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Abstract

This paper develops a practical framework for implementing circular business models
(CBMs) in the design and planning phases of the construction industry. By synthesizing
circular economy literature, industry case studies, and a survey of sector stakeholders, the
study shows how modular construction, reclaimed materials, and service-based models
can optimize resource efficiency and minimize waste throughout the built environment
lifecycle. The framework features actionable tools such as material flow mapping and a
circular economy model canvas to facilitate stakeholder collaboration and embed
circularity at the earliest project stages. Results reveal substantial barriers to CBM
adoption, including policy gaps, investment needs, and limited technical expertise, but
highlight major potential for reducing environmental impacts, enhancing economic
resilience, and aligning with global sustainability goals. The research concludes with
recommendations for policy support, skill development, and future investigation into
digital solutions, providing guidance for professionals aiming to drive sustainable
transformation in construction.

Keywords: circular economy, circular business models, construction industry, sustainability,
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1. Introduction

The construction industry is one of the most resource-intensive sectors globally,
contributing significantly to environmental degradation, waste generation, and energy
consumption (Mohapatra et al., 2024; Benachio et al., 2021). Amid escalating concerns
regarding climate change and resource scarcity, there is an urgent imperative to transition
from traditional linear "take-make-dispose" models to circular economy approaches that
emphasize resource efficiency, reuse, and waste minimization (Kirchherr et al., 2017;
Geissdoerfer et al., 2020). Circular business models (CBMs), defined as value creation
systems that incorporate sustainability and the restoration of materials throughout a
product’s lifecycle, offer critical pathways toward sustainable development in the built
environment (Jayakodi et al., 2024; Prochazkova et al., 2021).
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Despite their potential, the adoption of CBMs in construction remains limited due to
regulatory fragmentation, high initial investments, and a lack of technical and
organizational capacity among stakeholders (Bréndstrom et al., 2024; Mohapatra et al.,
2024). Nonetheless, innovative practices such as modular construction, reclaimed
material marketplaces, and product-as-a-service (PaaS) models have demonstrated
promising results by fostering long-term resource stewardship and reducing waste (Heisel
& Rau-Oberhuber, 2020; De Wolf et al., 2024). The design and planning phases
constitute critical stages for embedding CBMs, enabling lifecycle thinking that optimizes
material flows, fosters cross-sector collaboration, and aligns with economic and
environmental goals (Geissdoerfer et al., 2020; Jayakodi et al., 2024).

This paper advances a comprehensive framework to operationalize CBMs during the
early phases of construction projects. By integrating empirical data from case studies and
stakeholder surveys with insights from circular economy literature, the study identifies
practical tools and strategies to overcome barriers and scale circularity in the construction
sector. The research underscores the necessity for systemic change underpinned by policy
support, skill development, and technological innovation to realize the transformative
potential of CBMs in construction sustainability (Prochazkova et al., 2021; Brandstrom et
al., 2024). Ultimately, this work contributes to bridging the gap between theoretical
circular economy concepts and actionable models that drive sustainable progress in the
built environment (Mohapatra et al., 2024).

2. Literature Review

The concept of Circular Business Models (CBMs) has emerged as a vital mechanism for
operationalizing circular economy principles within the construction industry, a sector
characterized by its heavy consumption of natural resources and generation of significant
waste (Mohapatra et al., 2024; Jayakodi et al., 2024). CBMs represent a strategic shift
from traditional linear models by emphasizing long-term resource value retention through
practices such as product life extension, resource recovery, and service-based value
creation (Geissdoerfer et al., 2020; Brindstrom et al., 2024). This transition is
fundamental not only for reducing environmental impacts but also for unlocking
economic benefits including cost savings, new revenue streams, and increased resilience
(WBCSD, 2023; Benachio et al., 2021).

