances decision-oriented evaluation by integrating quantitative
ranking methods with strategic feasibility analysis. Integrating the 9R hierarchy into MCDA design
enables the explicit prioritization of higher-order circular strategies. Criteria such as service-life
extension, mono-material design, and future recyclability can be weighted to reflect strategic
alignment with value-retention principles rather than focusing solely on waste diversion metrics [77-
79]. This combined approach aims to provide a more comprehensive basis for material selection,
policy development, and investment decisions within circular construction systems [79].

8.1. Complementary Roles of MCDA and SWOT

MCDA: Quantitative ranking under explicit trade-offs

MCDA offers a structured approach for translating multi-dimensional sustainability evidence
into transparent comparisons among alternative options. By defining evaluation criteria, assigning
scores, and applying weighting schemes, MCDA enables:

e  Explicit management of trade-offs (e.g., balancing greenhouse gas emissions, cost, and fire
performance),

e  Transparent prioritization aligned with stakeholder objectives,

e  Sensitivity and uncertainty analysis to assess how rankings shift under different assumptions.

Within the reviewed literature, MCDA is most effective when the decision problem is clearly
framed, for example, selecting a panel material for a non-structural application, comparing
alternative recycling technologies, or evaluating competing design solutions [79]. However, MCDA
results may become fragile when criteria are incompletely defined, weighting procedures lack
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justification, or contextual constraints such as regulatory barriers that are not adequately
incorporated into the model [12].

SWOT: Capturing context, readiness, and adoption conditions

SWOT analysis complements MCDA by addressing contextual factors that are difficult to
quantify but often decisive in real-world implementation. It captures dimensions such as:

e  Market readiness (acceptance, demand, procurement frameworks),

*  Regulatory feasibility (building codes, certification pathways, liability considerations),

e Supply-chain maturity (feedstock availability and sorting quality),

e  External drivers (policy incentives, circular economy initiatives, urban mining strategies),
e Competitive pressures (price volatility of virgin materials, policy instability).

Rather than serving as an alternative to MCDA, SWOT provides an interpretative layer that
explains the feasibility and implementation conditions surrounding ranked alternatives. In doing so,
it helps clarify why a top-ranked option in an MCDA model may succeed or fail, when deployed in
practice [14,15,69].

8.2. Why Combining MCDA and SWOT Improves Decision Quality

Improved policy design
Effective policy development such as recycled-content mandates, green procurement standards,
or financial incentives, requires both:

*  Quantitative evidence of sustainability performance (e.g.,, MCDA or LCA-MCDA results), and
e A strategic understanding of barriers and enabling conditions (captured through SWOT
analysis).

An MCDA-only approach may identify a technically superior alternative that proves difficult to
implement due to certification gaps, limited supply-chain capacity, or regulatory constraints.
Conversely, SWOT analysis alone may highlight promising opportunities without providing a
rigorous basis for comparing competing options. By integrating both tools, the MCDA-SWOT
approach supports policies that are not only environmentally impactful but also practically
implementable, for example, linking recycled-content targets with standardization efforts and fire-
safety testing requirements [80,81].

Improved material selection (design and procurement)

Architects, engineers, and procurement teams require transparent evaluation of performance
and sustainability trade-offs, while also ensuring that selected materials are certifiable, commercially
available, and acceptable to clients [82,117]. An integrated decision-support approach:

e  Uses MCDA to rank materials based on sustainability and technical performance,

e Applies SWOT to assess whether top-ranked alternatives are viable within local regulatory,
market, and supply-chain conditions,

e  Supports application-specific decisions (e.g., structural, non-structural, insulation) by aligning
criteria with functional requirements and feasibility considerations.

This combined perspective strengthens confidence in material selection decisions by linking
analytical rigor with practical feasibility.

