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1 ABSTRACT

Urban development requires a distinct understandinthe existing situations as well as a visionttod
future district to be able to develop suitable patys for a sustainable transition. The debate ctteduso
far highlights the need for a comprehensive undatshg of the different aspects of circular econq@g)
principles impacting the sustainability, in parteouwhat needs to be done with regard to envirortaten
sustainability in cities and regions. To be ablebuild a representative methodology for integrated
sustainability assessments the concept of PlanBaupdaries (PB) was selected as a framework tlyzma
how to establish a holistic sustainability evaloatbased on CE. Previous work showed that althsogte
principles have already been identified and implate, several relevant trigger points of PB haviebeen
considered yet. By combining CE methods, urban r@esh and policymakers can gain a holistic
understanding of the impacts of urban districts ppanetary boundaries. This knowledge can inform
sustainable urban development strategies that nzeimnvironmental harm, promote resource efficiency
and enhance the well-being of urban communities.

Keywords: economy, urban development., planningtasniability, environment

2 INTRODUCTION

Various environmental problems such as biodiversigg, water, air and soil pollution, resource dgph

and excessive land use are increasingly threatahimd=arth's life support systems. Especially iaijcs
linear economic models with the "take, make, dispoB concept raw materials are extracted, procksse
used and then disposed of as waste (economie2028). This approach leads to a high consumption of
limited natural resources (Geissdoerfer et al. 2017

Traditionally, the construction industry has alsstdrically pursued an unsustainable, linear ecaaom
model based on the "take, make, dispose of" coremegitseems to continue to do so (compare e.g. EMF,
2015). This linear approach does not allow for thegeted dismantling of buildings and the reuse of
materials, components, or elements to conserveures® and reduce the need for new raw materials
(Ghufran et al. 2022). The built environment playsignificant role in terms of resource consumptiaa to

its significant environmental impact, but at thensatime it also offers great opportunities to redeoergy
consumption, greenhouse gas emissions and wasssiens (Pomponi and Moncaster, 2017).

A look at the annual status reports of the Uniteatiddhs Organizations (UN), the International Energy
Agency (IEA) and the Global Alliance for Buildingsid Construction (GABC) shows the importance of the
construction and real estate industry in the glaoatext of energy consumption — the industrieguastion

are responsible for 36% of global energy consumpdind 39% of CO2 emissions (Réck et al., 2020). The
figures from 2015 underline the importance of camgion in energy and material consumption, also in
Switzerland, where, for example, 40% of energy &0% of material inputs were consumed, while at the
same time 75% of waste was generated by this sector

It is becoming clear that there is an urgent newdaf transformation of the construction and reahtes
industry towards a circular approach. This is wheee circular economy strives for better managenoént
resources.

3 BACKGROUND

A recent study provided a practical applicatiorCé in urban regeneration. It combined CE principlés
urban redevelopment and showcased how traditidralwnfield" sites can be transformed into sustdimab
vibrant communities. This approach representedtemat to shift from the linear economic model eoiffig

a replicable model for sustainable urban developmewen by Nature-based solutions.
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The integration of a CE models demonstrated thabrescious use of resources and a clear positioning
against the linear economy is needed. The proposetiod and tools not only offered efficient plarnin
options, but also emphasised the emotional valusustainability for the identity and history of the
environment. Nevertheless, although the findingdeuime the effectiveness of this CERE model ofrgne
generation and utilisation in the context of sushility and the circular economy principles, ithme clear
that the implementation of a CE concepts often dmagnd technological progress by creating effigien
sustainable urban sites, there are certain shoigsm

« The study contributed to the field by providingragiical application of CE in urban regeneration.

* It innovatively combined CE principles with urbaadevelopment, showcasing how traditional
“brownfield” sites can be transformed into susthieavibrant communities. It did not quantify the
environmental benfits not the consequences in gatine way.

« The approach represented a significant shift frbenlinear economic model, offering a replicable
model for sustainable urban development driven byuM-based solutions. However, it is not clear
if these developments will help to stay within glaeinetary boundaries.

¢ In the realm of urban redevelopment there are aghes that redefine the transformation of
traditional brownfield sites. Some extend beyonchvemtional approaches, exploring novel
possibilities for real estate products. Howevasiear link between urban development and planetary
boundaries is still missing.