Definitions and Frameworks of CBMs in Construction

CBMs are defined as business strategies that create, deliver, and capture value in a way
that decouples economic growth from resource consumption, thereby closing material
loops within the built environment (Jayakodi et al., 2024; Prochazkova et al., 2021).
Unlike conventional models focused on product sales, CBMs prioritize circularity by
integrating product-as-a-service models, modular and adaptable design, material recovery
platforms, and lifecycle stewardship (Bocken et al., 2016; Heisel & Rau-Oberhuber,
2020). Digital tools such as building information modeling (BIM) and material passports
are increasingly recognized as enablers that facilitate transparency and traceability across
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the construction value chain (Mohapatra et al., 2024; De Wolf et al., 2024).

Barriers to CBM Adoption

Several studies highlight persistent challenges to widespread CBM implementation in
construction. Regulatory fragmentation and lack of supportive policy frameworks hinder
systemic adoption, while fragmented supply chains and traditional procurement practices
complicate collaboration among stakeholders (Brandstrom et al., 2024; Prochazkova et
al., 2021). Moreover, high upfront capital requirements and limited circular competence
pose significant hurdles for small and medium-sized enterprises (SMEs) and the broader
industry (Mohapatra et al., 2024). This landscape necessitates integrated solutions
combining business model innovation with capability building, policy alignment, and
technological advancement.

CBM Archetypes and Industry Examples

Several archetypes of CBMs have been successfully applied beyond construction,
offering valuable lessons for the sector. For instance, the product-as-a-service (PaaS)
model, as demonstrated by Philips’ lighting as a service offering, aligns incentives
towards durability and maintenance rather than disposability (De Wolf et al., 2024; Yang
et al., 2017). Resource recovery business models focus on reclaiming value from
materials post-use through processes such as remanufacturing and recycling, evident in
platforms like Madaster that catalog building materials to facilitate reuse (Heisel & Rau-
Oberhuber, 2020; Jayakodi et al., 2024). Life-extension strategies, emphasizing modular
and adaptable construction, enable buildings and components to be reconfigured or
disassembled for material recovery, enhancing circularity in renovation and
deconstruction projects (Mohapatra et al., 2024; Prochazkova et al., 2021).

Enablers of Circular Transition

Successful CBM adoption hinges on enablers including policy incentives, stakeholder
engagement, technological innovation, and financial mechanisms that support up-front
investments in circular infrastructure (Brindstrom et al.,, 2024; WBCSD, 2023).
Digitalization plays a critical role, enabling lifecycle data integration, predictive
maintenance, and real-time material tracking, thus improving decision-making and
operational efficiency in circular construction (Mohapatra et al., 2024; De Wolf et al.,
2024). Collaborative governance models that align goals and coordinate across project
phases are essential for embedding circularity from design through end-of-life (Jayakodi
et al., 2024).

Research Gaps and Future Directions

Despite growing scholarly interest, the current literature reveals gaps regarding
systematic frameworks for integrating CBMs across all construction lifecycle stages,
especially execution, operation, and deconstruction (Prochazkova et al., 2021; Mohapatra
et al., 2024). There is also limited exploration of emerging technologies such as Al-
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driven recovery and additive manufacturing with recycled inputs. Further research is
needed on the economic viability of circular construction business models and the

development of scalable policy frameworks to accelerate circular adoption industry-wide
(Benachio et al., 2021; Brandstrom et al., 2024).

This literature review synthesizes current understanding and identifies critical challenges
and opportunities for Circular Business Models in construction, providing a solid
foundation for proposing actionable frameworks to advance circularity in the built
environment.

3. Analysis

This research integrates empirical case studies, stakeholder feedback, and theoretical
insights to critically analyze the application and impact of Circular Business Models
(CBMs) in the construction industry. The analysis is grounded in a synthesis of 74
international CBM cases drawn from literature across industries, with 29 specifically
related to construction, as well as survey data from 150 industry experts.

