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ABSTRACT
This paper presents the findings of an interdisciplinary academic 
exchange exploring the transition towards a circular built environ
ment (CBE), developed over two years of collaborative work at Delft 
University of Technology’s Circular Built Environment Hub. A key 
outcome of this work is developing a comprehensive definition of 
the CBE and the related Scales to Aspects model, which connects 
the multi-scalar and cross-disciplinary nature of circularity, ranging 
from materials and components to buildings, neighbourhoods, 
cities, and regions. It highlights critical tensions, such as the lack 
of integration between circular strategies and other global 
challenges.
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Introduction

As one of Europe’s leading architecture schools in circular design, the Faculty of 
Architecture and the Built Environment at TU Delft has spent the last decade 
investigating how the circular economy (CE) reshapes the built environment. We 
see this paper as a means of assuming our responsibility to engage other archi
tecture, urbanism, spatial planning, and broader socialscience communities to take 
an active role in the circular transition, specifically its spatial dimension. There 
were many reasons for doing this. The most important being that the research 
outputs of the CBE Hub group could be used to inform education in our and 
others’ bachelor’s and master’s programmes and multiple lifelong learning out
comes. Circularity spans professional and inter-sectoral boundaries; no single 
discipline can deliver it alone. Building social capital and professional capacity 
for co-creation is therefore a central task for universities and their partners. 
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Building a shared narrative also enhances our communication with a broader 
audience of institutional and industry partners with whom we collaborate 
regularly.

In 2017, the faculty established the Circular Built Environment (CBE) Hub, bringing 
together researchers from architecture, real estate development, materials science, urban
ism, public policy, and management. Acknowledging the central position of academia in 
the broad spectrum of societal stakeholders and its close ties with partners from all 
sectors, the CBE Hub members set out to create a comprehensive understanding of the 
field of circularity in the built environment. Working with municipalities, ministries, 
housing associations, and industry consortia, the Hub seeks systemic answers rather than 
sector-specific fixes.

Early meetings revealed that our disciplines were using the term circular in divergent 
ways–sometimes to describe closed-loop material flows, sometimes business models, 
occasionally spatial configurations. Researchers risked talking past one another without 
a shared vocabulary, and practitioners lacked clear guidance. A common early finding 
amongst A+BE researchers was that in most ongoing CE ambitions, policies and 
(research) projects, space was understood as a container or a black box, whilst spatial 
context was often ignored and the meaning of places. More than 150 visions exist of how 
the circular economy relates to the building sector in the Netherlands alone (Barendregt 
et al., 2024). However, only a few consider the implications of circularity for the built 
environment.

Built-environment disciplines–architecture, building engineering, urbanism and 
spatial planning–need a shared framework that links circular aspects (manage
ment, technology, design, resource flows, stakeholders and economy) to the scales 
they intervene in: materials, components, buildings, neighbourhoods, cities and 
regions. Aligning plans, visions and strategies with the ScalestoAspects framework 
can support steering development within planetary boundaries while promoting 
social equity. The CBE Hub members focused specifically on exploring the spatial 
implications of CE in the built environment. Therefore, the group increasingly 
prioritised using the term Circular Built Environment (CBE) over that of Circular 
Economy. But what is a Circular Built Environment? To facilitate this cross- 
disciplinary discussion and to further develop the concept of CBE, several mem
bers of the Hub collectively engaged in developing a shared definition of CBE. 
A core group of CBE Hub members–who are the authors of this paper–met 
regularly with a changing group of members of the CBE Hub over two years 
and actively participated in what was called ‘Definition and Philosophy 
Workshops’. The group actively exchanged ideas, perspectives, and knowledge 
from their ongoing research projects and education.

This paper presents the interim results of these ongoing co-creative processes and 
a working definition of CBE through the ‘scale to aspects’ model, which depicts the 
systemic multifaceted characteristics of circularity in the built environment in a single 
diagram, based on a holistic matrix. Although the framework is still evolving, we share it 
here to invite critique and accelerate its uptake among architects, building engineers, 
urbanists and spatial planners.
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Circular built environment: a definition

The structured exchanges of the group led to the development of the following tentative 
definition:

The Circular Built Environment (CBE) is a system designed to narrow, slow, and close 
resource loops at different spatial-temporal levels by transitioning cultural, environmen
tal, economic, and social values towards a sustainable way of living. Thus, society can live 
within planetary boundaries.

The definition intentionally introduces the transition’s spatial and temporal levels as 
core elements. Alternating between the three different loop cycles is not just about 
affecting business models or production lines. Moreover, the circular economy is funda
mentally about how value is created and exchanged, and the CBE necessarily engages 
questions of political economy and land as critical factors in organising resource flows. 
New spaces are needed for storing, repairing, remanufacturing, and repurposing materi
als and components, as well as bringing together innovation initiatives and creating the 
conditions necessary for the free flow of information and knowledge for those initiatives 
to flourish. Space is also important when identifying land uses. In many European cities, 
planning has tended to relocate (re)manufacturing outside the urban fabric, pushing 
production further away. Only exceptional cases, like London, Brussels, and several 
French cities, have recently started to protect industrial and business areas in more 
central locations. Temporal considerations are of equal importance: how do decisions 
to transition to a circular built environment affect the current landscape of practices in 
urban planning and the building industry? Moreover, how can current demands for 
urban development and land allocation (for example, the growing housing need) be 
contextualised within a circular agenda? Questions like these also feed into the debate 
over competing spatial claims and spatial governance: how much space do we need, and/ 
or how can we manage existing space?