3.1 Circular Economy

Desing et al. (2020) highlight the lack of consenand a uniform definition for “circular economylespite

its widespread use (also see Kirchherr et al., ROAGcording to them, the Ellen Mac Arthur Foundati
(EMF 2015) definition, which emphasizes the regatiee economy and new business models, is the most
cited and recognized. This definition has been lyideopted or modified by policymakers and insitng

like the European Commission.

The Laboratory for Applied Circular Economy (LACR)oposes a resource-based definition of the circula
economy, aimed at human well-being, but acknowlegliophysical and planetary boundaries. Thesadimi
are considered absolute and quantifiable for teeuee base used for human activities (LACE). Digbim

of the circular economy is:

The circular economy is a model that adopts a resdoased and systemic view and aims to take into
account all the variables of the Earth system @epto maintain its viability for people.

In a recent study by Haase et al. (2024), a catlecif CE models is presented that helps to cormapber
understanding of the opportunities and limitatioh€EM. Important key strategies for the applicataf the
circular economy over the entire life cycle of ailéimg circular economy strategies in general were
collected and its applicability for the built erstirment was reviewed.

One finding was that “The multitude of definition$ CE, and more specifically circularity in the bui
environment, does not contribute to a coherentesyatic approach. CE needs to be viewed as a Isssine
strategy, not only waste management or a desigategly. Optimising buildings' use should also be
spotlighted instead of only viewing those as poakmaterial banks where components and materaaise
recovered, reused, or recycled for new construstion Still, recovered materials from existing bintys
face a critical barrier in their technical compadityp and quality appraisal, which put their direguse in
question, leading to downcycling processes andgngaxtra resources and energy flows.”

It further concluded that “The circular economyseen as a regenerative system in which resourcanase
waste as well as emissions and energy losses amized, waste is avoided and material and eneygles
are slowed down, closed, and narrowed. This carergéim be achieved through long-lasting design,
maintenance, repair, reuse, remanufacturing, orclieg. In the context of the real estate and aorsibn
sector mentioned, this means that no new resoareesequired in the production of materials andtevas
also minimized. In addition, better resource mansge is sought by reducing consumption (or even
avoiding unnecessary consumption) and strivingrésource circulation through the reuse or recowdry
materials and components.” (Haase et al. 2024)
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The strategies could be assigned to the indivilligatycle stages of a building, and differentiateetween
the design, construction, and end-of-life phasesieSkey strategies are explicitly focusing on dipetife
cycle stages, such as Material Banks, Design fapfability, etc. On the other hand, most strateigielside
some sort of information and data management Aitteption of Efficient Processes, Waste as a Regourc
and Resources Data Management. By comparing tlerefit origins, it explains the opportunities and
limitations of the different models. Thus, it prded one important knowledge gap of our current
understanding of CE. However, there seem to be krayevledge gaps that need to be filled.

3.2 Earth system boundaries

The concept of planetary boundaries describesditaithe impacts of human activities on the Eay#tesn.
These boundaries represent thresholds beyond wthi&renvironment may not be able to self-regulate
anymore. It was proposed, in 2009, by RockstréomStedfen (Rockstrom et al. 2009; Stefffen et alLl®0
The concept introduced the much-discussed idea ifthae exceed these limits, we risk destabilizthg
Earth system and moving away from the period dbikta known as the Holocene, during which human
society developed. The framework is based on stiemvidence that, since the Industrial Revolution
human actions have become the main driver of glebaronmental change.

In the PB concept, the thresholds, or tipping omepresent the value at which a very small ineredighe
control variable (e.g., CO2) triggers a larger, qioly catastrophic change in the response variéhig,
global warming) through feedback in the naturakteaystem. The threshold points are difficult todte
because the earth system is very complex. Instéddfming the threshold value, a range was esthbéd,
where the threshold is supposed to lie inside lie Tower end of that range is defined as the baynda
Therefore, it defines a 'safe operating spacehénsense that as long as we (as mankind) are kalew
boundary, we are below the threshold value. Ifidbendary is crossed, we enter a danger zone (Gteffal.
2015)

A recent study by Richardson et al., suggests (R028 six of the nine boundaries are transgressbith
means that “the Earth is now well outside of thie sperating space for humanity” (Richardson e2@23).

