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Abstract

The built environment continues to encounter significant challenges related to waste gen-
eration and resource depletion, driving increased interest in circular economy strategies
that extend material lifecycles and mitigate environmental impacts. This systematic re-
view synthesises findings from 60 studies on waste-to-resource innovations across con-
struction and household contexts. Although the existing literature predominantly ad-
dresses construction and demolition waste, this review foregrounds household opera-
tional waste, an area that remains insufficiently explored despite its importance for eve-
ryday resource recovery. The analysis examines how materials generated through routine
use, maintenance, and minor renovation activities can be captured and redirected into
productive resource streams, with particular attention to governance mechanisms such as
Extended Producer Responsibility (EPR). The findings indicate that effective waste-to-re-
source systems depend on coherent regulatory frameworks and enforcement, economic
incentives, enabling technologies, community engagement, and product design that facil-
itates reuse and disassembly. Key barriers include low public awareness, fragmented sup-
ply chains, high recovery costs, weak compliance mechanisms, and materials that are dif-
ficult to separate. The review concludes that improving waste-to-resource outcomes in the
built environment requires coordinated action among producers, households, local au-
thorities, and technology providers, and it articulates policy-relevant and community-ori-
ented pathways to support more effective resource recovery systems.

Keywords: waste-to-resource; EPR; SDG 11; SDG 12; household waste; sustainable
building; circular economy; resource recovery

1. Introduction

Sustainable construction and material recovery have become central themes in global
debates on the future of the built environment. The construction sector consumes an esti-
mated 40% of extracted raw materials and generates almost one-third of global solid
waste, making it one of the most resource-intensive industries worldwide [1,2]. These
pressures are amplified by rapid urban growth, rising infrastructure demand, and in-
creased volumes of household and building-related waste, which strain local waste man-
agement systems and accelerate ecological degradation [3]. As these challenges intensify,
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researchers and practitioners have turned their attention to circular economy thinking,
which promotes the continual circulation of materials through reuse, recycling, and re-
source optimisation rather than disposal [4]. This transition redefines waste as a valuable
secondary resource and advances models for recovering construction materials from
household waste, maintenance activities, renovation work, and community waste streams
for productive use.

A growing body of evidence shows that waste generated during building occupancy,
such as furniture, carpets, fixtures, electronic devices, plastics, timber fragments, and mi-
nor demolition debris, can be recovered through innovative processes that transform dis-
carded materials into construction inputs [5-9]. Community groups, local recyclers, and
small-scale enterprises increasingly participate in these resource loops, demonstrating the
social and economic potential of decentralised recovery systems that reduce landfill pres-
sure while supporting local employment and skills development [10,11]. However, de-
spite progress in material reuse and recycling technologies, the knowledge base remains
fragmented. Many studies focus on technical performance while overlooking the broader
social, policy, and market conditions that determine whether waste-to-resource innova-
tions succeed, scale, or remain isolated pilot initiatives [12-15]. This fragmentation under-
scores the need for a systematic, interdisciplinary synthesis of evidence spanning construc-
tion materials, community practices, behavioural factors, and governance mechanisms.

Extended Producer Responsibility offers a compelling framework for understanding
and improving material recovery within the built environment. Extended Producer Re-
sponsibility treats waste management as an upstream responsibility. It expects producers,
suppliers, and construction professionals to manage material impacts from the design
stage onward [16,17]. This shift aligns with circular economy principles by positioning
producers and construction stakeholders as active participants in resource recovery rather
than passive contributors to waste generation [3,8,18]. Integrating EPR with community-
based initiatives has shown promise in both developed and emerging economies where
collaborations between suppliers, builders, recyclers, and households have supported re-
use markets, improved resource efficiency, and strengthened circular local economies [8].
Yet further clarity is needed regarding how these systems function across diverse contexts
and how actors at different levels contribute to material recovery outcomes.

This study aligns with the United Nations Sustainable Development Goals (SDGs)
set in 2015, particularly SDG 11 on sustainable cities and communities and SDG 12 on
responsible consumption and production. SDG 11 emphasises the need to improve the
environmental performance of urban areas, including the management of waste gener-
ated through construction and everyday household activities. The focus of this review on
material recovery within buildings and communities supports this goal by identifying
ways to reduce landfill disposal and encourage more efficient resource use. SDG 12 calls
for responsible production systems in which materials are designed, used, and recovered
in ways that minimise environmental harm. The extended producer responsibility frame-
work examined in this study contributes to the circular economy objective by encouraging
producers and supply chain actors to redesign materials for durability, reuse, and im-
proved traceability. By analysing how waste-to-resource systems operate across house-
holds, producers, and local authorities, this review provides evidence that connects ma-
terial recovery practices within the circular economy broader international efforts to pro-
mote sustainable production and resilient urban environments [12,17,19].

Despite the increasing volume of research on circular economy practices and material
recovery in the built environment, a noticeable imbalance remains in the literature. Much
of the existing research concentrates on construction and demolition waste streams due
to their large material volumes and regulatory attention [7]. In contrast, operational phase
waste generated during everyday building use, including discarded household items,
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fixtures, appliances, and small renovation debris, remains comparatively under exam-
ined. This imbalance limits a comprehensive understanding of how waste to resource
strategies can operate at the household and community level, where a significant propor-
tion of material flows originate during the life cycle of buildings. Given these gaps, a sys-
tematic review is required to consolidate global knowledge on waste-to-resource innova-
tions within the built environment, including the material types recovered, the technolo-
gies used, and the socio-economic and governance conditions that shape adoption. By ex-
amining evidence through the lens of EPR and circular economy practice, this study aims
to identify the enabling factors that allow communities, industries, and policymakers to
translate waste into valuable resources. The review also seeks to clarify the barriers to
recovery efforts, including regulatory constraints, limited community awareness, techno-
logical challenges, and weak market incentives. In doing so, the study contributes to in-
ternational conversations on sustainable construction and material accountability while
providing insights that support more resilient and equitable waste management systems.
The objective of this study is to systematically synthesise existing research on waste-to-
resource innovations within the built environment, with particular emphasis on house-
hold operational waste generated during the use, maintenance, and minor renovation of
buildings. By examining the types of materials recovered, the technological systems ap-
plied, and the governance mechanisms that influence recovery processes, the study aims
to identify the key enablers and barriers shaping the transformation of discarded house-
hold materials into valuable resources.

To address these gaps and provide clearer insight into how waste-to-resource prac-
tices operate within the built environment, the study defines the following research ques-
tions.

1. What types of household-based waste-to-resource innovations are applied within the
built environment?

2. What household materials and technological systems are most recovered, reused, or
recycled through these waste-to-resource innovations?

3. What key enablers and barriers influence the implementation and scaling of house-
hold waste-to-resource practices within the built environment?

2. Literature Review
2.1. Circular Economy Transitions in the Built Environment

Recent literature underscores the growing importance of circular economy transi-
tions in the built environment, noting that construction activities continue to place sub-
stantial pressure on global resource systems. Ref. [8] explains that circular practices in
construction involve designing materials and processes that allow components to be re-
used, repurposed, or reintegrated into new production cycles with minimal environmen-
tal impact. Gonzalez et al. [4] adds that circularity in buildings can reduce the extraction
of virgin materials and support lower-carbon outcomes when supported by policy direc-
tion and supply chain coordination. Studies further show that digital tracking systems,
improved procurement models, and early design interventions are essential to achieving
circular outcomes [20]. However, the literature also reports that many construction sys-
tems remain dependent on traditional linear models that prioritise disposal, creating
structural barriers to circularity, particularly in regions experiencing rapid urbanisation
[20]. These studies collectively argue that transitioning the built environment toward cir-
cularity requires integrated strategies that operate across the design, construction, opera-
tion, and end-of-life phases.

Scholars have also emphasised that operational-phase waste is a critical but often
under-examined component of circular economy transitions. Guo et al. [20] shows that
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household-level waste streams, including furniture, textiles, fixtures, plastics, and elec-
tronic items, represent a significant resource base with high recovery potential when ad-
equate systems are in place. Rahman and Mahmud. [3] argues that circular outcomes de-
pend not only on technological solutions but also on community-level engagement and
the willingness of occupants to participate in sorting and recovery programmes. Studies
further indicate that differences in infrastructure, local policies, and socio-economic con-
ditions influence households’ participation in circular initiatives [21]. Dushmantha et al.
[22] adds that behavioural drivers such as awareness, convenience, and perceived benefits
strongly shape the effectiveness of material recovery systems. These findings highlight
that research on circular transitions must integrate both technical and social dimensions
to develop context-appropriate material loops within residential and community settings.

2.2. Extended Producer Responsibility and Material Accountability

The literature consistently identifies Extended Producer Responsibility as a key ap-
proach to improving material accountability and reducing waste across construction and
household systems. Meng et al. [18] explains that EPR frameworks shift responsibility
from end users to producers and suppliers by requiring materials to be designed for du-
rability, disassembly, and improved traceability. Hammoud et al. [23] similarly reports
that EPR schemes encourage producers to take an active role in post-use material man-
agement through takeback systems, product redesign, and improved information sharing
along the supply chain. Alev et al. [17] shows that EPR can reshape supply chain opera-
tions by promoting closed-loop systems in which producers retain some degree of respon-
sibility for material recovery. When digital technologies and clear regulatory structures
support these systems, studies indicate that recovery rates improve and environmental
impacts decline [24]. However, scholars also note that EPR effectiveness is uneven across
contexts, particularly in regions where regulatory enforcement is weak or inconsistent.

