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Introduction  

Deliverable 6, titled "Report on Business Models and Financial Studies", is a pivotal output of 
COST Action CA21103 – CircularB: Implementation of Circular Economy in the Built 
Environment (https://www.cost.eu/actions/CA21103/). CircularB brings together researchers 
and practitioners from 39 countries with a common goal: to accelerate the adoption of circular 
economy principles across all stages of the construction sector. This Action supports knowledge 
exchange, capacity building, and collaborative research on sustainable transformation of the built 
environment. 

The collaborative nature of CircularB has been instrumental in producing the studies encompassed 
in this deliverable. The network’s activities have fostered unique interdisciplinary and international 
cooperation, enabling the development of diverse, high-quality research outputs. Each paper 
included in D6 is a testament to this dynamic research ecosystem, highlighting the value of COST 
networking in enabling cross-border and cross-sectoral innovation. 

The studies presented in this deliverable offer detailed insights into various aspects of circular 
economy implementation, with a particular focus on material innovation, business model 
development, financial considerations, market dynamics, and stakeholder engagement. They 
reflect a shared commitment among COST Action members to generate evidence-based, 
actionable knowledge that can support the practical realization of a circular economy in 
construction. 

The following sections of this report examine these publications in thematic clusters, presenting 
their objectives, methodologies, and their specific contributions to the overarching goals of 
Deliverable 6 and the broader ambitions of CircularB. 

Context and Objectives 

Deliverable 6 (D6) is a cornerstone output of Work Groupe 2 (WG2) within the broader research 
initiative dedicated to exploring and accelerating the adoption of circular economy principles in 
the construction sector. The primary objective of this deliverable is to provide a comprehensive 
assessment of circular business models and financial frameworks that support sustainable 
innovation in construction. As the sector transitions from linear to circular processes, a need has 
emerged to understand how innovations, economic viability, business modelling, stakeholder 
dynamics, and industrial symbiosis intersect to form a holistic circular economy strategy. 

This deliverable consolidates findings from a diverse range of studies published by multiple 
research teams across Europe. It emphasizes the interconnected nature of material innovation, 
policy, market mechanisms, financial considerations, and stakeholder engagement, all of which are 
vital for enabling and sustaining circular construction practices. The contributions included in D6 
offer a multidisciplinary, multi-scalar, and empirically grounded understanding of what constitutes 
effective circularity in the built environment. 

Structure of the Deliverable 

The report is organized into four key thematic sections: 

https://www.cost.eu/actions/CA21103/


1. Innovation in Circular Building Materials and Existing Business Models in 
Construction 

2. Market Gaps and Opportunities for Circularity 
3. Finance for Circularity: Innovations and Challenges 
4. Stakeholder Roles, Relationships, and Challenges in Implementing Circular 

Economy Practices 

Each section includes a suite of papers that delve into specific facets of the circular economy, 
ranging from technical innovations in material reuse to strategic financial assessments and 
stakeholder-informed frameworks. Together, they construct a panoramic view of the 
transformation underway in the construction sector. 

1. Innovation in Circular Building Materials and Existing Business 

Models in Construction 

A key focus of Deliverable 6 is the identification and analysis of material innovations and their 
integration into existing business models within the construction industry. This section highlights 
how specific secondary raw materials (typically treated as waste) can be repurposed to create 
environmental, economic, and operational value. The selected papers explore how waste-to-
resource transitions challenge conventional practices and create the foundation for new circular 
business models, emphasizing the principles of industrial symbiosis and local valorisation. 

The paper "Turning Agricultural Biomass Ash into a Valuable Resource in the 
Construction Industry—Exploring the Potential of Industrial Symbiosis" 
(https://doi.org/10.3390/buildings15020273) proposes a circular business model (CBM) based 
on industrial symbiosis, where sunflower husk ash (SHA) is added to alkali-activated slag materials 
created using a hydroxide-containing activator. It investigates the fresh and mechanical properties 
of mortars, revealing promising results as a tool for promoting the presented CBM. The paper 
contributes to the circular economy by demonstrating how a waste stream from agricultural energy 
production can be revalorized within the construction sector. It supports industrial symbiosis – 
connecting disparate sectors (energy, agriculture, and construction), while also presenting a cost-
effective alternative to conventional building materials. Business models based on this synergy 
foster localized circular loops, reduced material procurement costs, and carbon footprint 
minimization. 