The focus in future research is on quantifyingdbatrol variable PB of ‘green water’ and understagdhe
risks and dynamics through which ‘green water’ yations can disrupt Earth system resilience.
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Figure 1: Estimation of planetary boundaries chdnga 1950 to 2022 (Wang et al. 2022)

It should aslo be noted that on the other handetheg some PB not yet quantified. So some effoetpat
on defining those PB. E.g. Novel entities refesstiostances, materials, and organisms that aredudeal
into the environment as a result of human actisitiehese can include i) chemicals and plasticaydiy
materials ii) genetically modified organisms (GMOBhe concept of a planetary boundary for novetiest
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is still under development, however, some scientistlieve it has already been transgressed duketo t
widespread presence of plastics and chemicalseretivironment. Wang et al. (2022) collected or more
details on each PB shown in Figure 1.

4 METHOD
The approach involves:

« Dicussion of CE principles for the Real Estate aristhn development
¢ Collection of tools and methods that are needed
* Analysis of value creation and its relation to jlamy boundaries

5 INTRODUCTION OF THE CERE MODEL

Based on the case study a method was developed presented that is based on four pillars:

(1) Determination of CE concept and alocation e @ircular Economy in Real Estate (CERE) model
(2) Choice of a method and a tool for the choseRERodel

(3) Determination of data needed to measure tloalanity, including stakeholders identification

(4) Specification of business model by using Sustalie Business Model Innovation (SBMI) to specilly a
input needed.

Determination of CE Choice of method and tool Dﬁéﬂgg‘g%ég&%ﬁ Specification of business
concept an allocation in for the allocated CERE circularity, including model by using SBMI to
the CERE model model stakeholders identification specify input

Fig. 2: CERE model for urban sites

5.1 CE concepts

Based on an analysis of existing CE models, a nedeintailored to the real estate lifecycle manageme
was proposed (Haase et al. 2024) Here, the prnsipbuld be allocated as described in Table 2.

CE Principle Description and planetary boundaryaoip

Ressource Efficiency Reducing the demand for rateri@s impacts the Earths biochemical flows.
Reducing energy consumption impacts the climategba
Minimising land and resource use impacts the chamtfee land-system

Regeneration Implementing regenerative practisash as green roofs or parks influences |the
biodiversity loss boundary by creating habitats smgporting ecosystem services.

Reduce Restricting resource flows throughout tlie dycle of buildings (Share, Reuse,
Repair) affects several boundaries, including denehange (reduced greenhouse
gas emissions), freshwater use (lower consumptim), land-system change (less
resource extraction).

Decelerate / Slow Slowing down resource flows byernsifying use and extending useful life
influences the planetary boundaries related to evgstoduction and resource
depletion.

Closing Returning resources to the cycle at the aritheir life affects mainly the chemical

pollution boundary.

Cooperation Fostering collaboration between suppbin actors facilitates a holistic management
of all boundaries by promoting integrated solutions

Digitalization Efficient handling and systematiclleation of information and data over the entjre
life cycle of a building to increase transparentpceability and optimization of
processes would impact all boundaries.

Table 2: Basis of CE principles in CERE model (Haas#.€2024) and their impact on planetary boundaries
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By incorporating these principles, the real estaetor can play a crucial role in maintaining trertks
systems within safe operating spaces, addressingphauplanetary boundaries, and contributing to a
sustainable future.

5.2 Methods and tools measuring circularity and the coftribution to Panetary Boundaries

In practice, the circular economy encompasses adbrange of industries, from manufacturing and
construction to fashion and electronics. It invehadopting innovative technologies, material raogsl
reverse logistics, and sustainable procurementtipescto close the loop on product lifecycles. Tstiap
involves choosing a method and a tool from reatedifecycle which you would apply for your ca3dis
step should be supported by giving the reasonthé&choice and specification of the informationdheeeuse
the tool amd method. There are emerging tools aethods that can be explored. They differ in how to
quantity the circularity of a proposed measure.

