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Abstract

The global construction industry is a primary driver of 

environmental degradation, consuming nearly half of all 

extracted resources and contributing to approximately one-

third of global waste and significant carbon emissions. This 

paper identifies the inherent flaws of the traditional linear 

"take-make-dispose" model and advocates for a systemic 

shift toward the Circular Economy (CE). By moving beyond 

simple recycling, the CE framework offers a restorative 

approach that decouples economic growth from finite 

resource consumption. 

The analysis establishes three core pillars of circularity: 

designing out waste and pollution, circulating products and 

materials at their highest value, and regenerating natural 

systems. Critical implementation strategies are explored, 

including Design for Disassembly (DfD), the use of Digital 

Material Passports, and the adoption of "Product-as-a-

Service" business models. These methods transform 

buildings into "material banks," where structures serve as 

temporary repositories of high-fidelity resources. 

Through real-world case studies such as the Circle House 

and the Triodos Bank headquarters, the paper demonstrates 

how modularity and digital traceability can reduce lifecycle 

carbon footprints by up to 50%. The paper concludes that 

transitioning to a circular built environment is a structural 

necessity for maintaining planetary stability and industrial 

resilience. By institutionalizing "urban mining" and nature-

positive growth, the sector can transition from a resource 

consumer to a regenerative ecosystem. 

Keywords: Circular Economy, Sustainable Construction, Design for Disassembly (DfD), Buildings as Material Banks 

(BAMB), Digital Material Passports, Embodied Carbon 

1. Introduction 

The global construction industry operates as one of the world's most resource-intensive sectors, adhering predominantly to a 

linear "take-make-dispose" model (Ellen MacArthur Foundation, 2023) [15]. This traditional practice is a major contributor to 

global environmental challenges, accounting for vast consumption of virgin materials—nearly half of all extracted resources—

and generating approximately one-third of global waste and significant carbon emissions (Reconomy, 2025; Tandfonline, 2024 
[68]). Under a business-as-usual scenario, the industry's environmental footprint, particularly its carbon output, is projected to 

worsen considerably by mid-century (AZoBuild, 2025) [5]. Confronting this ecological imperative necessitates a fundamental 

and systemic shift from linear consumption to a restorative and regenerative economic framework. The Circular Economy 

(CE) provides this critical foundation, moving beyond simple waste recycling to fundamentally redesign products and systems 

(Ellen MacArthur Foundation, 2023) [15]. This paper introduces the core principles of the CE and explores its foundational 

application in transforming conventional construction into genuinely sustainable practices. 

 

1.1 The Construction Industry's Environmental Footprint 

The global construction industry operates on a resource-intensive, largely linear "take-make-dispose" model, contributing 

significantly to global environmental degradation (Finamore & Oltean-Dumbrava, 2025; Perey et al., 2018 [48]). This literature 

review examines the magnitude of the industry's environmental footprint and introduces the foundational principles of the 

Circular Economy (CE) as a necessary framework for sustainable construction practices. 

The construction sector is a major consumer of global resources and a substantial source of waste and emissions. Key aspects 

of its environmental impact include: 

▪ Resource Depletion: The construction industry consumes almost 50% (nearly half) of all materials extracted globally 
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every year. (Ellen MacArthur Foundation, 2022) [14]. 

This intense consumption includes vast quantities of 

virgin materials like aggregates, steel, and cement 

(Finamore & Oltean-Dumbrava, 2025; AZoBuild, 2025 
[5]). 

▪ Carbon Emissions: Buildings and construction are 

responsible for approximately 30% of global energy use 

and between 36% and 39% of global CO₂ emissions. 

(Reconomy, 2025; UNEP, 2022, as cited in 

Tandfonline, 2024 [68]). This encompasses both 

operational carbon (emissions from heating, cooling, 

and powering buildings) and embodied carbon 

(emissions from material extraction, production, 

transport, and assembly) (Reconomy, 2025). Under a 

business-as-usual scenario, the industry's carbon 

footprint is projected to more than double by 2050 

(AZoBuild, 2025) [5]. 

▪ Waste Generation: Construction and Demolition (C&D) 

waste accounts for roughly 30% to 40% of the world's 

total solid waste, with a significant portion traditionally 

ending up in landfills (Reconomy, 2025). This improper 

disposal can lead to environmental hazards and a loss of 

valuable resources (MAPFRE Global Risks, 2024) [32].  

▪ Material Inefficiency: As much as 30% of all building 

materials delivered to a typical site end up as waste 

before the building is even completed. 

This massive ecological footprint emphasizes that a mere 

focus on recycling C&D waste is insufficient; a 

fundamental, systematic shift is required to address the 

sector's impact (PBC Today, 2025 [47]; Shooshtarian et al., 

2021, as cited in Frontiers, 2023). 

The Circular Economy (CE) is a transformative approach 

designed to address the negative environmental impacts of 

the linear economy by envisioning a systematic shift toward 

a restorative and regenerative production system 

(ResearchGate, 2022; Ellen MacArthur Foundation, 2022) 
[57, 14]. It aims to decouple economic growth from finite 

resource consumption and is based on three core principles, 

driven by design: 

1. Eliminate Waste and Pollution: Designing systems 

and products to prevent waste generation in the first 

place (Ellen MacArthur Foundation, 2022) [14]. 

2. Circulate Products and Materials (at their highest 

value): Keeping resources in use for as long as possible 

through strategies like reuse, repair, refurbishment, and 

high-value recycling (Abdulai et al., 2024, as cited in 

Taylor & Francis Online, 2025 [69]; Ellen MacArthur 

Foundation, 2022 [14]). 

3. Regenerate Nature: Actively improving natural 

systems, for example, by using bio-based materials that 

sequester carbon (Ellen MacArthur Foundation, 2022) 
[14]. 

In the context of sustainable construction, CE principles 

offer a pathway to mitigate the sector's environmental 

impact: 

▪ Design for Disassembly and Adaptability: Buildings 

and materials are designed for longevity, easy repair, 

and eventual straightforward disassembly, enabling the 

materials to be collected and reused (PBC Today, 2025) 
[47]. This is critical for extending the lifespan of building 

materials (Tandfonline, 2024) [68]. 

▪ Material Efficiency and Selection: Prioritizing the use 

of recycled aggregates, reclaimed wood, recycled steel, 

and low-carbon or bio-based materials (AZoBuild, 2025 

[5]; Reconomy, 2025). This reduces the need for virgin 

material extraction (MAPFRE Global Risks, 2024) [32]. 

▪ Closing the Loop: Moving beyond simple recycling to 

integrated approaches that manage materials across the 

entire building lifecycle, often supported by 

Information & Communication Technologies (ICT) 

(ResearchGate, 2025). 

The adoption of CE in construction is challenging due to the 

industry’s fragmented nature and established practices 

(Frontiers, 2023; ResearchGate, 2022 [57]). However, 

successful integration is vital, as it promises substantial 

benefits, including reducing global \text{CO}_2 emissions 

from building materials by an estimated 38% in 2050 (Ellen 

MacArthur Foundation, 2022) [14]. The transition requires 

greater collaboration across the supply chain, supportive 

policy, and innovative business models (PBC Today, 2025; 

ResearchGate, 2022) [47, 57]. 

 

1.2 The Linear vs. Circular Economic Model 

The Linear Economic Model (LE) and the Circular 

Economic Model (CE) represent fundamentally different 

approaches to resource management in the construction 

industry. While the linear model dominates historical and 

conventional practices, the circular model is emerging as the 

essential framework for sustainable construction, aiming to 

decouple economic growth from finite resource 

consumption (Heras-Saizarbitoria et al., 2023 [27]; Kubbinga 

et al., as cited in MDPI, 2024).  

  

Definitions of the Models 

1.2.1 The Linear Economic Model (LE) 

The Linear Economic Model is the traditional, one-way 

system of production and consumption. In the construction 

sector, this is famously characterized by the "Take-Make-

Dispose" approach (Ellen MacArthur Foundation, 2023) [15].  