The definition further delves into the requirements necessary for the transition: a shift 
of values across all four sustainable development domains (cultural, environmental, 
economic and social). Nevertheless, in the relevant literature, CE appears to be lacking 
with regard to the cultural and social aspects of the transition, mainly prioritising the 
techno-economic ones (Corvellec et al., 2022). Circularity comes with a transformative 
premise that has yet to materialise: its core principles are directly challenging the 
capitalist system; however, so far, it is still breeding within it (Hobson & Lynch, 2016). 
This is why, upon developing the CBE definition, the group further identified the current 
status quo across different scales of the built environment while simultaneously captur
ing the systemic tensions that are compromising the transition.

The scales-to-aspects model: mapping circularity across the built 
environment

Scoping out the research activities of the CBE Hub members led the group to develop the 
‘Scales to Aspects’ model. For the first time, the model links the multi-scalar and multi- 
disciplinary nature of the CBE Hub’s ongoing research on circularity. The model serves 
a triple purpose. First, it brings together, in a novel way, the prime constituents of 
circularity in a built environment context. Second, this approach allows the team to 
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contextualise our cross-disciplinary (and cross-departmental) research into one coherent 
framework. Finally, it provides a canvas for circular education and research to be further 
built upon. As a result, the group published a position paper in 2022 on circular 
education, using the model as a canvas to inform circular educational programs 
(Ioannou et al., 2022) and references in other works that highlight the urgency of 
bridging scientific knowledge with real policy for multi-scalar transitions (Dąbrowski 
& Wandl, 2024).

Figure 1 depicts the systemic character of circularity in a single diagram, starting from 
Materials and Components, the base ingredients of buildings, to Buildings as assemblies of 
large amounts of building Materials and Components, and how they relate to circular 
performance. One step up, the Neighbourhood scale represents how circularity manifests 
in specific areas or districts of a town or city. The Cities scale explores the most important 
resource flows that enter, circulate, and leave the urban environment daily. Finally, the 
Regional scale refers to the characteristics of the territorial metabolism and the impor
tance of investigating economic activities to identify the flows and stocks of materials, 
components, and waste beyond the urban scale. We use the term regional here as a proxy 
to describe areas with intensive internal metabolic relationships that cross the adminis
trative boundaries of a single city, being well aware that megacities may be larger in 
population and size than some regions. In this sense, the region is a relative scale in the 
model.

Figure 1. Visual representation of the scale-to-aspect model.
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Encircling these scales are six interrelated aspects crucial for a circular transition: 
These include–but are not limited to–technological innovation, design practice, manage
ment models, economic incentives, resource flows, governance and the societal sphere in 
which stakeholders negotiate change. As implied by the lens metaphor, the focus of the 
interlocking scales aims at the circular built environment, whereas the outer ring 
provides the field depth.

The model embodies systems thinking and whole-value-network logic: it shows that 
every scale depends on every aspect, yet still offers a clear structure for discourse. The 
model is a product of ongoing research and simultaneously a canvas for contextualising 
this research. This signifies its significant contribution to the development of education 
and research around circularity: its capacity to explicitly showcase what has, so far, been 
identified as important, and how each part is ultimately related to the whole.

A companion Table 1 summarises thirty-six observed interactions between the six 
scales and six aspects, distilled from more than a dozen CBE-Hub projects since 2017. 
The six following sub-chapters examine each scale in turn, tracing its synergies with the 
aspects. The grid does not fragment reality; instead, it helps navigate the ontological 
entanglement of scales and aspects, which co-constitute one another (Barad, 2007).

Materials

The materials value chain stretches from geological exploration through mining, refining 
and standardisation to component manufacture and global distribution. Actors who 
create secondary material loops, like demolition contractors, recyclers, urban miners 
and designers of circular strategies, are equally important but remain peripheral to 
decision-making currently.

Material complexity has expanded rapidly: high-performance alloys, engineered poly
mers and bio-composites deliver unique functions that are hard to substitute. Beyond 
construction materials, many others have become suitable for technological applications 
in manufacturing circular buildings, like robotics, 3D printing, sensing, and other 
technologies that monitor or extend building life cycles. Discussing materials should 
extend beyond construction applications and consider technological applications, such as 
robotics, additive manufacturing, and sensing, that enable circular practices in buildings 
and manufacturing. Some materials, especially metals, also relate to resource criticality 
and supply chain disruptions that hamper the circular transition in key industries 
(Tercero Espinoza et al., 2020).