Beyond waste reduction, the circular economy sé@kegenerate natural systems. This includes priogot
regenerative agriculture, reforestation, and soatde land use practices to restore ecosystems and
biodiversity. The urban developer should explairwhae/she would measure the circularity of his/her
project. It starts with listing the data neededrteasure the circularity, which stakeholders aredegdo
involve, and which values are created in the ptojec

Ultimately, the tool should relate to the planetéigundaries. What trigger points are moved in which
direction and by how much? Is it beneficial to #e twurban development or does it increase the trigge
points?

Table 3 shows emerging tools that are currentlyeundevelopment. They focus on different levels
(Building, Component, Material) and in differentgses. An important distinction is the post-use elax
the pre-use phase. While pre-use phase focusedseopetiod before the start of the use phase. Finall
dinstinction can be made regarding the sub-indisato

— — [{0) 7
method o z al @ = < _
7 5 x Q S| 8@ g | £ 2
> >S5 >89 > >~ o= _ < == o >
= =E 20 = Es8| O5| TE 5 ) € £
3 SSET | nSx 882 £l s e T 35 g 0
5,..| 839 X% >392 LS G35 o C S 3 g X o =X
SU| 5258 | 5Ls= | a2 95| BB | €3 g €5
scope OL| 00 E | A0CE0 | wiCaam| ®We| S0E S £ xO| 0=
level B B B B B B B
C C C C C C C
M M M M M M M M M
phase post- | pre-use, pre-use, pre-use, post- | pre-use, pre-use, | post- | post-
use post-use post-use post-use use post-use post-use | use use
pre- material material material material material
use origin origin, origin, origin, origin,
construction | construction | cO2 co2 co2
waste, waste, pollution pollution pollution,
pollution pollution pollution
post | R R MC MC MC
% -use| DA | DA R R R
% SRM DA DA DA DA DA
£ MR MR SRM SRM SRM
§ MR MR MR MR MR MR MR
Table 3: Emerging tools for circularity. B: Builditevel; C: Component level; M: Material level, MC: Matl compatibility; R:

Reusability, DA: dismantling ability, MR: materialaycling; SRM: separability of recyclable materials

Circularity score (SC)

This method was developed at RWTH Aachen in Germdtiythe goal to establish a widely applicable and
easy-to-determine indicator of the expected cirdylaf buildings. So far, only a few approachessein
the academic environment of a few colleges and eugities. A higher level of applicability of the
Circularity Score is envisioned in an early plamnphase, e.g. the HOAI - Phase 2 (pre-planning &k-
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ante approach makes it necessary to examine amgbtvaumerous fundamentally possible and probable
combinations of building materials in a buildingthvia view to their later separation and reusabilltige
BBSR's eco-building data, which is frequently usedhe construction industry for life cycle assesain
issues, knows over 1,000 building materials andpmmants from which possible and probable building
material combinations are determined. These ane diggregated in the context of the building to fam
total number named the Circularity Score.

Concular Circularity Performance Index (CPX)

The Concular Circularity Performance Index (CPX)aistool developed by Concular specifically for
assessing the circularity of buildings and consioac projects. CPX is specifically tailored to the
construction sector, considering aspects relevabuiiding materials, design, and end-of-life opto

Quantitative Assessment: It assigns a score (likahging from 0 to 100) to a building project, piding a
quantifiable measure of its circularity performanttdeverages Concular's own database of matepaés
populated with circularity factors for various kg components. This can streamline the assessment
process. The initial score can be adjusted by glenar building owners to reflect project-specietails

and decisions. Public information about the spedcifethodology behind the CPX is scarce. Transpgrenc
regarding how the score is calculated is crucialB®rs to understand its strengths and limitatidhss, the
accuracy of the CPX assessment relies heavily ercdmprehensiveness and quality of data in Corisular
internal database. Since Concular offers othewlrty-related services, there might be a conadaut
potential bias towards their solutions when ushggCPX.

