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Abstract

The construction and real estate sectors are major contributors to global environmental impacts, particularly
through greenhouse gas emissions and high resource consumption. Consequently, increasing attention has been
directed toward circular economy (CE) practices to address these challenges. While CE has gained significant
traction at the European Union policy level and in several innovative research initiatives, there is a gap in its
practical implementation in the construction industry. This study conducted a systematic literature review to
examine how CE approaches are often implemented in residential apartment building projects. Following a
transparent and replicable protocol, selected articles were analysed using qualitative content analysis. The
study identifies five main challenges for CE implementation in apartment building projects: financial,
technical, regulatory, cultural and infrastructural. Furthermore, study discussed key considerations for
regenerative thinking to boost CE in apartment building projects. In conclusion, authors argue regenerative
circularity presents multiple opportunities for developing more sustainable and social residential built
environments.

Keywords Circular Economy - Regenerative Thinking - Residential Construction - Apartment Building
Projects

1. Introduction

Construction and real estate sectors are well known for their major contribution to global emissions. Despite
this, over the past decade a positive trend has emerged: the European Union has reported reductions in building-
related emissions and increased implementation of environmentally sustainable practices in European cities
(European Commission, 2024). Nevertheless, the construction sector remains highly resource-intensive,
consuming 50 percent of all extracted materials and generating 35 percent of the EU’s waste (European
Commission, 2026a). Furthermore, the sector is not on track to meet the targets set by the Paris Agreement
(United Nations Environment Programme & Global Alliance for Buildings and Construction, 2025). This
impact is closely linked to its prevailing linear production model, characterized by intensive resource
extraction, high material consumption, and substantial waste outputs (Kirchherr et al., 2017; Kulwant et al.,
2025; Morseletto, 2023). Therefore, in an attempt to achieve the climate-neutral and resource-efficiency targets
by 2025, the European Commission has established a renewed Circular Economy Action Plan (European
Commission, 2020). Moreover, the European Commission is due to adopt the Circular Economy Act during
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2026 that aims to accelerate the circular economy (CE) market growth (European Commission, 2026b). At the
building level, the Energy Performance of Buildings Directive (EPBD) recast (EU) 2024/1275 ( Directive (EU)
2024/1275) presents the main standards to guide the renovation of existing residential stock and the design of
new buildings introducing CE considerations along the building life cycle, for example, durability and
efficiency of materials, reusability and disassembly principles. In a word, the CE transition is imminent but
the adoption for the phase is still taking place, and different market actors are figuring out how to put all this
into action.

These EU-level policy developments have initiated corresponding transitions at the Member State level.
Finland, along with other Nordic countries, has been at the forefront of promoting CE practices. For example,
Finland’s initiatives have contributed to the European Commission launching a process to clarify the
Construction Products Regulation to facilitate the use of recycled materials in the future (Ministry of the
Environment, 2026). Nevertheless, Finland, among the other Member States, has significant challenges
remaining in improving recycling and reuse practices. Finland’s building demolition waste recycling rate is
estimated to be approximately 55 percent (Green Building Council Finland, 2026), falling short of the EU’s
70 percent target. Consequently, CE has emerged as a holistic and transformative framework to address these
systemic issues by moving from narrow, linear strategies to a resource loop that disconnects economy growth
from consumption (Jaeger-Erben et al., 2025). However, existing literature also highlights important barriers
related to (1) fragmented value chains and project-based optimization, (2) limited documentation of material
flows and actual long-term performance, (3) lack of information about the residual value and clear definition
of responsibilities, and (4) governance challenges (e.g., high up-front costs, weak regulatory framework, lack
of data for monitoring progress) (Leindecker et al., 2025; Lundgren et al., 2024). In addition, the previous
research has highlighted a lack of understanding in how CE is implemented in practice (Benachio et al., 2020;
Charef & Emmitt, 2021; Joensuu et al., 2020; NuB3holz et al., 2023). This study builds on the work of Gallego-
Schmid et al. (2020) and NuBholz et al. (2023) which seeks to identify and understand ways to operationalize
CE practices and the concept of regeneration in construction projects.

A particular challenge relates to Finland’s ageing apartment building stock, which faces increasing
demolition pressures and extensive renovation needs. This challenge applies to most European countries and
are in the interests of institutional real estate owners and developers to solve. Consequently, in Finland
institutional real estate owners are seeking solutions through the adoption of CE practices in multiple different
EU-funded research projects (e.g. ReCreate, CIRCulT, ECOFUNC, WOODCIRCLES, CIRCBUILT). The
emergence of these projects is a clear indication of the need for practical research output about CE
implementation and therefore illustrations of CE approaches and their implementation in residential buildings
would provide valuable insights to practitioners to further the CE transition.

To address existing knowledge gaps regarding the implementation of CE approaches in residential
buildings, this study conducted a systematic literature review of CE practices in apartment building projects,
analysing implementation strategies, involved stakeholders, key challenges, and potential enabling
opportunities. Furthermore, to advance existing research and support the implementation of CE in the
residential sector, a regenerative thinking lens was used to address the main challenges identified in the existing
literature, ultimately aiming to change the way CE is implemented in residential building projects. The research
questions addressed in this study are:

e What are the main challenges to implement circular economy in apartment building projects?
e How can regenerative thinking help overcome current challenges and promote its implementation in
apartment building projects?

The article is structured as follows. First, it presents the theoretical background of CE applications at the
EU policy level, as well as academically established CE frameworks and principles. This section also bridges
the conceptual gap between CE and regenerative thinking, thereby extending the analysis towards addressing
and restoring the adverse impacts of the built environment. Second, the methodological approach and data
collection process are described. Third, the results of the literature review are presented. The final section
discusses the findings and concludes with the key implications of the research.
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2. Theoretical background

2.1. Circular economy frameworks and policy instruments in construction

Circular economy can be defined through three core principles: 1) eliminate waste and pollution, 2) circulate
products and materials and 3) regenerate nature (Ellen MacArthur Foundation, 2024). However, translating
these principles into practice requires more operational and context-specific frameworks tailored to a specific
industry. Consequently, various frameworks have been developed to guide the implementation of CE principles
in the built environment. At the policy level, the European Commission seeks to facilitate this transition
through European, national, and local policy instruments, aiming to accelerate the adoption of CE practices in
the construction and real estate sectors (European Commission, 2021). They have identified the main goals as
extending the service life of buildings and facilitating the use of secondary materials. (European Environment
Agency, 2025). More detailed technical specifications have been introduced through the EU Taxonomy
Compass, which defines criteria for environmental sustainability depending on the type of construction activity
(European Commission, 2026c).

