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Abstract Despite the increased research regarding the sustainability transition 
towards the circular economy (CE) model, the existing literature on adopting and 
implementing the CE concept reinforcing educational approaches in secondary 
education seems limited. Considering the current challenges and the critical role of 
education to empower built environment management students to explore new paths 
of sustainable development and grow into active citizens, conscious producers, and 
consumers, this contribution investigates new ways of effective tools for teaching 
CE and sustainability concepts. The literature review has revealed a research gap 
regarding the formulation of educational approaches to effectively support CE 
concepts for higher education students, particularly in Swiss Facility Management 
education. The paper describes and critically discusses how an introduction of CE to 
master-level students to the circularity and sustainability perspective, prepare them 
to build prosperity, and act circularly in the future. A list of skills is presented which 
can be bundled into one holistic education. This provides valuable information for 
developing suitable programme in Higher Education which aims at the use and 
development of competitive methods and solutions for managing existing and new 
buildings that will contribute to lowering greenhouse gas (GHG) emissions related 
to the production, use, management, and demolition of architecture in a life-cycle 
perspective should be based on these skills. 
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13.1 Introduction 

Along with the European Union, Switzerland has committed itself to limit a global 
increase in temperature to 2 °C by 2050. On a global scale, the ambition is to reduce 
GHG emissions by 2050 to two tonnes CO2-equivalents per capita and year if the 
concentration in the atmosphere is to be stabilized at 400–450 ppm CO2-equivalents 
by the year 2100. The current Swiss average is 6 tonnes CO2-equivalents per capita 
per year [1]. 

The world population is constantly growing and is confronted with new needs for 
new buildings. This puts an enormous strain on our environment and our resources. 
The construction industry is responsible for approximately 33% of greenhouse gas 
emissions, 40% of waste generation and 40% of material consumption [2, 3]. Action 
plans for the Circular Economy (CE) include the gradual decoupling of economic 
activity from the consumption of finite resources and giving waste a second life. 
Recent efforts to take more concrete action include, above all, the development of 
new standardization activities such as CEN/TC 350/SC 1—“Circular Economy in 
the Construction Sector” and ISO/WD 59004—“Circular Economy” [4, 5]. 

The application of CE principles in real estate, building design and use (adapt-
ability, durability, waste reduction and quality management) is mainly focused on new 
buildings where circularity can be embedded and enabled. Conversely, circularity has 
not been defined in the context of existing buildings [6]. 

CE must be viewed as a business strategy which adds value, not just a waste 
management or design strategy. Optimizing the use of buildings should also be 
brought into focus, rather than just considering them as potential material banks 
where components and materials can be recovered, reused, or recycled for new 
construction [6, 7]. 

IPCC (2007) and a study from Enkvist et al. (2007) report point to measures in 
the building sector as being the most economical, when compared to other impor-
tant sectors [8, 9]. This reduction potential is “spread over hundreds of millions of 
individual buildings, each one presenting multiple and very diverse types of inter-
ventions” [10]. In addition, energy use in Swiss buildings contributes little to global 
GHG emissions due to extensive use of hydropower electricity [11]. However, real 
estate and the built environment exert a large influence on GHG emissions by means 
of transportation and land use planning, lifestyle and consumption, development of 
better materials and components, and life-cycle management of natural resources. 
The social dimension of sustainability is put more in focus. However, the develop-
ment of a well-functioning society that provides a high quality of life for all citizens 
but only emits an average of two tons of CO2-equivalents per capita per year forms 
a huge challenge for all professions, not least in the building sector. 

Despite these challenges there is need for a development of holistic built environ-
ment management skills for future workforce that can lead society to a more sustain-
able use of resources and adapt to future climate challenges. This linear model of 
resource consumption we are all used to has created an economy that largely depends
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on energy use and other resources, resulting in climate change, pollution and deple-
tion of natural resources. Moving towards a CE requires changes in attitudes and 
behaviors, adopting a new way of thinking and developing new competencies and 
skills. 