Categorization of Circular Business Model Strategies

Using the typology by Bocken et al. (2016), the cases and practices were analyzed across
three circular approaches that distinguish resource loop management: slowing, closing,
and narrowing loops. The slowing loops approach emphasizes extending product use
through strategies like access and performance models, long-life design, and sufficiency
encouragement. For instance, some construction firms implement modular design to
prolong building components’ lifecycle and improve adaptability to new uses without
demolition (Heisel & Rau-Oberhuber, 2020). Closing loops focus on capturing value
from potential waste streams via recycling and industrial symbiosis, prominent in projects
utilizing resource passports and take-back guarantees supported by digital tools such as
BIM for traceability (Prins et al., 2015; Mohapatra et al., 2024). Narrowing loops aim at
resource efficiency by reducing material inputs and waste generation, although critics
argue this alone may accelerate resource use without systemic circularity (Bocken et al.,
2016).

Case Study Findings and Financial Implications

Construction firms leading in CBM adoption reported tangible gains in waste reduction
(on average 25-30%), improved lifecycle cost savings, and new revenue streams through
leasing models and material brokerage platforms (Prochazkova et al., 2021; Jayakodi et
al., 2024). For example, one renovation project using cradle-to-cradle flooring and a take-
back program reduced landfill waste substantially while opening opportunities for
material resale (Brown et al., 2018). Financially, firms applying CBM strategies often
face higher upfront costs linked to design innovation, technology adoption, and supply
chain restructuring (Briandstrom et al., 2024; MIT Sloan Review, 2025). However, a
circular profit multiplier analysis reveals how these investments generate extended
revenue across multiple product lifecycles through refurbishment, leasing, and resale
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activities, thereby enhancing overall profitability and reducing carbon footprint (MIT
Sloan Review, 2025).

Stakeholder Perspectives and Barriers

Survey data highlighted that while stakeholders recognize the environmental and
economic advantages of CBMs, significant challenges inhibit adoption. Regulatory
ambiguity and fragmented standards complicate compliance and scale-up, while limited
technical expertise and training constrain operational execution (Mohapatra et al., 2024).
Additionally, smaller enterprises struggle with the capital-intensive nature of transitions
toward circularity. There is an expressed need for integrative policy frameworks,
incentives, and capacity-building initiatives to accelerate CBM diffusion (Brandstrom et
al., 2024).

Role of Digital Technologies

Digital technologies were identified as essential enablers, particularly BIM for material
flow tracking and lifecycle management, alongside emerging Al-powered tools that
optimize material recovery and predictive maintenance (Mohapatra et al., 2024). Digital
platforms facilitate stakeholder collaboration, improving transparency and operational
coordination throughout the complex construction value chain (Jayakodi et al., 2024).
These technologies reduce uncertainties, enhance decision making, and provide
measurable sustainability outcomes.

Summary of Analytical Insights

This comprehensive analysis affirms that effective CBM integration requires strategic
focus on early-stage design and planning, supported by governance mechanisms that
foster cross-sector collaboration and robust policy frameworks. While financial and
knowledge barriers persist, the longevity and multiple revenue opportunities intrinsic to
circular business models create compelling incentives for adoption. Digital innovation
acts as a critical catalyst, amplifying benefits and enabling practical circular strategies in
construction (Mohapatra et al., 2024; Brandstrom et al., 2024; MIT Sloan Review, 2025).

4. Results

The empirical investigation of Circular Business Models (CBMs) in construction
comprised an analysis of 29 sector-specific cases and survey responses from 150 industry
stakeholders. The results demonstrate significant environmental, economic, and
operational benefits, alongside the persistent barriers limiting broader uptake.

Environmental Outcomes

Across case studies, circular strategies yielded substantial improvements in material
efficiency and waste reduction. Projects employing modular construction approaches
reported waste reductions averaging 25-30% compared to traditional builds, primarily
through design for disassembly and reuse of prefabricated components (Heisel & Rau-
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Oberhuber, 2020; Prins et al., 2015). Material reuse initiatives, such as take-back
programs and resource passports, enabled recycling rates to exceed 40%, mitigating
landfill contributions (Brown et al., 2018; Mohapatra et al., 2024). Additionally, circular
leasing and product-service systems extended asset lifespans by approximately 40%,

contributing to lower overall resource extraction and embodied carbon footprints
(Jayakodi et al., 2024).