Definition: A system where raw materials are extracted from 

the environment, manufactured into products 

(buildings/components), used in a single-life cycle, and then 

disposed of as waste, typically in landfills or incinerators 

(Reconomy, 2025; European Investment Bank, 2023 [19]).  

Core Practice in Construction: Focuses on the production of 

new materials and structures with an implicit "expiration 

date." Little to no consideration is given to the material's 

potential for reuse or recovery at the end of the building's 

life, resulting in vast amounts of Construction and 

Demolition (C&D) waste (Benachio et al., as cited in MDPI, 

2024). 

1.2.2 The Circular Economic Model (CE) 

The Circular Economic Model is a systemic alternative 

designed to be restorative and regenerative by intention 

(Ellen MacArthur Foundation, 2023) [15].  

Definition: An economic system that eliminates waste and 

pollution, circulates products and materials at their highest 

value, and regenerates natural systems (Ellen MacArthur 

Foundation, 2023) [15]. In construction, it views buildings as 

"material banks"—valuable reservoirs of resources for 

future use (Prism, 2025) [50].  

Core Practice in Construction: Driven by design principles 

like Design for Disassembly (DfD) and Design for 

Adaptability. It mandates that components are easily 

repairable, refurbished, or deconstructed so that materials 

can be retained and re-used in subsequent projects, closing 

the resource loop (RLB, 2024 [61]; MDPI, 2024). The 

hierarchy of actions often follows the "Reduce, Reuse, 
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Recycle" framework, prioritizing the higher-value options 

(Tandfonline, 2024) [68].  

1.2.3 Comparative Analysis in Construction Practices 

The shift from the LE to the CE in construction involves a 

paradigm change across resource flow, design, value 

creation, and environmental impact. The table below 

summarizes the key differences in features for the 2 - two 

economic models LE and CE. 

 
Table 1.1: Key differences between traditional and CE 

construction practices 
 

Feature 
Linear Economic Model 

(LE) 

Circular Economic 

Model (CE) 

Resource flow 
Take-Make-Dispose 

Open-ended, one way flow 

Reduce-Reuse-

Recycle-Regenerate. 

Closed loop, 

continuous flow. 

Primary goal 

Maximize production, 

construction, and short term 

profits. 

Maximize resource 

value retention and 

long-term 

sustainability. 

Material 

sourcing 

High dependence on virgin, 

finite resources (e,g. new 

cement, sand, metals) 

Prioritizes secondary, 

renewable, or bio-

based materials and 

reclaimed 

components. 

Design focus 

Functionality, cost-

efficiency of initial build, 

and short lifespan. 

Design for 

Disassembly (DfD), 

adaptability, 

longevity and future 

reuse. 

Waste 

management 

Disposal 

(landfill/incineration). Waste 

is a lost cost. 

Waste elimination (by 

Design). Waste is a 

resource/asset for re-

entry into the 

economy. 

Economic 

vulnerability 

High vulnerability to 

resource price volatility and 

supply chain disruption. 

Greater resilience due 

to reduced 

dependence on finite 

resources and local 

material loops. 

Environmental 

impact 

High embodied carbon and 

significant contribution to 

pollution and resource 

depletion. 

Reduced CO2 

emissions, minimized 

waste and potential 

for ecosystem 

regeneration. 

 

1.3 The state of the art for circularity in construction  

As of 2026, the state of the art for the Circular Economy 

(CE) in construction has transitioned from theoretical 

"cradle-to-cradle" aspirations to a digitally integrated 

industrial reality. Central to this shift is the concept of 

Buildings as Material Banks (BAMB), where structures are 

managed as temporary repositories of valuable resources 

rather than static end-products. This is enabled by Digital 

Material Passports and advanced Building Information 

Modeling (BIM), which store high-fidelity data on the 

chemical composition, lifespan, and disassembly potential 

of every component. These digital twins allow for "urban 

mining" to be planned decades in advance, ensuring that at 

the end of a building's functional life, materials can be 

harvested and reintegrated into the supply chain with 

minimal loss of value (Shahidi Hamedani et al., 2025; 

TOMRA, 2026) [63, 71]. 

On the technical front, Artificial Intelligence (AI) and 

robotics have revolutionized the processing of construction 

and demolition waste. State-of-the-art sorting facilities now 

utilize AI-driven sensors to identify and separate complex 

composites with up to 90% accuracy, a significant leap from 

the manual processes of the previous decade. Furthermore, 

the industry is increasingly adopting bio-based and carbon-

negative materials, such as cross-laminated timber (CLT) 

and CO₂-infused concrete, alongside 3D printing 

technologies that use recycled aggregates to "print" 

structural elements with zero on-site waste. These 

innovations are no longer niche; they are being scaled 

through modular and prefabricated construction methods 

that prioritize "Design for Disassembly" (DfD) from the 

initial architectural phase (StartUs Insights, 2026; TOMRA, 

2026) [64, 71]. 

Globally, the application of CE has moved into a mandatory 

regulatory phase. The European Union's Circular Economy 

Act, set for full implementation in 2026, establishes a single 

market for secondary raw materials and mandates a "Right 

to Repair" for building systems, aiming to double the 

continent's circularity rate by 2030. Similarly, the World 

Green Building Council (WorldGBC) launched the Asia 

Pacific Resources and Circularity Readiness Framework in 

2025, which provides a roadmap for emerging economies 

like Singapore and India to integrate circularity into their 

rapid urban expansion. In North America, the expansion of 

the Federal Plastics Registry in 2026 now requires the 

construction sector to report and track material lifecycles, 

effectively institutionalizing circularity as a core industrial 

strategy rather than a voluntary sustainability goal 

(European Commission, 2026 [18]; WorldGBC, 2025). 

This paper’s scope is to review and establish the essential 

theoretical and conceptual distinction between the current 

linear economic model in construction and the emerging 

Circular Economy (CE) framework, drawing on established 

definitions and principles (Heras-Saizarbitoria et al., 2023) 
[27]. The analysis focuses on how CE principles—

specifically design for disassembly, resource circulation, 

and waste elimination—apply to the construction sector's 

material flows and project life cycles. The primary 

objectives are to define the CE's three core principles, 

delineate the CE's practical applications and conceptual 

benefits for mitigating the industry’s profound 

environmental footprint, and ultimately lay the groundwork 

for understanding advanced sustainable construction 

practices. 

 

2. The Problem with the Linear "Take-Make-Dispose" 

Model 

The linear "take-make-dispose" model has long served as 

the backbone of global industrial growth, yet its inherent 

disregard for finite resource limits has led to an escalating 

environmental crisis within the built environment. In this 

traditional framework, raw materials are extracted, 

processed into building components, and ultimately 

discarded as waste at the end of a building's lifecycle, 

creating a one-way flow of value that depletes natural 

capital while saturating ecosystems with pollutants. As the 

construction industry continues to expand to meet the needs 

of a growing global population, the inefficiencies of this 

"cradle-to-grave" approach—which accounts for nearly half 

of all global resource extraction—have become increasingly 

untenable. Shifting toward a circular economy is no longer 

merely an ethical choice but a structural necessity for 

maintaining planetary stability and industrial resilience 

(Shahidi Hamedani et al., 2025) [63]. 
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2.1 Resource Depletion and Material Consumption 

The construction sector is the world's largest consumer of 

raw materials, accounting for approximately 50% of all 

extracted resources globally. Under the linear model, this 

consumption is driven by a continuous demand for virgin 

materials such as steel, cement, and non-metallic minerals. 

Recent data from 2025 indicates that the extraction of non-

metallic minerals alone has increased by 39% in the last 

reporting cycle, highlighting an accelerating reliance on 

finite geological deposits to sustain urban expansion (United 

Nations [UN], 2025) [73]. 

This intensive extraction has reached a critical threshold, 

pushing the planet beyond several "planetary boundaries." 