How should educational institutions prepare their students for this reality? Which skills 
should we educate real estate and facility managers, architects, engineers and other building 
professionals to be able to contribute to this political goal in an optimal manner? Given the 
still ambiguous definitions and meanings of the concept, education for a CE plays a key role, 
and how we can teach and learn remains a challenge. New theories on how the CE concept 
can be applied to promote sustainability should be developed 

13.2 Literature Review 

The programmes that were analysed can be found on the homepage of European Real 
Estate Society (ERES): https://www.eres.org/index.php/activities/edueres [12]. Real 
estate programmes are being offered by a wide variety of universities across Europe. 
The list contains an overview of all Bachelor, Master, and postdoctoral programmes 
with a real estate focus. The list was downloaded in March 2022 and subsequently 
analysed. Details were recently published, and details of the analysis results can 
be found in Wrase et al. [13]. 374 programmes were analyzed in this study. To 
conclude whether there is a link for these sustainability-dimensions in the education 
programmes at all, a chi-square test of independence was performed [14]. The word 
“circular” was found only in two module designations: one made by the College of 
Estate Management in the M.Sc. in Real Estate and the other found in the description 
used for the M.Sc. in Real Estate and Facility Management by the Zurich University 
of Applied Sciences [13]. Real Estate Management is the most frequently mentioned 
discipline in the higher education programmes. However, the question of whether 
learners are taught interdisciplinary in all disciplines related to the real estate life 
cycle, only the ZHAW M.Sc. in Real Estate & Facility Management programmes and 
the College of Estate Management with its M.Sc. Real Estate score higher [13]. The 
word “Sustainability” and the dimensions “Processual” (Knowledge of real estate 
management, facilities management, architecture, and civil engineering as the base 
layer of the understanding of processes around the lifecycle in real estate), “Econom-
ical”, “Ecological” and “Empirical” are significantly presented in the analysed higher 
education programmes in real estate [13]. However, there seem to be gaps between 
the content of the courses and the dimensions “Technical” and “Social”. University 
programmes provide education not in all the described dimensions. The dimen-
sions “Processual”, “Economical”, “Ecological” and “Empirical” are presented in 
the higher education programmes in real estate, whereas there is a strong correlation 
between these dimensions and the content of higher education programmes in real 
estate [13]. Remarkably, the dimensions “Social” and “Technical” are not presented 
in the higher education programmes in real estate.

https://www.eres.org/index.php/activities/edueres
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13.3 Curriculum Development 

According to this analysis, university curricula of European higher education 
programmes seem to focus to some extend on the required content to prepare grad-
uates for real estate sustainability management, but rarely integrate all the required 
knowledge about the whole lifecycle of a building set in the megatrend sustainability 
towards a circular built environment. While there are studies that compare the content 
of courses [15], the focus of these studies is (supposedly) within one discipline in 
real estate [16]. In this study we applied the framing method proposed by Lahtinen 
and Yrjölä (2019) [17]. This study is in line with the logic of the dimension “social”, 
“Economical, “Processual”, “Technical”, “Empirical” and “Ecological” similar to 
Babosa and de Oliveira (2020) for Managers [18]. In turn we examine the inter-
disciplinary share of architecture, engineering, facility management, and real estate 
management in European higher education programmes. Sustainable management 
requires an understanding of all the disciplines and related skills associated with the 
real estate lifecycle. 

13.3.1 Future Workforce for Circular Economy 

One could argue that being skilled in all disciplines or knowledge dimensions is not 
essential. However, a study analyzing 600 job advertisements in the real estate sector 
revealed that most of the dimensions listed are highly sought after [19]. Specifically, 
the “social” dimension appears to be in exceptionally high demand. In contrast, this 
study indicates that real estate programs tend to underrepresent social competencies. 
It is challenging to track the extent to which students are socially empowered. 

Employability is an important criterion for testing training programmes for their 
raison d’être [20]. However, due to the macroeconomic situation, most real estate 
markets worldwide are still in a booming or at least preferable phase [13]. Workers in 
the field of real estate have been in demand for decades now. However, this positive 
development obscures the fact that companies are not only looking for real estate 
experts, but also those who are knowledgeable in areas related to the real estate 
lifecycle and can help manage and lead the sustainability transformation. Overall, 
Wrase et al. found an indication that there are still deficiencies in higher educa-
tion programmes in real estate when it comes to whether to empower students in 
sustainability transformation [13]. 