More recent studies highlight that EPR success depends on cooperation among mul-
tiple actors in the built environment, including manufacturers, contractors, recyclers, local
authorities, and building occupants. Ahmad et al. [25] reports that shared responsibility
models improve circular outcomes by aligning producer roles with community-level ini-
tiatives that manage household operational waste. Dushmantha et al. [22] also emphasises
that EPR functions best when supported by strong behavioural and institutional frame-
works that encourage collaboration across the supply chain. Rahman and Mahmud. [3]
argues that producer involvement must be complemented by community participation
and effective local infrastructure for sorting and collection. Luo et al. [26] further demon-
strates that household appliance waste can be more efficiently recovered when producers
engage in tracking, takeback, and information exchange processes. Together, these studies
suggest that EPR can make significant contributions to circularity, but only when embed-
ded within broader systems that integrate producers, communities, and recovery organi-
sations.

2.3. Waste to Resource Practices Across Construction and Household Settings

Recent research provides extensive evidence on the diverse strategies used to convert
discarded materials into valuable construction resources. Jiang et al. [24] shows that im-
proved processing technologies and material redesign can increase the quality and relia-
bility of recycled aggregates and other recovered products. Ahmed and Sanam. [27]
demonstrates that IoT-enabled sorting and routing systems improve the efficiency of e-
waste collection in urban areas and support higher-value recovery. Guggemos and
Horvath. [28] reports that advanced recycling and remanufacturing systems can support
circular transitions by reducing the environmental impacts associated with new material
production. Studies also highlight the role of community-based recovery initiatives,
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which often capture operational-phase waste, such as plastics, furniture, and small elec-
tronics, that might otherwise be landfilled [29,30]. These findings indicate that waste-to-
resource systems rely on a combination of technological tools, coordinated infrastructure,
and community participation.

The literature also identifies a range of barriers that constrain the effectiveness of
waste-to-resource practices across different contexts. Mehmood et al. [21] reports that lim-
ited awareness, weak incentives, and inadequate sorting practices reduce household par-
ticipation in recovery systems. Guggemos and Horvath. [28] notes that technical chal-
lenges, including insufficient recycling infrastructure and outdated equipment, limit local
authorities” and private operators’ ability to process diverse waste streams. Economic con-
straints, including low market value for recycled materials, remain a significant barrier in
many regions [31]. Regulatory weaknesses further compound the problem, with several
studies showing that unclear mandates and weak enforcement undermine the implemen-
tation of waste-to-resource policies [32]. These findings collectively suggest that while
waste-to-resource strategies show promise, their success depends on aligning social, tech-
nical, and policy conditions within local contexts.

2.4. Conceptual Framework

This review is guided by the Extended Producer Responsibility concept, which pro-
motes a shift in accountability for waste generation and material recovery from end users
to actors within the production and supply chain. The core idea of this concept is that
responsibility for managing waste should begin with those who design, manufacture,
supply, or install construction materials, rather than resting solely with building occu-
pants or local authorities [16]. Within this system, producers are encouraged to design
materials that last longer and can be recovered without difficulty. Suppliers are expected
to support traceable distribution pathways and encourage responsible material return,
while builders and recycling organisations participate in the safe recovery and reintegra-
tion of discarded materials into productive use [3,18].

For this review, operation-phase waste refers to materials produced after a building
has been completed and handed over to its owner or occupants [16]. These materials arise
during everyday use, maintenance, and small renovation activities. They include plumb-
ing fixtures, taps, electrical items such as switches and cables, carpets, furniture, interior
fittings, minor demolition fragments such as timber off-cuts or floor tiles, and discarded
household devices that fall under the category of electronic waste [27]. These materials
are usually managed through community-based disposal and recovery systems, includ-
ing council collection programmes, private recycling services, resource recovery centres,
transfer stations, and informal reuse pathways [33,34]. This classification provides a clear
structure for understanding how different forms of waste move from households and
building owners into broader material recovery streams.

The framework used in this review integrates three connected ideas. The first is the
recognition that household operational activities generate significant amounts of waste
that require distinct recovery strategies. The second is the distribution of responsibility
for this waste across producers, suppliers, owners, and local recovery systems, consistent
with the principles of Extended Producer Responsibility. The third is the role of material
and technological innovation, which enables discarded household materials to be trans-
formed into valuable resources through reuse, recycling, or remanufacturing. Together,
these ideas guide the review in organising and interpreting existing studies, understand-
ing variations in household waste recovery practice, and identifying the conditions that
support successful waste to resource initiatives within the built environment.
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3. Research Method

This study employed a systematic literature review methodology, following struc-
tured and replicable procedures to identify, screen, and synthesise peer-reviewed evi-
dence on waste-to-resource practices in the built environment. Adopting this approach,
the study aims to provide a transparent and reproducible synthesis of existing evidence
on waste-to-resource strategies within the built environment [35,36]. The study identifica-
tion, screening, and eligibility assessment followed the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines, which provide updated
standards for transparency and reproducibility in systematic evidence synthesis [36,37].
This structured approach aligns with established protocols for rigorous systematic re-
views [38,39], thereby ensuring clarity in the processes of identifying, screening, exclud-
ing, and including records. The flow of studies through the screening stages is summa-
rised in the PRISMA 2020 flow diagram 1 (see Figure 1).

Identification of new studies via databases and registers

[ =
2
S
b
5 Records removed before screening:
= Records identified from: Duplicate records (n = 46)
Databases (n =2) Records marked as ineligible by automation
Registers (n=1) tools (n = 0)
Records removed for other reasons (n = 0)
y
Records screened o Records excluded
2 (n=1775) (n=1612)
[=
g
& y
Reports sought for retrieval o Reports not retrieved
(n=163) (n=0)
y
Reports assessed for eligibility __ Reports excluded:
(n=163) (n=103)
9
D
3
3 4
= New studies included in review
(n=60)
Reports of new included studies
(n=0)

Figure 1. PRISMA 2020 Flow Diagram.

3.1. Search Strategy

The search strategy was developed to capture three connected ideas in the conceptual
framework:

1. Waste generated in buildings and communities during use, maintenance and minor
renovation.

2. The distribution of responsibility for this waste across producers, suppliers, builders,
owners and recovery systems.

3. Material and technological innovations that convert discarded materials into new re-
sources through reuse, recycling or remanufacturing.

The study selection process followed the PRISMA 2020 framework and was con-
ducted in multiple stages. First, duplicate records were removed. Second, titles and ab-
stracts were screened against predefined inclusion and exclusion criteria (See Table 1).
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Third, full text articles were assessed for eligibility based on relevance to waste to resource
practices in the built environment. Only studies that met all inclusion criteria were re-
tained for final analysis. A structured keyword search strategy was developed to capture
studies related to waste to resource systems within the built environment. Key search

Y7 v

, “waste to resource”, “construction

terms included combinations of “circular economy
waste”, “household waste”, “material recovery”, and “built environment”. Boolean oper-

ators such as AND and OR were used to refine the search and ensure relevance.

Table 1. Inclusion / Exclusion Criteria.

Stage Description Inclusion Criteria Exclusion Criteria Outcome
Database searches were con-
ducted across Scopus and EB-
. SCO. All retrieved records
1. Identifica- . 1918 records
. were exported, and duplicates — — . o
tion .. identified
were removed. The remaining
records were imported into
Rayyan for screening.
Articles not in English.
No connection to the
built environment or
housing.
. o General waste-manage-
. Articles that referenced buildings, . &
Titles and abstracts were . , ment papers with no
. housing, construction, or opera- .
. screened for relevance to built . . link to resource recov- .
2. Title & . tional/household materials. 163 studies
environment waste-to-re- . . . . ery, CE, or EPR. .
Abstract . . Articles with any link to circular . remained for
. source practices. Screening fo- Industrial-only systems
Screening o economy (CE), extended producer full-text re-
cused on eliminating clearly s are not connected to )
(Stage 1) . . responsibility (EPR), reuse, recy- o . view
irrelevant topics and non-re- . . buildings or communi-
. cling, material recovery, or house- .
search items. . . . ties.
hold waste in built environments. L ..
Editorials, opinion
pieces, conference sum-
maries, or grey litera-
ture without methodo-
logical detail.
Purely theoretical pa-
. pers with no link to
Examined waste-to-resource strate- .
L . . .. practical waste-to-re-
gies involving materials arising from .
. . . source strategies.
construction or operation phases, in- . .
. Systematic reviews or
cluding household waste such as , )
. . . narrative reviews (to
furniture, appliances, fixtures, elec- .
Full texts of all 163 papers .. avoid “review of re-
. trical items, hazardous household .
were retrieved and screened views”). e
3. Full-Text . . L. waste, etc. 60 studies in-
. against detailed criteria re- . . Textbooks or book o
Screening Reported empirical studies, struc- . cluded in fi-
lated to waste-to-resource . . chapters without peer .
(Stage 2) . . tured case studies, modelling, or . nal review
practices and methodological review.

clarity.

conceptual frameworks connected to
material recovery, reuse, recycling,

remanufacturing, or circular design.