The demand for sand and gravel—primary components of 

concrete—has led to significant ecological degradation, as 

these materials are often harvested from sensitive riverbeds 

and marine environments. This "material footprint" reflects 

a standard of living that is currently unsustainable, as the 

rate of consumption far outpaces the Earth's natural capacity 

to replenish these minerals, leading to localized scarcities 

and skyrocketing costs for essential building blocks (Shahidi 

Hamedani et al., 2025) [63]. 

Furthermore, the linear model creates a high level of 

economic vulnerability due to resource scarcity and market 

volatility. As primary deposits of high-quality ores and 

minerals dwindle, the energy required for extraction and 

processing increases exponentially, further taxing the 

environment. This creates a feedback loop where the 

industry must consume more energy and capital just to 

maintain current production levels, reinforcing the need for 

a circular transition that keeps existing materials in high-

value use indefinitely (Precedence Research, 2025) [49]. 

 

2.2 Construction and Demolition (C&D) Waste Crisis 

The global construction industry is currently grappling with 

a waste crisis of "colossal proportions," with annual 

construction and demolition (C&D) waste projected to reach 

2.2 billion tonnes by the end of 2025. This volume has 

nearly doubled over the past decade, making C&D debris 

one of the largest waste streams on the planet. Currently, 

construction-related waste constitutes between 30% and 

40% of the world's total solid waste, far outstripping the 

volumes generated by households or other industrial sectors 

(Highways Today, 2025) [28]. 

A significant portion of this crisis stems from systemic 

inefficiencies during the "make" and "use" phases. Studies 

indicate that as much as 30% of all building materials 

delivered to a typical construction site end up as waste 

before the building is even completed. This "waste by 

design" is a direct consequence of the linear model, which 

prioritizes speed and low upfront costs over precise material 

management or modularity, leading to massive amounts of 

concrete, timber, and metal being discarded prematurely 

(Highways Today, 2025; Grand View Research, 2025) [28, 

22]. 

Despite the fact that over 75% of construction waste holds 

untapped economic value, the majority is still diverted to 

landfills. While some regions, like the European Union, 

have achieved high recovery rates, much of this is 

"downcycled" into low-grade applications such as road filler 

rather than being repurposed for high-value structural use. 

This represents a massive loss of "embodied value," where 

the energy and labor used to create a material are discarded, 

requiring the extraction of even more resources to replace 

them (The Business Research Company, 2025) [70]. 

 

2.3 Greenhouse Gas Emissions and Pollution 

The built environment is responsible for approximately 40% 

of annual global greenhouse gas (GHG) emissions, a figure 

that remains a primary driver of the climate crisis. These 

emissions are categorized into operational carbon—the 

energy used to heat and power buildings—and embodied 

carbon, which encompasses the CO_2e released during the 

extraction, manufacture, and transport of materials. In the 

linear model, embodied carbon is "locked in" the moment a 

building is finished, representing a sunk environmental cost 

that cannot be recovered (UN Environment Programme 

[UNEP], 2025; World Green Building Council 

[WorldGBC], 2025). 

As buildings become more energy-efficient during their 

operation, the relative impact of embodied carbon is rising. 

It is estimated that between now and 2050, half of the total 

carbon footprint of new construction will come from 

embodied carbon alone. The production of cement and steel, 

which are fundamental to the linear "take-make" process, 

accounts for 18% of global emissions, yet the linear model 

treats these carbon-intensive assets as disposable at the end 

of their life (One Click LCA, 2025 [45]; UNEP, 2025). 

Beyond climate change, the linear lifecycle generates 

significant localized pollution. Landfills containing C&D 

waste often produce leachate, a toxic liquid formed as waste 

decomposes, which can contaminate groundwater and soil. 

Additionally, the continuous need for new extraction leads 

to habitat destruction and biodiversity loss. By adhering to a 

"cradle-to-grave" trajectory, the industry not only 

accelerates global warming but also systematically degrades 

the biological systems upon which human health and 

economic stability depend (GRESB, 2024 [24]; Reconomy, 

2025). 

The structural failures of the linear "take-make-dispose" 

model—characterized by accelerating resource scarcity, 

unmanageable waste volumes, and high carbon intensity—

necessitate a fundamental paradigm shift in how the built 

environment is conceived and maintained. As the 

construction industry seeks to decouple economic 

development from the consumption of finite resources, the 

Circular Economy (CE) emerges not merely as a set of 

recycling initiatives, but as a systemic framework for 

restorative and regenerative growth (Ellen MacArthur 

Foundation, 2025) [16]. This transition requires moving 

beyond the "cradle-to-grave" trajectory toward a closed-loop 

system that prioritizes material longevity and ecosystem 

health. To operationalize this shift, the industry must adhere 

to a set of foundational pillars that redefine the lifecycle of 

buildings from the initial design phase to the eventual 

recovery of components. The following section explores 

these core principles—designing out waste, circulating 

materials at their highest value, and regenerating natural 

systems—which collectively form the blueprint for a 

circular built environment (Shahidi Hamedani et al., 2025; 

United Nations Environment Programme, 2025) [63, 74]. 

 

3. Core Principles of the Circular Economy in 

Construction 

The transition to a circular built environment is governed by 

a foundational framework that seeks to decouple economic 

growth from the consumption of finite resources by 

mimicking the regenerative cycles of nature. This section 
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explores the Core Principles of the Circular Economy in 

Construction, which move beyond simple waste 

management toward a systemic redesign of how buildings 

are conceived, operated, and recovered. This paradigm shift 

is anchored in three interconnected pillars: eliminating waste 

and pollution through design, circulating products and 

materials at their highest value, and regenerating natural 

ecosystems (Rao et al., 2025) [51]. By operationalizing these 

principles, the construction sector can transform buildings 

into "material banks" that preserve value across multiple life 

cycles rather than consuming it in a single "cradle-to-grave" 

trajectory. 

 

3.1 Designing Out Waste and Pollution 

The primary principle of the circular economy is to 

eliminate waste and pollution at the source through 

intentional design. In traditional construction, waste is often 

treated as an inevitable byproduct; however, circular 

principles posit that waste is a "design flaw." State-of-the-art 

research emphasizes Design for Disassembly (DfD) as a 

critical strategy, where buildings are designed with 

reversible, mechanical connections rather than permanent 

adhesives or binders (Heisel et al., 2025) [26]. This approach 

enables the non-destructive separation of components at the 

end of a building's service life, preventing materials from 

becoming unrecoverable debris and ensuring they can be 

reincorporated into new projects with their structural 

integrity intact (Eliote et al., 2024) [13]. 

The diagram in Figure 3.1 illustrates the Technical Cycle 

(one-half of the classic "Butterfly Diagram") specifically 

adapted for the built environment. Unlike the biological 

cycle, which focuses on regeneration through 

decomposition, the technical cycle focuses on maintaining 

the value of finite inorganic materials (steel, glass, concrete, 

minerals) through closed loops. 

 

 
 

Fig 3.1: The Technical Cycle of Circular Construction 

 

The butterfly model for CE can be described in a fourfold 

concept. 

1. The Central Axis: The Linear Baseline 

▪ The vertical axis represents the flow from Finite 

Resource Extraction to Manufacturing and 

Building. 

▪ In a traditional linear model, this flow ends in a 

"leakage" of waste. In this circular model, the 

central spine is supported by Digital Material 

Passports, which act as the information glue 

keeping materials within the system. 

2. The Inner Loops (Highest Value Retention) 

▪ Building Use & Maintenance: The tightest loop 

focuses on prolonging the life of the building 

through predictive maintenance and refurbishment, 

avoiding the need for new material altogether. 

▪ Reuse & Redistribute: This loop represents the 

direct reuse of building components (e.g., structural 

steel beams or intact windows) in new projects 

without significant reprocessing. 

3. The Outer Loops (Resource Recovery) 

▪ Refurbishment & Remanufacturing: Materials are 

taken back to a factory level to be restored to "as-

new" condition (e.g., refurbishing modular HVAC 

units or elevator systems). 

▪ Recycling: The outermost and least energy-

efficient loop. Here, materials like concrete are 

crushed or metals are melted. While it prevents 

landfilling, it often results in "downcycling" (loss 

of material quality), which is why it is positioned 

furthest from the center. 