"The Potential of Wood Ash to Be Used as a Supplementary Cementitious Material in 
Cement Mortars" (https://doi.org/10.3390/buildings15091507) expands on the theme by 
analysing wood ash from biomass energy production as a potential additive in mortar. Through 
extensive testing of workability, setting time, and compressive strength, the authors demonstrate 
how varying proportions of wood ash influence performance outcomes. This study contributes to 
circular economy theory and practice by validating a closed-loop model in which regional biomass 
waste is reincorporated into the local construction value chain. It emphasizes decentralized 
processing and reuse, supporting SMEs and regional economies through low-cost and low-impact 
innovation. 

The paper "Circular Economy in Practice: A Literature Review and Case Study of 
Phosphogypsum Use in Cement" (https://doi.org/10.3390/recycling9040063) offers both a 
macro- and micro-level analysis of the potential for phosphogypsum (an industrial by-product of 
fertilizer manufacturing) to be used in cement production. The authors conduct a rigorous 
literature review and present a case study to contextualize practical challenges and enablers. This 
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paper contributes to circular economy goals by identifying pathways to regulatory alignment, 
improved public perception, and operational scaling. It highlights the financial, environmental, and 
legal barriers to waste repurposing, proposing a harmonized European waste classification system 
to enable market entry. Business models informed by this research must accommodate longer 
innovation lead times and policy support mechanisms. 

In "A Comprehensive Review on Construction and Demolition Waste Management 
Practices and Assessment of This Waste Flow for Future Valorization via Energy Recovery 
and Industrial Symbiosis" (https://doi.org/10.3390/en17215506), the authors analyse 
construction and demolition (C&D) waste streams, emphasizing their potential for reuse, recycling, 
and energy recovery. The study identifies practical barriers to effective C&D waste valorisation 
and outlines industrial symbiosis models that link waste management with construction material 
supply chains. The paper supports circular economy advancement by framing C&D waste as a 
resource reservoir rather than a disposal problem. It advocates for closed-loop construction 
models where waste from demolition feeds directly into new building projects, supported by digital 
tracking systems and financial incentives. 

The paper “A Review of Industrial By-Product Utilization and Future Pathways of Circular 
Economy: Geopolymers as Modern Materials for Sustainable Building” 
(https://doi.org/10.3390/su17104536) analyses how the circular economy drives new production 
models in the construction industry by encouraging the use of industrial waste to manufacture 
geopolymers as a sustainable alternative to traditional Portland cement. This approach not only 
significantly reduces greenhouse gas emissions but also promotes the closing of material cycles, 
aligning with the principles of the circular economy. The valorisation of industrial by-products and 
their reincorporation into construction processes opens up opportunities for the development of 
circular business models, where efficient waste management and the production of sustainable 
materials are integrated as competitive and innovative strategies for a low-carbon economy. 

The role of the circular economy as a strategic way to reduce environmental pollution by valorising 
industrial mineral waste in the production of sustainable construction materials is highlighted in 
“The Precursors Used for Developing Geopolymer Composites for Circular Economy - A 
Review” (https://doi.org/10.3390/ma17071696). In this context, geopolymers emerge as a 
promising alternative to Portland cement, enabling the utilization of by-products and reducing 
environmental impacts. Furthermore, optimizing their composition - considering precursors, 
activation systems, and additives - opens up opportunities to improve their performance and 
develop circular business models based on material innovation, resource efficiency, and the 
reintegration of waste into more sustainable production cycles. 

The paper "The Potential of Wood Construction Waste Circularity" 
(https://doi.org/10.3390/environments11110231) investigates end-of-life options for wood 
waste from construction activities. The authors explore mechanical and thermal processing 
methods for reuse, emphasizing bio-composite production, insulation panels, and wood-plastic 
applications. The study contributes to circular economy implementation by evaluating regional 
logistics, cost-efficiency, and environmental trade-offs. It promotes business models centred on 
modular disassembly and design for deconstruction, both of which are essential to achieving 
circular construction at scale. 