Achieving a net-zero circular built environment raises initial demand for primary 
materials because material-intensive renewable-energy and digital infrastructures must 
be deployed at speed. Urban mining and other secondary feedstocks can relieve pressure, 
but their volumes, quality and localisation remain uncertain. Also, repair, refurbishment, 
and remanufacturing-oriented strategies may require extra inputs up-front to secure 
longer service lives. Managing the supply and demand of these materials and localising 
the respective input/output flows is essential to realise circular ambitions (Tsui et al.,  
2021). Meanwhile, the role of industrial actors in fostering critical raw materials strategies 
can strongly affect the success of closed material loops (Cimprich et al., 2022).

The design of the components in which materials are embedded in determines the 
overall demand for primary and secondary materials. This includes designing new 
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materials with diverging properties that allow for the design of new components and 
using new materials in technologies that facilitate product life extension (PLE) and 
recycling. Design for disassembly (DfD) can facilitate PLE, which allows materials to 
be used for longer, slowing the demand for materials and enabling enhanced recycling in 
the final loop. Despite proven pilots, DfD is far from mainstream practice.

The globalised supply of minerals, metals, and timber carries uneven environmental 
and social burdens, disproportionately felt in the Global South. Therefore, land-use 
change, biodiversity loss, labour exploitation, and conflict minerals require rigorous 
due diligence within any circular strategy.

Market dynamics compound the material challenge. Construction still begins with 
a limited variety of material resources like plastics, metals, minerals and an expanding 
portfolio of engineered bio-based products. A small group of multinational firms often 
supplies primary resources, which weakens price competition, and opacity in global 
supply chains leaves researchers with fragmentary data on volumes, embodied emissions 
and social impacts. Prices for several primary and critical materials swing wildly, unset
tling long-term investment in recycling plants. Secondary streams harvested from demo
lition waste and municipal collections are slowly becoming tradable commodities, yet 
their quality, traceability and scale lag far behind demand. Rising interest in timber and 
other bio-based materials intensifies land-use conflicts with food and fibre crops. 
Therefore, the net climate benefit hinges on responsible forestry and cascading use. 
Finally, the marketability of ‘waste aesthetics’ has spawned products labelled as circular 
on the strength of surface appearance alone, underscoring the need for verifiable stan
dards to curb greenwashing.

Often touted as a quick fix, material substitution reveals deeper systemic frictions. 
Swapping one alloy for another can force a complete component redesign, while re- 
engineering a building service to accept alternative materials can disrupt established 
maintenance regimes and skill sets. Because new mines take a decade or more to 
commission, short-run supply cannot respond to the surging demand created by low- 
carbon technologies (Peck et al., 2020), prompting policymakers to weigh short-term 
extraction against long-term decarbonisation. Microeconomic incentives pull in opposite 
directions: high commodity prices encourage recycling and substitution but spur fresh 
exploration. Low prices make secondary materials uncompetitive. At the macro scale, 
‘green-growth’ versions of circular-economy discourse risk reinforcing absolute material 
throughput by seeking ever larger markets for circular technologies. The strategic task, 
therefore, is to align material-efficiency, substitution and dematerialisation policies so 
that primary demand peaks this decade and declines thereafter, without delaying the 
climate transition.

Components

CBE components utilise front-end manufacturing and R-strategy technologies to 
enhance Reuse, Repair, Refurbishment, and Remanufacturing while minimising the use 
of primary and secondary materials without sacrificing performance. Key technological 
aspects include software for new manufacturing processes and on-site component 
monitoring, integrating with BIM software for efficient maintenance and repairs. This 
is facilitated by sensors, QR codes, NFC tags, and material passports that track 
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component information. A move towards prefabrication to minimise on-site waste also 
results in new manufacturing technologies and new software platforms that link in with 
material passports (Cetin et al., 2023). However, many digital infrastructures can increase 
energy and (critical) material demands.

R-strategies are implemented at the component scale through careful and extensive 
management and planning. This relates to the ever-extending lifecycle of components 
and the need for manufacturers to implement reverse supply chains. Facilitating (inter) 
organisational operation and cooperation to ensure knowledge and expertise are shared, 
along with fabrication and R-strategy facilities, outsourcing, sales, and marketing, is also 
becoming increasingly important. A CBE can only ensure its longevity if all organisations 
relating to urban development are experts in reverse supply chains and implementing 
R-strategies (Greco et al., 2024).

Design quality at the component scale largely determines circular performance, 
because buildings, and ultimately, the physical elements of cities, are made almost 
entirely from the interconnections of many different components. Therefore, the design 
of components as part of a CBE must guarantee attributes such as easy access and 
repairability in the components’ first service life and the capability to be repaired, 
refurbished, and remanufactured in consecutive life cycles. Modularisation, standardisa
tion, adaptability, longevity and design-for-disassembly ensure first-life accessibility and 
enable successive repair/refurbish cycles, thereby narrowing and slowing material flows 
(van Stijn & Gruis, 2020).

The stakeholders most closely related to components in a CBE are designers, building 
operators, and industry practitioners. These include manufacturers, product suppliers, 
builders, engineers, architects, facility and building managers, and standardisation 
bodies. These stakeholders work together and collaboratively to develop, produce, and 
use fit-for-purpose components that match the qualities required by a CBE. When 
considering PLE, another group of stakeholders emerges, which includes maintenance 
companies, refurbishing and remanufacturing companies, inspectors, dismantlers, and 
secondary materials retailers. Insurance companies and investors are also included as 
part of the stakeholder group at the macro scale.