Improved Investment and Scale-Up Decisions

For technology developers and investors, decision-making extends beyond environmental or
economic metrics to include adoption risk and market readiness [118]. The integration of MCDA and
SWOT enables:

¢ Quantitative identification of high-performing material or technology pathways,

e  Systematic recognition of scale-up risks (e.g., market distrust, regulatory barriers, feedstock
variability),

e  Prioritization of enabling investments, such as certification processes, supply-chain
development, and quality assurance systems.
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By combining structured ranking with strategic feasibility analysis, this integrated approach
helps avoid the selection of “paper sustainability winners” that perform well in theoretical
evaluations but face significant obstacles to commercialization.

8.3. How SWOT Can Inform MCDA Weighting

A central methodological contribution of this review is the formalization of how SWOT-derived
insights can inform and strengthen MCDA weighting strategies. Rather than relying solely on expert
preference to assign weights, the proposed approach incorporates contextual signals identified
through SWOT analysis to make weighting schemes more transparent, context-sensitive, and
defensible [117-119].

Mechanism 1: Constraint-driven weighting (regulatory and safety thresholds)

When SWOT analysis highlights dominant threats, such as fire safety concerns or regulatory
barriers, these factors can be operationalized within MCDA in two primary ways [118]:

e Threshold (gating) approach: Critical criteria such as fire performance and code compliance are
treated as non-compensatory constraints. Alternatives must meet predefined minimum
standards before being considered in the ranking process.

e  Weight escalation: In jurisdictions with strict fire regulations or certification requirements,
higher weights can be assigned to criteria such as fire resistance, smoke toxicity, and certification
readiness to reflect heightened regulatory scrutiny [14].

Mechanism 2: Opportunity-aligned weighting (policy and market signals)

When SWOT identifies strong enabling conditions such as green public procurement policies or
recycled-content incentives MCDA weights can be aligned with these policy priorities [119]. This may
involve:

e Increasing the emphasis on waste diversion, recycled content, and greenhouse gas reduction,
e Incorporating or strengthening circularity indicators, such as end-of-life recovery potential or
mono-material design strategies.

In this way, the weighting structure reflects not only technical performance but also prevailing
policy and market drivers [15].

Mechanism 3: Risk-adjusted weighting (market and supply-chain maturity)

If SWOT analysis reveals supply-chain vulnerabilities, such as feedstock inconsistency or limited
sorting infrastructure, MCDA models can incorporate risk-adjusted weighting [119]. This may
include:

e  Assigning greater weight to feedstock quality stability, process robustness, and scalability,
¢ Introducing explicit criteria related to supply reliability and quality assurance,
e Developing sensitivity scenarios that compare stable versus unstable supply conditions.

Such adjustments enable MCDA to account for implementation risks that may not be captured
through performance metrics alone [12,14].

Mechanism 4: Stakeholder-specific weighting profiles

SWOT analysis often reveals divergent stakeholder priorities, for example, regulators may
emphasize safety, manufacturers may prioritize cost and scalability, and municipalities may focus on
waste diversion and emissions reduction [120]. MCDA can translate these differences into multiple
weighting profiles, such as:

e  Regulatory profile: Highest weights assigned to fire safety, toxicity, and compliance,

e  Manufacturer profile: Greater emphasis on processing cost, yield, and scalability,

e  Municipal profile: Prioritization of diversion rates, greenhouse gas reduction, and circularity
indicators,

e  C(lient/market profile: Emphasis on aesthetics, performance assurance, and certification.

This multi-profile approach enhances transparency and reduces the risk of presenting a single
“universal” ranking that fails to reflect the realities of diverse decision contexts [13,15].

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.0934.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 March 2026 d0i:10.20944/preprints202603.0934.

23 of 33

8.4. Proposed Conceptual MCDA-SWOT Framework for Circular Plastic Construction Materials

Figure 3 presents a conceptual decision-support workflow that integrates evidence generation,
structured multi-criteria ranking, and strategic feasibility assessment. The framework links material
performance data and sustainability indicators with MCDA-based prioritization and SWOT-based
contextual analysis, ultimately producing context-aware and implementation-ready
recommendations [120-122].
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Figure 3. Phase 1 (Evidence & sustainability indicators), Phase 2 (Context & feasibility assessment) and Phase 3

(Decision modeling, implementation & outputs).

