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A. CIRCULAR ECONOMY: CONCEPTS AND PRINCIPLES

Introduction

The 21st century is a century of great changes in the behavioural models and rules affecting the
economic, social and environmental ecosystem. It is largely determined by the current phenomenon of
globalization that is gaining more impact and delivering stronger consequences. The direct consequences
of this phenomenon raise issues of such proportion that require a global solution. Given the considerable
decline in natural resources that are already scarce, the rapid deterioration of air, water, soil quality, the
intensification of the urbanization process, and the damage driven to natural ecosystems, the transition
to a circular economy becomes inevitable. Moreover, current resource consumption is so large that it
jeopardizes the chances of future generations - and of the developing countries - to gain access to their
fair share of limited resources. Currently, approximately 16 tonnes of resources per capita are used
annually in the EU, of which 10 tonnes go into material stocks (infrastructure, housing, durable goods)
and 6 tonnes leave the economic circuit as waste [1].

According to UN forecasts, if current trends will continue to grow, the humanity would need the
resources of two Earths by 2030 and three Earths by 2050 to function properly [2]. Therefore, the circular
economy becomes a complex and indispensable subject for the future socio-economic evolution. Being
a regenerative system, which is based on the use of renewable energy, on the capitalization of waste
through the design of new materials, products, systems, the circular economy is the solution for the
future.

The basic objective of this scientific approach is focused on outlining the theoretical and conceptual
framework of the circular economy, its principles and highlighting the importance of the process of

transition to the circular business model.
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I. The concept of circular economy

The concept of circular economy cannot be accurately dated or attributed to a particular researcher.
However, numerous scientific studies consider the American scientist Kenneth E. Boulding as the
initiator of circularity, [3, 4, 5] who, in his paper ,,The economics of the coming Spaceship Earth”, states
that ,,the earth has become a single spaceship, without unlimited reservoirs of anything [...], therefore,
man must find his place in a cyclical ecological system which is capable of continuous reproduction of
material” [6].

A little later, in the 1970s, the idea of a circular economy was also discussed by environmental
researchers, J.T. Lyle and Walter Stahel, who argued that traditional (linear) production processes, in
which most by-products are eventually discarded after use, are not sustainable [7]. Although the idea of
circulating, reusing, reproducing resources is found in many scientific researches of that period, it is
considered that in fact the Conference on the Environment held in Stockholm in 1972, for the first time
seriously raised the issue of environment deterioration and sustainability as an essential feature of the
circular economy, gathering a record number of over 6000 people, delegations from 113 countries, over
1500 journalists, 700 observers from over 400 non-governmental organizations [8].

That massive involvement, that large-scale event, shows that concerns about human activities on the
environment and the need for reform have been acknowledged since then on a global scale. Moreover,
two years later, in 1974, Lester R. Brown, founder and current president of the Earth Policy Institute,
created the ,,Worldwatch Institute” - a global organization designed to accelerate the transition to a

sustainable world, having as principles the 4Rs reduce - repair - reuse — recycleLater

Later the research report ,,The Potential for Substituting Manpower for Energy” from 1976 presented
to the European Commission in Brussels by researchers Walter Stahel and Genevieve Reday outlined
the idea of circularity, respectively closing the ,,economy in loops” (or circular economy) and defining
its impact on job creation, economic competitiveness and the importance of rational use of resources and

waste processing [9].
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A closer approach to practice of the idea of ,,circularity” in economics is proposed by Maria Popescu in
her paper ,,A possible answer to the dilemmas of development - active circular process”, defining it as
»method of design and multidimensional organization of multi-purpose production processes” [10].
Another interpretation, similar in purpose, is found in the authors of the book ,,Economics of natural
resources and the environment” by David Pearce and Kerry Turner, published in 1990, which explains
the importance of the transition from the linear to the circular economic model. In fact, David Pearce
and Kerry Turner are considered to be the first who have used the notion of circular economy in their
research. With the publication of this book in the academic community, and not only, the interest in the
circular economy is becoming more and more accentuated.