Provided sufficient details for the ex-
traction of materials, technologies,

responsible actors, and outcomes.

Studies focusing only
on high-level demoli-
tion waste, with no
transferable insights

into operation-phase or

household material
streams.
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The literature search was conducted using two major academic databases, Scopus
and EBSCO, selected for their comprehensive coverage of peer reviewed research in the
built environment, sustainability, and waste management domains. Scopus and EBSCO
were selected as the primary databases for this review because they provide broad, mul-
tidisciplinary coverage of peer-reviewed research relevant to the built environment, waste
management, circular economy practices, and extended producer responsibility systems.
Scopus is widely recognised as one of the largest abstract and citation databases, offering
extensive indexing of engineering, environmental science, sustainability, and policy-re-
lated journals that are central to the focus of this study [40]. Its wide subject coverage
ensures that research on construction waste, material recovery technologies and producer
responsibility schemes is captured across both technical and social science domains. EB-
SCO complements this coverage by providing access to collections that include design,
planning, community studies, and behavioural research, which are essential for under-
standing household and operational-phase waste streams, as well as community partici-
pation in recovery systems [41].

Using both databases strengthens the reliability of the search process by reducing the
risk of missing relevant studies that may be indexed in one database but not the other.
Systematic review guidance emphasises that using multiple multidisciplinary databases
improves the completeness of evidence retrieval and supports a more transparent and
reproducible search process [36].

Scopus is consistently identified as one of the most comprehensive indexing plat-
forms for engineering, construction, and environmental science research, making it suita-
ble for capturing studies on material recovery and resource use across the period under
review from 2010 to 2026 [42]. Its broad disciplinary coverage allows the retrieval of re-
search on circular economy practices, waste management technologies, and producer re-
sponsibility systems that have developed over the past decade. EBSCO databases comple-
ment this coverage by providing strong access to applied social science, planning and be-
havioural studies, which are essential for understanding household waste practices, com-
munity participation and institutional influences on recovery systems across the same re-
view period [43]. Using both databases therefore supports a balanced, interdisciplinary
evidence base that aligns with the scope and time frame of this systematic review.

3.2. Screening and Eligibility

The combined database searches produced 1800 records. Duplicates were removed,
and the remaining records were imported into Rayyan for screening support. Titles and
abstracts were screened in two stages. The database search was conducted between 6 Oc-
tober and 20 October 2025. This period was selected to ensure the inclusion of the most
recent developments in waste to resource research, particularly studies reflecting the
rapid evolution of circular economy practices and producer responsibility systems over
the past decade. Conducting the search within this defined window allowed for a con-
sistent and comprehensive retrieval of studies while ensuring that the evidence base re-
flects up to date technological, policy, and community-based innovations.

After this assessment, 60 studies met all inclusion criteria and were retained for cod-
ing and synthesis. These studies cover a range of waste-to-resource practices across con-
struction and operational phases. Still, they were all analysed through the lens of their
implications for household and operational-phase waste streams, including furniture,
metals, fixtures, consumer devices, and other discarded materials that flow through in-
habited buildings. The primary database search was completed on 15 October 2025, with
updates performed on 18 October 2025 to ensure inclusion of recently published studies.
All articles indexed in Scopus and EBSCOhost up to this date were eligible for screening.
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3.3. Data Extraction and Coding

Data extraction was conducted using a structured Excel template aligned with the
Extended Producer Responsibility framework and the focus of this review on operational-
phase waste, including household-level discards such as furniture, metals, plastics, tex-
tiles, minor renovation debris, and small electrical or electronic items. For each of the sixty
included studies, key descriptive and analytical information was systematically recorded
to ensure consistency and comparability during synthesis. Extracted information included
publication details such as authors, year, study location and research purpose, which al-
lowed us to situate each study within global waste-to-resource practice. In addition, meth-
odological characteristics, the type of waste addressed, and the sectoral setting were doc-
umented to distinguish studies focusing on construction-related operational waste from
those examining domestic disposal behaviour or producer-side interventions. Coding also
captured the specific waste-to-resource pathways examined in each study, including re-
use, recycling, remanufacturing, upcycling, material substitution, or policy-driven recov-
ery systems.

To ensure systematic referencing throughout the findings, each included study was
assigned a unique numerical identifier during data extraction. These identifiers (e.g.,
Study 1, Study 2, Study 3, refer to Appendix A correspond to the order in which studies
appear in the final list of included papers and are used consistently in the Results and
Discussion sections to reference specific evidence. Assigning numeric IDs improves trace-
ability, enables clearer comparisons across themes, and prevents the repetition of full ci-
tations within tables and narrative descriptions. A complete list of all included studies,
including their corresponding study numbers, full bibliographic details, and coding at-
tributes, is provided in Appendix A.

Further coding focused on enablers and barriers relevant to material recovery, pro-
ducer responsibility, and the adoption of circular practices. These included regulatory
mechanisms, economic drivers, technological innovations, social behaviours, institutional
capacity, supply-chain coordination, and governance structures. Special attention was
given to whether studies examined producer-side strategies, household behaviours, local
authority interventions, or market-based incentives, as this allowed the analysis to map
how responsibility shifts across the lifecycle in line with the EPR framework. Finally, each
study was coded for key findings and implications, enabling deeper synthesis into the-
matic clusters that reflect global progress in transitioning household and operational
waste streams into productive resource loops. This structured approach ensured that data
across all sixty studies were consistently captured and positioned for robust thematic and
conceptual analysis as shown in Figure 2.

Title -| year -| montt-| day -| journa-| issn -| volumi-| issue -| pages-| author-| url -|languag-|publish - | locatio - | abstrac-| notes-| doi -|
Managing and Accelerating the 2026 lournal of 19435479 42 1 Eissa, R. aihttps:/fwiEnglish ~ American ["ClemsonThe fragm Export Da 10.1061/11
Waste management in Nigeria: 2026 Environme22114645 57 Omokaro, https:/{wiEnglish  Elsevier B.["RUDN UiThis study Export Da 10,1016/,
Evolutionary mechanism of cor 2025 Developm 26661659 24 Li, X and Vhttps:/fwEnglish  Elsevier Lt Sichuan AjConstructi Export Da 10.1016/j.
Collaborative strategies for enh 2025 Sustainabl 23525541 8 Zhou, Z aihttps:/fwn English  Elsevier B.["Zhejiang The growi Export Da 10,1016/},
Explering the feasibility of exter 2025 Scientific F 20452322 15 1 Hammouc https:/{w\ English  Nature Re ["America Inadequat Export Da 10,1038/
Artificial intelligence in solid wa 2025 Environme 15732959 197 1 Gurjar, R.Ahttps:/fwi English  Springer 5 ["Banasth.The fast-p Export Da 10.1007/s
Economic growth and sustainal 2025 Journal of 03014797 394 Ben Amar. https:/fw\ English  Academic ["Qingdao Sustainabl Export Da 10,1016/},
Life eyele insights into construel 2025 Journal of 23527102 111 Gaa, Y. an https:/fwn English  Elsevier Lt ["UNSW $*Constructi Export Da 10,1016/,
Evaluating the effectiveness of 2025 Multidisei; 25953982 2 10 Spinthirap hitps:/fw\ English ~ Malque Pu["Universi This paper Export Da 10.31893/
A simplified framework for asst 2025 Waste Ma 0734242% 43 10 1491-150€ Maalouf, / https:/fwn English  SAGE Publ ["Universi Waste mir Export Da 10.1177/0
Practical considerations of circ, 2025 Building 2103601323 282 Gurusingh https:/fun English  Elsevier Lt ["RMIT UnThe reside Export Da 101016/},
Circular economy policies and t 2025 lournal of 03014797 389 Shooshtar hitps:/ /v English  Academic ["RMIT UnThe built ¢ Export Da 10,1016/j,
Innovative AloT Selutions for PI 2025 Applied 520763417 15 13 Rogea, C.-Ihttps:/fwn English  Multidisci)["Universi Recyeling | Export Da 10.3390/a
Innovations for sustainable coa 2025 Sustain. cc 9798337352787 (ISBN); 979833'208-332  Thomas, Thttps:/fw\English  1GI Global ["5t Teres: Coastal cit Export Da 10.4018/9
Circular economy in modular e 2025 lournal of 23527102 103 Shooshtar https:/fwn English  Elsevier Lt RMIT UnivThe global Export Da 10.1016/j,
Unleashing Enviropreneurship™ 2025 Corporate 15353966 32 3 3313-33230, D. and (https:/fw English  John Wile ["Xi'an JiarFocused o Export Da 10.1002/c
INTELLIGENT PLASTIC BRAND A 2025 lurnal Tek 21803722 87 3517-527 Abu-Samahttps;/fwEnglish  Penerbit L ["Universi The ever-g Export Da 10.11113/
Analysis of adobes from vernac 2025 Constructi09500618 470 Polidori, G https:/fwn English  Elsevier Lt ["Universi This study Export Da 10.1016/]
Strategic Concepts, Challenges, 2025 Circular Ec2730597X 5 2 1201-1217)acob, €. ahttps:/fwnEnglish  Springer N Amity UniThe real e:Export Da 10.1007/5.
Construction and optimization 2025 KSCE Jours 19763808 29 3 Tang, L. ar https:/fvn English  Elsevier In["Nanjing. The resou Export Da 10.1016/]
Identification of Barriers and D 2025 Business $09644733 34 2 2167-21855mol, M. s https://wn English  John Wile: ["AGH UniWater anc Export Da 10.1002/b
Modeling relational performan 2025 Smart and 20466099 14 1276-302 Masood, Fhttps://wnEnglish  Emerald P[ The UnivPurpose: FExport Da 10.1108/S
A circular ecosystem for the im 2025 Multidisciy 26751240 7 4 Nikishyna, https:/fwn English  Malque Py ["National Effective v Export Da 10.31893/
Circular economy implementat 2025 Productioi 09537287 k3 4501-520  Zils, M. an https:/fun English  Taylor anc University Our aim is Export Da 10.1080/0