Step 1: Define decision context and alternatives
The process begins by clearly defining the decision problem and its boundaries. This includes:

e  Application type: structural, non-structural, insulation, or composite systems

e  Geographic and regulatory context: applicable building codes, certification schemes, and
infrastructure conditions

e  Alternatives under evaluation: polymer types, material formulations, processing routes, and
end-of-life strategies

Clear problem definition ensures that evaluation criteria and constraints reflect real functional
and regulatory requirements.

Step 2: Evidence compilation and criteria harmonization

Next, sustainability evidence is compiled and structured:

e  Map all performance indicators onto the four sustainability dimensions defined in Section 4
(environmental, economic, technical, social/regulatory)

e Ensure comparability of criteria through consistent units, normalization procedures, and
aggregation rules

e Identify data gaps and apply qualitative scoring where necessary

This step establishes a harmonized evidence base suitable for structured evaluation.
Step 3: SWOT-driven context scan
A strategic assessment is then conducted to capture contextual conditions affecting feasibility:
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¢ Internal factors: strengths and weaknesses of each material alternative or technology pathway

e External factors: opportunities and threats specific to the region, market, and regulatory
environment

¢  Output: identification of feasibility signals, implementation barriers, and adoption risks

This step provides qualitative but decision-relevant information that informs subsequent
weighting and constraint design.

Step 4: MCDA model construction

Based on the harmonized evidence, the MCDA model is built:

° Select the appropriate MCDA method (e.g., AHP, TOPSIS, PROMETHEE,VIKOR, MAVT,
ELECTRE, or hybrid LCA-MCDA)

e  Define scoring rules and normalization procedures

e Assign baseline weights using stakeholder elicitation or expert judgment

This stage produces an initial structured comparison among alternatives.
Step 5: SWOT-informed weighting and constraints
SWOT findings are then operationalized within the MCDA model:

e Introduce gating or threshold constraints (e.g., minimum fire performance or regulatory
compliance)

e  Adjust weights to reflect dominant SWOT signals (e.g., increased emphasis on certification
readiness under strict regulatory environments)

e Develop scenario-based weighting sets (e.g., policy-driven, market-driven, or risk-averse
scenarios)

This step enhances contextual sensitivity and reduces the risk of unrealistic rankings.
Step 6: Ranking, sensitivity, and robustness analysis
The model generates and tests ranking outcomes:

e  Compute rankings under multiple weighting scenarios
e  Conduct sensitivity analysis to identify potential ranking reversals
e Identify robust alternatives that maintain high performance across scenarios

This stage ensures transparency and improves confidence in decision outcomes.
Step 7: Decision outputs and implementation roadmap
The final stage translates analytical results into actionable guidance:

¢  Final recommendations: preferred material and process options by application type

¢ Implementation measures: required standardization steps, certification pathways, and supply-
chain improvements

e  Policy and investment guidance: incentives, procurement criteria, infrastructure priorities

The result is a context-aware decision package that integrates sustainability performance with
implementation feasibility.

8.5. Methodological Contribution and Implications

The proposed MCDA-SWOT framework advances sustainability assessment beyond simple
comparative scoring toward a more decision-oriented approach to circular construction strategy. By
integrating structured ranking with contextual feasibility analysis, it supports:

e  More robust and defensible weighting schemes grounded in real-world conditions,

e  Greater practical relevance through explicit consideration of implementation feasibility and risk,

e Improved transferability across regions by enabling scenario-based decision profiles adapted to
different regulatory, market, and policy environments.

Through this integration, sustainability evaluation becomes not only analytically rigorous but
also strategically actionable within circular construction systems [120-122].

By explicitly linking SWOT-derived insights to the design of MCDA models,including criteria
selection, threshold constraints, and scenario-based weighting, the proposed framework addresses a
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recurring limitation in earlier studies: the gap between quantitative rankings and real-world
implementation barriers. This integrated approach offers a practical pathway for aligning measured
sustainability performance with regulatory readiness, market acceptance, and broader circular
economy objectives.