The production of components is dependent on complex, and typically global, 
resource and value chains. In a CBE, components are made from local secondary 
materials, where possible, to minimise the use of global primary materials without 
compromising the component’s performance. Both primary and secondary materials 
are tracked, at both the global and local scales, using material passports and organised to 
a certain level of granularity to ensure transparency without superfluous data creation. 
Tracking also applies to the component itself, which identifies its provenance, its main
tenance and repair history, and any further R-strategy interventions.

The component scale is crucial to the circular transition for its capacity to keep the 
value of building products high, limiting the need for further material mining and 
extensive processing of raw material resources. However, this is currently compromised 
by the lack of information, integration issues and the discrepancy between inputs and 
outputs, as well as a lack of political will and fiscal measures. Furthermore, the spatial 
character of a reuse market is severely downplayed: increasing reuse of components 
requires spaces for remanufacturing and storage and new logistics networks. Moreover, 
there is also a growing demand for new professionals: especially for the inspection of 
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reclaimed materials, for their remanufacturing, for certifying them and ultimately for 
rebranding and reselling them (Bestul & Gruis, 2024).

Buildings

The building scale employs advanced building information modelling (BIM) across all 
phases, including concept development, design, procurement, and maintenance. BIM 
software aligns with design philosophies like design for disassembly (DfD), reversible 
design, and open building design. Live BIM libraries ensure access to up-to-date com
ponents. Additionally, post-occupancy BIM integrations help monitor climate systems 
for maintenance scheduling and repairs.

Circular construction reshapes stakeholder roles (Kooter et al., 2021). Contractors 
join early to share practical expertise, and clients adopt a deliberative, co-creative 
stance so that ambitions and measurable targets are co-created by the full project 
team. Stakeholders at this scale include public and private clients, developers, archi
tects, engineers, contractors, product suppliers, facility managers, demolition-harvest 
firms, investors, and accreditors. Building users participate in the design process 
because their everyday practices govern resource flows and thus the circular perfor
mance of the asset.

Buildings utilise standardised configurations of components and construction inter
faces, creating functional yet flexible spaces for diverse future uses through an open- 
building approach, thereby extending their lifespan. The internal design promotes the 
health and well-being of occupants, employing a co-creation approach. Configurations 
are temporary and utilise established frameworks for repair, reuse, remanufacturing, and 
recovery to minimise resource waste (van Uden et al., 2024). Whenever possible, 
secondary materials and components are incorporated. These buildings are designed to 
be carbon-neutral, relying on renewable energy throughout their lifecycle and promoting 
regeneration.

Buildings are constructed from materials and components which, in some cases, 
might not need replacing over the lifetime of the building, such as structural frames 
and foundations. Other parts, such as the facade and roof, may require repair and 
refurbishment over the building’s lifetime. The services within the building will need 
regular maintenance and may need to be replaced over time. Finally, the building’s users 
demand heat, electricity, water, and other resources such as paper, cardboard, food, and 
other products, which move through the building almost daily. The building can inter
nalise, narrow, slow, regenerate and close these resource flows in some instances, when 
resource processing is adopted at the building scale, thereby also reducing reliance on 
external infrastructure.

A CBE acknowledges the constraints of materials, both in performance and long
evity. Business models consider buildings as temporary material banks, regarding the 
pricing of circular material use and residual value. To further facilitate this, circular 
hubs (Tsui et al., 2024) temporarily store building components to generate a supply of 
secondary components. Circularity at the building level also uses business models to 
create flexibility of space and offer social functions. Meanwhile, building processes 
themselves may need to be reevaluated to reflect net-zero or near-zero standards, as 
well as to incorporate new technology materials for so-called ‘smart’ building 
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infrastructures, which drive the question of critical raw materials supply in building 
systems (Peck, 2024).

Neighbourhoods

Neighbourhoods, in-between buildings and the city scale are ideal ‘living-lab’ arenas 
where mixed uses, short feedback loops, and close stakeholder proximity allow testing of 
circular governance tools. These include strengthening bottom-up initiatives, stake
holder collaboration, innovative small-scale developments, local decision-making pro
cesses, community self-organisation, housing cooperatives, participative design 
processes, and rebalancing power toward local government and communities. 
A circular transition on a local scale requires collective forms of governance to agree 
on shared concerns and to assist in narrowing, slowing, and closing resource loops. Co- 
creation processes result in shared accountability, civic connection, and appropriation of 
the circular neighbourhood. This sense of shared ownership and responsibility supports 
strong collaboration in design, maintenance, and space and resource sharing.

Circular Neighbourhoods are designed, redesigned, and adapted as part of a city’s and 
citizens’ future visions. They include public and private buildings, open spaces for 
various functions, common facilities, and circular and non-circular infrastructures. 
Symbiotic adjacencies are crucial to share, exchange, and transfer resources between 
buildings and people and space is provided to facilitate this. Examples are housing beside 
urban agriculture, cafés beside makerspaces, offices feeding waste heat to a swimming 
pool, and the exchange of energy, water, and materials between users in the form of 
microgrids. The remaining spaces between buildings are functional, regenerative, and 
flexible, focusing on the health and well-being of citizens. Flexible spaces allow citizens to 
engage in communal activities and provide small facilities and equipment to build their 
future and repair things when necessary. A circular neighbourhood is designed to 
promote circular behaviours, energy neutrality, and climate adaptivity and improve 
citizens’ quality of life in collaboration with other stakeholders.