13.3.2 Future Skills 

Bearing in mind the findings of this analysis, the next important step towards intro-
ducing sustainability and circular economy management in real estate at higher
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education level would require a new set of skills. As stated above, the understanding of 
the real estate lifecycle and the inter- and transdisciplinary perspective of the different 
dimensions of sustainability taught in higher education can lead the future workforce 
to a holistic approach of sustainability and empower them to transition towards a 
circular economy of the built environment. The main scope of the programme must 
therefore relate to the general issue of sustainability including environmental as well 
as economic and social focus. The transformation of the existing real estate market is 
the most important step in developing an environment that fulfils the main key goals 
[21]. 

(1) Climate change mitigation, (2) climate change adaptation, (3) sustainable use 
and protection of water and marine resources, (4) transition to a circular economy, (5) 
pollution prevention and control, and (6) protection and restoration of biodiversity 
and ecosystems. Not mentioned are general skills related to “social, “processual” 
and “empirical”. These will be assumed to be existing as well without detailing it 
here. 

Considering the high demands of transdisciplinary skills to address the sustainable 
transformation and in particular the circular economy, the curriculum must thrive to 
educate built environment workforce on the:

• Sustainability consequences of transformation
• Quality of real estate concept with respect to circularity
• Quantity of real estate quality and circularity potential
• Quality of circularity concept
• Management consequences of circularity concepts. 

Skills related to Sustainable Finance and Governance 

The students need to be enabled to adopt a critical and reflective attitude towards 
today’s sustainability practices throughout their studies. A well-founded introduction 
to the history of sustainability discourse and to the relevance of different sustainability 
concepts for the governance of real estate and facility management builds the basis. 
Then, skills of real estate-related financial and economic knowledge such as the 
time value of money, capital market theory and capital costs, financing and capital 
structure, company value, investments and risk management are needed. One focus is 
on the question of how factors from the areas of environment, social, and governance 
can be included. This enables students to are examine and evaluate most important 
players in the field of sustainable finance, green financing instruments, sustainability 
ratings and political influences. 

The skills further base on knowledge of History-based overview of sustainability 
concepts and their different ethical implications (focus on sustainability and climate 
ethics). This provides insights to the relevance of different sustainability concepts for 
the governance of real estate and facility management as well as standard corporate 
finance concepts that also apply to real estate financing. It provides an understanding 
of the time value of money, knowledge of capital market theories and how finan-
cial markets work. This enables students to participate in discussions about capital 
budgeting considerations. Other skills include financial modelling and valuation and
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estimation of the cost of capital, definition/information on the origin of sustainability 
in finance and discussion of the relevance of sustainability for various actors in the 
financial sector. Finally, options for assessing and quantifying sustainability for the 
critical assessment of non-financial properties of projects, products and companies, 
followed by insights into how sustainability aspects can be integrated into common 
corporate finance instruments such as discounted cash flow. The skills include under-
standing of sustainability and financial analysis and ability to participate in discus-
sions of the relationship between sustainability and profit-oriented factors, including 
sustainability aspects in various forms of financing and investment processes. 

Skills related to Strategies in Sustainability 

A comprehensive understanding of sustainability and its application to the area of 
real estate and facility management is conveyed. This includes ecological, economic 
and social aspects as well as consideration of the entire surrounding ecosystem. Skills 
further include presenting and analyzing common sustainability planning, certifica-
tion, monitoring and reporting as well as methods for procurement and quality assur-
ance of construction and FM services and name their advantages and disadvantages 
as well as convey the implementation in selected strategies. 

The skills include areas for influencing the sustainability of buildings, districts and 
cities over the lifecycle with a focus on the transformation of existing structures. It 
enables the translation of abstract sustainability concepts into concrete sustainability 
and investment strategies and development of corresponding (quantifiable) goals and 
measures in a real estate-related context. Economic advantages and disadvantages 
as well as conflicting goals and synergies of different sustainability goals need to be 
presented and sustainability rating systems and criteria, sustainability planning, certi-
fication, implementation, monitoring and reporting concepts and tools introduced. 
The skills further include understanding of methods for the sustainable procurement 
and quality assurance of real estate services over the entire life cycle and offers oppor-
tunities and limitations of the tools, instruments and methods and to be discussed 
from the perspective of research. 

Skills related to Circular Economy Management 

The real estate industry is responsible for tying up many resources, sometimes for 
decades. To deal with the limited resources available in an economical and environ-
mentally friendly manner, the change from linear to circular real estate management 
and sustainable building design, use and management is essential. The sustainability 
and circularity assessment is another element for assessing, (further) developing and 
applying the impact of the built environment on the climate and nature, also against 
the background of corporate, owner and user responsibility. 