Figure 2. Cross-section of Included/Excluded studies.
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3.4. Thematic Development

The evidence from the 60 included studies converges around five interconnected
themes that explain how waste-to-resource practices can be strengthened within house-
hold and building operations. The first theme concerns policy and governance models
that shift accountability for waste generation and recovery upstream through mechanisms
such as extended producer responsibility, eco-modulated fees, product stewardship and
zero-waste urban strategies. These approaches redefine waste as a shared responsibility
among producers, suppliers, and local authorities, thereby supporting community-level
recovery systems accessible to households. The second theme centres on advancements in
recycling technologies and digital traceability systems, including material passports,
blockchain-enabled information platforms, machine-learning estimation tools and intelli-
gent collection or sorting devices. These tools enhance visibility of material flows, partic-
ularly household fixtures, electronics, furniture, and small demolition residues, making
recovery operations more efficient and reducing landfill waste.

The third theme focuses on circular and low-impact materials and components. Stud-
ies highlight the reuse of structural elements, the conversion of discarded products into
new building materials, and the development of innovative formulations that incorporate
household waste streams, such as plastics, timber fractions, and e-waste. These material
innovations support resource circulation in both residential settings and wider built-en-
vironment applications. The fourth theme relates to business and supply-chain models
that demonstrate how organisations capture value from waste-to-resource initiatives. Ex-
amples include reverse logistics systems, manufacturer takeback schemes, reuse markets,
and community-based recovery networks that connect households with recycling centres
and producers. These models illustrate the economic and environmental benefits of clos-
ing material loops.

The fifth theme emphasises behavioural and community-driven interventions. Stud-
ies in this group explore household sorting behaviours, participation in reverse-exchange
programmes for e-waste, door-to-door recycling schemes, awareness campaigns and in-
centives that shape how residents dispose of furniture, fixtures, electrical items and eve-
ryday materials arising during the building operation phase. Collectively, these themes
provide the analytical structure for presenting the review findings. They also form a co-
herent bridge between the Extended Producer Responsibility framework guiding this
study and the practical design of waste-to-resource practices at household, building and
community recovery levels.

4. Integrated Results and Discussion
4.1. Introduction to the Findings

The analysis of the 60 included studies revealed a rich but uneven body of evidence
on waste-to-resource innovation across the built environment. Although the studies var-
ied in geographical scope, methodological approach, and technological maturity, clear
thematic patterns emerged that offer insight into how different waste streams, actors, and
systems contribute to circular practices. Presenting the results and discussion together al-
lows the narrative to move beyond a simple description of the findings and instead posi-
tion them within broader debates on sustainable resource management, community par-
ticipation, and extended producer responsibility. The findings demonstrate that while
substantial progress has been made in the reuse and recovery of construction-related
waste, there is growing recognition of the need to integrate household-level waste systems
and producer accountability to achieve circular outcomes. These insights help address the
three research questions guiding this review.

https://doi.org/10.3390/buildings16071399


https://doi.org/10.3390/buildings16071399

Buildings 2026, 16, 1399

11 of 33

4.2. Study Focus and Dominant Methodological Approaches in the Reviewed Literature

The reviewed studies exhibit a diverse but uneven distribution of thematic focus ar-
eas and methodological approaches, reflecting differing research priorities within house-
hold waste-to-resource reviewed literatures in the built environment. Across the litera-
tures, research attention is primarily directed toward policy and governance mechanismes,
construction sector recycling, and technical assessments of material recovery, while com-
paratively fewer studies engage with producer-led recovery systems, digital traceability
tools, and community-based reuse practices. Methodologically, the evidence base is dom-
inated by quantitative, experimental, and assessment-oriented approaches, with more
limited application of system modelling, mixed-methods designs, and socially oriented
qualitative inquiry. This pattern suggests that, while the technical and regulatory dimen-
sions of waste-to-resource systems are relatively well developed, there remains a need for
broader methodological integration to better capture behavioural, institutional, and sys-
tem-level dynamics that shape household-scale resource recovery.

Figure 3 synthesises the dominant study focus areas and methodological approaches
identified across the reviewed literature. The results indicate a strong concentration of
studies on policy and governance models and construction sector recycling, reflecting the
prominence of regulatory and technical perspectives within waste-to-resource research.
Recycling technologies and circular material innovations are also well represented, pre-
dominantly examined through quantitative, experimental, and life cycle-based methods.
In contrast, studies focusing on producer-led recovery, traceability tools, and community
reuse initiatives remain comparatively limited in number, despite their relevance to
household-level resource recovery. This distribution highlights an imbalance in the liter-
ature, with system modelling, digital traceability, and community-oriented approaches
receiving less analytical attention relative to policy and material performance studies.

Distribution of Study Focus Areas

Policy & governance models -
Construction sector recycling -
Recycling technologies -

Circular / low-impact materials -
Producer/supplier-led recovery
Business and supply chain models -
Resource recovery centres -
Traceability / circular tools -
Entrepreneurial sustainability models -
Upcycling innovations -

Community reuse -

0.0 2.5 5.0 7.5 100 125 150 175
Number of studies

Figure 3. Distribution of study focus area.

4.3. Year-Wisel/ Country-Wise Distribution of Included Studies

A preliminary descriptive analysis of the 60 included studies was conducted to illus-
trate publication trends and the geographical distribution of research on waste-to-re-
source practices within the built environment. These descriptive patterns strengthen the
interpretation of the findings by showing how evidence has evolved and where research
activity is most concentrated.
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Figure 4 presents the year-wise distribution of studies, showing a steady increase in
publications from 2010 to 2026. Research output remained relatively low between 2010
and 2015, with fewer than three studies published per year. A noticeable rise began after
2018, as global attention increased toward circular economy transitions and producer re-
sponsibility systems. The most substantial growth occurred between 2020 and 2024, dur-
ing which annual publications consistently exceeded six studies. This increase reflects ex-
panding interest in construction waste recovery, digital waste-tracking technologies, and
household-level resource systems. A slight decline in 2025 and 2026 is visible in the chart,
though this is likely due to indexing delays rather than a reduction in research activity.
Overall, the trend indicates that waste-to-resource innovation has become an emerging,
rapidly expanding research area.

Number of Studies

O B N W e O O < 0 W

2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028
Figure 4. Year-wise distribution of included studies.

Figure 5 displays the country-wise distribution of the included studies, revealing a
strong concentration of research in a small number of countries. China contributes the
most studies, reflecting rapid urban growth, high construction activity, and increasing
policy commitment to circular-economy practices. India follows with a significant number
of publications, driven by expanding infrastructure and growing interest in resource re-
covery. Countries such as Nigeria, the United States, and the United Kingdom also appear
prominently, each bringing different perspectives shaped by their institutional and policy
environments. Several countries, including Australia, Malaysia, South Africa, Indonesia,
and Japan, provide a moderate number of studies, often focused on technological devel-
opment, behavioural factors, or improvements in municipal waste systems. The long list
of countries that contribute one or two studies shows that the topic has global relevance,
but it also highlights uneven research capacity and uneven engagement with waste-to-
resource policies.

Country-wise Distribution of Included Studies
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Figure 5. Country-wise distribution of included studies.
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Together, these descriptive patterns provide essential context for interpreting the the-
matic findings presented in the later sections. The upward trend in publication years re-
flects a growing international interest in sustainable construction, circular resource sys-
tems, and extended producer responsibility. The strong contribution of studies from Asia
and parts of Africa highlights regions experiencing rising waste volumes and increasing
policy reform. These patterns demonstrate the importance of a systematic review and sup-
port the analysis developed in the results and discussion that follow.