The EU Taxonomy establishes substantial contribution criteria for CE objectives that building projects must
meet to be classified as taxonomy-compliant (Table 1). It differentiates between new construction, renovation
projects, and demolition activities, each with distinct requirements. These circularity-related criteria can be
linked to broader CE principles, including: (1) recycling and reuse; (2) assessment and reporting of global
warming potential (GWP); (3) adaptability and design for disassembly (DfD); (4) the use of secondary
materials; and (5) the application of digital tools.

Table 1. Substantial Contribution Criteria for Circular Economy in Buildings under the EU Taxonomy (adapted from
EU CE taxonomy compass (2026c¢))

Construction of new buildings

Renovation of existing buildings

Demolition and wrecking of buildings

1. Minimum of 90 % of recycling
construction and demolition waste

1. Minimum of 70% of non-hazardous
construction and demolition waste is
reused or recycled

1. Pre-demolition target setting for: KPIs,
minimizing constraints of the target (e.g.
time, space), pre-demolition auditing
procedure, outlining a waste
management plan

2. Calculating the GWP-values for each
stage in the life cycle

2. Calculating the GWP-values for each
stage in the life cycle

2. Conducting a pre-demolition audit
according to the EU protocols

3. Construction design and techniques
supporting adaptability and
deconstruction

3. Construction design and techniques
supporting adaptability and
deconstruction

3. Treating the demolition waste
accordance with the Union waste
legislation and EU protocols

4. Minimizing the use of primary raw
material by using secondary raw
materials (reuse or recycled)

4. Minimum of 50% of the original
building is retained

4. Minimum of 70% of non-hazardous
construction and demolition waste is
reused or recycled

5. Using digital tools to describe the
materials and components used and
overall characteristics of the building
(e.g. SO 22057:2022)

5. Minimizing the use of primary raw
material by using secondary raw
materials (reuse or recycled)

6. Using digital tools to describe the
materials and components used and
overall characteristics of the building
(e.g. SO 22057:2022)

Expanding on the EU framework for CE principles and measurable actions, there are several academic
frameworks to conceptualize CE in research and practice (Figure 1). One of the most widely used strategy
frameworks is the R-frameworks. Kirchherr et al. (2017) note that the origin of the R-framework cannot be
attributed to a single publication; instead, multiple variants have evolved over time. Common versions include
3R frameworks (Brennan et al., 2015; Ghisellini et al., 2016; King et al., 2006.), 4R frameworks incorporating
“Recover” as derived from the EU Waste Framework Directive (2008/98/EC), as well as more extensive
models such as 6R (Sihvonen & Ritola, 2015) and 9R frameworks (Buren et al., 2016; Potting et al., 2017).
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Even though the R-frameworks provide a well-known approach to analyse CE, it has limitations when
providing in-depth analysis. For example, it does not include detailed design strategies for construction projects
or include the possibilities to regenerate nature. Consequently, more context-specific conceptualizations are
beneficial to support the identification and analysing of circular metrics at the building level. Therefore, recent
research on circular construction has expanded beyond generic frameworks toward more building-specific
interpretations of CE. Numerous studies have proposed practical design and process-related strategies (Table
2) aimed at reducing environmental impacts across the life cycle of buildings (e.g. Eberhardt et al., 2022;
Hamida et al., 2023; Kozminska, 2019; Munaro et al., 2022; NuBSholz et al., 2023; Westerholm & Franssila,
2023). Circular design strategies can be understood as practical means through which these principles are
operationalized within the planning, design, construction, and use phases of buildings.

Table 2. Circular economy design strategies in construction

Design strategy

Short description

Design for component and
material optimisation

Reduce the amount and variety of materials and components used.

Design optimised shapes and
dimensions

Use precise design to minimise material use and spatial waste.

Design energy-efficiency

Reduce operational energy demand through efficient building design.

Design for prefabrication

Use off-site production to optimise material use and reduce waste.

Design for durability

Design long-lasting buildings and components.

Design for adaptability /
flexibility

Enable buildings to change use and function over time.

Design for layer independence

Separate building layers according to different lifespans.

Design for accessibility

Ensure easy access for maintenance, repair, and replacement.

Design with modularity

Use modular systems to support replacement and long-term use.

Design for sharing

Enable shared use of spaces and facilities to reduce demand.

Design for short use

Design buildings intentionally for limited, defined service life.

Design for assembly /
disassembly

Use reversible connections to enable reuse of components.

Design with secondary materials

Use reused or recycled materials instead of virgin materials.

Design with standardised
solutions

Apply standard dimensions and components to ease reuse and recycling.

Design symbiosis

Use resource outputs from one building as inputs for another.

Design with circular materials

Use renewable, local, and low-impact materials.
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Despite this growing body of knowledge, several authors highlight that a substantial gap remains between
conceptual circular strategies and their consistent implementation in real-world projects (e.g., Hamida et al.
2023; NuBholz et al. 2023). However, there has been an increasing number of practical research on how these
practices can be implemented in practical case projects. This theoretical gap provides an important basis for
further examination of how circularity is currently realized in residential buildings and how alternative
perspectives, such as regenerative thinking, may contribute to advancing the field.

2.2. Regenerative thinking in construction: beyond sustainability

Circular economy research has gone from defining and understanding the concept of CE toward practical
implementation in construction projects and integrating it into policies. Nevertheless, despite these advances,
several authors (Bauwens et al., 2020; Henry et al., 2021; Kirchherr et al., 2017b, 2023) argue that CE largely
remains focused on reducing negative impacts rather than generating positive environmental and social
outcomes. Cole (2023) notes that circularity, while essential, is insufficient on its own to address the scale of
ecological degradation and climate change, thereby prompting a transition toward regenerative paradigms.

Regenerative thinking represents progression from CE which encompasses narrowing, slowing or even
closing material loops. In contrast, the regenerative approach to construction focuses on regenerating resource
loops through the use of renewable materials and innovation that have positive contribution to natural revival.
In other words, the regenerative approach adds to CE by prioritizing the restoration and renewal of ecosystems.
For example, regenerative thinking can be implemented into design by extending conventional sustainability
activities and positioning buildings as active contributors to ecological and social systems. Charanya Devi &
Jeyaradha (2023) describe regenerative architecture as a design approach that restores ecosystems, enhances
human well-being, and fosters long-term environmental balance. This perspective aligns with regenerative
design research that emphasizes climate-responsive strategies, renewable energy generation, and improved
indoor environmental quality (Bakos & Schiano-Phan, 2021; Kumar et al., 2025). Case studies of regenerative
refurbishment and new construction demonstrate how buildings can move beyond efficiency toward net-
positive performance (Petrovski et al., 2021). A practical example is that such refurbishments integrate
measures including renewable energy systems, adaptive reuse of existing structures, and enhancements to
indoor environmental quality, thereby enabling buildings to deliver net-positive benefits over their life cycle.

