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Abstract

This PhD dissertation is framed in the fields of Sustainability, Higher Education
Institutions (HEIs) and Supply Chain Management (SCM). Within the
Sustainability field, the concept of Circular Economy (CE) was chosen due to its
interdisciplinary nature and need for exploration. Thus, this thesis focuses on
implementing CE concepts within HEIs, presenting a framework for embedding
these through the development of a Circular Economy Living Lab (CELL), using
Action Learning and Action Research (ALAR) methodologies. The framework aims
to create a replicable model for other institutions to promote CE in teaching,

research, and operational activities.

The literature review reveals that HEIs, often compared to small cities, have
significant environmental impacts due to their resource consumption and waste
generation. As such, they are uniquely positioned to promote CE through
innovative strategies and interdisciplinary collaboration. Living labs (LL) in HEIs
function as experimental spaces where sustainable solutions can be tested in real-
world contexts. By combining these methodologies, HEIs can bridge the gap
between theory and practice, enabling students and researchers to address real-
world sustainability challenges, not only advancing academic knowledge but also
providing scalable, practical solutions that can be implemented across various
sectors. Additionally, the proposed framework promotes interdisciplinary
collaboration and hands-on learning, preparing students for future challenges in
sustainability. However, gaps remain in applying CE principles across campus
operations, especially in aligning research and education with practical
applications. Collaboration with external stakeholders and the local community is

also crucial for driving broader CE initiatives outside of the HEI campus.

The CELL developed within Universidad Politécnica de Madrid (UPM) applies CE
principles across its multiple campuses, integrating CE into key areas such as
waste management, energy use, and sustainable procurement, with support from
both public and private stakeholders. The initiative has grown into a collaborative
platform, engaging a wide range of partners to drive sustainability efforts within
the university and the surrounding community. Additionally, it serves as a model
for other institutions seeking to implement CE principles through innovation,

collaboration, and community engagement.

CELL's framework 1s built around six work areas that address different aspects of

sustainability: Re-think, Re-naturalize, Re-connect, Re-duce, Re-experiment, and
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Re-generate. Each area focuses on different sustainability goals, such as reducing
single-use plastics, enhancing urban greenery, minimizing food waste, and
creating spaces for hands-on learning and experimentation. These work areas
guide UPM's efforts in reducing its environmental footprint, fostering industrial
symbiosis, and promoting an applied circular economy model. Moreover, CELL
provides a comprehensive strategy for embedding CE principles into campus

operations and curricula, engaging both students and staff in the process.

Likewise, the supply chain (SC) perspective further supports the integration of CE
within HEIs, where institutions manage both material and information flows.
Traditionally, HEIs operate using a linear SC model, but transitioning to a circular
supply chain (CSC) approach allows them to maximize resource recovery and
waste reduction. The CELL initiative at UPM applies the CSC framework to
Improve campus sustainability, focusing on waste management and recycling.
These efforts align HEIs with global sustainability goals and demonstrate the

potential for CE practices in educational settings.

Research contributions under the CSC framework highlight advancements in
servitization, e-waste management, and bioplastic and cardboard recoverability.
On servitization, the shift from product ownership to service provision is examined,
offering insights for HEIs to prepare students for new business models. On e-waste
management, the integration of informal recycling systems is explored, while the
bioplastic study focuses on the mechanical recycling of PLA, showing how HEIs
can reduce environmental impacts by adopting circular practices. Additionally, the
study on cardboard demonstrates the role that users play in supporting
sustainable practices by reusing, recycling or even reselling the materials. By
embedding CE principles into their operations and educational frameworks, HEIs
serve as incubators for sustainability innovations, engaging students in hands-on
learning experiences that align with CSC models, reducing environmental impacts

and fostering a culture of sustainability on campus.

These findings emphasize the importance of collaboration between academia,
industry, and government in promoting CE, highlighting the critical role of HEIs
in advancing circular economy practices, leading the way in driving global
sustainability efforts, providing real-world solutions to environmental challenges

while contributing to the broader transition to a circular economy.
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Resumen

Esta tesis doctoral se enmarca en los campos de la Sostenibilidad, las Instituciones
de Educacién Superior (IES) y la Gestién de la Cadena de Suministro (GDS).
Dentro del campo de la Sostenibilidad, se eligi6 el concepto de Economia Circular
(EC) debido a su naturaleza interdisciplinaria y la necesidad de exploracién. Por
lo tanto, esta tesis se centra en la implementacion de conceptos de EC dentro de
las IES, presentando un marco para integrarlos a través del desarrollo de un
Laboratorio Vivo de Economia Circular (CELL), utilizando metodologias de
Aprendizaje en Accién e Investigacién en Accién (ALAR). El marco tiene como
objetivo crear un modelo replicable para que otras instituciones promuevan la EC

en la ensefnanza, la investigaciéon y las actividades operativas.

La revision de la literatura revela que las IES, a menudo comparadas con las
ciudades pequenas, tienen impactos ambientales significativos debido a su
consumo de recursos y generaciéon de desechos. Como tal, estan en una posicién
Unica para promover la EC a través de estrategias innovadoras y colaboracion
interdisciplinaria. Los laboratorios vivos (LL) en las IES funcionan como espacios
experimentales donde se pueden probar soluciones sostenibles en contextos del
mundo real. Al combinar estas metodologias, las instituciones de educacién
superior pueden salvar la brecha entre la teoria y la practica, lo que permite a los
estudiantes e investigadores abordar los desafios de sostenibilidad del mundo real,
no solo avanzando en el conocimiento académico sino también brindando
soluciones practicas y escalables que se pueden implementar en varios sectores.
Ademas, el marco propuesto promueve la colaboracion interdisciplinaria y el
aprendizaje practico, preparando a los estudiantes para los desafios futuros en
materia de sostenibilidad. Sin embargo, siguen existiendo lagunas en la aplicacién
de los principios de EC en las operaciones del campus, especialmente en la
alineacion de la investigacién y la educacion con las aplicaciones practicas. La
colaboracion con las partes interesadas externas y la comunidad local también es
crucial para impulsar iniciativas de EC mas amplias fuera del campus de la

nstitucién de educaciéon superior.

El CELL desarrollado dentro de la Universidad Politécnica de Madrid (UPM)
aplica los principios de EC en sus multiples campus, integrando EC en areas clave
como la gestién de residuos, el uso de la energia y las compras sostenibles, con el
apoyo de las partes interesadas publicas y privadas. La iniciativa se ha convertido

en una plataforma colaborativa, que involucra a una amplia gama de socios para
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impulsar los esfuerzos de sostenibilidad dentro de la universidad y la comunidad
circundante. Ademas, sirve como modelo para otras instituciones que buscan
implementar los principios de EC a través de la innovacién, la colaboracion y el
compromiso comunitario. El marco de trabajo de CELL se estructura en torno a
seis areas de trabajo que abordan diferentes aspectos de la sostenibilidad:
Repensar, Renaturalizar, Reconectar, Reducir, Reexperimentar y Regenerar. Cada
area se centra en diferentes objetivos de sostenibilidad, como la reduccién de
plasticos de un solo uso, la mejora de la vegetaciéon urbana, la minimizacién del
desperdicio de alimentos y la creacién de espacios para el aprendizaje practico y la
experimentacion. Estas areas de trabajo guian los esfuerzos de la UPM para
reducir su huella ambiental, fomentar la simbiosis industrial y promover un
modelo de economia circular aplicado. Ademas, CELL proporciona una estrategia
integral para incorporar los principios de la EC en las operaciones y los planes de
estudio del campus, involucrando tanto a los estudiantes como al personal en el

proceso.

Asimismo, la perspectiva de la cadena de suministro (SC) respalda atin mis la
integracion de la EC dentro de las IES, donde las instituciones gestionan los flujos
de material e informacion. Tradicionalmente, las IES operan utilizando un modelo
de SC lineal, pero la transiciéon a un enfoque de cadena de suministro circular
(CSC) les permite maximizar la recuperacién de recursos y la reduccién de
residuos. La iniciativa CELL en la UPM aplica el marco de la CSC para mejorar la
sostenibilidad del campus, centrandose en la gestiéon de residuos y el reciclaje.
Estos esfuerzos alinean a las IES con los objetivos globales de sostenibilidad y

demuestran el potencial de las practicas de EC en los entornos educativos.

Las contribuciones de investigacién en el marco del CSC destacan los avances en
la servitizacién, la gestiéon de desechos electronicos y la recuperabilidad de
bioplasticos y cartén. En el caso de la servitizacién, se examina el cambio de la
propiedad del producto a la prestacion de servicios, lo que ofrece perspectivas para
que las IES preparen a los estudiantes para nuevos modelos comerciales. En
cuanto a la gestion de desechos electrénicos, se explora la integracion de sistemas
de reciclaje informales, mientras que el estudio de bioplasticos se centra en el
reciclaje mecanico de PLA, lo que muestra como las IES pueden reducir los
1mpactos ambientales mediante la adopcion de practicas circulares. Ademas, el
estudio sobre el carton demuestra el papel que desempenan los usuarios en el
apoyo a las practicas sostenibles mediante la reutilizacion, el reciclaje o incluso la

reventa de los materiales. Al incorporar los principios de EC en sus operaciones y
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marcos educativos, las IES sirven como incubadoras de innovaciones en materia
de sostenibilidad, involucrando a los estudiantes en experiencias de aprendizaje
practicas que se alinean con los modelos del CSC, reduciendo los impactos

ambientales y fomentando una cultura de sostenibilidad en el campus.

Estos hallazgos enfatizan la importancia de la colaboracién entre la academia, la
industria y el gobierno en la promociéon de la EC, destacando el papel fundamental
de las IES en el avance de las practicas de economia circular, liderando el camino
para impulsar los esfuerzos globales de sostenibilidad, brindando soluciones del
mundo real a los desafios ambientales y contribuyendo al mismo tiempo a la

transicién mas amplia hacia una economia circular.
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Introduction

1. Introduction

“Unless someone like you cares a whole awful lot... Nothing is going to get better.
It's Not.” The Lorax, in Dr. Seuss.

“When I used to read fairy tales, I fancied that kind of thing never happened, and

now here I am in the middle of one!”. Alice in Wonderland.

1.1.Background

The concept of Circular Economy (CE) has continuously progressed over the last
30 years around the idea of creating a new business model that is regenerative and
restorative by design (Korhonen et al., 2018), positively impacting the natural
system in which it takes place. The concept is created from a collection of
heterogeneous scientific and semi-scientific concepts such as, “ecological
economics, industrial ecology, cradle-cradle design, restorative economy or
performance economy, biomimicry, ecoefficiency, resilience science, natural
capitalism, cleaner production’” (Korhonen et al., 2018). Moreover, CE is a widely
recognized issue but to which different meanings are assigned depending on the
discipline, but all true to their individual scenario. Both in the academic and grey
literature, the CE 1is still a term under debate as there is not a unique definition

which can embed all its meaning (Kirchherr et al., 2017).

More recently, the European Commission document dedicated on a monitoring
framework for the circular economy states that “The transition to a circular
economy will also help to meet the objectives of the 2030 Agenda for Sustainable
Development’ (European Commission, 2018b). Prior research looks at closed-loop
supply chain (Bressanelli et al., 2019; de Angelis et al., 2018; Ostlin et al., 2008;
Rashid et al., 2013), sustainable business model (Bocken et al., 2014; Bressanelli
et al., 2019) and system thinking (Senge, 2006) as key tools and methods of this

transformation.

Furthermore, previous research identify a discrepancy between the consensus
related to objectives and means of the CE (Bressanelli et al., 2019; Korhonen et al.,

2018) and the difficulty of properly stating a clear definition of what it is (Hopff et
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al., 2019; Mendoza et al., 2019a) and what the suitable investigation methodologies
are. Moreover, there 1s a lack of a clear definition to determine the close
relationship between the concepts of circular economy and sustainability (Hopff et
al., 2019), as well as the role they play in Higher Education Institutions (HEI) from
the Education for Sustainable Development (ESD) point of view (Masseck, 2017).

As the discussion evolves, and motivated by the proposition of the Sustainable
Development Goals (SDG), universities have played an important role in the
transition and implementation of the three pillars of sustainability both through
the management of the campus and through education models (ISCN, 2018). Since
the introduction of the concept of sustainable campus, a vast literature has been
devoted to the various activities and measures to implement sustainability within
university campuses. In particular, various studies focus on the role played by HEI
in the dissemination of Sustainable Development (SD) principles through their
education programs. Universities are in fact considered the decisive enablers to a
change of mindset and values of the future since they form the next generations of
leaders and citizens (Amaral et al., 2020; ISCN, 2018). As pointed out by
Finnveden et al. (Finnveden et al., 2020), universities around the world aim — not
only through courses, but also through practical activities — to provide the
necessary tools to be able to analyze, understand, verify and apply the principles
of SD.