The necessary skills to handle these perspectives on converting the existing linear 
economic systems into circular economy systems include knowledge about circular 
economy strategies and design options as well as challenges for circular economy 
systems in the real estate context.
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The understanding of building as a layered model—system separation in building 
construction and possible future Closed loop systems of the future (energy or mate-
rial focus?) as well as principles of circular planning/building/use/operation are 
demanded skills. Further skills include methodological approaches and benefits 
of environmental assessment (also of buildings), impact on carbon accounting at 
portfolio level as well as cost accounting of waste avoidance and sustainably opti-
mized dismantling in a quantitative manner. Further, basic understanding of enhanced 
models as “From waste to recyclables: recycling and recyclables management meth-
ods”, “Urban Mining—Use today’s inventory as a material reserve”, “the Madaster 
vision: materials with identity” are needed and build the basis for developing own 
sustainability and circularity certificates. 

Skills related to Built Environment Transformation 

The stock of buildings and infrastructure outweighs the volume of new construction 
projects. The challenge lies in needs-based, multi-factorial, optimized modernization 
and/or conversion. In addition to the conventional developer aspects, sustainability, 
lifecycle and public concerns must be understood in a holistic solution. The trans-
formation of the built environment is a complex task that indicates higher demands 
on real estate expert skills: The projects derived from a strategy and to be devel-
oped should enable the economic, ecological and social feasibility of sustainability 
at management level and be able to achieve implementation and conversion. 

The necessary skills include the knowledge of classification of system boundaries 
of buildings, properties, areas, etc. It further includes peculiarities of

• re-development/transformation of existing buildings
• project management during re-development. 

Then, it requires the appraisal of socio-cultural and institutional aspects in devel-
opment, discussions of areas influencing sustainability in real estate and obstacles in 
practice; portfolio versus area perspective; Perspective space and infrastructure, but 
also people and organization. 

The skills must provide a classification of digital (communication) options to 
be able to communicate and present complex issues in a way that is appropriate 
for stakeholders followed by discussion of multidisciplinary decision criteria in 
re-development. It also includes planning and construction accompanying facility 
management in re-development, risks in re-development, and the integration and 
implementation of economic, ecological and social sustainability using digital 
methods and tools. The students develop presentation skills to communicate their 
project work in a simulated management board meeting in the “Ethics, Leadership, 
Change” module.
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13.3.3 Interdisciplinary Students and Staff 

To co-ordinate professions, we need to co-ordinate education. Therefore, students 
need to be trained in interdisciplinary teams and by an interdisciplinary teaching 
staff. In this manner, the students get to know various distributions in responsibil-
ities and tasks throughout the design process and learn in practice the integrated 
design strategies that can ensure usability and synergy of their design project with 
its surroundings and users. 

The teaching staff ideally consists of a mixture of professionals from built envi-
ronment practice and research to provide the students with professional perspec-
tives from a wide variety of actors ranging from the latest scientific discoveries to 
actual management experiences. The fixed core of teachers, extended by invited 
guest teachers, present the students with a curriculum that aims at making maximum 
connections among the different institutions and professions. 

One of the most important insights the students learn is the importance of building 
and managing interdisciplinary teams. Given the complexity of modern-day real 
estate tasks, it is an absolute necessity to complement one’s own expertise with 
others into a constructive co-operation. While real estate and facility management 
students still occasionally consider interdisciplinary co-operation as unnecessarily 
time-consuming and frustratingly reducing their own chance at achieving a high 
grade, the best manner in which to counteract these prejudices is to guide the students 
towards a positive experience and give them time to recognize and respect the contri-
bution the other profession’s expertise can make to create a high-quality design 
project [22]. 

13.4 Discussion 

For future built environment professionals to be able to translate the climate and 
resource challenges in society into a fitting form of the built environment, they need 
to not only understand the use and development of sustainable building methods and 
solutions, but, above all, to know how to integrate this knowledge into their every-
day decision-making routines. They need to become creative, active professionals 
who can keep themselves updated on relevant theories, understand how they interact, 
and currently update their design routines according to this new knowledge. In this 
manner, the future workforce gets familiar with different ways in which to work 
professionally with the built environment and get a good foundation to mix and 
recombine the different elements into a meaningful whole. 