The conceptual foundations of regenerative thinking are further enriched by insights from regenerative
agriculture. Massy (2020) emphasizes working with natural processes, place-based knowledge, and long-term
stewardship to restore degraded landscapes. Although this perspective originates outside the construction and
real estate sectors, it has clear relevance for the built environment, reinforcing the view of buildings as elements
within interconnected living systems rather than as isolated technical objects. Varshney et al. (2022)
exemplifies this approach through building-integrated vegetation, which simultaneously supports carbon
sequestration, biodiversity, and occupant wellbeing. One practical example is the use of building-integrated
vegetation systems, such as green fagades or green roofs, which enable buildings to sequester carbon while
enhancing biodiversity and improving occupant wellbeing.

Recent literature increasingly argues for the integration of CE principles with regenerative design (Hoxie
et al., 2012) to address the complexity of residential buildings. Circular strategies provide the technical
foundation for material efficiency, adaptability, and reduced resource flows, while regenerative thinking
expands the scope toward ecological restoration and social value creation. Trubiano et al. (2022) propose a
multi-scalar approach in which material circularity is embedded within broader regenerative processes,
including community engagement and ecosystem renewal. This is echoed by Barrie et al. (2023), who
emphasize the importance of social value and shared spaces in residential and mixed-use buildings.

In residential contexts, combining CE and regenerative design enables housing to function as long-term
socio-ecological infrastructure. Transformable housing systems (Diana et al., 2024), climate-adaptive
envelopes (Foged, 2022), and nature-integrated design strategies (Varshney et al., 2022) illustrate how circular
material flows can support regenerative outcomes such as resilience, wellbeing, and ecological restoration.
Thus, the literature suggests that while CE principles are necessary to reduce environmental burdens in
residential buildings, regenerative thinking is essential to move beyond sustainability toward restorative and
future-oriented housing models.
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3. Methodology

The research process defined in this study was divided into three phases (Figure 2). First, systematic data
collection was conducted to identify the main CE approaches in apartment building projects along with the
different stakeholder groups involved in the implementation process in the existing literature. Secondly,
qualitative content analysis was carried out for categorization and extracting main lessons. Finally, a
regenerative thinking lens was used to draw out key considerations to guide relevant stakeholders in their
attempt to promote circular economy in apartment building projects.

Phase 1 Phase 2

Systematic literature review Qualitative content analysis

' ,

Identification of circular economic
approaches in residential building
projects and stakeholder groups

Categorization and main lessons
learned

Phase 3

Regenerative thinking lens

v

Key considerations to promote circular
economic in residential building projects

Figure 2. Methodology used in this study

Following Xiao and Watson’s (2019) methodological approach, a systematic literature review was
conducted in this study. It enabled researchers to address the research question through a transparent and
replicable protocol of data collection, synthesis of knowledge and summary of main results (Gough et al.,
2017). Three main steps were defined to conduct the systematic literature review: (1) searching for articles
following the research protocol defined by the research team; (2) screening the sample by using inclusion and
exclusion criteria; and (3) analysis of the final sample of articles included in this study (Figure 3).

To ensure a wide coverage of academic articles from relevant publishers and databases, the Web of Science
Core Collection database was chosen for this study (Birkle et al., 2020). The search was conducted by using
the fixed terms ‘residential’ OR ‘building’ AND ‘circular® , resulting in a total of 75,258 articles. Then, three
screening criteria were implemented to retrieved articles (Figure 3). First, articles that were duplicated, non-
English language (English was the common language in the research team), not accessible behind paywall, in
a different field from architecture or engineering, and did not follow a peer-review process before publication,
were excluded (Criterion 01 in Figure 3). Next, title and abstract of the 1,022 articles included in Step 02 were
assessed for eligibility based on their focus on residential buildings, whether they included a case study in the
research scope, and did not focus on public buildings, offices, industrial facilities (Criterion 02 in Figure 3). In
the final Step 3, the remaining 70 articles were screened based on whether they included CE approach in their
research design, discussed all CE phases, and did not included single family, detached or semi-detached houses,
duplex or town houses in the case study (Criterion 03 in Figure 3), resulting in a final sample of 10 articles
included for further analysis in this study.
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Figure 3. Literature review protocol

To avoid bias and ensure the validity and robustness of the analysis conducted in this study, five researchers
conducted the analysis independently (Groat & Wang, 2013). Qualitative coding and thematic extraction were
conducted through an iterative procedure combining deductive and inductive elements. In the first stage, the
included studies were reviewed using predefined analytical categories informed by the review objectives and
CE literature. These categories included the CE strategies addressed in each study, with particular attention to
R-framework strategies such as reduce, reuse, repair, refurbish, recycle, and recover; the building life-cycle
stage considered; the type of residential building intervention; the resource-efficiency measures discussed; and
the systemic implications identified. In the second stage, recurring themes were refined inductively as patterns
emerged from the case-study material, including the relative emphasis on downstream material recovery
compared with circular strategies and the extent to which studies addressed material flows, governance
conditions, and wider transition dynamics. To enhance analytical consistency, multiple researchers
independently reviewed and coded the included studies. Coding decisions were subsequently compared, and
differences in interpretation were discussed until consensus was reached. Although no formal statistical inter-
coder reliability coefficient was calculated, this consensus-based procedure was used to reduce individual
interpretive bias and strengthen the transparency and replicability of the qualitative analysis. After completing
the data extraction concerning type of residential building project, location, CE approach, relevant stakeholder
groups, qualitative content analysis was carried out for categorization and framing key lessons learned from
the challenges faced during the implementation process (Schreier, 2012). To reflect on how contextual factors
and the involvement of different stakeholder groups may influence the implementation of certain CE
approaches, a context-dependency analysis was conducted (Greenhalgh & Manzano, 2022). Finally, key
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considerations to guide relevant stakeholders in their attempt to promote CE in residential building projects
were defined and further discussed through a regenerative thinking lens.

4. Results & Discussion

4.1. Overview and thematic classification of the literature review findings

The included articles demonstrate a wide range of approaches for implementing CE principles in apartment
building projects (Table 3). The case studies cover a broad geographical scope, including projects primarily
located in Europe as well as in Australia, in addition to a study conducted in virtual environment. The literature
can be organized into three thematic categories. First, reuse and design for disassembly (Bellini et al., 2024;
Ericsson et al., 2024; Geldermans et al., 2019; Morganti et al., 2023) constitute a major focus area. This
emphasis is unsurprising, as these strategies remain among the most established and widely researched
approaches within CE in the construction sector. Moreover, reuse-oriented strategies are central to R-
frameworks and feature prominently in CE design strategy literature. Second, CE indicators and assessment
methods (Cottafava & Ritzen, 2021; Honic et al., 2021; Lei et al., 2022; Passoni et al., 2022; Sahebzamani &
Forcada, 2026) form another key theme, reflecting the increasing effort to operationalize and quantify circular
performance in building projects. The assessment of CE metrics has also been reinforced at the policy level,
particularly through the EU Taxonomy criteria, which provide structured indicators to guide project
stakeholders in defining measurable circularity objectives. Third, a more emerging theme links circularity
with regenerative thinking (Sala Benites et al., 2022), examining how CE principles can extend beyond
resource efficiency to support broader ecological and systemic regeneration. However, as this perspective is
not yet strongly embedded in prevailing CE policy frameworks or implementation strategies, it remains
underrepresented in the reviewed literature. Collectively, these themes illustrate the current research emphasis
on identifying and operationalizing applicable CE solutions for apartment building projects.