A digital technology enabler has been developed and advanced to support circular economy actions 
as reported in “Digitalisation of Railway Tunnels for Climate Change Adaptation and 
Enhanced Asset Circularity” (https://doi.org/10.3390/su16229708). The authors developed a 
world’s first Building Information Modelling (BIM) to enhance asset circularity of an underground 
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built environment. This research integrated six BIM dimensions (2D & 3D models, visualisation, 
scheduling, cost estimation, and sustainability), involved additional material information with 
Ansys Granta EduPack v.2021 to measure the expenditure of materials and the carbon footprint, 
and further applied them to propose adaptation measures for a chosen underground railway. The 
solution advocates the application of BIM in enhancing asset circularity throughout the whole 
asset life. The research outcome has revealed the externality and added value of BIM for 
participatory decision-making mechanisms with relevant KPIs (such as LCA & LCC) that truly 
benefit all stakeholders and consumers. 

The paper “Eight recommendations to adopt materials passports and accelerate material 
reuse in construction: insights from academia and practice” 
(https://doi.org/10.1038/s44296-025-00079-3) highlights the urgent need to transform the 
construction industry - one of the most resource-intensive and responsible for nearly 40% of global 

CO₂ emissions - by adopting material passports as a key tool for advancing towards a circular 
economy and net-zero emissions. Through eight strategic recommendations, it proposes 
prioritizing reuse and deconstruction over demolition, developing interoperable material passport 
frameworks, and fostering databases that track the life cycle of buildings. This approach promotes 
the traceability and revaluation of resources, facilitating the creation of circular business models 
based on reuse, material exchange, and collaboration among the various stakeholders in the sector, 
thus driving a cultural, economic, and environmental transition towards more sustainable 
construction. 

Innovation in circular building materials emphasizes reducing waste, lowering carbon footprints, 
and integrating recycled resources into construction. The study “Lightweight, Heat-Insulating, 
Alkali-Activated Slag Composites with Carbon-Based Biochar Additive and Filler” 
(https://doi.org/10.3390/ma19020277) aligns with the principle of environmental sustainability 
by promoting low-carbon construction materials. It utilizes industrial by-products (slag) and 

biochar, reducing CO₂ emissions and supporting circular economy objectives. The lightweight and 
heat-insulating properties contribute to energy efficiency in buildings, further minimizing 
environmental impact. Biochar waste (BW), derived from waste wood, transforms a biomass by-
product into a functional component of construction materials, supporting circular economy goals. 
The research demonstrates that small BW additions (≈0.25%) enhance compressive strength (44.4 
MPa) while larger amounts improve thermal and acoustic insulation, creating multifunctional 
materials. This dual benefit—mechanical performance and insulation—enables lightweight, 
energy-efficient building elements, reducing operational energy demand and material 
consumption. 

The aim of the study “Mechanical Properties of MiniBars™ Basalt Fiber Reinforced 
Geopolymer Composites” (https://doi.org/10.3390/ma17010248) was to develop a new 
MiniBars™ basalt fibre-reinforced geopolymer composite (MiniBars™ FRBC). The fly ash 
morphology, sizes and structure were determined by optical microscopy and scanning electron 
microscopy (SEM). New MiniBars™ FRBCs were investigated for structure through optical 
microscopy and SEM. Also, the flexural strength, the flexural modulus, the tensile strength, the 
tensile modulus, and the force load at upper yield tensile strength were analysed. 

The paper “The Influence of Alkali-Resistant MiniBars™ on the Mechanical Properties of 
Geopolymer Composites” (https://doi.org/10.3390/ma18040778) aimed to fabricate new 
unidirectional geopolymer composites reinforced with AR MiniBars™ (AR MiniBars™ FRBCs) 
with advanced mechanical properties and durability. AR MiniBars™ FRBCs were prepared by 
varying the volume of AR MiniBars™ between 0, 12.5, 25, 50, and 75 vol.% to reinforce the 
geopolymer paste. The filler used for developing geopolymers was fly ash powder from a coal 



power plant and was investigated by optical microscopy and scanning electron microscopy (SEM). 
AR MiniBars™ FRBCs were evaluated for mechanical behaviour, including flexural strength, 
flexural modulus, tensile strength, tensile modulus, force load at upper yield tensile strength, and 
compressive strength. Also, the fractured and transversal section of AR MiniBars™ FRBCs 
specimens were analysed by optical microscopy and scanning electron microscopy (SEM). 