The scale is intimate enough for people to identify with, yet complex enough to attract 
businesses and institutions. Citizens, civil-society groups, entrepreneurs, local govern
ment, planners, and engineers collaborate through informal networks and formal work
ing groups. Their interaction makes circularity tangible but also exposes conflicts that 
need continuous negotiation.

Neighbourhood systems intercept flows buildings cannot manage alone: makerspaces 
transform harvested components into new products; neighbourhood biorefineries, diges
ters and compost hubs convert organic waste to energy and soil; surplus heat, water and 
electricity circulate through local networks. These infrastructures slow, narrow and 
sometimes close loops, while surplus resources feed into wider city- or region-wide 
circuits.

Neighbourhoods are innovative testbeds for transforming urban economies towards 
circular models. They are large enough to offer a critical mass to experiment with diverse 
economic models on the micro-scale, with the potential to scale up successful instru
ments, models, and approaches. Since this scale is close to citizens’ daily activities, 
neighbourhood economies are suitable for transitioning to local recycling, repair, and 
remanufacturing activities. Also, the spatial links and correlations between stakeholders 
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along the supply chain can be strengthened at the neighbourhood scale. Local circular 
networks can be self-organised, P2P, or platform economies. They can combine 
a diversity of innovative small economic practices, such as gift economies, sharing 
economy, collaborative, and alternative monetary economies (community currencies). 
A shift in ownership models towards products-as-a-service, mobility-as-a-service, com
mons-based, or shared ownership can be tested at the neighbourhood scale (Egger et al.,  
2024). Innovative land development models can be experimented with, including public- 
private partnership land developments or community land trusts. A circular economy 
will be fluid and most likely meander between centralisation and decentralisation, 
challenging traditional ownership and take-make-dispose models.

Cities

Cities as centres of production and consumption are often called crucial scales towards 
circularity; nevertheless, it is apparent that there will be no circular city on the planet for 
a foreseeable time. Therefore, the following paragraphs are predominantly based on the 
many circular visions and strategies that have been developed over the last decade and on 
our own research on these processes.

A future circular city is designed and planned in principle, focusing on a future vision 
through participative design and planning processes with stakeholders from neighbour
hood and city scales. A circular city consists of defined land use characteristics and the 
efficient and effective distribution of functions to enable circularity. This includes the 
necessary provision of equipment and space to reuse, repair, refurbish, remanufacture, 
repurpose, and store materials and components and large-scale infrastructure to facilitate 
the transfer, exchange, and storage of electricity, heat, and water. Allocating space for 
circular industries, infrastructure, and storage will be a CBE’s most significant physical 
and spatial impact and is considered one of the most critical challenges. The policies 
needed to achieve this are regarded as the most important change in urban planning and 
development since the mid-20th century.

The circular city requires a complex network of stakeholders from the neighbourhood 
scale and representatives to speak on behalf of these stakeholder groups at the city scale. 
In addition to these stakeholder groups, private sector stakeholders, such as those 
representing larger circular industries, transportation providers, service providers, and 
water and energy companies, become more involved. Local authorities coordinate and 
oversee these interactions. Central governments set policy frameworks at a national level 
to guide the circular development of cities. There is also a need to directly engage with 
material, component, and building scale stakeholders to ensure that the goals of the city 
are reflected in the working practices of these stakeholder groups. The stakeholders 
associated with the city scale represent the most impactful yet complex stakeholder 
group across a CBE. Due to this, this stakeholder group requires substantial and ongoing 
management to remain effective.

Ideally, through transition management, the city scale is managed by a process 
whereby strategic (political agenda and spatial visions and strategies), tactical (policy 
instruments such as regulation, economic measures, information, and participative 
processes), and operational elements (e.g. experimentation, projects, and innovative 
solutions) come together to enable a systemic shift towards circularity. In practice, 
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transition management is often fragmented, contested and influenced by powerful 
interests with divergent goals. Therefore, strategic, tactical and operational efforts require 
strong public governance, clear regulatory signals and accountability, and experimenta
tion so that vested interests cannot steer policy and programmes to their own benefit, 
ensuring equitable outcomes.

The monitoring systems in development to be used throughout cities are considered 
essential infrastructure and offer an avenue to reflect and evaluate interventions and 
processes, which can be used as a learning tool to provide feedback on management 
strategies. Clear policy signals are necessary to guide stakeholders, technologies, and 
supply chains towards successful outcomes. Regulations, incentives, provisions, and 
capacity building play key roles as levers and fulcrums to enable urban mining, develop 
markets for circular resource flows, produce local circular resources, and provide circular 
systems of increasing efficiency and effectiveness.