DGNB Circularity Indesx (DGNB CI)

The Circularity Index of DGNB (DGNB CI) is a tooledeloped by the German Sustainable Building
Council (DGNB) to assess the circularity performan€ buildings. DGNB is a well-recognized organiaat

in sustainable building practices, lending credipito the DGNB CI. The index considers the buifgin
entire life cycle, from material extraction and stioction to use and end-of-life management. Thgns
well with circular economy principles. DGNB CI goégyond just material circularity. It incorporates
aspects like design for disassembly, potentialrémse and recyclability, and waste managementipeact
during construction and demolition. The methodolbghind the DGNB CI is publicly available, allowing
users to understand how the score is calculatedraeipret the results effectively. The DGNB CI das
complex to use, especially for projects withoubpexperience with DGNB's sustainability rating teys.
Conducting a comprehensive assessment using DGNBedllires detailed information about building
materials, their origins, and potential for reus@exycling. Gathering this data can be time-coriagrand
resource intensive. While the core principles ofNIBBSCI are applicable globally, some aspects migiveha
regional focus, potentially requiring adjustmerdsdpplication in different geographical contexts.

EPEA Circularity Passport Buildings (CP)

The EPEA Circularity Passport Buildings (CP) isoaltdeveloped by EPEA, a consultancy specializing i
cradle-to-cradle design principles. It focuses meating a digital record of a building's materiated their
circularity potential. The EPEA CP promotes tramepay by creating a digital passport that tracks th
materials used in a building. This facilitates fetueuse, recycling, and overall material managémen
EPEA's cradle-to-cradle approach emphasizes usigltly and environmentally safe materials in
construction. The CP reflects this focus, potelytiglading to buildings with a positive impact oarhan and
environmental health. The EPEA CP can be integraiéid design and construction workflows, promoting
circular considerations from the outset of a proj@te digital passport concept could be used taréu
applications like facilitating material exchanges cmnnecting buildings with dismantling and recygli
facilities. The EPEA CP primarily focuses on matkedocumentation. It doesn't provide a comprehensiv
circularity score or assessment of other aspeatsdesign for disassembly or operational efficieritlye
accuracy of the information in the CP relies on thelity of data entered by designers and builders.
Integrating the CP effectively within existing dgsiand construction workflows might require additib
training or adjustments for project teams.

IBO Disposal Indicator (EI)

The disposal indicator was prepared by the Austnatitute for Healthy and Ecological Building (1B@br
the uniform assessment of the disposal properfiesrstruction and materials at building levelthe semi-
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quantitative method, the current disposal routea afomponent or the recycling potential that woudd b
possible from an economic and technical point efwif the framework conditions were improved ugtte
assumed point in time of disposal of the constamcpiroduct are evaluated on a scale of 1 to 5.Hidjleer

the expenditure for dismantling and recycling ahd more negative the effects of disposal are on the
environment, the worse the classification at bogdmnaterial level. The disposal indicator playsraportant

role in the climate-active building evaluation pragymes Building and Renovation and Total Quality
Building (TQB).

Madaster Circularity Indicator (MCI)

The Madaster Circularity Indicator (MCI) is a tatdveloped by Madaster, a platform focused on dldi
transparency through material passports. It asséissecircularity performance of buildings throughtheir

life cycle. Madaster's MCI is directly linked toeih material passport system. This creates a ssamle
connection between documented building materiatk tarir circularity potential. The MCI considerd al
stages of a building's life cycle, from materialtragtion and construction to use and end-of-life
management. Madaster emphasizes transparency dwirgdl building owners and stakeholders to access
detailed information about the materials used atihilding. The accuracy of the MCI score heawdijes

on the completeness and quality of data recordeédirvthe Madaster platform's material passporte Th
specific methodology behind the MCI calculation htigiot be entirely transparent to users outsidehef
Madaster platform. Madaster offers various cirdtyerelated services. There might be a concern tabou
potential bias towards their solutions when ushregMCI.

Urban Mining Index (UMI)

The Urban Mining Index (UMI) is a tool developed &ssess the potential for recovering and reusing
materials from buildings at the end of their lifasp It focuses on the concept of "urban mining,'icivh
refers to extracting valuable resources from exgs8tructures rather than relying on virgin materidhe
UMI specifically targets the potential for recovegiand reusing building materials, aligning wellthwi
circular economy principles. While the primary fecs on the end-of-life stage, the UMI might coesid
aspects throughout a building's life cycle thatldanfluence its disassembly and material recoyerential.