The review article “Review of Geopolymer Nanocomposites: Novel Materials for 
Sustainable Development” (https://doi.org/10.3390/ma16093478) presents the current state 
of knowledge on geopolymers and nanocomposite geopolymers, including their various 
applications and potential uses. The reader can learn about the latest research in this field and 
understand the benefits of using nanomaterials in geopolymers. Secondly, this article can help the 
reader understand the complexity of the processes occurring in geopolymers and nanocomposites, 
as well as their physicochemical properties. The reader can learn about the factors that influence 
these properties and the methods used to improve them. Thirdly, this article can help the reader 
understand the concept of sustainable development in the context of using nanocomposite 
geopolymers. The reader can learn about the materials used to produce these composites and the 
benefits of their use, such as waste utilization and reduction of carbon dioxide emissions. Overall, 
this review article on nanocomposite geopolymers can help the reader understand the latest trends 
and research results in this field, as well as identify potential applications of these materials. 

Taken together, these studies provide a robust foundation for understanding how secondary 
materials can be integrated into construction processes under new circular frameworks. Each 
publication contributes practical evidence and conceptual clarity to the broader discussion on 
business model innovation, demonstrating how waste valorisation can be a core economic driver 
rather than an externality. 

2. Market Gaps and Opportunities for Circularity 

This section focuses on identifying barriers and leverage points in the broader adoption of circular 
economy practices in construction, emphasizing capacity building, market readiness, and 
stakeholder-driven strategies. These studies uncover how current systems and structures can be 
adapted to support innovative business models that embrace circularity. 

"Challenges of Engineering Skillsets Essential for Driving Circularity of Smart Cities" 
(https://doi.org/10.3390/app15020809) addresses a critical yet often overlooked element of the 
circular economy transition: human capital. Through an extensive literature review and stakeholder 
consultation, the study reveals the misalignment between existing engineering education and the 
skillsets required for implementing circular solutions in smart cities. These findings point to gaps 
in systems thinking, interdisciplinary collaboration, and digital literacy. This insight is essential for 
building business environments that are capable of innovating and responding to the demands of 
circularity. 

"Stakeholder Perspectives on the Costs and Benefits of Circular Construction" 
(https://doi.org/10.1038/s41598-024-81741-z) contributes valuable empirical evidence on the 
perceptions of developers, contractors, and regulators regarding the financial and practical 
implications of circular practices. The paper outlines stakeholder-identified obstacles such as high 
upfront investment and complex regulatory environments, while also highlighting key benefits 
including operational savings and sustainability credentials. These findings directly inform business 
modelling by clarifying real-world priorities and concerns within the construction ecosystem. 



The paper "Management of Household-Generated Construction and Demolition Waste: 
Circularity Principles and the Attitude of Latvian Residents" 
(https://www.mdpi.com/1996-1073/17/1/205) contributes a unique perspective by analysing 
circularity practices at the household level. The research highlights limited adherence to waste 
sorting guidelines, constrained by cost, convenience, and low environmental awareness. It 
emphasizes the role of municipal governments in supporting infrastructure and communication 
efforts, suggesting targeted interventions to increase compliance and participation. This study 
illustrates that circularity must be addressed not only in industrial processes but also through local 
engagement and behavioural change, making it a key consideration in broader market transition 
strategies. 

Together, these studies highlight the interplay between technical innovation, workforce 
development, consumer behaviour, and stakeholder alignment in enabling market conditions for 
circular economy integration. They contribute to understanding how policy, education, and 
industry can co-evolve to remove structural barriers and unlock new circular business 
opportunities. 

3. Finance for Circularity: Innovations and Challenges 

This section of Deliverable 6 delves into the financial models, economic considerations, and policy 
mechanisms necessary to support the widespread implementation of circular economy (CE) 
practices in the construction sector. 
 