Economic and Financial Benefits

Survey analysis revealed that 68% of respondents recognized lifecycle cost savings as a
core advantage of CBM adoption. Firms utilizing circular leasing models reported
diversified revenue streams through repeated use and refurbishment cycles, offsetting
initial investment costs (Brindstrom et al., 2024). Material brokerage platforms and
reclaimed material marketplaces also generated direct financial benefits by reducing raw
material procurement expenses by up to 30% (Heisel & Rau-Oberhuber, 2020). However,
capital expenditure for implementing circular infrastructure and technology remained a
substantial hurdle for 55% of respondents, particularly SMEs (Mohapatra et al., 2024).

Operational and Stakeholder Impacts

Stakeholders emphasized enhanced collaboration and transparency as key enablers,
facilitated by digital tools like building information modeling (BIM) for material
traceability and lifecycle visualization (Prochazkova et al., 2021). These technologies
fostered data-driven decision-making and real-time waste monitoring, supporting circular
practices across project phases. Respondents also highlighted increased customer and
community engagement resulting from sustainable practices, enhancing corporate
reputation and market differentiation (Jayakodi et al., 2024).

Barriers to Wider Adoption

Despite the advantages, regulatory uncertainty was cited by 63% of participants as a
significant adoption barrier, with inconsistent policies complicating investments and
project approvals (Brindstrom et al., 2024). Furthermore, 58% noted a shortage of
technical expertise and circular competence among construction professionals,
necessitating targeted training and skill development initiatives. Fragmented supply
chains and lack of standardized circular procurement procedures were additional
operational challenges (Mohapatra et al., 2024).

Comparative Case Examples

e The renovation of an educational facility in the Netherlands incorporated cradle-
to-cradle principles and take-back guarantees supported by BIM, achieving near-
complete reuse and recycling of demolished materials, reducing landfill waste by
over 70% (Prins et al., 2015; Brown et al., 2018).

e A modular construction firm reported a 28% decrease in construction waste and a
12% reduction in project timelines through prefab design, demonstrating
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combined environmental and productivity gains (Heisel & Rau-Oberhuber, 2020).

e A circular leasing model by a major contractor extended the average building
component lifespan by 40%, resulting in stronger financial returns across
maintenance and refurbishment cycles (Jayakodi et al., 2024).

5. Conclusion

This research underscores the centrality of Circular Business Models (CBMs) in
accelerating a transformative shift toward sustainability within the construction industry.
By integrating circular economy principles into the design and planning phases, CBMs
enable the construction sector to transcend traditional linear models, fostering resource
efficiency, waste minimization, and long-term value retention across building lifecycles
(Mohapatra et al., 2024; Jayakodi et al., 2024). The proposed framework, grounded in
empirical case studies and industry stakeholder analysis, demonstrates that embedding
circularity early in project development yields substantial environmental benefits,
including significant reductions in material waste and embodied carbon, alongside
economic gains through lifecycle cost savings and diversified revenue streams (Heisel &
Rau-Oberhuber, 2020; Brandstrom et al., 2024).

Despite these promising outcomes, the widespread adoption of CBMs faces considerable
obstacles—primarily regulatory uncertainty, limited technical expertise, and the financial
intensity of transitioning from entrenched linear business practices (Prochazkova et al.,
2021; Mohapatra et al., 2024). Addressing these challenges requires systemic efforts
encompassing policy alignment, capacity building, and digital innovation, which
collectively can unlock the full potential of circularity in construction. Additionally,
advancing circularity beyond pilot and niche applications demands embedding these
principles as the core logic driving organizational strategies and project execution (De
Wolf et al., 2024; Briandstrom et al., 2024).

In conclusion, this research contributes to the growing recognition that CBMs represent a
critical “missing link” in the construction industry’s circular transition—bridging
conceptual sustainability goals and practical implementation.

Future research should expand the scope of circular frameworks to encompass execution,
operation, and end-of-life phases while exploring emerging technologies such as Al-
driven material recovery and additive manufacturing. By fostering innovation,
collaboration, and policy support, the construction sector can evolve into a regenerative
force aligned with global sustainability ambitions, ultimately contributing to resilient and
resource-smart built environments for future generations
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