Resources, materials, and components enter and leave the city through ports, airports, 
and other logistical hubs. When entering the city, these resources need to be efficiently 
distributed to industries, companies, and households using low-carbon transport solu
tions. Cities are experimenting with several spatial strategies to achieve this. The most 
prominent are networks of circular hubs and clusters. There are also the first implemen
tations of smart grids to support the effective and efficient storage and distribution of 
resources.

Although often privatised, or outsourced to publicly (co)owned enterprises, in many 
contexts cities can influence resource flows such as water, energy, and sewage, which are 
not processed at the neighbourhood scale due to a lack of critical mass or available 
equipment. These infrastructures, including waste collection and recycling plants or 
sewage treatment plants, have long planning and operational time spans and hold 
considerable investment risk and path dependencies for cities. Numerous pilot plants 
and tests are striving to develop these infrastructures to recover materials and compo
nents for higher r-levels, as well as close nutrient and water cycles. Other fields of 
technology test and pilot implementation include P2P technologies, along with digital 
ledgers and the use of digital twins to monitor the ever-changing characteristics of 
circular cities in terms of physical form, material and component banks, and the material, 
component, and resource availability and demands throughout the city.

While a circular economy is mainly concerned with sustainable economic output, 
a circular city deals with the interdependencies in time and geography to develop a socio- 
ecological urban system within the planetary boundaries. Current unsustainable patterns 
of urbanisation resulted from linear ways of production and consumption in the 20th and 
21st centuries. Thus, a city seeking to become circular deals not only with a linear 
economy but with its impacts in space, which range from the street-level effect, such as 
impermeable ground, to local ecosystem degradation. It is at the city level that questions 
of land gain become relevant, as circular activities require space to function and enable 
circular economic output. Local authorities often have planning responsibilities and 
sometimes own land. Enabling circular activities in cities, therefore, requires the alloca
tion of land for the commercialisation, movement, and storage of secondary materials, 
products and services, whilst ensuring the fair and equitable distribution of benefits and 
minimising the negative externalities of circular activities across the urban space, for the 
diverse social groups that populate the city. There is a widespread agreement that this 
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also requires highly complex and ubiquitous monitoring systems based on the advocacy 
of circular technologies, circular industries, and stakeholders throughout the entire 
supply chain in both directions. These monitoring systems can also be used to identify 
inefficiencies throughout the city as well as areas for innovation, and to hold organisa
tions accountable for their circularity promises.

Regions

Whilst it is necessary to close resource loops locally, where possible, in a CBE, materials 
and components will continually cross administrative boundaries. These resources will 
flow domestically between regions and globally between regions (Furlan et al., 2022). 
Much like the city scale deals with processes that cannot be included at the neighbour
hood scale, the regional scale deals with processes that either cannot be, or are not 
necessary or beneficial to be, included at the city scale for each and every city. 
Furthermore, regions include land uses that traditionally are not considered part of the 
built environment, such as agriculture, forestry, mining areas, and bodies of water, for 
example. It is from these land types that the majority of primary resources are extracted 
and where most of our ‘waste’ ends up; therefore, it’s important to include them as part of 
a CBE to avoid thinking, planning, and policy-making that relies on an urban-rural 
dichotomy. Similar to cities, there are no circular regions in existence; in contrary to 
cities, there are very few regional circular strategies and hardly any spatial circularity 
strategies. Therefore, the following paragraphs look more at the future than the other 
scales, considering that transitioning towards a regional circular built environment is 
a generational task.

Many of the technologies required at the city scale are also present at the regional scale 
to measure and monitor the supply, demand, stocks, and movements of materials and 
resources. This will provide information not only on regional metabolisms but also the 
global metabolism for those who wish to report or publish their data across national 
boundaries. Due to existing logistical technologies that could be repurposed, this could 
be achieved in years rather than decades. Conversely, predicting and providing insights 
on resource flows and necessary diversions based on supply chains and demands at the 
regional scale will be challenging and will most likely require machine learning and AI to 
achieve this in an efficient and automated way.

The macro vision of a CBE is conceived, implemented, and managed at the regional 
scale. This includes the development of strategies, policies, incentives, certifications and 
initiatives by private and public bodies across the globe and demands close collaborations 
between these organisations. The decisions made at the regional scale will ripple through
out a CBE and back again, influencing all the scales. Ultimately, these decisions will seek 
to govern resource flows across time and space to ensure a circular built environment. 
Due to the complexity of the task, clear adaptive roadmaps will need to be developed to 
explain this approach and to determine the existing and new organisations required to 
facilitate and support the transition and, later, the operation and management of a CBE.

The regional scale should consider the spatial and systems design of a CBE. Multiple 
actors from academia, governance, industry, society, and the environment jointly discuss 
the spatial needs and implications of a CBE as well as the strategies and policies necessary 
to achieve a shared vision. This would include the (re)design and development of 
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necessary transport and resource infrastructures to enable the movement of resources 
across and throughout regions and physical and non-physical linkages with adjacent and 
non-adjacent regions.

Regional planning will be required to determine the placement of necessary processing 
facilities that operate most effectively at larger scales and other infrastructures, which 
require a specific spatial condition, such as access to rivers and seas, or specific soil 
conditions. The design of the systems that ultimately underpin and facilitate the CBE will 
also need to be designed and developed at the macro, meso, and micro scales to ensure 
applicability, longevity, plasticity, modularity, scalability, and resiliency.