The study "Stakeholder Perspectives on the Costs and Benefits of Circular Construction" 
(https://doi.org/10.1038/s41598-024-81741-z) offers a systematic analysis of how professionals 
and decision-makers within the construction sector perceive the financial and operational impacts 
of transitioning to circular methods. Based on extensive survey and interview data collected from 
multiple European countries, the study reveals a spectrum of views, shaped by roles, 
responsibilities, and experience levels. Stakeholders identified major perceived benefits of circular 
construction, such as long-term cost savings, reduced environmental impact, improved building 
performance, and compliance with evolving regulations. However, the paper also surfaces 
widespread concerns over initial capital expenditure, fragmented supply chains, and the lack of 
market demand and familiarity with circular solutions. 
 
Importantly, this paper contributes to the business models and financial studies focus of 
Deliverable 6 by quantifying these perspectives and linking them to specific construction phases 
(e.g., design, procurement, demolition). For instance, the study finds that while the demolition and 
reuse phases are widely seen as cost-saving opportunities, earlier stages like design and certification 
are often perceived as prohibitively expensive under current models. Such nuanced insights are 
vital for tailoring circular business models to reflect realistic stakeholder motivations and 
hesitations, and for crafting targeted incentives or communication strategies. 

The chapter is anchored by the forthcoming paper "Assessing Financial Considerations of 
Circular Economy Practices Across Life Cycle Stages in the Construction Industry" by 
Tleuken et al., which offers a comprehensive examination of financial barriers and enabling 
conditions throughout the building lifecycle. 

The study underscores that although circular economy approaches promise long-term 
environmental and financial gains, their adoption is frequently hampered by several financial 
obstacles. These include high initial investment costs, uncertain return on investment, and 
fragmented or inconsistent regulatory frameworks that fail to incentivize circular practices. By 
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analyzing stakeholder feedback across multiple countries—including Norway, Italy, Sweden, 
Latvia, and Kazakhstan—the paper identifies where financial barriers are most acute. 

Findings reveal that different stages of the construction lifecycle are impacted unequally. While the 
demolition phase often presents cost-saving opportunities due to material recovery and reuse, 
earlier stages such as design, planning, and certification are perceived as costly and lacking 
sufficient financial motivation. This imbalance discourages holistic CE adoption from the project 
outset. 

The paper also presents real-world case studies to illustrate both the successes and challenges of 
implementing financial support mechanisms for CE. For example, in Norway, strong policy 
backing has facilitated effective reuse and recycling of construction materials. In contrast, the 
Swedish case involving Loop Industries highlights the difficulty of maintaining circular innovations 
at scale without sustained public or private investment. 

The study concludes by recommending harmonized regulations, long-term financial incentives, 
and improved investment strategies to support CE implementation. It emphasizes the need for 
lifecycle-based cost accounting, public-private partnerships, and innovation-friendly fiscal policies 
that recognize and reward circular value creation. 

These insights collectively support Deliverable 6’s goal of examining the financial dimensions of 
circular business models. They affirm that technical feasibility must be matched by supportive 
financial infrastructures in order for circular construction to become mainstream and economically 
sustainable. 

4. Stakeholder Roles, Relationships, and Challenges in Implementing 

Circular Economy Practices 

The transition toward a circular economy (CE) in the construction sector necessitates more than 
just technical innovation or economic feasibility - it critically depends on the engagement, 
cooperation, and alignment of diverse stakeholders. These include architects, engineers, 
contractors, investors, government regulators, urban planners, waste managers, and end-users. 
Understanding how these groups influence and interact with one another, as well as how their 
interests and perceptions affect decision-making, is vital for designing and implementing effective 
circular strategies. 
 
Several publications within Deliverable 6 provide in-depth investigations into these socio-
institutional aspects, emphasizing the relational dynamics and practical obstacles encountered in 
real-world CE implementation. 
 
Complementing this, the study "Comparisons of Stakeholders' Influences, Inter-
Relationships, and Obstacles for Circular Economy Implementation on Existing Building 
Sectors" (https://doi.org/10.1038/s41598-024-61863-0) employs a social network analysis 
(SNA) approach to explore how key actors relate to each other in practice. Drawing from a cross-
country sample, the paper maps influence networks that reveal which stakeholders hold decision-
making power, which serve as mediators or bottlenecks, and where information flow is 
constrained. The findings show that municipal governments and large construction firms are 
central actors in advancing or impeding CE practices. Conversely, smaller firms, designers, and 
end-users often lack access to strategic conversations, despite being crucial for on-the-ground 
implementation. 