Specifically, a growing number of publications mention the implementation of CE
concepts and ideas in HEI (i.e., universities and colleges), showing a growing
interest on the topic. Moreover, within their mission, HEI gather a wide set of
stakeholders from both public and private sectors, and are hubs for innovation,
economic activity, and intellectual growth. However, it is also important to
consider the great environmental impact that university campuses have and where
resources are consumed and waste is generated (Mendoza et al., 2019a).
Furthermore, university campuses are developed in defined physical spaces and
their management can be considered an important element for the implementation
of circularity (ISCN, 2018). As mentioned by Amaral et al. (Amaral et al., 2020),
university campuses include a large number of buildings with different functions
used by a large number of users and inserted in vast and diversified urban spaces.
Thanks to their configuration, university campuses can therefore be compared to
small cities (or towns) with the same environmental concerns (greenhouse gas
emissions (GHG), resources consumption, and waste generation) (Valls-Val &

Bovea, 2021) and societal concerns (social relations, activity and stakeholders)
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(Hidalgo-Carvajal, Picanco-Rodrigues, et al., 2023). Considering these premises,
the implementation of circularity in HEI can vastly impact the global transition
and the blooming of CE in our society (Nunes et al., 2018) through the management
of university campuses, including its physical infrastructure, ideally, beyond the
political agendas of education, research and innovation, to ensure a sustainable
growth (den Heijer & Tzovlas, 2014).

Based on prior research and six reports on sustainable campus best practices -
published by the International Sustainable Campus Network (ISCN) - this study
intends to shed light on the increasing potential for circular economy in HEI
campuses, and how the discussion around the sustainability topic has increased
since its first academic discussion in 1992 to the most recent publications in 2023,

as shown in Figure 1.
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Figure 1. Trends in number of publications on the topic of sustainability in universities.

Own development.

In Figure 1, we can observe an interesting pattern on which the HEIs have
increased their publications around the sustainability topic which can be explained
thanks to two pivotal events influencing HEIs: the university rankings (2004 and
2010) and the introduction of the SDGs (2015).
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First, the university rankings were initially introduced in 2004 as a collaboration
between the Times Higher Education (THE) and Quacquarelli Symonds (QS),
creating the THE-QS World University Ranking (Times Higher Education, 2023b),
although they will later go separate ways creating independent rankings. Since
2004, the QS World University Ranking collects data about university performance
and currently ranks as the most popular ranking service, focusing on the metrics
central to HEI's mission (QS World University Rankings, 2023). Since 2010, Times
Higher Education presents THE World University Rankings as a separate ranking
with a methodology intended to include additional indicators to complement HEI's
mission and evaluate the impact in industry (Times Higher Education, 2010). In
parallel in 2009, the Academic Ranking of World Universities (ARWU) also known
as Shanghai Ranking, was created aiming to complement the other available
rankings and relies heavily in the award factors for the ranking (Academic
Ranking of World Universities, 2020). Furthermore, in 2010, the UI GreenMetric
World University Ranking was introduced by the Universitas Indonesia (UI) as a
way to measure campus sustainability efforts by universities around the globe (Ul
GreenMetric, 2023). Lastly, although UI Ranking has been the place to analyze
campus sustainability, given the growing interest around sustainability and SDGs,
since 2023 a review of other rankings has been done to include SDGs in THE
Rankings (Times Higher Education, 2023a) and environmental and social
sustainability in QS Rankings (QS World University Rankings, 2024).

Second, the introduction of the SDGs since their conception in 2012 and later
introduction in 2015 has also steered the direction of teaching and research in
HEIs. Additionally, it has encouraged HEIs to perform actions to embrace SDGs
as part of their sustainability strategy, with special focus on how to include these
in their campus management operations and how to evaluate their outreach
impact in the local community where the HEIs are deeply rooted. These concepts
are here referred as CORT (Campus management, Outreach, Research and

Teaching)

As the literature around sustainability has continued growing, so has the variety
of topics sprouting from it, mainly focusing on the environmental sustainability.
Circular Economy (CE) presents itself as a result of multidisciplinary approach,
originating from different areas, ranging from life cycle assessment, waste
management, environmental law, economics, agriculture, among others. Although
it is not a new concept, as it was first introduced in 1988 by Allan Kneese (Kneese,
1988) and adapted later by Pearce & Turner in 1990 (Pearce & Turner, 1990),
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building on the work by Walter R. Stahel from 1982 (Stahel, 1982), and later being
discussed in a wide variety of academic works (i.e., conference papers, journal
articles and book chapters) as can be seen in figure 2, it is evident that the circular
economy concept has gained more traction since 2010, year on which the Ellen
MacArthur Foundation (Ellen MacArthur Foundation, 2010) was launched aiming
to promote the transition towards circular economy, partnering with public and

private entities, and becoming a flagship and pivotal moment for the movement.
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Figure 2. Trends in academic publications on the topic of circular economy in general.
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Figure 3. Trends in number of publications in academic journals on the topic of circular

economy in higher education institutions. Own development.

Publications on circular economy presented in figure 3 include the academic
discourse around HEIs and originates from different areas, ranging from teaching
to life cycle assessment, and from waste management to building a sustainable
campus. Hence, the concept also encompasses all these areas and the different
needs to be addressed in HEIs through circular economy. Figure 3 presents the
growing trend focusing only on research on circular economy in higher education
institutions, concentrating exclusively on the academic material published in

academic journals.

1.2.Research goal and objectives

This PhD dissertation is framed within the crossroads between the emergent fields
of circular economy (CE) and living labs (LL), and the more traditional fields of
Higher Education Institutions (HEI) and Action Learning and Action Research
(ALAR). Given the nascent interaction between these fields, it is necessary to
develop a framework that allows integrating the four concepts and review the
impact these have on the four core areas of HEIs (teaching, research, campus

management and outreach).
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The main goal of this thesis is not only to demonstrate that there is a growing
interest around the globe on the CE topic and how HEIs are approaching it, but
rather to showcase the use of LL as a demonstrator for these concepts following an
ALAR approach. Furthermore, this approach intends to bridge the gap between
theory and applied solutions. Therefore, the core goal of this PhD dissertation is
to develop a framework for implementation of a Circular Economy Living Lab
(CELL) within a HEI context and corroborate its impact across the four core areas

where HEIs have direct influence.

The goals and objectives of this thesis are designed to ensure that the methodology
developed to tackle the research problem not only serve as an education tool but
also as a replicable model which showcases the implementation of CE practices

across different institutions and sectors.

More precisely, the general goal of this thesis can be broken down into the following

objectives:

1. To develop a comprehensive model for LL in HEIs which allow

implementing CE principles, serving as a blueprint for other institutions.

2. To promote experiential learning and student engagement, demonstrating
the usefulness of ALAR methodologies for continuous reflection and

improvement.

3. To evaluate the impact that CE concepts have within the curriculum and
research settings under both, the LL and ALAR methodologies.

4. To document and disseminate the different academic findings in diverse
forums, contributing to the global body of knowledge.

5. To facilitate interdisciplinary collaboration which enhance sustainable

practices within HEIs.

6. To generate external and internal alliances, creating stronger networks

which allow further engaging local community in different projects.

7. To increase awareness and advocacy for sustainable practices by becoming

a living proof of implementation of CE concepts.
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By achieving these objectives, this thesis aims to demonstrate the transformative
potential of ALAR and LL methodologies in HEIs, fostering a sustainable future

through education, innovation, and collaboration, following the CE principles.

The methods used to tackle each objective within the general methodological

approach are presented in Chapter 3.

The model presented in the figure below presents the framework developed for the
Circular Economy Living Lab (CELL) which aims to address the different
objectives. This framework, represented as a brain and explained in detail in
Chapters 4 and 5, supports the advancement of the academic agenda in all four
main HEIs impact areas through different lines of research. Furthermore, Chapter
7 presents the academic pillars generated by the author, represented as the body,

on which the framework (brain) is supported and supports its continuous stability

@ RE-THINK
Hidalgo-Carvajal et al. 2021

On servitization

for the long term.

RE-NATURALIZE
Hidalgo-Carvajal et al. 202X**
/ On composting

RE-CONNECT
Hidalgo-Carvajal &
Carrasco-Gallego, 2022

On e-waste and informal recyclers

RE-EXPERIMENT

- 1 Gil-Murioz et al., 2020
Moreno et al., 2020
Beltran et al., 2021

Hidalgo-Carvajal et al. 2023
On Bio-plastic recycling

. RE-GENERATE
: Hidalgo-Carvajal et al. 2023
On Bio-plastic recycling

. RE-DUCE
| Hidalgo-Carvajal et al. 2023
On cardboard waste

** Under Review

Figure 4. A complete framework model (brain and academic work) for the CELL at
UPM. Own development.
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1.3.Outline of the document

This PhD dissertation is structured in the following chapters. Chapter 2 presents
the theoretical frameworks necessary to understand the role of Higher Education
Institutions (HEI), Circular Economy (CE), Living Labs (LL), and Action Research
(AR) and Action Learning (AR), and presents literature review (academic and grey)
on CE concepts being applied in HEIs. Chapter 3 explains the methodology used
to develop a LL at Universidad Politécnica de Madrid (UPM, Polytechnic
University of Madrid). Chapter 4 presents the setup for implementing the Circular
Economy Living Lab (CELL) within the UPM. Chapter 5 introduces the framework
developed at CELL to incorporate CE concepts across all CORT areas within UPM
and the obtained results. Chapter 6 proposes a circular supply chain (CSC) model
to enhance CE’s understanding at HEIs. Chapter 7 show the author’s contributions
to the academic body of the CELL. Finally, Chapter 8 closes this dissertation by

presenting the conclusions and future avenues for research.

Research
Problem
Definition

Theoretical
framework

Conclusions

RE-THINK
Hdaigo-Canvapl et 12021
onser

v
Methodology

Figure 5. Outline of the PhD dissertation. Own development.
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2. State of the art
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fyou can't explain 1t simply, you don't understand it well enough”. Attributed to
Albert Finstein

2.1.Introduction

In this chapter, the reader will be introduced to the main definitions necessary to
navigate the discussion throughout the remainder of the dissertation. First, in a
general review of the circular economy (CE), higher education institutions (HEIs),
living labs (LL), and action learning and action research (ALAR) is drafted, aiming
to explain how these are interconnected and how these can work together. Second,
a literature review is presented, providing a broad examination of the application
of the CE in HEIs from two distinct, yet complementary, perspectives: academic
and grey literature. Third, the gaps and opportunities for research are identified,
demonstrating the role of HEIs to applying CE principles beyond the campus
borders, thanks to their interdisciplinarity nature and embeddedness within the
social fabric of their surrounding communities. Finally, the main conclusions of

this chapter are presented.

2.2.Setting the scene

Given that the scientific study of the topics covered in this PhD dissertation range
from well-grounded concepts to relatively recent ones, it i1s important to
understand the interconnectedness between them by first recognizing their

contributions as stand-alone concepts.

2.2.1. Circular Economy

The great quote by R. Buckminster Fuller, “pollution is nothing but the resources
we are not harvesting. We allow them to disperse because we've been ignorant of
their value’ (Fuller, 1970) becomes more relevant in today’s world. Understanding
this powerful sentence allows us to understand that our current linear productions

model creates plenty of issues in our planet, predominantly related to the amount
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of waste and pollution generated, but mostly because the increasing quantity of
misused resources. This is intensified as the traditional models neglect to consider
planetary boundaries (Steffen et al., 2015) and incentivize companies to generate
higher revenue by selling new products and triggering a culture of
overconsumption (Hidalgo-Carvajal, Gutierrez-Franco, et al., 2023) along the
supply chain. However, recently customers have become more aware of this issue
and companies are facing pressure along the supply chain to improve their
practices and reduce their waste (Carrasco-Gallego et al., 2012; Mahajan &
Vakharia, 2016).

The introduction of sustainability insights and concepts has significantly changed
the supply chain and how companies can introduce different practices to achieve
these goals. Thierry et al., (Thierry et al., 1995) propose five alternatives for the
recovery of products or elements after these have been manufactured and
marketed: a)repair, b)refurbishment, ¢)remanufacturing, d)cannibalization, and

e)recycling. A brief description of each alternative is presented as follows:
a)repair: this option corrects specific production errors.

b) refurbishment: this activity focus on the replacement or rebuild of
important parts of a product. In any case, the final product has lower
performance than the new product and therefore the associated guarantee

also relates to the new levels of performance of the product.

¢)remanufacturing: with this alternative, cores turn as new products. They

have, thus, the same kind of warranty as a new item.

d) cannibalization: in this process we see how small parts of a core

previously repaired, refurbish or remanufactured, can be still used.

e) recycling: is the last option of the closed loop and in this case the core is
reduced to part level, processed, and then used for the creation of new

products.

Additionally, Thierry et al., (Thierry et al., 1995) suggest that the selection of the
product recovery option depends largely on different factors such as technical
feasibility, supply of products and components, demand for reprocessed products
or materials, and the environmental and economic costs and benefits. Moreover,
Gaur and Mani (Gaur & Mani, 2018), suggest that the main activities for value
recovery of the product and/or its internal elements rely on strong collaboration
with stakeholders. To do this, there are plenty of different solutions that can help

reach a circularity, one of them, was the introduction of the Closed Loop Supply
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Chains (CLSC), which encompass two distinct material supply chains: forward
(from manufacturer to customer) and reverse (from customer to remanufacturer)
(Carrasco-Gallego et al., 2012; Gaur & Mani, 2018; Ostlin et al., 2008). The lastly,
is key in the development of ways to address the lack of environmental
sustainability of our production and consumption models with a different
approach (Saavedra et al., 2018), towards a model that guarantees that no usable
resources go to waste. Circular Economy presents itself as an industrial economy,
restorative by design, which considers biological and technical nutrients to be
safely re-entered into the biosphere and techno-sphere systems, respectively
(Rashid et al., 2013); thus, it suggests that in a perfect state, no virgin materials
would be required (Figge et al., 2017) in the system as all materials and resources

would be moving from different flows to fully close the system (Figge et al., 2023).