4. Enabling Foundations 

▪ The horizontal bar across the center highlights 

Design for Disassembly (DfD) and Buildings as 

Material Banks (BAMB). These are the "engines" 

that allow the loops to function; without reversible 

joints and searchable material data, the building 

remains a "material graveyard" rather than a 

circular resource. 

The integration of Building Information Modeling (BIM) 

and Digital Material Passports allows for the precise 

tracking of material composition and hazardous substances 

from the outset. By virtually mapping every element, 

designers can optimize material use to minimize "off-cut" 

waste during construction and ensure that no toxic pollutants 

are introduced into the material loop (Shahidi Hamedani et 

al., 2025) [63]. This digital oversight facilitates a "lean" 

manufacturing approach within the construction site, 

significantly reducing the carbon footprint and physical 

waste generated during the assembly phase (Finamore & 

Oltean-Dumbrava, 2024) [20]. 

 

3.2 Keeping Products and Materials in Use (The "3Rs") 

Maintaining materials and products at their highest utility 

for as long as possible is the second pillar of the circular 

economy, often summarized by the "3Rs" (Reduce, Reuse, 

Recycle). However, current research has expanded this to a 

more nuanced "9R" hierarchy, which prioritizes strategies 

like "Refuse" and "Rethink" over "Recycle." The goal is to 

slow and narrow resource loops by extending the functional 

lifespan of existing building stock through adaptive reuse 

and modular upgrades, thereby reducing the demand for 

virgin material inputs (Rao et al., 2025) [51]. 

Global applications of this principle involve shifting toward 

Circular Business Models (CBMs), such as "Product-as-a-

Service" (PaaS). For instance, instead of purchasing lighting 

fixtures or HVAC systems, developers may enter into 

service contracts where the manufacturer retains ownership 

and responsibility for the equipment's maintenance and 

eventual recovery (Shahidi Hamedani et al., 2025) [63]. This 

incentivizes manufacturers to create durable, modular 

products that are easy to repair and upgrade, effectively 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

2539 

"closing the loop" by keeping high-value assets in 

continuous use rather than disposing of them when a single 

component fails (Finamore & Oltean-Dumbrava, 2024) [20]. 

3.2.1 Reuse 

Reuse represents the most efficient circular strategy as it 

requires minimal energy to put a product back into service 

for its original purpose. In the construction sector, this 

increasingly involves the recovery and reintegration of 

structural components, such as steel beams and timber joists, 

which often retain their load-bearing capacity long after a 

building is decommissioned. Recent frameworks for 

Modular and Offsite Construction (MOC) utilize digital 

traceability to certify the performance of used steel, 

allowing it to be reused in new structures with a lifecycle 

carbon reduction of up to 90% (MDPI, 2025). 

The scaling of reuse is currently supported by "urban 

mining" platforms that connect deconstruction sites with 

new architectural projects. These digital marketplaces act as 

inventories for reclaimed materials, ensuring that high-value 

assets—ranging from facade panels to entire modular 

units—are redirected away from landfills. By treating the 

existing built environment as a "resource stock," the 

industry can dramatically lower its material footprint while 

preserving the embodied carbon already "spent" in the 

manufacturing of those elements (Shahidi Hamedani et al., 

2025; TOMRA, 2026) [63, 71]. 

3.2.2 Repair and Refurbish 

Repair and refurbishment focus on extending the service life 

of buildings and their sub-systems by restoring them to a 

functional state. While "repair" typically involves localized 

fixes to maintain a product's current utility, "refurbishment" 

involves more extensive upgrades to improve performance, 

such as modernizing a building's envelope for better energy 

efficiency. Current research highlights circular renovation as 

a vital meso-scale strategy, where existing structures are 

"retrofitted" with modular components that can be easily 

maintained or replaced in the future (Finamore & Oltean-

Dumbrava, 2024) [20]. 

The "Right to Repair" movement is also gaining traction in 

construction, particularly for complex mechanical and 

electrical systems. By designing these systems for 

accessibility and providing clear maintenance 

documentation, manufacturers enable facility managers to 

perform repairs without needing to replace entire units. This 

practice not only reduces physical waste but also enhances 

the economic resilience of building owners by lowering 

long-term operational costs and preventing premature 

obsolescence of expensive equipment (Shahidi Hamedani et 

al., 2025; European Commission, 2026) [63, 18]. 

3.2.3 Remanufacture and Recycle 

When products can no longer be reused or repaired, 

remanufacturing and recycling serve as the final tiers of the 

circular hierarchy. Remanufacturing involves an industrial 

process that restores a used product to "as-new" 

performance levels, often with a renewed warranty. In 

construction, this is applied to high-value components like 

elevators, large-scale HVAC units, or even specialized 

cladding systems, where "cores" are recovered, stripped, and 

rebuilt with updated technology, requiring significantly less 

energy than manufacturing from scratch (MDPI, 2025; Sah 

& Hong, 2024 [62]). 

Recycling remains the option of last resort in a circular 

system, focusing on the recovery of raw materials from 

waste. Unlike traditional "downcycling"—where materials 

like concrete are crushed into low-grade road filler—state-

of-the-art circular recycling aims for high-value recovery. 

For example, aqueous recycling and layer-by-layer 

extraction techniques for solar panels and composite 

materials now allow for the separation of high-purity 

minerals that can be reused in high-tech manufacturing. This 

"closed-loop" recycling ensures that the inherent quality of 

materials is preserved, reducing the industry's reliance on 

primary resource extraction (MDPI, 2024; Rao et al., 2025 
[51]). 

 

3.3 Regenerating Natural Systems 

The final and most transformative principle of the circular 

economy is the regeneration of natural systems. Unlike the 

linear model, which degrades ecosystems, a circular built 

environment seeks to return nutrients to the soil and actively 

improve biodiversity. This is achieved through the use of 

bio-based materials, such as hempcrete, mycelium, and 

sustainably harvested timber, which act as carbon sinks and 

can safely return to the biological cycle as compost at the 

end of their life (Paschalidou Perezidou, 2024; Sah & Hong, 

2024) [46, 62]. 

In urban contexts, this principle is operationalized through 

Nature-Based Solutions (NBS), such as green roofs, vertical 

gardens, and permeable pavements that mimic natural water 

cycles. These features go beyond aesthetic value; they 

provide functional ecosystem services like flood mitigation, 

urban heat island cooling, and habitat creation for local 

fauna. By integrating these "living systems" into building 

design, the construction industry moves from being a driver 

of environmental loss to a catalyst for "nature-positive" 

growth, where the built environment actively contributes to 

the restoration of planetary health (Uysal et al., 2021 [78]; 

WorldGBC, 2025). 

In conclusion, the core principles of the circular economy 

represent a fundamental departure from the extractive logic 

of the linear model, shifting the construction industry's 

objective from mere waste reduction to active value 

preservation. By intentionally designing out pollutants, 

maintaining materials at their highest utility through 

hierarchical "R-strategies," and prioritizing the regeneration 

of natural systems, the built environment can transition into 

a self-sustaining ecosystem. These pillars collectively 

reframe buildings as "dynamic material banks"—temporary 

repositories of high-value resources that contribute to, rather 

than deplete, planetary health (Rao et al., 2025; Shahidi 

Hamedani et al., 2025) [51, 63]. 

 

4. Key Strategies for Implementing Circular 

Construction 

While the principles of circularity provide the theoretical 

foundation, their successful integration into the global 

building sector requires a multi-faceted implementation 

roadmap. This section examines the Key Strategies for 

Implementing Circular Construction, focusing on the 

technical, digital, and economic levers currently reshaping 

the industry. From the deployment of Building Information 

Modeling (BIM) and Digital Material Passports for resource 

traceability to the adoption of Modular Construction and 

Circular Business Models (CBMs), these strategies provide 

the practical tools necessary to close material loops. 