4.4. Classification of Waste Types in Built Environment

The classification of waste types across the sixty reviewed studies provides important
insight into how waste-to-resource research is distributed within the built environment
literature. The analysis reveals that construction and demolition waste remains the dom-
inant research focus, reflecting global concern about the large volumes of materials gen-
erated during building construction, renovation, and demolition activities (see Table 2).
However, the review also identifies an emerging body of research addressing operational-
phase waste streams generated during the everyday use of buildings [44]. These include
household materials such as furniture, small appliances, plastics, textiles, and minor ren-
ovation debris. Although this category appears less frequently in the literature compared
with construction and demolition waste, its presence indicates a growing recognition of
the role that building occupants and community-level practices play in circular resource
recovery systems. This pattern suggests a gradual shift in research attention toward inte-
grating household material flows within broader waste-to-resource strategies in the built
environment.

A significant number of studies (Studies 13, 27, 35, 37, 40, 55) examined electronic
waste (e-waste), highlighting a rising global concern around recycling systems, informal
collection networks, reverse logistics, and innovations in brand auditing, IoT-enabled col-
lection, and consumer behavioural drivers. E-waste was identified as a critical waste
stream due to its toxicity, complexity, and potential for high-value material recovery.

Studies that explored plastics, packaging, and polymer waste (Studies 17, 48, 51, 59)
focused on improving material recovery through design thinking, blockchain tracking,
recycling incentives, producer responsibility schemes, and low-carbon strategies in circu-
lar value chains. These studies emphasised the unique environmental burden of plastics
and the opportunities to repurpose polymer-based materials for construction applica-
tions.

A few studies (Studies 38, 56) investigated organic and biodegradable waste in the
context of urban circularity and regenerative settlement planning. Although these repre-
sent a smaller portion of the total dataset, their presence demonstrates the expanding
scope of waste-to-resource approaches beyond traditional construction sectors.

Finally, some studies addressed mixed municipal waste streams (Studies 24, 31, 32,
45), where construction-related materials, household waste, food waste, plastics, and haz-
ardous waste are co-generated within communities. These studies provide insights into
policy mechanisms, behavioural influences, and supply chain governance that affect
waste sorting and recovery.

Collectively, Table 2 demonstrates that although CDW dominates the circular econ-
omy literature, there is a growing shift toward understanding household-level opera-
tional waste, e-waste, and plastics within waste-to-resource transitions. This distribution
aligns with the present study’s focus, which aims to understand how everyday building
occupants contribute to and benefit from EPR-driven resource recovery systems.
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Table 2. Classification of Waste Type.

Waste Category Studies Included

Relevance to Waste-to-Resource Path-

Description
ways

Construction & 1,5, 8, 15, 20, 23, 25,

Demolition Waste 30, 34, 36, 41, 42, 43,

Includes concrete, aggregates, met-High potential for reuse, recycling, and
als, timber, brick, and demolition downcycling; the most significant re-

(CDW) 58, 60 residues search cluster
Furni fi floori -
Household Opera- .urmture, xtures, OOrne, tex Directly connects with EPR, the core
. 14, 32, 45, 56 tiles, cables, electronics, and .
tional Waste . focus of this study.
household chemicals
. Small devices, appliances, ICT . .
El E- High-val ; ;
ectronic Waste ( 13,27,35,37,40,55  equipment, circuit boards, batter- 1gh-value recovery; toxic waste;

waste)

‘es strong behavioural and policy links

Plastics & Packaging 17, 48, 51

59
Waste

Significant environmental burden; op-
Plastic components, packaging, g P

polymer waste, composite plastics portunities for remanufacturing and

design innovation

Organic & Biode-

gradable Waste 38, 56

Food waste, biodegradable com-
munity waste, and natural materi-
als

Relevant in regenerative design and
community circularity models

Mixed Municipal

24,31, 32, 4
Solid Waste 31,32, 45

Household mixed waste, sorted . .
Emphasises behavioural factors and

waste streams, hazardous house- .
municipal recovery systems

hold waste

4.5. Enablers of Waste-to-Resource Practices

The review identified several interrelated enabling conditions that support the tran-

sition from waste generation to resource recovery within the built environment as indi-

cated in Table 3. Across the sixty analysed studies, policy and regulatory frameworks

emerged as the most influential enabling factor. Mechanisms such as extended producer re-

sponsibility regulations, recycling mandates, and environmental compliance requirements

consistently influenced organisational behaviour by shifting responsibility for material recov-

ery from households and municipalities toward producers and supply chain actors. Economic

incentives also play a critical role, as subsidies, tax reductions, and financial penalties create

market conditions that make recycling and reuse activities more economically viable. In addi-

tion, technological innovations including artificial intelligence sorting systems, Internet of

Things collection technologies, and digital material tracking tools significantly improve the

efficiency and traceability of resource recovery systems.

Table 3. Enablers.

Enabler Category Description

Examples

Typical Evidence from Studies (Study IDs)

Policy & Regulation

Government directives, mandatory re- Strongest driver in most regions; en-
cycling rules, and EPR laws

10, 21, 23, 31, 41,
forcement increases compliance 42

Economic Incentives
market demand

Subsidies, tax reliefs, penalties, and

Recycling and reuse become profitable;

. . . 20, 24, 40, 51
cost savings motivate firms

Technology & Innova- Al, IoT, BIM, GIS, material recovery

tion tech

Increases efficiency, accuracy, and re- 7, 9, 13, 30, 35,
covery rates 39

Community Participa-
tion

Households” willingness to sort waste

Behavioural factors deeply influence re-

. 32,37, 45
cycling outcomes

Producer Responsibil- EPR-based systems for product take-

ity Systems back and reuse

Shifts the burden from households to

23,31, 47,52
manufacturers

Material Innovation . .
lasting materials

Designing recyclable, reusable, long-

Enables easy recovery and reintegration15, 18, 53, 58
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4.6. Barriers to Waste-to-Resource Practices

Barriers to the implementation of waste-to-resource practices within the built envi-
ronment were consistently reported across technical, economic, behavioural, regulatory,
design-related, and supply chain dimensions as indicated in Table 4. Technical barriers
were among the most frequently identified, with many studies highlighting inadequate
infrastructure and limited technological capacity as constraints on the scale and efficiency
of recycling systems, particularly for complex waste streams such as electronic waste and
construction materials. Economic barriers further compounded these challenges, as high
costs associated with collection, transportation, and processing often outweigh the market
value of recovered materials, discouraging both public and private sector investment. At
the household level, behavioural barriers were repeatedly emphasised, with low aware-
ness, limited knowledge of appropriate sorting practices, and resistance to behavioural
change undermining system performance. Regulatory barriers were also prominent, as
several studies reported weak policy enforcement, outdated standards, and unclear insti-
tutional responsibilities despite the existence of formal regulatory frameworks. In addi-
tion, design-related barriers were widely observed, as many products and building mate-
rials are not designed for disassembly, recovery, or reuse, resulting in high levels of resid-
ual waste. These challenges are further reinforced by supply chain barriers, including
poor coordination among manufacturers, contractors, recyclers, and local authorities,
which limits material circulation and constrains the development of effective circular re-
source systems.

Table 4. Barriers.

Barrier Category

Description

Common Evidence from Stud- Examples (Study
ies IDs)

Technical Barriers

Poor recycling infrastructure, lack of sort- Especially weak in developing 30. 35, 36
ing tech regions T

Economic Barriers

High cost of recycling, low market value Makes reuse commercially unat-
for recycled goods tractive

20, 36

Behavioural & Social
Barriers

Low awareness, resistance to change, poor Significant burden of house-
sorting habits hold-level waste

32,37, 45

Weak enforcement, outdated laws, unclear Policies exist but lack implemen-

Regulatory Barriers . 26, 41, 47
mandates tation
Design-Related Barriers Materials not designed for disassembly or Hinders recyclability at end-of- 15, 53, 58
euse life
. . Fragmented recovery pathways, poor co- Limits efficient material recircu-
Supply Chain Barriers 22,25,34

ordination lation

4.7. Technologies Used Across the Included Studies

Table 5 summarises the technological systems used across the included studies to
support waste-to-resource activities. These technologies range from artificial intelligence
and machine learning to building information modelling and blockchain. Technology
plays different roles, including forecasting waste volumes, improving sorting accuracy,
supporting traceability during material recovery, and promoting transparency in recy-
cling markets. These systems work at both household and construction levels, which
aligns with the conceptual framework by strengthening the responsibilities of producers,
suppliers, and recyclers. The table allows the study to identify how digital systems en-
hance circular activities and where technological gaps remain in the transition toward re-
source recovery.
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Table 5. Technology used.