Table 3. Systematic literature review overview table

Case ID  Location Case Circular approach Key outcomes Source
Deconstruction of an . . The MP method enables
. . o Evaluation of recycling . . .
industrial building and . : identification of reusable .
. . potential and environmental L Honic et al.
Cl Austria evaluation of the reuse . . building components,
. . . impacts using Material ; (2021)
potential in residential supporting secondary raw
. Passports (MP) .
projects materials cadastre
Shell solutions were more
Renovation environmentally
possibilities of a Evaluation of the sustainable than wall
typical 1970s three environmental impacts of solutions or demolition Passoni et al.
C2 Italy . . . .
story apartment different renovation and reconstruction, while ~ (2022)
building in seismic solutions Life Cycle Thinking
areas (LCT) further reduced
environmental impacts
ESG-based framework for
VR-based test assessing the sustainability Improves stakeholders’
environment for of construction materials intuitive understanding of ~ Sahebzamani
C3 Virtual sustainability and products, integrating CE  sustainability and supports & Forcada
evaluation in new principles such as reuse, engagement, visualization, (2026)
construction projects recycling, recovery, waste and communication
minimization, and durability
Practical
g:llﬁlleil:llelrlrtlzttleor?a?ieuse Identifying barriers and Ericsson et al
C4 Sweden g Reuse of building materials ~ enablers for building ’

in Sweden’s
construction and real
estate sectors

material reuse

(2024)
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Table 3 (cont.). Systematic literature review overview table

Case ID Location

Case

Circular approach

Key outcomes

Source

The

Conceptual framework to

Cs Netherlands, Urban areas and i\ge;ileriitgflz Xelgll . support regenerative Sala Benites et
Australia &  neighbourhoods gen & circularity goals in urban al. (2022)
principles .
Denmark environments
Dlsmar}thng 2 1.914 Assessment of reusable
industrial building o Assessment tool to
. building elements and . -
converted into offices o support and guide the Bellini et al.
Cé6 Norway ) s development of criteria to . - .
in 1980s and building a . implementation of circular  (2024)
. . evaluate construction .
new residential o material reuse
complex product reusability
CE performance . CLT (1.77 CE index)
c7 Australia comparison of CLT and E;z}lsrzﬁgﬁcgi)?ﬁyo buildin outperformed the RC Lei et al.
RC in mid-rise P o € (0.03 CE index) optionin  (2022)
residential buildings materials the CE index comparison
. Development of a digital
;fesstt:rlf t% friifr?l?liii " tool integrating circular Development of a
cs8 Italv. UK }llatform validation 1};1 . Sconomy principles into software framework for Morganti et al.
¥ Elul tiostorey residential construction processes, circularity platform (2023)
retrofit ro'};ct focusing on the building validation
proj envelope
Netherlands, Development of a Predictive
Spain, Eight different Bm.l ding Circularity - Initial step toward
Ireland, . Indicator (PBCI) combining . .
demonstration sites D . understanding the impact ~ Cottafava &
9 Italy, . . the Material Circularity oS .
. including an apartment . . .. of DD criteria on Ritzen (2021)
Estonia, building in Estonia Indicator (MCI) with criteria circulatity
Slovenia, £ for embodied energy, CO:
Greece emissions, and (DfD)
Partitionine wall DfD-based partition wall Development of the Circ-
C10 Netherlands  solution fo% residential solutions improving Flex partition wall system  Geldermans et

multi-family housing

apartment adaptability and
material reuse

linked to circularity and
adaptability metrics

al. (2019)

Overall, the literature review summary (Table 3) highlights the diversity of the identified case projects. The
cases span different phases of the building life cycle, ranging from early-stage construction activities to end-
of-life processes. In some instances, the studies also bridge these phases by linking end-of-life solutions with
new construction. The common denominator across all cases is their focus on implementing CE practices in
apartment building projects. Given the wide range of potential approaches within this topic, identifying a single
unifying theme is challenging. However, drawing on the EU Taxonomy framework, the cases can be grouped
according to life-cycle phases: construction of new buildings (Bellini et al., 2024a; Ericsson et al., 2024;
Geldermans et al., 2019; Lei et al., 2022; Sahebzamani & Forcada, 2026; Sala Benites et al., 2022), renovation
of existing buildings (Morganti et al., 2023; Passoni et al., 2022; Sala Benites et al., 2022), and demolition and
dismantling activities (Bellini et al., 2024a; Cottafava & Ritzen, 2021; Ericsson et al., 2024; Honic etal., 2021).
Two cases bridge multiple life-cycle phases by linking demolition activities with new construction (Bellini et
al., 2024a; Ericsson et al., 2024), while one case addresses both new development and renovation (Sala Benites
etal., 2022).

In terms of key outcomes, the cases present a wide range of solutions. These outcomes align with the
identified thematic categories and demonstrate varying levels of scalability. Some projects focus on specific
technical solutions at the component or material level (Geldermans et al., 2019; Sahebzamani & Forcada,
2026), whereas others provide broader evaluations and comprehensive building-level solutions (Lei et al.,
2022; Passoni et al., 2022). The majority propose approaches intended for broader application beyond the
individual project context (Bellini et al., 2024a; Cottafava & Ritzen, 2021; Ericsson et al., 2024; Honic et al.,
2021; Morganti et al., 2023; Sala Benites et al., 2022).
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4.2. Challenges for CE implementation in apartment building projects

Analysing results from the reviewed literature, main challenges to implement CE approached in apartment
building projects can be clustered in five main groups: 1) Financial, 2) Technical, 3) Regulatory, 4) Cultural,
and 5) Infrastructural. Financial barriers were mainly related to the high initial investment required to
implement modular, adaptable solutions (Bellini et al., 2024b; Ericsson et al., 2024; Geldermans et al., 2019;
Lei et al., 2022; Morganti et al., 2023), ultimately leading developers to prioritize low-cost construction
solutions over long-term lifecycle benefits. Another important aspect found from the reviewed literature was
the lack of appraisal methods that enable developers and investors to account for the "residual value" of
building materials and translate circularity into a higher property valuation (Geldermans et al., 2019).
Furthermore, financial aspects are particularly important in residential construction, where affordability and
long-term value are closely interconnected. Affordable housing is becoming increasingly difficult to secure in
larger European cities, while many rural areas face the opposite challenge of declining demand due to
demographic change. In this context, CE may offer practical ways to address such imbalances by extending
the use value of existing housing stock and reducing dependence on virgin-material-intensive new
construction. The first thematic category identified in the review also provides practical examples of how reuse
can already be facilitated in construction projects and how future projects can be better prepared through design
for disassembly practices. Although the review highlights clear financial risks perceived by project owners
when implementing these emerging solutions, the potential for higher property valuations and a stronger
understanding of long-term life-cycle opportunities also suggests possible pathways for overcoming some of
the financial barriers.