The few examples of regional spatial circularity strategies plead for a close cooperation 
of public and private organisations throughout the development, implementation, and 
management of the CBE. These organisations must engage with stakeholder groups from 
all the other scales to ensure that they capture and take into consideration the wants and 
needs of these stakeholders. Much like resource flows, companies are at liberty to expand 
and operate across regional boundaries (Furlan et al., 2020). As such, they will operatio
nalise cross-regional resource flows in adherence with explicit policies that govern these 
movements. The involvement of these companies alongside municipalities and govern
ments will be critical at the regional scale to achieve this. So far, narrative-based strategic 
planning exercises seem to be the most promising approach to achieving this.

Across time and space, all resource flows must be considered at the regional scale. This 
includes the basic building blocks of human life, such as water and soil, household waste 
streams, energy, materials and building components. Regions are beginning to seek to 
substitute certain materials and components from other regions in favour of local 
supplies. The regional scale includes intra-regional and inter-regional resource flows. 
However, it should strive to limit its resource interactions with other adjacent and non- 
adjacent regions to maintain a critical mass by slowing, narrowing and closing circular 
intra-regional resource flows.

Narrowing, slowing and closing loops at the regional scale will gain importance, 
specifically in uncertain geo-political situations where the control over critical raw 
materials may rely less on free trade. This implies a significant redrawing of the (spatial) 
economy after decades of so-called ‘glocalisation’. Many regions may increasingly seek to 
match supply and demand with planetary and societal boundaries, yet progress will be 
uneven and contingent on politicaland economic choices. This regionalisation of the 
economy will require reshoring value chains with their positive and negative aspects. It 
will require new (spatial) planning and design approaches that consider the potential 
adverse social and environmental effects that have been outsourced over the last decades.

Conclusion, reflection – future research themes

Cross-scale crossovers

Circularity measures are most advanced at the material, component and building scales, 
whereas neighbourhoods, cities and regions remain largely aspirational because govern
ance, spatial planning and stakeholder coordination become exponentially more complex 
as scale increases. Future research should map the barriers at higher scales and the 
interactions that connect them to lower ones (Van der Leer et al., 2018).
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The relationship between primary or secondary materials, critical primary materials, 
and their impact at the regional scale is a key aspect of developing a circular built 
environment. Regions can reduce supply risks through urban mining and substitution, 
but only if industrial incentives align with regional resource cycles. This might involve 
studying regional resource cycles, examining how regions can become more self- 
sufficient, and analysing the influence of regional policies on circularity. By understand
ing how regions integrate circularity into their resource management, we can create 
sustainable regional spatial models that balance local resource availability with the 
demands of a circular built environment.

Neighbourhoods make circularity tangible for citizens. Direct resident participation 
can pilot decentralised waste treatment, local energy generation, shared repair work
shops, and mobility schemes. This scale also plays a critical role in fostering social 
cohesion through collective engagement in sustainable practices, promoting behaviour 
change towards more circular lifestyles. In this context, research should explore how 
neighbourhoods can be designed or retrofitted to enable circularity while addressing 
issues such as equity, accessibility, and community resilience.

Stakeholder constellations expand with scale. Materials and components involve 
designers, manufacturers and suppliers; neighbourhoods add citizens, community 
groups and planners; cities and regions must bring public authorities, infrastructure 
operators, investors and NGOs together. As resource flows cross (national) adminis
trative borders, a governance gap persists at mega-regional levels: no single body man
ages the whole network (Remøy & Wandl, 2022). Collaboration platforms and shared 
data protocols are needed to coordinate extraction, transport, reuse and disposal deci
sions. Effective cross-scale governance will require new professional profiles–circular 
resource managers, spatial planners versed in reverse logistics and other circular infra
structures, and facilitators who mediate among sectors.

Economic factors pose significant challenges to the adoption of circular strategies in 
the built environment. Traditional business models often focus on short-term gains, 
prioritising linear production over long-term sustainability. Circular initiatives fre
quently struggle to compete due to the need for upfront investments and a lack of 
incentives within existing financial systems. Additionally, there is a scarcity of effective 
circular business models that operate across various scales, from material reuse to urban 
regeneration. To address this, innovative economic frameworks are essential–such as 
product-as-a-service models and shared ownership schemes–that align financial incen
tives with circular principles. These models should be adaptable to different scales, 
ensuring that circularity is both financially viable and sustainable in the long term.

Tensions identified

The spatial dimension of the circular economy is often overlooked in current policies. 
While there is a focus on material flows and resource efficiency, the need for circular 
activities to occur in limited and contested spaces is frequently ignored. This neglect fails 
to recognise that land is a finite resource, pressured by competing demands for housing, 
infrastructure, biodiversity, and climate adaptation. Integrating spatial planning into 
circular economy strategies is essential. Otherwise, we risk unsustainable land use, 
exacerbating issues like biodiversity loss and climate vulnerability. A comprehensive 
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approach that considers spatial constraints and opportunities is vital for the success of 
circular economy initiatives (Van den Berghe et al., 2024).