Study ID Technology Used Application Area Waste to Resource Contribution
Enhances material recovery accuracy and reduces
1 Artificial intelligence Waste sorting and optimisation ) Y Y
operational waste
Forecasting and decision sup- Enables prediction of waste generation trends and
2 Machine learning & P P - 8
port supports planning
3 Geographic information Spatial mapping of waste Improves allocation of recovery infrastructure in
systems flows high-volume areas
Building information
4 Demolition plannin Supports material traceability and reuse plannin
modelling P 5 PP Y P g
Internet of Things sys- Improves the efficiency of household and commu-
5 855y Collection and monitoring . P . Y
tems nity recycling systems
Robotics and automated _ . Increases recovery rates by reducing contamina-
6 . High-volume waste streams .
sorting tion
- Life cycle assessment ~ Environmental impact evalua- Identifies materials with reuse or recycling poten-
tools tion tial
. . Listing and tracking reusable Facilitates the reuse of building elements in new
8 Digital material banks & 8 . 8
components projects
. Secure verification of waste ~ Strengthens trust and transparency in recover
9 Blockchain . & P Y Y
transactions markets
o e Provides real-time quality control for recyclable
10 Sensor-based monitoring Resource recovery facilities . 1 y Y
materials
4.8. Policy and Regulatory Drivers
Table 6 identifies the policy and regulatory mechanisms that influence waste-to-re-
source activities. These policies include extended producer responsibility, deposit return
systems, landfill bans, waste levies, and mandatory recycling targets. They exist to shift
responsibility away from households and toward producers, suppliers, and recycling
agents. This connects directly with your conceptual framework by demonstrating how
regulatory structures reinforce accountability along the supply chain. The table also re-
veals significant differences between countries, showing how strong regulation acceler-
ates resource recovery, while regions with weak regulatory enforcement struggle to im-
plement circular practices. This table supports the interpretation of global variations and
highlights policy conditions that enable successful waste-to-resource transitions.
Table 6. Policies and Regulatory Drivers Across the Included Studies.
Study . . . o .
D Policy Driver Country or Region Contribution to Waste to Resource Practice
Shifts accountability for product end-of-life man-
1 Extended producer responsibility European region yrorp
agement to producers
. Encourages households to minimise waste and
2 Pay-as-you-throw regulation Japan . .
sort materials more effectively
Increases recycling volumes and reduces disposal
3 Mandatory recycling targets China > Fecy & P
to landfills
Building code requirements for re- . Promotes the reuse of safe structural components
4 . Australia e
used materials and fittings
. . Improves collection rates for high-value materials
5 Deposit return systems European region .
such as plastics
Encourages diversion of household waste to re-
6 Waste levy New Zealand &

covery facilities
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Promotes the use of recovered and low-impact

7 G t poli United Kingd
reen procurement policy nited Kingdom materials in public projects
: - Forces high-value waste streams into recycling
8 Landfill restriction laws Denmark
pathways
Guides the shift f li di 1 cul-
9 Circular economy strategy Nigeria tul;; es the shift away from a Hheat cisposat ci
local invol in household h -
10 Community participation laws Chana Supports local involvement in household hazard

ous waste programmes

4.9. Discussion

This discussion brings together the main insights from the 60 included studies and
explains how the evidence addresses the research questions guiding this review. It inter-
prets the results by examining the relationships among waste types, enabling conditions,
barriers, technologies, and policy environments, and considers what these patterns mean
for strengthening waste-to-resource practices within the built environment. The findings,
drawn from studies published between 2010 and 2026, provide a comprehensive view of
how material recovery systems are evolving across different contexts and scales. Overall,
the results show that waste-to-resource practices are not shaped by a single factor but
instead emerge from the interaction of policy frameworks, technological innovation, sup-
ply chain structures, and the behaviour of households and communities, as summarised
in Table 7. This systems-based understanding is consistent with earlier circular economy
research that emphasises coordinated socio-technical transitions across multiple actors
and institutional levels [12,13]. More specifically, the review of the 60 included studies
shows that household-level waste streams represent an underutilised but viable pathway
for circular resource recovery, with the potential to support both material reuse and com-
munity-based income generation when embedded within supportive policy and institu-
tional frameworks, which is consistent with previous studies [23,32,45]. This finding rein-
forces the growing recognition that household participation is central to the efficiency and
sustainability of recovery systems. Studies on waste sorting behaviour demonstrate that
when households actively engage in separation practices, materials are more likely to be
recovered, reused, or redirected into secondary markets [14]. Behavioural and institu-
tional research further shows that awareness, social norms, and governance structures
significantly influence participation rates and recovery outcomes at the community level
[18,46]. At the same time, the review confirms that construction and demolition waste
continues to dominate both research attention and practical implementation due to its
scale and established recovery pathways [7,9]. However, the increasing attention to oper-
ational-phase waste suggests a gradual shift toward more decentralised and community-
driven recovery models. Supporting evidence also indicates that broader circular econ-
omy and waste management innovations can contribute to economic growth and im-
proved resource efficiency when effectively integrated into local systems [31,47]. Despite
these opportunities, persistent barriers such as weak regulatory enforcement, limited in-
frastructure, low confidence in secondary materials, and cultural resistance continue to
constrain progress. Taken together, these findings highlight that strengthening waste-to-
resource systems in the built environment requires integrated strategies that connect
household behaviour, policy support, technological innovation, and market development
to enable sustainable material recovery and value creation.

The patterns identified in this review broadly align with previous systematic anal-
yses of circular economy transitions in the built environment [12,13]. Similar studies have
reported that construction and demolition waste continues to dominate circular economy
research due to its large material volumes and regulatory attention [7,9]. However, recent
literature increasingly emphasises the importance of operational-phase waste streams
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generated during building use [14,18]. This review confirms that while research on house-
hold operational waste remains comparatively limited, emerging studies highlight its
growing relevance for circular resource systems, particularly as urban consumption pat-
terns continue to evolve [48].

Table 7. Framework Summarising the Key Factors Influencing Household Waste to Resource Prac-

tices in the Built Environment.

Relevance to Household Waste to Resource Sys-

Dimension Key Elements Identified in the Review tems

Extended Producer Responsibility, recycling Defines accountability for post-occupancy waste,
mandates, waste levies, household-targeted strengthens upstream responsibility for materials
regulations entering homes

Policy and Govern-
ance

. . Subsidies, incentives, take-back credits, mar- Shapes household participation and producer en-
Economic Drivers . .
ket value of recovered materials gagement in recovery loops

Al sorting, digital material passports, IoT col- Enhances traceability, sorting accuracy, and recov-
Technological Tools lection systems, small-scale recycling technol-ery of household items such as fixtures and elec-
ogies tronics

Community and Be- Household sorting behaviour, awareness Determines the quality and quantity of household
havioural Factors  programs, participation in collection schemes waste entering recovery systems

Material and Prod- Design for disassembly, durable products, = Reduces barriers to reuse and recycling at the
uct Design modular components household level

Supply Chain and Local authority systems, recycling facilities, Supports timely, accessible household waste recov-
Infrastructure reverse logistics ery and reduces leakage to landfill

4.10. Classification of Waste Types and Their Relevance to Waste to Resource Pathways

The systematic screening process identified six dominant waste categories that shape
waste-to-resource activities in the built environment. These include construction and
demolition waste, household operational waste, electronic waste, plastics and packaging
waste, organic waste, and mixed municipal waste. Construction and demolition waste
formed the largest cluster, indicating the global attention given to high-volume waste
streams generated during building, renovation, and demolition activities. This pattern is
consistent with recent studies that identify construction and demolition waste as the most
significant contributor to urban waste streams [3,44]. These studies focused on concrete,
timber, metals, aggregates, and demolition residues. They showed strong alignment with
reuse and recycling strategies that enable the transformation of large quantities of materi-
als into secondary resources. The prominence of this category suggests that construction
actors remain central to circular economy transitions, which aligns with findings that ex-
tended producer responsibility can influence early-stage material decisions and design
practices [45].

Household operational waste formed the second key category and contributed di-
rectly to the focus of this review. Recent research shows a similar trend, noting that house-
hold-generated materials are becoming increasingly important in circular resource sys-
tems due to shorter product life cycles and increased material turnover [4,49]. Studies ad-
dressing this waste stream explored materials generated during everyday building use,
including furniture, textiles, fixtures, household chemicals, appliances, and small renova-
tion offcuts. These studies highlighted the importance of household participation, aware-
ness, and sorting behaviour while also demonstrating that the effective recovery of these
materials depends heavily on producer responsibility schemes. This connection illustrates
the relevance of extended producer responsibility as a framework that shifts accountabil-
ity for post-occupancy waste from households to producers and supply chain actors, as
emphasised in recent policy evaluations [50].
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Electronic waste represented a growing concern, with studies demonstrating the
complexity, toxicity, and high-value potential of discarded electronics. This aligns with
updated global reports showing that electronic waste remains the fastest-growing solid
waste stream worldwide [51]. Research in this category examined IoT-enabled collection
systems, behavioural determinants of recycling, and machine learning tools for brand au-
diting. The evidence suggests that electronic waste provides unique opportunities for ma-
terial recovery but requires coordinated policy and technological systems to manage its
risks and value, a conclusion similarly noted in recent digital waste management studies
[2].

Plastics and packaging waste formed another important category, with studies ex-
ploring the environmental burden of plastics and the potential to transform polymer-
based materials into construction products. Current research confirms that plastics remain
a priority area for circular innovation due to their persistence and volume [52]. These
studies highlighted design thinking, blockchain tracking, and producer responsibility pol-
icies as essential drivers for improving collection and recycling systems.

Organic and biodegradable waste appeared in fewer studies, yet these works demon-
strated increasing interest in regenerative practices that integrate community-based cir-
cular systems into urban planning. This reflects recent literature calling for nature-based
circular strategies to complement technological approaches [47]. Mixed municipal waste
was distributed and reflected household and community waste streams, including plas-
tics, food waste, electronics, and hazardous household materials co-generated. These
studies provided important insights into policy frameworks, behavioural patterns, and
municipal systems that influence waste sorting and recovery, which corresponds with up-
dated reviews of integrated municipal waste governance [53]. Together, the findings show
a gradual shift from construction-dominant waste streams toward more inclusive models
that incorporate household contributions and extended producer responsibility obliga-
tions.