9. Research Gaps and Future Directions

Although interest in the circular reuse of plastic and bioplastic waste in construction materials
has increased substantially, the reviewed literature highlights several persistent limitations that
restrict methodological rigor, cross-study comparability, and practical relevance. Addressing these
shortcomings is crucial for strengthening evidence-based decision-making and supporting the
transition toward circular construction systems. This section identifies the main research gaps and
proposes priority directions for future investigation.

Lack of Standardized Sustainability Criteria and Reporting Practices

One of the most significant limitations identified across existing MCDA and sustainability
assessment studies is the lack of standardized criteria sets and reporting protocols. Many studies rely
on customized indicators, normalization approaches, and scoring scales shaped by local priorities or
data constraints rather than shared methodological standards. Although this flexibility enables
contextual adaptation, it substantially limits cross-study comparability and constrains the
development of cumulative and transferable knowledge [40,43].

Future research should therefore focus on developing harmonized evaluation frameworks that
define core environmental, economic, technical, and social/regulatory indicators tailored to specific
construction application types. Establishing minimum reporting requirements, such as clear
documentation of data sources, system boundaries, weighting rationales, and sensitivity analyses,
would improve transparency and support more robust comparative and meta-analytical synthesis
[35].

Underrepresentation of Bioplastic Waste in Construction Evaluations

Although bioplastics are becoming increasingly prevalent in consumer markets and waste
streams, their reuse in construction materials remains relatively underrepresented in sustainability
assessments and MCDA-based research. The majority of existing evaluations focus primarily on
fossil-based polymers such as PET, HDPE, and PP, while bioplastics are often confined to small-scale
or experimental studies [83,84].

This imbalance limits a comprehensive understanding of the comparative strengths and
constraints of bioplastic-based construction materials, particularly with respect to durability,
compatibility with existing recycling infrastructures, and long-term environmental performance.
Future research should expand empirical evidence on bioplastic waste reuse, including field-scale
applications and lifecycle-based assessments, to enable more balanced and informed material
selection frameworks [85].

Limited Integration of Social Life Cycle Assessment

Social dimensions remain inadequately addressed in most sustainability evaluations of plastic-
based construction materials. Although environmental and economic indicators are frequently
quantified, social impacts such as worker safety, community health implications, labor conditions
within supply chains, and societal acceptance are often treated only qualitatively or omitted
altogether [35,86].

Uncertainty in End-of-Life Management and Circularity Performance

End-of-life management remains a critical yet insufficiently characterized aspect of plastic-based
construction materials. Many studies rely on simplified assumptions regarding disposal or recycling
pathways, without adequately addressing uncertainties related to collection infrastructure, material
degradation over time, contamination, and the economic feasibility of recovery [86-88].

Composite and multi-material systems pose particular challenges for closed-loop recycling, yet
their long-term end-of-life implications are rarely examined in depth. Future research should
incorporate dynamic lifecycle modeling, scenario-based analysis, and material flow analysis to more
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accurately represent circularity performance under realistic conditions. In addition, greater emphasis
on design-for-disassembly principles and mono-material strategies could significantly improve the
recyclability of plastic-based construction products at the end of their service life [88].

Regional and Geographic Bias in Existing Studies

The reviewed literature reveals a clear regional imbalance, with most studies concentrated in
Europe, East Asia, and a limited number of high-income countries. By contrast, regions facing rapid
urbanization and high levels of plastic leakage, such as parts of Africa, South Asia, and Latin America,
are significantly underrepresented in systematic sustainability evaluations [89,90].

This geographic skew constrains the generalizability of existing findings, as regulatory
frameworks, waste-management systems, labor conditions, and market dynamics differ substantially
across regions. Future research should therefore prioritize geographically diverse case studies and
comparative analyses that reflect varied socio-economic and institutional contexts. Such efforts are
critical for developing inclusive, context-sensitive, and globally applicable circular construction
strategies [91,92].