Quantitative Assessment: The UMI aims to provideguantifiable score or indicator to assess the
recoverability of a building's materials. Inforn@tiabout the UMI can be scarce. The specific metioogy
behind the UMI calculation and details on how tbers is interpreted might not be readily availaklsing

the UMI effectively might require expertise in ldiilg materials, deconstruction practices, and niarke
conditions for recycled materials. The UMI's deypeient might have originated in a specific contdtst.
applicability in different regions could be affedteby factors like local regulations and recycling
infrastructure.

Recycling Graph

The RecyclingGraph approach was developed by Sah(&€l9) can be used to translate detailed models o
constructive designs into a numerical represematiat can be processed by computational algoritumals
design tools (SChwede 2019). This method can lieadtito evaluate designed and pre-designed stestu
and a catalogue of qualified design templates eabuid up to support the BIM-based design devekapm
The RecyclingGraph approach has potential to bihdurdeveloped and implemented in applicable design
tools. However, further aspects could also be natiegl, e.g. on the ability of disassembly for commo
connection principles or on the compatibility ofterdal combinations.

5.3 Value creation and planetary boundaries

The circular economy is gaining global momentumyasous organizations, governments, and businesses
actively pursuing circularity to tackle urgent enmwvimental challenges, lower carbon emissions, astbf
economic resilience in an increasingly resourcestamed world. The final step involves specifyiting
project’s business model. To achieve this, the SBiRthework can be utilized, requiring specific itgu
These include defining the value creation proceesitifying stakeholders and their roles in thejget and
outlining the market opportunities for the businesscept.

At the core of effective circular business innowatis design thinking, a methodology that emphasize
human needs, empathy, and collaboration (Lawsoii)199
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Once a sustainable business innovation has beetifigg and a CE concept has emerged, it is crutial
include evaluation of the trigger points of ourr@tary boundaries.

Global freshwater systems considerations shouldeirally embedded in the local water cycle in
urban planning and design processes, deployingrélatased Solutions, and resource circularity.
Aiming at sustainable water management, rainwabdection, treatment, and reuse, as well as
selecting building materials and products with lawater inputs can further reduce impacts on
freshwater resources. The goal must be to imprdwve dvailability of water sources while
minimizing ecological impacts and reducing floogkri A proactive management of natural water
processes through Nature-based Solutions, fronmicegiots to buildings and open spaces.

Urban developmnets influence biodiversity and degtian of the quantity and quality of urban
habitats. So, the focus should be on reducingithimodied ecological impacts in materials, food, and
other products; and planning linear infrastructtioe protect, restore, and connect habitats. A
prioritization of resilient vegetation in urban gre spaces can improve species intactness and
biodiversity through appropriate habitat provisidmother focus should be put on the blue-green
infrastructure which helps to improve aquatic biedsity. This implies improved water quality
through reduction and appropriate management afatinated runoff; the enhancement of treated
sewage discharge; the support of conscious wateramsl the restoration of freshwater and coastal
habitats.

Urban infrastructure is a critical component inirecting nutrient flows to balance areas of extess
areas of need and to close cycles. Sewage slunlg, dnd yard waste can become resources rather
than costs if appropriately managed in a circulataiolism approach. These nutrient inputs can be
converted into biogas through anaerobic digestamch produces a by-product called digestate.
Digestate from food and yard waste can then beieppls a fertilizer and/or soil amendment to
improving soil qualities and reducing the need étvemical fertilizer. In urban developments,
opportunities to create local facilities to enatileular nutrient flows can be identified. Strataily
placed green-blue infrastructure and Nature-bas#dtiBns, such as raingardens, bioswales and
wetlands, can reduce eutrophication by safely smpkip nutrients in runoff. Planned in a “good”
way, urban sites can also reduce indirect nutrjgsitution from agricultural imports through
sustainable food sourcing and by scaling up lo@adf production. Hydroponics and other
sustainable production systems, when containedomtralled environments, tend to have high
nutrient efficiency and little to no runoff.

There is a possibility in urban developments toucedaerosol pollution by mitigating the major
sources of particulate emissions, including uséoss$il fuel combustion for energy, transport, and
industry, and minimizing construction and demottidust. Clean or electrified heating and cooling,
transport, cooking, and industry from renewablerses can reduce local emissions. Electricity
generation must also be emissions free to avoiglgishifting the geography of aerosol loading.