As a result, the literature is gradually enriching this sense, there are a lot of papers that enjoy increased
attention, including: (1992) “Saving the Planet: How to Shape an Environmentally Sustainable Global
Economy” by Lester Brown; (1993) “World Without End: Economics, Environment, and Sustainable
Development” by David Pearce and Warford Jeremy; (1995) “Merging strategic safety, health and
environment into total quality management”, by M.Rahimi; (1997) “Implementing nature's lesson: the
industrial recycling network enhancing regional development” by Schwarz, E.J.; (1998). Sustainability
and Sustainable Development: Historical and Conceptual Review” by Mebratu, Desta; (2002) “Cradle
to Cradle: Remaking the Way we make Things” by McDonough, William, and Braungart, Michael,
(2004) “ Reflections on Circular Economy Theory and Policy” by Xie, Zhenhua; (2006) “An
introductory note on the environmental economics of the circular economy” by Anderson, Mikael Skou;
(2009) "Prosperity without Growth: Economic for a Finite Planet” by Jackson Tim; (2010) “The
Performance Economy” and “The business angel of a circular economy - higher competitiveness, higher
resource security and material efficiency” by Stahel, Walter R.

Parallel to the scientific research in the academic field with regard to circularity, there were global
initiatives, events, numerous debates within the various organizations (e.g. UNIDO, UNEP, OECD,
UNFCCC) in the direction of promoting the circular economy. It could be highlighted the Report of the
World Commission on Environment and Development in 1987, the Conference Declaration on
Environment and Development in 1992, the Conference on the Greenhouse Effect in Berlin in 1995, the

Conference on the Greenhouse Effect in Kyoto, in 1997, in Buenos Aires in 1998, in Bonn in 1999, the
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Summit of the United Nations for Sustainable Development in Johannesburg in 2002, the Conference in
Bali in 2007, the Conference on Climate Change in Cancun (COP 16).

The circular economy gained applicable consistency only in 2010, when the Ellen MacArthur
Foundation was founded in the United Kingdom having its mission to accelerate the process of transition
to the circular economy [11]. The Foundation has had a huge, successful influence in spreading the
concept of the circular economy among world leaders, multinational corporations and academia. In this

context, the annual reports ,, Towards the circular economy” have been written and published in three
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At the level of governments, one of the most quoted definitions of the circular economy is the one
set out by the European Commission, which reads as follows: “In a circular economy, the value of
products and materials is maintained for as long as possible. Waste and resource use are minimised,
and when a product reaches the end of its life, it is used again to create further value. This can bring

major economic benefits, contributing to innovation, growth and job creation™ [14].
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The circular economy concept starts from the premise that in the future there will be no more waste,
and the products will be designed to enter a cycle of disassembly and use, so that a used product
(physically or morally) serves as a raw material for another product, the energy used in this process
being obtained from renewable sources [15]. Making a generalization of the terminology, one can
notice that there are different ways in which the circular economy is described. These results from
different understandings, perceptions of the issue by different researchers. The concept of circular
economy cannot be accurately dated or attributed to a particular researcher, but rather to a few schools
of thought. In fact, the concept of circular economy has been derived from other concepts such as:
sustainable

development, performance economy, eco-industrial development or industrial ecology, ecological
designbiomimicry, etc.

Table 1 summarizes the schools of thought with regard to circularity, according to members of the

Ellen MacArthur Foundation.

Table 1
Schools of thought on the concept of circular economy
Performance econom Performance economy | The authors describe the principles of an
W. Stahel, G. Reday economy in loops (or a circular economy) and

its impact on waste prevention, rational use of

,,The Potential for L. . .
limited resources, creating new jobs, and

Substituting Manpower | economic growth.

for Energy” 198

Eco-industrial development | R. Frosch and N. Eco-industrial development involves a closed-
Gallopoulos, ”Strategies loop production cycle in order to minimize
environmental problems, such as soil and
for Manufacturing”, . e .

water pollution, desertification, energy
1989 management, byproduct synergy, resource
efficiency, air quality. The main objective of

eco-industrial development is to significantly
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improve both business and environmental

performance

Regenerative desig John T.Lyle, Thetheory | The term ,regeneration” refers to processes
of regenerative design | that restore, renew or revitalize the energy and
for sustainable materials needed for production, creating

development, 199 conditions for the establishment of sustainable

economic systems.