Technical challenges related to the limited flexibility of existing apartment building designs, which are
often characterized by linear design principles, make it difficult for building owners to extend building
lifespans and therefore represent a key barrier to implementing circular economy practices in apartment
buildings (Sala Benites et al., 2022). Another important barrier points out the lack of material passports and
building information models (BIM) to facilitate tracking material flow (i.e., what materials have been used in
a building) and promote the safe and cost-efficient reuse of materials (Morganti et al., 2023). Data collection
and processing are too costly to be conducted manually, where automation is shown as a solution to lower its
cost and avoid human errors during the process (Cottafava & Ritzen, 2021). Provision of reused construction
material databases can support the reduction of demolition waste and material costs (Sahebzamani & Forcada,
2026) and the development of cost- and environmental-comparison analyses (Morganti et al., 2023). The
review indicates that, although technical development is still ongoing in the transition from a linear to a more
circular construction practises, practical examples of reuse and design for disassembly are already emerging
in apartment building projects. At the same time, there is a growing understanding of how circularity in
apartment projects can be assessed in more systematic ways. Transparent technical evaluation and a stronger
evidence base are particularly important for project owners, as greater confidence in the performance and
feasibility of CE solutions is likely to support their wider adoption.

Regulation and standards. The lack of standardized data collection protocols undermines the comparability
of the research data (Cottafava & Ritzen, 2021), leaving individual practitioners with significant interpretive
freedom during reclamation audits. Research also highlights the need for additional circularity and
sustainability assessment criteria, such as material longevity (Lei et al., 2022), considering the full life cycle
of the different building components (Sahebzamani & Forcada, 2026). For example, the Material Circularity
Indicator (MCI) developed by the Ellen MacArthur Foundation focuses on three aspects: the amount of used
virgin materials; the amount of unrecoverable materials; and the lifetime of the products. However, more
holistic methodologies that incorporate macro- (material impact), meso- (supply chain) and micro- (design)
level indicators are needed to assess the level of circularity in the built environment (Cottafava & Ritzen,
2021). Regulatory aspects are particularly critical to CE implementation in apartment buildings. Beyond
accurate assessment methods, owners and developers must also be able to secure approval for the use of reused
components in urban settings. In highly regulated residential environments, where components must meet strict
health, safety, and thermal-performance standards, this creates an additional layer of complexity. As a result,
the lack of regulations and standards that actively facilitate reuse remains a significant barrier to CE
implementation in the context of apartment buildings.

Cultural barriers address a fragmented construction sector where stakeholders work in silos without
engaging with all the actors involved in the construction process, i.e., clients, designers, architects, contractors,
suppliers, end-users, etc. This is further hindered by the environmental and financial costs of aesthetics in the
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residential sector, where there is often a cultural bias against "used" materials just because they are perceived
as lower quality than new ones (Bellini et al., 2024; Ericsson et al., 2024). This could be overcome through
more detailed analysis of the impacts of such materials in other life cycle stages, facilitating comparison
analysis from different perspectives. The cultural aspects of residents’ attitudes toward the use of reused
components within apartments justifiably raise concerns among project owners (Bellini et al., 2024). This
barrier is particularly pronounced in apartment buildings, where new developments are generally expected to
offer comparable units to the market. In practice, the use of reused components may prompt questions among
potential buyers as to why one apartment differs from another, for example due to variations in component
availability. Such perceptions illustrate how cultural barriers may hinder the transition from a linear to a more
circular construction model, especially in residential contexts where standardisation, comparability, and
perceived quality strongly influence market acceptance.

Infrastructure challenges relate to fragmented supply chains that lack the minimum systemic capacity
required to manage the complex take-back loops of a truly circular system, as well as from spatial constraints,
such as the need for on-site sorting and storage to ensure high-quality material recovery (Bellini et al., 2024a;
Ericsson et al., 2024; Geldermans et al., 2019). Morganti (et al., 2023) developed a digital tool which
incorporates different platforms and services from previous studies to bring CE principles into construction
processes. However, the digital tool was validated only up to prototype stage, in conditions that simulate real-
world scenarios but not yet deployed on actual construction sites. Furthermore, there is not yet mature,
standardized market for second hand building components, making the logistics of storage, testing, and
transporting salvaged materials more expensive than buying "virgin" materials. This is particularly challenging
in apartment building projects, where predictable schedules are critical to project success. Delays in material
availability, testing, or logistics may place developers under additional financial pressure, for example through
contractual penalties or disruptions to tightly sequenced construction phases. In this respect, the large-scale
adoption of second-hand building components in the apartment building sector is likely to depend on the
gradual development of more stable CE infrastructure and supply chains.

Overall, the identified challenges are also linked to the three thematic categories. Reuse and design for
disassembly appear to be most closely associated with financial, technical, and infrastructural challenges, as
their implementation depends on material availability, logistics, technical feasibility, and coordination across
project actors. Studies focusing on CE indicators and assessment methods are more strongly connected to
technical and regulatory issues. In particular those related to data quality, comparability, and approval
procedures. The emerging link between circularity and regenerative thinking highlights somewhat broader
implementation gaps, including questions related to governance, liveability, and the wider context of
residential development. In apartment building projects, these challenges are further shaped by residential-
specific conditions such as affordability pressures, expectations of unit comparability, strict performance
requirements, and schedule sensitivity. This suggests that CE implementation in apartment buildings is shaped
not only by technical design choices, but also by wider regulatory, market, and contextual conditions.

4.3. Stakeholders as barriers and enablers of CE implementation
A key factor in implementing CE practices in apartment building projects is stakeholder integration. The
literature review indicates that stakeholder involvement was addressed in the majority of the reviewed articles
(Bellini et al., 2024; Ericsson et al., 2024; Geldermans et al., 2019; Morganti et al., 2023; Passoni et al., 2022;
Sahebzamani & Forcada, 2026; Sala Benites et al., 2022). In total, ten stakeholder groups were identified and
categorized according to their role as either barriers or enablers, with specific descriptions of how their
influence manifests in practice (Table 4). These stakeholder groups span the entire building life cycle, from
early planning and zoning decisions to end-of-life deconstruction processes. Based on the frequency and scope
of identified influencing factors, the project client emerges as the most dominant actor in shaping CE
implementation. Project managers and design professionals also play significant roles, reflecting their central
position in project coordination and technical decision-making. Stakeholders may act as barriers when their
decisions, risk perceptions, or operational constraints limit the adoption or scale of CE practices. Conversely,
they may function as enablers when their actions actively support the integration of circular principles into
project planning, design, procurement, and execution.