 
This paper directly supports Deliverable 6’s emphasis on systemic integration by showing how 
institutional structures and relationship asymmetries can hinder or enable circularity. It reveals, for 
example, that the absence of formal cooperation mechanisms between regulatory agencies and 
private developers frequently leads to inconsistent application of CE principles. Moreover, siloed 
knowledge and lack of trust among actors emerge as persistent challenges, underscoring the 
importance of transparent governance, collaborative platforms, and inclusive policy frameworks. 
 
Expanding on this perspective, the paper "Cultivating Sustainable Construction: Stakeholder 
Insights Driving Circular Economy Innovation for Inclusive Resource Equity" 
(https://www.mdpi.com/2075-5309/14/4/935) contributes further evidence on the significance 
of stakeholder engagement in enabling circular construction. The study draws from online surveys, 
structured workshops, and roundtable discussions across multiple countries to investigate how 
various stakeholder groups perceive circular economy adoption throughout the building life cycle. 
 
The findings emphasize that stakeholder collaboration is critical for translating CE theory into 
real-world applications. Participants identify key drivers such as transparency, trust, policy support, 
and inclusive planning mechanisms. The study also introduces the concept of resource equity 
(ensuring fair access to and distribution of materials and benefits) as a foundational principle for 
sustainable construction. This work aligns with Deliverable 6’s focus on financial studies by 
illustrating how inclusive strategies can make CE more acceptable, affordable, and feasible across 
stakeholder types. 
 
By framing stakeholder relationships not only as barriers or facilitators but as co-creators of 
circular innovation, this paper reinforces the conclusion that effective CE implementation must 
be collaborative, participatory, and systemic in nature. 
 
Further enriching this discussion, the paper "Challenges of Engineering Skillsets Essential 
for Driving Circularity of Smart Cities" (https://www.mdpi.com/2076-3417/15/2/809) 
examines the competencies required by engineering professionals to enable CE implementation in 
urban environments. Drawing from a literature review and interviews with industry experts, the 
study identifies key hard and soft skills such as systems thinking, sustainability literacy, cross-
disciplinary collaboration, and stakeholder communication - that are critical for smart city 
transitions aligned with CE. 
 
One of the paper’s main findings is that current engineering education and professional 
development pathways often do not equip practitioners with the knowledge or tools necessary for 
CE integration. As a result, skill gaps in areas like digital modeLling, material flow analysis, and 
policy comprehension hinder effective participation in CE initiatives. The study calls for 
restructured curricula and lifelong learning opportunities to build a future-ready workforce capable 
of addressing circular construction challenges. 
 
In the context of stakeholder roles, the study shows that engineers are not merely technical actors 
but facilitators of inter-stakeholder coordination, problem solvers across the project lifecycle, and 
enablers of sustainable innovation. By empowering engineers with the right skills, the paper argues, 
they can play a transformative role in aligning project outcomes with circular economy goals, 
particularly in smart cities, where system-wide coordination is essential. 
 
The role of digital technology enablers as strategic instruments to support circular management 
models and unlock synergic value across value chain stakeholders in the built environment is 
highlighted in “Synergic Co-Benefits and Value of Digital Technology Enablers for Circular 



Management Models Across Value Chain Stakeholders in the Built Environment” 
(https://doi.org/10.3390/civileng6040062). In this context, tools such as Building Information 
Modelling, digital twins, and extended reality emerge as key facilitators for stakeholder integration, 
participative decision-making, and cross-functional collaboration throughout the building lifecycle. 
Furthermore, the co-creation and coordinated implementation of these digital technologies enable 
the development of viable circular business and management models by overcoming siloed 
practices, enhancing transparency, and fostering collaborative governance structures essential for 
implementing circular economy practices in the built environment. 
 
Incorporating this research into Deliverable 6 further emphasizes that achieving a circular built 
environment depends not only on strategic frameworks and policy instruments but also on 
equipping professionals with competencies that bridge sectors, scales, and disciplines. Stakeholders 
must understand and value their roles within the broader transition. Their contributions go beyond 
diagnostic observations: they offer prescriptive guidance for improving coordination, restructuring 
incentives, and redesigning governance models to support circular practices. This makes them 
essential references within Deliverable 6, reinforcing the central thesis that stakeholder 
engagement and relational dynamics are foundational to sustainable and financially viable business 
models in the circular built environment. 
 