Clean and renewable energy generation (in additi@emand reduction) is fundamental to reducing
net loading, yet intermediate actions can be taftering the infrastructure transformation to

immediately reduce aerosol emissions such as nétrgfexisting power plants with wet scrubbers

that remove particulates at the source. In sethatsare challenging to electrify, hydrogen fueh ca

be used; the only aerosol emitted through its catib is water, yet the hydrogen must be
produced cleanly as well.

Dust emissions can be reduced during constructidrdamolition through controlled deconstruction
(which supports component reuse), the use of preéescreening, and the application of water for
damping down.

Vegetating temporarily vacant lots can reduce dumsissions and mitigate the urban heat island
effect while supporting local biodiversity.

Novel entities cause a major concern, with widesprplastic pollution and the introduction of
various synthetic chemicals into ecosystems. Alsgireeered nanomaterials and other advanced
materials raise concerns about their potentialteng environmental impacts. The introduction of
genetically modified organisms into the environmposes potential risks to biodiversity. The long-
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term effects of novel entities on ecosystems amdamuhealth are often not fully understood. Design
of urban areas under CE principles should thereforeid these novel entities despite their
unpredictability.

6 DISCUSSION

From this research it becomes clear that therenisirgent need to link CE principles with planetary
boundaries. Only if we manage to quantify the anhaainmoving trigger points with the help of CE
principles it will allow us to quantify the real lue of CE.

Planetray boundaries have the potential to addulg®efentory of the current use of the circular ramy
concept in the built environment. It has not bewoiporated yet because there are several issues

(1) The planetary boundaries have been found foraotivities on the planet. It is yet to be dowredao
national, regional or even local dimensions. Attesmfor this have been made (add ref.) but it resain
unclear how effective this approach is.

(2) To upscale local activities towards PB is atfto promising approach (add ref.). However, thiplies
asessment and certification schemes that are glr@adhe market (and have customers in the building
industry) adopt these boundaries. The definitiams @ffects on the cicular economy are not yet éstadul
and there can be expected some resistance front aefws against the consequences from establigting

in the construction industry.

(3) To date, there is no consensus on the planbtargdaries, how they are measured and assessethisin
issue would also need to be addressed (e.g. ataegEts of GHG emissions and lack of implementation
with focus on the building industry.

It will be important to explore further the relatibetween measures on the existing building stockthe
materials, components, and buildings already inamsenew constructions and their impact on theréulite
period of the urban site. In this sense, each udeselopment has two aspects to measure the aitgula
pre-use and post-use circularity. More work is et develop these methods further.

7 CONCLUSION

The study of the methods and tools currently urdirelopment shows that their focus is not on the
planetary boundaries. Some tool was developed ynaiith the aim to minimize impact compared with a
“base case”. Then certain measures can be useffisét mnpacts (e.g., the renewable electricity et
onsite can be used to offset GHG emissions fromgtidd. This concept is therefore heading only dor
better than usual approach and does not appearusmgvith the planetary boundaries approach, wtich
framing precise thresholds for development. On dtteer hand, the CE does not try to stay within the
planetary boundaries. On the contrary, a CE uséideed for every citizen, and even though thisliegpa
very small footprint, it allows certain boundartese reached and crossed.

There are two key aspects that need to be intefraiest, starting with PB, there should be a ratiging of
tipping points in regenerative sustainability madigdr the built environment. This would allow uspgtan
and design for urban and peri-urban ecosystemstiatvithin the planetary boundaries.

Secondly, regeneration of the full Earth system mijuire a fundamental shift in the way we thirdoat
our relationship with the planet. We have to redthivhat a balanced human-planet relationship mimbit

like and ultimately provoke passion to drive charfge ourselves and the next generation. Urban
developments can have a profound impact on the B3B.adopting sustainable and environmentally
responsible urban development practices can hgpotect the planet, enhance resilience to climhsnge,
and create healthier, more equitable communitiefufare generations.

By combining CE methods, urban planners and polal§grs can gain a holistic understanding of the
impacts of urban districts on planetary boundaridéss knowledge needs to be developed further aarit
inform sustainable urban development strategieisrdspect the Earth's limits, while promoting eaoim
growth, resilience, resource efficiency, and enkahe well-being of urban communities.
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