Furthermore, this section addresses the critical role of 

supportive policy frameworks and collaborative 

procurement in scaling these innovations from niche pilot 
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projects to standard industrial practice (European 

Commission, 2026; TOMRA, 2026) [18, 71]. 

The implementation of a circular economy (CE) in the 

construction sector requires a shift from superficial 

sustainability efforts to deep-seated structural strategies. As 

of 2026, the industry is increasingly adopting technical and 

digital solutions that treat buildings as dynamic systems 

rather than static assets. The following strategies—ranging 

from modular design and sustainable procurement to 

advanced reverse logistics and innovative service-based 

business models—form the practical framework for a 

circular built environment. 

 

4.1 Circular Design for Disassembly (DfD) and 

Adaptability 

Design for Disassembly (DfD) is the foundational strategy 

for enabling a circular lifecycle, transforming buildings into 

"material banks" where components can be recovered 

without damage. Current findings highlight that the shift 

from chemical adhesives and permanent binders to 

reversible, mechanical connections (such as specialized 

bolts and interlocking systems) is critical. This approach 

allows structural elements, like steel beams and timber 

panels, to retain up to 95% of their original load-bearing 

capacity for reuse in subsequent projects, dramatically 

reducing the need for virgin material extraction (Heisel et 

al., 2025 [26]; ResearchGate, 2025). 

Beyond disassembly, design for adaptability focuses on 

extending a building’s functional life by allowing it to 

evolve with changing user needs. Research into the "layers 

of change" (shell, services, scenery, and set) shows that 

buildings designed with independent systems are more 

resilient to obsolescence. For instance, by decoupling the 

structural shell from shorter-lived MEP (mechanical, 

electrical, and plumbing) systems, owners can upgrade 

technology or reconfigure interior layouts without structural 

demolition. This "future-proofing" strategy not only 

preserves the embodied carbon of the structure but also 

enhances the long-term economic value of the asset (MDPI, 

2024; ResearchGate, 2025). 

 

4.2 Sustainable Sourcing and Material Management 

In 2026, sustainable sourcing has evolved from a voluntary 

"green" choice to a risk-management necessity. Industry 

findings indicate a significant surge in the use of carbon-

negative and bio-based materials, such as cross-laminated 

timber (CLT) and mycelium-based insulation, which 

actively sequester CO_2. Simultaneously, the integration of 

AI-driven generative design is optimizing material 

efficiency at the procurement stage, allowing architects to 

create structural forms that use up to 20% less concrete or 

steel while maintaining safety standards. This data-centric 

approach ensures that the highest-value materials are 

selected based on their "circular potential" and low 

embodied energy (IMD Business School, 2026; Nam Trung 

Cons, 2026) [29, 40]. 

Effective material management is now underpinned by 

Digital Material Passports (DMPs). These passports provide 

a "birth certificate" for building components, documenting 

their chemical composition, repair history, and potential for 

reuse. By 2026, large-scale developers are using these 

digital twins to manage their supply chains with high 

transparency, ensuring that recycled aggregates and 

upcycled plastics meet rigorous structural certifications. 

This shift toward "certified secondary materials" is closing 

the loop between the demolition of old structures and the 

construction of new ones, effectively institutionalizing the 

"urban mining" concept (Amazon Business, 2026; TOMRA, 

2026) [1, 71]. 

 

4.3 Waste Management and Reverse Logistics 

Reverse logistics serves as the critical "nervous system" of 

the circular economy, facilitating the return of products from 

the construction site back into the production cycle. 

Findings show that adopting a structured reverse logistics 

framework—prioritizing reuse and remanufacturing over 

basic recycling—can reduce the environmental impact of a 

project by up to 60% compared to traditional landfilling. 

Success in this area relies on "Material Reuse Innovation 

Centres" and digital marketplaces that connect 

deconstruction contractors with manufacturers who can 

refurbish components like facade panels or elevator systems 

(Frontiers, 2020; National Retail Federation [NRF], 2026 
[41]). 

To scale these efforts, many jurisdictions have introduced 

Circular Innovation Levies and mandatory waste-tracking 

protocols as of 2026. These policies incentivize firms to 

implement site-specific waste management plans that treat 

"debris" as a resource stream. Instead of being downcycled 

into road fill, crushed concrete and masonry are increasingly 

being processed into high-quality recycled aggregates 

through advanced sensor-based sorting. This transition 

transforms waste management from a cost-center into a 

revenue-generating activity, as recovered materials are sold 

back into the secondary market (Circular Innovation, 2024; 

Repsol, 2026) [9, 56]. 

 

4.4 Innovative Business Models (e.g., Product-as-a-

Service) 

The most radical strategy for circularity is the shift from 

product ownership to Product-as-a-Service (PaaS) and 

"Sharing Economy" models. In these systems, 

manufacturers retain ownershipr of building components—

such as lighting (Lighting-as-a-Service) or HVAC units—

while the building owner pays for the performance or utility 

provided. This incentivizes manufacturers to design for 

longevity, repairability, and easy upgrades, as they are 

responsible for the entire lifecycle costs and material 

recovery. Recent market analysis suggests that while PaaS 

currently holds about 10% market penetration, it is the 

fastest-growing segment in the circular building materials 

sector due to its ability to align economic incentives with 

environmental goals (OECD, 2025; Shahidi Hamedani et 

al., 2025) [44, 63]. 

Implementing these Circular Business Models (CBMs) 

requires new financial frameworks and strategic 

partnerships. Findings indicate that "Value-Based 

Perspectives," which emphasize early engagement between 

designers, manufacturers, and clients, are replacing 

traditional cost-based procurement. By 2026, the use of 

circularity-linked financing and insurance products is 

helping construction firms overcome the initial capital 

barriers of PaaS. This systemic transformation allows 

companies to decouple their growth from material 

consumption, creating a more resilient business environment 

that is less vulnerable to global supply chain shocks (MDPI, 

2023 [35]; MDPI, 2024). 
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In conclusion, the strategic implementation of the circular 

economy in construction relies on an integrated ecosystem 

where design, sourcing, logistics, and business modeling 

converge to eliminate the concept of waste. By combining 

Design for Disassembly (DfD) with Digital Material 

Passports, the industry can ensure that building components 

are not only physically recoverable but also digitally 

traceable for future use. When these technical strategies are 

supported by reverse logistics and Product-as-a-Service 

models, the built environment shifts from a consumer of 

finite resources to a regenerative system that preserves value 

across multiple lifecycles (Shahidi Hamedani et al., 2025; 

TOMRA, 2026) [63, 71]. 

 

5. Case Studies and Best Practices in Circular 

Construction 

The transition from theoretical strategies to mainstream 

industrial practice is best validated through real-world 

applications that demonstrate the economic and 

environmental viability of circularity. As of 2026, a new 

generation of "pioneer projects" has emerged, serving as 

living laboratories for Buildings as Material Banks (BAMB) 

and zero-waste construction. These projects, ranging from 

social housing in Denmark to high-density commercial 

developments in London, provide essential blueprints for 

scaling circularity in diverse urban contexts. By examining 

these case studies, we can synthesize best practices—such as 

the early integration of 9R frameworks and the use of AI-

enhanced material sorting—that move the industry beyond 

pilot projects toward a standardized circular future (ASBP, 

2026; Realdania, 2025) [3, 53]. 

The case studies in this paper were curated to serve as 

"proof-of-concept" for the strategies discussed as the core 

principles for CE in construction. The selection was based 

on three primary requirements: 

▪ Scalability: Projects selected (e.g., Circle House, 

Triodos Bank) demonstrate strategies that can be scaled 

from single-unit housing to large-scale commercial 

infrastructure. 

▪ Material Diversity: Cases were chosen to represent a 

variety of material applications, including mass timber 

(biological cycle) and modular steel/concrete (technical 

cycle). 

▪ Data Availability: Only projects with documented 

outcomes regarding carbon reduction, material recovery 

rates, or the implementation of Digital Material 

Passports were included to ensure that the "Buildings as 

Material Banks" (BAMB) concept was supported by 

empirical evidence. 