4.11. Technologies Supporting Waste to Resource Transitions

The review identified a wide range of technologies used to support waste-to-resource
initiatives, including artificial intelligence, machine learning, building information mod-
elling, blockchain, digital material banks, and robotics. These technologies contributed to
more efficient sorting, better prediction of waste volumes, improved traceability of mate-
rials, and stronger verification systems within recycling markets. Recent studies similarly
report that digital technologies enhance material tracking and improve circular system
performance [54,55]. The findings reveal that digital technologies reinforce the principles
of extended producer responsibility by enabling transparent tracking of materials across
their life cycles, supporting producer accountability, and improving the quality of recov-
ered materials, in line with recent evidence on digital EPR implementation [4]. However,
the evidence also shows uneven adoption across regions, indicating gaps in digital infra-
structure and capacity that must be addressed for the full benefits of these technologies to
be realised, a challenge also highlighted in comparative digital readiness studies [56].

4.12. Policy and Regulatory Conditions Influencing Circular Practices

Policy mechanisms across the studies varied significantly by region, but several re-
curring themes emerged. Extended producer responsibility was central in many contexts
and strongly influenced shifting responsibility for end-of-life materials from households
to producers. This is consistent with recent assessments across multiple regions, which
show that extended producer responsibility remains one of the most effective policy in-
struments for improving material collection and redesign [57]. Additional regulatory tools
such as waste levies, recycling mandates, deposit return systems, landfill restrictions, and
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green procurement policies also played important roles. These policies created structured
pathways for material recovery, encouraged innovation, and supported both community
and industry participation, similar to findings in contemporary circular policy evaluations
[21,58]. However, the effectiveness of these policies depended heavily on enforcement
strength, institutional coordination, and public awareness. The findings indicate that ro-
bust regulatory environments correlate strongly with higher levels of circular activity and
improved waste recovery outcomes, a conclusion also noted in recent multi-region policy
performance studies [53].

4.13. Enablers of Waste to Resource Practices

Across the included studies, several enablers were consistently identified as essential
to advancing waste-to-resource innovations. Policy and regulatory frameworks emerged
as the most dominant enablers, particularly where extended producer responsibility sys-
tems, recycling mandates, and environmental compliance mechanisms were well estab-
lished. This aligns with recent evidence showing that strong governance structures signif-
icantly enhance circular economy performance and producer accountability [58,59]. The
evidence indicates that strong regulation reshapes organisational behaviour by assigning
responsibility to producers, suppliers, and market intermediaries, rather than relying
solely on households or local authorities to manage waste. This finding supports the con-
ceptual framework and aligns with recent studies that highlight extended producer re-
sponsibility as both a regulatory and a behavioural driver within circular resource systems
[57].

Economic incentives also played a prominent role, with studies showing that subsi-
dies, tax relief, and penalty-based mechanisms significantly increase participation in re-
cycling and reuse initiatives. These observations corroborate recent research has demon-
strated that financial incentives remain effective tools for increasing material recovery and
promoting business engagement in circular practices [60]. Technological innovation rep-
resented another major enabler, with artificial intelligence, IoT-based collection systems,
digital material banks, and life-cycle assessment tools improving the efficiency and trans-
parency of material flows. This pattern aligns with studies that show digital systems en-
hance traceability, accuracy, and data-driven decision-making across waste management
networks [4].

Community participation played a central role, particularly in studies focusing on
household operational waste. Recent behavioural studies confirm that awareness, sorting
behaviour, and willingness to engage in recycling programs are essential determinants of
waste recovery outcomes [61]. Producer responsibility systems also enabled circular ac-
tivity by encouraging manufacturers to incorporate design for disassembly, product take-
back, and traceable supply chain systems, which align with emerging evaluations of pro-
ducer responsibility performance across Asia and Europe [50].

4.14. Barriers to Waste-to-Resource Practices

The analysis revealed six main categories of barriers to the successful adoption of
waste-to-resource practices. Technical barriers were among the most prominent, with
many studies noting insufficient recycling infrastructure, outdated sorting technologies,
and limited digital systems for tracking materials. These challenges are similar to recent
findings that infrastructure limitations remain among the most common constraints in
circular waste systems globally [20]. These barriers were especially pronounced in regions
with rapidly growing construction sectors but inadequate environmental capacity.

Economic barriers also played a strong role, as the high costs of waste collection, pro-
cessing, and transportation often outweigh the financial benefits of recovered materials.
This is consistent with new analyses demonstrating that unstable secondary material
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markets frequently undermine investment in recycling initiatives [48]. Low market de-
mand for recycled goods further discourages investment in waste-to-resource activities.

Behavioural and social barriers emerged as critical challenges, particularly in studies
related to household and community waste streams. Recent behavioural research con-
firms that low awareness, resistance to change, and insufficient sorting knowledge signif-
icantly reduce the effectiveness of recycling systems [46]. Regulatory barriers posed an-
other major challenge, as weak enforcement, outdated policies, or conflicting institutional
mandates hinder the adoption of circular strategies. These patterns align with the current
literature, which shows that circular economy reforms often fail due to implementation
gaps rather than policy design [62].

Design-related barriers were common across construction-focused studies, with
many materials not designed for disassembly or reuse, resulting in high levels of residual
waste. This observation is consistent with recent work calling for stronger design for cir-
cularity guidelines across material-intensive sectors [58]. Supply chain barriers such as
fragmented recovery pathways, weak coordination between producers and recyclers, and
limited information sharing also restricted material circulation and reduced the efficiency
of recovery systems. These issues align with recent studies highlighting the importance of
integrated, transparent supply networks for circular resource flows [17].

4.15. Theoretical and Practical Implication

From a theoretical perspective, this review advances waste to resource and circular
economy literature within the built environment by repositioning household operational
waste as a central rather than peripheral component of resource recovery systems. While
existing theoretical frameworks in construction and circular economic research have pre-
dominantly focused on construction and demolition waste, material efficiency at the pro-
duction stage, or end of life recycling performance, household generated waste has often
been treated as a downstream or purely behavioural issue. Building on the findings pre-
sented in the preceding sections, this review demonstrates that waste to resource transi-
tions is shaped by interconnected socio technical systems operating across multiple scales.
By synthesising evidence across material recovery practices, governance mechanisms,
technological systems, and community behaviour, the study extends current theory by
showing how these elements interact to influence recovery outcomes. In particular, the
findings highlight the role of extended producer responsibility, behavioural drivers, and
design for disassembly principles as critical mediating mechanisms linking household
practices with broader circular material flows. This integrative perspective contributes to
theory by bridging technical material recovery models with governance and behavioural
frameworks, offering a more holistic conceptualisation of circularity within the built en-
vironment. As such, the review supports a shift from linear, material centric interpreta-
tions of waste management towards systems based theoretical models that recognise the
interdependence of policy, technology, social behaviour, and market structures in ena-
bling sustainable resource recovery.

From a practical perspective, the findings of this review provide actionable insights
for policy makers, industry actors, and community stakeholders seeking to operationalise
waste to resource strategies within household and neighbourhood contexts. Drawing di-
rectly from the patterns identified in the results and discussion, the synthesis underscores
the importance of coherent regulatory frameworks, particularly extended producer re-
sponsibility schemes, in reallocating responsibility for waste management and incentivis-
ing upstream design changes that facilitate reuse and recovery. For local authorities and
planners, the results highlight the need to integrate technological tools such as digital
tracking systems, smart collection infrastructure, and data driven planning approaches to
improve recovery efficiency and system transparency. At the community level, the
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evidence demonstrates that awareness, knowledge, and behavioural engagement are de-
cisive factors influencing recovery outcomes, reinforcing the value of targeted education
programmes and participatory initiatives. For producers and supply chain actors, the re-
view emphasises the practical benefits of designing products and building components
for durability, disassembly, and take back, thereby reducing recovery costs and material
losses. Collectively, these insights provide a coherent pathway for aligning policy design,
technological investment, and community engagement to support scalable and resilient
waste to resource systems within the built environment, particularly in contexts seeking
to balance environmental performance with social and economic outcomes.

5. Conclusions

This systematic review synthesised evidence from sixty peer-reviewed studies exam-
ining waste generation and resource recovery within the built environment. Three major
insights emerge from the analysis. First, construction and demolition waste continues to
dominate the circular economy literature; however, operational-phase household waste is
increasingly recognised as an important but under-examined resource stream. Second,
successful waste-to-resource systems depend on the interaction of multiple enabling con-
ditions, including supportive regulatory frameworks, economic incentives, technological
innovation, and community participation. Third, the effectiveness of these systems is con-
strained by persistent technical, economic, behavioural, and institutional barriers that
limit the scalability of circular resource recovery practices.