Stakeholder involvement is also closely linked to the three thematic categories identified in the review: 1)
reuse and design for disassembly, 2) CE indicators and assessment methods, and 3) the emerging link between
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circularity and regenerative thinking. However, the role of stakeholders differs across these themes. The first
theme, reuse and DD, is the most strongly connected to stakeholder involvement, as all identified stakeholder
groups are represented in the literature addressing this category. This reflects the practical nature of reuse and
DfD, which require coordination between different stakeholders across the construction process from planning
and design to deconstruction and material sourcing.

In contrast, the second theme, focusing on CE indicators and assessment methods, addresses stakeholder
involvement more selectively. Here, the discussion mainly concerns clients, designers, and industry experts,
as these actors are most directly linked to the evaluation, interpretation, and application of circularity metrics.
At the same time, the reviewed articles within this category are more strongly oriented toward technical
development and measurement, which explains the more limited attention given to broader stakeholder
dynamics.

The third theme, linking circularity with regenerative thinking, remains the least developed in terms of
stakeholder analysis. In particular, stakeholder involvement is addressed primarily through expert validation
and conceptual reflection rather than through practical implementation processes. This suggests that
regenerative thinking is still at an early stage of integration into CE research on apartment building projects.
At present, it is framed mainly as a complementary extension to CE rather than as an established
implementation perspective supported by clearly defined stakeholder roles. Taken together, these thematic
differences help explain why the barriers to CE implementation are not evenly distributed across stakeholder
groups or implementation contexts.

Table 4. Identified stakeholders, roles and influence on CE implementation

Stakeholder Role Influence
. Lack of clear guidelines for reused product verification, clarification in Planning and
Barriers Building act to promote reuse and renovation (C4)
Policy makers and regulators urcmng P
(municipalities) Enabl Flexibility for zoning regulations and building permission to facilitate reuse (C4)
nablers

Introducing policies that motivate and enforce reuse (C4, C10)

Lack of economic incentive to implement CE (C4, C6)

Barriers Uncertainty regarding the performance of reused materials (C4, C6)

Liability and warranty concerns (C4, C6)

Client (owner, property

companies, developers) Including the CE practices into the early phase of the project (C4, C6, C8, C10)

Evaluating project circularity and making sustainability choices (C3, C8)

Enablers - :
Introducing CE goals into contracts and procurement (C4)

Pre demolition assessments (e.g. reuse mapping) (C7)

Increased demand for resources (logistics, deconstruction, storage, surveys) (C4)

Barriers Lack of processes and capabilities to implement CE practices (C4)

Project manager Liability and warranty concerns (C4)

Sourcing secondary materials through industry networks (C4)

Enablers R - o -
Sharing information of reuse thinking and practices (C4)

Uncertainty regarding the performance of reused materials (C3, C4)

Barriers Structural engineers applying the CE principles into project design requires special
expertise (C2)

Designer (structural

engineers, architects) Early designer and architect involvement key to promote information-driven reuse

process (C6)

Enablers
Material choice and property alignment with project objectives and sustainability

considerations (C3, C8)

Lack of incentives to work with reused materials (C4)

Barriers - - .
Uncertainty regarding the performance of reused materials (C4)

Contractor - -
Trustworthy and capable contractors can help CE goals implementation (C4)

Enablers S -
Facilitating possible temporary storage for reusable components (C6)
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Table 4 (cont.). Identified stakeholders, roles and influence on CE implementation

Stakeholder Role Influence

Barriers Lack of take-back infrastructure (C4)

Manufacturers (suppliers) R -
Enablers Offering circular options (C4)

End-users’ sceptic attitudes toward CE products (C4, C6)

End-user Barriers o - -
Unwillingness to pay for environmental certificates (C4)

Facility manager Enablers Planning of renovations with reuse in mind (C4)

Industry expert (specialists,

. Enablers Validating the research in practical context (C3, C5, C8)
academic)

Barriers Lack of professional reuse market actors (C4)

Waste actors o S - -
Enablers Providing reverse logistics options for reuse and recycling (C4, C8, C10)

The previously identified challenges have direct links to stakeholder roles as barriers in CE implementation.
Financial barriers are primarily concentrated among clients and project managers, as construction projects
operate commonly in strict budget frameworks defined by the client. Therefore, increased costs or financial
risk related to CE practices might lead to cost-cutting measures and replacing the CE solutions with linear
economy-based models. Especially, liability and warranty concerns related to the uncertain performance of
reused materials elevate perceived risk levels, potentially increasing project risk premiums. Project managers
further emphasize the additional resource demands linked to CE implementation, including logistics, storage,
and extended surveys, which may reduce profit margins. From a market perspective, uncertainty regarding
end-users’ willingness to pay for environmental certification weakens the business case for circular
investments.

Technical barriers are shared across multiple stakeholders, particularly clients, designers, and contractors,
who often express uncertainty regarding the structural and performance properties of reused materials. This
uncertainty reinforces risk-averse decision-making and limits broader adoption. Regulatory barriers are
largely institutional. Policy makers and regulators may inadvertently act as barriers when guidelines for CE
implementation remain unclear or when planning and building legislation fails to actively support reuse and
renovation over demolition and new construction based on primary materials.

Cultural barriers emerge primarily at the operational and user levels. Contractors may lack familiarity with
reuse-oriented construction practices, leading to hesitation in adopting new processes. Simultaneously, end-
users’ preferences for new materials over second-hand or circular alternatives reflect a broader cultural bias
embedded in conventional linear construction markets. Finally, infrastructure challenges affect manufacturers
and waste actors, as the absence of mature take-back systems and professional reuse markets limits the
availability of reliable secondary material streams. Without coordinated reverse logistics and standardized
reuse networks, circular manufacturing options remain economically and operationally constrained.

Although stakeholders may act as barriers to CE implementation, they also hold crucial enabling roles that
need to be activated to achieve successful projects. At the institutional level, regulatory practices need to
actively facilitate reuse. Zoning regulations and building permits should allow the use of secondary materials,
for example in facades, even if this results in less standardized architectural outcomes due to material age or
aesthetic variation. Policies that incentivize or mandate reuse are widely recognized as strong enablers of CE
implementation.

At the project level, the early integration of CE principles is consistently identified as decisive for project
success. Clients play a central enabling role by introducing CE objectives at the outset and involving designers
and architects in translating these goals into feasible implementation strategies. The development of
measurable and transparent circularity indicators further strengthens decision making, allowing sustainability
benefits to be communicated to investors and end-users. In situations where existing buildings have reached
the end of their life cycle, systematic assessments of reuse potential are essential for identifying and sourcing
secondary materials for new projects.