 

5.1 Case Study 1: Material Reuse in a Building Project 

To provide a concrete understanding of how circular 

principles are applied in the field, this section examines two 

landmark projects that have redefined the relationship 

between material consumption and architectural value. 

These case studies represent the "state of the art" in 2026, 

showcasing how modularity, digital tracking, and urban 

mining can be scaled from experimental pilots to 

commercially viable developments. 

 

5.1.1 Case Study 1.1: The Circle House (Aarhus, 

Denmark) 

The Circle House project stands as a global benchmark for 

circular social housing, designed with the explicit goal that 

90% of its materials can be recovered and reused without 

losing significant value. Developed by a consortium led by 

GXN and Lendager Group, the project consists of 60 social 

housing units built as a "living laboratory" for circularity. 

The primary innovation lies in its modular structural system, 

which utilizes precast concrete elements joined with 

reversible mechanical connections rather than traditional 

mortar or adhesives. This "Design for Disassembly" (DfD) 

approach ensures that at the end of the building’s life, the 

concrete panels, windows, and interior modules can be 

detached and sold as high-value components for new 

construction projects (Lendager, 2025; Realdania, 2025 [53]). 

Beyond its physical modularity, the Circle House serves as a 

pioneer in the application of Digital Material Passports. 

Every component within the development is tagged with a 

digital identity that tracks its material composition, 

maintenance history, and residual value. Findings from the 

project’s 2025 performance review indicate that this 

transparency has reduced the total lifecycle carbon footprint 

by approximately 50% compared to standard Danish 

housing. Furthermore, by treating the building as a "material 

bank," the project developers have demonstrated a viable 

financial model where the long-term asset value includes the 

future resale price of its constituent materials, effectively 

decoupling housing provision from waste generation (GXN, 

2025 [25]; State of Green, 2025). 

5.1.2 Case Study 1.2: The Entopia Building (Cambridge, 

UK) 

While the Circle House focuses on new builds, the Entopia 

Building—the headquarters for the Cambridge Institute for 

Sustainability Leadership (CISL)—demonstrates the power 

of circularity in deep retrofitting. This 1930s former 

telephone exchange was transformed into a world-class 

sustainable office using a "circular-first" procurement 

strategy. A standout feature of the project was the high-

value reuse of steel; instead of sourcing virgin metal, the 

team recovered structural steel from other demolition sites 

across the UK. This "urban mining" approach saved nearly 

80% of the embodied carbon typically associated with 

structural reinforcements, proving that existing urban stock 

can serve as a primary resource for modern upgrades 

(University of Cambridge, 2024 [76]; WorldGBC, 2025). 

The project also integrated circularity into its internal fit-out 

and life-cycle management. Approximately 50% of the 

office furniture was reclaimed and refurbished, while the 

raised floor tiles were second-hand units that were tested 

and re-certified for structural integrity. The Entopia 

Building achieved the highest BREEAM "Outstanding" 

rating by prioritizing the "9R" hierarchy, specifically 

focusing on Refurbish and Reuse over Recycle. By 2026, 

this project is frequently cited as the definitive case study 

for "circular renovation," illustrating that the most 

sustainable building is often the one that already exists, 

provided it is managed as a dynamic repository of resources 

(BDP, 2025; CISL, 2024) [6, 10]. 

The table below provides a comparative analysis of two 

pioneering projects, the Circle House and the Triodos Bank 

Headquarters, which serve as physical "living laboratories" 

for circular principles. These case studies demonstrate how 

the theoretical concepts of Design for Disassembly (DfD) 

and Buildings as Material Banks (BAMB) are practically 

executed using diverse materials, ranging from modular 

precast concrete to fully reconstructible solid timber. By 

evaluating their distinct circularity strategies and measured 
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environmental impacts—such as the potential for 90% 

material recovery—the table highlights the scalability of 

circular construction across different building typologies 

and material systems.  

 

5.2 Case Study 2: Designing for Future Disassembly 

To illustrate the second pillar of circular construction, this 

case study examines a project where the entire lifecycle—

from assembly to eventual deconstruction—was integrated 

into the architectural DNA. 

5.2.1 Case Study 2.1: Triodos Bank Headquarters 

(Zeist,The Netherlands) 

The Triodos Bank head office, located on the De Reehorst 

Estate, is widely regarded as the world's first large-scale 

building conceived entirely as a "Material Bank." Designed 

by RAU Architects and completed with a vision for total 

circularity, the 12,500-square-meter structure is a fully 

demountable timber cathedral. The core innovation of this 

project is its "screw-only" assembly; the building’s 

innovative wooden structure—comprising 1,615 cubic 

meters of PEFC-certified laminated timber—is held together 

by 165,312 screws. By avoiding glues, welds, or permanent 

binders, the architects ensured that every beam, column, and 

floor plate can be unscrewed and reused in its original form 

when the building eventually reaches the end of its 

functional life (Arup, 2025; RAU Architects, 2024) [2, 52]. 

The project’s commitment to future disassembly is 

reinforced by a robust digital infrastructure. Every material 

used in the construction is registered in Madaster, a public 

cloud platform that functions as a library of materials. This 

"Material Passport" documents the exact quantity, quality, 

and location of every component, providing a transparent 

record of the building’s residual financial value. By 2026, 

the Triodos Bank headquarters has proven that designing for 

disassembly does not compromise architectural beauty or 

structural integrity. Instead, it transforms a corporate asset 

into a temporary repository of resources, setting a new 

global standard for "reversible architecture" that treats the 

built environment as a renewable resource (Circle Economy, 

2025; Deerns, 2025) [7, 12]. 

 

5.3 Case Study 3: Waste-to-Resource in Construction 

To address the "Waste-to-Resource" pillar of circular 

construction, this case study examines a project that 

physically integrates discarded urban waste back into the 

building's structure and facade. 

5.3.1 Case Study 3.1: The Resource Rows (Copenhagen, 

Denmark) 

The Resource Rows project in Copenhagen’s Ørestad 

district is a pioneering example of upcycling at an industrial 

scale, proving that "waste" can be transformed into high-

value architectural elements. Developed by Lendager 

Group, the residential complex consists of 92 units built 

almost entirely from repurposed materials. The most striking 

innovation is the facade, which is composed of upcycled 

brick modules recovered from the demolition of the historic 

Carlsberg breweries and local schools. Because modern 

cement mortar makes it impossible to clean individual 

bricks for reuse, the team developed a radical technique 

where 1m^2 sections of old brick walls were cut directly 

from demolition sites and integrated into the new building's 

envelope, creating a unique "patchwork" aesthetic that 

preserves the city's historical character (Lendager, 2025; 

State of Green, 2025). 

The project’s waste-to-resource philosophy extends beyond 

the facade to almost every structural component. 

Approximately 300 tonnes of wood waste, originally 

destined for incineration after the construction of the 

Copenhagen Metro, were salvaged and processed to create 

the building's shared courtyard terraces and internal 

flooring. Additionally, the complex features 29 rooftop 

greenhouses constructed from reclaimed window frames and 

surplus timber. By utilizing these "urban mine" materials, 

the Resource Rows achieved a 29% reduction in CO2 

emissions and prevented nearly 463 tonnes of waste from 

entering landfills. This project demonstrates that the circular 

economy is not just about managing waste, but about 

reimagining it as a primary, cost-competitive resource for 

modern urban development (Realdania, 2025 [53]; State of 

Green, 2025). 

The table below provides a comparative analysis of two 

pioneering projects, the Circle House and the Triodos Bank 

Headquarters, which serve as physical "living laboratories" 

for circular scalability of circular construction across 

different building typologies and material systems.  

 
Table 5.1: Comparison of Circular Construction Case Studies 

 

Feature Circle House (Denmark 

Triodos Bank 

Headquarters (The 

Netherlands) 

Primary 

material 

Precast concrete elements, 

lime based mortar, steel 

plate connectors, and 

timber facade hangers. 

Solid timber (CLT/GLT), 

165,000+ screws 

(mechanical fixings), and 

natural stone. 