Building on these observations, three key insights emerge from the reviewed litera-
ture. First, technological innovation is increasingly shaping waste-to-resource transitions
within the built environment. Tools such as artificial intelligence-based sorting systems,
digital material tracking platforms, and automated recovery technologies are improving
the efficiency and traceability of material flows, thereby supporting higher recovery rates
and expanding opportunities for reuse and remanufacturing. Second, despite these ad-
vances, multiple barriers continue to constrain circular practices. Weak regulatory en-
forcement, limited producer engagement, inadequate recycling infrastructure, and persis-
tent social perceptions regarding the quality of secondary materials all restrict the broader
adoption of recovery systems. Third, the evidence indicates that waste-to-resource initia-
tives are most effective where enabling conditions operate in combination. In particular,
coordinated policy frameworks, active community participation, and producer involve-
ment create mutually reinforcing conditions that strengthen circular material flows,
whereas isolated technological or regulatory interventions tend to produce more limited
outcomes.

The overall evidence suggests that successful waste-to-resource transitions depend
on a coordinated system in which producers design materials for long life and easy recov-
ery, suppliers maintain traceable distribution pathways, builders adopt circular construc-
tion practices, and households participate in well-supported collection and recovery
schemes. When these conditions are present, discarded materials can be transformed into
productive resources that support environmental goals, reduce landfill pressures, and
strengthen local economies.

5.1. Research Gaps and Future Directions

Despite the increasing scholarly attention given to circular economic transitions and
waste-to-resource innovations in the built environment, several research gaps remain ev-
ident. Most existing studies continue to concentrate on construction and demolition waste
due to its high material volume and regulatory significance, while operational-phase
waste generated during everyday building use remains comparatively underexplored.
Household materials such as furniture, small appliances, plastics, textiles, and minor
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renovation debris represent a significant yet insufficiently analysed component of urban
material flows. Furthermore, there is limited empirical research examining how Extended
Producer Responsibility frameworks influence the recovery of these materials at the
household and community level. Future studies should therefore prioritise the investiga-
tion of operational-phase waste streams, evaluate the effectiveness of producer-led recov-
ery systems, and assess the practical performance of emerging digital technologies such
as material passports, blockchain tracking, and intelligent waste sorting systems. Such re-
search would provide a stronger empirical foundation for developing integrated waste-
to-resource strategies that connect household behaviour, producer accountability, and
municipal recovery infrastructure.

Moreso, future research should give greater attention to operational phase waste and
the everyday materials that circulate through residential and community spaces. Studies
could examine how households interpret and respond to recovery initiatives and how
local authorities and private operators design systems that are accessible and easy to use
[25]. There is also a clear need for empirical research evaluating the practical impacts of
EPR on producers, recyclers, and building practitioners, especially in regions where reg-
ulatory frameworks are still emerging [3]. Digital technologies such as material passports,
blockchain tracking, and automated sorting systems present promising opportunities, but
their real-world performance and scalability require more rigorous assessment [24,27].
Future research should also explore multi-stakeholder collaboration models that bring
producers, councils, recyclers, and communities into shared decision-making processes.
This could help identify the institutional arrangements that best support circular resource
use across the building life cycle. By addressing these gaps, scholars can contribute to
more consistent, evidence-based strategies for reducing waste and strengthening circular-
ity in the built environment.

5.2. Research Limitations

This review has several limitations that should be acknowledged. The search strat-
egy, although structured and comprehensive, was limited to studies published in English
and indexed in selected academic databases. This introduces the possibility of publication
and language bias, as noted in methodological guidance that warns that database-re-
stricted searches may exclude relevant studies produced in local or regional contexts. Im-
portant insights from industry reports, local authority documents, and community-level
recycling initiatives may therefore not have been captured, thereby narrowing the range
of practices represented in the evidence base.

Another limitation relates to the uneven distribution of research across the waste
streams examined. The included studies show a strong concentration of evidence on con-
struction and demolition waste, while operational phase waste from households appears
far less frequently. Several authors note that research on household-level recovery sys-
tems remains limited and fragmented compared with work on construction materials and
demolition waste. This imbalance means that the conclusions drawn about household
waste should be interpreted with caution, as the available studies do not allow for wide
generalisation across different regions or socio-economic settings.

In addition to the limitations identified, this study is subject to methodological con-
straints inherent in the adopted review design. The reliance on peer reviewed academic
databases, while ensuring the quality and reliability of included studies, may have re-
sulted in the exclusion of relevant grey literature such as industry reports, government
publications, and community-based project documentation, which often provide context
specific and practice-oriented insights into household level waste to resource systems.
Furthermore, the quality and methodological depth of the included studies vary widely,
with some offering detailed empirical analyses and others presenting conceptual
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discussions with limited data or unclear analytical procedures. Such variation in study
design, geographical focus, and reporting standards introduces challenges in comparabil-
ity and generalisability. Methodological assessments suggest that these differences can
influence the strength and consistency of review findings, particularly when synthesising
diverse forms of evidence. This variation also makes cross study comparisons more com-
plex and may affect the stability of the patterns identified in the synthesis. Despite these
limitations, the systematic approach adopted provides a transparent and robust synthesis
of existing knowledge while highlighting areas requiring further empirical and practice
based research.

Finally, the literature indicates that circular economy practices and waste-to-resource
innovations are evolving rapidly. New technologies, producer responsibility schemes,
and community-based recovery approaches continue to emerge, often faster than aca-
demic publishing can document. As a result, this review represents a snapshot of what is
currently available in peer-reviewed sources rather than a complete account of all ongoing
developments in material recovery and circular practice. Future updates will be necessary
as more empirical studies are published and as operational-phase waste receives greater
research attention.
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Appendix A

Table A1. Comprehensive Overview of Included Studies.

Study

Enablers of Waste-to-Resource Prac-

D Author/Year Country Waste Type tices Barriers to Waste-to-Resource Practices
— Poor recycling infrastructure, lack of
sorting tech
— High cost of recycling, low market
— CDW — Policy & regulation value for recycled g.oods
— Household operational waste —  Economic Incentives — Low awareness, resistance to change,
— E-waste — Technology and innovation poor sorting habits
—  Plastic and packaging waste —  Community Participation —  Weak enforcement, outdated laws, un-
— Organic & Biodegradable Waste - EPR clear r.nandates ) )
—  Mixed Municipal Solid Waste — Material Innovations — Materials not designed for disassembly
or reuse
— Fragmented recovery pathways, poor
coordination
1 Eissa et al. [15] us v
2 Omokaro et al. [63] Nigeria v
3 Li X. et al. [64] China v
4 Zhou Z. [43] China
5 Hammoud et al. [23] Lebanon v
6 Gurjar et al. [65] India
7 Ben Amara et al. [31] Nigeria v
8 Gao Y. et al. [66] China v
9 Konstantinos et al. [67] Greece v
10 Maalouf et al. [68] Pakistan v
11 Gurusinghe et al. [1] India v v
12 Shooshtarian et al. [69] India
13 Rosca et al. [70] United States v v
14 Thomas, et al. [71] United
Knigdom
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15 Shoostarian et al. [72] India v v v
16 LiD. et al. [73] China
17 Abu-Samah et al. [74] Indonesia v
18 Polidori et al. [75] France v
19 Jacob C.etal. [76] ~ mited King-
dom
20 Tang L. et al. [77] China v v
21 Smol M. et al. [78] Indonesia v
22 Masood R. et al. [79] New Zealand v
23 Nikishyna et al. [80] Ukraine v v
24 Zils M. et al. [81] Malaysia v v
25 Guo F. et al. [20] China v
26 Bello et al. [32] Nigeria v
27 Mishra S. et al. [82] Saudi Arabia v N
28 Sinha S. et al. [83] Spain v
29 Singh V. et al. [84] India
30 Zhu s. et al. [85] China v v v
31 Mallick P. et al. [86] Mexico v v
32 Dagadu P. et al. [87] Kenya v v
33 Ning X. et al. [88] China v
34 Buchard M. et al. [11] Ethiopia v v
35 Ahmed S. et al. [27] Nigeria v v
36 Osei-Tutu et al. [89] Ghana v v
37 Sabbir M. et al. [90] Sweden v v v
38 Tantiyaswasdiku etal. [91] Denmark v
39 Liu Z. et al. [92] China v
40 Cheng B. et al. [93] China v
11 Oluleye B. etal, [o4] ~ _rited King: v v
dom
42 Shoostarian [95] India v
43 Soharu et al. [96] Australia v
44 Lu W. et al. [97] China
45 Wang Y. et al. [98] China v v v
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46 Micheaux et al. [99] France v

47 Shooshtarian et al. [100] Australia v
48 Dey S. et al. [101] India v

49 Joensuu et al. [102] Brazil

50 Huang B, et al. [103] South Korea

51 Su P. et al. [104] South Korea v v

52 Alev L. etal. [17] Europe v

53 Rose C. et al. [105] Canada v v
54 Zheng P. et al. [106] Japan

55 Bob U. et al. [29] South Africa v

56 Lehmann et al. [107] Germany v

57 Tosa C. et al. [108] Europe

58 Kupfer C. et al. [109] Global v v v
59  Wiedenhofer D. et al. [110] Global v

60 Sobotka A. et al. [111] Europe v
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