Biomimicry Janine Benuys, the book | The author defines biomimicry as ,,a new
Biomimicry”, 1997 discipline that studies nature’s best ideas and
then imitates these designs and processes to
solve human problems”. Studying a leaf in
details to invent a better solar cell is an
eloguent example of this concept. J. Benuys

defines this discovery as ,,innovation inspired

by nature”.
Biomimicry relies on three key principles:

- Nature as model to solve human problems.

Nature as measurement measure.

- Nature as mentor: nature research is not based
on what we can ,,extract” from it, but what we

can learn from it
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Cradle to Cradle M. Braungart and The Cradle to Cradle concept was developed in

B.Macdonough, 2002 by Michael Braungart and William

»Cradle McDonough.

to Cradle: Remaking the If the products are designed based on the

“Cradle to Cradle” concept, there will be no

Way We Make Things”, more waste, which will be recycled. The
2002 materials used in this process since the
extraction of the raw material are therefore in
a closed circuit, without loss of natural
resources.
Blue Economy Gunter Pauli The concept of Blue Economy was first

mentioned in the book ,,The Blue Economy 10

Years - 100 Innovations - 100 Million Jobs”,

”The blue economy: 10

years,100 innovations, . . . .
written by Gunter Pauli. In his research, Pauli

100 million jobs™, 2010 | presents multiple innovations in the field of

energy; water; construction or food industry.

The basic idea of this economic model is the
efficient use of natural resources through

innovation and entrepreneurship

Source: adapted from Ellen MacArthur
From the above it can be mentioned that the concept was initially related to environmental issues and
the crisis of natural resources. However, despite differences, schools of thought largely revolve around
the same basic principles and have the same starting point: the current industrial economic system is
unsustainable, needs restructuring by identifying innovative solutions that would use limited natural
resources more efficiently, and it would not harm the environment.
At the same time, it could be notice that these schools have designed the concept of circular economy

from different points of view, depending on the area of interest. While the Performance Economy
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(Stahel) and the Blue Economy (Pauli) focus more on establishing an economically advantageous
sustainable business model, others analyse this issue predominantly from an ecological point of view
(Biomimicry, Janine Benuys). Thus, the concept of circular economy emerged as a reaction to the
aspiration for sustainable growth, in the context of the growing pressure that production and
consumption exert on resources, the environment and the planet.

I1. The principles of the circular economy

According to the explanatory dictionary of the Romanian language, the principle represents a
fundamental element, idea, law on which a scientific theory, a system, a norm of conduct is based. The
principles of the circular economy in different scientific research are formulated differently depending
on the area of interest. However, the basic idea they convey is similar. Many researchers such as
Boulding (1966), Park et al. (2010), Andersen (2007), Preston (2012), Hollander et al. (2017) identify 3
fundamental principles of the circular economy, while others such as Pearce and Turner (1990), Stahel
(2013), Ellen MacArthur Foundation (2013), Hopkinson and Spicer (2013), Webster (2015) attribute to
the circular economy 4 or more principles.

According to Boulding (1966) the principles of the circular economy are related to economic
performance, rational behaviour with the environment and waste reduction. Huamao and Fengqi (2007)
and Yuan and colleagues (2006) summarized the principles of the circular economy in the ,,3Rs”, which
means Reduce-Reuse-Recycle [16]. In Walter R. Stahel's paper “The business angle of a circular
economy - higher competitiveness, higher resource security and material efficiency” of 2012, we find
the following 5 principles [17]:

Principle 1: The smaller the loop (activity-wise and geographically) the more profitable and resource
efficient it is.

Principle 2: Loops have no beginning and no end.

Principle 3: The speed of the circular flows is crucial: the efficiency of managing stock in the circular
economy increases with a decreasing flow speed.

Principle 4: Continued ownership is cost efficient: re-use, repair and remanufacture without a change
of ownership save double transaction costs.