Furthermore, during recent years, Circular Economy has emerged as a critical
issue on the agenda of different industries, institutions and countries, especially
in the European Union where it has been presented as an action plan to the
European Commission in 2015 (European Commission, 2015) and confirmed in
2020 (European Commission, 2020a), as part of the European Green Deal of the
von der Leyen Commission. Moreover, given its importance to the region, in 2022
and 2023 a new set of directives to revise different strategies for several sectors
were approved, focusing on plastics (European Commission, 2018a), packaging
and packaging waste (European Commission, 2022a), electric and electronic
equipment (European Commission, 2022¢) and waste (European Commission,
2023), textiles (European Commission, 2022b) and construction (European
Commission, 2022d). However, the challenge of “closing the loop” of the European
economy emerges as an achievable mission, aligned with the United Nations
Sustainable Development Goals (SDGs) (United Nations, 2015) and lever policies
of the action plan for the implementation of the 2030 Agenda in Spain (Gobierno
de Espaiia, 2018).

2.2.2. Higher Education Institutions

Higher Education Institutions (HEIs) can be compared with towns or small cities
due to their large number of “inhabitants” who consume goods and services. By
generating waste and consuming resources, university campuses have, thus, a
great environmental impact (Leal Filho et al., 2019; O. Owojori et al., 2020).
Furthermore, the purchase of goods and services within the university campuses

arouse economic businesses in supplier sectors, which consequently create
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additional economic activity within broader supply chains having an economic
impact not only at the local level but even at the regional and national level (Leal
Filho et al., 2019). Through the implementation of circular strategies and policies
for both the waste management and products acquirement, universities therefore
have the opportunity of influencing their supply chains by establishing new types
of relationships with them (Leal Filho et al., 2019). However, as pointed out by
Mendoza et al.(Mendoza et al., 2019a), currently many of the HEI's environmental
sustainability strategies are insufficient and mainly concentrate on the reduction
of resource consumption, waste generation and carbon emissions rather than re-

planning the prevailing linear processes and turn into circular actions.

Sustainable actions in HEIs have been largely discussed through declarations and
commitments over the last decades. The first step was Stockholm Declaration of
1972 (UNESCO, 1972), followed by Talloires Declaration of 1990 (UNESCO,
1990), Halifax Declaration of 1991 (UNESCO, 1991), the Rio Declaration of 1992
(UNESCO, 1992), Swansea Declaration of 1993 (UNESCO, 1993b) and the Kyoto
Declaration of 1993 (UNESCO, 1993a), the Thessaloniki Declaration of 1997
(UNESCO, 1997), the Liineburg Declaration of 2001 (UNESCO, 2001), the
Barcelona Declaration of 2004 (UNESCO, 2004), the Graz Declaration of 2005
(UNESCO, 2005), The Lucerne Declaration of 2007 (UNESCO, 2007), the Bonn
Declaration of 2009 (UNESCO, 2009), the Rio Commitments of 2012 (UNESCO,
2012), the Nagoya Declaration of 2014 (UNESCO, 2014), the INGSA Manifesto of
2018 (UNESCO, 2018) and the International Association of Universities webinar
of 2021 (UNESCO, 2021). These commitments around the world not only
highlighted the roles of HEIs to promote sustainable development, but also paved
the way for HEIs to embark on projects and initiatives to incorporate
sustainability into their systems (Alshuwaikhat & Abubakar, 2008). Furthermore,
these declarations helped to clearly define how HEIs can influence sustainability
through their core elements: teaching, research, operations (campus management)
and outreach (Corese, 2003; Lozano et al., 2015).

Thanks to these core elements, HEIs contribute to society at different levels and
from different angles, being the main ones: educational (training of people and
professionals), intellectual (production of knowledge and transfer of technology),
social (supporting the development of society) and organizational (social and
environmental footprint) (Vallaeys, 2007). In light of the contributions, HEIs bear
the responsibility to support society facing current challenges and creating tools

to develop answers to future ones. Moreover, HEIs can serve as a “point of
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experimentation” where radical and more sustainable models can be development
through testing (Evans & Karvonen, 2014), and later be transferred to companies
and society in general. For this to be a reality, the development of “living labs” is

key.

2.2.3. Living Labs

Collaborative endeavors between different entities, usually industry and research
Iinstitutions, have become an effective tool to showcase the usefulness of the
“demonstrators” to provide real solutions to diverse problems under a controlled
environment (Gopinath et al., 2018). These demonstrators, becoming widely
known as “living labs” (LL), are innovation ecosystems that bring together a multi-
stakeholder vision and foster the connection between researchers from different
disciplines, companies, organizations, public administrations, future
professionals, etc., around the resolution of a challenge (Bajgier et al., 1991; Ballon
& Schuurman, 2015; Bergvall-Kareborn & Stahlbrost, 2009; Molinari, 2011).
These spaces encourage the co-creation and implementation of innovative
solutions that can be tested and, if successful, replicated at larger scale in the
cities or areas where these are located (Carrasco-Gallego et al., 2020). Moreover,
one of the main contributions of the living labs, additional to experimentation in
real-world settings, is involving users as co-creators along the entire process
(Almirall et al., 2012), from the contextualization and conceptualization of the
problem to the implementation and feedback, creating incremental and radical

innovation (Leminen et al., 2015).

On the one hand, living labs play an important role in HEIs, as these institutions
connect students with research (applied and theoretical) and offer real world
settings on which different theories can be applied. Consequently, numerous
research activities concerning urban innovation (Broto & Bulkeley, 2013), social
and environmental impact (Evans & Karvonen, 2014), can be hosted and studied
at HEIs. Furthermore, innovation in education can be addressed in living labs (do
Paco & Azeiteiro, 2017; Masseck, 2017; Morales et al., 2023; O’'Brien et al., 2021)
to ensure that students develop the necessary tools to solve real-life problems after

completion of their studies.

On the other hand, as the popularity of living labs and co-creation environments
increase, there is also a challenge inherent to it as these words can easily become
part of the buzzwords in science, as it “lacks a consistent or commonly accepted

definition, and usually, a wide variety of activities are carried out under the
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umbrella of living labs, featuring many different methodologies and research
perspectives” (Leminen, 2015). Therefore, it is necessary to clearly identify the
research goal, methodology and actors for a successful implementation of the
living lab.

2.2.4. Action Learning and Action Research

Similarly to the concepts previously presented, Action Research has been accepted
generally as an extensive set of ideas without a clear definition since it emerged
(Altrichter et al., 2002; Avison et al., 1999; Clark et al., 2020; Zuber-Skenitt, 1993).
It is generally conceived as a relationship between activities that require “actively
taking action” (.e., practical trials, experiments, set of experiences and
applications, etc.) and the act of “learning” (Acero et al., 2017) or “researching”
(Coughlan & Coghlan, 2002) with the intention to advance science and knowledge
through constant review and critical assessment of the problems being faced.
Nevertheless, and given this lax definition, scientific contributions made by Action
Researchers has been frequently criticized as lacking profound “scientific”

research (Greenwood, 2002) and contribution to quantitative theory.

Furthermore, we should consider that there is a thin barrier between the concepts
of “Action Research” and “Action Learning”, as both are cyclical and iterative
processes, and call for action through learning. Additionally, both include learning
actively, identifying solutions to a problem, and analyzing the results in a
methodical way. However, Action Research “is more systematic, rigorous,
scrutinisable, verifiable, and always made public (e.g., in publications, oral or
written reports)”(Zuber-Skerritt, 2001) than Action Learning. Nevertheless, it is

important to note that neither of these terms are absolute or static.

Here are listed the definitions that seem more consistent and aligned to the
objective of this dissertation.

e Action Learning (AL) is defined as “a structured method that enables small
groups to work regularly and collectively on complicated problems, take
action, and learn as individuals and as a team while doing so” (Serrat,
2017). Therefore, it needs “at least a major problem which something ought
to be done, a sponsor, a client, a fellow, a coordinator and a structure
d’accueil’ (Revans, 1982).

e Action Research (AR) is defined as a “comparative research on the

conditions and eftects of various forms of social action and research leading
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to social action” (Lewin, 1946) which use a set of cyclical steps (.e.,
planning, action and fact-finding) to iterate the process and determine the
result of the action, describing “a continuous process of research and
learning in the researcher’s long-term relationship with a problen’’
(Cunningham, 1995).

As it can be seen from the definition, they are interconnected and support each
other, without contradicting. Both Action Learning (AL) and Action Research (AR)
are increasingly playing a key role not only in academaia, but also in organizations
and the community, as these methods help understanding and implementing
change. ALAR support education by integrating research and teaching in HEI
programs, improving practice by encouraging scientific skills in professionals
(Fletcher & Zuber-Skerritt, 2008) and providing a “learning environment” to

organizations (Zuber-Skenitt, 1993) interested in these professionals.

On the one hand it seems that the AL methodology has been consolidated in
education through different proposals and activities intended to develop skills of
independent problem solving through the different X-Based Learning (XBL)
techniques, such as' case-based learning (B. Williams, 2005), challenge-based
learning (Gallagher & Savage, 2020), community-based learning (Fischer et al.,
2007), competency-based learning (Henri et al., 2017), cooperative-based learning
(Clapper, 2015), design-based learning (Doppelt et al., 2008), game-based learning
(Abdul Jabbar & Felicia, 2015), inquiry-based learning (Pedaste et al., 2015),
problem-based learning (Dolmans et al., 2016), project-based learning (Rios et al.,
2010), and research-based learning (Huber, 1970, 2004). This methodology has
been implemented in different universities (e.g., Massachusetts Institute of
Technology (Dori & Belcher, 2005), Maastricht University (Dikboom, 2016), North
Carolina State University (Wills et al., 2005), Rensselaer Polytechnic Institute
(Beichner, 2014), Aalborg University (Kolmos et al., 2019), Instituto Tecnolégico
de Monterrey (Hernandez-de-Menendez et al.,, 2020), The University of
Queensland (Coco et al., 2001), Universidad Politécnica de Madrid (Lépez-
Fernandez et al., 2019), among others) mainly in STEM (Science, Technology,
Engineering, and Mathematics)-related areas. Additionally, to increase
multidisciplinary work and develop creativity and collaboration skills on top of
problem-solving skills, Arts must be included among the areas taught at HEISs,

generating STEAM learning models.
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Furthermore, as education is in constant evolution, it is vital that there is a certain
dynamism, since educational methods must be aligned with the changing needs of
society and, consequently, with the needs of students. However, it is important to
point out that dynamism in education should not be confused with Active Learning
Method (ALM), which is related to techniques that focus on engaging students in
the learning process through active participation in different activities such as:
polling, debates, class work, working in groups, presentations, homework

submission, concept mapping, among others (D’Silva, 2010; Gleason et al., 2011).

On the other hand, AR methodology has consolidated two main accepted fields
known as Exploratory (EAR) and Participatory (PAR). The first one, EAR, can be
characterized as a gradualist approach, developed to be useful for induction into
research (Smith, 2015), where people are encouraged to explore and reflect on
important issues in their own experience and explore them by collecting and
analyzing data (Smith & Rebolledo, 2018). The second one, PAR, can be described
as “a collective, self-reflective Inquiry that researchers and participants
undertake, so they can understand and improve upon the practices in which they
participate and the situations in which they find themselves’ (Baum et al., 2006),
and has been largely used in projects which needed participation of different
stakeholders. Exploration (e.g., (Benn & Dunphy, 2009; Calzada et al., 2023; C.
Jensen et al., 2019; Rebolledo et al.,, 2016; Shani & Eberhardt, 1987)) and
participation (e.g., (Foth & Brynskov, 2016; C. D. Jensen, 2016; Kemmis, 2006;
Kindon et al., 2007; MacDonald, 2012; Reitan & Gibson, 2012)) research methods

support the development of education and research.

These different approaches to ALAR come under one roof in Inquiry-Based Science
Education IBSE), which seeks the development of competencies complementary
to those acquired in the classroom by students through experimentation and
interaction with other peers and teachers, ultimately achieving the skills
necessary for independent problem solving under the attentive guidance of the
teacher (van Uum et al., 2016).

2.3.Exploring the literature

The literature review presented here offers an overview of the body of knowledge
from two perspectives, the academic and the so-called gray literature, providing a
complete understanding of the topic. The importance of both perspectives is

presented as follows.
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On one hand, the academic literature incorporates publications in peer-reviewed
journals, with the focus being on the articles as these are considered essential for
the development of science, given the rigorous processes followed for their
publication. On this review, book chapters and conference papers have been
excluded as these can be considered as preliminary results, compared to academic

peer-review published articles.