All Real Estate and Facility Management professionals need to be able to handle 
challenges related to climate change and resource scarcity, and realise that this reality 
affects professional ethics, regulations and skills required in practice and research. 
Ever more strict building regulations require for even ‘ordinary’ transformation 
projects to stress low carbon emissions and high energy efficiency. As professionals,
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the students will be expected to not only work on projects with a set of measures and 
targets that put energy and greenhouse gas emissions at the heart of their performance, 
but also be able to negotiate the performance targets of the project with the building 
owner and real estate team while thinking about the long-term transformation of 
society and the development of innovative strategies. 

In addition to management experience and theory, evaluation and reflection form 
an important part of the students’ learning environment. To transform to a well-
functioning real estate and built environment, the students need to build a thorough 
knowledge of a project’s local physical and social site as well as its cultural history 
and recognize the consequences of the existing structures and dynamics for the 
design of their project. They need to know how to integrate sustainability issues with 
circularity models. The real estate industry is still in the beginning of recognising 
the long-term goals of CE. 

It became obvious that a main task of future real estate and facility management 
research should focus on quantifying real estate qualities and qualifying facility 
management quantities with respect to circularity and sustainability. This must begin 
with the development of a common vision for real estate and facility management 
professional. The skills structure needed for these workforces support group work 
in different transformation stages that will enable participants to develop energy 
efficient transformation solutions and to effectively communicate them between the 
different domains (real estate and facility management). 

The list of skills illustrates the importance of the questions a real estate and 
facility management professional should ask at the start of, during and after having 
finished a transformation project, to affect the building and environmental programme 
and the transformation’s consequential performance. It also teaches the students 
how to assess which measures work best under given circumstances within a given 
budget, the different outcomes of various contracting frameworks and the negative 
consequences of types of actors not being engaged in the project from day zero. 

13.5 Conclusions 

We proposed a list of skills focusing on different aspects of the transition of the built 
environment towards circularity. This proposed list of skills for a Master course in 
Higher Education equips the students with extensive knowledge and experience that 
prepare them for a challenging, rapidly changing profession. There is a dire need 
for a real estate policy that encompasses the new technological opportunities at the 
same time as improving quality of life and circularity whilst reducing environmental 
impact. The development of a CE is pre-requisite for a zero-emission built envi-
ronment. It creates a new physical framework for large parts of society, reflecting 
cultural values, existing structures, and the new layers of the future. In that sense 
the concept of CE challenges the current linear model of production and consump-
tion, exploiting the planet’s raw resources, manufacturing and using the product, 
and disposing of waste. That is a conceptual change in education from the traditional
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linear to the circular model of production and consumption. That involves educational 
curriculum improvements about resource reuse, recycling, sources prioritization, and 
their efficient use. 

Theoretical challenges are plentiful when recognizing that the physical state of 
a building is the result of the complex interaction of a very large set of physical 
components. The integration of these interactions on behavioral simulation poses 
major modeling and computational challenges that must be discussed. Its ability to 
deal with the resulting complexity of scale and diversity of component interactions 
has gained building simulation a uniquely recognized role in the prediction, assess-
ment, and verification of real estate performance. A real estate industry that does 
not look for definitive solutions and permanent projects, but for structures that can 
continue to adapt to the need of society and citizens: More built environment for less 
CO2. 

Green jobs and green entrepreneurship have a future in a modern form of economic 
activity that responds to business needs for profitability and growth, but at the same 
time considers the environmental limitations, treating circularity as an opportunity 
and not as an obstacle. We noticed that more and more real estate companies are 
seeking to help environmental protection and limit climate change by investing in 
the research and development of green technologies and practices. Therefore, to 
serve the new vision for society and the economy by respecting the principles and 
values of circularity and sustainable development, the need for research in education 
and the essential contribution of the educational system, of the formal, informal, and 
non-formal education, occurs. We hope we contributed to the current state-of-the-art 
on educational policies regarding the role of circular economy in sustainable devel-
opment, to share a good and innovative practice of CE and sustainability teaching 
and learning in different countries, to open and encourage a critical discussion on 
the topic. 

We recommend practical educational strategies hoping (i) to encourage teachers 
to adopt innovative teaching methods and share good practices of the CE teaching and 
(ii) to urge education policymakers to integrate the CE vision into school curricula. 
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