Principle 5: A circular economy needs functioning markets.
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Making an in-depth analysis of various scientific papers on circular economy [13, 17, 2, 18, 19, 20], it
can be concluded that in fact most authors agree with the following fundamental principles:

1. Sustainability of resources

The use of renewable energy and renewable, recyclable and biodegradable materials in successive life
cycles.

2. There is no waste, the waste is turned into raw materials

The circular economy model proposes the total disappearance of waste and the rethinking of products
so that they can be recycled and reused to obtain other consumer products.

3. Optimizing resource yields by circulating products, components and materials with the highest
usage and priority

4. Promoting the efficiency of the system by denouncing and combating the harmful effects of the
current industrial economic system, referred to in some sources as: systemlevel thinking

5. Diversity means power

The diversity and high degree of adaptation of products are a priority for the circular economy, trying to
create sustainable products over time, which can be transformed into other products so that there is a
recycling cycle, without waste. Wastes processed into raw materials. The circular economy model
proposes the total disappearance of waste and the rethinking of products so that they can be recycled and
reused to obtain other consumer products.

Conclusions

The circular economy is a hotly debated topic both in the academic community and at the level of
government institutions, NGOs. The transition from the linear economic model is inevitable, as this
business model is no longer sustainable. It leads, on the one hand, to massive waste and, on the other
hand, to the waste of natural resources.

In terms of sustainability as a successful strategy for the long lasting of the enterprise, it can be drawn a
parallel with Darwin's law for the living world: ,, The species that will survive is neither the strongest nor
the most intelligent, but the one that is most receptive to change.”

The transposition of this law into business requires companies to reconsider their current business
model, based on the ,,take-make-waste” criterion and to move to the circular business model. In the

literature, abundant in this sense, the circular economy is seen as a new form of economy, restorative
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and sustainable. Even though its foundations were conceptually laid in the 1990s, the circular economy
is gaining visibility, consistency and applicability with the creation of the Ellen MaccArthur Foundation
in 2010. Since then, a number of circular economic missions have been carried out: high-level political
and business meetings in third countries to communicate and promote sustainable and resource -efficient
policies. Global natural resources are exhaustible and scarce, so optimizing the use of resources by
circulating products, components and materials in the technical and biological cycles of the economy,
becomes a viable solution According to the Executive Director of the European Environment Agency,
Hans Bruyninckx “The concept of a circular economy has recently gained traction in European
policymaking as a positive, solutions-based perspective for achieving economic development within
increasing environmental constraints”. In this context, it is noted the importance of the transition to a
circular economy, a waste-free economy. The transition to a circular economy requires changes in value
chains, from product design to the identification of new business and market models, from new ways of
turning waste into a resource, to rational ways of consumer behaviour. This transition involves systemic
change and innovation processes in technology, organizations, society, new funding methods and new
policies.
In conclusion, it can be said that the circular economy, being a regenerative system based on the use of
renewable energy, on the capitalization of waste by designing new materials, products, systems, is the
solution for the future. Now, more than ever, it is time to rethink and redesign the way we do things!
Acknowledgements: The research is funded by State Program 20.80009.0807.22 “Developing the
circular economy mechanism in the Republic of Moldova” implemented by Consortium created by
National Institute of Economic Research and Technical University of Moldova.
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B. Models of Circular Economy Principles
Matthias Haase(B) , Heinz Bernegger , and Mihaela Meslec
Zurich University of Applied Sciences, 8820 Waedenswil, Switzerland matthias.haase@zhaw.ch
Abstract. Various models of Circular Economy (CE) principles have been developed in various
sectors. This paper tries to give an overview of the main existing models found in literature. It explains
the origins and evaluates the purpose by classifying the underlying definitions. It then compares the
different models, explains the limitations and concludes with resulting principles for real estate
applications. It takes a closer look at existing circular economy principles and which circular economy
principles can be applied for space and infrastructure. The research approach is based on an extensive
literature review of existing CE models and underlying principles in the built environment. A stepwise
analysis is applied to each model. A collection of CE models is presented that helps to complete our
understanding of the opportunities and limitations of CE strategies. This study analyses the existing
CE models in a comprehensive manner. By comparing the different origins is manages to explain the
opportunities and limitations of the different models. Providing the knowledge results in a better
understanding of current CE strategies is a valuable addition to our current understanding of CE
business models in real estate management.
Keywords: circular economy - lifecycle - CE principles
1 Introduction
1.1 Circular Economy in Facility Management
Various environmental problems such as biodiversity loss, water, air and soil pollution, resource
depletion and excessive land use are increasingly threatening the Earth’s life support systems.
Especially in today’s linear economic models with the “take, make, dispose of”” concept raw materials
are extracted, processed, used and then disposed of as waste [1]. This approach leads to a high
consumption of limited natural resources [2, 3].
Traditionally, the construction industry has also historically pursued an unsustainable, linear
economic model based on the “take, make, dispose of’ concept and seems to continue to do so
(compare e.g. EMF, 2015) [4]. This linear approach does not allow for the targeted dismantling of