On the other hand, the gray literature includes information from less rigorous
sources, such as working papers, and industry and government reports, which not
necessarily follow the rigorous process as the academic literature. In the review,
the yearly reports from the International Sustainable Campus Network (ISCN)
which focus on the best practices for HEI's sustainable campuses were included.
These reports offer valuable insights and practical perspectives from hands-on

experiences that may not be fully captured by the academic literature.

Through the review of both types of literature, the goal is to deepen the
understanding on how circular economy (CE) is being implemented in higher

education institutions (HEI).

2.3.1. Data collection and evaluation

As defined by Littell et al (Littell et al., 2008) “a systematic review aims to
comprehensively locate and synthesize research that bears on a particular
question, using organized, transparent, and replicable procedures at each step in
the process”. Through a systematic literature review (SLR), researchers can
analyze and assess the status of the current body of knowledge and recognize gaps

for further examination.

The author followed a qualitative research methodology, through a review of
academic literature and grey literature, following the insights from multivocal
literature reviews methodologies (Tukker, 2015; Yasin & Hasnain, 2012). Two
databases were used to perform this review given their wider subject and journal
range: Scopus and Web of Science. The methodology described in figure 6 was
followed, according to the recommended criteria by Newbert (Newbert, 2007),

briefly summarized as follows:
e Theme—papers must be related to circular economy and universities
e Time range—papers had to be published in the period 2000-2023

e Language—papers should be written in English
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e Journal type—papers must be part of peer-reviewed journals and be

available in full text

[ Identification of studies via databases: Web of Science and Scopus ]
g Records identified from Records removed before screening:
E databases searching: » | Duplicate records removed (n = 269)
:.: .
g - Web of Science (n = 552) Records rerr_10ved for other rfasons.
° _ - Not English language (n = 34)
° - Scopus (n =430) b
k=) - Not articles (n = 19)

Records screened Records exclyded after title and

| »| abstract reading

(n=663) (n = 283)

Records sought for retrieval Records already included in Serrano-
=] - | Bedia & Perez-Pereza (2022) sample
c (n=2377)

‘e (n = 77)
[+
g
%)
(7]

New full text articles assessed for

eligibility F—>

(n=300) Full text articles excluded

Not relevant (n = 83)
Out of the scope (n = 41)

Full articles included in review

(n=176)

* New (n=99)

* From Serrano-Bedia & Perez-
Pereza (2022) (n = 77)

Figure 6. Research design using the PRISMA model. Own development.

For this purpose, the author selected relevant key words to the focus of the
research, from its two main sections: circular economy and higher education
institutions. For the first one, the key words most related to the concept were
“circular economy”, “close loop economy”, “zero waste economy” and “regenerative
economy”’. While, for the second one, “higher education institutions”, “campus”,

“university” and “college” were selected as the key words. The search string
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allowed the author to identify a wide variety of publications from which only
academic peer-reviewed articles were considered, ranging from a large variety of

topics and journals covering them.

From this review, a total of 982 academic papers were originally retrieved. From
here, the Titles, Abstract and Keywords (TAK) were screened to remove duplicates
from both databases. After this step, TAK manual screening was useful to
determine the initial number of relevant articles, which was later updated after
discarding the non-relevant documents for this research. Additionally, when the
document seemed relevant to the research, but was not clear from the previous

screening, the body of the publication was screened.

Furthermore, to make sure that the whole body of academic literature is captured
at the time when the literature review was latest completed and updated
(December 15th, 2023), the author supplements the research performed by
Serrano-Bedia and Perez-Perez (Serrano-Bedia & Perez-Perez, 2022) on which
they reviewed 77 articles and discuss their findings along the discussion presented

later on the results sections of this academic work.

On the grey literature, documents reporting best practices on achieving
sustainability on HEI were identified, which are the closest to the circular
economy practices at university level. For the grey literature, Google search engine
was used to find university reports on circular economy. As the grey literature
largely focuses on non-standardized sustainability reports, we focused our
research on reports made by organizations devoted to the development of this field,
specifically ISCN, which supports HEI in achieving sustainable campus

operations and includes research and education around the topic.

2.3.2. Academic literature

Whereas there is a consensus that circular economy is a theme with growing
interest for all kind of industries, the topic has been largely developed around
academia, and is proving to be relevant from theoretical and applied points of view.
Specifically, for circular economy on higher education institution campuses, the
increasing interest is attested in figure 7, on which the growing trend on research
on circular economy on HEIs can be seen. The figure shows that the trend peaked
in 2021, which could be an indicator of a period of high number of publications
happening after the period of stagnation where the world went to during 2020,
allowing researchers to focus mostly on document submissions rather than real-
world action.
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Figure 7. Trends in number of publications in academic journal on the topic of circular

economy in higher education institutions. Own development.

Interestingly, the research discourse around campuses of higher education
institution and circular economy appears to be scattered across a myriad of
journals belonging to research fields other than sustainability studies, which could
be assumed as the focus study field for circular economy research. Among the
different areas, we can identify, although not limited to, the following: health,
psychology, economy, policy making, production, chemistry, and technology. It
should be mentioned that these are not the only areas where circular economy can
have a strong influence but are the ones we have chosen as part of our final sample
of 176 academic papers included in 80 academic journals (open access and

subscription model).

Regarding the article distribution per journal, Sustainability, Journal of Cleaner
Production, and International Journal of Sustainability in Higher Fducation are
the leading sources of published articles related to our research topic, with 41, 20
and 11 papers included in the final sample, respectively. These three journals
account for the 40.9% of the total of the sample of academic papers. In contrast,
63 journals account for 35.8% of the total of the sample, which speaks about the
variety of topics covered in these journals. This distribution can be seen in figure

8, which highlights the number of articles per journal included in the final sample.
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Figure 8. Distribution of research articles per journal. Own development.

As can be seen from figures 7 and 8, the discussion around the topic has increased
over time and covers a wide range of topics, which is attested by an extensive
variety of academic publications in the area. Additionally, it is interesting to see
that the topic discussion is not focused in one particular region or country, rather

it is being discussed worldwide, as shown in figures 9 and 10.

Out of the 176 academic documents, it was found that 59.09% are located in the
European region, 13.64% in the Asian region, 10.80% in the Latin American and
the Caribbean region, 7.39% in the North American region, 3.41% in the African
region and 2.27% in the African region. Interestingly, it was determined that
3.41% of the academic papers cannot be allocated to a particular region as these
focus con reviews of best practices in different regions, thus these have been

classified under the category “world”.
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Figure 9. Distribution of academic articles per region and year. Own development.

Regarding countries, a total of 46 countries across the globe are represented by
the 176 academic articles. The top 10 publishers represent 60.23% (106) of the
total of publications, being the European region the sole responsible for 66.98% of
these, distributed as follows: The Netherlands (21 publications), Italy and Spain
(17 publications each), United Kingdom (10 publications) and Poland (6
publications). Asia represented by China (7 publications), and North America by
United States (7 publications) and Canada (6 publications), comprise the 18.86%
of the publications. In the Latin America and the Caribbean region, Brazil, with 9
publications, represent 8.49% of the 106 publications. Additionally, the remainder
5.66% of the publications belong to reviews (Manieson et al., 2021; Nunes et al.,
2018; Omazic & Zunk, 2021; Salas et al., 2021; Sierra & Suarez-Collado, 2021;
Watkins et al., 2021), that cannot be allocated to a single country.

Lastly, it is worth mentioning that 70 publications, representing 39.77% of the
total of publications, originate from 35 countries, with 3 countries (Turkey,
Portugal and India) contributing with 5 publications each, other 3 countries
(Australia, Greece and Romania) adding 4 publications each, 4 more countries
(Austria, Belgium, Slovenia and South Africa) with 3 publications each, 5
countries (Ecuador, Chile, Finland, Ireland and Sweden) contributing 2
publications each, and 21 countries (Albania, Bolivia, Colombia, Costa Rica,

Denmark, Ghana, Guatemala, Hong Kong, Japan, Malaysia, Mexico, Nigeria,
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Oman, Pakistan, Qatar, Russia, South Korea, Thailand, Togo, Ukraine and
Uruguay) with 1 publication each. The distribution of academic articles around

the globe can be seen in figure 10.

Evaluating the implementation of CE in HEI, the vast majority of topics
considered in the sample range from solid waste management to life cycle
assessment, and from applied initiatives to merely proposing ideas for campus
development. Therefore, considering the topic’s heterogeneity, these have been
grouped by similar characteristics and impact within the four core areas of HEIs.

The grouping is presented in the table 1 below.

Powered by Bing
© Australian Bureau of Statistics, GeoNames, Microsoft, Navinfo, OpenStreetMap, TomTom

Practices I
1 21

Figure 10. Academic article’s geographical impact location. Own development.

Core area Groups Number of articles
Campus management Solid waste management 19
Guidelines for greening the campus 12
Strategies for campus development 7
Waste of Electric and Electronic Equipment (WEEE) 5
Frameworks for circularity in the campus 4
Lighting management 3
Water management 2
Outreach Projects involving local communities 11
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University-industry-government partnerships 6
Company projects 4
Solid waste management in local community 3
Living lab approach 2
Waste of Electric and Electronic Equipment (WEEE) 1
Research Food waste management 7
Living lab approach 6
Construction waste management 5
Plastic waste management 4
Developing bioenergy 3
Waste of Electric and Electronic Equipment (WEEE) 2
Teaching Design of courses with circular economy approach 15
Developing circular competencies 14
Enhancing academic content in classes 13
Gamification as a tool for classes 9
Developing circular course projects 8
Developing teaching methodologies 6
Educating for resource management (electricity, 5

water, and solid waste)

Table 1. Topics covered by the academic articles analyzed. Own development.

On the campus management core area, focusing on the HEI campus management,
academic articles largely discuss how solid waste management should be
performed in HEIs considering the different materials and maximizing its
recoverability through material identification and sorting. Although most of the
research has focused on how to deal with the already existing waste, only a few
articles discuss developing policies and guidelines to prevent the solid waste
generation (Fleischmann, 2019; Gherhes et al., 2022; Lee et al., 2022; Ottoni et al.,
2022; O. M. Owojori et al., 2022; Salguero-Puerta et al., 2019; Valls-Val et al.,
2023). A few studies focus on estimating and measuring the quantity and type of
solid waste generated (Gallo et al., 2017; Jakimiuk et al., 2023; O. Owojori et al.,
2020; Rada et al., 2020; Smyth et al., 2010; Stephan et al., 2020), aiming to
improve its sorting per material (plastic, glass and metal, paper and cardboard,
furniture and textile) (Ferronato et al., 2020; Galati et al., 2022; Jaglan et al.,
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2022; Maruyama et al., 2019; Mbama et al., 2023; Merchan-Sanmartin et al., 2021;
Nolasco et al., 2021; Sawalkar et al., 2023; Tangwanichagapong et al., 2017),
including special classification on chemicals and hazardous materials (Gutierrez
et al., 2020), food waste (Leal Filho et al., 2023; Macin et al., 2023; Torrijos et al.,
2021), waste of electric and electronic equipment (WEEE) (Bonoli et al., 2018;
Leclerc & Badami, 2022; Pierron et al., 2017; Saldana-Duran & Messina-
Fernandez, 2021; Shittu et al., 2021), and as a particular case, water waste
(Colares et al., 2019; Merchan-Sanmartin et al., 2022). It was interesting to find
that discussion around furniture and textiles is relevant for campuses aiming

towards circularity.

Additionally, to managing the waste, a few studies focus on developing guidelines
and policies to develop the HEI's campus pondering circular economy principles
(Ares-Pernas et al., 2020; Ebrahimi & North, 2017; Mendoza et al., 2019b, 2019a;
Nunes et al., 2018; Omazic & Zunk, 2021; Ozdemir et al., 2020; Qu et al., 2021;
Salas et al., 2021; Valls-Val & Bovea, 2021), considering how to improve the HEIs
campus from different areas, such as lighting, energy and cooling options (Bakos
& Schiano-Phan, 2021; Behi et al., 2021; Beu et al., 2018; Ciugudeanu et al., 2019;
Diaz-Lépez et al., 2022), creating sustainable spaces (Fortes et al., 2021; Hopff et
al., 2019) that meet customer needs (Amenta & Qu, 2020), considering
procurement policies (Zaidi et al., 2019) and understanding the specific role that

it plays for the educational needs (Ramakrishna et al., 2020).