Circular 

strategy 

Standardized & Modular: 

Uses only 6-six 

standardized concrete 

elements to create various 

building typologies, 

allowing for mass-market 

scalability 

Building as a Material Bank. 

Designed as a “limited 

edition” combination of 

products with a documented 

identity in a digital database 

(Madaster) 

Key 

innovation 

Reversible joints: Uses a 

specific lime-based mortar 

that protects the structure 

but is easily “hosed off” to 

allow disassembly without 

damaging the concrete. 

100% Reconstructive: A 

fully wooden “cathedral” 

structure held together 

entirely by screwing rather 

than glue or nails, allowing 

for total dismantling. 

Digital 

integration 

Focus on Materials ID and 

15 specific guidelines for 

Design for Disassembly 

(DfD). 

Comprehensive Digital 

Material Passport tracking 

every component for future 

market value and reuse 

potential. 

Measured 

impact 

90% material recovery: 

Designed such that 90% of 

all materials can be 

reclaimed and reused 

without loss of value. 

Zero waste & Low 

embodied carbon: 

Significant reduction in 

CO2 through timber use and 

total elimination of 

demolition waste at end of 

file. 

 

6. Circularity with mass timber construction 

Mass timber construction—encompassing Cross-Laminated 

Timber (CLT) and Glued Laminated Timber (Glulam)—has 

emerged as a primary catalyst for circularity in the built 

environment. As of 2026, research indicates that mass 

timber’s circularity is not just based on its renewability, but 

on its role as a high-performance carbon vault. Unlike 

concrete or steel, which require high-energy extraction and 

manufacturing, mass timber sequesters atmospheric CO_2 

for the duration of the building's life. Recent findings 
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suggest that integrating mass timber with circular design can 

reduce a building's embodied carbon by as much as 40%, 

while the lightweight nature of the material Cascades into 

secondary benefits, such as requiring smaller, less resource-

intensive foundations (Aurecon, 2025; Naturally:wood, 

2026) [4, 42]. 

Technical findings in 2026 emphasize the development of 

"Secondary Timber"—mass timber products manufactured 

from salvaged demolition wood. Projects like CascadeUp 

have successfully demonstrated that timber previously 

destined for incineration can be upcycled into structural 

"glued-laminated secondary timber" (glulamST), effectively 

closing the material loop. Furthermore, the industry is 

transitioning toward standardized mechanical connections 

over adhesives to facilitate "Design for Disassembly" (DfD). 

New computational tools now allow architects to calculate 

the "disassembly potential" of timber structures at the early 

design stage, ensuring that panels can be harvested intact for 

future projects rather than being downcycled into wood 

chips (MDPI, 2025; UCL Circular Economy Lab, 2025 [72]). 

 

6.1 Case Study 1: Amazon DII5 Delivery Station 

(Elkhart, Indiana) 

Amazon’s DII5 project represents a pioneering application 

of mass timber in the industrial and logistics sector, 

traditionally dominated by "take-make-dispose" steel and 

concrete. Completed as a sustainability testbed, the facility 

utilizes a mass timber structural system that serves as a 

scalable model for reducing embodied carbon in large-

format buildings. By using prefabricated timber 

components, the project reduced on-site waste and shortened 

the construction timeline. Critically, the structure was 

designed for future adaptability and demountability, 

allowing the facility to be expanded or relocated as logistics 

needs evolve—a key circular strategy for the fast-changing 

industrial landscape (Amazon, 2026; Mass Timber 

Conference, 2025 [33]). 

 

6.2 Case Study 2: CascadeUp Pilot (UCL Circular 

Economy Lab) 

The CascadeUp project is a world-first demonstration of 

circular secondary timber at a building scale. Researchers at 

University College London (UCL) sourced timber elements 

from local demolition waste streams that were otherwise 

headed for downcycling. These salvaged pieces were re-

engineered into structural glulam and CLT panels used to 

construct a pilot modular building. Findings from this case 

study show that reclaimed timber can meet rigorous safety 

and structural standards when combined with advanced 

digital tracking and chemical "fingerprinting" tools. This 

project proves that the existing building stock can act as a 

high-grade forest for future mass timber construction, 

bypassing the need for virgin harvesting (UCL, 2025; 

University of Auckland, 2026 [75]). 

The summary table 6.1. compares three distinct operational 

strategies that represent the practical implementation of 

circular economy principles in the built environment. Here 

is a detailed description of the three case studies presented: 

 

1. Material Reuse: The Entopia Building (University of 

Cambridge) 

This case study focuses on high-value retention through 

the retrofit of an existing structure. 

▪ The Approach: Rather than demolishing the building, 

the project prioritized the "reuse" of internal materials 

and structural components. 

▪ The Outcome: By treating existing materials as assets 

rather than waste, the project significantly reduced its 

embodied carbon footprint, demonstrating that the most 

sustainable building is often the one that already exists. 

 
Table 6.1: Comparison Summary of Circular Construction Case 

Studies 
 

Feature 

Material 

Reuse: Entopia 

Building 

(London) 

Design for Future 

Disassembly: 

Circle House 

(Denmark 

Waste-to-

Resource: 

CascadeUp (UCL) 

Primary 

material 

To demonstrate 

the viability of 

large-scale 

material reuse 

and carbon 

reduction in a 

commercial 

retrofit. 

To ensure 99% of 

materials can be 

recovered and 

reused without 

losing significant 

value. 

To transform 

demolition waste 

into high-value 

structural mass 

timber products. 

Ke6 

Circular 

strategy 

High-value 

Reused: 

Focused on the 

recovery and 

reintegration of 

structural 

components and 

internal 

materials. 

Design for 

Disassembly-DfD: 

uses modular 

precast concrete 

elements with 

reversible 

mechanical 

connections instead 

of mortar. 

Urban mining and 

Upcycling: 

Redirecting wood 

from demolition 

sites back into the 

supply chain as 

mass timber. 

Technical 

innovation 

Integration of 

Digital Material 

Passports to 

track the 

performance 

and history of 

reused 

components. 

Modularity: A 

structural system 

that allows for non-

destructive 

separation and easy 

reconfiguration of 

housing units. 

Uses AI-driven 

sorting and sensor 

technology to 

identify and 

separate complex 

wood components 

with high accuracy. 

Measured 

Impacts 

Significant 

reduction in 

embodied 

carbon by 

preserving 

existing material 

rather than 

extracting virgin 

resources, 

Potential to retain 

95% of original 

load-bearing 

capacity for 

structural elements 

in subsequent 

projects 

Transformation of 

“debris’ from a 

cost-center into a 

revenue generating 

secondary material 

stream. 

 

2. Designing for Future Disassembly: Circle House 

(Denmark) 

This project shifts the focus from the end-of-life stage to the 

design stage, embodying the principle of "Design for 

Disassembly" (DfD). 

▪ The Approach: It utilizes a modular system where 

concrete elements are joined using reversible 

mechanical connections instead of permanent 

adhesives or traditional mortar. 

▪ The Outcome: The building acts as a "Material Bank," 

where up to 90% of components can be taken apart at 

the end of the building's life and reused in new 

constructions without losing their structural integrity or 

value. 

3. Waste-to-Resource: CascadeUp (University College 

London) 

This study illustrates the "Urban Mining" concept, 

specifically targeting the timber industry. 
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▪ The Approach: It explores "upcycling" by taking wood 

from demolition sites—which is traditionally burned or 

sent to landfills—and processing it into high-

performance mass timber products. 

▪ The Outcome: It proves that waste streams can be 

transformed into primary structural materials, 

effectively closing the loop and reducing the industry's 

reliance on virgin timber extraction. 

Together, these three examples illustrate a hierarchy of 

circularity: 

▪ Entopia shows how to keep what we have (Reuse). 

▪ Circle House shows how to build for the next 

generation (Disassembly). 

▪ CascadeUp shows how to recover what was previously 

lost (Waste-to-Resource). 