buildings and the reuse of materials, components, or elements in order to conserve or conserve
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resources and reduce the need for new raw materials [5]. The built environment plays a significant
role in terms of resource consumption due to its

© The Author(s) 2024

V. Ungureanu et al. (Eds.): CESARE 2024, LNCE 489, pp. 461-470, 2024.
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462 M. Haase et al.

significant environmental impact, but at the same time it also offers great opportunities to reduce
energy consumption, greenhouse gas emissions and waste emissions [6].

A look at the annual status reports of the United Nations Organizations (UN), the International Energy
Agency (IEA) and the Global Alliance for Buildings and Construction (GABC) shows the importance
of the construction and real estate industry in the global context of energy consumption — the
industries in question are responsible for 36% of global energy consumption and 39% of CO2
emissions [7]. The figures from 2015 underline the importance of construction in energy and material
consumption, also in Switzerland, where, for example, 40% of energy and 50% of material inputs
were consumed, while at the same time 75% of waste was generated by this sector [8].

It is becoming clear that there is an urgent need for a transformation of the construction and real estate
industry towards a circular approach. This is where the circular economy strives for better
management of resources.

Guerra et al. (2021) research and a growing number of policy initiatives are increasingly focusing on
implementing a circular economy in the real estate and construction sectors [9]. This trend is also a
response to the increasing pressure due to dwindling natural resources, rising waste production and
increasing building material costs. Cetin et al. (2021) argue that the industry is also generally
considered to be highly fragmented and characterized by high material usage [10]. These authors
advocate for the restructuring of existing structures and processes, along with the development of new
holistic models to include the entire value chain from raw material extraction to production,
construction, use and disposal [10]. Such approaches enable the closure of material cycles and
facilitate more targeted control of resource consumption and waste. According to Wilts (2021) it is
crucial to not only focus on optimizing energy consumption but also to address other methods for

reducing CO2 emissions [11].
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Despite various approaches in the literature on the implementation of the circular economy in the
sector addressed, there seems to be a lack of a structured overview or a comprehensive model of
possible strategies and a uniform understanding of the term (see also e.g. Adams et al., 2017) [12].
So far, the focus has mainly been on individual aspects of the circular economy, such as the planning,
recovery, and reuse of building materials for new buildings. In the meantime, the circularity for
existing buildings is also increasingly being investigated in various studies [13, 14]. However, an in-
depth examination of the circular economy and its application is necessary, especially in practice and
especially in the field of REFM, in order not only to reduce the ecological footprint of the industry,
but also to focus on an optimized use of existing buildings or even completely new service-oriented
circular economy models (compare also with e.g. Kyro, 2020; Ness & Xing, 2017) [14, 15].
Ultimately, it can therefore be stated that existing models show rudimentary cycles and aspects of the
circular economy — their location in the respective model is either incomplete or one-dimensional, for
example by only showing activities at the end of the service life (compare also Antunes et al., 2021)
[16], a specific resource flow or material component (compare with R. J. Geldermans, 2016) [17], or
a single life cycle phase (compare with Eberhardt et al., 2022) [18] why there is a need for action for
the development of a holistic circular economy overview mode [10, 19].