The main purpose of the QOutreach area is to understand HEI’s positive impact and
influence in local communities (i.e., neighborhoods and surroundings, and cities),
including their work not only with civil society but with public and private entities.
It must be pointed out that, when a project includes the three areas (HEIs, public
and private entities), this is known as the Triple Helix approach (Etzkowitz &
Leydesdorff, 1995). Literature identifies a few projects under the scope of HEIs
working hand-on-hand with private companies and public institutions G.e.,
government entities) (Bakirlioglu & McMahon, 2021; Christensen, 2021; De
Medici et al., 2018; Newton & Frantzeskaki, 2021; Raeva et al., 2021; Wandl et al.,
2019). Similarly, not all projects include the three stakeholders as in some cases
the impact from HEIs is achieved directly thanks to private entities' participation
(Bakirhoglu et al., 2021; Kopnina, 2021a; Piekarski et al., 2019; Whitehill et al.,
2022). While there are no academic records mentioning specifically the impact
attributed to direct collaboration with (and solely with) public entities, it should

be highlighted that there are some initiatives which have been achieved thanks to
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the collaboration with local communities, including participation of public entities
(Bas-Bellver et al., 2020; Bringsken et al., 2018; Eridlinna & Szymoniuk, 2021;
Fernandes et al., 2021; Gao et al., 2006; Hall & Velez-Colby, 2018; Kumble, 2019;
Moustairas et al., 2022; Rigillo et al., 2018; Sacco & Cerreta, 2020; Sukiennik et
al., 2021). Furthermore, some initiatives born from these collaborations have been
allocated to specific areas of interest from the community, achieving interesting
results in solid waste management (Mansour et al., 2020; Virsta et al., 2020; 1.
Williams & Powell, 2019), WEEE management (Sanchez-Carracedo & Lépez,
2021) and multidisciplinary approaches where the community becomes creative
on proposing cooperative approaches to solve other issues (Cerreta et al., 2020;
Keng et al., 2020).

According to their mission, one of the core areas of a HEI is the Research area,
which includes not only theoretical research but also applied and impactful
research along the different CE approaches. Under this consideration, a myriad of
topics can be covered under the same scope being grouped by themes, such as food
waste management (Bérithan & Ozbiltekin-Pala, 2022; Brenes-Peralta et al.,
2020; Klammsteiner et al., 2021; Kooduvalli et al., 2020; Liang et al., 2022;
Matrapazi & Zabaniotou, 2020; Yeo et al., 2019), plastic waste (Bianchini & Rossi,
2021; Gil Munoz et al., 2020; Hidalgo-Carvajal, Mufioz, et al., 2023; Park et al.,
2023) and WEEE (Bigerna et al., 2021; Bonoli et al., 2021), use of construction and
deconstruction material for innovation (Blok et al., 2019; Iuorio et al., 2019;
Korance, 2021; Leblanc, 2020; Mahdi et al., 2021), and generation of bioenergy
through different processes (de Sousa et al., 2022; Kilkis & Kilkis, 2017; Vaskalis
et al., 2019). Although it could happen that not all research can be assigned to one
particular topic, but rather it is understood works from a multidisciplinary
approach, it must be understood that the diverse points of views should be
included, usually from a living lab strategy (Hart et al., 2021; Kumdokrub et al.,
2023; Mannina et al., 2021; Rizzo et al., 2017; Vink, 2020; Vuylsteke et al., 2022).

Finally, and probably considered the main mission of HEISs, is the 7eaching area
where most of the academic discussion has taken place, given the importance of
education around the CE topics. Most of the articles focus on the content to be
discussed within the lectures to include topics related to sustainability G.e.,
Circular Economy, Industrial Symbiosis, environmental education, renewable
energies, resource management, among others) to improve education for
sustainable development (ESD) (Duane et al., 2020; Kopnina, 2014, 2019a, 2020;
Leube & Walcher, 2017; Obrecht et al., 2022; Qu et al., 2022; Rynska, 2020;
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Senthil, 2022; Soto-Solier et al., 2023; Summerton et al., 2019; Venugopal & Kour,
2021; Villalobos et al., 2021; Widera, 2021). Others focus not on the content but
rather on the teaching methodology, using a myriad of techniques and tools
(Kirchherr & Piscicelli, 2019) such as gamification and simulation techniques (de
la Torre et al., 2021; Deda et al., 2022; Fraccascia et al., 2021; Jaaska et al., 2021;
Kioupi et al., 2022; Manshoven & Gillabel, 2021; O’Grady et al., 2021; Sierra &
Suéarez-Collado, 2021; Whalen et al., 2018), project and challenge based learning
approaches (Gonzalez-Dominguez et al., 2020; James & Kent, 2019; Kopnina,
2018, 2019b, 2021b; Manieson et al., 2021; Rodriguez-Chueca et al., 2020;
Sanchez-Carracedo et al., 2020), visiting facilities (Kowasch, 2022), in class
discussions with external experts on the field (Faludi et al., 2023; Geng et al., 2009;
Hoffman et al., 2021; Mottese et al., 2021), and improving learning through the
use of open access learning (i.e., massive open online courses (MOOC), non-
mandatory courses, formal and informal learning, etc.) (Alonso-Calero et al., 2021;
Liu & Coté, 2021; Loste et al., 2020; Prieto-Sandoval et al., 2022). Additionally,
some documents pay special attention to topics related to the design of the product
for different industries (Baeza & Quinn, 2021; Predan, 2020; Sadowski, 2021;
Terzioglu & Wever, 2021; Watkins et al., 2021), understanding the entire product
life cycle through life cycle assessment (Bugallo-Rodriguez & Vega-Marcote, 2020;
Gomes et al., 2022; Reichmanis & Sabahi, 2017), and considering how the different
resources (electricity, water and solid waste) should be properly managed (Ibelli-
Bianco et al., 2022; Mateus et al., 2020; Rokicki et al., 2020; Weissbrodt et al.,
2020; I. D. Williams et al., 2018). Furthermore, it was found that there is a large
interest in the skills and competences required by companies and how these are
developed as a result of the learning experiences at HEIs (Baptista et al., 2021;
Burger et al., 2019; Giannoccaro et al., 2021; Hudima & Malolitneva, 2020; Neto,
2019; Qu et al., 2020; Sumter et al., 2020, 2021; Vera-Puerto et al., 2020; Wolf et
al., 2022), as well as competences for entrepreneurship (Atalay Onur, 2020; Del
Vecchio et al., 2021; Janssens et al., 2021; Spreafico & Landi, 2022; Sumter et al.,
2018) and, moreover, forging collaborations between HEIs to replicate the

educational programs to develop competences in local contexts (Landrum, 2021).

As it can be seen, within the four core areas at the HEIs there are 176 documents,
including the review by Serrano-Bedia & Perez-Perez (Serrano-Bedia & Perez-
Perez, 2022) showing that most of the academic discourse has been around the
teaching area, interestingly followed by the campus management area concerning
how the CE initiatives are applied within HEI campuses, and followed (in equal

numbers) by outreach and research areas, meaning that applied research and
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work with local communities can be linked together as it seems to be part of a

growing trend. This can be seen in the figure 11 below.
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Figure 11. Distribution of academic articles per category in HEIs. Own development.

On the one hand, it was curious to identify that, although teaching and research
are the core areas for HEIs, there is a huge gap between these two as publications
regarding teaching for the CE is almost three times the publications on research
within the context of CE within HEIs. Additionally, the publications on the
campus management area show that the implementation of sustainable and CE
initiatives is possible, serving the HEIs as demonstration environments. On the
other hand, it is remarkable to see that the outreach area presents a large number
of publications, showcasing the importance of CE practices being applied in real

life contexts.

Finally, it is worth mentioning that the variety of topics covered by the academic
articles cannot be allocated to a single discipline, but are rather transdisciplinary,
and its influence 1t 1s also transversal to all areas of HEIs, as can be seen in the
Table 2.
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Topic

Campus

management

Outreach

Teaching

Research

Management and development

WEEE

(Bonoli et al., 2018;
Leclerc & Badami,
2022; Pierron et al.,
2017; Saldana-Duran
& Messina-Fernandez,
2021; Shittu et al.,
2021)

(Sanchez-Carracedo &
Lépez, 2021)

(Bigerna et al., 2021;
Bonoli et al., 2021)

Resource
management
(water &
energy)

(Behi et al., 2021; Beu
et al., 2018;
Ciugudeanu et al.,
2019; Colares et al.,
2019; Merchan-
Sanmartin et al.,
2022)

(Ibelli-Bianco et al.,
2022; Mateus et al.,
2020; Rokicki et al.,
2020; Senthil, 2022;
Weissbrodt et al.,
2020; I. D. Williams

et al., 2018)

(de Sousa et al.,
2022; Kilkis &
Kilkig, 2017;
Mannina et al.,
2021; Vaskalis et al.,
2019)

Solid

management

waste

(includes

plastic waste)

(0. Owojori et al.,
2020; Smyth et al.,
20105
Tangwanichagapong
et al., 2017; Gallo et
al., 2017; Rada et al.,
2020; Stephan et al.,
2020; Jakimiuk et al.,
2023; Merchan-
Sanmartin et al.,
2021; Sawalkar et al.,
2023; Galati et al.,
2022; Mbama et al.,
2023; Ferronato et al.,
2020; Nolasco et al.,
2021; Maruyama et
al., 2019; Jaglan et al.,
2022; Gutierrez et al.,
2020)

(Mansour et al., 2020;
Virsta et al., 2020; 1.
Williams & Powell,
2019)

(Bianchini & Rossi,
2021; Gil Munoz et
al., 2020; Hidalgo-
Carvajal, Mufioz, et
al., 2023; Park et al.,
2023)

Food waste

(Leal Filho et al.,
2023; Magin et al.,
2023; Torrijos et al.,
2021)

(Bas-Bellver et al.,
2020; Keng et al., 2020)

(Boriithan &
Ozbiltekin-Pala,
2022; Brenes-
Peralta et al., 2020;
Klammsteiner et al.,
2021; Kooduvalli et
al., 2020; Liang et
al., 2022; Matrapazi
& Zabaniotou, 2020;
Yeo et al., 2019)

Guidance and
policies for
management
and

development

(Amenta & Qu, 2020;
Ares-Pernas et al.,
2020; Bakos &
Schiano-Phan, 2021;
Bonoli et al., 2018;
Diaz-Lopez et al.,
2022; Ebrahimi &

(De Medici et al., 2018;
Gao et al., 2006;
Moustairas et al., 2022;
Newton &
Frantzeskaki, 2021)

(Bonoli et al., 2021;
Kumdokrub et al.,
2023; Rizzo et al.,

2017)
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North, 2017; Leclerc &
Badami, 2022;
Mendoza et al., 2019a,
2019b; Ozdemir et al.,
2020; Ramakrishna et
al., 2020; Valls-Val et
al., 2023; Zaidi et al.,
2019)

Innovation in education

Product design

(Hall & Velez-Colby,
2018; Kopnina, 2021a;
Mansour et al., 2020;

Raeva et al., 2021)

(Atalay Onur, 2020;
Baeza & Quinn,
2021; Leube &
Walcher, 2017;
Predan, 2020;
Sadowski, 2021;
Spreafico & Landi,
2022; Sumter et al.,
2018; Terzioglu &
Wever, 2021;
Watkins et al., 2021)

(Bigerna et al., 2021;
Blok et al., 2019;
Tuorio et al., 2019;
Korancge, 2021;
Leblanc, 2020;
Mahdi et al., 2021;
Vink, 2020;
Vuylsteke et al.,
2022)

Project based

learning

(Bakirhoglu et al.,
2021; Kumble, 2019;
Sanchez-Carracedo &

Lépez, 2021; Whitehill
et al., 2022)

(Deda et al., 2022;
Gonzalez-Dominguez
et al., 2020; James &
Kent, 2019; Kopnina,

2018, 2019b, 2021b;
Manieson et al.,
2021; Mateus et al.,
2020; Rodriguez-
Chueca et al., 2020;
Sanchez-Carracedo
et al., 2020; I. D.
Williams et al., 2018)

Competences
and skills

(Fernandes et al., 2021)

(Baptista et al.,
2021; Burger et al.,
2019; Del Vecchio et

al., 2021;
Giannoccaro et al.,
2021; Gomes et al.,

2022; Hudima &
Malolitneva, 2020;
Ibelli-Bianco et al.,

2022; Janssens et al.,
2021; Loste et al.,
2020; Neto, 2019; Qu
et al., 2020; Sumter
et al., 2020, 2021;
Vera-Puerto et al.,
2020; Wolf et al.,
2022)

Innovation in

curriculum

(Hopff et al., 2019;
Nunes et al., 2018;
Omazic & Zunk, 2021;
Qu et al., 2021; Salas
et al., 2021)

(Alonso-Calero et al.,
2021; Bugallo-
Rodriguez & Vega-
Marcote, 2020;
Duane et al., 2020;
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Faludi et al., 2023;
Geng et al., 2009;
Hoffman et al., 2021;
Kirchherr &
Piscicelli, 2019;
Kopnina, 2014,
2019a, 2020;
Kowasch, 2022;
Landrum, 2021; Liu
& Coté, 2021;
Mottese et al., 2021;
Obrecht et al., 2022;
Prieto-Sandoval et
al., 2022; Qu et al.,
2022; Reichmanis &
Sabahi, 2017;
Rynska, 2020; Soto-
Solier et al., 2023;
Summerton et al.,
2019; Venugopal &
Kour, 2021;
Villalobos et al.,
2021; Widera, 2021)

(de la Torre et al.,
2021; Fraccascia et
al., 2021; Jaaska et
al., 2021; Kioupi et
Gamification al., 2022; Manshoven
(Fortes et al., 2021) .
and new tools & Gillabel, 2021;
O’Grady et al., 2021;

Sierra & Suarez-
Collado, 2021;

Whalen et al., 2018)

(Hart et al., 2021)

(Bakirhoglu &
McMahon, 2021;
Cerreta et al., 2020;
Christensen, 2021;
Eridlinna & Szymoniuk,
2021; Piekarski et al.,
2019; Rigillo et al.,
2018; Sacco & Cerreta,
2020; Sukiennik et al.,
2021; Wandl et al.,
2019)

Innovation for

local impact

Table 2. Topics covered by the academic text analyzed. Own development.