Project managers contribute by leveraging professional networks to source secondary materials beyond the
project boundary and by aligning feasible CE actions with the client’s objectives. Similarly, design teams
possess the technical expertise required to evaluate material properties and ensure that reused components
meet structural and functional requirements. During implementation, capable and motivated contractors play
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a key enabling role by facilitating the practical use of secondary materials on site. The availability of
manufacturers offering circular product options further supports adoption.

In the operational phase, facility managers can maintain circular practices by integrating reuse
considerations into renovation planning and component replacement strategies. Industry experts, including
academics, support implementation by validating research in practical contexts and disseminating tested best
practices. Finally, waste-sector actors enable circularity through reverse logistics systems that facilitate
material recovery and redistribution.

Overall, stakeholders influence CE implementation not only through isolated actions but through
coordinated contributions across institutional, project, and market levels. When regulatory clarity, early-phase
commitment, technical expertise, and infrastructure support are aligned, the conditions for scalable circular
construction practices are significantly strengthened.

To summarize, the systematic literature review reveals a diverse set of case projects situated in varying
regulatory, climatic, and market contexts. Despite this diversity, clear patterns emerge in the operationalization
of CE principles in apartment building projects. The reviewed articles demonstrate progress in translating CE
concepts into measurable indicators, technical design strategies, and scalable implementation models. At the
same time, the analysis exposes persisting gaps, particularly in integrating circular approaches across life-cycle
phases and in linking resource efficiency strategies with broader regenerative objectives. These findings not
only synthesize the current state of research but also underline the need for more comprehensive and system-
level approaches to advancing circularity in apartment building development.

4.4. Regenerative thinking to boost circular economy in residential building

projects

The regenerative approach to construction seeks to restore and renew natural systems by promoting renewable
materials, innovative solutions, and resource cycles that contribute positively to ecological recovery. In this
sense, regenerative thinking extends CE principles by prioritizing ecosystem restoration alongside resource
efficiency and material circulation. Although CE frameworks conceptually might include restorative and
regenerative ambitions, these dimensions are often underrepresented in practical CE discussions and
implementation strategies. From this perspective, buildings are no longer viewed as isolated technical objects
but as active elements within interconnected urban ecosystems that influence environmental quality,
community wellbeing, and long-term resource cycles (Figure 4). This broader perspective also supports the
study’s argument that apartment building projects could be examined through a conceptual framework that
links technical circularity to wider ecological and social outcomes.

From Circular Economy to Regenerative Circularity

atly

Key considerations
CE frameworks and e f::'::::l:n . v
policy instruments e @ = Buildings as parts of
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R:ffﬂ_!lfce Material ecosystems.
. efficiency 1 circulation = CE strategies linked to
ReIEEI:IEI‘atIUE ! \ ecological and social
thinking lens regeneration, incl.

biodiversity enhancement,
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rj% ! water and soil
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e . 0 .&. to social value creation.
\.A\ . . = Participatory governance
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CE provides the technical mechanisms for Regenerative thinking expands CE into a broader framework for ecological
material efficiency and value retention restoration, social wellbeing, and long-term resilience

Figure 4. Regenerative circularity possibilities in apartment building projects
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The presented EU policies (Circular Economy Action Plan, Circular Economy Act, EPBD) and CE R-
frameworks and design strategies have been introduced into practical case projects in some extend but the
analysis shows lack of practical outcomes. Majority of the reviewed cases focused on the identified thematic
categories 1) reuse & DfD, and 2) material circularity indicators, highlighting how circular strategies can
improve material recovery and extend building service life. However, the findings also indicate that these
approaches often remain limited to technical resource loops and project-level efficiency improvements, for
example, in stakeholder collaboration. When examined through a regenerative lens, this suggests that CE
implementation in residential construction still tends to prioritize material circulation rather than broader
ecological or social regeneration.

Sala Benites et al. (2022) present a model where regenerative circularity requires a systemic approach that
integrates material cycles with ecological, social, and governance dimensions of the built environment. Rather
than focusing solely on resource flows, the model proposes a broader framework addressing urban metabolism,
ecosystem services, community wellbeing, and participatory governance (Sala Benites et al., 2022). In this
context, CE approaches can be understood as enabling mechanisms that support regenerative outcomes, but
they are rarely sufficient on their own to achieve ecosystem restoration or long-term environmental balance.
Therefore, the third and still emerging thematic category, 3) linking circularity with regenerative thinking,
should be understood as more than a conceptual extension of CE. It also provides a practically relevant
perspective for situating residential apartment building projects within a broader regenerative framework that
connects project-level circularity goals to wider systemic transformation.

In apartment building projects, regenerative thinking introduces design directions that can directly address
some of the key challenges identified in the CE literature, particularly those related to technical rigidity and
limited adaptability. Diana et al. (2024) identify transformability as a critical dimension of circularity in
residential housing, where the capacity to accommodate changing needs extends functional lifespan.
Regenerative design strengthens this dimension by framing buildings as dynamic systems capable of long-
term evolution rather than as fixed technical objects. Through climate-responsive strategies, renewable energy
integration, and high indoor environmental quality (Bakos & Schiano-Phan, 2021; Kumar et al., 2025),
buildings are designed not only for material circulation but also for social resilience and user wellbeing. In this
respect, regenerative thinking complements CE by responding to one of the most significant technical barriers
identified in the review, namely the limited flexibility of existing apartment building designs. Moreover, by
supporting longer service life, greater adaptability, and improved performance over time, regenerative
strategies may also help alleviate some financial barriers by strengthening long-term value retention, even if
they do not eliminate the short-term cost pressures associated with CE implementation.

Importantly, regenerative thinking also reframes the role of buildings within urban systems. Instead of
focusing only on reducing environmental impacts at the building scale, regenerative approaches emphasize
how apartment buildings interact with wider socio-ecological systems. The framework proposed by Sala
Benites et al. (2022) highlights multiple urban cycles, including physical resource flows, ecosystem processes,
infrastructure systems, and community participation, which together shape regenerative outcomes in the built
environment. This perspective is particularly relevant to the regulatory, cultural, and infrastructural challenges
identified in the review. From a regulatory perspective, regenerative thinking reinforces the need for planning
and governance frameworks that support not only reuse and adaptability but also neighbourhood-scale
ecological and social value creation. From a cultural perspective, it broadens the discussion from the
acceptance of reused materials toward wider questions of liveability, community wellbeing, and shared urban
environments. In infrastructural terms, it underlines that circularity cannot rely solely on project-level material
loops, but requires coordinated systems of logistics, information, governance, and stakeholder participation.
Regenerative thinking therefore does not replace CE; rather, it extends it by reframing apartment buildings as
contributors to wider urban regeneration instead of isolated sites of technical material efficiency.