Models of Circular Economy Principles 463

2 Purpose of This Study

This work aims to provide a structured and comprehensive overview of circular economy principles
for buildings, acting as an overview model. It particularly considers a variety of circular economy
models for resource areas such as waste, CO2, energy, materials, soil and water. However, this
overview model is not confined to the individual resource areas alone; itfocuses on buildings to
capture the essential aspects of possible circular economy principles throughout their entire service
life, though it does not claim completeness in terms of models and principles.

For this purpose, an overview of different circular economy models is presented. Ultimately, this
overview serves as the basis for developing circular strategies for real

estate and facility management (REFM) business processes for space and infrastructure. The
following research questions, are ultimately to be answered:

— Research question 1: Which generic circular economy strategies exist for the building

Page 14 of 24



FERGANA
STATE )
n Co-funded by TECHNICAL ( LESLIE
the European Union UNIVERSITY )

life cycle and in which life cycle phase can they be located?

— Research question 2: Which circular strategies can be identified in terms of space and
infrastructure?

3 Methodology

Step 1: Determine search terms. The following search terms, as well as variations and combinations
thereof, were defined in German and English and used as an introduction to the research.

— Circular Economy (Switzerland/EU)/Circular Economy (Switzerland/EU)

— CEN/TC 350/SC 1 and ISO/WD 59004

— Circular Economy in the construction industry (example/examples)

— Green deal

— Recycling construction industry/Recycling construction industry

— Environmental Performance of Buildings (EPB)

Step 2: Carry out a literature search: The terms were researched on the Internet and in relevant online
libraries.

Step 3: Evaluate search results and select literature: Based on the assignment, suitable sources and
literature were searched for the individual topics, the sources were checked for content and accuracy
and the best sources were used for the work.

Step 4: Identification which generic circular economy strategies exist for the building life cycle and
localization of their life cycle phase.

Step 5: Identification of circular strategies in terms of space and infrastructure.

4 CE Definitions and Principles

Desing et al. (2020) highlight the lack of consensus and a uniform definition for “circular economy”,
despite its widespread use(also see Kirchherr etal., 2017)[20,21]. According to them, the Ellen Mac
Arthur Foundation (EMF) definition, which emphasizes the

464 M. Haase et al.

regenerative economy and new business models, is the most cited and recognized. This definition has
been widely adopted or modified by policymakers and institutions like the European Commission [4,
20, 22].
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The Laboratory for Applied Circular Economy (LACE) proposes a resource-based definition of the
circular economy, aimed at human well-being, but acknowledging biophysical and planetary
boundaries [23, 24]. These limits are considered absolute and quantifiable for the resource base used
for human activities [24]. Definition of the circular economy is:

The circular economy is a model that adopts a resource-based and systemic view and aims to take
into account all the variables of the Earth system in order to maintain its viability for people.

The model serves society to achieve well-being within physical and planetary boundaries. This is
achieved through technological innovations and new business models that provide the goods and
services needed by society and lead to long-term economic welfare. These goods and services are
produced with renewable energy and are made from materials that are either renewable through
biological processes or can be safely kept in the technosphere, requiring minimal raw material
extraction and ensuring safe disposal of the inevitable waste and distribution in the environment.
Circular economy builds on, manages, and optimizes the use of sustainably available resources by
minimizing entropy production, slow cycles, and resource and energy efficiency [27, p. 6]

LACE Model According to LACE (2020) a sustainable circular economy means that all economic
and social decisions are based on the planetary boundary can be derived [24, 25]. It consists of a
three-level hierarchy of environment, society, and economy, which are connected to each other in a
cascading fashion. The environmental level forms guardrails for human activities or for society,
which is part of this biosphere. Desing et al. (2020) argue in this regard that human activities should
take into account the natural, non-negotiable, physical and environmental constraints of the
environmental level in order to be sustainable in the long term [20]. Furthermore, according to Desing
et al. (2020) also for third-level economic operators, who have to operate within these environmental
constraints and therefore have to comply with these restrictions in accordance with LACE (2020, p.
3) as «... Absolute and quantifiable limits to the resource base” [20, p. 3]. To ensure an efficient use
of available resources, the LACE (2020) focus on the three principles [20]. 5.1 RESOLVE Model
The EMF’s RESOLVE Framework describes further circular principles [26]. According to Kyro
(2020), the EMF’s framework is probably one of the most widely used models in the field of circular
economy [14]. EMF (2015) further points out that the principles can be used by both companies and