Given the myriad of topics, these have been allocated within two main categories
and 11 subcategories of topics that group all the findings. The management and

development category collects 44.8% of the total of documents within its five
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subcategories, which is in line with the fact that most of articles related to research
and campus management make for most of this category. While the innovation in
education category makes up for 55.2% of the academic articles, matching the fact
that teachingis the main area shaping this category. In the case of outreach, it is

interesting to see that this area has a large influence across almost all categories.

2.3.3. Grey literature

On the grey literature area, the International Sustainable Campus Network
(ISCN), in collaboration with the Global University Leader’s Forum (GULF) of the
World Economic Forum, generate a yearly report on which the sustainable campus
best practices from ISCN and GULF universities are presented, since 2013. A total
of 102 institutions have contributed with a best practice in at least one of the nine
reports, between 2008 and 2022 (ISCN, 2008, 2013, 2014, 2015, 2016, 2017, 2018,
2021, 2022), totaling 243 best practices. Furthermore, only four institutions (from
Europe, North America, and Asia) have contributed with at least one best practice

in seven out of nine reports, accounting for 30 best practices.

Figure 12 presents the growth pattern over time (2008-2022), exhibiting that
European region has made the most contributions (109) on the topic, followed by
the North American (63), Asian (52) and Latin America and the Caribbean (14)
regions. Africa and Oceania are the regions with the least number of best
practices, with 2 and 3 practices, respectively. The latest does not mean that a
region is better than another one, rather it presents figures about growing
opportunities for the different regions, as well as it demonstrates that there is

traction around the topic globally.

Remarkably, 2021 was the year on which most of the best practices (25.5%) were
presented, followed by 2018 (17.3%) and 2017 (12.3%); understandably, the year
with the lowest number of contributions was 2008 (3.3%) as it was the first year
of reporting. However, 2008 was a key year for ESD as New standards of European
Accreditation of Engineering Programmes (Bielefeldt, 2013) were introduced, and
the United Nations promoted the UN Decade of ESD (2005-2014) (Liimatainen,
2013), becoming the “golden age to promote Higher Education for Sustainable
Development (HESD)” (Gutierrez-Bucheli et al., 2022).
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A total of 36 countries across the globe are represented by the 243 best practices.

In the European region, Switzerland (24 practices), United Kingdom (21

practices), Sweden (16 practices) and Italy (14 practices), account for almost 31%

of the total number of best practices by HEI around the globe. It is worth

mentioning that the United States of America, a single country, single handedly

accounts for 20.6% of the best practices around the globe, as can be seen in figure

13.

Additionally, out of the 102 HEI presenting their best practices, 51% have

contributed with at least one best practice, while less than 14% contribute with

more than 5 practices, and it was found only one case on which a HEI has

contributed with 9 best practices over the years, as can be seen in figure 14.
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Figure 14. Number of best practices presented by a single HEI. Own development.

It has been identified that the best practices fall in one of the four main categories

on which HEI have direct influence upon, as presented in figure 15 Campus
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management (39.1%), Teaching (32.1%), Outreach (18.5%) and Research (10.3%).
Considering that the primary purpose of HEI is education, it was expected that
the category with the highest number of best practices would be 7eaching and
Research, however, it was interesting to see that HEIs are interested in improving
their facilities and showcasing their campuses as sustainable, as proven by the
Campus management category. Most of the best practices have already been
implemented (89.7%), being Campus management and Qutreach the areas where
there is still a gap (roughly 15% for each) to be covered until full implementation
of the practice; nevertheless, the implementation could be undergoing at the

moment but has not yet been reported.
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Figure 15. Distribution of best practices per category and the implemented best

practices in HEIs. Own development.

Interestingly, it was found that over the years, several HEIs have formed diverse
alliances (23 in total), either with other HEIs or through Public-Private
Partnerships (PPPs), increasing the scope and impact of the best practices
obtained, which can be seen on figure 16.
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Figure 16. Alliances on best practices in HEI. Own development.

The report of 2014 presents, for the first time, a best practice resulting from an
alliance between two HEIs in Europe. The reports from 2016 and 2018 introduce
alliances from the North American region. Remarkably, 16 alliances were
presented in the report of 2021, where the Oceania region introduced their first
alliance. Although most of the alliances (69.6%) presented in the different reports
are from the European region, it is encouraging to see other regions (Asian and
Latin America and the Caribbean) finding value on these practices, as can be seen
on figure 16.

2.3.4. Contrasting the academic and grey literature

Lastly, when comparing grey literature and academic articles, it was found that
there is a difference between the results being shared in both types of documents,
given the nature of the publications. As it can be seen in figure 15, it is worth
mentioning that large progress has been made on the implementation of
sustainability and circular economy initiatives on Campus management, with 147
documents (95 best practices and 52 articles), representing the 35% of the total of
documents. It might seem that there’s a large difference between the number of
publications from both sides, however, when given in percentage, it can be seen

that there is less than 10% of difference, as presented in figure 18.
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Similarly, and as expected, considering HEI’s core areas, teaching and researchin
CE topics are an important focus from both perspectives, practical and theoretical,
although it is evident that research plays a more relevant role from the academic
articles given the nature of the publications. 7Teaching is largely populated with
initiatives on circular economy as reported on the best practices (32.1%), while on
the academic articles, as expected, the number of documents on this area is higher
(39.8%), as in figure 18. Both types of documents account for a total of 148

documents (78 grey literature and 70 articles) as in figure 17.

Additionally, as it can be seen in figure 18, in the Research area the number of
best practices is lower (10.3%) than the academic articles (15.3%) as per the nature
of the publications. Likewise, the total number of documents is 52, being 25 from

grey literature and 27 from academic articles, as in figure 17.
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Figure 17. Distribution of best practices per group — academic vs grey literature. Own

development.
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Figure 18. Distribution of best practices per region — academic vs grey literature. Own
development.

Lastly, from figure 17, it can be inferred that Qutreach is an area of important
influence for HEIs as per the total number of documents being 72 (45 from grey
literature and 27 from academic articles), which are equivalent to roughly 18% for

grey literature and 15% for academic articles.

Finally, in the figure 19 it can be seen that the regions where most of the
advancement of science, from academic articles and grey literature, are congruent
in most cases. First, Europe region presents the largest number of publications
from both perspectives. Likewise, results from the Latin America and the
Caribbean region are also consistent, showing that the academic and grey
literature discourse go hand in hand. Similarly, the same behavior can be seen in

the African and Oceania regions, with similar results.

On the contrary, the results from the Asian and the Nort American regions show
that, for both, the results of the grey literature present larger numbers than the
academic articles. This could be correlated with the large number of HEIs in each

of these regions and the fact that most of the best practices belong to these places.
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Figure 19. Distribution of best practices per region — academic vs grey literature. Own
development.

As 1t can be seen, literature review shows that all areas on which HEIs have
influence are represented in both types of literature, academic and grey literature.
As expected, teaching plays a highly relevant for HEIs, evident from both
perspectives, given the importance of topics related to CE and sustainability being
taught. However, it is surprising to see that research on CE is still under
development, considering that this area is a cornerstone for HEIs, meaning that
there is a need to continue working from multidisciplinary perspectives to identify
and test solutions for the diverse problems related to sustainability and
circularity. Additionally, it is inspiring to see that outreach has a large impact in
the local communities, which speaks volumes of the role that HEIs have within
the population by providing applied solutions through education and research.
Finally, it is evident that HEIs are concerned with their campus management,
1dentifying and applying best practices to improve their sustainability indicators

and demonstrate their commitment to the topic.

2.4.Mind the gap

As it can be seen from the literature review, a myriad of connections can be formed

between different topics, ranging from urban mining to game-based learnings with
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the main focus in the circular economy applied in HEIs aiming for the sustainable
development through the different areas of influence of the HEIs, as presented in
the figure 20 below. This figure presents the current state of the literature and
the existing links between the different topics up to the date on which this PhD

thesis was completed.

Therefore, one significant finding that provides relevant opportunities for
development is the large number of topics covered by the connection between CE
and HEIs, as these can be grouped within six main clusters: economic aspects of
the public-private interaction within sustainable development (in light blue),
frameworks to develop sustainable business models (in dark blue), economic and
social aspects of sustainability (in red), topics related to waste management (in
purple), general topics around education for sustainable development (in green),

and topics linked to circular economy (in yellow).

However, it must be pointed out that the clusters are not without interaction with
others, given the multidisciplinary nature of the sustainable development and
circular economy within the higher education institutions. For example, figure 21
below shows how understanding the economic aspects of waste management
requires also reviewing what are the impacts from different perspectives (social
and environmental) and how these should be analyzed as well from the
educational point of view. Therefore, this provides avenues for transdisciplinary
collaborations, bridging gaps between different disciplines and areas of
knowledge, through partnership and work with different stakeholders to address
the different CE challenges. Thus, it is necessary to address one critical gap which
1s the lack of transdisciplinary research which could also impact external
stakeholders, generating outreach positive outcomes, as well as promoting

educational projects enhancing the teaching section.
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Figure 20. Topics connecting CE and HEIs from six main themes. Own development using VOSviewer version 1.6.18.
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Figure 21. Example of multidisciplinary approach from different topics within the

literature. Own development using VOSviewer 1.6.18

Furthermore, as higher education institutions are getting more involved with the
concepts of circular economy from different perspectives, although most of them
are related to education and the campus management. This is understandable
from the perspective that HEIs’ mission to teaching should be linked to the
proposition of leading by example, therefore, need to implement different
sustainable campus management policies to be able to “walk the talk”. However,
there’s a significant disparity on actions around these topics compared to research
and outreach from the CE concepts’ perspective, which are also key part of the

HETD’s mission.

It should be highlighted that, although plenty of studies around the solid waste
management have been generated, there’s a need to develop research on different
types of waste, such as water waste, furniture, textile, hazardous materials, among

others. Furthermore, preventing waste generation needs further exploration by
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focusing on developing policies and guidelines, generating and expanding

preventive measures and innovative waste reduction strategies.

Given that higher education institutions play a key role for the communities where
these are embedded, there are minor efforts to fully engage with the local
community, specifically researching the impacts and outcomes of the different
projects. Studying the long-term impacts of HEI-community collaborations need
further development, mainly focusing on understanding and measuring the effects

from the social, economic and environmental points of view.

The figure 22 below summarizes the areas on which there is an opportunity to
develop research avenues based on transdisciplinary and multi-stakeholder point

of view.

Policies Guidelines

Impacts of
Waste ; P
Circular Economy
Prevention ; i
eventio » Furniture > Social
Solid > Textile > Environmental
Hazardous Ll Economic
materials
> Water

< Transdisciplinary & multi-stakeholder >

Figure 22. Most relevant gaps identified in the literature on CE in HEIs. Own

development.

2.5.Conclusions

In this chapter an ample exploration of the literature has been presented. First,
investigating the interconnectedness between the concepts of circular economy
(CE), higher education institutions (HEIs), living labs (LL), and action learning
and action research (ALAR), shedding light on their individual contributions and
synergies. It briefly highlights the importance of integrating these approaches to

46



State of the art

cultivate well-rounded sustainability mindsets, necessary to deliver meaningful

and truthful progress towards a circular future within HEIs and beyond.

Second, and thanks to the review of academic and grey literature, it is possible to
understand the progress being made by different institutions through their
engagement with the principles of CE, particularly in the areas of education and
campus management, these are still done from an individual discipline
perspective, not taking full advantage of the multidisciplinary approach that CE
offers. Additionally, the review reveals a myriad of topics and themes which can
be used to develop impactful tools for education and research, thanks to the
interdisciplinary connections. Moreover, this can enhance collaboration with a

variety of stakeholders, aiming to develop applied solutions for local communities.

Finally, it can be determined that this chapter supports further understanding the
ever changing landscape of CE principles and the implications of applying these in
HEIs from their different core areas, presenting areas for future research and

action related to sustainable practices.
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3. Research problem positioning and

methodological approach

“I am just a child who has never grown up. I still keep asking these 'how' and 'why'

questions. Occasionally, I find an answer”. Stephen Hawking

3.1.Introduction

The goal of this chapter is twofold: on the one hand, understand and position the
research problem addressed in this thesis and, on the other hand, properly define
the research methodology applied to tackle the research problem. The two parts
are necessary to clearly understand the relevance of the topic, what is the problem

and how the methodology presented in this thesis adequately addresses it.