5. Dissemination of the results 

 
D6. Report on business models and financial 
studies, paper collection 15.01.2026 

Countries participated 

Number of 
citations in 
Scopus, 
02.02.2026 

1. Circular Building Materials and Existing Business Models in Construction 

1.1. 

Turning Agricultural Biomass Ash into a Valuable 
Resource in the Construction Industry— Exploring the 
Potential of Industrial Symbiosis 
 
DOI: 10.3390/buildings15020273 

Serbia, Croatia 
2025 

4 

1.2. 

The Potential of Wood Ash to Be Used as a 
Supplementary Cementitious Material in Cement Mortars 
 
DOI: 10.3390/buildings15091507 

Latvia, UK 
2025 

1 

1.3. 

Circular Economy in Practice: A Literature Review and 
Case Study of Phosphogypsum Use in Cement 
 
DOI: 10.3390/recycling9040063 

Latvia, Lithuania 
2024 

10 

1.4. 

A Comprehensive Review on Construction and 
Demolition Waste Management Practices and Assessment 
of This Waste Flow for Future Valorization via Energy 
Recovery and Industrial Symbiosis 
 
DOI: 10.3390/en17215506 

Ukraine, Latvia 
2024 

24 

1.5. 

A Review of Industrial By-Product Utilization and Future 
Pathways of Circular Economy: Geopolymers as Modern 
Materials for Sustainable Building 
 
DOI: 10.3390/su17104536 

Poland, Kazakhstan 
2025 

9 



1.6. 

The Precursors Used for Developing Geopolymer 
Composites for Circular Economy—A Review 
 
DOI: 10.3390/ma17071696 

Romania, Poland 
2024 

13 

1.7. 
The Potential of Wood Construction Waste Circularity 
 
DOI: 10.3390/environments11110231 

Latvia, Lithuania 
2024 

12 

1.8. 

Digitalisation of Railway Tunnels for Climate Change 
Adaptation and Enhanced Asset Circularity 
 
DOI: 10.3390/su16229708 

UK, Taiwan, Czech 
Republic, and Luxembourg 
2024 

2 

1.9. 

Eight recommendations to adopt materials passports and 
accelerate material reuse in construction: insights from 
academia and practice 
 
DOI: 10.1038/s44296-025-00079-3 

UK 
2025 

1 

1.10. 

Lightweight, Heat-Insulating, Alkali-Activated Slag 
Composites with Carbon-Based Biochar Additive and 
Filler 
 
DOI: 10.3390/ma19020277 

Lithuania, Malta 
2026 

0 

1.11. 

Mechanical Properties of MiniBars™ Basalt Fiber 
Reinforced Geopolymer Composites 
 
DOI: 10.3390/ma17010248 

Romania, Poland, Norway, 
and Czech Republic 
2024 

26 

1.12. 

The Influence of Alkali-Resistant MiniBars™ on the 
Mechanical Properties of Geopolymer Composites 
 
DOI: 10.3390/ma18040778 

Romania, Poland, Norway 
2025 

4 

1.13. 

Review of Geopolymer Nanocomposites: Novel Materials 
for Sustainable Development 
 
DOI: 10.3390/ma16093478 

Romania and Poland 
2023 

37 

2. Market Gaps and Opportunities for Circularity 

2.1. 

Challenges of Engineering Skillsets Essential for Driving 
Circularity of Smart Cities 
 
DOI: 10.3390/app15020809 

UK, Turkey, Portugal, Latvia, 
China 
2025 

1 

2.2. 

Stakeholder perspectives on the costs and benefits of 
circular construction 
 
DOI: 10.1038/s41598-024-81741-z 

Kazakhstan, Portugal, UK, 
Norway, New Zealand, 
Latvia, Spain, Albania, Japan 
2024 

12 
 

2.3. 

Management of Household-Generated Construction and 
Demolition Waste: Circularity Principles and the Attitude 
of Latvian Residents 
 
DOI: 10.3390/en17010205 
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