Scaling circular initiatives is still difficult. Traditional linear practices enjoy 
entrenched economic, legal and fiscal advantages; circular pilots struggle to secure 
investment and supportive regulation, as seen in the Netherlands. Levelling this playing 
field will require systemic reform.

Current solutions often focus on ‘end-of-the-pipe’ methods, targeting the final stages 
of the production and consumption chains. This is especially true in regions where most 
production occurs elsewhere, limiting circular strategies to the consumption phase. Such 
a narrow focus overlooks critical systemic opportunities that could be harnessed by 
integrating value chains earlier in the process. A comprehensive, life-cycle approach is 
essential, allowing circular strategies to span both production and consumption. This 
would enhance innovation and resource efficiency, fostering integrated ecosystems 
across industries and urban systems. For instance, materials from industrial activities 
can be repurposed for urban development, while local circular initiatives can connect to 
larger regional networks. By recognising and leveraging these cross-sector synergies, we 
can unlock the full potential of circularity, benefiting both industries and the built 
environment as a whole.

Finally, time cuts across all tensions. Accelerating circular projects without synchro
nising them with climate, biodiversity and renewable-energy agendas risks new contra
dictions–for instance, a rush for critical minerals that breaches other environmental 
thresholds. The real task is to advance the circular built environment quickly and 
coherently with other urgent transitions.

Time is a critical factor in transitioning to a circular built environment, but it should 
align with other key goals, such as climate adaptation, mitigation, and the shift to 
renewable energy. While there’s urgency in implementing circular initiatives, rushing 
these without considering their broader societal and environmental impacts may lead to 
negative consequences. For example, quickly extracting critical raw materials for renew
able energy could hinder long-term climate targets like those in the Paris Agreement. The 
challenge lies in balancing the urgency of the transition with the need for integration 
across various sustainability efforts to avoid creating new tensions. Ensuring that the 
circular built environment supports wider sustainability goals is essential.

Fields of future research

Greenwashing threatens the credibility and progress of circular initiatives in the built 
environment. To ensure that circular strategies yield real environmental and social 
benefits, it’s crucial to develop robust tools to combat circular washing. Future research 
should focus on creating clear, standardised indicators and evaluation frameworks that 
assess the environmental and societal impacts of circular practices. These indicators must 
be integrated into policy and regulatory frameworks, ensuring that claims of circularity 
can be measured against rigorous, transparent criteria. This would promote account
ability, enabling stakeholders to make informed decisions and differentiating between 
genuinely circular initiatives and those that merely appear sustainable on the surface.

Additionally, a comprehensive view of these value chains should identify 
synergies among sectors like construction, manufacturing, and energy production. 
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For instance, materials from deconstructed buildings can be reused in new pro
jects. When developing a comprehensive understanding across the totality of 
value-chains, zooming out is as essential as zooming in. In the circular built 
environment, understanding value chains across materials, components, and pro
cesses is essential to fully unlocking the potential of circularity. The built envir
onment involves complex interactions between construction materials, building 
systems, energy flows, and infrastructure, all of which are influenced by local, 
regional, and global value chains. Future research must focus on both the macro 
(zooming out) and micro (zooming in) levels of these value chains, from the 
extraction and production of building materials to their use, reuse, and recycling 
within urban and rural contexts.

At a macro level, we must consider how resource flows move between different 
regions, cities, and neighbourhoods, identifying opportunities for circular interven
tions at each scale. At the micro level, attention must be given to specific building 
materials and systems, exploring how circular strategies, such as design for disassem
bly, material reuse, and adaptive reuse, can be integrated into the planning, construc
tion, and renovation of buildings, neighbourhoods and infrastructures (Hamida et al.,  
2023; Vafaie et al., 2023).

At both national and EU levels, open strategic autonomy policies are essential 
for reducing dependence on global resources, especially in construction and 
infrastructure. These policies can enhance the circular built environment by 
promoting regional resource flows while acknowledging that complete self- 
sufficiency is neither practical nor beneficial. Rather than pursuing self- 
sufficiency, the objective is to establish a balanced approach where local resource 
management strengthens resilience while maintaining connections to global mar
kets. Future research should explore how cities and regions can leverage localised 
resource loops and recovery systems to minimise reliance on imports while 
aligning with broader European and global supply chains. By fostering urban 
mining, local recycling, and circular manufacturing, cities can enhance resource 
resilience, viewing local systems as complementary to global resources to ensure 
adaptability in times of disruption.

The transition to a circular built environment requires a fundamental shift in 
economic and social values, moving beyond traditional capital-driven models to 
value-centric approaches. This reimagining of how value is created, exchanged, 
and consumed must prioritise community well-being and social cohesion, ensur
ing that the built environment promotes ecological sustainability alongside 
resilience.

Future research should focus on understanding how these value cycles can operate 
within the built environment by exploring alternative economic models that prioritise 
long-term sustainability, equity, and social justice over short-term profit. This includes 
studying marginal and peripheral practices often overlooked in mainstream approaches 
to the built environment, and identifying how they can be scaled or integrated into 
broader systems. By building alliances across sectors–such as housing, infrastructure, and 
community organisations–there is an opportunity to create organisational structures that 
foster inclusivity and social equity.
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