The review presented on Chapter 2 introduces the state-of-the-art from the
literature perspective (academic and grey) and identifies the research gaps
intended to be addressed in this dissertation. While chapter 2 serves as an
introduction to the latent problem, this chapter intends to position the research
problem within the scope of sustainability in higher education, outlining a
methodological approach aligning and integrating diverse concepts under a specific
context. By integrating these concepts, this thesis presents a comprehensive
framework that contributes to sustainable development by advancing academic
knowledge and proposing tangible practices which promote changes and progress.
This multidimensional approach ensures that the research here presented is of
relevance, grounded in practical application of the theoretical concepts, advancing

both, with a focus on sustainable practices in higher education.

In this chapter, section 3.2 introduces the scope under which the thesis is
developed, section 3.3 presents the diverse research methodologies which can be
applied to address the issue, and section 3.4 introduces the reader to the selected

methodological approach, highlighting its importance.
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3.2. Thesis scope and research problem positioning

The literature review presented in Chapter 2 introduced the key concepts for this
thesis, Circular Economy (CE), Living Lab (LL), Higher Education Institutions
(HEIs) and Action Learning and Action Research (ALAR), as well as the
importance of the topic for HEIs and its application within their four core areas:

teaching, research, campus management and outreach.

This section introduces an exploration to the innovative application of a LL within
a HEI, under the context of implementing CE concepts. This thesis intends to
investigate how integrating these concepts support enhancing sustainable
practices through experiential learning while driving systematic change within the
academic nature and institutional settings of HEIs. Additionally, it takes
advantage of ALAR methodologies to generate insights into the effectiveness and
potential of combining these concepts under the educational umbrella (teaching
and research), with the goal to produce a framework which allows theoretical
foundations and practical implementations to be combined, being able to be
replicated and scaled across diverse educational environments, creating practical
results that can be useful for HEIs and the communities on which these are

entangled.

While LL provides a platform for experimentation and co-creation, largely explored
from the industry perspective, its application within HEIs using CE concepts
remains underexplored, particularly regarding the use of ALAR methodologies to
support continuous learning and improvement, while recognizing the dual role
that HEI have as educators and operational entities. Moreover, to properly position
the research problem, it is important understanding the imperative need to solve
global sustainability challenges through innovative approaches within HEIs to
ensure developing the adequate educational knowledge and practical skills
necessary for future leaders to develop practical solutions to said challenges. This
1s necessary as usually the different educational models have fallen short in
properly bridging the gap between theory and its application within real-world

context, specially under the topic of sustainability.

Therefore, this thesis positions itself at the intersection of innovation in education,
sustainability concepts, and hands-on implementation, with the main purpose of
addressing the question of HEIs can successfully integrate CE principles into their
daily operations and academic programs and research avenues. To enhance the

integration among the different topics, this thesis explores their methodological
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integration through a comprehensive model which ensures that both, the
educational and operational dimensions of HEIs, are properly aligned with

sustainability goals, creating a living example of CE in action.

The next section presents and defines the methodological approach used to tackle

the described research problem.

3.3.Research methodology

As mentioned in the previous chapter of this dissertation, integrating different key
elements is necessary to generate a comprehensive understanding of how Circular
Economy (CE) concepts should be integrated throughout the entirety of Higher

Education Institutions (HEIs) activities.

Only a few methodologies can be discussed as a way to attempt linking together
these concepts, with a strong emphasis in the importance of real-world contexts,
connection of multiple stakeholders, creating iterative processes, and addressing
complex and multifaceted problems, from a multidisciplinary approach. In this

section, a brief description of the different methodologies is presented.

3.3.1. Real-world context methodologies

3.3.1.1.Living labs (LL)

A promising research methodology which intends to facilitate experiential learning
and innovation is presented in the Living Lab (LL) approach. As a methodology, it
offers a dynamic, collaborative environment, which allows different stakeholders
to engage in co-creation processes to develop and test new solutions in context that
closely mimic real-life situations (Carrasco-Gallego et al., 2020), through iterative
learning activities. The key elements of this methodology are: user-centric
approach, co-creation, iterative process, experimental flexibility, holistic
perspective, sustainable approach and scalability (Felstad, 2008).

3.3.1.2.Participatory design (PD)

This is a research methodology which involves all stakeholders (e.g., employees,

consumers, citizens, end-users, etc.) during the design process, ensuring that the
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end result meets all stakeholders’ needs and is really of use. This approach
underlines the importance of involving users in co-creation processes (Schuler &
Namioka, 1993).

3.3.1.3.Action Learning (AL)

Briefly defined, this research methodology allows small groups to work collectively
on complex problems to intend provide a solution through action and learn based
on the different outcomes. The most important part of this methodology is on the
learning experience of the participants (stakeholders) involved in the collaborative

process (Revans, 1982).

3.3.1.4.Action Research (AR)

In short, this is a participatory research methodology under which researchers
work with different stakeholders, develop and implement a solution, and reflect in
an iterative manner on which it will improve the results over time. This method
highlights collaboration and iterative cycles of reflection to identify suitable
solutions (Lewin, 1946).

3.3.1.5.Design thinking (DT)

This methodology is focused on problem-solving by understanding the user’s needs,
challenging current assumptions about the product, redefining problems, and
generating innovative approaches to develop different prototypes that provide
solutions through testing. It is largely based around developing a human-centered
design through iterative testing, and further refinement after receiving feedback
from the user (Brown, 2008).

3.3.1.6. Community-Based Participatory Research (CBPR)

As per its name, this methodology presents itself as a collaborative approach
involving diverse community members along the design and implementation of
research projects, ensuring that the results from the research properly address the
needs inherent to the specific community. It is based on active participation of
different stakeholders to offer practical insights to identify solutions (Israel et al.,
2010)
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3.3.1.7.Living case studies

This 1s an innovative research method under which applied and real-world cases
are analyzed over an extended period of time, intending that the researchers get
involved with the subject through continuous observation. This methodology
provides deep understanding of the context, the subject and their interactions, over

a longer period of time (Yin, 2018).

3.3.1.8. User Innovation Networks

A non-traditional research approach under which networks of different users
collaborate to generate new products or services, based on the particular needs
from a specific company. This could be compared to a focus group type of approach.
This methodology is highly focused on encouraging user-driven innovation through

a collaborative environment to identify precise solutions (Von Hippel, 2005).

3.3.1.9.Field experiments

One of the most used methodologies to identify solutions to applied and complex
problems, based on observing natural behaviors and outcomes, resulting of
experiments conducted under real-world conditions, meaning that the experiments
face uncontrolled conditions. These experiments emphasize the observation under

natural settings while developing real-world solutions (Harrison & List, 2004).

3.4.Methodological approach used in this thesis

The core research goal of this dissertation is framed within the intersection
between the main four concepts explained in section 2.2. As argued in that section,
the concepts of HEIs and ALAR have been largely discussed on the literature,
including their interaction and impacts. Additionally, it has been argued that given
the novelty of the other two concepts, CE and LL, the interaction between these
two 1is still nascent. Therefore, integrating the four elements form a robust
framework for advancing sustainable practices while fostering innovative

educational environments.

The pivotal role of ALAR in facilitating the implementation of CE concepts through
LL frameworks within HEIs, can be highlighted by the iteratives cycles of action,

reflection, and adaptation (as presented in figure 28, which actively engage
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stakeholders in problem-solving perspectives, co-creating knowledge and

innovative solutions which drive systematic changes towards circularity.

(a) (b)

Figure 23. (a) Action learning cycle, and (b) Action research spiral of research cycles.
Adapted from (Coughlan & Coghlan, 2002; Zuber-Skerritt, 2001).

The proposed methodology, connecting the four concepts, presents an evolutionary

approach by incorporating each concept as follows.

First, connecting HEIs and ALAR, enables enhancing educational and research
capabilities, through the continuous improvement resulting from combining
problem-solving focus with collaborative and experiential opportunities, towards

solving real-world complex problems.

Second, connecting the previous two concepts with CE offers an opportunity to
develop and test sustainable solutions for complex problems, by engaging different
stakeholders (i.e., students, researchers, community members) in theoretical and

applied projects that explore CE principles.

Third, incorporating LL as experimental spaces, complements perfectly the
previous three concepts. LLs offer a controlled yet flexible setting to co-create, test,
refine and implement real-world solutions. This user-centered approach ensures
that the identified solutions are effective, scalable, practical, and capable of closing

the gap between theory and practice.

Finally, by implementing the approach combining ALAR, CE, HEI and LL, it is
possible to create a synergistic methodology aimed to enhance educational
outcomes and promoting sustainable innovation. This integrated methodology

presented in this dissertation not only supports bridging the gap between theory
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and practice, but also advancing academic and practical knowledge, while at the
same time, preparing students to solve complex sustainability challenges through

development of additional practical professional skills.

Therefore, in the research trajectory developed through the implementation of a
LL focused on CE within a HEI, which will be described in the next chapters, the
results demonstrate that multidisciplinary collaboration is necessary to develop
successful sustainable solutions to a myriad of problems. The quantitative and
qualitative results presented in the next chapters, demonstrate the versatility and

strength of the methodology presented in this dissertation.
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4. The Circular Economy Living Lab: the setup

“If you think you're too small to make a difference... Consider the size of a

mosquito”. African Proverb.

4.1.Introduction

In this chapter the reader will be introduced to the process followed to develop a
living lab (LL) focused on circular economy in the campus of the Polytechnic
University of Madrid (UPM, Universidad Politécnica de Madrid), in Madrid, Spain.
Establishing this type of LL presents an opportunity to propose and adopt
innovative and applied solutions to issues related to sustainability form a
multidisciplinary point of view. Moreover, through collaboration with both,
academic partners and local community stakeholders, it is possible to enhance the

educational and research activities, through hands-on activities.

Additionally, given the intricated nature of the circular economy (CE) and its
inherent multidisciplinary approach, it can be considered that the development of
the circular economy living lab (CELL) can be compared to the complex
mechanisms of a biological cell. Therefore, the reader is introduced to the idea of
CELL serving as a fundamental unit within the HEI ecosystem, similarly to its
biological counterpart, which incorporates several processes to maintain

homeostasis and support the organism’s unit of life.

4.2.Understanding the university context

The Polytechnic University of Madrid (UPM — Universidad Politécnica de Madrid)
was created in 1971 through the joint effort of the different Higher Technical
Schools (Escuela Técnica Superior) and University Schools of Technical
Engineering (Escuela Universitaria de Ingenieria Técnica) existing in the city of
Madrid, many of them already centuries-old institutions with a long tradition of
training and research in engineering and architecture. As a consequence of the

context under which the university was created, it does not have a single campus,
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but rather several Schools scattered around the city and its surroundings. To
alleviate the complex management of the university, a network of four campuses
was created: Ciudad Universitaria campus (shared with Complutense University
of Madrid), Madrid Centro campus, South campus and the Montegancedo campus.
The Madrid Centro campus is probably the most particular one as it is constituted
by four independent schools located within relatively close distance from each
other. Each school then could be considered as a “mini campus” as it is deeply

entrenched in the urban network of their surroundings.

Within the Madrid Centro campus, the Higher Technical School of Industrial
Engineering (ETSII — Escuela Técnica Superior de Ingenieros Industriales)
decided to develop an initiative under the paradigm that university campuses are
encouraging spaces for multidisciplinary experimentation and to promote
interaction between different interest groups within the university and the city.
The Living Lab initiative named “CircularizatF’”was born to demonstrate that the
principles of Education for Sustainable Development (ESD), although complex and
fuzzy (C. D. Jensen, 2016), can be brough into practice to identify solutions

applicable at university campuses.

4.3.Developing the Circular Economy Living Lab (CELL)

The main objective of CircularizatF'is to demonstrate that the principles of circular
economy are applicable, technically wviable, economically profitable, socially
inclusive, and environmentally responsible by using first, the Higher Technical
School of Industrial Engineering (ETSII), part of Madrid Centro campus, as a test-
bench, and then expanding its footprint to the rest of UPM university campus. The
project seeks to establish the entire UPM campus as a testing ground “of practices
and policies which bring into line the principles of the circular and regenerative
economy, creating (and not extracting) value, and industrial symbiosis: the waste
from a node of the network serves as an entry point for another node, seeking a
closed industrial ‘metabolism’ through collaborations and alliances between the
different schools, the UPM campus and external partners such as city councils,
companies, organizations, and local communities” (Carrasco-Gallego et al., 2020).
Additionally, it aspires to create innovative solutions to complex problems through

applied research and knowledge sharing.
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From CircularizatF at ETSII as a starting point, the first expansion was made to
three additional Technical Schools (Industrial Design — ETSIDI, Architecture —
ETSAM, Agronomics, Food and Biosystems — ETSIAAB) and impacting two
campuses (Madrid Centro and Ciudad Universitaria), creating the Circular
Economy Living Lab (CELL). This expansion was also supported and funded with
a seed capital from UPM, while receiving support and funding from five private
entities: Ford Community Challenge — Apadrina la Ciencia, Plastics Europe,

Acciona and Fundacion Vodafone.

4.3.1. The CELL from a biology (counterpart) perspective

Analogous to its biology counterpart, on which a cell is defined as “the basic
structural and functional unit of all forms of life” (O’Connor & Adams, 2010), CELL
1s portrayed as the basic unit at UPM where CE is embedded in its DNA since its
conception, and will perform its basic functions (development, functioning, growth
and reproduction) in the HEI system. In the following paragraphs we elaborate

this parallel between the biological cell and the technical interpretation.