governments to bring about a transition to a circular economy or to develop circular strategies [4].
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Models of Circular Economy Principles 465 5.2 “Butterfly” Model Developed by the EMF (2015),
the CE model — also known as the “butterfly diagram” — is basically based on three principles [4]. In
the model of the EMF (2015) a distinction is also made between a biological and a technical cycle.
The biological cycle refers mainly to products or materials that are biodegradable and can be safely
returned to the biosphere. In the biological cycle, concepts are also described that return nutrients to
the soil and contribute to the regeneration of nature (The biological cycle of the butterfly diagram,
n.d.). The technical cycle provides different phases that help to keep products or materials in use and
not become waste. In the phases, a distinction is made between inner and outer phases or loops.
Internal phases such as sharing, maintenance or reuse should take precedence over external phases
(e.g. recycling), as these preserve the value of a product or preserve the product as a whole and not
dismantle it to make it again, as is the case with recycling. The outermost phase, recycling, thus
represents the final stage of a circular economy. Products or materials should therefore be designed
in such a way that they are designed for the individual phases (e.g. easily repairable products or a
modular design with the possibility of replacing individual components, etc.) and thus the full
potential of a circular economy can be exploited (The technical cycle of the butterfly diagram, n.d.).
5.3 FOEN Model Like the butterfly model of the EMF, the circular economy model of the Federal
Office for the Environment (FOEN) also shows a biological and a technical cycle, but these are not
explicitly addressed in the model itself. In contrast to the butterfly model, on the other hand, the
individual phases of products and materials are shown in the technical cycle, starting with the
extraction of raw materials, followed by design & production, distribution, consumption & use and
the final phase recycling & collection or incineration & landfill (FOEN, 2022) [26]. Comparable to
the butterfly model, on the other hand, are individual cycles or loops within the technical cycle such
as sharing, reusing, repairing and remanufacturing/overhaul. In this regard, the FOEN refers to these
loops within the technical cycle mentioned above - i.e. sharing, reusing, repairing, and
remanufacturing/overhauling — and should not only increase the service life and service life and lead
to protection of the environment, but should also be preferred over recycling, the last resort of a
circular economy, so to speak. This is justified in particular by the fact that recycling in turn requires
energy, water and chemicals to recycle materials and thus has an environmentally harmful effect
(FOEN, 2022). 5.4 UNEP Model Another notable circular economy model includes the United
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Nations Environment Programme (UNEP). As in the previous two models, the UNEP model is based
on a linear economy but without distinction between a biological and technical cycle [27]. Apart from
this, however, so-called “value preservation loops” are shown in the model and are referred to as
“user to user” (purple), “user to business” (green) and “business to business” (blue) and are briefly
explained in (Understanding Circularity, n.d.) . 466 M. Haase et al. 5.5 European Commission Model
The European Commission’s Circular Economy model focuses on principles such as waste reduction,
resource efficiency, and recycling. It advocates for eco-friendly construction materials, energy-
efficient building designs, and the incorporation of reuse strategies throughout the building lifecycle
[22]. This model, shifting away from the traditional ‘take-make-dispose’ approach, offers a practical
framework also for the real estate development that minimizes environmental impact while
potentially reducing costs and fostering new business opportunities. 6 Results In the following,
relevant circular economy models are compared, although there is no claim to exhaustiveness with
regard to the coverage of all relevant models. Both definitions, principles and the models presented
serve as an introduction to the topic of circular economy to familiarize the reader with various terms
and aspects
Based on the analysis above, applying this model to real estate lifecycle management involves
integrating the following principles (Table 2). In addition, the “Material Circularity Indicator”
developed by the Ellen MacArthur Foundation [4] was further elaborated to the Madaster CI. It is
displayed for the entire building on a scale of 0 to 100% and refers to the data recorded in the “material
passport” or in the Madaster database
The UNEP model maps circular processes or strategies (see, for example, reuse, refurbish or recycle),
but is also assigned to the already mentioned value retention loops “user to user”, “user to business”
and “business to business”. The overarching principle is “Reduce by design”, which exerts the greatest
influence and the “business to business” value retention loop has the least influence on the circular
economy [27]. The application of CE principles in real estate, building design and use (adaptability,
durability, waste reduction and high-quality management according to the European Commission (EC
2020)) is mainly focused on new buildings where circularity can be embedded and facilitated since the
early design stage and consequently throughout the whole life cycle of a building and its components