 

7. Challenges and the Path Forward 

Despite the significant technical and environmental 

successes demonstrated in recent years, the widespread 

adoption of the Circular Economy (CE) in construction 

faces deep-seated systemic hurdles. As of 2026, the primary 

challenge remains the economic disparity between circular 

and linear models; "virgin" materials often remain cheaper 

due to a lack of global carbon pricing and the high labor 

costs associated with the careful deconstruction and 

certification of salvaged components (MDPI, 2025; WEF, 

2025 [80]). Furthermore, the industry's inherently fragmented 

and risk-averse nature creates behavioral barriers, where 

stakeholders are hesitant to adopt unstandardized secondary 

materials due to perceived liabilities and a lack of 

harmonized building codes (ResearchGate, 2025; 

TandfOnline, 2024 [68]). 

The path forward is increasingly defined by regulatory 

integration and digital standardization. The upcoming 

Circular Economy Act (2026) in Europe and similar 

roadmaps in North America aim to mandate a minimum 

percentage of recycled content in new builds, effectively 

"forcing" the market for secondary materials to scale 

(European Commission, 2026 [18]; McKinsey, 2025). 

Moving toward 2030, the "Path Forward" relies on the 

mainstreaming of Digital Twins and AI-driven marketplaces 

that can balance the supply and demand of recovered 

resources in real-time. By shifting from isolated pilot 

projects to a unified, data-driven ecosystem, the construction 

sector is positioned to move from a 12% global circularity 

rate today toward a target of doubling that index by 2030 

(European Commission, 2026; Ville de Montréal, 2025) [18, 

79]. 

 

7.1 Economic and Regulatory Barriers 

Economic viability remains the most significant hurdle for 

circularity. Despite the long-term savings associated with 

material reuse, the initial costs of deconstruction and 

disassembly can be substantially higher than traditional 

demolition. This is primarily driven by high labor costs; 

disassembling a building to salvage components is far more 

labor-intensive than crushing them for waste. Consequently, 

in many regions, "virgin" materials remain more cost-

effective because their market prices do not yet account for 

the environmental externalities of extraction and disposal 

(Nordic Cooperation, 2023; WEF, 2025) [43, 80]. 

On the regulatory front, the industry faces a fragmented 

landscape of standards and "end-of-waste" criteria. While 

policies like the EU Corporate Sustainability Reporting 

Directive (CSRD) began mandating transparency on 

resource use in 2025, many builders still struggle with legal 

liabilities when using reclaimed materials. A lack of 

harmonized certifications for secondary materials often 

leads to insurance and structural safety concerns, effectively 

stalling the use of salvaged steel or timber in new load-

bearing structures (Circle Economy, 2026; University of 

Malta, 2026) [8, 77]. 

 

7.2 Cultural and Knowledge Gaps 

The construction sector’s "fragmented and conservative 

nature" has created a significant cultural gap. The industry's 

traditional short-term profit mindset often overlooks the 

lifecycle value of a building, viewing deconstruction as a 

burden rather than a resource-harvesting opportunity. 

Current research identifies a "mindset barrier" where many 

stakeholders still associate recycled materials with inferior 

quality, despite technical evidence to the contrary. 

Furthermore, a shortage of specialist labor trained in 

"Design for Disassembly" (DfD) and urban mining 

techniques remains a critical bottleneck, with only 30% of 

firms actively investing in circular economy education 

(Frontiers, 2023; Construction Briefing, 2025 [11]). 

Knowledge gaps also exist at the data level. The industry 

lacks agreed-upon metrics and standardized circularity 

indicators, making it difficult for developers to quantify the 

"circular performance" of their projects. Without transparent 

data on material provenance and residual value, the financial 

sector remains hesitant to offer favorable lending rates for 

circular developments. This "information asymmetry" 

prevents the transition from niche pilot projects to a 

mainstream industrial standard where every building 

component is viewed as a valuable asset (WorldGBC, 2025; 

Green Alliance, 2023 [23]). 

In conclusion, while the structural and economic barriers to 

circularity are significant, they are not insurmountable. The 

transition from a linear to a circular built environment 

requires a systemic overhaul that moves beyond individual 

"green" projects toward a unified industrial ecosystem. As 

of 2026, the roadmap for the "Path Forward" is centered on 

three critical pillars: mandatory digital traceability, 

harmonized secondary material standards, and the 

institutionalization of Product-as-a-Service models 

(European Commission, 2026; TOMRA, 2026) [18, 71]. 

By addressing the current knowledge and economic gaps 

through collaborative procurement and AI-driven resource 

mapping, the construction industry is positioned to 

transform its greatest liability—waste—into its most 

valuable asset. Ultimately, the success of circular 

construction will be measured not just by waste diverted 

from landfills, but by the creation of a resilient, nature-

positive sector that can meet the global demand for housing 

and infrastructure within planetary boundaries (McKinsey, 

2025; WorldGBC, 2025). 

 

8. Conclusion 

The transition from a linear to a circular economy in 

construction is no longer a distant theoretical ideal but a 

functional necessity for a planet facing critical resource 

scarcity. As this paper has demonstrated, the "take-make-

dispose" model is being dismantled in favor of a closed-loop 

system where buildings are treated as dynamic material 

banks. By integrating advanced strategies such as Design for 

Disassembly (DfD), digital material passports, and mass 

http://www.multiresearchjournal.com/
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timber construction, the industry is proving that it can 

decouple urban growth from environmental degradation. 

The case studies of the Circle House and Triodos Bank 

serve as powerful proof-of-concept, illustrating that 

circularity can enhance architectural beauty and long-term 

asset value while simultaneously slashing embodied carbon. 

However, the path toward a fully circular built environment 

is not without its structural hurdles. The successful scaling 

of these practices requires a fundamental shift in our 

economic and regulatory frameworks—moving away from a 

fixation on low initial capital costs toward a "whole-life 

value" perspective. Success hinges on a collaborative 

ecosystem where architects, manufacturers, and 

policymakers align their incentives to prioritize longevity, 

repairability, and high-value recovery. As we move closer to 

the 2030 global sustainability milestones, the construction 

sector stands at a crossroads: it must either evolve into a 

regenerative, nature-positive industry or face the rising costs 

and liabilities of a linear system that has reached its physical 

limits. 

 

8.1 The Key Findings 

The research highlights that Design for Disassembly (DfD) 

and Digital Material Passports are the dual engines of 

circular construction. By using mechanical, reversible 

connections instead of permanent adhesives, buildings can 

be harvested for high-value components rather than 

demolished into low-grade rubble. Digital tools ensure these 

recovered materials are traceable and certified, solving the 

critical "information gap" that previously hindered the 

secondary material market. Furthermore, the 9R hierarchy—

prioritizing Refuse, Rethink, and Reuse over simple 

recycling—is now recognized as the most effective 

framework for preserving the embodied energy and carbon 

already spent in the built environment. 

 

8.2 The Future of Sustainable Construction 

Looking toward 2030, the "Future of Sustainable 

Construction" is defined by industrialized circularity. We 

are transitioning from isolated "green pilot projects" to a 

standardized ecosystem where Product-as-a-Service (PaaS) 

and "Urban Mining" are common industrial practices. The 

rise of AI-driven material marketplaces and robotic 

deconstruction will lower the labor costs of material 

recovery, making reclaimed steel and timber more cost-

competitive than virgin alternatives. Additionally, the 

widespread adoption of carbon-sequestering materials like 

mass timber will transform our cities into "carbon sinks," 

where the act of building actively contributes to climate 

cooling. 

 

8.3 On a Circular Transition 

The circular transition is ultimately a cultural and systemic 

shift. It requires the industry to stop viewing waste as a 

disposal problem and start viewing it as a missed economic 

opportunity. As regulatory pressures like the 2026 Circular 

Economy Act begin to mandate material traceability and 

recycled content, the "first-mover advantage" will belong to 

those who treat their buildings as temporary assemblies of 

valuable assets. By embracing a circular mindset, the 

construction industry can transform from one of the world's 

largest polluters into a primary driver of a sustainable, 

resilient, and nature-positive future. 
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