Overall, the analysis indicates CE, and regenerative thinking should not be understood as competing
frameworks but as complementary approaches. Circular strategies provide the technical mechanisms needed
to reduce material consumption, improve adaptability, and retain value within building systems. Regenerative
thinking expands the scope of these strategies by linking them to ecosystem restoration, social inclusion, and
long-term environmental balance. In this sense, regenerative design can be interpreted as an evolutionary
development of circular economy principles, transforming circular construction from a model of closed
material loops into a broader framework for ecological and social regeneration.

It is important to note that, although the systematic search initially identified a large body of literature on
CE in the built environment, the application of the inclusion and exclusion criteria resulted in a final sample
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of ten studies specifically addressing CE in residential apartment-building case studies. Authors acknowledge
this relatively small final sample as a limitation of this study. The findings should therefore be interpreted as
indicative of emerging patterns within a targeted subset of residential building case studies rather than as
statistically generalisable across the wider construction and real estate sectors or all housing typologies.
However, the focused sample enables a detailed examination of how CE principles are currently
operationalised in apartment-building contexts, including the relative emphasis placed on different R-strategies
such as reduce, reuse, repair, refurbish, recycle, and recover. Future research should expand the empirical base
through additional residential case studies across diverse geographical, regulatory, climatic, and housing-
market contexts. In particular, further work is needed to investigate how CE strategies can contribute to
resource efficiency, material-flow reduction, and the decoupling of housing provision from virgin material
extraction. Comparative and longitudinal studies would be especially valuable for assessing systemic impacts,
including how circular interventions influence life-cycle environmental performance, regenerative design
outcomes, governance arrangements, and the transition from project-level circularity toward broader circular
housing systems.

5. Conclusions

Circular economy has become a widely recognized concept in the construction industry. Although early
discussions highlighted concerns that the fragmented definition of circular economy might threaten the
concept’s longevity (Kirchherr et al., 2017), CE has since gained increasing attention in both policy
frameworks and academic research. Due to CE’s broad systemic scope, ranging from waste hierarchy
approaches to specific applications in the construction sector, it is beyond the scope of any single study to
comprehensively capture the entire body of literature on CE. In addition, CE is often linked to wider systemic
transformations that may include restorative and regenerative ambitions, although such perspectives remain a
minority in most CE discussions. The theoretical background of this study therefore provides an overview of
CE implementation within EU policy frameworks and key academic approaches for applying CE principles in
construction projects. Because regenerative perspectives remain underrepresented in CE research, this study
also introduced regenerative thinking as an additional theoretical lens for examining CE implementation in
apartment building projects. The growing body of research on CE has highlighted the need to better understand
how CE principles can be implemented in practice. Previous literature reviews have similarly emphasized the
importance of translating the concept of CE into practical applications (Gallego-Schmid et al., 2020; NuB3holz
et al., 2023). While CE has been studied in relation to different building types and broader systemic contexts,
such as meso-level platforms or macro-level urban and national transitions, these perspectives are not always
directly linked to residential apartment buildings. Given that apartment buildings represent a substantial share
of the built environment, their role in the CE transition is highly significant. This study therefore aimed to
complement existing conceptual discussions by compiling and analysing practical case studies related to CE
implementation in apartment building projects, while also introducing a conceptual framework that highlights
the potential of regenerative circularity.

The findings of the systematic literature review indicate that the body of literature focusing on CE
implementation in apartment buildings is still developing. The reviewed studies could be organized into three
thematic categories: 1) reuse and design for disassembly, 2) CE indicators and assessment methods, and 3) the
emerging link between circularity and regenerative thinking. Together, these themes suggest that CE
implementation in apartment building projects is currently shaped by a combination of practical material-based
strategies, technical evaluation approaches, and a still developing systemic perspective that extends beyond
material circulation alone. Therefore, the review identified what kinds of CE approaches are being applied in
apartment building contexts and shows that the operationalisation of circularity remains uneven across
discussed CE strategies.

The findings also demonstrate that CE implementation in apartment building projects is affected by five
challenge categories: 1) financial, 2) technical, 3) regulatory, 4) cultural, and 5) infrastructural. These
challenges can be linked to the identified themes. Reuse and DfD are most strongly associated with financial,
technical, and infrastructural constraints, whereas studies focusing on CE indicators and assessment methods
are more closely linked to technical and regulatory issues. The emerging regenerative perspective highlights
broader implementation gaps related to governance, liveability, and the wider context of residential
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development. In apartment building projects, these challenges are further shaped by residential-specific
attributes such as affordability pressures, expectations of unit comparability, strict health, safety, and thermal-
performance requirements, and project schedule sensitivity. The review therefore suggests that CE
implementation in apartment buildings should be understood not only as a technical design issue, but also as a
process shaped by wider regulatory, market, and contextual conditions.

The analysis also shows that different stakeholder groups can act as either barriers or enablers of CE
implementation. Project clients, project managers, and design professionals emerge as particularly influential
actors, reflecting their central roles in project coordination, technical decision-making, and the translation of
CE goals into practice. At the same time, stakeholder involvement varies across the thematic categories. Reuse
and DfD are strongly dependent on broad coordination across the value chain, while indicator-based studies
focus more selectively on clients, designers, and experts. By contrast, the stakeholder dimension remains least
developed in studies linking circularity with regenerative thinking, which suggests that this perspective is still
at an early stage of practical integration. Understanding how stakeholder roles vary across these themes can
support the development of more targeted implementation strategies for residential CE projects.

Key findings of this study include:

e Current academic literature contains relatively few studies that directly analyse CE implementation in
apartment building case projects, even though EU policy frameworks have established increasingly clear
and systematic goals for circularity across different residential project types.

e Existing CE implementation in apartment building projects is still largely focused on reuse, design for
disassembly, and circularity assessment. This indicates progress in operationalising CE but also a
continued emphasis on technical and project-level solutions.

e Apartment building projects involve a particular set of CE implementation challenges, especially related
to affordability pressures, expectations of unit comparability, strict performance requirements, and
schedule sensitivity.

e Regenerative thinking extends the current CE discussion by broadening the analytical focus from material
circulation and building-level efficiency toward ecosystem restoration, social wellbeing, and
neighbourhood-scale socio-ecological systems.

Overall, this review shows that scientific literature addressing CE implementation apartment building
projects is still emerging. At the same time, the concept of regenerative circularity offers promising
opportunities to broaden the CE paradigm within the construction sector. However, the findings are based on
a relatively small and targeted sample of residential case studies and should therefore be interpreted as
indicative rather than broadly generalisable across the construction and real estate sectors. Future research
should therefore provide a growing number of case studies that demonstrate practical CE integration in
residential projects and support industry practitioners in implementing circular solutions. In this context,
regenerative circularity represents a particularly promising research direction for developing more ecological
and social residential environments.
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