and materials. Conversely, circularity in the context of existing buildings is not so far defined (compare
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Kyrd 2020) [14]. On the other hand, less has been said about the design aspect of circularity integration
in buildings (e.g. design for disassembly (DfD), design for adaptability (DfA), design for change (DfC)
etc.) and the role of building professionals and supply chain elements in embodying the CE principles
into the building sector as also Kanters (2020) pointed out [30]. In other words, existing practices and
concerns focus on the CE principle of “closing the loop” which assumes intensified reuse and upcycling
of materials and components. Meanwhile, the CE principle of “slowing the loop” that suggests
increasing building and product longevity by preserving their value, quality, and efficiency to the
highest possible extent has received less attention so far. This can be justified by the influence of the
prevailing construction and design culture during the last decades of viewing buildings as temporal
products of limited life service and predefined destiny — demolition. Another key principle of CE that
is rarely addressed by existing frameworks is “narrowing the loop” which relies on using fewer
resources per product. This principle is inspired from nature’s processes that mainly use a limited
chemical palette often consisting of six elements: carbon, hydrogen, oxygen, nitrogen, phosphorus and
sulphur, while industrial manufacturers follow a different approach, seeking out rare and toxic elements
to reach the desired functional properties. Narrowing the loop delivers conditions for recycling by
allowing efficient and facilitated material separation and recovery.

Conclusions A collection of CE models is presented that helps to complete our understanding of the
opportunities and limitations of CEM. This study analyses the existing CE models in a comprehensive
manner. All important key strategies for the application of the circular economy over the entire life
cycle of a building circular economy strategies in general were collected. Its applicability for the built
environment was reviewed. Research question 1 could be answered: The multitude of definitions of
CE, and more specifically circularity in the built environment, does not contribute to a coherent,
systematic approach. CE needs to be viewed as a business strategy, not only waste management or a
design strategy. Optimising buildings’ use should also be spotlighted instead of only viewing those as
potential material banks where components and materials can be recovered, reused or recycled for new
constructions [12, 17]. Still, recovered materials from existing buildings face a critical barrier in their
technical compatibility and quality appraisal, which put their direct reuse in question, leading to
downcycling processes and engaging extra resources and energy flows. Research question 2 could be

answered: The circular economy is seen as a regenerative system in which resource use and waste as
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well as emissions and energy losses are minimized, waste is avoided and material and energy cycles
are slowed down, closed and narrowed. This can generally be achieved through long-lasting design,
maintenance, repair, reuse, remanufacturing or recycling. In the context of the real estate and
construction sector mentioned, this means that no new resources are required in the production of
materials and waste is also minimized. In addition, better resource management is sought by reducing
consumption (or even avoiding unnecessary consumption) and striving for resource circulation through
the reuse or recovery of materials, components or components. The strategies could be assigned to the
individual life cycle stages of a building, and differentiated between the design, construction and end-
of-life phases. Some key strategies are explicitly focusing on specific life cycle stages, such as Material
Banks, Design for adaptability, etc. On the other hand, most strategies include some sort of information
and data management, like Adoption of Efficient Processes, Waste as a Resource, and Resources Data
Management. By comparing the different origins it explains the opportunities and limitations of the
different models. Providing the knowledge gaps is a valuable addition to of our current understanding
of CE
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