A basic cell structure contains three main components: plasma membrane,
cytoplasm, and nucleus. The membrane acts as a barrier, maintaining its structure
and integrity. The cytoplasm provides the environment on which the organelles
operate inside the cell. The nucleus contains the genetic material and controls the
activities carried by the cell (O’Connor & Adams, 2010). Depending on the
specialized functions of a cell, its type and characteristics will change. In this case,
for the sake of argument, we define that HEIs function as neurons, given their
significance for cognitive development and brain’s functioning. On one hand,
education has a lifelong positive influence in brain development and health, even
as the brain ages (Goldberg, 2022). On the other hand, brain architecture
encompasses connections between billion of individual neurons, transmitting

signals and enabling action potentials.

Additionally, it can be argued that neurons and HEIs have a distinctive shape,
receive information from the external world, process it and create impulses that
react to the external stimuli and are transmitted to other cells (Stevens, 1979).
Likewise, although not two neurons (or HEIs) are identical in form, they all have
similar general structural features. In the following paragraph we’ll explore first,

the structure of the neuron and second, the interpretation of HEIs as neurons.
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According to Stevens (Stevens, 1979), the basic structure of the neuron
distinguishes three main parts: the cell body, the axon, and the dendrites. The cell
body (also called soma) contains the nucleus and all the biochemical machinery to
preserve the cell’s life. The dendrites provide the main surface to receive incoming
signals and tend to branch out, meaning that these are ‘the arms of the cell’. The
axon is the largest structure and provides the pathway where signals travel from
the cell body to other cells farther away by extending its branches in different
directions. Additionally, to be able to support signal transmission, axons have
supplementary components which play key roles: Oligodendrocyte which support
unions along the axon and are responsible for covering it with myelin; Myelin
which form sheaths around neuronal axons to protect, isolate and speed up the
transmission of the potential for action; Node of Ranvier which is a space between
each myelin sheath, essential to optimize impulse transmission and safeguard its
arrival; and Axon terminals, or synaptic boutons, in charge to link with other
neurons and transmit impulses. The structure of the neuron cell is presented in

figure e24 (a) below.

Comparable to the neuron, HEIs also have components and specific functions. For
this, the four crucial areas for HEIs (university management, teaching, research
and community outreach) (Figueiré et al., 2022) are considered as the key elements

assigned to the neuron parts.
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Figure 24. a) Structure of a neuron cell; b) interpretation of HEI as a neuron cell.
Adapted from Betts et al (Betts et al., 2013).

First, the Nucleus, which is the central part of the neuron, would be the core
purpose of HEIs. Their main role can be summarized as creating an educational
platform to develop innovation, new learning experience and educational outcomes
(United Nations, 2022). Therefore, teaching and research activities are the key

element to achieve their core purpose.

Second, the Soma, where all the parts reside, enables the existence of the cell by
performing all necessary activities to ensure its life. The physical space where the
parts reside would be the equivalent of the campus at the HEI, and the actions

necessary to preserve its existence would be all the campus management activities.

Third, the Dendrites, which receive the signal from the environment outside can
be compared to the outreach activities that HEIs carry when reaching out for
diverse members of the community (people and companies) with particular needs.
Furthermore, these activities allow HEI to receive information (inpu?), allowing
them to learn and understand about the problems outside of their boundaries,

creating action potentials to propose solutions to these issues.

Finally, the Axon, responsible for transmitting electrical signals from the soma of
the neuron to the terminal buttons, plays a key role as it includes additional
elements of the neuron. It supports the connection and collaboration between the
Mpyelin sheaths, which are the different individual schools that shape the entire
HEI and increase the strength of the signal by inducing additional knowledge. As
it 1s also possible that, over time, new programs and schools are created or become
part of the HEI, the axon enables this connection to the rest of the neuron. The
Axon terminals would be the outreach activities carried by HEIs to share their
knowledge with the external world (output) in different spaces (e.g., conferences,
workshops, academic journals, case studies, books, social debates, open-spaces,
academic and company reports, interviews, etc.), aiming to reach diverse audiences
and maximize the exchange of information. The interpretation of HEI as a neuron

is summarized in figure 24 (b).

Based on the discussion presented in the previous paragraphs, it makes sense to
represent the CELL based on the neuron, under two main assumptions: on the one
hand, we consider the four crucial areas for HEIs, namely CORT (campus
management, community outreach, research and teaching) (Figueiré et al., 2022)

and parallel these at HEIs as entities where the brain is exercised (research and
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teaching), stimulating its cells to achieve results which are transmitted to other
cells (outreach) while preserving itself (campus management) over time. Moreover,
its structure allows for growth and supports communication via longer
connections. On the other hand, the neurons create neural circuits (or networks)
which enable fast communication among them, providing quick responses to
activation signals. Comparably, HEIs create collaboration networks as a result of
information exchange (research and teaching) and can respond to internal or

external incentives (activation signals) to foster their participation in a project.

Furthermore, it could be argued that stem-cells are precursor cells from which
different type of cells with specialized functions are generated (Chagastelles &
Nardi, 2011) after specific DNA has been embedded. Likewise, HEIs can implant
a broad variety of DNA depending on the specific research needs of the particular
cell; therefore, HEIs have the ability to create STE(A)M cells, which is, to all

intends and purposes, a happy coincidence.

4.3.2. Expansion of the CELL

Afterwards, CELL’s progressive expansion to other schools and campuses of the
university was possible thanks to the collaboration with sustainability offices at
the different schools around the university campus. The SGD Nodes (Universidad
Politécnica de Madrid, 2023) initiative has been fundamental for this as it
designates a working group comprised by faculty and students at each of the 15
schools at UPM, collaborating to generate different synergies within and between
schools with focus on actions aiming to fulfill the Sustainable Development Goals
(SDGs) at UPM level. Along the support of the Vice-rectorate for Research,
Innovation and Doctorate, the SDG Nodes and a network of researchers and
faculty interested in further developing the initiative, an innovation community
funded by the Vice-rectorate of Research on the topic Circular Campus was
created: UPM Circular Campus (Campus UPM Circulares). Thanks to this
collaboration, the initiative permeated three additional Technical Schools (Forest
Engineering and Natural Resources — ETSIM, Telecommunication Systems —
ETSIST, Computer Engineering - ETSIinf), adding two additional campuses to its
current footprint (South Campus and Montegancedo campus), reaching an impact

in all four UPM campuses. This expansion is presented in figure 25.
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Figure 25. The Circular and Regenerative Campus community at UPM, showing its

expansion to other schools. Own development.

Additionally, the UPM Circular Campus community was able to continue
developing research and applied innovation by engaging nine additional private
and public partners: Ayuntamiento de Madrid, Mercados de Madrid, Coronavirus
Makers de Madrid, Ecoembes, Repacar, Plataforma Tecnolégica Espaiola de
Construccién (PTEC), Plataforma Tecnolégica Ferroviaria Espanola (PTFE),

Fundacién de los Ferrocarriles Espafoles (FFE) and Fundacién Plastic Sense.

This community allows diverse areas of engineering (mechanical engineering,
chemical engineering, organizational engineering, agronomic engineering, and
materials engineering) and architecture, to actively participate and work together
to transform the entire university campus. Moreover, this community brings
together UPM researchers working in CE, providing visibility, encouraging debate
and strategic reflection around this area, and interlacing the network between
academia and external actors (companies and public administrations), to enhance
synergies and encourage participation in research and innovation projects

(European projects, NEXT funds, among others) within and outside the region.
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Additionally, collaboration with external institutions has also been planned since
the conception of the CELL. As HEIs create collaboration networks with other
HEIs and non-academic institutions within and outside the country, it is important
to understand the potential growth and impact that CELL could have. In the
following paragraphs, we’ll explain CELL’s footprint outside UPM in academic and

non-academic institutions.

4.3.2.1.Academic expansion

At academic level, UPM is a founder member and a partner of the European
Engineering Learning Innovation and Science Alliance (EELISA) initiative, which
1s a group of 10 universities distributed around 8 countries in Europe, with the
common purpose to strengthen engineering skills on students and foster common
practices and education tools around Europe, with a rooted understanding of
society and the environment (EELISA, 2020). The HEI members of the initiative,
represented in the figure 26 below, are Budapesti Mtszaki és Gazdasagtudomanyi
Egyetem (BME) from Hungary, Ecole des Ponts ParisTech and Université Paris
Sciences et Lettres (PSL) from France, Friedrich-Alexander-Universitit Erlangen-
Niirnberg (FAU) from Germany, Scuola Normale Superiore (SNS) and Scuola
Superiore Sant’Anna (SSSUP) from Italy, Universitatea Politehnica din Bucuresti
(UPB) from Romania, Istanbul Teknik Universitesi (ITU) from Turkey, Ziircher
Hochschule fiir Angewandte Wissenschaften (ZHAW) from Switzerland, and
Universidad Politécnica de Madrid (UPM) from Spain.
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Figure 26. EELISA network. Source: (EELISA, 2020).

The EELISA initiative is one of the 50+ initiatives funded by the European
Commission under the program Erasmus+, which aims to “establish alliances
between higher institutions from all across Europe, for the benefit of their
students, staff and society” (European Commission, 2020b) and ambitioning to
expand to 60 European Universities alliances involving over 500 HEIs. Within
each of these initiatives, collaboration among the different HEIs is a cornerstone
to improve international competitiveness, and support creation of knowledge
through multidisciplinary approaches. This is possible through different
communities within the alliances, which allow for collaborative learning and

research, achieving innovation, academic excellence with social impact.

In the specific case of the EELISA alliance, almost 50 communities have been
established, aiming to solve diverse challenges aligned with the 17 SDGs, with the
inclusion and active participation of different stakeholders. An EELISA
Community serves as a platform which encourages the use of knowledge, research,
and innovation to solve complex problems, such as those framed in the 2030
Agenda or the European Green Deal, through collaboration and cooperation. These
communities generate a vital environment which acts as an incubator for
collaboration and as a magnet to attract and cluster existing talent, projects and

activities within the Alliance and the regions where the challenges are set.

One of these communities has been originated as a result of the efforts of CELL to
share its knowledge and increase its impact within the network. The EELISA
Circular and Regenerative Campus (CRC) Community involves stakeholders
(academics, researchers, students, faculty and staff members, and external
partners) who share a common vision of the role that HEIs play in addressing
sustainability challenges. This EELISA community aspires to leverage the
potential of HEIS’ campuses to become a proof-of-concept / demo-sites of the
circular economy in our local communities. Moreover, EELISA CRC intends to
serve as a test bed for business models and new production and consumption
models that close materials loops, with a strong educational dimension for the
future engineers that will lead the transition to a more resource-efficient economy,
contributing to the change in mindsets required to move from linearity to a

circularity. Although the focus of this community is on materials flows, we fully
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recognize the importance of water and energy flows and their interaction with the

circular economy, and we are actively exploring this connection.

4.3.2.2.Non-academic expansion

On the non-academic level, CELL has served as a test-bench for the local
community in the city of Madrid, not only because of its influence as an education
and research center embedded in the city fabric, but as a point of connection and
exploration for different public and private entities. A key example of this
collaboration between different stakeholders, where CELL has participated, is

presented in the following paragraphs.

The City of Madrid has developed a policy that supports the economic fabric and
job creation with a vision based on innovation and joint work between the
government and companies, promoting, on the one hand, a cluster policy which
supports the development of strategic economic sectors and, on the other, the
creation of a set of innovation hubs. For the City Council of Madrid, circular
economy is a strategic sector for the competitiveness and sustainable development
of the city, given its capacity to generate new companies and quality employment,
as well as to ensure an adequate ecosystem to thrive in. Through the Government
Area of Economy, Innovation and Employment of the City Council of Madrid
(Consejeria de Economia, Innovacion y Empleo del Ayuntamiento de Madrid), an
Initiative to promote innovation and experimentation of solutions based on
sustainability and circularity in the capital was born: The Circular Economy

Innovation Center (CIEC - Centro de Innovacion en Economia Circular) of Madrid.

The CIEC Madrid serves as a node of innovation, knowledge, and networking
around CE, which aims to create an ecosystem of leading companies — and
communities — in innovation and experimentation of solutions aligned with the
principles of CE, act as an incubator for companies and startups, and design
collaboration formulas between the private sector and CIEC (CIEC, 2023). It also
functions as a public training facility for citizens in general through mentoring

programs, training, events, and free open workshops.

Additionally, CIEC Madrid also incorporates a broad program of dissemination
and awareness activities on waste prevention and the importance of undertaking,
at all levels and by all citizens, actions to recycle, reuse, recover or seek second
uses to our products, while generating new resources. For this purpose, CIEC offers
two unique spaces: the Digital Manufacturing Laboratory (FabLab), which is a
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space open to the public intending to stimulate local innovative experimentation
in ecodesign, digital manufacturing and maker culture; and the Nature-Based
Solutions Laboratory (SBN), which seeks to include more vulnerable groups or
those at risk of exclusion in the transition to circular models of production and

sustainability.

4.3.3. Creating networks
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