Methodological Advancements for Integrated Decision-Support Frameworks

Beyond the thematic gaps identified above, there is a broader need for methodological
advancement in integrated decision-support systems. Although MCDA and SWOT are increasingly
applied in the evaluation of circular plastic construction materials, their integration is rarely
operationalized in a systematic and reproducible manner. Weighting procedures often lack explicit
connections to contextual conditions, and uncertainty analysis is not consistently reported or
rigorously applied.

Future research should further develop hybrid MCDA-SWOT-LCA frameworks that
incorporate probabilistic modeling, scenario-based weighting approaches, and structured
stakeholder participation. The use of digital decision-support tools and open-access databases could
also facilitate standardized data sharing and collaborative model refinement. Advancing these
methodological dimensions would strengthen the robustness, transferability, and policy relevance of
sustainability assessments in circular construction systems.

Implications for Policy, Industry, and Research Communities

Addressing the research gaps identified in this review requires coordinated action across
academic, industrial, and policy spheres. Policymakers can promote methodological standardization
through targeted funding programs and the development of regulatory guidance. Industry
stakeholders can contribute empirical performance and cost data through pilot projects and
demonstration initiatives. At the same time, researchers play a critical role in advancing integrative
modeling approaches and refining decision-support methodologies.

Strengthening collaboration among these actors will be essential for translating sustainability
assessments into practical and scalable circular construction solutions. Future research agendas
should therefore prioritize interdisciplinary collaboration, open-data practices, and real-world
validation of decision-support frameworks to ensure that analytical advances lead to meaningful
implementation outcomes.

10. Conclusions

This review has synthesized current knowledge on the reuse of fossil-based plastic and
bioplastic waste in construction materials through a sustainability-driven and decision-oriented lens.
By integrating material- and application-based evidence with a systematic examination of Multi-
Criteria Decision Analysis (MCDA) and SWOT-based evaluations, the study moves beyond purely
descriptive accounts and offers a structured understanding of how circular plastic construction
solutions are assessed, prioritized, and translated into practice.

The findings indicate that reusing plastic waste in building materials can meaningfully
contribute to circular economy objectives by diverting waste from disposal pathways, reducing
reliance on virgin resources, and embedding secondary materials in long-life applications. However,
sustainability performance varies significantly across polymer types, construction applications, and
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regional contexts. It cannot be inferred from feedstock origin alone. Instead, outcomes depend on the
interaction of environmental impacts, economic viability, technical performance, and social and
regulatory conditions.

The synthesis of MCDA applications confirms the value of quantitative and transparent
decision-support tools for managing trade-offs and supporting evidence-based material selection. At
the same time, the SWOT analysis demonstrates that successful implementation is strongly
influenced by contextual factors, including regulatory frameworks, market acceptance, supply-chain
maturity, and policy incentives. The proposed integrated MCDA-SWOT framework addresses this
duality by linking structured performance-based ranking with strategic feasibility assessment,
thereby enabling more robust and context-sensitive sustainability evaluations.

From a policy perspective, the results highlight the need to align circular economy targets with
standardized evaluation frameworks, certification systems, and procurement mechanisms that
facilitate the uptake of recycled and bioplastic-based construction materials. For industry
stakeholders, the framework provides guidance for prioritizing material innovation, investing in
enabling infrastructure, and engaging proactively with regulatory processes. For researchers, the
review identifies key priorities, including methodological harmonization, expanded assessment of
bioplastics, integration of social life cycle assessment, and improved modeling of end-of-life
scenarios.

Overall, advancing circularity in plastic waste management through construction applications
requires not only technological development but also systematic decision science and coordinated
governance. By strengthening the connection between sustainability evidence, contextual feasibility,
and implementation pathways, integrated decision-support frameworks can play a pivotal role in
accelerating the transition toward resilient, resource-efficient, and circular built environments.
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